"glossary of terms, a bibliography for further :study, a :
‘decision-making' model to help the reader analyze the infornation ,
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PURPOSE OF COURSE - -, o

— ‘, In an era ‘when the requrrement for addrtronal 'sources of power is growmg at an e'ver-mcréasmg rate and

, when .concern for the protectron of our: environmeént is nghtfully conung to the fore, it xs imperative that an
unbrased strmghtforward view of the advantages and drsadvantages of the Various methods of generation of electrical

power be made- aVaﬂable tdHur s&tools ) : .
This course is an effprt to describe the need, environmental™tosts and benefits of electrical power generation.
. kS , s . .

[

- -

i

" The dev'elopment of this minicourse l)y the. Pennsylvanra Department of Education was suggested by the
US Atomic Energy Commissioh, with the continued sponsorshrp of the Energy Research and Development

Admmrstratron It was wntten and compiled by|a comn'uttee drawn from educators, engineers, health physicists, -
members of industry and conservatlon groups, and envuonmental screntxsts -

Yy o R 2

a

v
.
e d

, ' . P "« |The Committee

‘

John J. McDermott, Project Director . : . Pennsylvania Department of Education

Janet Fay Jester, Techmcal Wnter . ,

Charles Beehler

William H. Bolles T ; _ Pennsylvania—Department “of Education
/Rober.'t1 H Carroll - s g Pennsylvan)a’ Department of Education C-
* Irvin. T. Edgar o ‘}l Pennsylvania Department of Education
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, eanvironmental effects is given in Chapter 10."

[y

- INTRODUCTION - . -

. o £ o )

’ Chapters 1 and 2 of this text present the 1ncreasmg need for electncal power, and current and proposed
methods for meeting this need. Expansron of electrical generaﬁng capacity in the lmmedrate future.will be limited fo
nuclear power plants or fossrl fueled plants. These plants are dlscussed in Chapters 3 and4 Basic’ ecology is the. -
subject of Chapter S. Wastes'from nuclear and fossil-fueled plants are dlscussed in Chapfer 6, while health effects are * -
discussed in Chapter 7. Chapter fpresents some of the factors that must be taken into consideratron when choosmg
* the site for a new power plant. ad’dmon to mcreasmg electrical power generatmg capamfy we must begln to, -

conserve the energy sources we have Thus energy conservatlon is the subject of Chapter 9..Finally, a summary of

‘
]

-
¥

Appendix 1 is a glossary of ‘useful terms, many of whlch are used in the text. Appendix Il'is an “extensive
blblrography containing many useful references for further study Appendix 111 is a decision-making model to help
the reader analyze the information reoelved Apperrdlx 1V is a brief outline of the procedure whxch must be followed

-

by a utrhty m order to construct and operate a nuclear pbwer plant - '; ) : ] :

-

- .
[ .

Papers from scientlﬁc journals and other supplernentary information are included in the ‘colored pages at the '

_end of‘each chapter. These are for Lourse’ enrjohment; and may be used or omitted at the discretion of the teacher.
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1.~ World Energy Consumption ’

, -_gEnergy;‘ the ability“ o do” work, is the basic:
building-block of civilizaffon. People’s use of energy
0%;3 came only from(their own muscies./Later
-humans learned to use’ to keep warm and cook

. food. Then they learned to use the energy of the
wind in sailboats and windmills; the energy of falling .

water in waterwheels; and. the energy of animals to
. work. for them. Today we use a great variety of

energy resources, and in doing so, wé are able to
. control many of the evefits which affect odr Hves,

and thus raise our standard of living. ;

" e

Figure 1 shows that a country’s 'standard"ﬁbf
living is directly related to its use of energy. The right
side of the  chart shows per capita energy
consumption for many countries in -1968. The per
capita energy consumption for a country is the total
energy consumption of that country divided by its

_ population, and is thus the average amourt of energy’

. used by eagh person in the country. The left side
.+of the chart shows per capita income - the average
Tincome for each person in the countty - for the year.
It caneasily be seen that countries with a high
standard of living, are those with high energy
consumption. The ‘United States leads the wotd in
both energy consumption and standard of living. In
fact, with- only about 6 per cent of the world’s®
population, the United States accounts for about one
third. of the world’s. energy, onsusfiption. Other
industrialized countries of-the ‘wo
-‘in  energy . consumption, while , the developing
countries. show the . smallest energy consumption,
corresponding to lower standards of living, -

. Thus, it appears that in order for the developing
-countries of the world to raise their standard ofliving
through increased food production, improved
sanitary conditions and increased availability of
manufactured products, they must increase their per
capita energy consumptiog. It also appears that a

o 'CHAPTER 1
. - THE DEMAND/FOR  ENERGY..

* predict that the world population may well doubl(

»

. introduces “Q

follow the US. .

continued high per capita ‘consumption of energy will

" be written 10}8 BTU. One

Cod

again to two billion in only 105 ‘years. During this
time, the ' second .industrial
primarily upon the development and use of
power, "took -pldce. '

~ ) ’

In,{he 45 years since 1930, the population has

‘doubled “again to four billion. During this period,

~ medical *adyances have increased life spans, causing

‘even greater population increases. Some forecasters

again before .the 'year 2000.

“Figure 2 shows that most of this gain will take
place in the- underdeveloplSd

Thus, these ‘co
Since they will
increase their energy consurhption by “a tremendous
amount to .increase per capita consumption. -

. The effect 9f growing per capita consumption
e;r\d rapidly expanding population has been a great
increase in world energy consumption. This is shown
irr JFigure 3, which “illustrates the rise in energy
.demands, including some predictions for the future.
Note that the demand rises so fast that it goes off
Jhe top of the graph by the year 2000. Figure 3
" as-a measure of large amounts of
energy. A standard measure of
Thermal Unit (BTU), whidh you have probably heard
‘in descriptions of the ‘capacity of heaters .or air
conditioners. A Q is a billion billion BTU’s of energy
- that. is, a one followed by 18 zeroes. It can also

revolution, . based - 3
T‘lectrical )

energy-is the British -

Q is an.astonishingly large, :

regiqns of the world,,
tries have an egsixcially hard task& :
Ve 50 many more people, they must

amount of energy. To -put it into perspective, the

total world consumption of energy in 1970 was 0.20,

- while the: U.S: consumption was 0.07Q. :

] Figilre"lﬁ ‘also, shows. the ‘anfount - of *energy
obtained from ‘the three major fossil fuels: coal, oil
-and_natural gas. These materials, . deposited om the"
ear

fossile remains of anciént forests and peat swamps.

hufidreds of millions of, years ago, represent the.

Py

-

be necessary ‘to .maintain the high standard of living Note in Figre. 3 how the use of fossil fuels increased
that the United States and other countries enjoy. This rapidly, starting with coal about 800 years ago,
- increasing demand for energy by the world’s _followed by’ oil and gas at the heg

eginning. of this -
century. For the last hundred ye&;b'\Or 80, fossil fuels
have accounted for most of the world’s energy
consumption. {oal,- oil and natural gas will be

- population is one of the reasons for the curreyt
" energy

shortige and the increasing cost of energy.”
t‘i} . - 7 : .
71

- .

In addition . to an increasing
*consumption of enérgy, we must consider
“increasing, population. * Figure 2 shows world
..population estimatés for the ‘past and future. At the
beginning of the Christian era, there were 200" million
to 300 million peogle in the world. It took about
1,600 .years for th
- 'million. The populatit
- by 1825, in-the next
- Tirst industrial ‘revolution, based on steam power,
started, allowing the world to support a larger
population. By 1930, world population-had doubled

per

doubled again to one billion

-

9

opulation to double to 500"

5-years; during this time the

_capita .|
the world’s .

supplementged in the fature by petroleum products
from sources such. as oil shale and tar sands. But note
" that the i;;)ﬁa,fuel use curve is leveling off, and within
a hungred’ years, fossil fuel use is expected to begin a
rapid decrease, This decrease’will be caused by. the
fact that the world’s fossil fuel supply, which is not
replaceable, is being used. up rapidly. Other energy

.- sources must be found to fill in the gap between *

- world energy needs and dwindling fossil fuel suppli%r.‘\ Lo

o Pﬁér'io 1850; most of the world’s energy was

supplied by the three W’s <Wind, wood and water.’

-

£
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These are still used today, but even expanding their © 3, - Economic Impact of the Energy Shortage
use could not make up the: diffgrence * between- + - . . L e N .
worldwide negds and the available supply of fessil ‘- " - -Abundant energy at a reasonable cost is basic
fuel: This is tHe reason for the-increased' emphasis -+ ‘tof an industrialized- country like the United States.
on research into othér energy ‘sources. ¢ - . When this energy is not available, or when its cost
Coa T e e e U riges greatly, the impact is felt by all of us. For
. 2.0 [Enérgy Corsumpfion in"the United States. "° .example, the petroleum shortages of 1973:and -1974
A S ‘ L L * had’ effects far beyond the long. lines at the gas
‘Figure<4, covering 400 yeats. for- the United pumhps. Oil shortages have also helped to slow our
- States, gives a ‘more detailed ‘breakd’o,wrl “of the economic growth and: have ‘been- a*major factor in
. . variousalenergy_ Sources “cons}lmed in gllce palt. 175 the continuing inflation. ™~ . .
*  years, along with a possible futufe breakdown. This, ° L i .
figure shows that oil and gas from bot} donfestic and exam ’ﬂle f}?: 8y ﬁg:ncl;fls ef:(l:ttﬁm- ma{;zs w;ﬁwrs'g
foreign -sources will probably be cpnsumed by the xamp'e, phice - oL eectigity. .
- . significantly for the first time #h years, and people are
middle of the next century. The large resources from . buying - smaller cars .as fuel; economy becomes
_ ‘tar 'sands and oil shale, which are just becoming . inc);?agingl important. °© - ¢t economy b
*.  econopical to ‘use, Will probably be consumed by the o y tmportant.. C '

.€nd’of the next ceftury. The shortage of energy sources, coupléd with

. - .
B S

2 .

‘ S . E e S concern over evironmental.~pollution, has caused
*",s o Coal is the one fossil fuel which will last us - severe problems for’ electrical generating plants and

v " «for several centuries. Fortunately, this country has - -other industries. They are forced to search for €nergy
", ¢» much of the world’s known coal reserves. The area - substitutes and to pay greatly increased prices for
labeled ‘cogl” -on Figure 4 also represents the fuel. - : R o

» , increasing use, of cozal to produce gas and ojl. That _ . : ) -,
part of the figure repregenting wood, wird and water Petroleum products are the basic ingredient in
v’ - in th€ past is expanded to include the predicted  many man-made products, such as fertilizer, synthetic
.7 8* " future use Of tigal and geothermal power arfd the - fibers, plastics,. synthetic rubber, detergents ajd -
.- fombustion of agricultural waste and other refuse’ds .- paints. In the future, food will probably join the list. =
' ‘énergy. sources:, This - figure . shows ‘the recent With -such products in short supply, we should -
_:introduction of uranium-235 in nuclear reactors for  * perhaps’ consider whether such manufacturing uses
- the production of elactricity. Note that thissource of - rate’ a higher priority than simply burning the

v ofRergy eannot be used indefinitely - the economical  petroleum products as fuel. A
%, *Supply of uisnjum-235 will eventually run out, Inthe - _ -
e+ future will;come tite use of. uranium-238 and" In-the short’ term, considerable energy savings.
-+ 5.~ thorium-232'in. breeder reactors, which produce more can be realized through conservation and careful =
. fuel,that they consume. These breeder reactors,along energy management. However, in the long run we’
With. seldr enérgy and fusion reactors, will probably .must develpp new  energy . resources- and restructure
 be our major ehergy sources in future centuries. our energy demands, since the availability and cost -
" <. There may even be some completely new energy of energy have a dramatic impact on our lives.
- 'source, undreamed of today, - o . S : T o
_ s T " . CN 4. . "The Demand for Electrical Energy
T - . " The .need for energy sources will, of course, " .} NS , '
* Th e sty s 1 ¢ Perhaps you have some feeling now for the

4 depend on how fast’the demand for energy grows. : ,
R -Fig:re 4 shows the‘demands tha}\th:e&gy possible cgmplex energy problems facing us today. We will
growth rates would make. Energy-consumption has . ndw narrow our discussion to only one important
. increased an average of 3.4 -per cent .each year~  aspect of .the" energy picture: electrical pdéwer
- between 1950 and 1970. The steepgst line on Figure generation and its environmental impact. The reason
% 4 represents a continuation of this growth rate, All . for our concentraction in this aréa is that eloctrical
’ possible energy sources would haw to be developed = power generation ‘is .predicted to be the Tastest
as rapidly as possible tp environmental consequences. = growing area of energy-use. In 1947, about 13 per
* . The horizontal line" prgjects the reaching of zéro i+ cent of the fuel used in this country was used to )
. energy growth by the year-2000. Since ‘the™ . ' produce electricity, . By 1970, this figure had -
-y . population will still be increasing, this approach . “increased to 25 per cent. By the year 2000, it is
~+:'would ‘probablyv result in a gradual lowering of the predicted thabteWeen 40 and 50 per.cent pf the fuel
- ., dverage-stindard of living. Even this level of energy. - "used will be¥ffonsumed in 'the prodiiction of _ __
.. use..cannot be “long maintained by our traditional electricity. In" the next: century; most of the energy
~-energy resources: More efficient consumption of ge we consume. will ‘probdbly be in‘ the form of
- ‘energy  being ‘produced  would help ‘stretch our electricity. _ . : T
previous energy- resources. The' possibility of energy -~ - - . , A
use increasing at its present. rate, but with more - A number of factors contribute to the increased
i efficient use, is represented by the 1.7 per cent ~ ..use of electricity -over. other agency forms. First,
. gowthrateline. 7 TT o7 s » shortages and increased costs of gas and oil will lead .
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5 to more.use.of coal and’ uranium-235. 'I’hese two fuels N . S Table 1
- " are most suited to the production of electricity. '+ o
Secondly; the burning of fuél to produce electricity ' '
at a few large installations should make for better - - Consumptlon of ‘Electncny in the Umted States
“pollution control. "Pollution  control is ‘extremely T _ .
°, difficult when millions of homes, factories and cars =~ = 'u £ percentage ’
- consume gas and oil for heat, cooling or power. These : ,” S {USS. A;.nw)
~two ,factors’ will lead to the increasing use of - o _ ,
" electncxty, probably'including the widespread usé of o ¢! :
' 5lectr1c autombbiles and public’ transportation Residential . . - 32%

. Electrical consufhptxon is also growing because Commercial . 22%
of new consumer products and industrial processes - : . :

demanded by the American public to maintain an’ . Ly :
ever-increasing standard of living. Do members of . - Industrial | 2%
your family own more electrical appliances than they . . : :
did five years ago? Chances are good that they do, - Other Uses . - - 4%
. and this use of electricity in the home represents only S L -
part -of an individuals per_capita consumption' of . : B L
electricity. Much more electricity is ekpended.to - .

’ rélfacture the goods and. services required to’ :
mainhtain the desired standard of living. Most of the - - - . - )
items which Americans take for granted, such as . : e
plastics, aluminum and glass, require the use of t : '
electrical energy in their manufactyre. In fact, the
nation has Become so dependent on!gélectrical power -

."and other forms of mechanica energy that human - Y ' ot p -
muscle now accounts for less than' one per cent of - . - ' ’
the work dpne in factories. N : I

- cod . . oo 8
In addition to these uicreasmg demands for
electricity, significant amounts will soon.be required - . _ ,
5 for cleaning up the enviroiment by such uses as o0
recycling of wastes and sewage treatment. . '

Table 1 shows how the electricity consumed&
the United States is divided among various segme
of the economy.
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TABLE%OF ENERGY SOURC@ AND USE

L From "Background Info,” Public Affarrs and Infoﬁnatrop Program \‘ 3 .1 - y ‘. s
- / Atomrclndustnal FOrum fnc. . : . : .
. / ‘

et

’

N Nuclc;ar' powet\will be. of consnderable sngmﬁcance in, helpmg to solve the‘

"7 S "i'r-j_\- US:'energy problems,. specifically in. providing greater, ‘amounts of
e C ey .“s  selectricity. This can be illustrated by projecting alternative power,sources®
o L SV : . -and thej™QSes over ‘the next. few deéades These projections mdrcate that

“ *  electricity will becorml irfkreasin .
~nuclear power (along' %ifh coal) will .be vitally neede 'as a m:q spurce”
A ofo large-scale electric” pawer supply Today electricity \represayés IS
' tent of all energy used in the.Umted iStates; by the ear 200{9
représent -almost 50 . per een!“ .
S ST o - For the most part th trons Lq ' this paper are in terh C
o - _“_ w4 -+ - British Thiermal Unit (Btu For companson purposes some B
LTI alents fqllow ‘ : .

< . ./.
a
. t.
Nuclear fusl - A ke o -
(such as Uramum-235k;,_ 360,000,000
, * - 1 r -
. 1 ! : ; ' ———
Soureu National Petréleum COuneil and Atomic Emrgv Commhdon T
** 1 barrel of oil equals 42 gallons of’oil. °. . .
U.S. Energy Sources This table was put together before the 1973 Arab boycott with the ensuxng
‘ - shortages and spiralling costs of oil and gis. Though the boycdtt is officfally
over, it is widely'belieyed that shoftages will continue perhaps indefinitely.
N ‘ Therefore the ail and gas figures, particularly those for 1985 and 2000,
: : . . . could be considered optimistic. /¢ is uncertain.that we can import enough
v L , > / Jossil fuels to meet our needs or produce enough to attain self-sufficiency.
: . . . Today about 75% of our energy comes from oil and gas. By the end.
' of the century their pmpor?’an will decline, and coal and - nuclear use

must mcrease

. . -’Omhubunmrdudunnbrnnmﬂmﬂnomumdhn WOM“N““

L tot!nomumofhmmmmmymuhunumm ofonopound :

-t ! : of mur one donrn Fahrenheit.

»




. TABLE 2~

TABLE 3

\

ergy Comes From (Tnllnons of Btus)

91| 1975
12,560 (18.0%) 13825 (17%)

| 30,492 (44.0%) . 35,090.(44%)
o 22734 (333_ 25,220 (31%)

-~ a0s( 0 2,560 ( 3%)
2,789 (4.4%) . 3,570.( 5%)
68,989 80,265°

Y 4

1980

16,140 (17%)

42,190 (44%)
26,980 (28%)

6,720 ( 7%)

1985

21,470 (18%) .

50,700 (43%)
28,390 (24%)
11,750 (10%)

39% (4 43 ( 5

——

96,020

116,630

s,
< .

A

4TS

.

2000

31,360 (16%)
7,386 (37%)
33,980 (18%)°
49,230 (26%)

5,950 ( 3%)

'191",900

_ This table was also ptepared before the boycott As a result the ﬁgures .
for "Electrical generation” for the years 1985 and 2000 may be low. In ('

s

the future more energy from coal and nuclear may be needed to generate -
even more electricity thah, thls chart mdiates to replaee our ‘depeéndency
on oil and gas

" Even with coal more-than doubllng its current contribution, nuclear wm
have to increase fifty-fojd to meet the. inevitable lncuqe in ehctﬂcity .

"Where Our Erfgrgy GOes (Tnllions of Btus)

o 1971 ~ 1975
H&useh.ofd"and i e _
commercial + -* 14 281-(21%)‘ - 15,935 (zo%) :
‘Industrial . 20,294 (29%) 22,850 (28%)
Transportation 16 971 (25%) 19,070 (24%)
Electrical ] )

Generation 17,443.(2596) " 22,410 (28%)
- Synthetic gas o -

Total 68,989 89,265 _

e . L'
. Sourcas: U.S. Department of the Interior, December 1972 °

‘/",

.

1980

17,500 (18%)
24,89 (26%)

22,840 (24%) .

29,970 (31%)
_870( 1%)

' 96,020 .

1985 .

18,960 (16%)

27,520 (24%)
27,090 (23%)

40,390 (35%)

2670( 2%)

116630, -

'demnnd that is multink from uncemintieg over. oil nﬁd

P T

18

i

4

21 920 (11%)
39,300 (21%)
42,610 (22%),
80,380 (42%) _

7,690 ( 4%)

%0




TABLE4 = I ol

‘e . .
. ’ ~

. ) Where Our E‘I:éi:tricity '(‘:omes From (Billions of Kwh)

o e ws,o‘- 1990
Hydo . 273(156¥. . 317 (10. 296) - 381( 6.4%)
“Coal o TT1(442%) 1,211 (38.9%) . 1,651 (27.8%)
ol 2n2(ise%) 42 (132%) . s12( 8.7%)°
1Gas IS(N4%)  410(132% 445 ( 7.5%)
. Nucear: -~ 54(31%) 750 (24.1%) 2,913 (49.3%)
JOther= ™ 2( 0wy Pa(oam)
Fotal 1,741 33 C o+ 592 K ,
/

‘ Souru ' Speech by John N, m-am, Chaiian, Federal Power 4

mlphbn, ot the Anmal sVnMum of
. the ﬂm ‘England conunna of rubuc Utilities Co

ldomn, .luly 9, 1973.

) " . L,

ns'of‘ anstalled nuclear, capacnty are less thah

While meﬁatest ABE prgdicti
p? use of ,power plant delays, nuclear is still

- previous ﬁgures,
o " . ;expected to account for-
e capacity by the year 2_

TABLES =~ = v R
o T VERIEL R

4 . . ‘,

Umted States Nucle4f. Electrical Generatmg Capacuty‘ - 4 S

-~ . . ' . R v .' !a 0 ..;‘ ' o
ot ) 1973, 1980 . 199 . 20007 .
) Coaf to il -

Total Electric 429456 - ' 630,000 1,150,000 .. 2,000,000
in US.. , . R L o

Nuclurs : o ;o , | : ' : T

Per cent of total .~ 55 “. S [ K oo, 55
. so.m onuanmmmmb Ammeom A&uu 1974, *
o, ’ : '
[

; Pﬂnnfonamanunp'anmdmhctbmwnhmm&hm-ﬂnmmhle.
. :.r’- 1 M

. . / Cee e oo b
L . ¥

Uses of E.Ep'q.i.clty t ,f ‘ "', The make-up of electricity usage is not expocud t0 change appreclably
e S Sy ain, the yem ahead, but each’ category wlll e pand usniﬁuntly. ,
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TABLEG | A .
T SR . . e B h -"..
| '™ Where Electricity Goes (Billiohg of Kwh) '
. o i {

1973 - 1980 198y

A ”

1990™
L - 'Residential - . 555.0 (32%)- 930.2 (33%)  1,310.8(34%) 1,749.3 (34%)
: " Industrial - 7061 (41%)  1,108.7 (39%) . .1470.1 (38%) 1,942.8 (38%)

. Commercal ‘3908 (23%)y" . 6340.23%).  876.0(23%) 1,116 (23%). ~
ST (Other T 68.0(4%) 1224 ( WY 169.0 5%) .. - 23406 5%)

Towl . M99 U 27952, . 3gmss

-

. 5,087.7,
! ! . N ) . ) 4 » N -1 . ’. . N ‘ 1 . ,v. '.‘ .
Source: Elgctrical World, September 1973 - o ' e . .

[

- ~
’
\ ’ -

[Estimated Uranium ‘Reserves s Based on favorable gedlogic.indications, it is expected that United
: f - L + - industry usually . develops an eight-year forward- réserve, [Continu
S, e + -exploration at a high leVel is'indicated in order to meet requir ments

- A

“ ) =Ty -7+ 1990. Based on favorable. geologic characteristics of areas cgntiguous to.
., known -producing areas-and elséwhere in the US., iy is believed -

-, -thay .there is sufficient uranjum inthé ground to sat{sfy this re- .
. CT . '.‘v L ~ R ) : ' :

. " quir . .
k“_ | q irement . . L .;/".
Y TABLE 7 - _ ’ )
) ‘,'}Eﬁ-_-‘ . - ~ . o R - . \ . . . .- : g
< r_s_ ". R . . . N * L . . B LI Lo .

A'E'C.“Forecast,.b”fv Domésﬁé-.liraniur;l Requife;nems (0.3%»U-235 Tails) -~ . / o
e (Short Tons U30g) . - I

¢ Yearof “_ St L S ' J ' ‘.

‘ ‘ *¢ Delivery .~ % Annual - Cumulative . - S . _
1913 100000 - 10000 - R AL
1975 18,200 azioo - Too T
1980, . 38400 . 189,700 © . - ’
. 1985 - 71,500 . .474,100.

S 19% 117,900 968,500 .

. TABLES B
;b K " .'” ‘.“ -, . ., ..'~ - .. ‘:.. v B

. “ “Domestic Sources of. Uranium (Short Tonsofbsoa‘)

s . . R X . L A 'ﬁ; " L
W - v Reasonably. -~ - - gimated . - T
L Maximum forward cost © assured - ' . additiomal .- -
per Ib. of U;0q o | Teserves - - ‘. resources. . Total

$. 8 2770000 . 450,000 . 727000 .
Cre100 L 340000 . T700,000 4 1,040,000 R
R [ I ~520,000" " 1,000,000 .+11,520,000

. oo . @~
< SO:INAEC Jondary, 1974 N

R
-’ v "_'

. *Arefined form of mn‘lum' called yo)kmq“ ’ . enviched od for ‘ule ' .
Y- Amnm\mmmwmmhomimw1lomﬂmﬂnmq!hwm.’ :
. . . : " ) . .. 14 .. . . . .'_ _‘ . . . .

P " ’ Soee a0 Ty A - . . . " : . .
G R PP L PRI . e dn . o . . el
PRrarron rowiot v crc DS TR e P . . d .

States has reserves to meet requireménts up to,-1990. Since uraniup
idg -
1

.

4
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-the annual worldwide demand will probably triple.

-

NEWS RELEASE Bureau of Public Affairs
¢ o ~ Department of State
-, - Office of Medla Servnoes

_LECTYRE:. IN\ERNATIONAL REALITIES OF
'THE ENERGY CRISIS -

'l
3

, Follow:ng is the text of a Ietture given by Dr.
Chauncey Starr. at the

Academy of. Engmeenng, a member of the President’s

Task Force-on Science Policy and a member of the .

.Office of Science and Technology’s Energy Panel

Al,so partncnpatmg in the presentatibn was a

panel of three other distinguished - scientistst Dr.

Robert A.’Bell, Dr. ‘Ralph E. Lapp ‘and Dr. Gordon .

J. F MacDonald

g The presentatlon was one in a senes of science |
s ICﬁt:ues sponsored by the State Department

lntemauonal Realltles of the Energy Crisis ~ + .

B(.tween now nand 2001, Just 30 years away,
. the U.S. will consume more energy than it hasin
eritirc hnstory By 2001 the annual U.S. demand
energy in all“forms is expected to double, and -

These - projected increases will tax man’s ability to
* discover, extract and refine fuels in the huge volumes
necessary, (o ship.-thém- safely, to find suitable
Jocations for several hundred new electnc-power
stations in the U.S. (thousands woﬁdwrde) and to
dispose of -effluents and waste products * with
‘minimum harm to himself and his environment. When -
one considers hqw difficult it is. at present to extract’

coal without jeopardizing lives or scarring the surface .

of the carth, to ship oil without spillage, to find.
acceptable sites for power plants and to control the
cffluents of our present fogl-burning machines, the
* encrgy 'projections for, 2001 indicate the’ need for
thorough assessment: oF the available options and
:-Lareful planning of our’ futire: course. We shall have
C Lo cxamlne with both objectivity and humani y the’
necessity for the projected’ increase in
demand, its relation to our quality of life, the
- practical options technology provides for meeting our
nceds and the enwronmental and socxgl consequences
‘ of these op'tlons L KR NI

The above quotation is taken from: (}aperl
*prepared more than a year ago. It describes the nature
of the eontinuing problems we face - apd which have. .
recently reached public attenuon in the form of the

“energy crisis.’ The term enem crisiy" has served

U;S Department of- State -in /*
N Was}ungton, D.C. Dy..Starr, founder of-the-American . ;
" Nuclear Society, is Vice President of " the National* *

nergy, ..

Cas

.

as a conveniént layman s umbrella for encompassmg

a wide variety of soclety s concerns with the energy:

situation. Because these do not have a common °
\1 solufion, it is unpértant to examine them separately

and to clarify the several issues we face. .

. The “crisis” designation tendsld be g3ﬂleadmg, ..

~ because it- tmphes that quick-fix emergency” steps

should be taken to cure situations’ which have
. developed over many years. In fact, there are no-
_quick fixes. Further, -the prachcal realities of the
sxtuatton have not yet required an immediate riational’
“crisis " response by .applying true emergency
measures - such as energy rationing -and cessation of;.
. energy consmpmg actmtles = .

L "‘r.

o The fact that pressing locahzed issues have arisen*

. should give us concern, both as indicators of .
_widespread inadequacies and as ‘they may portend
more serious* thmgsnto come. To use a medlcal‘-'-_
analogy, the patient miay have aches-and pains, but .
scan still do a day’s work and live nommally - the ot
situation doesn’t Justnfy hospitalization now, but -~
could get worse 1f remed:al treatment is neglected -

. /

In like manner, the most. premng energy need ~
is for a coherent and long-range program to plan and .

. manage our ., national and intemational energy.

_ systems. It takes 10 to 20 years to significantly alter ‘
the trendkb:‘ these huge systems.. Waiting until the
situatjon comes - intolerable -must now . be
recognized as intentionally planned neglect - a._

 societal irresponsibility difﬁcult to condone,

. L ’

Our natxonal and mtemtmnal energy systems .
consist ' of a complex - of "interlocked activities,
including fuel resources (most notably the fossil fuels .
;.coal, oil and gas), the distribution of these fuels
either by pipeline, truck or tanker, the distribution
of electricity generated from .these fnels, and finally

+ the many end uses. of energy.

B

Energy is consumed for midentid purposes for
transportatxon by the manufacturing industry, and
in syndry other ways All activities of any encrgy

_ system - have some environmental’ impact. For -
> example, the development of fuel resources gives rise .
to larid use and esthetic issues. The distribution of.
_these. fuels inyolves tmmportation rhhbot.h to the.
/public’ and ‘to our ecology.
$an

’

The conversion of these fneh ‘into either .
electnclty -or ‘into their end. fanctions - such as )
automobile transportation, indusérial operations, and ;, °
" the like - creates air pollutingeﬂhcntsnnd waste
heat. '»In_~addition, to these.’ mote obvious
environmental unplcts there . Are aeeondary ,
by-products from energy systems that ‘are not as.

\dnrectly visible to_the public, but -which are also

" ‘important societalcom mchuﬁtu,exﬂonam and _
_accidents. v .




. contribution.to air pollutioN

v
»

The current public focus on the energy crisis

arises primarily ‘from a few immediately - visible

" 'near-term_events. First, because of the dccasional -

shortages and malfunctions of the electricity delivery

system, which cause dramatic blackouts and .

brownouts in-spot areas, the- public affected has a

The "erisis™

discquorthi‘anxiety about the. reljability of sdpply.-- :

ature of this issue tends to: be very

- localized"in place, and time. The great majority of

+ our popyjation have no difficulty with getting
electricifiiaori demand. . .

The"secon,d ngar-term _issue is that related ‘to”’

, Mrban air pollution.'However; air pollutiori. arises .-

. from a great variety of sources, many of an industrial
, nature not directly related tq the energy systenis. The
‘ ich arises from the
generation of electricity - i nificant, but usually
".only a modest part of the total. Most notably the
.+ use of petroleunml products for private and public -

motor vehicles is'#major source. These two items,

the continuous delivery of. electricity..and urban air

R pollution are g:?emlly the stimuli for the public

. atteftion "to enofgy issues.

. "

The continuous delivefy 'of.elect.rici:ty":'to meet

: :_f"-d"emands,- without - the: penalties “of brownouts .or - :
"blackouts or other. failures, has always' been the "

'ti'#ditional- objective of the electric utility industry.
In order to - ‘accomplish  this, the industry has

. . anticipated a decade ahead the growth in demand for .
- electricity, so as to schedule the construction of

Blower generation and -distribution facilities to meet
ch foreseen needs. C

. Eléctric_"uiilities h_évc.a also tried to maintain a
sufficient surplu of generation capacity td¥rovide
a reserve for unexpected breakdowns of equipment,

~ maintenance and other causes -of disruption. In the.

past several years the normal anticipatory planning
. of the electrical industty has gone askew because of

The result has been that while the demand for

. coal has continuously in¢reaséd for power production "~

purposes, its use creates.problems which, have yet to

, be solved satisfactorily. In particular; thé abitity to

remove ‘the' sulphur contamination from, the coal,
either prior to its use or after jits discharge as‘a gas

.in the power plant stacks, requires the commercial

development of new technologies ' only now .
undergoing pilot plgnt-trials... . . . -

~ The available ipdigenous oil in the U.S. has not
been sufficient. to meet our rieeds. Bedause of the
slow development of both our onshore and offshore
oil. reserves, we have “becoriie one of the- great

 importers of oil. Oil; like coal, tofitains sulphur which

-generally requires either removal prior to combustion.
or in the power plant stack gas. Naturally low. sulphur
ol is available in’ relatively. small amounts. o

The recent environmental. restrictions. on” oil*- - -

drilling® on the continental shelf (because -of the
- possible leakages into the magine énvironmgnt), and
the, concern with the - ecolpgical impact of  oil ¢

pipelines all have tended to slow down or inhibit the
full "exploration -and development of oil resources.

-, . Natural gas is the least contaminated fomill'qf. o
fossil fuel and is therefore in great demand for-power /

.Plant: use. ‘It is also in gredt demand. for industrial
‘and domestic use, because of the ease with which
it can be transmitted and distributed and ' the
simplicity  of - combustion equipment. - - For
complicated . reasons, “including  pricing' policies,
-natural gas -has been mostly a byproduct of .oil

-+ development. At the present time there appears to

be an insufficient reserve of natural gas in the United
States to permit continued expansion of its use. Thus,

. this most environmentally acceptable of all the fossil B
. fuels is also the ‘most limited for the future.

“For all .these ressons the - utility .industryf

. conditions not anticipated,at the time when the
;. - original commitments for future plants . and
"~ -equipment were made. These unanticipated ‘issues

“, ' ‘have arisen frem many sources, but perhaps the two
. most important are ‘the first recently restricted”

savailability “of suitable foel and second the new
en\nronmenta!' -critetia for power plant performance.

-+ The traditional fuel for power plants has been ‘ _
-... the fossil fuels - coal, oil and gas. Coal, while an _ tered .

abundanit mineral in the United States, unfortunalely into the groduction " of eléctridity, is, ho“yé,.
produces. the, largest overall ‘environmental impact. . dissppointingly less thyir th t which was expected by
The mining .operations, underground. :and “strip. .  the utiities, The. initial delays were ‘associated with
mining, involve social costs.associated with safety and_ .- establishing  the reliability “needéd: for commercial -
land use which are quite substantial and require very " - operations. More recently. these plants’ have -been

' large remedial investments. In addition, coal contains . delayed: by the intervention of various public groups
. alarge number of foreign elements, including giilphur fearful of their potential envirgnmental impact.

- 4 pgund;rwiuch are'eﬁvirdnignfnta!._'poﬂutants. _ S U

?,tﬁ A ,S » . .v'. -»‘_ R .
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. Tecognized some years ago that the unique "clean air” E
- characteristics of nuclear power would maks itavery.
desirable addition to the available technical options ™" -
for the generation of electricity. For almost two- =~ °
decades the utility industry has actively supported .
. nuclear power development, and underwritten the ..
higher costs of the first stages of commerciglizing.., <° -
.'nuclear power“._ .. ' . . L il e

R
T LD
A TN LT

- 2

- The rate at which nuclear power
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. . - These interventions are “primarily serving as-_ag. .- The issue is not one of "good or bad” but one °
means of public education and communication ° of balancing the bereficial aspects of energy use
-Concerning the relative safety of nuclear power. » against its undesirable environnf@ntal effects. As a

. Jnfortunately, the associated delays, sometimes .~ nation we, are presently engaged -in, developing. a
* extending for several years, have had a serious impact socially acceptable balance between these twd issues

-~ on reducing the planned expansion-of nuclear power " - . through* public - debate, technical and -scientific

availability. B - research, and through empirical. trial and error. This .
L SRR DU o development of a sound social philosophy. for the use
‘ Thus, as a result of the combiried effocts of an and control of energy, so as to maximize the public:
inadequate supply, of environmentally suitable fossil -~ good, may be one of the most important- national -
-fuels to meet expanding requirements, the time'  jssues of this decade. - o ' :
needed for - technical development of anti-pollution o o ,
devices to permit, use of available ‘coal and-oil, and. " “Long-range planning of ‘our national » gnd -

.+ -delays in the authorizati_on for nuclear power plants, . world-wide ‘energy “systems must start with some

¢ we face a near-term situation where the generating .. estimate of future energy demands. A conception of
capacity~of our national electricity system- does not the ‘fiiture may come from a simple extension of
. contain everywhere an adequate: eserve for meeting historical trends, or may be developed from a more:
- unique, peak ‘demands and providing protection < - sophisticated analysis of chixnging life styles and their

. against unexpected power phnt faﬂureg.'_ L impact on end-use -needs.
N There are ‘many "ré"gions of "the cqﬁﬁiry where ¢ Since :.'1900, the'.rairerage' pér * capita 'er'x.ergy ¥
» * these “issues have not .been: pressing. ‘Unfortunately, consumption in the world and the.U.S. has doubled

there are many urban areas that have had :a large gvery 50 years, with some short term perturbations:
e “expansion ‘of electricity demand, and in these the "There appears to be small _likélihood that this
margin of reliability has been so reduced that even long-term trend of: incredsing per ca;}ita use will
minor .malfunctions or unusual weather conditions ;,.Mgg;‘j%\the‘ next several decades.- ¥ »
can creaté electricity shortages %ith considerable L IPP W, B ,
public discomfort and, in some cases, pui)]ic_ hazardg,l"- "R ni/spitdof increased public concern with the
S . ‘ L S VA S of "', h a growth, there is actually very little
.. 4.Sbch" ‘problems - can only be avoided by -

Wt

) , _ . that’ can’be’.done pragmatically to limit it - other
strative removal of unproductive. delays and “than didect :Rarcity or-rationing - because of the
interferences, and. by the most efficient use of the intimate - connection _between the life ‘styles of '
. -available resources of fuel and power generation . peoples, their }spim'ﬁon's; and - their eng}gy_psunp]x.,
o facilities: Because it takes a decgde or more to'bring. e o . : b
' néw technical developments or new fuel systems into - "The' futufe need - for “energy in societal
operation in our enefgy system; it is not likely that development s of two brogd types, one characteristic
these near term pressures will be rapidly removed by ' of the highly \developed sections of the world and
technologies still in the process of development. one’ typical of|the underdeveloped ortions. During
R . the past two centuries the industrialized nations of =
. The availability of egergy has always been of the’ world significantly. increased their energy use in
‘basic concern becausé of the intimate relationship of order to sustain their population growth and to.. .
energy to our societal development. It has become -improve the condition of their people. ,
a major public issue only in the past. several . years, ot ’ ‘

and will probably alwa$s remain with os as a primary , It is likely that in the next century the per

consideration in the " future. Basically, our society capita energy consumption in these advariced- -

cannot function without eng'g in various forms. We countries will approach an’equilibrium level, Tirst
" utilize. it for elemental physidd comfot by heating because the quality of life.for the majority of the

We use it for recreational purposes. - . . e and ‘second because erivironmental constraints

: o " . ~ will make energy more costly and ‘thus encourage

.. All these -uses ﬁw.»always had some impaft on increased efficiency of its end use. The hoped for
the environment. As our per capita use has own, " population equilibrium in advanced nations will glso -
in the past several generations, and as our population ' " lead to an eventual leveling-off-of total energy need. .

"+ " has grown and also co trated in large urban areas,” _for these countries. o & .

- these environmental i ipacts have become sufficiently ' I 6 -
severe that we: now'mwust begin to develop_either While it is possible that the future creation of
better energy technology "of some. limitations 6n - socially ‘desirable high-technology energy ‘consuming .

- _ energy use; or both. It must be recognized that there ‘devices may maintain a continuously growing energy

is no form,.of energy which ‘may be used without demand, neverthgless, ‘the realities of resource
some environmental impact. . economics will probably create a trade-off ceiling on

. Coh e
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and cooling, we utilize it to runwour industries, arid_ population Will be less dependent on increased energy
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.. whichr contanns most

_;energy demand Only the development oﬁ new energy

resburces (such “as fusion) which are, b{h low cost -

availability of . investment t:aprtal5 - a: manmade
resource - may limit such frowth

" For the ‘underde éveloped part ‘bf the world
f the world’s populanon, the
‘situation is quite different. These peoples are still

- primarily engaged 1n-mamtalnmg a minimum level of
-subsrstence They have not as yet had available the -

power resources necessary for the transition to a
literate, industrial, urban, and agriculturally advanced

i+ society. Hjstorlcally such - transitions have always .
. mvolved "both an increase i
' 1ncrease in per capita energy

population and an

‘.. seeing thrs now in- most of the underdefeloped

- degand.

- .' countnes

-So, the inevitable populzmon growth,
bined with an increased per capita energy use,

¥y could result in afi- enormous worldwide energy

. . .‘.‘ T

A capsule example of‘what can occur is provided ¢’

by Puerto Rico. It is bemg shifted to an industrial
economy from an agran,an sugar economy by the -

" Y ~;plapned investment. of foreign capital. In 1940 the

L
)
,,"
¥,

_annual electricity consumpnon was about 100 kwhrs
. per capita, comparable to India’s prese@t usage. By
111950 this had been more: than doubled to 220 kwhrs
per capita. By 1968 this liad increased to 1800 kwhrs
per capita. This is an averdge doubling tifne of about
7 years. (By .comparison, the U.S. consumpnon in
1968 was about 7200 kwhrs per capita with a present

per capita douBling: time. of -about, 12 years. Now,

in 1972, the U.S, level “is about’ 88(!) kwhrs per

. capita.) Puerto Krco is, of course, a umque case of
*. accelerated economic development; but the 20-fold -

C i._,,mcrease m per “capita electricity comsumpnon is
' nevertheless startling. .

At present the U S. consumes about 35 percem
of the world’s energy. By the year 2000 the U.S,

- share will prabably drop to-around 25 percent, due
- «chiefly to the relative populanon increase of the rest

of the world. The per “capita’ increase in energy

consumption in the U.S. is'now about 1 percent per

year. ,Starting from a much lower base, the average
per capita energy consumption throughout the world

s mcreaSmg at a rate of 1.3 percent per year

It is evident that it may be another century
before the world average evén approaches the. current
U.S. level. At that time the energy gap between the
'U.S. and the underdeveloped world will still be large.
With unaltered trends it .would take 300 years to
close the gap. By 2000 the world’s average per.capita-
energy consumption will have moved only. from the

present one-fifth of the U.S. -average to about.
one-third “of the present "US. average. Of gl‘ave._f;'

.
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nsumption. We are .

. and extensjve can lift such ‘a cerllng Even so, the

.

" concérn is the nearly static and very low per capita
energy consumption of areas such as India, a country-
whose population wth largely negates itsdncreased
total productron o energy ‘

n,'lf the underdevsloped parts of the world were

conceivably able to. reach by the year 2000 the

standard of living of Americans today, the world-wide *

level of energy consumptlon -would be roughly 10
times the present figure. Even though this is a highly
- umrealistic target for 30 years hence, one must assume
- that world energy consumption will move in that
direction as rapidly political, economic and
technical factors will allow. The problems implied by
- this prospecf are awesome.

Increasmg per: caprta income is an essentral for
_increasing the quality .of life in underdeveloped
countries, and this requires energy. It has often been

* suggested that because of its environmental impacts,-
energy use be arbitrarily limited éverywhere. This

requires the same type of socfetal decision that would
be associated with arbrtranly hrmung water supply
or food production.

. R4
Given the objective of providing the people’ of -

the world as good a life as man’s ingenuity can
. .develop, the essennal role of energy availability must
* be recognized. the same motivation that causes
the agronormsts to k an increased yield per acre,
it is the function of technology to make energy
- available in sufficient amount to meet all essential
needs,” and - with sufficiently small environmental
impact as.to ensure that the benefits outweigh all
the costs.

Because even in the mdustnal soaetles the per

- capita use of energy in large amounts is only a

~ economically recoverable fossil fuelS.

century old, and in most of the worid it has not.

even started, we have both a growing need and gn '

opportunity to_develop long-range plans for optimally
supplying this essential ard to world-wide social
development.
P.
One can better- apprecrate the energy ‘problem
the world faces if ome simply compares the
cumulative energy demand to the year 2000 - when

the annual rate of energy consumption will be only

timates of the

R

-

"The estimated fossil fuel reserves are greater
:than the estimated cumulative demand by only a

three times the present rate - with

. factor of two. If 'the only energy resource were fossil

fuel

: outlook is completely altered, however, if one

. iricludes the energy available from nuclear power. As
- has often been stated, nuclear fission provides
another major resource - with the, present light wates

_ reactors about equal to the fossil fuels and with the

breeder reactors almost 100 times as rnuch

2

18’

the prospect would be bleak indeed. The.
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- There is no questignr that nuclear power is 3
saving technical development for the energy prospects
for mankind. Phgﬁsing .but as yet technically
unsolved is the devopment of a continuous supply
of energy from Ssolar sources, The enormous
" magnitude of’the solar radiation that reaches the land
surfaces of the earth is so much greater than any
of the forese¢able needs that it represents an inviting -
technical" target.

“

.-

Unfortunately, there appears” to bé nb .
economically feasible ‘concept yet available for
substantially tapping that continuous supply of*
energy. This somewhat pessimistic estimatesof today’s
ability to use solar radiation should not discourage
-a technological effort to harness it more effectively. -
If only a few percent of! the land area of the U.S.
could be used to absorb solar radiation effectively

~ (at, say, ‘a little better than 10 pércent efficiency), °
we would meet most of our energy needs in the year
-+ 2000. Even a partial achievement of this goal could
| make a tremendous contribution. o

. - The land area requiredy'for the commercially

' significant’ collection. of solar ‘radiation is so large,

¢+ however, .that a high capital investment must be

anticipated., This, coupled with the).cost of the

necessary - energy-onversion systemz and storage

facilitiés,. ‘makes solar power = economically

uninteresting ' today. NevertheleSs, the direct

- conversion of solar energy is the only significant
longrange alternative to nuclear power.

The .possibility of obtaining power from
¢ thermonuclear. fusion has not been included in the -
" listing .of energy resources because of the great
uncertainty’ alout its feasibility. The term
~ "thermonuclear Pusion," the process of the hydrogen
bomb, describes the interaction of very light atomic. -
nuclei to create highly energetic new nuclei, particles °
- and radiation. Control of the fusion process involves
many. scientific phenomena that are not yet -
understood, and its engineering feasibility has not yet
been -seriously studied. Depending on the process
used, controlled fusion might open up not only an
& iraportant. added energy resource but also a virtually
“unlimited one. The fusion process remains a
possibility with a highly uncertain outcome.
+ 1t has been prdposed that tapping the heat in
the rocks of the earth’s csust. is feasible, and if it -
is, this could be important. At present, the initial .
probing of this source has not yet been tried - so
its” pragmatic availability is yét~uncertain.- -

It s clear from all such studies, that for the
next century mankind is unlikely to run out of
available enérgy. Instead, the important issue is -
whether the increasing. cost of energy (including

SN

~ economic and tec

a v
.“ L N -

enviipnmental costs) will become a ‘major handi’caﬁ "
to world-wide societal ' improvement. Just as- an
increasing cost of water wjtl increasing usage might

limit t’(«: development of an area; the“same,could
' appll)('i to the use of energy in"vq'ious parts of the’
world. o .

Within gature’s limitations man has tremendous -
scope for planning energy- utilization. Some of the - *
controlling factors that enter into energy policy
depend on the voluntary decisions of the individual
as well 35 on government actions that may restrict
individyal fr ”'Khe questions of feasibility, both
cal, depend for their solution on
gnitude of the” effort applied.

the priority_and

The time*iale and ,costs forfirhplémenting

- degisions, or resolving issues, in all areas of enérgy

management have both short-term and lpng-term
_copsequences. There aré so many variables that their .
arrangement into a "scenario” for the future bécomes

.a_matter of individuai-choice and a fascinating

planning game. The intellectual co;npl,exi}y of the
possible arrangementsf for the future can,{however;

.be reduced to-a linjited number .of basic policy

questions that are more sociological than technical
in nature. ‘ , .
' 1 o :
Dr. Starr referred to a table, not reproduced .
here, showing a partial list of the controlling factors
which enter into energy. planning. -He: continued: .

As shown, the only parémeters under our *
control which can alter the nature and trends of
near-term energy systems are a limited number of .

“individual and governmental choices - life style and*

value oriented rather than technological isi nature. An .
*individual choice of energy device (home heating, for

- example) can be made and implemented with a time

constant of about a year. A choice by a societal unit .
(locatiofi of a powef station, and effluent regulation, -

~for example) takes about a decade to make and .

-implement. Thus, the full effect of such societal -

“deciSions often doesn’t develop until more than a
~ decage” passed. = R o

"I the technological . domain .of new

- economically acceptable energy devices, wé are really - .

working for the next generations, rather than our
.own. Even duclear power, which was certainly .
supported by governniént as énthusiastically a%ln}
technology in history, has taken 25 years to establish -
a commercial base - and still hasn’t made a real
impact on our energy supply. .
"Of all the energy-needs projected for the year
2000, nonelectric ugses represtnt about two-thirds.

"These uses cover such major categories - as
- transportation, space heating and industrial processes.

- g
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| . airplanes.

{0 as yet

The " largest energy user at that time wnll be. the

manufagtuging industry, with transportatio

about h4lf as much. Transportation is illustrftive o
4the’ possibilities‘in socie

" is responsible for almost'half of the world’s oil

ixﬁsumptron - and a correspoiding part of - its . air
R

ution._ Except for the airplane, the ,private

automobile is the most inefficient mode of usmg _

'energy for travel

For passenger travel,: rarlroads are 21 /2 ¥
as efficient as “autos and §1/2 tlmee ‘as efficien

reduce -energy’ consumption an extensive nationwide

network of railroads, with local bus’ service, is far .

‘superior - to "an automobile road network.

Unfortunately, the world-Wide: trends -have been .-

diametrically opposite, and the human preferbnee for
* personal mobrlrty have reinforcéd such trends.

,Fmally, contrary to much publrc comment the -

development of new speculative energy resources are
investments for the future, not a means of remedying
the problems of today. Unfortunately, many of these
certain and undeveloped sources of energy
are often misleadingly cited publicly as-having'a great
. Promise for solving our present difficulties. In

¥ w’.addmon to their. techmcal uncertainties,: many of
these speculative sources are likely to. be limited in

their contributlon, even if" successful

Unfortunately, the attractrpn‘ of "jam

tomorrow" may persuade us to neéglect the need for. .
" "bread and butter” today. Because of -the very long -

. time required for any new energy device to become
\pgr/t of the technological structure of our society,

ese speculative sources could not play a’ major role .
before the year 2000. The quality of life of the
v peoples of the world depends upon. the availability .

.in the near future of large amounts of low cost energy

in useful forth. This being the case, we' must plan
- an orderly ‘development and efficient use of the
resources available to us how, and these are pnmarily .

fossil fuels and nuclear fission.

Gmn tlns srtuatron, what are the possible
impgcts on US. relations with foreign countries?

Because of our -present limitations on the use of high
sulphur cogl, 'and the present unavnilabihty of more

natural gas, a rapid shift to oil is now undérway,

because oi} can be found with low sulphur or can. -

be d&ulpﬁunzed.

There is no emergency remedy except rationing. .

_ Because roughly half our oil goes to transportation,

this is’ the likely area to be controlled, not electricity. .

US. oil-production can be increased only fracuonally
even if all mtemal controls are removed

&y

. brlllon wilt become $lO
anning. The aut¢mobile

uses are 4 times as efficient as autos. For
freight, raf{roads are 3 1/2 times as efficient as trucks.
‘and 55 times as efficient as airplanes. Clearly, to

~ of scenarics can’ be rmagme

.

. .credible risk-benefit analyses. They ‘are instead *

. several optional aids. Offshore
'-"mnxsmuchleupollutingthmtankerimporte,lnq

Ny . ’17

, our 1970 forergn oil purchase of $5
n in’ 1975, and. $15 -
hglf °‘“’? consumed

" will be{foreign. For perspect;ve these dollar outflows

compared with.the totdl US. innual capital - -
investmeéts of less than $100 billion. I will not dwell -
on the international: monetary cons@epces

It shokld also be rémembered that increased fuel
- cost means increased @ost of goods, reduced foreign
* sales, -and" worsened “trade balance. The foreign . .

relations issue is, of course, aggravated by,the in- -
creasing dependency of the USS. on the oil-pfoducing
nations without ‘a~ balancing depertency on their .

part. The international tensions so produced can lead

to consequences of the most seripus nature - a- v;mety“

A parallel 'srtuatlon exrsts in. Westem Europe, _

and both France and'Germariy have embarkedon-the: -
construction of oil storage facilities to provide at least ~

“three months reserve: (The US. now has a 2-3 week - .
+ stored supply.) The recent ‘North Sea discoveries will - . .

help but. not solve this. ‘problem. These countries-are =~ -

~ also developing pipeline connections to the USSRand. . - .

Eastern European oil fields. Western Europe and- the
US.~ may end up in . Conﬂrct for lnmted world'

3 l‘eSOUJ‘CCS

(.

For the US the Canadran "t!pplies are

ractrve, ‘but both trade ' bamers and lack of - .
. f icentives have made this ‘a slowly developing course. o
" Perhaps we should offer the D,0 (heavy water) for
" their oil. The Canadians have no reason ‘to. be -
> concerned with our. problem and may be viewing it
o wrth some skeptrcmr,‘ as do many foreigners. .

 After all the envuonmental issues that’ have-
engendered our - situation have a very dubious

‘rationality. The *public health causality - relations
- which are the reputed origin of our pollution s
standards are not, in fact, based on demonstnble o -

judgmental levels set primarily for esthetic or comfort

. purposes; with health benefit’ mngiml at best. This
_is not hkely to create mtematioml sympathy. -

Although the nearterm US. situdion has no - . -

quick fix, the intermediate term {post 1980) has
drilling, for example.

given time could probably meet much of our needs.

‘Ofcourse,wemmtmolvethemofthe aw of

the sen” wauhtoexﬂmtthemwmsbeyond
the theoe mile*limit.. Another-option ‘is to ease the. *
envirorigmental and esthetic constraints and reactivate
coulmhing.andthisnnyoecurwhenthewblic
allmthelitmtion.Anotherhspeedupeoel

- fdenﬂphunmtron, p:iﬁcatron and liquefnction, and

i

htrcally dmasteful course ‘of ratrorung 4
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Aruitoxt provided by Eic:

Photh the: :development of commerclal technology and
_ much camtal ‘ . .

]ong term (post 2000) we have the

. : and ‘the” fast breeder gives us potentially
ample,. energy: ‘Obviously, she rate at which niiclear
. ! power comes on the scene is dependent:in the U.S.

[

isjue .does not. ex:st in most foreign cofintries.

e ,ntually

:We must recognize and resolve the several very
basxc tradesoffs ‘between environment, life styles,

*>

¢ recovery from oxl shales and tar. sands. These take |

tion of nuclear power. The aburidance

'7 v on g}lbhc acceptance It should be pointed oy t
off thi

As'a’ consequence, we may be buying forexgn reactors -

personal freedoms, amemtxes, international tensxons,

- high energy cost and high cost of goods, public |
_ health, personal income, and allocation of national
reésources - and perhaps others The issue may be as
basic as natjonal security vs. social costs.

For example, based on my perceptions of 'the
alternates, [ would very much rather accept the _
minimal risks of large scale nuclear power than the
already evident risks-of international tensions from
foreign oil. These issues are so important, and the
energy systems so ponderous and slow to change, that
our national " planning -must be based on a

" comprehensively developed longrange insight rather *

than a fickle public emotion and short—tenn pohtical
exped:ency Let :us hope it is.
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Student Activity:How much electricity do you use? -~ Oil burner or stoker . 419
N : Radio L. .. 86
. ‘;.-_} v . .= . : Rad:o-phonograph T 109
. ¥ " 1. Make a list of the electrical appliances in your. Runge o L1775
* . home. Do not fonget such items as electric furnace - Refrigerator (13 cuft.) - - 728
. fans, light bulbs, air.conditioners, kitchen appliances, Refrigerator ‘
hair driers. etc. . _ _ : (12 cu.ft. frostless) 1,217
e S _ Refrigerator-freezer v -
2. From the table below, write the annual -~ (24 cuft. fTOSﬂCSS) oo 1,828
kilowatt-hour (KWH) consumptlon beside each entry Roaster : . 205
" on.your list. ; N Saw : . 65
. L . Sewing Machine - 1205
3. Add these for the total annual kilowatt hour ~ Shaver ' 18
.'consumptlon for your famlly ~ Sun Lamp : 16.
- Television (B & W).. ’ 362
4, Divide this total %y ‘the number of persons in ", Television (Color) ° , 502
your family to arrive §t your per capita agnual ‘Toaster .- : o 39
kilowatt hour cons'umptmn _ " Tooth brush . : S 5
: — Vacuum Cleaneg - 46
| S & - BN WaMm ' o
Electrical C onsumption fdt Some Common Home Washing yaachine;. automatic ; 103
Appliances .. - AN s Ak Washing ' rhaghine, non-automatic . 76,
' : \' e _ Water Heater, standard 4,219 -
qulianc’e : Esm'nated Annual KWH Water Pump o S 21
. ' ‘Consumptlon ' R ot
i ' ' . If you know the amperage rating of any:
glerd %?::ig:me" Wmdn.\. ' & i ?:g appliance, you -can estimate the “kilowatt hour
Broiler ~ N Ta 100 « . consumption by using the formula = - S
(C:Iaorrl? g Kmfe ' 3 lg - KWH' = Amps x volts* 3( hours of use . .~
v Clothes: Dryer o e 993 Lo . 1000 o
g::g:eF::al;i;er U “lgg- *Use 110 or 220 volts, whichever applies. =
. Dehumidifier T 377 . ) Co
Drill, Electric , 655 . -
Dishwasher ' SR -363 :
Fan, Attic o 291 . S
Fan, circulating ‘ 43 - . oo G
Fan, furnace Cer 450 - ‘ o
Fan, window T [ 170 : . o .
Floor -polisher - °* Y 15 _ - .
Food blender s o T 15 \ PR - v
Food freezer (15. cu.ft.) - + 1,198 - L L e L,
Food freezer, frostless o ' : o
(15 cu.ft.) ‘ . 1,761 LY '
Food -mixer - - C 13 : : ©o
S Food whste disposer’ . 30 \ Lo e et
L Fryi?g%:n oo . o ' 186 < ey
R Grill, sandwich . ~ 33 . s ' T e
; Hair dryer - oL 13 B . e s
© ** Heat lamnp, ‘ _ © 13 T R
- Heat pump : . 13 e, o
Heater, radiant - 176 ' \
-Heating Pad - 19 -
Hot Plate 1 090 . LT _
Humidifier o ' ,‘1"\\,‘-\'. 163 ) S : . !
Iron' (hand) S I U A _ _ S
.. lron (mangle), o - T e N C e
Light Bilbs - . eoas e
, ' St K
' i R ’ .
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1. The Generation of Electrical Energy
- Our-idea of electricity is bgsed'largely on what
it does.and on its effects, rather than on what it

. is. We look upon electricity as something that makes

 CHAPTER 2 - o
MEETING THE DEMAND FOR ELECTRICAL ENERGY l

light bulbs glow, or irons get hot, or,refrigerators get

cold. But what is electricity?

Electricity - that is, an electric current - is.the ' -

flow of electrons in'a conductor. An electronis a yery,
very small negatively: charged subatomic particle. A
conductor is a material which has free electrons that
can be moved through it easily. Among the materials
most familiar to us, metals are the best conductors

of electricity. » .. . .

The productipn of an electri¢c current is fairly
simple. All that is requited is to make electrons run
through a ‘conductor. ‘A loop of wire, preferably
copper wire, can be the conductor. This wire
conductor is loaded with free électrons. Since these
free electrons are negatively charged, they will react
to a magnet.:If the conductor wire is formed into
'a loop and the loop is moved through the magnetic
field which exists between the north (N) and'south
(S) poles of a magnet, an electric current_will flow

from right to. left through the magneticfield lines of
force (dotted lines) which cause an electric current
(D) to Tlow in the clockwise direction shown by the

. arrows. The free .electrons actually flow in the’

-opposite direction from the electric current.

If the conductor loop is spun between the poles
of the magnet, the electrons in the loop will move
back and forth within the loop. As the loop passes
back and forth through the magnetic field lines of

force, the current is made to flow first in one -

- through the loop. Figure 5 shows a loop being pulled -

_direction and then in the reverse direction (Figure -

6). Current produced in this way is called alternating

. current (a.c.); the electrons, and therefore the

current, are moving in alternating directions in the

.. conductor. This is the kind of current we use when

we plug something into an electrical outlet.” . *

The largest electric power generator makes

electricity in thg same way, by moving loops of
conducting wire ‘between the poles of ‘magnets. Of
course, a large plant uses miles and miles of wire in
the, loops and enormous magnets, but ‘the .same
principles are at work. - S

The major difference in the many" types of

" electrical generating plants is the method used to

‘#nove the conductor wires i the magnetic, field. In
most types of plants, some type of fuel such as coal,
’ oil or uranium - is used as an energy source o make

£ 'steam. This steam then pushes.on the blades of a

turbine to make the turbing- spin. The condustor
loops are attached to thé spianing turbine so that

&

L2

foreseeable fut

-

they spin between the poles of huge magnets. Any
plant that uses steam to spin the turbine is called a
steam generator, or steam electric stat_ion.

' The hydroelectric station is different from the
steam electric station, using falling water to make the
turbine spin. Gas turbines use hot gases to spin the
turbine, much like a jetengine. N

 Thus electricity is not in itself a source of
energy, but is produced by our use of basic energy
resources: fossil fuels, hydroelectric. power, nuclear .

v

power and other energy sources,

r Figure’~7‘_shows’ the 'major United States steam"
generating centers as of 1970, by size and geographic. «
distribution. Figure 8 shows the projected steam

‘generating need for 1990. It should be noted that

the major power expansion will occur in the eastern
and far western sections of the nation.” ‘

2. Presenty Methods. of Generating Electrical
. Energy e ’

. The basic resources that provided energy for
electrical ‘genération in 1974, along with the
percentage ot_'rqlectﬁcity produced for -each resource, .
is Shown in Table- 2; Table. 3 shows how the use of
these -resodrcés for electrical generation compared
with their7use for all other purposes.

" 'Why|can’t ‘we just build more -of these kinds -
of plants to satisfy -our growing demands for
electricity? < : ST ‘

_ ::As far as hydroeleétric stations are concerned,
essentially all the ecoriomic dam sites are already in
use i’ the United States. Remaining.new sites are
in remote areas away from the electrical demand.
Developing these sites would have potentially adverse
effects on increasingly scarce wilderness areas.
Hydroelectric plants, unlike steam generating plants,-'
produce no waste heat, but the effect of high dams
on fishery resources in many riyers has generally been
detrimental. N ‘ o

Thus, the major expansion of electrical
generating capabilities utilizing current techgplogy
must involve fossil-fueled plants (those using. coal, gas
and oil). and nuclear plants. These two alternatives -
are compared in detail .in'subsequent chapters of this
text. . oo T i

- Before this comparisor is begun, however; a .
look . into ,various  other possibilities . for électrical -
generation is in order. This discussion is inclufed -
because coal, gas and oil are nonrenewable: natural
resources. We will deplete our supplies in ‘the

ure, -and we ‘must develop improved

~ways to_extend and supplement these . natural

L e .29
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| e TABLE §
Electrml Productlon by Energy Resourcef in 1974
Léas B

oil 10% \ - e
o
- Nuclear sk O -
TOTAL: 100% R

Other souroes, such as: solar energy and/geothermal energy, A
prowde a mmute amount of electricity at that’ tlme IRTFURE

Hydroeleg_tri‘c

.,‘-'

'
Y

o TABLE3 ’ . L %
| - Use °f Energy Resources in 1974 ' ' T

-+ For .Electncal' .

: qu all Other N Total "',:-j o '
Generation ' o o L

" Resource
’ Purposes

Coal
Gas-

oil |

. ,Hydroele

- Nuclbar

1

Estlmated Deplet:on of Economlmlly Recoverable World ‘Fuel Reserves

K

1%
" 6% -
ctrie ' . . 4%

1%

TOTAL 125%.

v
.

o
s

Fuel I

" Mineable Coal

S toee

oil

Gas - . - e T

F:ssnonable Uramum-235
(1 ngh grade ore)

- 26%'

6%

43%

L
~

TABLE 4.

o Le SRR

o Year o

o

2030

2020




v of anticipated world-wide demands, It can. be seen:

-

resources. EVen our: Icnown reserves of: hlgh-grade “
uramum ores are limited. Table 4 shows estimates .
swhen.various, fuels will be depleted on the basrs

that ‘except for coal;" these fuels will probably be
expended- within the l"fetlme of our chlldren or
grandchlldren ' ’ .

"3i Alternatnve Methods of Power Isroductnon

.
-

The followmg paragraphs describe : some new

 imethods for the use .of conventiongl fuel sources,

plans for use of new sources of energy,<and new ways -
to- store("(e energy . for later use. Some of these
alternatives are already in usg, while others are still

‘under investigation. Bear in mmd ‘that, most of these -
. ideas will require enormious inygstmemts in- time and

.money tb become rellable,and ecopormcal sources of

- power. » de

A. '»i Power, from Fo.ssil Fuels
(f) Solvent Jéef‘ ning of Coal
A techmque is belng developed to purify coal.

‘Pulverized raw coal is mixed with an aromatic solvent

and reacted with hydrogen gas at high temperatures

. and pressures. This: dissolves the .coal and separates _-
‘it from its ash, sulfur, oxygen and water. The solvent 7

. sulfur and ash and with a heat contgnt improved by

add slgnlﬁcantly to the final cost of the cleaned coal,

is then removedt'leavrng a pltch-leproduct 18w ip

as much as 60 per cent. This procesg will probably

(2} CoaI quurf canon " f.' . }

Processes are’ bemg developed to produce

low-sulfur.and relatively high-heat value fuel oil from

coal.. Coal is reacted- with steam to produce a low-

-cost gas with a high carbon monoxide content

Pulverized coal mixed with the oil product is rea

with the gas and ‘more steam- at high temperaturee} .
and. pressures, produclng orl ash and hydrogen su,lﬁde

gas,.

(3) CoaI Gasxf catxon

. /'

Methods are bemg investigated for turning. coal -

. into a Synthetic gas suitable as a substitute for natural
* gas. The basic process involves crushing cval to a:

i

‘Situ, that'is, burning |

need ~

powder, then heating this material in the presence v
of steam and oxygen. The gas produced is then
refined to reduce the content of sulfur and other
unpurltles and ‘to mcrease the methane content, Also

. under lnvestlgatlon are’ ‘methods of bumlng coal inZ..
the coal while’ it remnains

undergrohnd to produce -gas. This eliminates the
or physically JTecovering coal from areas
¥ or. rmpossrble to - mine. :

ne: (ﬁ' the ma]or pfoblems of both “coal

" _development of these uses of coal.

' efﬁclency of generating electric
, fuels is magnetohydrodyngmtics. In this concept, hot
. flowing ionized gas.is® substituted for the rotating
. copper coﬂs of. the conventlonal electric gener tgs.

. problems

ication and coal'gasification is the.large amount .
ovo! - witer . used ' -for the steam which the processes
‘_requlre Unfortunately, m many of the areas where

. .
..

-there are large coal supplles, there is a shortage of
- water. “This' ‘will - complicate. " the large-scale;l

’

' L (4} Magnetohydrodynamws (W{D}

One Xdvanced concept lmprovmg the

enorgy from fossil -

\ ]
‘Gases’ from the mgh temperature combustron ‘of
fossil fuels ,are made? eléctrically ..copductive by -
seeding with suitable chemicals. This eleétrically
conducting gas then travels at high speed through a -
magnetic field to produce a flow of direct current.
The hot gasestan then,be used to fire a steam tlirbine

. generator,” taking. “the . overall - efficiency ' -of*: the

composite systems as high as 60 per. cent,"one and -
one half times that of 'a modern fopsil fuel _plant.

"I‘hough laboratory-scale ‘MHD genetators. are now
- operating, it. is unhkely that large-scale ‘electrical

production from this.'source’ will become ‘practical
before the end of this century. Although substantial -
remain to be solved in: -materials.
engineering, _ religbility, long-term  durgbility .and

.emission controls, MHD is one of the more promising -

concepts of electrlcal energy currently under study.
(5} Internal Combustion Engmes

One approach which - is becoming mcreasmglyvf
useful in helping to resolve short-term power shortages .

.. is the wuse.of internal combustion - engines in

factory-assemble,d ‘peckages.. ‘Thése. are currently
available in 40 megavatt units which cdn be delivered
and set up far myre quickly than gny other type of
eleatrical generating systems. It is expected that 100
‘megawatt units will be ‘availablés-by . 1990: These :
_ systems burn expen.rve mgh quality fossil fuels and -
' produce less environmenta} pollution..They .are used
Lpnmanly when the électrical demand exceeds the )
capacity " of the cheaper: electrrclty from. turbine . .
. generators: or as émergency “power _sources clgse to"
- centers of large' demnand. This approach represents an
mefﬁaent use of our fossil fuel reserves. e
v f6} Fuel Cells : :
>

Developed mmally for 6n-board power for the

' Gefmm and Apollo spacecraft ‘fuel cells are attracting - -

attention from ‘utilities as small units or backup-
power sources. Ini‘fuel cells, hydrogen, which can be
produced from.just about any type of fossil fuel or.

.- [ the decomposltion .of .water, is chemically' reacted

with oxygen from the air to'produce electricity: Done-.

. electrochemically, without having to go through the .
inefficient comnbustjon steps required by most other. -

fossil-fueled. electrical - generating -approaches; " this -

. prpcess allows conversion efﬁcrencles ps h;)gh as 60 t6 -
70 per cent L o

" Fuel cells emit almost no.air' pollutants requrre ’
_no. coolrng water, and operate - quietly. They would .
be relatrvely small and mconsprcuous



. " Small"units(12.5 kilowatts). using’ natural gas be to locate them on thé toofs of buildings to supply
- as ‘their energy. source are now being installed in. .. a portion of the electtical needs of:‘the buildings,
single-family residences to supply the entire electrical - especitlly ‘that -requiréd to ‘drive air.. conditioning
needs of the dwelling. Larger (10 megawatt) units . systems on hot days. e h
" have been huilt and. are being tested " by .various . o

Cos \. . B .

utilities. Power plants with electrical generating =~ .- ®). Solar Sea Power
. :capacities of -up to several hundred megawatts are . - TN Y £ L
envisioned -for the future.; Such units would .not ° . Proposed initially by the French physicist

* replace other power generation sources but WOill_d vJacques D'’Arsonval in 1881, solar sea' power has .-
rather supplement - power systems, giving .dQG_t,nC " recently regeived . fenewed .interest. The concept
. utilities-additional flexibility for providing the right " . involves the tsé -of temperature)differences between

o N amount of. power where and ‘when it is needed: * - sup-heated surfaces and colder water deep under the
re s : e » - ' su?face to power heat engines. Vast area$ of-tropical
R B.; Power from ReneWable Natural Forces'  waters offer a -tremendous source >of essentially.
- R pollution-free energy. Since the water retains the heat
. (1) - Solar Power - : -of the sun, such plants, unlike. other types of solar
Lo S * plants, could operate at: night.“and during cloudy- -.
I ) Thergal Conversion_Systems_““_ periods.: - X
~+."Thermal conversion systems would involve -an " The fechnology for such plants. has yét fo be'

_extensive array of steel pipes coated with materials , - developed, but they are envisioned to be large,
.. heated’ by the.sun’s mays. Ifi one concept nitrogen - . extending a half mile or more’ under the water to
* . flowing'through the pipes would gather the heatand = reach the deep cold water. Since the ‘temperature
" . .transport-it to tanks of molten salt. The molten salt - difference between this cold water, and the surface |,
> can be heated to a temperature of about 1,000 . :waters is only in: the range of 35 degrees Falirenheit,
;+ - degrees Fahrenheit for production.of steam, which ‘such a poyer plant would have a thermal efficiency
would power conventional’ turbiries at a projetted . less- ‘than one-tenth of : the . -efficiency. of a
~ efficiency of about 30 per cent. The area required to - “¢onventional, modern fossil-fueled plant.. This would
" - supply energy to a 1,000-megawatt power plant necessitate the pumping of an ehormous amount of, y
: would be about 10 square miles of collection surface, water through the. heat engine per kilowatt hour of :*-
! " plus a 300,000 gallon reservoir of molten salt. Some electricity producéd. The final sproblem with this
" type-of energy storage would be necessary for nights approach. is that the tropical areas  where such plants
~and cloudy days. Unfortumtely, technology has not - can be set up are_ far from most of the places- where
-~ yet produced practical ¥nergy storage .systems. .  the electricity is needed.” = . Cae
*. Current batteries are impractical because of their high. . o -

""" cost and low efficiency. o _ 12) ' Geothermal Power
: On a smaller scale, solar energy collector cells . Power. plants.tlxéingrhdif Water or ,ste"émf»thag s
are. presently available for family ‘home-heating. . 'stored in the éarth from volcanic activity have been
R - ©o. .+~ in operation in Italy since the turn of the century,
(b) Direct Conversion Systems . Sources of geothermal energy are currently undef.

' 1 : ‘developmertt in. this' coyntry. dndNew Zealand. .
Direct . -conversion. devices' cap produce Geysers.in. California presently produlé-electricity in .
+ . electricity’ from' solar ‘radiant energy. 'One direct - the United States. T
conversion - scheme’ is the ' launchilg -of a - - et RN PP
satellite-mounted array of solar cells in syn¢hronous - ;" ¢+ dn,a"few places natural steam is available. In"
. orbit, which would permanently place the cells over - many places, hot water* can be fapped as a usable '
' a preselected position on the earth’s'surface. Radiant -~ - energy -SoyIce. there are areas of intensely hot
energy. would be converted into direct current, which undergroynd rock: thatcan be used’ by fracturing the
in turn would- be - tonverted glectropically " into .. -tgck: and forcing cold Water down to:it. The heated - -
«_ Microwave energy. Migrowave lenergy’ would be watey -cafi* be returne " the ’.?rface to produce

" d £ h

med to huge antennas located on ‘the- earths ¢ éam power.. .
.~ - surface beneath_the satellite. The -energy could then & A
" - be convérted to alternating current. At the present i -,Eg_r‘, ml;q 5 seeming -'simplicity, - however,
stage of development, direct conversion devices are 8 omennaf#awb “W-no@without - its problems- The

prohibitively< expensive and not very efficient. The = hot water iscorrosive and turbines- must be operated -
. nraximum efficiency of silicon cells so. far achieved at low efficiencies (10 to 15 per ‘cent) bécause of '
it s about 16 per cent, To meet New York City’s - the relatively low steani temperatures available. The
-+ présént power needs would require-a 25-square nile, . . salt water {torii these wells can become a pollutant,. ;
- solar collector- panel ‘and a 36-square ‘mile’ receiving” *- ' and”"there is” often’ an:'emission’of ammonia and -
antenna on earth. Obviously, the initial tost of such hydrogen sulfide into the atmosphere. There also -
. a solar generating station would be much higher than - * exists the:" possibility® of. land subsidence and an
~ that-of present stations., ot . owovincrease” in seismic acfivity. Lo - . .

Tt

S

’

S+ .o Another use of direct conversion devices when . “Total explo_i_tﬁtﬁrfd Iithe -country’s known
- - they become more efficient and less expensive would .. _gqothennal';esomces voul “a_rﬁt)unt to less’ than one
o . A . - B ("'.::,7 . .
g R '




per eent c;f*thwp:ojeéteﬂ"co'n_s'hmpztitm of electricity experimental research, the plasma instability problem
by the yedr 2000. So this enérgy source presents no .was broughif- under reasonable control by the late
- _ significant solution to long-rang energy problems. 1960%s. In fact, - there is' enough. understariding of
I o Tf . -0 instabilities and means for their- control to permit -
v (3)" eTidal Power ! o " “éxperiments in confining the plasma and to renew:
Lo el soptimism _for the successful development of
¢ Tigal - power uses the energy of tides, which.. .. commercial fusion. power, . .v.: cn e .o
Teverse digection four times a day. Power plants can = ~ . .. '

© n

...~ be locate® only where a large tidal flow and head = =~ in current. fu,siqn_experixncnts;ﬁﬂ{r:o'e‘r'ler&',is :
't . - exist in'a bay or estuary which can be dammed. The - expended than recovered. - Plants are . ‘being
\ " basin is allowed- to-alternatively fill and empty, the considered to demonstate break-even fusion power
water being routed through reversible -hydraulic - generation under reactor - conditions, in which. the

turbines. Total exploitable tidal energy resources energy recovered will equal the energy expended.”

© L e

.-amount to less than one per.cent of the projected This accomplishment, if achieved, will be a major
" United States electrical consufhption by the year - national achievément and a major stép foward a U.S. #
&0, 72000 ' SN T e L A “commercial fusion power capability._f_s.: .

(4) Wind Power © 7t ot Another potentially feasible approach is the use -
A T , of high-powered_lasers tc initiate and confine fusion

... Propeller-driven generators can convert the reactions. Here the concept.is to bombard small

wind’s .energy - into electricity with an efficiency of pellets of frozen dueterium and tritium with' many - -

‘ approximately 70 per cent. Like water power, wind. - ‘high-powered laser beams aimed from different:
- - power has the advantage of producing no pollution - . directions, instantaneously ‘heating .the pellets to
and no wasteyheat.” v 7 ..., ignite fusion and at-the, same time containing the
: ¥ T ' . . \atoms-in- the pellets_ in the -converging beams long

It is envifioned that Such generators would be enough to obtain useful output of power. Lasers big

~ . &located -some 0 miles- offshore on oceans or the enough to test the feasibility of this concept are just
- Great Lakes where they could: ‘catch the strong - becoming gvailable. The  technical - problems
prevailing winds. Because«thé wind is so variable, the conceérned with either fusion concept are.immense,

. Success of, wind power will depend on’ improvements probably putting the time of thefirst commercial
. 'in_methods gf .energy storage. ' fusion power plants into the next century. e

D ! Powég'.fro'm Garbage and Organic Wastes

' The most p:obhbl'q‘ﬂdng-’mnge resolutiontothe -~ °  The same process for coal liquification can be
dilemma of dwindling ‘fuel is fusions the process  used with garbage and-organic wastes substituted for
« * which powers the stars. In fusion, two light nuclei the coal. It produces a 20 to 30 per cent yield ‘of oil,
“7vare united to form a heavier nucleus, thereby based on the weight of the dried raw material. The
'~ releasing " énergy. The fusion” reaction will use the ~ direct incineration of municipal garbage as fuel is
heayy isotopes of hydrogen known ‘as deuteriium and- - already being accomplished. P
tritiunt.; Deuterium - can be economically separated - . R ‘

. C. Fl;sibh Power " -

o

w Pt

from sea water, and tritium can be obtained in.a 5 . . - E. Power from Stored Energy
. nuclear reaction involving lithium. Fusion.is expect- . A . 0 N
‘ed to produce amounts of longlived radioactive- - The demand for electricity varies considerably

~, - waste that. are.insignificant compared with current ~ from season to season, day to day, -and even hour °
fission reactors. So here may be the ultimate fuel--  to hour, but electricity gannot be generated and
cheap, clean, abundant and available to all. * . = . - stored for the peak times. It: must. be consumed as
G S .. it is genepated. Thus, the generating capacity of a

- +* To make controlled fusion work, one must heat systern must. be geared to meeting peak demand;
an electrified gas called a plasma to temperatures on  there are periods of time, especially duging the night ...
' the order of 300 million-degrees cgntigrade, hotter - " . and weekends, when mugh of the generating capacity
. than the interior of the sun, This gas must then be is not being used. Methods are being sought to make .
- gontained‘in some way so that it does not touch the greater use'of this idle capacity by energy storage.
\Jalls of ,ﬂ;q-‘.jesseg:{d held in this condition until an . storage. . 'y 7 e T T KR

' adequate‘number offusion reactions take place. . ' S s Lt
e o N T Pumped Storage o
...~ .7 One approach is to confine a fusion plasma - N T TP - S
w4 with the use of specially-shaped magnetic fields which _ As mentioned before, hydroelegtric ‘plants are - -
control“the motions of the plasma. However, when.  useful sources of power, but most sites on- which -~ ,
“attempts - were made t6 apply ‘this technique,- . = hydroelectric plants can bé.built have.already been -
.:Spontaneous turbulence and unstable plasma “exploited. In the pumped storage concept, electricity 7.
oscillations . - significantly ‘wegkened the confinig . s used to pump water to high reservoirs 'during

. effectof: the magnetic fields in carly experiments. - periods of low electrical demand. Then, during peak *
. Afte;_ many - years . of intensive theoretical ~and -demand, the stored water is released t0 turn hydraulic

N .

. R 7. turbines to produce the additional power- needed. * .
EaY . .
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While such systems make  better, use of power -
plant equipment, losses in the procéss amount to i
about 33 per cent. That is, for every three kilowatts =" .
used to pump the water to the reservoir, only two
kilowatts are later recovered. .

. This type of facility is particularly well-suited
for large communities with a concentration of
industry and a heavy, but widely varying, demand -
for power. Suitable sites for this type of fluxuating
“water storage-are limited, and this concept is meeting
increasing opposition from. environmentalists, -be- . -
cause it invalves the flooding of large areas with they . .
stored water! ;" L ‘ KT A

o Afother method of storing reserve enegy is by
compressing air in large underground caverns: Unlike @« . o

* watef, air can be stored almost anywhere that _firm

Ry

|

-

rock exists underground. A small water. reservorr is
necessary to maintain constant air pressure, and the
ajir system is used only in conjunction with gas
turbine generators. Off-peak electricity is used to run .
a large air compressor, which compresses air to about
40 atmospheres, about 1,500 feet underground. This
air is later released to run the gas turbine. The overall
effectiveness of an air system is better than pumped
water storage, with losses amounting to about 25 per
cerit, or ithree kilowatts recovered for every fur used
to sstore  the. air.

(3) Hydrogen Fuel Economy -

A proposed approach which is gaining .more _ v ’
advocates is the use of hydrogen gas as a fuel. Unlike
fossil fuels, hydrogen would not be a primary source S .

of energy, since it is not found in any significant : b

quantity in nature in its unreacted form. But it cotld X

be a carfier of energy -with vast ﬂexibili{y.

Hydrogen is'virtually an ideal fuel, since it - .
bumns in air to form non-polluting water vapor. The .~ ' PR
only possible’ pollutants:.are the nitrogen oxides -
formed from the components of air. If it is bumed-in :
pure oxygen, even tlis pollutant is eliminated. . ’

Hydrogen d be easdly transported in

~existing natural gas lines and readily stored near

‘:-;'-‘»-itransmit electricity over power lines, where there are

N
Cp

* hydrogen gases. The efficiency of these electrolyzers

~: in_efficient combustion turbines or in even mote
.. cfficient fuel'cells. ‘ -t

where-it is needed for power generation. Actually,. - o @

for the long-distance transmission of energy, it would
be more efficient to transmit hydrogen gas than to

life *losses.* .

It is envisioried that large coastal power plants; - -
such ,as nuclear or solar, would use their excess
- capacity to electrolyze water, producing oxygen dnd

s’“"‘-"" '

would be 60 to 70 per cent. The large plants could,
therefore, operate continually, at 100 per cent of their

installed capacity, and the hydrogen (and, if needed, ~' S

the- oxygen) would then be piped to terminals and o
dispersed. throughout the.Jocal areas, where it would =~ -
be stored until needed. The gas would then be burned

& . . S

{2) - Compressed Air Storage 5

-
%
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purpose of this meter readmg information -
is to' provide°students an opportunity to_ practice

conservation and see the results, .fo develop the
ability toy read accurately electric meters, and to
develop in the student a desiré i conserye energy.

The student exercise is designed as a two-week
activity involving three meter readings. The teacher
may wish to have the meters read each day at the-

same time for more practicé, accuracy, and as a -

means of comparing daily consumptions. (How does
.~ a weekday compare to a Sunday? Why?)

'The teacher may wish to contact the local poyrrer
" company to see if the school could obtain a used
meter for demonstratrons

On some ‘wall“of your home—basement garage,

- or. most often outside—you will find an intricate

- glass-enclosed device. If you are like most people, you
seldom pay any attention to it Nor do you need
g, for modemi electric meters perform their job so
“#* afeurately and reliably that you need never be
spubled. But, every month or so, a man from your
tric utility company comes to see it, and later
you are billed for the exact amount of electncrty
used ) 1

Meters Measure Electricity. Through your meter’s
glass enclosure, you can see a revolving aluminum
;-disk and a series of -dials-and pointefs, or digital’
numbers. - Without explanation, they don’t make
much' sense, but they are really qpite -simple. .

e T
v

‘,,-‘;; :

. The, amount of electrici
the speed at- which the disk moves. The more
electricity you use, the faster it “turns. Each

- revolution represents a portion of an electric energy
unit called watt-lmur This watt-hour measurement
' “is. transferred from the drsk through a series of gears
to the drgrtal numbers or. pomters on the drals
. :‘(‘

) Jv,st ‘What Is A Watt-hour? Every hour a_100-watt

Tight bulb burns, it uses 100 Watt-hours of efectric

- efergy. Since a watt-hour is sych a small unit of
energ®your electric utility company uses a unit

“ equal to 1,000 ‘watt-hours—a kilowatt-hour-to
measure the amount of electricity used. :

ou use determines

»

READING ELECTRIC. METERS

What Makes Your Meter Disk Turn? There are tvio’

sets of connections which cause your ‘mefer--to
register: (1) the amount of current flowing into your
house, and (2) the pressure or voltage at which the
current is ﬂowmg :

Electnq current is like water ﬂowmg’throug.h a
pipe. The rate of flow of electrons through a line
is méasured in ‘amperes. Pressure is the ‘force that

- pushes electric current through the lines, measured
in volts. To determine the electrical’ power (watts) -
. used, multiply ampefes to current by Volts of

pressure. Your electric bill is stated m watt-hours

. Clock-Like Meter Accuracy Fnctron inside the meter
“is al but
magneticsuspension system which uses a' magnetic

elimihated ‘with the- use of a

field to float the disk and its- shaft in air. To help
maintain accuracy provided by magnetic' suspension

and other design features, the meter is sealed With

filters which keep its interior free of dust and 6ther
contaminants ‘that can cause maccurate meter
reglstratron '

: Your Meter-A Small Motor. Your meter is basrcally .

a small .induction fnotor ruh by magnetic forces
created by electricity in a set of coils. The voltage

coil is a winding of wire connected to, the power.
supply lines. The current coil is a winding of wire

connected with the household wmng When cwrent

passes through these coils, the disk is forced to tumn g

at a speed exactly proportional to the number of
watts (amps x volts) of electrical power bemg used.

Meter Pfogress To Mect Your Needs.. Meters have

changed a grea} deal in the last 20 years. They have
had to. Television, electric heating, more lights,

freezers, air conditioners, water héaters, and other - ‘
" new appliances have more than quadrupled the

average family’s consumption of electric power.
Twenty years ago a meter rated at 600 watfs was
enough to- meet average household cequirements.

Today s meters are capable of handlmg up to 48, 000

watts.

How To Read Your KilowattHour. Meter. The '

kilowatt-hour meter is an instrument used to measure
electrical energy consumed by a customer. - »
. ‘ it . 3



‘ Two types of meters used by the power companies are the digital- and dral-type meters, The digital meter is
read directly from left to right as shown in Figure 1. Readmgs on’some digital meters are obtarned by multiplying by .

10. | o
‘ 8 2 9 o0 = 8',290‘ kwh
~ 7 o 8 2 9 o ‘=8290kwh'
) ¢ ‘ = ) ‘ "“‘?0
o '8 2 9 x1o—8290kwh
! FIGURET .  °
Digital Kilowatt-Hour Meters =
. -

Most meters have four or five dials. (See Figure ‘ll page J) figures above each of the dials indicate
c the number - of kilowatt-hours (kwh) registered by’ the meter during time that the hand on that dial made -~
- .one complete revolution. So, when the hand on the nght-hand dial has, passed from one figure: to the next,
1/10 of 10 kwh, or 1 kwh, has been used.

Be sure to re:v?rmeter "backwards" Trom right to left-and remenier to read the smaller of the two
" numbers between ch the pointer on the dial is standmg "This s very lmpomm K 3 .

" Note that the pointers ef the 10 and 1 ,000 dials rotate clockwrse, and cdnnterclockwms on the 100. and _
., 10,000 dials. L n ,

7

- -

th the time that the pointer on any one dial is making a complete revolution fr6m'0 to 0’ the pointer
on the mext dial to the left will pass from one figure to the next. Therefore, although- a pointer’ on one dial ¢
may appear to have arrived on a given ﬁgure, ‘that ﬁgure should not be read unloss the pointer on the dial
-, to. the right has reached or passed O, ‘ ‘

. ror example, in Figure II, the pointer on the 1000 dial looks as if it iseon the 5 but yon should read
that dial "4 " because. the pointer on the 100 dial, to the right, has not made a complete revolutron to 0. The‘
correct reading is. shown under the drals - .

'
“

£
| 10000 1000 |
X . o
r . L
. _ 9 4 ‘ ) \8 ; 4 - . ¢
FIGU;}E ll NG SR |
) "~ Dial Kilowatt-Hour Meters S .T' o _ )
- » & \‘" .,“' R "" B : -
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e ~ . \ . o
i ~ - .
i ' Kilowatt-Hour Record - e -
(Student Activity -Sheet) e
. . . : i t
. . . . . . . : S » . ’ . . Py
Read your kilowatt-hour meter at home and . )
record the readmg . e : : _ A\ ‘
' . ~ Vil i =
Readf 1 'weel'c_ later and record th‘e reading. R i B
4 o . . ‘ . - ‘ . N . . ’ . o o -
Subtract B from A to determme kwh used R S A
¢ during the Ist week of your experiment. R ©C.
Dunng the 2nd week encourage your farmly
to conserve all the electricity possible. 5 .
. At the end_of your 2nd 'week, again. read . e e - P
, ~the meter and record. . : Tl B ) R - )
Subtract D from B to determine Kwh used : . “
during the 2nd week of your expen'ment. e E.
- .Subtract E from C to determine how much- e . N -",___ o3
: electric energy your family saved over.the o . - Lo e e
o " previous week v . o B >~ R e v
: 1‘.' Were you successful or did you use more electricity? o e
2. If you 'used. more, can you exf)lain why? < A [
"v . . ' ‘. o . ' - / . K
. 3 Why would someone wrth an electrrcally-heated home have to consider the temperature durmg the 2 week
[ e . ¢
* ) . ' ' [4 - : . )
: . : .
: o | ) | v S |
4. List all the energy-saving steps your family took. o oy
2 . P N’}_ . €
- . )" R I
— . - ' '
® ) L
- * t - 4 .
N ’ ;_'
. ¢ A ’ K d o
4 43 % ’ ‘ a3 B
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ADVANCED =~ METHODS OF . POWER - I
GENERATION IN THE EIGHTIES = . '

Figure « shows graphically what tkl;us means in
4 - required generation capacity. At the begmmng of
lntroductnon < . ’ " 1970 the installed capacity was slightly in excess of

. - : . ) 300 gigawatts,(a gigawatt is’-lOOO W-or 1 million
Starting with George Westinghouse and his now KW). The outer circle in Figuré 1 is drawn graphically

L G— Hauser1 P.E.

famous alternating current’ power system, inventors to show that: the planned and expected additions in *
. and -engineers have continuously, advanced - the . the next twenty years will be equal to | 070
% technology of electric power generation. Progsess has glgawat .of roughly three times ‘the capacit
" been rapid and effective. The large, efficient steam - existen atsthe- beginning of 1970. These addid ons
. turbine generators of today are indéed monuments «are based on-the growth rates mentioned. above p
i to engmeermg ingenuity, and dedlcatlon : an lnstalledhreserve capacity of 20 per cent ol“ the

s y " annual peak load. ¢
Obvrously, engmeenng progress will “not end v
‘with -today’sy designs. What, then, might electric’ GENERATION ADDITIONS BY TYPE OF DUTY ‘
‘power. generation- of the 1980’s be like? Will steam ° YCLE _ ] , L S

- still-, be the s basic - working fluid? Will: solid state : ’
generators’ bécome the workhorse of eléctric utilities? » - In years past thq gene{al bractlce of utilities -
Or has the ‘technology reached the. limit justified has been to add new generating, capaclty in the form

.‘ S

T

. econdmically? - These. are only samples of ‘the many of base load umt&*fo ‘their” system, and to -~
e questrons that face the long range utility planner , relegate the ‘older units'to a lesser duty cycle. This
Jgoday. -, This . paper will present one author’s  * made etenomic sense,since ‘new: base load plants 7
assessment of power genefation in the 80’s - which, were ‘obtainable in ever increasing .unit sizes, at
from a commitment date, begins Just S years from‘_,_ . ever indreasing efficigncies. Thus, the new plant
now. -« which would be the most efficient, would operate
e e at base (load and the less efficient plants would -~
A "';37%51%3(5)1' OF NEW CAPAClTY REQU|RED . operate n-cyclmg or 'standby service. .
e T ‘ LT The srgmﬁcant change has occurred . 'in thls A
. It is common knowledge that the’ Elec’:trrc pattern and this change will continue throughout the :
Utlhty Jndustry has been growing.at a rate which next, twenty years. That is, new, large, efficient base
e doubles its capaclty every ‘ten years., ’I’lus annual load units (boilers and turbines) which have recently .
growth-rate in-the seventiesis expected to be slightly - been added to .the systems, are not desirable units
more than 7 per cent per year. tapering off to a to operate in cycling, load-following types of service.
growth rate -in the latter part of the 1980’s of Thus, as new. base load units are added to utility
\approxrmately 6 ‘per cent: p;.r year e systems, utilities' can no longer place.itheir present

*. day base load units into a lesser- duty cycle operatian

. 1970v3 ]m REQU'RED mmu " .because: they are not suitable, technically. or -

économically, for ratlon in a cycling .mode.
-CAPAGITY * 5 "

- Therefore the 1,070 grgawatts of new additions

will be composed of three different types, of.

generatron capacity. ‘The first is .the normal, large,

_efficient units known aq'base load unjts. .
e

’

. ' v - . B -~ " N :
’Manngar,\Fualr and Energy Systems Power Systems Planning, Westinghouse Elspitic Corporation, East Pittsburghl,
Pa. ) '

v

. 39 I



% IR, . : - .

The second .is intermediate generatioi‘i‘ capacity CONVENTIONAL GENERATION
which operates, as .shown in Figure 2,  on the _

annual -load duration curve, at 20 to ‘50’ per cent . ' “The traditional systems of - power generatlon
. 1oad factor - _ - have three ‘basic.steps as shown in Figure 4.
o This mtermedrate type ot‘generatlon normally : ) . . oo ‘
has the followmg characteristics: , L 2 R ST mecmig
o . . FURL (_) : @ - @ | ENeRGY
zt!). gnllt SIZ]e -I 200 to 600 MW B . ' L I et M mu“lo E ‘-A:!C:ANICA( |
. . 10 - MECHANICAL NERGY TO
c.._ Dgsz:gr:’:dyfoow G?;;;lzla r;gls;’s L T v L} enemey [ ] mecrmary "
.d. Capable‘:'o? Japid load, chgnge TRABIT €YET STEAM TURBINE 3YSTEMS
e. Demgnéd for hot-‘sta.ndbgF operation TRAD!T'ONM SYSTEM { CAS TURRING .
: ) . . -
The thlrd' type. of generatlon capacity is-the . o : N
peaking and standby .reservqssgeneratlon which is L FIGURE 4

identified on .the upper pom'on of the annual load
duration curve in 'E’Ag‘use 2. )

The first step is to -convert fuel to heat, the<” "7 .

- S : ~ second is to convert the heat to mechanical energy, '_1 T
. ( e p : ‘and the third step is to convert the mechanical qnergy e
: T : " - to-electricity. This traditional system describes; vyhat i o
. : : happens in the boiler steam turbine-generator system- -, >
ANNUAL LOAD DURATION CURVE ' and also in the gas turbine-generator system.” .’ -

- e DIRECT . CONVERSION GENERATION |
RESERVE _ _ , o .~ .
- PEAKING . S ' A new type of-generation which may findan ™~
M " .. . . application in electric utility use is known as direct
== conversion. This type has'only two steps; in the first
. ox'né ? step the fuel is converted to heat, and in the second
PEAR L0AD » step the heat is converted directly to electncnyl
' Types of direct conversion generation include fue ,
INTERMEDIATE (\ cells, MHD, thermionic  conversion  .and :*'*‘, |
! then:mbele¢tzic generation. None of these systems 4§ .. e
o in<use today:for bulk power generatlon in the electnc ’ ;
L utlllty industry. . ) <
' BASE LDAD GENERATIDN = =,
: - Now with the amount ‘of new capaclfy required <7,
: > _during the next twenty years determined,. the-typeés-. "
HDURS,YR * “of duty cycle this capacity must satlsfy identified,
: the different steps that are involved .in’conventional
N - . and direct conversion generation defined, it is logical
‘ v to procéed to examine each of these steps for
o . potential advanc€s in power generatlon
o © oy oeky.el STEP ONE - FUEL TO HEAT, ,
: ' R Preseritly there. care four fuels utilized to .
. Figure 3 shows the distribution of thé 1070 <"~ generate kilowatt hours:. namely, oil (12%), gas - -
‘gigawatts to the three ~types of generat (28%), coal (58%) and nuclear (2%). However, by
Westmghouse expects base load generation addlt:% " 1980 coal and nuclear fuel will ly 75 per cent S
to approximate 500 gigawatts; intermediat of the kilowatt hours-generatéd.¥ierefore, we will -
generation, 400 gigawatts; and peaking generation, only consider advanced methods of generation that -
. 170 glgawatts ! . ~ could be utilized in the conversion of coal ornuclear'
- ] ‘ AN fuel to electricity. . .
- lt is denrable to have this basic understanding .- . ... . .
.- in the growth of generation requirements by types e TABLE1 s
"« of generation before an-assessment of future methods o . ' : C
of power generation is made. - , U.S. Coal Consumption K Ut !
' 0T0-19%0 GENENATION ADOITIONS © - ' o _é(M'Illons of T_OIIS) e DN
. . BY TYPE OF A K ; . S L.
A memr o o - ¥ 1069  1980(Est)
’ ' : ' ~ Total US. ©. 595 793
. % Electric Utility Industry 328 508
"E.U.% of U.S. Total . 545% .64% - °
y ¥ S T
f . o
; 45 ‘ .
) . 40 \
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. ‘boiler could conceivably

Table 1.shows a recent pro;ectron of US coal

consumgtron In 1970 the total consumption’ in the
'595 million tons. Consumptlon is‘expected

to 1ncrease to 793 million tons in 1980. Most of this -

increase, as -is shown in the- table, occurs in the

electric utility segment of the coal market. Asaresult, - .

the electric: utility share of the total coal
consumption increases to 64 per cent- by 1980.

" The ‘present method of utilizing coal is in the
very efficientsteam boilers used by electric utilities

.today. These boilers approach 90 per cent efficiency

which means that this is not a very fruitful area for

additional- - research and development effort to .

produce significant unprovements in efﬁcrency

However, there is a new type of Borf" €r, known '

as the fluidized bed boiler, now under development
which has the s1gmf cant potential advantage of much
smaller physical size. If this system of confbustion
is utilized at relatrvely high’furnace pressures, such

greatly reduced in size. For ex % ample, a 300 megawatt

railroad flatcar. In this type of combustion the heat

Aransfer surface, : or boiler tubes, ‘are. immersed

_dlre ly in the pressunzed fluidized, - combustion

zonié: It is expected that heat transfer coefficients
would be matkedly improved and the required
furnace volume significantly reduced.

The  United . Kingdom has perfornied
considerable development work on this type of
boilér, and interest in tl1e U.S. has recently increased
becduse of reduced air * pollution (80, control) and
potentxal cost savings that this system promises-

The other base load fuel, that is, ntgfear fuef, ’

presents an entisely different picture. The present
light water nuclear reactor utilizes less than one per .
cent of the energy in uranium fuel. Ip other words,
it has an equivalent combustion efficiency of less
than one per cent. Therefore, new réactor systems
need to be developed to. increase this combustion
efficiency. And this is exactly where the research and -
development effort is currently being expended. The
type of system that is being developed in this country
is known as the liquid metal fast breeder reactor or

LMFBR. Westinghouse, in cooperation with electnc« KA

utilities and the AEC, has an extensive. program
underway at the Advanced Reactors Division, located:
At Waltz Mill, to develop a quurd sodtum fast breeder -
‘reactor.

.

aslo0 atmospheres, it is expected that boilers will be

e transported on one -

+

[P AN
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Flgure 5 shows 4 schematic o.ﬁsa typical fast

bréeder” plant with -the primary sodium loop, .the
intermediate sodium loop, and the final steam loop .
~ with 1000
difference between this and the present llght water

2400. psig steam. The significant

reactor in the utilization of the energy in uranium

. is appro mately 80 to'l.. ‘In other words, this system -

will  have an. equivalent combustzon efficiency .
approdching 80 per cent versus the light water reactor
combustion efficiency of less than one per cent.

fObvxously, the -development of the breeder reactor

* is of long range importance. to ‘this.nation -and itis

-

a development which the economics of energy

“ resources will encourage this natxon to makc '

STEP TWO HEAT TO MECHANICAL‘ENERGY

" The overall plant eff’ cxg'ﬁcy of a steam turbine -
: plant is comparatively low in- terms of absolute
numbers. For example, .a fossil burning, modern. .

steam-plant at 40 per cent overall efficiency would

" be about the best that can be dons with present day °
technolegy - and economics. This would be  a.
‘supercritical,’ 3500 psi, single-reheat machine,
“operating at 1000°F. The reason for this, of course,

is that. the steam turbine is a heat engme and

consequently must follow Carnot’s Law. One or two
more points in efficiency could be obtained if the -

" unit were designed for 5000 psi, with double reheat

-

to 1050F,
econqmlcally Jusuﬁed, , N

Thus qt s appatent that sngmﬁcant ns in

steam turbine plant: efficiency. are’ not” expect; din. :5
the near fiture: On the other hind, perhaps reduced ~ :

capitalCosts tquld. be ‘obtained with different cycle
arrangements, * At lbﬁv pressures, steam occupies
tremendous’ volUm A fluid which has much higher
density pér Anig volume . might- be preferable in

‘freoh

"turb!pe desrgn‘ ‘Such a ﬂmd could bc‘mmoma or

i

o TYPICAL FAST BREEDER REACTOR PLANT

HlAl()il
vinitt

[T Atk
MEAL pulabAY

but. very seldom is such -a -design .. .
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'“mihzipg ‘steafn’. in- -the. high pressure and
tenyperature” part ‘of thb tycle, and ammonia in the
low. temperatore pﬁrg “cycle. 'The steam

) generator w0uldtbe’ a.t:onvént a boiler, fossil fired,

. going "0 .a‘low pressure steam- turbine. . The cooling

fluid m'tﬁg sted

: conventlonal -
; At the crossover point- .-
. 2300F,>200-psig, the steam - *
steam condenSer tather than * - °

guré‘g’shm%'s tchér:r;atlc design of a binary

" would then be utilized as a source of ener mdm'e .
an ammonia turbine on the same shaft with®the HP -

'cop_dehqer tould .be, ammonia. The

- heat that_ the amn10ma takes from the exha

- turbine would then gd through an ammonia
coridenser with cooling water as the heat sink: at’ the
. botlom end of tlus themml cycle -

steam turbine. The exhaust from the ammbma

- . .
-‘ ’
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o © The advantages of a bix_nary,-g’_?:le are illustrated  * temperature. New models- currently in.'production -
in Figure 7. Asmall ammonia turbine could replace - .- will operate at temperatures slightly less than 2000F. . .-

. .a large, four flow, low pressure, steam turbine. This ' By increasing this another 1000 degrees, we  can «
“would lower turbine capital costs in the overall plant, ~ almost double the output of the gas turbine.
* but may increase the heat rate and fuel costs. Recent . Extensive research and development is currently

_ecoriomic evaluations of this system have indicated being expended on materials'and blade cooling methods *

;,“(‘ .thﬂ'f the cost and efﬁcienqy of‘a'binary cleis a . "8Q, that the  turbine inlet " temperature - can ‘Abe

. ‘'standoff with a conventional steam cycle. However, *
*. .~ -as units become larger and larger, with larger and:
“larger low pressure ends, it is possible that.in the- o '
future, binary cycles will be more ecohomical than L T S
. conventjonal cycles. . ' e : . : o

e

., Ausecond area for examination -is the gas o P -
turbine which, in essence, combines two energy - . TN e

* -conversion steps in one machine. It converts fuel to: .. - . /o ‘ e
heat and heat to mechanical enetgy in the same piece: - . e ST
of equipment. Compared to a steam turbine plant, .- Ce o o Lo

. the present simple - cycle gas turbine is relatively = ; ‘ ' SR
inefficient. But the gas turbine also.is a heat engine .. f
“subject to Carnot’s Law-and therein lies the secret =~ -~
“for improved gas turbine efficiencies: By-increasing
the turbine inlet temperature, .significantly higher
efficiencies and resulting higher outputs can' be
"obtained ‘from the gas turbine. . e

TABLE 2° e

Effect of Inlet Tempe‘xturé on Gas Turbin€é Output / e
Turbine Infet Temp. ¥ KW/bjsec of Air Flow, -
. v 'e B
1600 . %0 h - N ;
. © 2000 e 125 ] L . R
2400 ° c o~ 1600 '
3000 . 210

» S

Table 2 shows the fagidfiqcrease in output for )
a given frame size of turbine: versus the turbine inlet
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One of th‘e#easons for the low effi clency of
the sxmple cycle gas turbine is that the temperature
“ of the exhaust gas is still relatively high resulting in

a high fraction of the total heat input rejected to . - -

" the atmosphere. Therefore, comWing the gas turbine

with a steam turbine would -seem to. be . a logical
course to follow to recover this heat. Westmghouse
‘fecently -announced, the PACE ‘plant, which is a 250
megawatt combined cycle gas turbine, steam turbine

) Ly ’ .

* ouwot -—775: sz -~ STEAM
WEAT -RATE — 7000 BTOVRWH TuRsINE
EFFICIENCY — 50%
! ]
. FAGURES - * S

power plant. The exhaust gases from the gas turbine -
. which’ are at approximately 1 F are passed _
through a heat recovery boiler, with some post firing, ~
to make 950°F steam for a steam turbine generator
.set. Figure 8 shows a future combined cycle plant

utilizing a 3000 degree gas turbine and a 1000 degrigs

steam turbine. The output of .this plant would&
775 megawatts. The’ overglt” efficiency wopuld be 54 "+
per cent compared to tfe cur-rent stearﬁ'*plant rate

, of 40 per cent. : > ¥

. -y -"

o Figure 9°. shows anothet cpﬂqé " for an'
'advanced coal *bummg power p'lant s cdse the
-, coal s gasified-i-a fluidized tod ghsilier, and then

By gag-Is'fed to gas-turbines in a combined cycle
* configuration -with an-air cooled steam condenser.
.The expected heat rate on this plant might be 9000

- BTU per kilowatt hour with an installed cost.of $150
per KW. Present technology wilk allow this plant to
be built with a capacity of 250 MW, it'would burn
coal and would meet the most strin ent air pollutlon

effort required is in the area of
technology. Several companies ate
methods of coal gasification and- techmt:at progre
seems assured.”

veltlgatmg new~ -p

“of" anticiy

DIREG‘I’ CONVERSION HEAT TO ELECTRICITY -
. [ ’. S "

One of the most promlsmg methods of power
generation by direct conversion is-the’fuel eell ~Fitel
cell power plants could have several advanfages:
medium high efﬂcxency, essentxally no.cogling-water

‘requirement, minimum-- - air  pollution, ." and ‘_'"
compactness. The efﬁclency and cell costs per unit: - .
of power do not vary appreclably thh total plant o
P
LY :
20,
CONCEPT OF AN o o

, ADVANCED COAL BURNING POWER PLANT

P2
. B Mt
¢ ] : ‘
T\ y _ Steam | - PAir Lbg
-Coal o
B . Boter | . .
‘Heat Rate_ . _.9000 BTU/KWH
instalied Cost _$150/Kw o
Capacity. - _ - 250 MW Y >
Meets Most Stungegl Air Pollition Reguiauons
Appl-cal-on for E-lher Baspuad or lnlermednale Generation
. s ; HGURE9
- A .
e’ o T ,
- : LT . \
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capacnty “This allows the smng of the plants to meet
the optimum generation. requxrements withotit the .
necessity ‘of considering the effect of scale economy. “¢
The secoggd.most undport agit"point: to consider is that’*
the fuel $gell .should be ableto-. uuhze an abundant -

fuel. . This requq’ement eliminates
source of fuel for fuel cells because
d .long term’ unavmlabtkty Howeyver,
most of development effort today js directed to
_-ndtural ga$urning fuel cells. This does wiot.

peas . -
. to_offer, 'p ong term selutlon to- electnc*gmer o

“electric M
natural Rekl

geheratx ant, to be a successfll
. genera ¥ able to utilize coal, the .
only fi - avdilable to electric
- utilitie for 'id'ng tetm bulk

.

(a4

- _gler déveloprﬂentby
#¢h the Oftke of Coal - -

- & cé]l Yastcomposed
i i material with ve .
rs;opemes .J€ the Weapiid is heated to 1000

- roperty tkat
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‘+. and jons except oxygen ions. In other words, to IOQOO'F Thls is not feasible utilizing present fuels _
negatively charged oxygen iqns will pass through '  and matérials technology. However, this requirement
zirconia- material but:other idns and -gases such as cas be changed by addmg a seeding ‘material, such
« ’ nitrogen, hydrogen, carbon mqgnoxide or water vapor - . a§ cesium, to the hot .air. When the hot gas strear\
¥ill not penetrate the mpaterial when its temperature s seeded, it becomes 1omzed at approxnmatel
.o . - . . . . . ‘ B . .

FIGURE 10 : , S

[ N

. q ‘. :;.';}:.'.:‘ ) ‘ .-‘ . . . " -' -
exceeds IOOOt.'While the charagteristics\of zirconia 4000‘1': Coal can be bumed to 4000“F provlded
seemed to: be pro fuel cell applications, proper - air . proheating is utilized; however, - the -

« progress: -towards a - relidle, long life cell was * —technology and,.equipment for this combistian ,

disappointing.’ As al:?\-llt , development effort on'this _ temperature have not yet been .deyelojé
cell has been suspended. Basic research in propemes . ‘ ' AP j ;

v of matenals -continues.

- In der to generate & practical vol e, the
Magnetohydrodynarmc{ commonly known  as speed of qtli\e 1omz§d gas in tll:e -MHD ducttagshould’ a
. MHD, is another method of direct conversion of heat=  gpproximate. 2000 miles per hour. At is true, that
“to electnclty ‘Figure 10 shows schemitically - the" . industry knows how to build supetsonic aircraft- to-
principles involved in ‘magnegohydrodynamics, - If-an * - . approach this speed: however, tNe& have not yet -
. ionized gas is passed through. 4 styong magnet field, “" " mastered, from the materisls sun‘Hpomt this” speed

.anelectrical potential is created An much the sdme ducts at th t d. S
. manner. ‘as a"solid condudtor passing between two_ - fn-iducts at the tempera ures requue o i
" magnetic poles creates-an electrical potential. At first

to‘generate A thnd point to conuder is that the unit "

electricity. In fact,” many political and industrial - requires an ultra high magnetic field s?ren%th
leaders, even today, are advocating expenditure - approximating .60,000 _gauss. The -only le
.of tremendous efforts and monies o develop this method of-obtaining this magnetic- field strength is

. method of power generation. Our corporation does with superconducting magnets. The MHD. duct would .
not share this enthusiasm fof some very valid reasons. - - ‘be surrounded ¥superconductmg magnets operating: v
'First, for air to [pecome ionized it must be heated - at minus 450F. It takes lmle inpgmxnon ‘to |

. .51 ERRTRUP R (S

blush, this sounds like an exciting meth
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satisfactory because the entering {emperature is about
4000F and the exiting - temperature from. the
machine is approximately F. MHD is a heat
engine and hence will follow .Carmnot’s Law. The
efficiency, with such temperature conditions, would
not be accepted for a method of bulk po'wer
_generation. . :

Most proponents of MHD suéest the combined

“cycle approach as shown in Figure 11 The 3000

 Adegree exiting gas from the MHD duct is passed-

through ‘a waste heat recovery boiler producing
.steam. -Figure 11 shows schematically some of the
=5, significant problems that must be solved in a 600
7% ~ MW MHD planf. For, example, the coal must be fed
#+ . into the burner where it combines with preheated

air to form g 4000 degree hot gas stream. The cesium

A
b

s  seedifig material is-added in the burner so that the .

_hot gas .stream will be ionized at the 4000F-

temperature. When the hot, seeded, ionized gas passes . -

through

: the magnetic field in the MHD duct,
*, approximately 300

megawatts of DC is generated.

s
|

" recover the Cesium seed and the fly sash. The.
economics of seeding dictate that 99.9 per cent of
this ‘seed be recovered. This will require elettrostatic
precipitators with performance yalues five times those - =
mmmhmphmmmmﬂﬁﬁgd'

" Sinde sulfur dioxide is produced in this coal
- combustion systém, s salfur dioxide removal system

must be placed in- the exit gas stream. . bt

. recognize the significant thermal stress pxpblems that After the hot, ionized gas'.pas“&s throught the .air
‘will be encountered with SupercoRductivity preheating heat exchanger, it is then fed to the heat -
temperatures o the outside of the duct wall and with - recovery boiler where 1000 degree steam is produced. ,
4000F gases on the inside of the duct wall. - This steam turns the steam turbine which generates.
L e . o o approximately 300 megawatts of AC. The exit from .
But even if all of this is developed and works - the boiler would be at copventional terhperatures of
. e SRR . S
-~ 600 MW MHD STEAM PLANT - =
COAL 300 MW.* . . : S S
OA'. . v DC. - - 4, \ ) . : 'C-‘ Y . - » ju‘: .
- ‘ - ? T_ HEAT X . BOILER , ., .
TN | B o \I seeD+ . B
D DUCY | "y . NITRATE - b :
| RECOVERY [ -
; f ; R 4 WATER ' S
‘v:..  SLAG 1.
. E
¢
CONDENSER
TR e R FIGURE 11, A
< .properly, the efficiency. of MHD would not be approximately 3(!?!’. However, 'it\is'_neqﬁssary to

. ' .
A third air pollutant, that .of nitrogen’ oxide, -

would result from this process. In fact, this system
is an excellent genesator of nitrogen oxides becagxe
of the high temperatore and long residence timie”in
the combustor. Thesefore, some type of: nitrate:

- %2 .. -
&7 oo .
L adBR ' .

-

‘recovery system would have to be devised and placéd - |
in the exit gas streamm in order to make the system ™ °



J.p:obiéﬁ\s:'thzit' have to be séiv'c_a:d'befo'ré this plant
would be’an acceptable bulk power generation plant.
But _the major point is that after all these

.t development problems are ‘solved, an overall plant
». efficiency of 50-55 per cent is theé\ultimate reward _

.., generation. %

Ve st

. W ~fot the many significant developméntal costs. This
"-is the reason our corporation questions the MHD
avenue- for advances.in power -

system as a promising’
A " ‘ ;J

There is a third -method of direct conversion
that holds promise. And that is nuclear fusion. This
is on the very frontiers of science and it appears that
a long peried of development will be required.

" Present feeling in the scientific community is that
fusion couid be a major source of power generation .

T i ecoNOMIC methol of power generation. -

. they bocur.

after the year . Of course such predictions are
subjéct to revisjgn by. technological breakthroughs as

: #ice this technology will be develd¥ed
by exploring new

. anyone to pedict-‘with any degree of confidence
when, or’ if, jon will become an acceptable

N4

- Summary

[4

areas of science, it is difficult for”

a

This paper is' a. brief ovcw;qwui the n;b‘ -

methods of power generation that miay become: = °

" - available %o the electric utility jndustry in the next B

20 years, Table 3 shows a prediction of the time span

required béfore these -methods. ¥mght become

" ‘agcepted in the utility industry. Note that a question-
mark has been placed after fuel cells because
significant development still remains to. be performed

before the reliability of the individual fue] cells will
reach the required
thie; MHD .combined cycle will ever be developed as

. It is very questionable if

.'a source of bulk power generation. - P
- TABLE 3 .
"Predicted Timing for Advanced Metheds of Power -«

Generation ., .

» Type of Generation ' 1 @peration .
Light Water Reactors -~ Now

» Gas Turbine’Combined Cycle- - = Now .
“Fluidized Bed Boilefs 19781980 |
Breeder Reactors .- 1980-1985
Binary Steam Cycles 4 1980-1985
Coal Burnjng Fuel Cells “ 19852
MHD Combined-Cycle T .-
Nuclear Hision - Aﬁe& 200

[ y ‘ >
-
.

tﬁe'
. .breeder type and a portion of the fossil base load

- conversion -during this time span.

. reiem s_u:_imll :

R

a
o

12 shaws the Westi

of the different of generation additions by fuel -
source. In the bilPload portion of the circle, the .

fossil fuel will be mostly coal;however, a few residual
oil plants may be imstalled for base load applications.
In the iritermediate generation portion of the circle,

* oil 'and gas will supply the major part because of the

ease with which these types of boilers can be cycled.
and placed under losd follow conditions. On the
other hand;, if coal gasification proves to be
successful, coal will take a much larger segment of
the intermediate ¢t than i shown in Figure 12.-

In the peaking ca the hydro capacity is mostly
pumped storage and-the gas turbine capacity will ‘be
mostly bil fired. o

" Some of the muclear capacity will be of

sapacity will use the. fluidized bed boileg. No
significant generation capacity. will be supptied by
fuel cells, - MHD, or other methods of direct

-
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Between grandiose schemes for  the future and
" esoteric -résearch of the past, some applications of
solar energy. as a practical power source are begmmng

to erﬂerge «
Joan M. Nilsen - . ¢

Assoggge Editor . L R
. The outlook - for hammsmg solar energy is
brighter as

tbe energy crisis fosters new examinations -

of all possi

exotic congept; solar energy-applicafions are coming

down to earth as researchers at the umversrty—

well as the industrial-level make interise efforts to .

solve
transrmt,ung energy from the sun.

Solar-Heated Home-In late July; Solar One,an-

experimental solar house- built for the Umversrty of

2

le. power. SOUFCes. Long cansidered. an -

the problems of conectmg, stonng an”d’~

Dglaware’s Institute of Energy Comversion, was -

dedicafed. The 1,200sq. ft.
_mof-panels that .will supply =

use has 24 solar

"of #svelectrical requirements. The 4 ft. by 8 ft. solar

panels are~about 6.5 in. thick and are positionedin .

. a southerly-direction. The: weather-tight outer surface:
is made of" acryhc sheet. Beneath this- layer, but
separatéd with air spaces, is a second layer of acrylic,
i layer of 1/16-n..aluminum sheet that is painted
black, and 1.5 in. of urethane foam. Cadium
sulfide/co

- side of the aluminum act as the heat collectors and
generate electricity. . .

Air is mtroduced at the bottom of each ptuiel

~ and removed at the top by a manifold. Ducts then

carry the heated air to the basement, where its heat
is stored by the heat-of-fusion pnncrple in 1.25 in.
dia_ plastic tuhes contammg a molten salt solution.
Experttnents by - the University of
researchers indicafe that 150,000 Bty. ‘of -heat can
be stored for up }o a week. The en
10 generate an average of 18 kw.hr./day of electricity
* for household ise~on sunny days they. are expected
to generate aboyt 50 kw hr about twice the house ]
needs. -

If the solar'house |s successful, the developers

art of ..the- house’s
and cooling needs and will also piovide some

sulfide cells located on the exterior

ware -

cells are able -

* envision a system whereby excess electricity that is

generated during sunny days will e transferred*to

an electric utility. The utilrty will then pay back this .

electncrty at mght

" Solar Community-At a recent meeting of the. -

Intersociety Energy Conversion Engineering group in

. Philadelphia, three full sessions (out of a total ef 28) -
were devoted to solar power. For the most part, the
17 papérs . that were presented, were practical -
ed ‘solutrons to the :

discussions of present or pro
many technical problems involved.

Chelﬁiml'lEn'gineeri_ug
Octaber 1,1973

N

IS SOLAR ENERGY READY TO SOAR? .

Ak

. 3 i [N
§ .

N—

~_ Members of the technical staff of Sandia
Laboratories} Criteria  and Heat Transfer Div.
analyzed the feasibility of using solar energy to
provide most of the residential-enérgy needs of a -

- specially designed solar community. Their evaluation -

of five different community concepts led them.to -
conclude that the most promising approach waould -

-.bea casche system using focused collectors. (The

scaded from high-quality-

generations to - low-quality uses. See diagram’
solarcollector system would consist- of either a set

of panels that. conhcentrates the sun’s radiation_on
_ paraboli¢ rirvors and then focuses it'on pipes similat
. to_heat exchanger tubes, or a group of pipes coated
with a -material that allows the radratxon to, be
selectively: absorbed. ’ .

energy is  ea

The adrmtt,ed major problems in the usé of

solar energy lie in the collecting systern and the.
storage -units, and - most research effort. is bemg
devoted to solving these drfﬁcultres. ‘

) ‘ Research—At the 'Umversrty of Minnesota, ork
'is underway to fabricate a small-scale version of a’
solarenergy + collector  module, including

. concentrator, theat .pipe, vacuum envelope, and -

“calorimeter. The solar” collector system will consist
of. several thousand -trough-shaped mirrorsurfaced
devices thiat rotate .with the ‘sin. Each mirrored
trough will be attached to a length of heat-absorbmg
pipe.located in its center so that the sun's heat will
be concentrated and directed onto the pipes. Fluid-
heated in the pipe will then flow to a heat exdmnger
at"the end of the. system. .

.

Richard C. Jordan, professor of mechanical

enginegring at the University, notes that one of the
most challenging parts of the project.has been the
development of selective surfaoe-coatmgs for the
(ﬂreflecfors An analysis of varioys- coatings is being .
conducted by researchers in the University’s physical .
electronics laboratories, and studies of weather

resistance’ are. ‘underway at test sxtes“ih Anmna,»

. Florida arid Minnesota. .

-

?h addmon, a model heat-prpe (also see arem.
Eng., Sept. 3, p. 58) has been built and tested with
various tmnsfer fluids, - particularly water, mercury

. and | potassium. Several ‘hundfed mixtures of

chermcals ‘that:wiight be used for stonug the coll;cted
energy also "have been studied. - _

{ At the University of Houston, screntrsts are - -

developing a slightly different approach to collecting
and utilizing solar efergy. The installation Being
- proposed - for study would: use several thousand
. heliostats mounted on a 1,500-ft. towes. These would
. track the sun and solar eniergy ‘would be: mtereepted
and converted to heat. Lorin L. Vant-Hull Alvin -
F. Hildebrandt, members of the -Universi

ics*

/

B
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. Dept, are working under 4 gran; Trom the Nanonal,
. " Science Found@txon in conjunction with McDonnell o _
..~ Astronautics Co., Huntington Beach, Calif. A possible . .
~ - way to use the solar energy, say fhe scientists,.would .
- be'to place the coltectqr-tower adjacent to a stal‘rd
*" generating plant-at night or on clpudy days the
' generamng plant could be oper%ged on natufal "gas.

. Ahother Approach—AlthOugh .much - of ‘the -
research + in solar. epergy utilxzatxon Hhas involved S -
convertmg -solar radiation to heat, another approach e S '
is photo-voltaics, the direct conversroa;of hght to T
electncxty e e ~ N

Lo

At the Phxladelphxa Energy Conversion e
Copference, researchers fiom Exxoni Enterpnses, Inc., & ° o
. discussed work underway in direct conversion. Notmg o . : T~
‘that this has been techmcally successful with solar . : . g
cells . made from ‘inorganic  conductors-silicon,, - . . '
. cadmium sulfide, cadmium telluride~they conceded - - ‘
. that the -major drawback has been costs, roughly . @ .
" three orders of magnitude higher than fossil-fuel . =~ ° i
%wer costs. “This high cost, explain the scientists,
been due to the extreme purity of the starting “o .
material, low yields, and high costs of processing : _
of smgle-crystal material batchwise. . ] ,

»

However, a niew company formed by Exxon, -

Solar Power, Corp,, is marketmg al.s peak—watt‘ -

module packaged for “terrestial “applicationss . "

Developers adntit that applications will be mainly o :

where other power sources are_unavaifable. One of ’

the uses is a system set up by Tﬁeland Signal Corp.

to power the aid-to-navigation equipment for an  -»

off-shore gas -platform. Because. of developments in

semiconductor: techn and engineéring, and . - .
" packaging innovations, SolarBqwer has been able to, : ) .

reduce the price. of thes i1 mpdule systems by, o :

facto P
a factor of ﬁve::‘. & '»“@w '

I

Sun and Sea-Still another approach to using ~ % - - N
" the energy fronf*the sun-is bemg explored af the b }
University of Massachusetts,/William Heronemus and ¥
-his associates are ﬁookmg at a tombination of sun : I
- and - sea to  generate tricity  through
N thermal-gradients in the ogean® Differént water .
/ . temperatures at thé equator and the poles produce
;! > a flow-the heated ‘water moves towards the Arctic
regions, and the colder water, at a deeper depth,
- flows toward t#@ equator. Ocednogfliphers say this
. causes a temperaturegad:ant of about 20 C. at.about
100 meters below the surface. In theory, the ﬁneﬁ
Jwvater would * flbw through ath heat exchange
taining a+ worki fluid that would boil. ik
cqn nsxor% of the pgf would operate a turbine tof
oduces eléctricity. The cooler ocean water would
then be. used to condense the vapor. Heronemus has
-plans,to build'q submerged plant using this concept
somewhere in the Gulf Stream—probably in the Lo
Straits of Florida between the uUs. coasthne and the - : ’ :
Bahamas Banks . ) . .
o : e -
~ J* 1 watt of power producsd at standard conditions i.s. 100 milliwatts/sq..cm. solar intensity, O C.cell temperatu

.
B 4

h | ’u o ® 55
. . . . ) - R Sy




- The smaller figure shows that

.

coﬁrollmg undesrrable effects on our environment. _

A2

The time to study solar power is.now., Tlus is”

clear -to the student of long-term energy trends. In
the. recent past, about SO years’ was- required for
significant shifts in fuel source patterns. Obvious

factors. were responsible for the length of time: the.

fuel had to be made available and the machinery to
convert energy had to be developed

o Projectlon of power generation over the next
several decades gives us charts like the two shown.
The righthand chart shows us the proportions of

‘. - THE FUTURE OF 'POWER FROM “THE sﬁ‘ﬁ

' R - byPEGlaser “'—'.- ey
N o . - Afthur D. Little, Inc. :

emergy that various fuel sources will supply up to

the year 2200. By that far-off date, perhaps 30 per.

cent of the total power will come from engrgy
sources other than those available today. These new

sourgks ‘will begirr contrggutmg much ‘earlier-around
2030, We will have to find new ways to obtain energy

by tlus data.

~ &

Th .are * three major sources of energy
availableé# W today: fossrl fuels, nuclear energy,
solar energy

-

Fossrl fuels’ represent a finite reserve, however.
the estimated
width of the fossil-fue]l impulse function reasures

.only hundreds of years. Decline of fossil fuels’.

uisefulness will occur when the availability curve
drops to around 10 per cent of peak value. The
precise locatién of this Point is unimportant. What
is important is to*recognize that the pulse width
is_only a few hundred years not thousands.

Nuclear power will reduce our dependence on

fossil-fuel reserves for a time. If we can remove -

present obstacles in the development of fusion‘power,
we can meet- our future energy requirements. The
control of fusion is still the dream of physrclsts
however.

' Our désoriii

s Y '

%Mng environment is another factor
suggesgrng a ‘clasé took at solar power.

Arr pollutlon and wa pollution already
plague us! Thermal pollutron from nuclear power
plants coufd ‘threaten rivers and lakes in- heavily
populated areas. Cooling towers may partly offset
this problem, but the cost- will be hrgh Utility

* zompanies may need to spend $2 billion in the gext

: 13 years alone in addition to the basic $19 billion

: that the companies plan to invest in nuclear plants.
- Estimates '

for U.S. investment . in
electric-power-generating plants of all types over the
next 20 years range to $100 billion. Extrapolation
of ‘investments for .environmental control 30 to 50
years ahead shows us that our major concern will

alternative approaches to reduce the cost of

..Keeping the long-range view in mmd, we should

» :
We should begin lmmedlately to evaluate vangus
“means for hamessmg it. o ¢

- Our space program really first showe(f that solar '

energy can be directly converted. The major sucggsses
of Ranger, Mariner; and Surveyon spacecraft and -
orbifing satellites came with the sfipport of powex .
from solar cells. Right rfiow, except. for thése space

W

»
K

LI

applications, -solar-generated -peweér’s ecénomicy is: & _v

questionable, .but remembere that . we are l@oking

". ahead 50:years or, more.to the time when solar energy

.

* becomes- vital.© - . @i s
. D T » s 3 -
Power from -the sun js ‘not, of course, a new
concept. In 1901, the sun’s energy ran at 4 1/2-hp
steam engine. in Pasadena Twelve years later, 4 larger
solar engige near Cairo, Egypt;: ‘was built o generate
.50 horsepower. Since then, man Wag built -manys
energy Systems' to ’solar hegt. Examples are solar

wate héaters, ‘sol

along with solar-powered engines. *Any of
these ‘devices suffers a loss in efficiendy because of
absorption - of %olar érergy by: the atmosphere,
obscuration of the sun‘by- clouds, dust déposition on

..s reflecting surfaces, wind effects on structures, and

look -on solar energy as our major ‘future resource. -
::‘ N [ 3 .t )

LY - .
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partial utjlization Shen the sun is near the horizon.

At least-two basic concepts have focussed on
generating power in amounts mterestmg for US.
needs.

* e

°

One c':on,cept sought to obtain 100 megawatts
from sun-produced "temperature differences in the
waters of ‘the Garibbean or the Gulf Stréam. The
colder lower layers would be a heat sink in this plan.
A ﬂoatmg power plant would do the conversion.

aﬂ{ concept stemmmg from the space
program advances is one that deserves our specral
attention. . -

In this second concept eqmpment orbrtmgthe
earth at 22,300 miles altitude would intercept .

sunlight on a huge flat collector, convert solar energyi?

distillation plants, and solar .

to electncrty, and beam’the electricity-as microwaves ,

to a, recemng antenna on the earth

The problem is a four-part one, qvolvmg orbrt
characteristics, efficiency of the conversion devices,
transmitters to beam the energy, and the earth
receiving stanonsé e .

We can_ highlight these problqnl by roughmg
out a possible system such as that shown prevrously

The orbit location wouﬁ’be 22,300 miles above

. the earth and parallel to the earth’s equatonal plane.

In this. orbit, a sa¢llite moying from -east to west
.would gppear stationary to ap earthbound observer,
‘becausé the satellite would be rotating around the

N
r

earth at the same angular speed as the earth. The - ™

3 .
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-satellite would pass through‘.the.‘ea.rth’ﬁ shadow once

, a day, however, so the concept requires two satellites,

in the same orbit put separated by 21 degrees. This
phase difference would keep the satellites aboye the
horizon and give both of'them a direct line of sight’
"to th&‘same point on earth. ) o

: en we look .at solarenergy conversion
_deé¥ices, we find that ‘efficiencies, costs per unit
weight, and' costs per unit collector will be
unattractive if we confine, ourselves to present
wiate-of-the-art solar. devices. -

The table on Solar Collector A;éas ‘shows the

. cOllector areas qeeded for production of the power

requirements at various dates in various regions. The
.collector efficiency is assumed to be 100per cent.

- Presentzday Silicon phato cells have only 15 per

Gept
¥ efficieney, so that the collector areas would be abdﬁt

. seven t%nes those for 100 per cent efficiedcy.

Newer conversibn devices, microcrystalline cells

. gsed on single<crystal solar<ell principles, have a

gh ! :
limit), buf this is still too low to make such deviees
: us\uful. e / : 3

er efficiency ‘(about .24 per cent is the theoretical .

-Organic 'c'ompounds have been discovered,-!f“-

~however,. that show characteristic semitonducto

properties, including the photovoltaic effect. Organic .

semiconductors are still in their infancy. Both’
theoretical and experimental results show 'promise
that organic systems can give us high efficiency and
low weight and cost. o

2

The lower figure shows a possible form for the -

‘ “thin-film- solar cells. Each cell woald consist of*the

LR

" These"

fdur ‘thin layers shown. The polymer film exhibiting .

the high ‘photovoltaic effect.would be only 1/4000in
. thick, and the other films would be even thinner.
. In chemical terms, the polymer might be a compound
of the .oxazolc type.or a-base film containing an
" aromatic dye compound. : e
S .

Organic compounds can be used in p-n junction -

semiconductors, ‘but it.is also possible to.develop
othgr types of systems having charge mobilities and
co'rvivities that do not depend on single structure:
. systems *depend on the longrange
- intramolecular charge transfer in the heavy molécules

found in ‘such biological systems as negges. The’

*  semiconducting4i¥perties of these molecular systems

* may be_ vefy different in character from those of

* - inorgani€semiconductors and therefore may not be
~ limited in their maximum efficiencj Unlike.inorganic,

-single-crystal semiconductors, - in- which ., charge
“creation. ahd motion are related to the primaty act
of light absorption, the fiigh-mojecular-weight organic
systems distinguish between charge formation in a

- molecule and diffusion through the bulk medium. In

1

the organic systein the .charge may be:
intra:molecularly “transferred before motion occurs.to
:an adjacent molecule- or xa'c'ancy site. . . “«
. .
S
L) "v ¢ w
o, « .
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, .maintenance.
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. The t€al promise of organic conversion systems

is not only their high potential efficiency but also

necessaryl, At 80 per cent conversion efficiency, a
collector

support.”

This is'a heavy weight, but studies have already
explored the possibility of deploying large arrays like
this "in. space. One study has looked at a farge
radioastronomy antenna which would consist of two
satellites . separated = by = a  10-kilogeter
adjustabledength tether. ' Lo

Poihting" accuracy is mot critical for the solar
energy collector. A gas-fueled reaction control system
at the gdges of ¢he structure would accomplish the

. necessary changes in direction to keep the.collector
. Wk :

@

peinting at the sun. \ .

anA

ollector itself, wifes would pick up

, power “from the elementary areas comprising a few
* square yards. From a junction point of several wires, -
., v another “wire , would. feed the current on toward

successively more central junctions. At & location
near the colleétor center, equipment would pass the
power into superconducting lines to the transmitter
several . ‘kilometers away. At the  transmitter, ‘an.
amplifier having an efficiency ofsabout 90 per cent
would generate microwave radiation to transmit
power. to the ®earth.. High CW power amplifiers having

“high gfficiency are close to reality now.

Attitude control devices whuld carefully point

“°the antenna, of paraboloidal shfipe, at the receiving
nting at chosen areas .

antenna on earth. Success in
on the moon indicates thdt we can achieve the

. .ndcessary accuragy.

Will: himans be necessary in the orbiting part
of the system? Most likely, humans will have to be
presenz during deployment of collector and dntenna.
In opédration, men will pérform the functions of
station keeping, equipment monitoring, and

" With a 2-kilometer diameter antenna, sufficient
for*the U.S. Northeast’s 1966 power requirements,
the power density ‘would be less than one watt per
square centimeter. The voltage gradient in the upper

--atmosphere would be less than 100 V per centimeter,

. their low weight and cost. All these benefits will be_

. supply the 1966 needs of the U.S.
" Northeast would weigh 330,000 Its exclusive of

-

so that ionization of the atmosphere would .be

unlikely. . . :
g The beam density of<less than one watt per
square centimeter would be an order of magnitude
larger than the sun’s radiation recéived on earth. This
density might, damage objects or living tissues
entering the beam accidentally, but it is not.high
enough to cause major destructive effects. .3
N

. "On the earth itself, a dipole ,r__eging field using
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Energy consumption (érbitrary units)

highly efﬁcxent solid-state rectifiers would absorb the
energy. A distribution network of superconducting - -

transmission lines would carry the power to local
destinations. Research underway now will assist in
developmg this method

The development eifort for the guggested solar
power generating satellite will be an extensjve one.
At present, development is not far-enough along to

.power plants during the nextytwo decades.

. T

| .
costs can be broadly estimated, and we should then
compare them with the projected costs of nuclear

. The search for power frqm the sun appears to
be less of a technological gambjie than when we first
announced our objective to lagd a man on the moon
and return him to earth by 1970. The developments

- stemming from the space program may find projects

allow detailed cost vs. benefit analyses Nevertheless, ,

such as solar power a logical aputgrowth of

1800 .

. .19(29“. ',_",: " ‘

o o
.

achie its. in space, leading the. world into an’era
. where dant Jpower could fr;e man ' from his
® ' ‘dependenee -on ﬁre v .
5; [N o .’ o’ *
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1. - The Fission Process. -

The building block for all matter is the atom.
An.atom can be considered to be a dense core of
particles called protons and neutrons forming a
positively charged nucleus, surrounded by a-swarm of
negatively charged electrons. .

. CHAPTER 3 -
NUCLEAR FUEL GENERATING STATIONS

Any one of the more than 1300 known species

of atoms characterized by the number of neutrons
and protons in. the nucleus and by energy levels is
called- a nuclide *For example, an atom of chlorine
with 18 neutrons in its nucleus is a. nuclide, while an
atom of chlorine with 2q neutrons is another nuclide.

+ ALl nuclides-can be placed into one of two
categories: radioactive or stabfe. Radioactive nuclides
(radionuclides) undergo ‘spontaneoustnuclear chinges
which ‘transform them into other nuclides. ‘;l'his
transformation is called

There -are some 265 stable nuclides' and 66

~radionuclides found in nature. All the rest of the

nuclides are man-made radionuclides. Thus about 5/6

of all known nuclides are radioactive. :

In changing to a stable state, the nucleus of a
radioactive atom emits radiation. Radiation may be in
the form of particles, or in the form of

- electromagnetic rays -called ‘photons. Some

radionuclides decay™ by the emission of alpha
particles, which are high energy helium nuclei. Others
decay by the emission of beta particles, which ¢an be

- either high energy negatively charged electrons

(negatrons) or positively charged electrons

j¢ usually followed by the emission of photons of two

L )(?Qitrons).‘ Decay by the emission of these particles

equ#s mass times the velocity of light squared (E =
. me

types:

produced as a result of the rearrangement of orbital
elettrons. Except for their origin and the fact that
x-rays are usually lower in energy and therefore less
penetrating, X-rays and gamma rays are the same.

. Less of this radiation changes the atomic

structure of the radioactive nuclide, a process which .

continues until a stable {nonradioactive) nuclide is

_reached. Uranium, for instance, is radioactive; it

decays slowly into elements like radium, radon and

- polonium, and finally stops at lead. The time required

for one-half of the radioactive atoms of a nuclide to
decay to its daughter nuclide is known as the half life
of that nuclide. An atom with a short half life quickly
decays. Half lives vary fr6m minute fractions of a
cond to billionf of years. ‘ ‘

‘When. atoms of certain ‘heavy nuclides . are
bombarded by neutrons, the nuclei of some of these

" atoms will capture a neutron and become unstable so
-that they fission, or split, irito two or more smaller

atoms, Together the fission products weigh slightly
less than  the original atom and the bombarding

“neutron combined; this missing mass is converted-into

energy, as described by Flastein’s formula: energy

. As fission fragments fly. apart, most of this

v . P

radioactive decay, “and’
‘through the decay. the radioactive nuclide is changed
' ueventually into a stable nuclide. .

-

gamma rays, which are produced in.the . .
nucleus of the decaying atom, and x-rays, which are -

energy appears almost instantaneously as heat 8% the
fragments lose their eanergy of motion to the
surrounding material. The heat from “this fission
reaction can thef be used to boil water to make
‘steam, which inturn spins turbines that generate
electricity. Thus,’ the principal difference between

' nuclear and fossil-fueled electrical power is the source”

of the heat energy.

N
When an atom fissions, several free'neutrons are

released. These are available to strike other atoms,
causing them to fission. This is the chain reaction

. (Figure 9). If a chain tedction is to continue, there

must be enough fissionable atoms packed closely
enough to insure the capture of enough neutrons to
keep the rate of fission constant. The amount of
‘material requiréd for this is called the critical mass.

, Generally, the -,smallePatoms. produced by
fission are radioactive. These fission fragments usually
‘decay by negatron emissior followed by gamma ray
emission. Figure 10 shows one of moze than 30
‘possible chains of-decay following the.fissigning of an
atom of uranium-235. The fission fragments are
atoms of radioactive bromine and xenon, and tliey
each decay through many steps by emitting beta

* particles. The half life for eaclr part of the chain is
shown. Note the diversity of half life lengths.

2. . Nuclear Fuel ",

Uranium is- the basic nuclear fuel because it
contains uranium-235, the only nuclide found in
nature, that readily undergoes fission. The natural
concentration of uranium-235 -in uranium g
seven-tenths of one per cent; -the . balance i3
uranium-238, which does not readily undergo fission.

The United States has become . the leading
producer of uranium in the free world. Practically
all the deposits of commercial:grade uranium ore
found in the United States to date are in the western
part of the country. Some shallow deposits are mined
by open-pit techniques; however, most is taken from
underground mines. S

Uraniurp. mining disturbs lang, thé)hgh‘not.as

. much as coal mining..It takes about 30,000 tons of

uranjum ore to produce the 30 tdns-of uraniym
needed to fuel a nuclear reactor for. a’yedr. On the
other hand, about 12 million tons of overburden
must be removed to get the two million tons of coal
needed to fuel .a comparable plant for a year..

3. ‘Nuclear Reactors

A nuclear®reactor serves to provide an

* environment in® which fission reactions can be
. initiated, sustai

and controlled, and . to. make

il of heat for power production. ,
¥y . : . - -

possible the rem

" Certain components are common to all
reactors, régardless of their design. These afe the core, °
coolant, controf rods and shielding. Most current
types of power reactors .also include a moderator.
«."  The core itself is generally made up of bgndles' .

°
'
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_Individual Tuel rods do not contain

. -.'.F
‘of fuel rods which contain ‘urgnium oxidé pellets..
When a number of bundles of rods are assembled,

a criticalxgass is reached and the chain reaction starts.
sufficient,fuel for

a critical mass. _ .

The coolant, either liquid or gas, flows over the
fuel rods, removing heat from the fuel. The coolant
does not come in contact with the actual fuel, since .
the radioactive material itself is sealed within the fuel

ods. : . . -

The-contral rods, made of materials that readily
absorb neutrons, are usually strips of nietal (boron
or cadmium alloy) positioned inside the -fuel

. assembly. If the rods are pulled-out of the bundle,

more neutrons are available to cause fissioning of the
fuel, so the rate of reaction increases. If the rods
are inserted into the fuel bundle, they act as a
neutron sponge, so that there are fewer neutrons
available to the fuel. Thus, the chain reaction slows
or even stops completely. This makes it possible to
produce heat at a desired rate, or to shut down the

reactor.

The moderator, a material in the core,is used
% slow down the neutrons as they emerge from the
fissioning atoms. Slowing is mnecessary because
neutrons travelling too fast are less readily captured
and do not create more fissions. ‘Graphite, water or
heavy water are common moderatots.

hielding consfsts of special materials which
surrgund different portions of the reactor system to
preyent radiation from escaping ' into the
environment. Some shielding components reflect
stray neutrons back into the. reactor. Others soak up
radiation to protect important structural parts from
radiation damage. Still other shielding components
prevent biological damage from escaping radiation.

In many designs, one reactor part may serve
to - complement other parts. For example, a

- moderator may also act as a neutron reflector. The

coolant in some reactors also serves as a ‘moderator.

Many combinations like these have been developed;

each has certain advantages and disadvantages.
. o

S,
,

4. Types of ‘Reactors » \

L 3

s

.During the latter months of 1974, the
construction of some 80 nuclear plants was halted, .
perhaps _for. months or years to come, because of *
problems involving money, labor, material shortages
ahd lieensing requirements..These delays may lead to
a severe electrical shortage in the early 12§0’s._ -

A.  Boiling Water Reactors (BWR)

In the boiling water reactor (Figure 11), water
is used’ as the coolant and serves a secondary function
as the moderator and, neutron reflector. Fhe water |
brought into the reactor is allowed to boil. It is then
expelled from the reactor vessel as saturated steam,
which driges a turbine to produce electrical power.

A typical ‘boiling “water reactor core is

approximately® a right cylinder with. a diameter. of
about 11 feet and a height of 13 feet (Figure 12).
The core is made up of many fuel assemblies (Figure
13). The fuel assemblies contain the fuel rods, which
are zirconium alloy tubes. Within each zirconium

" tube, called cladding, is a vertical stack of uranium

".

dioxide ' fuel pellets containing slightly enriched

uranium. Enriched uranium contains more fissionable

uranium-235 than natural uranjum-for example, 2 to
3 per cent instead of 0.711 per cent.

~ Typically, a-BWR operates at a pressure of

. about 1,000 pounds per square inch and produces
- steam at about 550 degrees Fahrenheit. The BWR

has the advantage of simplicity and the disadvantage
of requiring a large core for cooling. Some of the '
materials in the water may become radioactive and be
carried through to the turbine section, increasing the

- size of the area where radiation exists. The early

models of boiling water reactors had high emissions
of radioactive gases as compared with other reactors,
but this has been significantly reduced in.newer
models. '

B.” Pressurized Water Reactors (PWR)

In a pressurized water reactor (Figure 14),
pressure keeps the water fi'om boiling. Instead, water
is pamped through the core.and removed at the top
as a heated liquid. The .water is_ then circulated

~through, a heat exchanger, where steam ig produced

The more common types of reactors are the -

light water reactors, including the boiling water
reactor and the pressurized water reactor, and the
gas-cooled reactor. A major research and development
program is underway to develop another type, the
fast breeder reactor.

4

In the fall of 1974, 52 nuclear power reactors
operating in the United States supplied between seven
and eight per cent of the electrical power generated.
An additional 59 nuclear plants -were. under
construction, and 118 were being planned. At the
close of 1973, 65 per gent 6f all nuclear power
reactors sold were pressurized water reactors, 31 per

* cent were boiling water reactors, and 3-per cent were

"gas cooled reactors. ot
p .

- fuel assemblies such as the o

" -the

from water in a secondary loop. The steam drives the
turbine. The cooled water in the ‘primary loop is

returned tq-the'reacto: to again cool the core., o

o . - ’ . .
A pressurized water reagtor core is made up of -

in Figure 15. The fuel
assemblies contain the fue
uranium- dioxide pellets (Figure 16). As wigh BWR’s,

vranium is slightly enriched so that it contains

- morefissionable uranium-235.

% The 'PWR“prin'mry‘ loop néémally operates at

-.a pressure of 2,000, pounds per square inch and at

63 | ;:‘. "

:58

an average temperatiwe of 590 degrees Fahrenheit.

The coolant in' the' PWR core does not' directly -

contact the turbine, so the turbine area rremains
uncontaminated with radioactive materials. The

v's
kR

~ higher pressuré" allows more efficient heat transfer

and reguiresfa'smaller surface area for the core. The

e

ods which;hold the ..

4,

2.



68

AN
"’ L‘-14|

CONTROL RODS




N ’
¢ . v R - Cen
. X .
¢ }'h‘ . L e .
BRI . * [y -, .
. . . . .‘ .
. . , [ .
L4 14 L)
Vi
N -~ R ’
. ‘ * N ! . °
’
°
® / ’

)

... - ~’o.
4 s .
. . ' o” N,
LA L
. WATER LEVEL PN
i . . L}
® - . . +
: . FEEDWATER FEEDWATER
EROM CONDENSER) (FROM CONDENSER)® =
~
b K
° 5\
Ay ¢ : }
.-- - . 9
g
~ REACTOR CORE .
. . A . , ;
RECIRCULATION PUMP - WATER _ RECIRCULATION PUMP
. , .
-
<
. J ° 4 ‘.
[ k havin * [/ .
. ) FIGURE ' 12 ey .
' - > : SCHEMATIC ARRANGEMENT OF QOILING WATER REACTOR -
. \ _ =i .
A » [ :
i N P . '
‘« . o 6 5 .
- ) . ‘ z
o s . - "

ERIC

Aruitoxt provided by Eic:



P ' FUEL A§SEMBLY :
- : "Fbr'Boilin'gVIét_er'Re'actor : . ! /

< ) +

' Orive Compling

<L

/1, *‘Upper
2 ®nd Eitting
: .

*+ with Specey Brid

intermeadiste
Spescer arid
(Typloel of 81k

. 1= fe. : |
‘Actusl Fusi Length

LIS
»

L)
Ccntrol’nod.
in Guide Tubes

0 © Lower

- - .
End Bitting
with Spescer Grid

‘e

. . e &._‘. < T o . ) :
" FUBL ABSEMBLY - Cutsway Showing Partisily Inssrted'Consrol Rod Asssmbly . ..
. . i St N e . Co e

$ " L) ) : a0
? = { - m L. ..
. Comt

FIGURE 13 %" .




e

Z9

" &%e. PRESSURIZED. WATER REACTOR *

f . ,, "

—

ROD

 CONTROL

S
LT
-

CONDENSATE PUMP = |

7" FEEDWATER HEATER: "*. .
¥ STEAM GENERATOR ‘W

S

'PRIMARY CONTROLLED

 LEAKAGE PUMP S R
. - s ) . N K B .
:C} - d 67 0t

B “ - ] . P - . - '.. .
N S _ S FiGUREW




O

ERIC

Aruitoxt provided by Eic:

;
. 7
.
[
- .
»
-
-
o
‘
I 4
N . .
..
-

k3

FUEL ASSEMBLY "

HANNEL
'SAI'INIR
ASSFMEBLY -

SoveL PELLEY .

gL
CLADDING

FUEL

S ‘ N ?‘ 1
. . .

e . .
B LOWER

v +~ For Pressurized Water Reactor

"y F.r )
l’( & ) _f(,\

oLl

CHANNEL. <= ..

BN PO o . .
N -
- ] ) N
b . .. L. .

oy

#

Caig T TIEPLATE e
' yﬂ o - ;: X

N

FIGURE 16 .

.
- b m
T . N
“IDENTIFICA- - .
Tigh BOSS o
.

e T
ACTIVE FUEL ZONE o

.ég ) 4"




-4

s o 0
- END CAP
) EXPANSION SPRING
A o
INSULATOR - WAFER
, \ ‘ . \ ) .
: o o s
’ ANNUhUS o FUEL CL':ADDING Y
;»;’ ; )
‘ . . * '
. " PELLET ' ‘
_ L
. - —4 s
o o,
3 a _
' “ .
R A ’ N FIGURE 16 ° ,
,'_QUTAWAY OF FUEL ELEMENT '
‘FOR NUCLEAR REACTOR CORE | .
: 69 *

ERIC

Aruitoxt provided by Eic:



" carbori dioxide or heliunf. This type of reactor has

EN

"

PWR however, reQurres hrgher operatmg pressures

and_ additional heat exchangers, which lower- its’
-ef iciency. The high temperature increases the

corrosion of the fuel rods, the claddrng and the vessel;.

' C. High Temperature Gas-CooIed Reactors
(HTGR) & .

In 'the. high temperature gas-cooled reactor

. (Figure 17),as the name suggests, the core is cooled

by certain. gases' passing over it, usually -purified

a low fuelconsumption rate because very few
neutrons are nptured by the coolant, but it has a
few drawbacks® Since gases are not as efficient heat

transfer agents as liquids, a large volume of-gas must

be c.uculated The circulation syster requires very
large'blowers and the core must alsp B¢ large in order

. a3
r - e

. This- conversion .fr&;m fertrle to fi issionablg
material also takes place in current power reactors,
but not at such a high rate as in breeders. When an - *

atom ef uranium*235 figsions; it- produces ar®average ¥

#% of about 2.5 neutrons. To maintain a chain reaction,
one of. these neutrons on the average must be
captured by another atom of uranium-235 to pro
the next 'generation -of fission events. This le&é
~about 1.5 neutrons per fission which can be captured
in the core, or be captured by the uranium-238'in . - °
the fuel to produce plutonium. In current water- and
gas-cooled reactors, it takes the ission of two atoms
-of fuel to convert om'%atom 0 uramum-?é& to an -
atom of plutomum-23

JIn .a ' breeder reactbr for each atom -of

fi ssishable nraterial consumed more than one atom
of fertile material becomes fi séionablé material.- This

to present enough surface area for effective cooling. %% is achieved by increasing the number of free neutrons -

Gases also *are poor wdderating materials, :s0 a

se rate- rr?!ierator System must be installed. This
erator $ystem usually consists. of graphite blocks .
prerced to contain the fuel. Graphite is used beai
it is very strong when hot, permitting the reactdr‘%!
operatg at a high’ temperature Neither helium nor
carbonr dioxide will react with the graphite. The gas
coolant gives up its heat to water circulating through
a steam generator. Since the gas coolant¥can be

“heated to much higher -temperatures than water

Goolant, it can- produce steam af much’- higher
témperatures than.water-cooled reactors. This high
temperature operation allows the use< of the bést
turbine technology and.reduces thg release of waste
heat. These factors may give this fype of system a

thermal efficiency equal to that of the best *

fossil-fueled plants. Currentewatercooled plants have
somewhat lower efficiency than fpodern fossil-fueled
plants and, -therefore, are potentially sources of
greater thermal pollution. Thrs concept wrll be
drscussed ir? Chapter 6. -

. Do Breeder Reactors

It has been noted that uramum is the basrc fuel

for nuclear reactors because it contams ﬁssronable o
uranium-235. "It was also seen in Table 4 that the -’

high-grade ores of this material aré estimated to be
depleted by the year 2040. Breeder reactors are
looked upon as a method of ext@’ndmg this limited
fuel supply by hundreds of years because they

produce more f_'rssronable matenal thafi' they ;

consume. -

Although uramum-238 is not - readily
fissionable, it converts under-neutyon lrradratron into
plutomum-239 -which is fissionable. For this reason,

uranium-238, which coristitutes more than 99 per -

cent of all uranium,-is called .a fertile materidl. The

,element thorium, which is abundant in nature, is
. composed of thorium-232, an r fertile material ~

that converts un@meutron irradiation to fissionable

uranium-233. Uranium-233 and plutomum-239 can '

be recovered _f use m other reactors
&’ ) ,'3 N

N 2

s

released in fission and by decreasing the numbgy of
" meutrons Wwastéd,. thereby making a larger nu .
avarlable for absorption in fertile ‘material. B

Fuel produced in breeder reactors may gredtly
extend our energy resources, -since . breeder reactors
could utilize-more than 50 per dent of the available
- energy. in the world’s fi ssronable ‘and fertrle fuel
_reserges as compared to only one or two per cent |

. for light-water reactors. One -other favorable aspect
of breeder reactors is that théir fuel can.be produced |

. economically from lower-grade orgs. We will need to
turrf-to- these” ores as supplies ofm.rgh-grade ores run ¢
‘out.

Just.‘@s there wefe lmtla&ly many thermab.
reactor concepts ‘with the PWR, BWR and gas cooled
reactors winning general acceptan in this country,
there have been a number of breeder reactor concepts
W - proposed. The concepts which havelundergone initial

‘. development jnclude the light water breeder reactor.

’ (LWBR) and* fﬁe molten salt breeder reactor (MSBR),
,which - are based prrmanl ,» on  the ~
thonum-232-uranuhn-?33 fuel' sys em, and the

< gascooléd f; ﬂbreeder reactor (GC d the
liquid meta) cooled, fast breeder reactor (L FBR),
* based p ily on the uranium-235 plutomum-239 :
full system. Of these, the LMFBR concept-is
'?ecelvmg the majop focus of the \research and o
"development efforts in ghis country and abroad. Thus
only- this coﬁpept will bg treated further. \

The LMFBR would be able to produce more - - /

fuel (plutonium-239) from the fertile LLamum-238
than it-would consume. A diagram of the liquid metal
fast breeder reactor appears in Frgure 8. .

, * [

) It is called a fast reactor because it contains
"no.moderator material to cause 4 rapid slowdown of . _
the fi ssion neutrons. Thus the average neutron - -
velocrty in tjte core will be considerably _greater than 4.

"in conventional reactor cores, At these Jhigher, -

energjes, therg is a much greater probability|'thds the K .

. neutrons not needed ,te maintain the chain reaction
will be captured by the fertile uramum-238 than by
reactor core components o *

r
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(argbn) is used to-blanket the sodium.

. The term liquid metal is used because liquid
sodium is the reactor coolant. An inert cover gas

The fuel in such a system would probably be
a mixture of oxides of uranium and plutonium.

Liquid metal fast breeder reactors ﬁve the
potential of being more efficient than light water
reactors. Sodium is considerably more efficient than
water in transferring heat from the core. Also, the
reactor core can be operated -at a higher temperature
without pressurization, “since sodium has a much
higher boiling point than water. As a consequence,
the thermal efficiency of such.a power plant will be
39 per cent or more, compared to 31 to 33 per cent
for light water reactors. This means a decrease in
waste heat.

-~

electricty.:The U.S. program is to_develop a sound
scientifi¢"dnd engineering base to assure perfgrmance
and safety. It remains for the future to“tell us
whether the French plan of acceleration of the
breeder or the US. plan of margin assurance, is the
better. . '

- ]

5. _Saf.ety Systems in Nuclear Reactors  =.

No accident affecting public heaith an@éi}ifety

. has occurred in a commercial nuclear power plant,

The LMEBR has some disadvantages when it

is compared to light water reactors. These

disadvantages are dué mainly to the $8dium cooldnt.

Sodium i a highly chemically reactive metal that will
burn, if it is exposed to either water or air. Further,
it is a solid at room temperature and requires an
elaborate heating system to assure that it will remain
liquid throughout the coolant system. Sodium is not
transparent to light, which complicates refueling and
maintenance. o !

The sodium coolant capturés some of the
reactor neutrons and becomes intensely radioactive.
Since the main radionuclide produced (sodium-24)
has a 15 hour half life and emits extremely
penetrating gamma rays, refueling of the reactor and
maintenance of the primary coolant'system require
remote control equipment. !

- The LMFBR is more difficult to control than

a light-water reactor, because an accidental loss of
the sodium coolant from the core increases reactor
power. The opposite occurs in light-water reactors.

. The cost of building a LMFBli isucl;:on%idérably

tolerances required. : -

. «° .

_ These problems are now being solved in small
prototype systems, like the Experimental Breeder
Rz" ctor operating in Idaho forover 10 years. Besides
B

" greater than that.of light-water ‘reactors, primarily
. because of the more exacting specifications and closer

erating electrical  power, it has-@emonstrated

has served as a fuel-testing unit. This effort is being

. expanded through, the, Fast Flux Test Facility in-
" ‘Washington, the forerunner of - the Clinch River

Breeder, which is'Aexpectg_tO'd_elive? abopt. 350
megawatts of electrigjty in e late-1980’s. . _

* "Other nations, notably France and Russia,
appear to be moving more quigkly into the use of
breeder reactors. In mid-1974, the French put into
operation, a fast breeder in their Phoetfi projéct,

.brgeding and sodium technology.and, more recently, -

24
S

which is- routinely generating. 250 megawatts of, -

2

68 o

nor has a radiation injury ever occurred to a worker

" in such a plant. This record is due to stringent safety

precautions taken by the builders of nuclear plants,
which cannot be built or opegated without a license
from the Nuclear Regulatory Commission, charged by
law with the responsibility of satisfying itself that
the plant will not endanger public health and safety.

* Licensing was previously done by the Atomic Energy

Commission (AEC), which was abolished in 1974. The
AEC’s research and development activities were takeh
over by the Energy Research and Development
Administration ' (ERDA), while the regulatory and
licensing activitiesdre now the function of the
Nuclear Regulatqﬁ,f’,;‘, ommission (NRC). :

A.  Control During Normal Operations o

Nuclear power plants form small quantities
(several pounds per day) of radioactive substances.
In normal operation, more than 99.99 per cent-of
these substances stay within the fuel assémBlies. The
small amount that escapes from the fuel enters the
reactor coolant system, where almost all of it is
removed by purification equipment. A minute
amount of radiation is released to the environment
under strict' control, subject to conservative and
rigidly enforced health and safety- regulations that
require that releases be kept “as low as practicable”’,
Releases must thus- be reduced as *improved
technology permits. This is discussed in greater detail
in Chapter 7. , 4

B.  Accident Prevention’

(1) Natural Safeguards

- , s o
Today’s water-moderated power reactors use:. .

uranium dioxide fuel which -is enriched with the
uranium-235 isotope to only three or four times its
natural level. If the rate ‘of fissions were to increase
significantly, more heat would be produced. The heat
would ‘increase the energy of the neutrons in the fuel,

£

and thus increase the“propoition of neutrons escapings .

from the core and captured by gon-fissioning atoms.
The 'rate of fission would thus slow down. This effect
is -autgmatic ‘and instantaneous, and is one reason

why a nuclear ;réactor cannot. possibly become a’ ;

is Jequired, and 4t

intensity of a nuclear explosion.. . "

> The use of water as a'éo_qldnt‘ and mod_c_ratdr -

. bomp. In"s bomb, exnﬁ?ally puse fissionjble material ;- |
i ust be rapidly compressed ang* :
held tog¥@k for the chain reaction to increase toan -~ .

. . B .
- o, . L.
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provides. another safety feature of todays power

reactors. If-the reactor were to exceed its designed

power level, it would raise the temperature of the

.-water, which would in turn decrease the water’s"

. ability to act-as-a moderator. This- tends to reduce
the reactor’s power level )

(2) «.Engmeered Safeguards . -,

In addmon to natural safeguards mény sdfety '
features are built -as an mtegral part of any reattor
facility. These are'a ‘“defense in depth’- against the
release. of radioactive and include: ceramic fuel, fuel
cladding, pnmary coolant system, safeguard ‘systems
and, finally, 4" containment :system" surroundmg the
entire reactor. The safeguards mclude T

(a) ~“Monitoring of Reactor
- Neution lntens1ty

‘.

N »

Since - neutr‘ons initiate “fission. reactlons and
relate to the reactor power level, measurements of

" number of 1ndependent monitoring systems at vanpus
locations in jthe reactor core. These instruments are -
. connected to a rapld shutdown .system in case’
_ neutron.nntensrty rises above a preselected linut.
(b) “Reactor Control System

Matenals such as boron or cadnuum are able

- to absorb neutrons and, by removing neutrons from 0T

the systega; shut down a reactos, preventmg new
fissions Y)m occumng Common “methods of ..
_introductién -include *the mechanical. insertion. of
“control rods into the cors and the additon of liquid
solutions of these neutron-absorbing elements 10 the =
water moderator. Most Wwater reactors” have both-
methods, of control lavaxlable‘ ” :

- .

L __ (c) Rqactor Safety Clrcult T,:’a

W .; ..,- 1nstrumentat|on SNPETRR
Instruments - constantly “momtor what

,haf)pemng in the, core. Improper signals concetmng
temperature, pressure 'or other unwanted E}pgdltlons
will immediatély shut.down the reactor. safety . -~

, syStem has_on®\0r more backup systems in'case. there " -

re
y

o is % fallUre m the pnmary systemi
"a(d)-"
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394 1

) Ve ’
o "l
T PO S

e RN S R r;
ar ¢ . . . i
2 e

B Reac gners "ﬂsmme that at some- tink
glé"ptnc powérv'toga’ nuclear plant may e shut off.
.~ To allow fog ‘this possibility,: they usually design

" reactor- systems ‘that’ reqmwe o electric $hwer .to

e shutdown 0s¢" wluch may requite .
TR «,’«‘power "af (4 shuitdotn, Yo kepthe csmant circulating
f;{‘?mﬂaﬂ? ‘equipped, with- efergency - diesel- -
e

s an balten to operate when fio outside -

v OVerheated «Fhen' thege is-the. fuel: elen‘lem cladding,
the number of available neutrons, are fnade- by a -

.. the reactor coolant. Next, there are the:
- reactor vesgel itself, Finally, there is the contammerf&

3 . . L. N ‘;-. -~ T
- . 3 R
= e . Lo . e Y

6.

Electnc Power Rec:%e'ntg L

. (e) Emergency Core Co'ohng Lo
. Network '
If, for some reason, there -is a rapid- loss of .

" coolant ‘water in a nuclear reactor, it is conceivable
that the core might melt due to heat frorn&e fission
 reactigns, releasing a dangerous amount | f Milioactive
material. Two- independent emergency core cooling
systems are available to provide automatic emergency
care- cooling. The 'network does not require an
operator to get it started. The effectiveness of some
of thejclirrent . emergency core cooling systems has
“been seriously questloned 50 they are now under
véry chSe .study

C Ly gontflpn%@‘ weﬁﬁnt of Accndent§

lt has been seen that multrple phy31cal barriers -.-‘ a

‘reactor systen&& guard - against - ral'hoactlve
substan,ces escaping t0 the environment. There i, first*
of all;"the ability of the fuel material to. retain most
.of the fi¥ion products, even when. -they.

"

through whigh fission products mukt p &o gef. into s

+'system, const cted to Halt any.release of radicactive: -~ -
rf):atenal _thatgniets st all the other barrjers. The :

. feactor + building itse!‘f ‘may be sealed off s a
: secondarycomammen system., S

aor 3
[ RN
v

Price- Anderso&n Act. L S BN
g K .
- rluclear power‘ began to emerge as-a .

mer generation, the US "~
is What is the beit method-
for damages arising, -from "8 ‘fuclea
fa though ‘such-an event: is.éxtréfely
K Price-Anderson Act evolyed to answe
1t requires a; utility,, which opémtes 4%

er plant ‘to urchase the . nfaximym

/ }lrty msuran it cai’ obtaj currently

The™ federal gover provides’
Brssnt@lirance, up. to.a' fotal of ' $4 iop, to’
PN ic for damiages from a 1 iccrdent

ge- IR L8
f i"-'.,"'['he Prlce-Anderson Act réiityes, alj¥
*ljalfifities in the event that darfiaghfli -,a,ﬁuclear
* accfdent should exceed the,g$560 rmr,tﬁumumo - “t&
¥.Critics -of nucldar power :quick to poinfout thig * -

provxsfon, and say that um.js. not enough

. e

. A pnvate msuranceﬁ,provxdes msurance on .‘; " :

euclear  facilities  themsglvey. . There. - is. RO ..

-gavetnment-backed coverqgé o nuclear faclhty :
a AR PR ¢ )

“proerty.




. generally regards nuclear power plants as an answerig-

" for the long term, it has been less than happy with. :
+: nuclear plant performance.. Many plants are operating .
ities ahd have had ; 28

yyoblems causing them to shut dowr for long pggiogs.” .~ Mg ,
ut the operational performance of nucleag plants is ..~ v 7. " Sxgug.e

B
¥
:

e
i

'
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'_ ; fds_sil_-fu@e’d planti€iPecausé of their lower fuels¥

7. Nuclear Power Problems and. Promises "
. The development of nuclear power stations has
_suffered from sharply escalating construction costs
‘, and numerous construction delays. : —_
Original - schedules for. many proposéd nuclear-
plants have not been met because utilities had-
difficulty ~obtaining the necessary licensing. Hearings -
* for. various licenses -by . theé Nuclear Regulatory
Commission, state agencies, and other groups have
Become battles between . the utilities and
environmentalists ‘and other concerned about
radiological safety, plant siting, thermal pollution, the
.storage of radioactive wastes and the possibility of
fissionable materials being diverted for use in bombs.
Such concerms: have contributed ~ to increased

- . safeguards and security. The results of the reaétor

safety study iricluded in this ¢hapter’s supplementary

reading list show ‘the low risk of nuclear- power: \g

compared with other hurhan activities. .- .

I 'w’ Even thotgh the. electrical 'pow.t':r’:-ind\;xs’

Y

- at 16wer than' expected availa

" improving, gs.shown in_a recént Commonwealth
“Edisqn"™" Ciyhpany repert -which compaies - the

i . since 1964..The Tour nucléar.plans-ip;

13
% RSN

lzggq_r plants with their six large fossil-fueled *;

;J.\;e retwédn 1972 and 1974 operated at an“aversg
.of 60 perscent of theit capaéity, while the fossil s
. "operated at 54 per cént of “their capacity. .Ihedsigs
- “figure - for the fossil-fueled plants. comies¥¥bDowl
--because 4t periods of less than peak load, the miicka '

' plants were used, to' a greatér. extentthaf¥

N

:The. nucjear units were availablé 75 pér. cent of’

.. gost of dlectricity well below increases if? i parts

*
Y avﬁi}ﬁuit'}ﬂ" reliability and-economy of their. sevensi: "
H c r
-'pl b

:gﬁﬁ“ 3 |

© 4% time, ;the . fossil units#71 per -cent “of -the- time. .* °
R -orfmriogwealth_@disori givegy theiz -us¢ of nuclear
.-, flower plants tl) creglit’ for@ﬁ:e’ping incre in, the
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- " " about our environment, there has . been
o ., considerablg discussion aboul the amount
’ « of héat that nuclear plants ¢ould add.io

- our wateiways. Popular public terminology

fof this problem has become “thermal’ pol-

“ lution.” This.is not pollullon as we normal-

" - -%'ly think about it; it is the addition of heat:

+ lo the water, whuch chanqes the® ocology,

_or nomrol bolance of namre, n ﬂfe stream.

. a e
. P

) .o ‘ o‘." '»'.'.

A| Three Mile- I;land we are no| .pre ]

» sermng this problem. We are not odﬂing
*_heat to the Susquehanna River, becduse.we.

CoL npare,uslng cooling towers to cool ﬂ\é‘wmen, ;

.vsed in the nuclear plan),: We instolle
ese 37-story fowers' at. a cost:of some
15-million to totally, prolect’ agomst' af-

fedmg the river |emperahm:

1

o,

During. this period of mounﬁné \;oncen'l‘

O The Heat Goes llp and Awqyl |

.

Smce the r%waler is one enclosed
system and. the ‘wafer lrom the cqﬁdenuv
to the ‘cooling towers -is-in another ehi-
/closcd system, the river woler-is.
lyted,”

i "the waler in: the: cooling :tower is cooled,

some of it. evaporates and leaves the top -

of the tower as .water vapor, the iame

nét pol- i
‘nor is its temperature affected. As

.prme:ple as’ when. you s¢e vapor from

your breo'h on a cold dqy

" towers at Threé. Mile. Island will stand as
, servanls of . life, present ond future. As
* gigantic as: thuy are, they really are very
-smple .machines, especially when com-
) red Iwn'h\ the- complexity of the. other
-'PS"’" of the siqfion. The “what” and the
“how" ,bf ese devices are explamed
bnefly ‘n dlogram below, . -

“ . ,‘-

N - “
. .. - .
! : . e

M .'l'ln-hylnrboll%unl draf? ceoling 'dnn at Three Mllo lsland are, in effect, hllu

. chimneys which,

ar most af their 372foot height, consist of a rein!oreed

" The 372 foof-hugh natural draft cooling

_ shell. The mare complicated part of each structure is contained in the bottom 40 feet— ~
" the ‘portion shown enéircled in the cut‘away above. :
<+ . The hot water enters-through the:inlet tPat the tap of the crossllow water cell
N complelely encircling the base af the tower. Air flowing through fouvers (L) and up
_ :‘hrou:lll:i the giant tawer, cools the \unr (W) as it l{xcklos dowfl lhrough the cross .
aw ng. . T

_~ " ° ;. _.Yhe ceeled water is then re!umed lo lhe plllll for re-use in eondensinz lhe steam °
. mmng lrom the turbines. " °

- ' . | | 78 - ot . “'\ . -
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e THREE MILE ISLANWNUCLEAR STATION L .

. _ ' FACT SHEET - ‘
S . (Asofh}jd-an) - TN

INIT NUMBER ONE N T UNIT NUMBER TWO
 NET 'cnl

-

. 818,900 iowatts® - PACITY - © 904,500 Wilowatts
Lt/ ., . REACTOR BUILDINGS ' |

. 137 feer - Outside Diameter . 7. 138 feet o
a Ty e e R - e o . L .

' Overall Height 202.9 feot

 wal Thickms S o 4 feet

201 foet
. T35 feet
oL . REACTOR VESSELS N
v : Outside Diameter: 15 8% =
2 " Overall Helght: 41" 3" - C
. % . A_t-g.' \Veigm 804,500 pounds . = .
Y S Wall Thlckness 84 inches . . /
| . FURL |

. A Uranlum cloxlde 21/2- 3% em’iched o
. . Form; Glazéd pellets, 1 inch long, 1/2 inch diameter S~
. .~ Number: 144 pellets in’each 12-foot|ongfuelrod » L T '
v ) FuelRods Z(Bineai:hassemliyv" EEE 1 »
. . . .. Fu jes: 177 in each reactor, ' o
L uch lona and }5 lndns square o : o

. Control rods in 69 of the 177’ fugpi iemblies R
. ;lﬁconu'olrodilneachofdn59amn;blie; L S e
.l Boflc ‘acid mixed \vlth eactor mur (Cbemlal Shll@ e . o
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THE CASE FOR THE BREEDER; e'xéerpt from ., .., A . Lo - .
Nat{omil Journal, CPR, July 17, 1971. e ‘

Prdmote}s of the breeder reactor support their , ' they/' would'produée ip"us'mg uranium and the wastes - °
~case with three Principal arguments. . produced at conventonal nuclear plants. .

h S

o They Cite projections of immense incregse .+ Savings in cost'of power generation ‘would stem

in- demand for nuclear power; they argue that fhe”  'largely from. the ryduced :need. for uranium. A

. .- breeder is econOmical because it produces-its. oyn ~ conventional -preseni=day niclear- plant needs 150
"+, ‘fuel, and fifrther, that it.is an essential next stepin * -tons of uranium a year; a breeder of the same size
" nuclear power development Since Uranium resources . would use only 1.5 tons: Over the course of the rext
: dre limited. - T "+ 750 years, the breeder could reduce to 1.2 millions .
[ S - S tons the amount of uraniufy required to supply ‘the LI

They say the breeder would be jess . nation’s energy needs, . .

’i N

. harmful to the environment than ‘present reactors. . . R e
' ' L et = This wijj have the side effect of redubingfthe-”
They Say.that the United States Stands  pressures fouaisteep rise in the price of uranium ore, ~ * -
to lose its lead in nyclear technology to other nations”  producing - & savings- for thé utilities. i S
p . unless it proceeds with the breeder.. ; A AN D e o
' ' ) * A recent completed AEC cost-benefit analysis' ™ e

. - Breeder "and energy neceds: The ”Eederéi‘ 'i?ower ~ concluded that introduction of commercial breedérs «. . -
Commission projects that the nation’s total energy  ~ in 1986 would save the United States $21.5 billion . L

demands will more than dauble by the year 2000." - in power costs through the year 2020, assufning that = - 4
: e  the funds invested in- the reactors would earn 7-per i . '
' Some of the demand Will be met by increased ~ cent a year if, invested otherwise. . .- A
production: 'of fossil fuels-coal, oil and gas. But the T . o o, -
greatest increase -y far Will havé to come in Environment: Breeder - reactors are expected to .. -
»  production of €lectricity. o reduce the-environmental impact-of puclear power "¢l . -

: - C o _ : _plants .in two ways. . S
* - 1n 1965, fossil fuels supplied"78.4 per cent of T o I
the nation’s energy requirements; “but the FPC - : They will rgduce thermal pollution. The -

projects that their>share of the energy market will™ ~  breeders will achieve a thermal efficiency. of 39 per
drop to 50 per cent by the end of the century. B.S. .cent Or better, which compares with 32 per cent for
+. ‘electrical_generating capacity must grow six-fold by the light water reactors and a national average;of 33

that time to’meet the demand, according to the *  per cent for all fossil-fuel plants. . .~ .f
. commission’s - PrOjections. . - . o - R T
, ' ' v ' They, also will geduce the escape of;

~ Kince there are relatively few hydroelectricsites. . radiation into the” air and water. The reactor core *
left that cap hatness falling water, most electricity  will essentially be sealed, and the, smiall amounts of
 will have to bé Produced by thermal plants in which”. . radioaétjve fission praducts now released by light -
“heat  produces Steam ‘to turg electric tusbines. - .water reactors will be largely.bottled up in the core. .
The fossil fuels now used to produce heat in \ - [Most, environmentalists, concede ‘that these
. most thermygl plants are either:limited m_supply or’ - features of the breeder are agtractive. Some, however,. * .
" - ;-contamifating t0:the environment. Thus, 65 per cent- - have attacked- thei bieeder con’ grourids “thatrmajer - - -
of .the projected increase in generating capability is - environmental dfasters could result from widespread- - 4
| _expectedfy comé from nuclear plants— - . - handling of “radipactiVe plitonjum, The plutoifum’ . -.
- o Co kg U e will have to be stored_ befqre -use; ahd transported.
. Assuning that the. mation inevitably will ‘turi . across the gountry to reactor sites. In addition, there
, to nuclear pawer as its most important - SOurce of - will;be the ptqﬁlem‘f@f. disposing Of the, fadioactive ~ ' . ;
_ eleqriCal-ehe'r_gy, the 'p:omé‘ters_ of . the liquid metal .. - Wastes produced im, increasing quantities.. by *thé . ..
° s fast breeder reactor argue that the characteristics of .~ breeder plants.].~ . e St 5t
_its technology Will result. inrmajor sdvings- - L :

B T UL M AN RS
Vs e . . © - Internatjonal "Cognpﬁtitbn; Tinal ,argumeﬁ't~ that is - "™
et S With the - breeder e‘mbr"'@d + AEC" " likely to- surfagpy more fullgin comirg months and . ?

: ‘Commissionef Jah¢s:T. Ramey, "We cd exfend our * * “years'concerns U.S. competition with other advanged. 7~
© " use of uranam reserve from decades to a thousand - - industrial. countries for the Jgad in high tehnology

" . years or more.'-, v % et plogRams. oo e e ¢ 9.- :
L . Current commercial  reactors use 6aly 102 "7.v ‘While - ."tUnited-"Stn@l'.doesv not ‘Have & .-\,
- Per cent jn the energy in uranium. ‘But breeders . . monopoly e sale of light waler reactors, it has . " T
. ould effectively use ip to 75 per cent 0f energy *.. far overshadowed 3l other gluntries. General Electdc . o |
" . .-contained ip. the ore. .~ e T e oo 4 Co. ’\a‘;\d v_ﬁm@qw Cofp. pave sold 37 I‘.ngs DT
T S U abroad to date. o - RS T
In agdition, the breeders would bebletouse o - o oo L E G - L ,w”ﬂ’J’
utonium: wastes efficiently as fuel-both the wastes . Theré are now, ?omwr, six nations<the Soviet .o% . !
.,;.».,._.“ ) . R R “ R ‘t .'\ . e N :_ - e . ) ’ b - - ._.' o ,
B . s . . . B "‘ i _;‘”'_ : . .. - . . .- .. ‘-, 1. .- r Til ke .:ﬁ’: -
b Ct e e 81 N T« 3 SRR
X - o . N R . , ) - - }1‘* S N p
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“Union, ‘West Germany Bntarn, France Japnn and -

Italy-which have embarked on ambitious programs
, to demonstrate the . iéchnical. andﬂ comﬂlercral
feasrbrhty of breeder reaCtors

For ' the period’ 1978-81, all exeept‘- Japan

Qexpect to complete construction of liquig. metal fast | ™
breeder reactor plants of 100Q megawatts [electric] »
or more. This is twice the ‘size of the demonstratron :

plant planned here. v ,

- Commenting on this - worldwide eﬁ'ort ‘GE
executive Karl ‘P. Cohen said: "I think the U.S.
*_demonstration program, though somewhat slower and.

more cautious, will ultimately pay off in better

results, the problem, however, is not in the program -
but in the poImcaI arend.”

"We are faced with a Polmcal mtellectual and’

social climate in this country that is hostile to.major

new fechnological efforts like the breedér. So it's hard
" to say how fastm _wrll be able to Proceed

_ ) Cohen’ is general manager of GE’s Ieactor .
' development division. :

!'

" (California’s Rep. Cralg Hosmer, “the rankmg |

House - Republican on the Joint. Atomic Energy.

~ Committee, said: "Well, iff we don 'tbuild them, then * "

well end up buying them from other countsées and
- further erodmg our posmon as rhe Iead nauon in high
technalogy :

" FAST BREEDER comes UNDER A'ITACK

‘Excerpt fromr Industrml ReSearch June, l972

In government crrcles today, the most. popular

~~solution. to. the unpendrng energy - crisis is the Tast .

breeder -reactor; the Uraruum-238 device that not
only produces power, but a150 breeds. more fuel than-

K&érmc ' i?nergi

ling,z ek
_ Commissiort liquid - mek: ryw
(I:MFBR) program, int g
demOnstratron plant - in

;;-Mtrucnon of a
iseg, “was a central

theme of the President’s 1971 energ}t message. But o
o now the breeder concept is commg under’ attack.

N

B

Central to the- cntlcrsm has. been an ana.lysrs :

. of the AEC’s claims for the, breeder by Thomas B.
.Cochran, a physicist. for the' Washington think tark, -

: - Resources for the Future. which questrons many of
** - the economic ass

the commission used. to”
breedfars-.“‘ e

.

: 'justrfy rts-.-far .
o "ochran ﬁégests for example, that‘te agcncy

" transporting and storing. plutenium for more than a

bpéeder - teactor |

“»
s e
[ Ve

.8 : . . . -
. ’ %‘ K P b
. Oth og’u&s have focused on potentmLhazards i
of commer al':breedey reactors. Their: 'fears were”
sutnmarized" eéstatement put out by thirty -~
prominent screntISts luding Nobel Laureates Linus = . °
" Pauling, Harold Urey, James Watson and” George T
2T T e
T’re (LMFBR} reactor 5 cooImg sysrem' will
utilize’ liquid sodium, which is highly reacnve and -
“burns on oontact- with air or water," reads .the~ w ‘
. statement. "Breeder reactors, are mherenrly more . .. ..
difficult to-control .than’ taday's commercial fission . .Y
" reactors, they,aperate clbsér Yo the melrmg pointof ..
.their structural matetials, and they generate and use - -
ruch larger quantities of plutonium. Plutonium has
. a halfdife of 24,000 years and s one: of the most -
- foxic. substam:es know to man." - .

 The AEC’s cnti‘cs do not .goasfaras toremove. . . .
-breeders from contention s, energy sources: for the -
- future. They do, however, call for the ACE té'spend ~ - .
moye ‘money on "such basic problems gs reactor ...
. S#’, . waste  storage; “and. . plutonium ;.-
. rinagement "-as well as alternative enery sources S
Such - - as  solar  power, A ﬁssron, cand. -
;mgnetohydrodynanncs. t \- S A
. ‘The " AEC’s rep]y to. its crmcs is. that- ;ts " T
‘economic and ‘safety calculitions are- corrett-that =~ -+ .
" there is an immediateé need to develop breeders - - .-
because the altérnative .energy .sources are either’ . -
-inadequate or too far from commercial development, - - ;..
and_that ‘safety’ precautrons are sufficient. To_.baek
“up its position, the 'agenCy nates. that”it. has beeri -

quarter of a century, as part of the nation’s nuclear -
“ weapons ‘program, with an essentially perfect safety
- record. And the agency :loses. no‘chance. to plug the ..
- exceflent " en¥ironmentat - Qualities - of breeder ..
. reactorssthey produce. no -air pollutron and only
o rmmmal thermal polhmon

xS - AN T

>

g " sed an unreahstu:, .discount. “rate -~in.- economic -
*. . " projections, that if undereffimated. the extent’ of = ..
% “lgranium reserves in the US| that it qverestimated . .
“ the demand for electri power in the last decade of - - .
‘ﬂuscenmrywhenﬂrebreedetsshouldbecomemﬂy ol AR Lo e
economic, and that it skated over the costs of the - R
advanced tecfinology that Will be necessary tobnng‘ e TR T L
- breeders to° commercra] use, . - R T o "
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.The major stepf 'in a nuclear fuel cvcle are

presented schematically in Figure = . Because each

N reactor concept emplays, its own fuel cycle, this
figure is generalized ig ‘order to present briefly the.
 basic. principles involved, . Y

‘ To begin the cycle, uranium -is mined by
conventional means and is then shipped to mills
where” theé uranium is separated from the extrarieous
bulk- material and concentrated. At this point, the -
. .-uranium compound is refined . dnd converted to
' v gaseous uranium hexofluoride (UF¢) and sent(to one ,
_of the government owned gaseous. diffusion plants:

; . _ .
Enrichment is the process by which the

... ~concentration of fissionable vranium. is increased to -

;.47 4 desirable level. At present the only way to produce
-+2:» significant- ‘quantities of enriched uranium -is:the
* gaseous diffusin proeess, although some investigatid
s> swork is being carried out to determine the feasibiy o
- of ‘gas  Centrifugation. The gaseous diffusiotéggoce 1
“+ “oOperatés pn ‘the principle that the lighter ~°UF¢
i ¢ »passes”throngh a-barrjer fastér-than the 238UFg. By
%'s -* passing.the: URg thfoligh-acertain number of barriers,
* 4 or thee igesived -enrichment.-is* obtained. Typically, the
~Jgqncentration of Urlinium-235 is increased* from 0.7
207 pghasent for ,_;.ﬂatm'alfy occurring uranium to the
| _Qng;powtEnt™to five per cent levels which are used -
'«%9* *'In nuclear power plants. -

« The 'gas:eoﬁs diffusion process is the 6nJy part

" of the nuclear fuel cycle that is not done by puvite

.industry. The electric power companies pay a service
_charge or toll for the enrichment. -
i .
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THE NUCLEAR FUEL ‘CYCLE L S

. .The next step in the cycle shown in Figure is
the fuel preparation, in which the output of the
diffusion plant is.converted to UO2and shaped into
pellets. . : o .

. The fuel fabrication step is one of the most

expensive, tepresenting ajmost 1/3 of "the fuel cycle

cost. This cost.is due @artly to the fact that there

are so many types, of fuel rods and fuel rod assemblies .

and partly due to the requirement for exotic clodding

materials. The latter is important since clgdding

. represents the primary containment for both the,fyel
in the reactor, and later for the fission prodictse .
which build up. as the fuel is used. T

)
4

.~The heart of ;the nuclear fuel cycle |s '

reactor itself, which has already ‘been discussc

. Following this phase, the complexiop ‘orf'ﬁ.- b
' fuel cXcle is drastically altered. The fuel elemients thaf %**
are . withdrawn from the reactor are now highly
~radioactive as the result of fission product generation

- and, -furthermare, the fissioh products produce so
much heat ‘that cooling is. required. .

* v = -
Basically, the funttion of the reprocessing step

~'+is to separate the unfissioned uranjum and plutonium *
from -the fission products. %

. After reprocessing, ~the ..currently unusable
fission products will 'be fed into the waste
management program discussed in Chapter 6. The
fissionable uranium and plutonium are then sent t&™
the“conversion enrichment and fuel preparatipn steps-,
of the fuel cycle, depending on the nature of -the
material and the demands of the fuel cycle.

-

.44 .
-
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‘by the U. S. Atomic

‘years and are, com:.ng 1nto 1ncreas1ng use

.

~

. LN . I'e :
The- Reactor Safety Study'was'sponapre?
Energy Commjssion
to estimate* the publlc risks that could
bellnvolyed in pdtential accidents -in
commercial nuclear
ty e now 'in use. It was performed under

the * independent direction of Professor

Norman C. Rasmussen of the Massachusetgs., -
i The risks hagig
e ‘to be estimated, rather «than measured' g
because although there are about 50" suchY
'+ “plants now ope,ratzng, there" “have . been no i~

.Institute of Technology .

nuclear accidents to date resulting ‘in

's:.gm.f:.cant releases of + rad:.oact:.(/:.ty in

U.S. commercial nuclear _power plants.
Many of the -methods used to develop
‘thesq‘) estJ.mates are based on ‘those that
were developed by ° the
‘the , last 10

Space Adminisfration in ”’

in recent yéar,e‘ :

-

The objectlve of the study was to ma‘ke a

realisti nestlmate of these rJ,s‘.‘k‘s and,
to pzovie perspect:.ve, to compd‘ré
with non -nuclear risks ' to°
society and its individu

exposed This informations %

help in deterniining the .futu‘ré

be “of-.

of electr:.c:.ty . K ..,;.
The results from this study su
the risks to the publ:.c
accidents '’ ins ;
comparat:(vely s
4£he following cd

a. ‘The poss:.ble cq
tial reacdtor acc

to be no larger, ma.ny .cases
‘ much. smaller,.\’ those of non-
5 nuclear acciden/ts. The consequences

are predicted. . to be
people Have been led to
previous studies which delibérately
maximized estimates of thes'e >, onse-

.power plants of the.

Department of-
Defense and th"é National Aeronaut:.cs and

re‘lancq,
by society on nucléar power ES£§ource o

smalleér than
bel‘ilye by &

them, i
'which “eur
arets ‘already- '

88

quences. AR J«
‘Lrhe work, originally sponsored by the ‘&
"U.S..Atomic Energy Comxnlssien, was com-
pleted under ; the sponsorshlp of the -
u.s. Nuclear Regulatory <Commission,
which came into belng on January 19,(,,‘
1975. ' ué,; u ) “)"
RN 8
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Anomxumale un\:vrunm’nn t0r nuclear events aié’estimated Yo be
;'repiewn(ed by tactbrs ot 1/4‘ and 4 on consequence magmludes‘lnd
by kactors of 1/6 a,pd 6 dn Prombrlchn e
+ For neturat and mar wfwd occufrences the uncertainty p«ob- "3
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[ EPE
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6d thh three

relocatlng people

. the cost of

._away from contamlnated areas, -

e

land to
to_

the decontamination of-'
avoid overexposing people
radioactivity. ‘

are not exposed. to potential
sources of radioactivity.in- food

.qa-

Fig®. 1-1 through 1-3, it '15

various’-
The bulk of the in-
1-1 is taken
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-» eBrly, illnesgifxpected in poteptial "

“cidents wouild®be. abodt 10 tim

as. the
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injuri ¢aused nua Y by other «cci-
-dents.-” The - n of cases ofpferietic
. effects and long cahcer f_ alities
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accideflt, the small in-

is ‘predigted . to’
-normal. tncidé@
Even for a larg
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v - ficult to. detect fr
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Individual Chance
. , + Total Number ‘ per Year .
Motor Vehicle 55,791 ° R 1 in 4,000
Falls : "0 17,827 1 in 10,000 . - .
Fireg'-and- Hot _Substances 7,451 . =1 in 25,000 .
‘Drowning \ 6,181 : - 1 in 30,000 C
Firearms ' : _2,309 ' 1 in 100,000
Air. Travel . . 1,778 1 in 160,000
Falling Objects . N . 1,271 ° 1 in 160,000 .
‘Electrocution ) >o® ‘ \\/,’ 1,148 . 1 in 160,000
-Lightning ) . . .  .le0 7 "1 in 2,000,000 ’
Tornadoes T .0 91 - . 1 in 2,500,000
. Hurricanes ; . . 93 1 in 2,500,000 '
* - *All Aecidents :. T 111 992 1 in 1,600
""" 'Nucleat Reactqr’ Acc1dents . o - h - .
(100 plants) L. R ’ . - Y - 1 in" 2,000,000,000°
e h :
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Thyr01d ilinesses that might result from observed ~uring a( period of 10 to.40
a large accident are mainly the ‘formay . yea'rsr, following the accident. ;
tion of nodules _on the thyroid‘“gland; ”
these can be treated by  medical proce- Whlle &he study. has presented t;he est:.-i
» dures’ an,ﬂ rarely lead to, serious conse-: mated risks~ from nuclear pOWEr . plant
o quences. "For most accidents, the nuriber _ accidents' and - compaged thém with,other .
of . nodules caused would be 11 com- - risks that exist c;iety,nllt has
‘- pared to their normal incidence Trate. .made no judgment’ ﬁ%&%:ill‘;ty of
.The number that might bé produced in Uclear risks,; Thig gment to. , what °
very unlikely accidents would be abotit *lewel ‘of rié’k 15 acgeptable should be
.equal . té their normal occurrence in the ‘made\ by a ‘broader’ segment ; of soc1ety
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\ Questlons and MstMut the Study Cl ‘
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''This section of the summary presents - “which’ is-’needed"both to cool-theﬂfueifti~"
more information about theé - details of_ and, to_ maintain the  fission~« chain &
- the study than was covered in the intro= -reaction. - s S
duction. It is presented in question o R ! <o :
and answer format for gease of reference. The heat released 1? the uranium by . Gh
' fission process heats the water. %
L 2.1 Wﬁg DID’THIS ‘STUDY AND HOW MUCH® forms steam; the steam turns a turbi e
ORT WAS INVOLVED?: R to ‘generate  electricity. Similarly,

The - study was. done

pr1nc1pally .at the

- Atemic Energy Commission headquarters by

.

- tors

Q

EE

Aruitoxt provided by Eic:

-a group of scientists and engirneers
. had the
. study's tasks.

-Staff Director who - had .the
L respons1b111ty

“the-

.thus

_consists of about 160 tons

:1/2 inch in diameter and_ abo

RIC

~who
skills needed to carry out the
They came from a variety
of -organizations,. jnclading the AEC, the
national laboratories, private laborato-
ries, and univers1t1és.
Wwere AEC-employees. The Director of the’

About -10 people _

. Today's nuclear power

N

gtudy was Professor Norman C. Rasmusden -

of the Department of Nuclear' Engineering
of the Massachusetts Institute of Tech-=
nology, who served as an AEC
during the course of the study. The
day-to-day
project was
Mr’ . Saul, Lev1ne of the AEC,. The study
was  started the summer of 1972 and
took twoiyears tofcomplete; A total of
60, people, various consultants, 70 man-
years of éffort, anqd about four million
dgllars were involved. -

«

‘for . the

'l

2.2 WHAT KIND OF NUCLEAR POWER PLANTS

’ _ARE COVERED BY THE STUDY° '
The’ study cons1dered 1arge power reac-
tors of the pressurized water and ‘boil- ®
ing water.type being used .in-. the U. S!
today. Reactors. of the present genera-.
tion are all water cooled, and therefore
study limited itself to “this tﬂp
Although high’ temperature gas cooled” and
11qu1d metal fast eeder reactor’ de-
signs are now under. d 'velopment, reac-
of this .type are not expected to
any signifigant rolé in U.S. ‘elec-
power production in this’ decade-
they were' not considered.

have
tric-

"Nuclear power plants produce electricity

by the ,fissioning- of.
uranium atoms.
in,which the 'uranium atom# fidsion is.in-
a large steel vessel, fThe’ reactor fuel
. of wuranium.
is+inside meta& rods ‘about

t feet-
long., -‘These rods are ‘Formed: 1nto fuel
bundles of about 50-200 rods each. Each
reactor: contains - several hundred bun-
dles.” The vessel'isg, filled withy, watér,

or splitting)

The  uranium

c

The nucledr reactor fuel -

consultant .

* fraction (3-5%) of the special

~

.. 1,000 @#megawatts,:

" lihood. a&id ~coﬂbequences

coal and dil plants generate electricity'
us1ng foss11 fuel to lel ,water.v

k
‘plants are very
large’, A typical plant has an electrji- .
cal capacity of 1,000,000 Ri-lowatts, or
This is enough elec- .
tricity for 4 city of about five hundred
thousand people.T
2.3 CAN A NUCLEAR POWER PLANT EXPLODE
: *LIKE AN ATOM BOMB?
No. °It is 1mposs1b1e.for.nuc1ear power
plants to explode Tlke a nuclear weapon. -
‘The laws of physics do not permit . this
because ‘the fuel contdins "only a small " °
type sof,
uranium - (¢alled uranium-235) that must
be used in weapons.
2.4 HOW IS’ DEFIN R hd
. S RISK.DEFINED? .
The 1dea of risk 1nvolves both the like-
of an event.
Thus, to estimate*the risk ‘involved in
1v ingean: augomobile, ‘one would need toA
the 11kelihood of - -dn. accident  in
- o~foY ékqmpldﬁ an -individual could
"i‘ﬁ‘e?oor 2) ktlled. Thus “-there
ferent consequences, injury
,.each with its own- likeli-
‘For 1n]ury,- an individual's
fice per year is about one in 130

fatality,e it is -abBut one in 4000,

s type of ta® concerns the .
inQividuals and.can’ affect -attitud Vo
haby%ts .that individual have
driving. -1 5
~HoweLer, from an overall societal 3
point different types of data are o )
interest. Hegre, 1.5 million ‘injuries
per- |year and 55,000 fatalities per year
due to automobile_ acgidents represent

ind o 1n§ormqtion that might be.of
in making ecisionsg on highway and

14

R

to reac-

The s 'e type of 1ogic appl
tors.| .. From. the viewpoint of a person
living in - “the  general viTinity of a o
0 - S
- - - ri-/_"'—J :

B T
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"“¥lating in the

0

- one chance in 2."billion,,

The

.a

. ’ - -
reactor,

in any one year in a reactor accident is
and the likeli-

.‘ “
A e e . -
‘.}

2.5 WHAT CAUSES THE RISKS AS§OCIATED

.
. Lo

WITH NUCLEAR POWER PLANT ACCIDENTS’A

r1sks from nuclear power plants are

the 11ke11hood of be1ng kiIled

e

hood of bﬂrng injured in any one year in
reactor -‘accident " is one 'chance in
15, 000 000. P . .

t

‘due to'the radioactivity. fqrmed by the
f1ss1on-.§rocess. In normal operation
‘nucléar = powe plants rélease ¥minute
"'amounts of’ this radioactivity ufer con-
trolled conditions. In the event of.
-highly. unlikely accidents, larger
amounts of radidac{ivity . couid be re-
leased and could’ cause .significant
" risks. o : v
"The fragments of the uranium atom that
rema1n after’ 1t fissions are  radioac-
" tive. . These radioactive atoms are
.called fission products. They disinte-
ggate further with the release of

.. hoprs, to non-radioactive forms.

. *11ke cesium and strontium.

A

nuciear radiations.
away quickly, in a matter of minutes or
Others
away more slowly and require
and in a few cases, many
The fission products accumu-=
fuel rods include both
~gases and solids. Included are iodine,
gases like krypton and xenon, and solids

6

2. HOW CAN RADIOACTIVITY BE RELEASED’_
The ‘only way that potentlally large
amounts- of radiodctivity could be re-

leased- ,is by’ melting the fuel in the
react core. . The fuel that is removed
from a,

the plant site-also c0nta1ns

able -amounts "of radioactivity.’ How
-accidental releases from such.used 'fuel
were foundr to ‘be .quite unlikely. and
small compared to potential rgleases’
radloact1v1ty .from the fuel 1Q\$he re@t-
. tor coret

reactor after use .and stored
conside

ver’,

“The safofy .design of reactors ‘includes a
series- systems to prevent the over-
. heating of fuel and to control. potential
releases of radioactivity
Thus,. for a potential accidental release
of radioactivity to the environment to,
occur, therxe,must.be a' series of sequen=
tial ‘failures  that would tause. th

to overheat,and release- 1ts B of dlogk
ty. . There would.alse have’ ‘t be’
ures' in
~and conta1n the radloact1v1ty. . R

~ ’ .

The study has exaaned a very 1arge “num-
ber of potent1a1 paths by which poten-

tivi-
fa11-

“ t ..

years,

fuel‘

the systems designéd to remove -’

Many of them decay .

>

, tor

. cooling water ‘would be 1lost

..

from the fuel./ -

1

\ R

_potential but un11ke1y acc1dehtsJ
by ruptures

.tial radioactive releases m1ght occur
and has- identified those that. . detérm
the. risks. This involved deflnxng
‘ways 'in.which the fuel in the core c

.melt and the ways in whi‘ch systems to
control thée release of ‘radloact1v1ty
could, fa11.; s : g

9

’ hat" 200 .

. r
Jgt s1gn in some -
reaEtor—years ‘of commercial operation’of
_reactors of the type considered in -the.

report there. have been no fuel m g-
‘accidents., 'To melt ‘the fuel requi 3
or e

P

-+

’

failure in the ‘goolihg system 2
occurrence ‘of a; heat imbalance. that
would allow the 'fuel to heat up to’its
me1t1ng p01nt, about 5, OOO.F .

P L .-

‘To those unfamlLlar w1th the character~
istics of reactors, it m1ght seem’ that
all that is required to prevent fuel
from overheatlng is a system to promptly
stoi or shut down, the fission process.

he first 51gn of trouble Although
reactors have “such systems,_ '
are not enough since the radioactive
decay of fission fragments in the fuel
continues to generate heagt (called decay
heat) that must be removed even after
the fission process stops. Thus, redun-
dant decay heat removal systems are also

provided in reactors. In addition,
‘emergency core cooling systems (ECCS)
are provided to cope with a geries - of

caused
in, ~and loss of Jcoolant

Srom, the normal cooling system.,
. ‘ .

The Reactor Safety Study has def1ned two
‘broad types of situations: that*might .po-.
temtially lead to a melting of the reac-—,
core: tHe®loss-of-coolant accideat’
(LOCA) and tyansients, In the event of
a potential loss of .coolant, the normal
from the
and core melting would

cooling systems

be prevented by the uge of fthe emergency ,

.core cooling system
‘melting could: ‘occur .
if the ECCS were to

(ECCS)... However,
}n .a loss of doolant
ail .to operate.

0

The term “tran51entf*refer

of a number Of conditior h coul
. occur in a plant and woula ! ire- the
peictor ' to.. be shut down. Folldwing.

overhlteating. - Certaln failures in either °*
‘the . shutdown or, the"ﬁec&y heat remova
. systems ‘so have - the’ potentua!. to cause

%

Vi - @

.melting

shutdown, the décay heat removal systems
would ‘‘opgrate - to

the' core. '

they alone .

la

.

keep: the ., core from .

ot



2.8 WHAT FHRTURES' ARE PROVIDED IN '
’ REACTORS TO,COPE ‘WITH A CORE MELT .
'ACCIDENT? # , _ sl
Nuclear , power élants haye numérous sys- o
tems des1gned to prevent/ core melting.
Purtherhore, thete ate inherent physi¢al
processes and-additiénal . features that

"'come into play to remove and contain’ the 4

fadloact1V1ty released from
fuel ‘should "cofe 'melting
though there are# features

~the moltEn
occur. Al-
prov1ded “to

- damaged’ for some
melts,
fail,

-ty

" ¢ime,.'after ‘the “‘core.
the contagnment wguld' ultimately
cau51ng a release of radiocactivi-

*
b
e T . ) .

“An essentlally leaktlght
< building is provided to prevent the
~initial dispersion.of the  airborne ra-
“dicactivity into ' the environment. Al-

though the containment Wwould fail . in
-time .if the core were to melt, until

that time, the. radioactivity released
from the - fuel . would be - deposited by
natural processes on the surfaces inside

-the containment. '  Im additidrf, plants
* are provided wlthfsystems to contain and,

trap the radiocactivity released withint

the conta1nment.bu11d1ng. These systems
include such things as water Ssprays and*
pogls to wash radioactivity out of the
. 'building atmosphere and filters to trap
. radiojctive particles: prior to their re-
- lease. .8ince the containment buildings
- are” made essent1ally’§leakt1ght, the
radloact1v1ty is coptalned as ldng as
sthe building, remains intact. - Even_ if

"the building. weqf‘to havé sizable leaks,
~ larger amounts of *he radjpactivity would
'@tlkely be removed by the systems pro-

e
. containment

-

ided .for® that " purpgse or “%would be
deposited on interio surfaces of the
building by natural prpcesses.

. T EE a ¢

u

though containment bu ding

Even ‘the_
would be expécted "to: remaln‘ intact ) for
some time llow1ng a cofgé melt, even-

tually the molten mass would be expectedl
to eat its- way through the concrete o
-~ floor into the ground below. Following ,
- this, much of the:radiocactive material
would be trapped in the soil; howeyet, a’
small afiount would escape to the' sur face
and be reledsed. Almost all of the non-
gaseous rad10act1v1ty would be trapped
in the SOll. ' : ‘-

* c .
B .

It is’ posslble

to postulatp core ‘melt
.accidents fin

which, the Ycontainment -

building would fail by overpressuriza- - . -

by missiles the

J}lon

¢

‘or created by
: b e

Q

R~
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"keep the contalnment bu11d1ng from béing- Tt

L!; :
By
*'_:

v

accident. Such-acc1dents are less llké-

.1y but could release a larger amount -af

~included i the stud
: Elgs.

P

’potentlal

‘.

. to result. from failures

airborne radloact1v1ty ‘and ' have « more
serious - consequénces.- The ' consegquences .
of these less llkely accld nts have beén .
s*re ul ‘5. shown in s

l l through -3, -

'y ..

o
22,9 HOW MIGET T}fE LOSg-OF-q‘gOLANT chx-, \
DENT LEAD TO A coﬁ& MEL \

B

: ’ ’ " »

.Loss of cooIant acc1deqts are postulated :
in the norfal
reactor coollng water system, and plants
are des1gned to cope with'.such failures.
The water ‘in ‘the reactor .cooling systems
is at’a very high pressure (between %50
to 100 times the ,pressure in.a' ¢ar t1re7
and if a rupture were to ocecur ' in the °
plpes, pumps,; valves, or -vessels that
contaln it, then .a "blowout" would hap-
pen. In this case some of the water

. would flash to steam and-: blow out of the

hole.” <¢This could bk serious sinte ‘the,.
fuel could melt if 'additional cooling
were not supplied ' in 'a ‘rather short
time; ' )

.

' .
"-D

L o
The . loss af: normal cooling in- the evept
of a LOCA would stop the chain reactlon

so, ‘that the amount of heat produced‘.
would drop very rapidly to a. few percent ¥
of 'its Operating level. . However, after
this' sudden drop the ‘amount of heat
being . prQduced would decrease much ‘more’
_Slowly and would: be controlled by . the
decay -of the radloact1v1ty in ‘the fuel.
Although this -decrease in . heat génera--
tion -is helpful, it would- not be - -enough
to prevent the fuel from melting “unless
additional cooling wese' supplied, ., To
. deal with ‘this 31tuatlon, reactors hSVe
emergency . coref‘boollng systems (ECCS).,
whose function is:¥6 provide cooling for:
Just' such events. These systems have
pumps, plpes, valves, and water _ upgl;es
which are capable ‘of . dealing wit breaks.
of various ' dizes. ‘*They* are™
designed to be redundant so ‘that if s m
componénts fail to operape, the core
stllL be, cooled

o

, P "- Y
The study hae examined a large n
‘sequences of
LOCAs of various sizes.
of * the ca’Fs, the' LoCcaA st ke “followed
by failures' in the emergency core cool-
ing -system for  the core to melt. ' The .
prlnclpal exception tc*.this"is the mas-
sive failure of the large pressure ves-
sel that contains “the’, (g0 ’ However, -

er Qf; N |
vents folldéwing . -
lmost all

ore.
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A2.l2 WHAT IS. THE NATURE OF THE HEALTH

che accumulated eXperxéhce with pressure EFFECTS' THAT A CORE MELT ACCIDENT

R vessels indicate ~that the chance -Qf .

such, a - failure®'is small. In fact the =~ .- ;‘ MIGHT PRODUCE?
study found .that the likelihood of pres- . K
,sure vessel failure was so small that it

It is,possible for a potent1 i “core melt
. acgcident to release’ enough r dloact1V1ty
%;gmng:agznggzgEgegzsthe, overall riskp so. that .some fata11t1es E_ght " accur
: . . : within sa short time (about one year)
T oo S e after the accident. Other people may be
o ) ) y L o P o ©  exposed- ¥5 radiation levels- which would
NS . S o . ' . produce dbservahle effects which would

5" ‘ -require medjtal attentidn but.from which

.. . KA
:;),2.10 How MIGHT A REACTOR TRANSIENT LEAD i& . . they "“would recover. In addltlon, some
. ‘TO A’CFRE ME%T o R people may, receive even lower exposures,.
k . i ‘,_ o . ‘iwhich' would ‘produce nc noticeable’ ef-
. et I ‘ - fects but ‘might 1ncrease “the 1nc1dence‘
Fhe tetm "reactor ttan31ent“ refers to a "of ‘certaip diseases over~ a period of.’
+ number, of events‘that .:require the reac- . = many . years.’ The - ,observable effects:
" tor to be .shut down. These range from » "which occur - shortly after the accident
" norial shutdown for such things aé re- are called early, or acute, effects.
fueling to such ynplanned but expected - T one i
qevents as 195§ of power to the plant “Bhe delayed ; ‘or latent, effects of rad1—
from °the utility ‘transmlss1on .lines. ation exposure could cause some increase
he reactor . is designed. to cope with. in the 1incidence of diseases such as
uppranned transients” by automatically . cancer, genetic effects, .and thyroid,
utting. down, Following. ‘shutdown, . gland illnesses in the éxposed popula~ 3%
ooling ‘systems. would be gperatgd to. tion. In general these ‘effects -would
remove-the heat produced- by the radioac-. appear as an increase in these diseases .
tivity in the fuel. There -are- several over a 10 fo 50 year 'period following
different cooling gystems capable of re- _the exposure. Such effects may be-dif- =
_moving this heat, but if they all should ficult to notice because the incréase is
fail,” the heat being, produo%d would be expected -to be small ecompared to thef

sufficient to eventually boil” dway all normal incidence rate of these discascs.
the coollng water and melt the core. i

) ] .

" 'The stﬁdy‘-has' estimated the ‘increased’, .
incidence of ‘potentially fatal cancers K
over the Soéyears following an accident. -

In addition to the above pathway to core -
melt; it is also possible to postulate-
core melt.resulting from the:-failure of !
‘s, the reactor shutdown systems following a
transient event.:vIn this case it would
be possible for. the amounts of heat
- .generated to be ‘such that “the avallaple -

The nuimber gf latent cancer fatalities’
"are preddoted to -sbe, relatively .small
. compared : to- their normal 1nc1dence. -,
s Thyroid illness refers mainly to small .-
lumps, or nodules, on the thyr01d ‘gland. -

. coolrng systems might no't cope w1th it ‘The nodules are-treated by medlcal pro-
- .and core nelt FOUId result. cedures tgat sometimes involve simple
r';, S ) surgery, ' and these are unlikely to lead = :
' o ' to serious. consequences, Medication may
: . » . , also be . needed to supplement the gland
et o functlon. s . o -
‘2,11 HOW LIKELY 1§ A CORE,MELT . o - ° .
RENNNC 'ACCIDENT? - I e ‘ *.
. R . . oL Radlatlon ~is - recognlzeg as one of -the.
X > : factors that can producd genet1C‘effect5 2
. . The ReactornSafety Stu% carefully ,exam- which appear as defects in a subseguent,r
ined ‘the.various paths“leading - ‘core '~ 9Jeneration. Frg”the totar population§;

exposure caused by . the accidént, the. 2
expected .increase . in. genetlc effects xn
subsequent generations can be’ estlmated ,

melt. . Using.methods developed in recent
~'years for dstimating the  likelihood o
sudh acc1dents, a probablllty of occuf-

renoet & deteérmined for' each coreq mé€ld- rThese effects are pred1cted t0 be, smalkvqb
. (aéc1de Q,ldentﬁﬁned. These ‘p i~ compared ‘to thelf ‘normal 1ncxdence rate tg
R ties were Cdombined to obtain, the ’ Al . IEE AN e P ] e B
. probability’ of melting ‘the core. The - . ° ' M
. ‘value obtained was about one "in 20,000 = - 2, WHAT ARE" THE MOST LIKELY CGﬁ$E-
' per reactor per Yyear. Wlth 100 reactors. A QUENCES OF A CORE MELT ACCIDBNTE-
. | operating,.as is anticipated fox the : : : '%
73, U.S. . by about 1980, this means that the- f'; As:.stated, the. probablllty of a ucore
,«chance for one such acc1§ent is ,one in * melt dcoident-: is on. tha average one in’
200 per ‘ygar. N 20,000 per, reactor per year. The -most
t& S T e
o &Lw;mw;l;; _ - S / : I ‘ . N
. . - . . . Fd
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Aruitoxt provided by Eic:



llkely consequences of
are given below.

\ o -‘_';

MOST;LIEELY CONSEGUENCES OF “A

“ &  and | the

. A 'CORE Mgﬁ? ACCIDENT . P
injuries 5;*- ' B <1
Latent-Fatalltles per year. agf '<l .
‘Thyroid Nodules per year | <1l
Geﬁ%tlc Defects per, year Ef}: K <l_"'

Property Damégej N <$15000,000
(a)Thls does\ not anlude 4amage thaol

might occur to the plant or costs for
‘replacing the power. generation lost
oy such damage. o

HOW DOES THE AVERAGE ANNUAL RISK
FROM NUCLEAR ACCIDENTS COMPAR@
. TO OTHER COMMON.RISKS9

2,14

L)

Considerlng the 15
_"liye within 25 miles of current:or plan—

. ned U/s. reactor ’ sites, and hased on
+ current accident rates in the‘'U.S., the
annual numbers of fatalities and .inju-

ries expected from various

sources
shown in the table below. '

. "'1'
'ANNUAL FATALITIES AND INJURIES*’
EXPECTED 'AMONG THE :15 MILLION PEOPLE
'LIVING WEITHIN 25.MILES OF U.S.
. ..  REACTOR'SITES

Fataliaies

Acc1dent T&pe B

R omoblle-U 4,200 375,000

Falls- " 1,500 75,000 -
. .4 "y . ] )

. Flre P 1 1 22,090
s . ! s v ’ ’ .-i "“ .

. Electrécution' » f90' .=

. 1 oI

- nghtnlng l‘l B 'llai S

' ¥ C A

20 T 20

- ReactorSa(ioa e

v . N

n.plants) R - T

.

- AT 'Is @HE NUMBER OF FATKiITIES
. AND'INJURIES EXPECTED AS A RESULT",
[OF A CORE MELT ACCIDENT? -

. =
Jooee TR
[ ;'

“*A »core-—mélt accident is similar - tok‘i'nahy

R
1

_<.otheér’ Eypes of majot accidents- such Aas -
- flres,; expiosions, dam faiiures, e q.,

e AV . N . . )

. ) S Ee -

ST 2
,
:

EE
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million people who o

_are ©

S

QG- . A-‘, , . v
tn ‘that, a wide range Jf conseqpences is
; p0551b1e depending; on .the exact condi-
~ .~ tions under which the" acc1dent © occurs..
~  In - the
Ty quences would depend’ ma1n1y on “three
faotors: the ’
,released, the way it is dispersed by the ’
) prevailing weather . conditions, and the '
el number of .people quosed o the : radia--
o tion.. With . thesg ¢hree factors known,
it is possible to make a reasonable
Wl estlmate of the conseguences._ :

.

< The study calculated the health effectg
probability = of occurrence for.
140 @00‘possﬁb1e combinations of radio-
active ‘release magnltude,'weather type,.
and populatlon exposed. The probability
.of agiven release was—-determined- from a
careful examlnatlon of the probablllty
7 rof various®reactor.. 'system failures. 1
 * probability of warious weather condi- .
tions was obtained from weather data
collected at many rea ctor- sites. - The
"probability of various numbers of people
being exposed . was obta1ned fropm U.s.
‘census data for current and planned U.S.
reactor sites. These thousands of - com-
putatxons were carried out w1th the aid "
of a 1arge dlgltal computer. B . . )

a

o '

These results. showed that the probab111—

. tyof-an accxdent resultlng in 10
more fata11t1es is predicted to be about
‘1 in 3,000,000 -per plant per year. : .‘the
probab111ty of 100 or more fatalities is -
predicted.to be about 1 in 10,000,000,

-.and" for 1000 or more, 1 1n~100 000,000, o
_The largest value- reported ‘in the study
was. 3300 fata11t1es, with a.probability
of abput ‘one in-a billloﬂ

’ N

'g The above. estlmates are derived from' a -

‘case of a core melt,, the: ‘corge~"

amount of rad10act1v1tyy -

.ggﬁ

The : '

or .

conlequence model which includes ‘statise -

rtical - dalculations  to describe evacua-

tlons.of people out of, the path of

, ,a1rborne radioactivity. This" evacuation’

., +model was developed from data describing-

' evacuatlons that have been performed
durnng non—nuclear events. K

I If a Qrou . of
jconsidered, ‘then- .the chance of-an acc¢i-
.~ dent . causing laoox more fatalities is 1
- in 30,000 per year. For accidents” in-
volvang IOOQ or more “fatalities the
‘number is'l in-I,000, Ogd‘per year,  In-
, terestlﬁgly, thlS*
; ‘the probability thats a metéor would’
T strike' a U4S: populatiov center and
cause 1000 fatalltlgs.,.v._
IR
The table shqwn below can be ased to
compare the -“likelihood of ‘a nuclear.
accident " td non-nuclear ;accidents that:
could cause . the ’ famé consdhuences.

LS . ‘ ) P ’ »

. "

.

» ~

ue coincldes with -

L4

100 similar plants are ¢

Ter
im0

.
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N » " ’ 1 . A RPN
' . ' . . . . i , . ‘. . ‘-;l
s . - < o . PRI R ) R
: : o . . .- . . .
' oo AVERAGE PROBABILITY OF MAJOR MAN“-CAUSED AND NATURAL - EVENTS "+ * *, )
.o N 'ﬁi‘ ) Probablllty of o Probablllty ofé - -
. - i Y -100 or More. . N '1000 or-More'. L
.| Type of Event . Fata11t1es‘ ’ Fatalltles : ST
Man-Caused * _ oLk ‘_ ; d ‘ L o
R\ T ‘ L ¢ 4 ) . .l‘ . " - 0 ] . e . , . .‘ ¥
’ _Alrplane Crash - . 1l in 2 years ‘-’ .. 1 in 2000 years. d o
Fire L L1 in%7 years 3 l,in 200-years B C
Explosion - - % 1 in 16 years. ° © lein 120° years s . |»
| Toxic Gas AU “*1in 1Q0 years ' © 1 in"000 years - 4
N Natural * ' ' ’ N A .. . : f' . » S
Tornado = - 1 in 5° years. * very smail |
Hurricane , '@ _ 1 in 5 years : : : '1.in.25 years . 0 bk
Earthquake - o . e . 1 in 20 years oo -1 ih 50 years = v ‘Q -
.Meteorlte Impact ! : 1l in 100‘000 fEars e, i 000 000 years
Reactors .,“hf ' B Voo ) e ;* . :
s e . S S ~ _,-e,_,'
100'glantsv - S -t -l'infyoolqoogyears . ,000 000 years d
- — | — . e
. .‘ | N .\ . R h' . . ,-. . . ,. . o , s
s These include’ man—caused as we11 as . and this -only™ in the case of larger, . .
natural events. . Many of- these*probabll-. _less llkely accidents;. These nodules
ities - are obtalned tfrom‘ h1stor1ca1. are\_easlly diagnosed -ahd treatable by
records, but others are' so ‘small, that ‘no “medical or surgical procedures.f‘ The

such  event, has ever heen observed.
the latter cases, the’

“In
l/ robablllty has
¢

' to.those gsed for the nuclear plant.

v -

In re d to 1n]ur1es frbm pptential.
7" -nuclea ower plant acc1dents, the. num-
ber of “injuries that woulqgrequx.e medi-
_ca1 attention shortly after an accident
is about 10 times larger, than the number

"of fatalities predxcted e

‘ ..
< .

©2.16 WHAT 15 THE MAGNITUDE OF 'THE" szrrsn'r19

"OR LONG-TERM, HEALTH EFFEC’I‘S"

' A; .gith the‘sh term,effects, the in-
) ;cidenCe of 'la ' cancers,, treatable-

latent thyroid ‘illness, -and: genetig¢
effects . would. vary. with _-the exact
accident condltxgps. - The " table'below

- illustrates the, pg‘ tlpl gize of ‘such
" events. g The! gﬁﬂ?jﬁ; column shows the
consegquences {Rat-would be produced by-
core melt acc;&én,s/ the most likely of
.which .has -¢ne".¢hdnce in- 20,000  per’
red@tor per. year of oE"urrlng. The

'.t second column shows the consequences for -
an +accident ‘that has a chance 'of 1 in“a’

million of occurring. The third " column s
shows the nermal‘}néldenge rate. oo
(‘- - . . P ' '

T L e . 5
[ :

. - 3 » !
In” t?hese" accidents, only .-%Oinduction
< '.'of tHyroid nodules woﬁld¢_ sbservable,
. N , . 2 . . N

Q o - e
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been calcul};ed*uslng technlques similar =

a

S

-

9

04

.%ncidence of other effects vould be low.
and, should ‘not be discernible in view of
the” high normal 1nc1denge of these two*
‘diseases. " elv e ) e

INCIDENCE PER YEAR OF LATENT HEALTH EFFECTS
FOLLOWING A POTENTIAL REACTOR AGCIDENT

B Y- M R .-- B o i i .
N PR . . 'vNormalﬁb{
"“‘TvChanEe per ™ Incilence|.
LR & , Reéactor wper, . Rate |
el P Yea'r ’ . it N
R o . .Exposed.
tiealtn . "One in Population
Effect 1 OO0,000(a) tper year)| -
Latent | = 7 Ty R S
Cancerp | = sl . *f. .[‘,-?nog,.v;_ 1'.7,000 )
. Y O AT
Thyroid | - i ;{,,,u e
Illness |, <l - x400 ?000 -
.. . LN - ~,~m, o
. . ] . R B 3 . .
Genetic |... .~ . |’ : L %.5 ¢
|Effects Lo<l o Tes UL , 30
T s RN

Ga)The rates due to‘°reactor accxdents are -
.temporary and would decrease with time. i = -
The' bulk of the GahcerSjaséuthyroid )

. modulesswould occur over- fewx ecades

& dfa the genetic' effects woulﬂ be‘BSg- ERCTI

- nxf;cantly reduced. ih five Jenerations. -

(b)ghis* is the normail?! *incidenté that wonld -
be’ expected" for a ‘population of ¢

..

lo,OOOJOOO'people who might receive’ - oY

.

@

somé exposure in a very larg aceident - -
over the time period that th pdténtlalq
react accxdent effects mxght ‘oceur ., _’

“s
’ \

e
-



Z.Lf WHAT.TYPE OF PROPERTY DAMAGE -MIGHT 1,000,000, per plant per year of causing

A CORE MELT ACCIDENT PRODUCE?. . damage of: about' one billion® dollars. -
. . . ) The maximum value would be predicted to
. A nuclear accident .would cause no physi- , be about | 14 billion dollars, ‘with a
" cal damage to property beyond the - plant probability of ° _about one in
Sjte but may contaminate it with radio- 1,000,000,000 per plant per year. .
activity. At high levels of contamina- )0 S : ” : ‘
.tion, people would have to\be relocated . This property damage risk from nuclear
from their homes until. decontamination accidents can be compared to other risks )
procedures permitted their return.: At " in several ‘ways. - The largest man-caused’
-levels lower than this, but involving a - ‘events that-have occurred aré fires. 1In
larger area, decontamination brocedures recent years there have been-an’average ,
would alsoc be required, but péople.wou1d§ - of three fires with damige in excess of
be able to continue to live in the area. = - 10 million dollars every year. About
The area requiring decontamination would ' once’ every two years there is -.a fire
involve a few hundred to a few thousand " with damag€e’ in the 50 to 100 'million
Squaresmiles. The principal concern - in doXlar range. There have been four hur-
this larger area would :be to monitor ricanes in the last 10 years which
farm produce to keep the amount of caused damage in the ‘range of 0.5 to 5
radioactivity ingested through the food billion <dollars. Recent'earthquake es-
chain small. Farms in this area would - timates suggest .that _a one billjon .
; have their produce monitored, and any dollar earthquake can be expected’in the
. - produce above a safe level could not be U.S. about once every 50 years.
used. . : , : « s . y ‘o
s N ) . ’ A comparison of the preceding costs
The core melt accident having a likeli- shpws'that, although a° severe reactor
. hood of'one in 20,000 per plant per year accident. would be very; costly, the ‘costs
would most likely result in little or no “'would be withih the range of other
contamination. The. "probability .of an serious actidents experienced by society
‘accident that requires.relocation of 20 and the probability of such a nuclear.
square miles ' is one in 100,000 per accident is -estimated to be smaller than
reactor- per yeabp. Eighty per cent of that of the other events, '
all core melt, accidents would be expect- . .
ed to? be less severe than this., The ", 2.19 WHAT.WILL- BE ‘“THE CHANCE OF A
largest accident might require +teloca- - REACTOR MELTDOWN IN THE YEAR
tion from 290 square miles. 1In an oL 2000 IF.WE HAVE 1000 REACTQRS
acgident . such as this, agricultural . OPERATING?' - ° N
products, particularly milk' would have. S ; : o
to be monitored for a month, or two over .. One hight be tempted to take the per
an area .about 50 times larger until the . Plant probability of a particular reac-
~ktodine decayed away. After that, the » . tor accident and multiply it by 1000..to .
area requlring monitoring would be very . £BStimate the chance of an accident in
‘much smaller. o . the year. 2000.. This is not a valig
: » : ~ calculation, however,. because, it assumes
2.18 WHAT WOULD, BE THE ‘COST OF ‘THE . »» that the reactors to be built during the’
v CONSEQUENCES OF A CORE MELY i next- 25 years will'be.the same as those
. ~ ACCIDENT? . - - ) . ~ being . built today. Experience - with .
o . . ) : ' other technologies, uch as- automobiles. -
As with the other consequences, the cost ' rand * dircraft . for, example, generally
would « depend upon the exact circum- shows. that, as more units are built and
stances of the accident. The_éost. cal- . © more* experience is gained, theyoverall
culated by ‘the Reactor Safety Study ‘safety.record improves din terms of fewer .
included the cost of moving and housing: accidents occurring per ynit. There are
- the:people that were relocated, the cost - - .changes in plants now being constructed ,
caused by denial of - land ‘use’ and, .the ‘that appear to be.improved as compared "
‘cpst associated with the demim] of usé to the plants analyzed ih the study.. *
of reproducible assets such as.dwellings- : L . c - ’
"and -factories, and costs associated with T 2.20 " HOW DO WE KNOW THAT THE STUDY HAS
" the cleanup  of ccngaminqted~.property., »' . INCLUDED ALL ACCIDENTS IN THE )
The .core melt acbidept;ﬁhying a Iikeli~ =~ "' . ANALYSIS? . o
hood of one in 20,000 per - Yeactor per Y : - - - . '
‘year  would most ., likely cauge property .. 'The study devotéd’a large amount of its
damage of - less ,than 1$I}DOG;OQO.' The * . effort to ensuring that’it covered thqse
chance,* of an - -"accident  causing . . potential accidents. of importance to
$150,000,000 damage would be about one, - determining the public rigk. "It relied
in 100,000 per x@agtor péer year. ...The ‘.. heavily on ,over 20 years , of ,eXperience
probability would” be about Cpne Tin- o -that -exists in_ the identification and
fl ] B Ot h‘% ,) n' N L o . o P . [ }- . ‘-,. + .. .
. IR iy . P :k .
& s " <~‘ o )t . \ .
”~ .a' " ~. o \‘: ! 3
. - . ‘, . F3 l‘ . ' - '
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" These are:-

-accident - paths

RIC

- ~

ana1y51s of potentlal reactor accidents.,
It al$s went considerably beyond earlier
analyses that have. been performed by
considering
failures that -had never before been
analyzed. - For example, the failure of
reactor systems that can lead tb
melt and the failure of systems that
affect the consequences of core melt
have betn analyzed,

vessel and of-the contaihment. were con-
sidered for the flrst time. The likeli-
hood that various external forces such
as earthquakes, floods, and tornadoes
could cause accidents ‘was also analyzed.

» .

In addition there “are further
that give a ‘high degree of confidence
that the important and significant acci-
dents affecting risk have been included.
1) the identification. of all
significant sources of radioactivity lo-
cated at nuclear power plants, 2) the

,fact that a 1arge release of radioactiv-

ity can occur only.if the ' reactor fuél
were to ¢melt,
physical phenomena which can cause fuel
to ‘melt. This type of approach led to
the screening of thousands of potential
to identify those that
would essentxally determine the public

risk.

While there is no way of proving that
all possible accident sequences which
coritribute to public :risk have been
considered. in the study, the systematic
approach used in .identifying .possible
accident sequepces makes it wunlikely
that an accident was  overlooked |{which
would significantly - change the ‘overall
risk. N e “\ - '

@

2.21 WHAT TECHNIQUES WERE USED IN

THE STUDY?

PERFORM;gg
Methbdologles velpped over the past 10

pyears by the Department of Defense. and
‘ . ;& .\ SN
,;_-n%k
) f’:! B .
N T - "
T I 6 . v
'.t 3 . '.'
§ . I -
.-

a large number .of potential _
core.

The copsequences of
the failure of the massive steel reactor

factors.

~and 3) knowledge of the

v

ISP | N
.

the Naticdnal Aeronautlcs'and -Space Ad-'
ministration were used in :the study.’
used in ‘this
called event  trees
helped to define

study, these technigues,
and | fault trées.,.
potential ,accident

paths and their likelihood of occureénce.

: .. .= ..
An event tree defines an initial failure

within the plant. It then examlnes .the
course .pf events which follow as detex—

As"’

,
i

of "

mined by the operation -or -failure
various systems that are provided to*
~prevent the core from melting and to.

prevent the release of raQ;oact1v1ty to
the environment. Event trees were used
“in - this
,ex-
‘amined to determine their like¥ihood: of

occurrence and the amount of radloacﬁivh/

1§y that they mlght release.

) . Q. « )

'1hood of failure of the varlous
em$ ‘identified ” in the  event’ tree
Wnt paths. A fault tree starts

“the definition of an unde51red
event, such as the failure of a system
to operate, and then determinés,
engineering - and mathematical logic, the
ways .in which the system can fail.
. Using data
components such as pumps,- pipes
valves,s 2) the 1likelihood of operator
errors, and 3) the likelihocod of mainte-
nance errors, it is possible to estipate
the likelihood of system failu " -even
where no. data on total emfi¥ailure
exist. o :

' - . " . , . e
The 1likelihood and the size .of radiocac-
tive releases . from potential accident
paths were used in combination with the
likelihood of various weather conditions

study to -define thousands of
‘potential accident paths which- were

“the

usinyg’

covering 1) the failure of
~and -

sy

‘and population distributions in the vi- -

cinity of the reactor to
consequencys of the
acc1dents.~,4 L

.calgulate .the

ot

various potential
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aGeneml Operatlon ;‘ o

..{,‘ Many nulhohs of years Ago the earth laid, ,down

B

,l

" thick- deposrts of organic materials:* Undes hédt and,”
‘pressure, these ‘materials becamie toal, bl and gas, |
_composed ‘mainly of hydrogen and ‘carbon. When

) CHAPTER4 T
. A .
e FossrL-FUELED Euzcr}uCAL GENERATING STATIONS© ~ *

’

i
is normally through underground plpellnes which are

" reasonably safe and have little envrronmental unpact

“these fossil: fuels- bu'rn. they release heat energy and . .

produce carbon droxrde -and water vapor, -plus’
' by-pfoducts , such_as sulfur dioxide, - oxides of-
nitrogen, unbumed _hydrocarbons carbon .monoxide
and ash . P r.

*.

P
v0 .

Most large fossrl fuel-burmng plants’ are s1m11ar ‘
form of crushed -

in design, (Frgure 19). Fuel] in t
coal, ,0il or gas,"is blowh Gnde hlgh pressure into

. a weiler, where flames and hot’ gases pass over and

s fop the life of the pla

arountd _thousands of tubes. Water inside the tubes :

lS converted to stcam

_Part « of the fuel s energy lS transferred 1o steam,
part of it 4emains. with th€ combustion products
which are disch 1o thé atmosphere; and part of
it is lost by coh ectton ind- conductlon to ﬂthe
“surroundings.. . - ).

Steam from. the bo.lle;' is ‘fed into a turbmi
where part of its energy {sconver('ed into 'mechanr

. energy, while the remaindes is lost in the condenser
. and to the surroundings.
: prod'uccd by the wrbine drives the electric generator,

e mechanical -energy

P"'

' Thus,”ho new ‘natiiral

"a ‘company would usually-
* geherating units.

" prodaced by, the’ burning of residud fuel oil.
> power,:

where it is converted to electrical energy. Again some - -

lods’ occurs in the COI’lVC[SlOI’l‘ The .OVEl'all thermal
efficiency for ;most Stecently-built ' steam electric

. plants falls between 35 and 40 per cent. In an average \\ vy
- fossil-fueled steam electric plant, 5,587 Btu S dut' of .

9,000 Btu’s are lost in the production of ¢ one kilowatt
hour of electrical energy. ,e

@

G/gne of the” most noteworthy develop,ments in

fossil generation in..recent years has been the
inefeas

- efficiency by going.to higher steam pressures ‘and
temperatures

.7

Fossil-fueled ge,neratrng plants must be located A
to insure that an adeg}:ate fuel supply is avaifable :
nt. ‘The total cost of fuel over:

‘the _life . of_thé plant will nor
important single consideration in t

ly be the most

~

-2 Natural Gas- Fured Power Generatuon :

1

Gas is considered the cleanest-of the fossil fuels

" since it is essentially ‘methane, which can‘be readrly

‘and completely burried to garbon. dioxide and water.
It usuallghas a very low sulfur content. The burmng
of ndturd] gas. creates: lrttle noise,

f-nitrogen formed in the combustién chamber fror'

) the nltrogen and oxygen in air. Transnussron of gas

plant size from about 300 iitegawatts to ., ;
2,000 megawatts. These plants-have incréased their - 7"

selection of the.
. type of fuel and the plant site. /. -° ;

water Or* air,
_ - pollution,  with thé main pollutlon being the ‘oxides™

- r

:Unfortunately, na'tural ‘gas is bemg used up

Ar

*

faster than new reserves afebein 'gdrscovered Blectric . -

.utilities 4re among the fist to su

fer from, the growing
deficiency,

By, 1990 there -wil probably bé none

available for electric utilities. More and more, the .

natural ga will have to be- supplied by oil and coal
" gasificati

bemg planned or.buile.. | -
3 oi- Flred ‘Power Generat|0n

To produce’ 2-300 megawatts of electric power,
install t
Each..unit, would cogsis

of an

-

‘oil-fired

n and from places as far away as Slbérla/- o
gas- bﬁ'h’ing power plants afe h

orl~ﬁred generator and a’ reheft turbiné ‘gendrator, -

-

In each of a stahbns two.bollers,.stev

550000 pouni of ‘fuel ojl would
‘_consumed per - hour year;
require about Sor;ty 100,@00-ton tankers of oil, A

.month’s supply ‘of oil stored. at the »plan't w,guld

requrre five: tanks50- feet hig “and' 300 feet in
diameter,. coven,ng 40 acres. is area.would be _
“« surrounded. by'a dike in‘tase the tanks-should spring:

a leak. Other facilities include ‘pumphouses; pipes, an -

unloading .dogk " for. barges or tankers and waste ,
treatine facﬂltres .

4! ecause la of econ5
g irfg, - from , coal,* mdhy. utilites and
oty res-especlal]y in the nprtheastem states-turned
m.meet 1970 Clean Air Act requirements. The.,

hm in the building of nuclear power plants his
mus bmd-‘.l:ﬁ?rtlrevﬂ Tesourges?

Wells in the Unrgd States {(except Alaska) are

- currently pumping - oil at capacity, and ‘still the’

'demand for oil caniot be met by dozjestlc sources.
.Already the United States imports néarly one-third
. of its oil: .Those responsible fqr pational security
Worry about ’becom,g; -dependent ‘on foreign oil
sources, especially oil-rich, politically volatile’ Middle
East sources. ln,ﬂ‘re fall of 1973, the U. S. had a
- sampla of what it is like when Arab states cut off.
-oil shipments. The embargo then was not completely ’
'successful and our dependence on imported oil was

the* plant ‘wquld

'cal technqlogy )

o

SN

[
-

not as gpeat as it would have been afew years later,‘, ‘

Econorruats also worry abiout tl\e huge increase

* in the balance-of-trade deficit if we fumn ‘increasingly

" "has more crude

, 9_.9,3_

to foreign supplies of oil. For examplé, Saudi Arabia

Beserve
and Latin Ame;;c&nmbl ed. In fact, Saudi Ardbia
and" seVegal” other ®il-producing countries-are now
ing from .oil salés to purchas; a major
U-S corporlmon each year, if our government would
“%llow such purchases -

“than the United States : |



. "2 In addition to the oil supply problem, there is ..
also a problem of refinery capacity. Most US.
are no longer sufficient overseas refining capabi
dock.and terminal facilities . or tankers to
incréased needs. Super-sized tankers and
needed for receiving increased oil shipments.

~ n

Compétition exists for the available oil. For ‘..
example, because .of an increase in the .number of .
cags, plus engine modifications to reduce. efissions™ | .-
and increasing wse of air conditioning and._power
. accessories, gasoline consurption has" incréased,
-+ 7 thereby reducing, the capacity for fuel oil produétion.

Oil and gas are rapidly becorning too valuable ta:bumn
, directly-and the nation must. begin. to think in t&rmg.
“.v . . of conserving them as raw materials formaking fhie
: chemicals and foodstuffs'nesded in the o distans: =
.+ future. T Lot

- .
.'{‘

T 7 .- o

“ % .= Onshore - 0il production “yarely creates “any
.. significant pollution problems, although accidental
pollution sometimes occurs when-‘wells blow out ‘or
- when (% is lost-in"storage or transportation. Off-shore
* operations preSent more problems with oil spills and

, fires at:the wells. N

.. Oil-fired - plants_in the.;United States usually

~burn imported, low sulfur residual oil and are located

“.near the coast, where there are facilities for unloading
large tankers: Oil spills and discharges from tankers
need ta be prevented, along with the contamination
of intand waterways and harbors during the transfer
of oil between,.or from, vessels. ¢

4, » Coal-fired ' Power Generation

.. A station designed to produce 2,300 megawatts
,of power from coal would”use two coal-fired units.
The station is similar to the oil-fired station, except it
contains a. coal-fired steam generator rather than an
_ oil-fired generatot. The plant would require coal from
i approximately 59,800 freight cars of 100-ton
- !capacity each year. Coal storage and handling
"+ facilities would occupy about 25 acres. :
_ Oil and gas supply three-quarters of U.S. energy
needs, including transportation, and domestic sources”
. are in short supply. On the other hand, coal
represents three-quarters of the fossil fuel reserves but .
" supplies only 20 per cent of the U.S. energy. Coal -
is found in 38 states, and there are some.1.5 trillion
tons of known reserves (Figure 20}, The United .
.. States has more known coal reserves than the. rest
. of the free world combined.

>

_ On'the face of it, this substantial reserve should

+- last for fiundreds of years. But coal offers special
problems. It is the worst offender in producing sulfur
compounds, which are harmful pollutants. - This
problem is discussed in Chapter 7. 4

P )

- Furthermore, getting coal out of the ground
‘without major damage to the environment has

o

1
i
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- > Strip mining is safer and much cheager—it ¢

. .. planting. to achieve soil stablization. Su

FH#eugh. - antiSteipping . legislation

" -producing acid drainage, erogion an

—

v

r
b

. ]
f~.b€c0méf?a‘ serious problem. Undergroun

i

» “vhave’ polluted :the water table, hhrbored fires.and
refineries age running at maximum capatity. There__ N

lities, - -
feet
ports\are -

caused ‘millions of acres of surfacd-land ,
'-’-b[g'aki g toads and sewers and."co',‘lapsin' buildings. - .
sUndeground mining is’a hazardous industgly in terms
of ‘'mme accidents and disabling .b]'a‘ck lofhg disease.
g osts’
only about half as much to mine-by stripping as by
-deep mining. Currently, about 50 per centﬁ)f all ¢oal
comes ffom strip mining. But strip mining, destfoys
landscapes® and *¢an pollute’ river- apd watgr supplies
with silt, and acid ‘mine drainage. It i§] possible,
however, to prevent much of ‘this damagé through
proper land reclamation, adequate drainage and*
pporteys of
estimate  that
meaninful reclamation of strip'mines would add less
“than 15 cents -per.month te the average consumer’s

: -electric bill. Some states now have partial bans on
‘ strip mining, ,and others . have
" reclamation requirements. But "of the more than-1.5

some type of
million acres of American land stripped for coal,” .
two-thirds are unreclaimed; and ‘these areas keep on =~ °
d- esthetic blight.
Delivery “of coal is «bftéxi‘n. hamﬁére‘d by a o
shortage of railroad hopper cars’ and the closing of .

mines by strikes. - , ;

Since transportation of coal is so expensive, - -,
some utilities are building power plants atop the coal
mine and sending the electricit)t'QO market by wire. -
For. example; ; | ' . many
Philadelphia-Baltimore-Washingtpn consumers get a
portion of their electricity from a trio of” huge -
mine-mouth plants near Chestniit; Ridge, an immense
coal-bearing mountain in Western Pennsylvania. An
added benefit of constructing a;plant near a coal mine
is the ease of ash disposal. The ash can be used as
back-fill during’ reclamation of -the ¢oal fields.

»

.
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: , . CHAPTER 5 . - , o SR
~ +"BASIC ECOLQGY: PRINCIPLES AND IMPLICATIONS E ’
£ 1.  What is Ecology? - I " herbivores and carnivores ' together are called
. ' : C N * consumers. As plants and- anfimals die and drop out
" The term “ecology” is widély used ‘today, but of the pyramide they are at:glked by -decomposers
“often it is .only vaguely understood.” We Hear. that . - . (usually decay-producifig bacteria and fungi), whic -
. pollution "has “damaged the ecology’ and that we reduce the tissues to their chemical components in
Lo should “save the ecology.” What .exactly: is this 6il, where ‘they re-ender the cycle through uptake
v ecology? Recently, people have become increasingly /l?;:f;\ring plants. :
© aware that all living things aze greatly inl}lenoed by . S L.
, their environment. Ecology- is the study of 'this ~ Much usable energy is lost as it passes from
' —Jelationship of an organism or group of organisms to. one level of thé pyramid -to the néxt in the form . {
“;\:S(:h other and to their environment. More simply, > of food This energy is lost Jargely in maintaining
' ology is.environmental biology. Co the life of the organism through respiration.”As a *

- - - general rule, only about ‘10 per cent.of the energy

2. Nitrient and Energy. Cycles o : -at any one level, will-be transferred to the next level.,
. ' : . : - ., Primary producers are not limited by this energy loss, -
- . Circular¢thythms called cycles ate basic to the because they obtain their energy from the sun,.apd
health and maintenance of the environment. Sunlight .herbivores are usually not limited ﬁ&é)to-the presenoe .
°  provides the energy source‘for all these life cycles. . 4 of the primary producers. But"the energy loss can: -
Radidnt. energy from the sun is absorbed by plants ~ " -cause food shortages which affect the abundfiice of .
2. " andis used for photosynthesis and growth. The plant . carnivores, RN . - S

' uses minerals from the soil and water. When the plant .o - Lt “

; dies, the enérgy (now converted into plant tissue) . . 3. “Communiies and the ‘Ecosystem .
enters the soil and provides food for decay-causing . A <L oo v .
organisms. Thése -organisms release into- the soil .- A community is composed of all the plant and

, nutrieats that were once held, in" the plant. The  “afimat species that live and interact in a particular

‘ .Rutrients are then free to be absorbed by other plants " environment, A pine forest with its asspciated glants .
rooted * nearby; ‘continuing the cycle. Inorganic and animils.is a community, as are az)a n prairie,
nutrients which were orginally in the soil, such as’ a tropical rain’ forest, a lake pond. Each

. calcium and phosphorus, are part of this nutrient community, a unit whi an usually function
cycle. - . ! er community, is composed

. o _ of plan¥'species can grow in the environmental
Every  organism represents a Qrtain_ tropic conditions present (amount of sunlight, temperature,

. ¢ (food) level in this cycle of nutrients and energy. If, rainfall, “soil type, etc.). The arimal species in a
for example, the plant is eaten by‘a rabbit and the community must be able. to live under the same
rabbit is eaten by a fox; the cycle becomes more environmental conditions and be able to. obtain

= - complex. The nutrients will eventually return to tke ( energy from the plants-or other animalf presert. A
environment, but they may travel many comple system- of relationships between a living biological
paths. befpre they?do. The relationship of who eats community and its nonliving physical environment iss '
what or whom is called the food chain. Usually a | called*an ecosystem. - oot
system is quite -complicated, and there are many . . .

. .possible food relationships. These arg more accprately All' communities originally dgveloped on bare
called -a food web, illustrated in Figure 2}. As more soil. An open field soon becomes covered with grass
organisms enter the food relationship, the food web and weeds. Then shrubs take root, and eventually tree

. 'becomes more complicated; and the more seedlings grow up through thewshrubs. Finally, a

¢ complicated this energy relationship becomes, the forest may stand‘where there was oncegn open field. _ e
more stable the relationship will be, mncreasing the The forest-may undergo ‘changes until only a few
chances for healthy maintenance and survival. For dominant species of plant life remain. If left
‘example, if a*fox has:the possibility of eating not undisturbed, this forest community will maintai
only a rabbit but.a squjrrel or a mouse, his chances itself indefinitely by recycling of necessary ‘nutrients

. of survival (or his' stabilitys within the system) is through the-food webs in its ecosystern. Such a forest
increased. St .. is called a climax community. It is the final product -
T : : Y of what is called succession. Sugcession refers to the
s« +The levels of production.and ¢consumption can replacegent .of7one’ community with another. more .
" be illustrated in an ecological pyramid (Figure 22). At - complex one,” as conditions - permit® Therefore, 2
{ - the base is primary input-radiant eriergy from the sun communities are usuall# chapging systems, with the *
and raw materials such as water and minerals. goal of becoming % cl%x community. Wiat .
This base supparts the primary. prczgli)cﬁrs,-the plants, constitutes a climax commubhty will vary, depending°
which in turn support herbivoresyor plant eaters. ~ on  environmental  conditions. When the.
Herbivorous - #nfmals are the food source of - westward-moving pioneers saw the _vést tall grass
carnivofés, the flesh eaters, and these carnivores may prairies of the midwest, they were seeing a climax  _
be the food, source of other. cg‘mivores. The commyinity, which could not prégress beyond .
\ . ‘\

- . ' ‘;
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temperatyre,‘light and soil can be the limiting facto
restricting . cdmmunity development’ throu

. " .,
v . .

‘4, ) : Ecologfcal Balance

All ecosystems, whether they are composed o
one cemmunity or many communities; maiftain
“themselves” through a complicated systemn of patural
control and balance. For example, e animals are

‘of water. In othef caseds,

., succession. * - , ‘

[

f

‘e

R;%i‘n .
directly dependend on plants for food and shelter.

These dnimals are in turn the source of*fobd for other
prgdatory-prey  -relationship.  Such
predators ate necessary to keep the animal population

stable. Very young or old prey, as well a8 sick and

weak .?r;y,_ age easily- caught..by predatqrs, who
naturally .expend only as much energy as necessary
4 to obtain their food. This resno

" increases the overall strength -of- the-prey population

while maintaining the predator populatiorf By the
same principle, only  the healthy predator can
"consistently catch its prey, so_that the’ weaker
members do, not survive.Such a relationship proves
to be mutually beneficial; SHould animafpbpulations
become ‘too large through some fluctuationdn the
system, they arevusu:ﬁljy reduced by starvagfon and

discase, but rarely before they cause some damdge

to, the ecosystem which they occupy. .
*  The most impérfant factor in maintai

ccologital balanc®. is competition. *When two

+ organismis use the same limited resource, they' must

compete far it. Such a resource coujd be light, water,
food, space or many other things. The organisms may

» be forced to share the resource, with néither getting
"all it needs; or possibl); one organism will use all the

R

' 5 Upsetting the Balance ,

-

h

resourcé. Such competition can exist bétween similar
species, bttween different species or between
individuals .of the same species. As the popylatiof
~ increases, 'so dods the competition; all this gives a
measure gf stability’ to the population.” -,

\-

The delicate balance in entire communities can

* be wliered by changds in any one of.the rajor
ecosystem - components. uch  changes -ocour
frequently _in nature.” Usually,ymajor changes ‘take
splace over long periods’ of timpe. Dinosaurs were
" predominarit on the earth for millions of years when
temperatures were tropical and plant growth lush,
Then, they slowly faded away to extinction, giving
up their place of dominance o the "
mammals. The saber-toothed cat.and giant cave bear
roammed the ¢ontinent for thousands of years, only

- 0

ning ant*

“

S

-

wly-emerging™

to be replaced by the smaller, more “adaptable.

carniyores which exist today. These - were. major
changes in the ecosystem, yet they happened slowly.
,The animals that were logt were
keeping the ecosystem i balance. < -
There are also nafyral eccurrences which pring
about gapid changes in the ecosystem such as: fires,
floods, droupht, volcanié¢ eryptions and earthquakes,
Bui these are ndt common p
balance returns in time.

rgp/l;'céd})y: Othel:s

enomena, and a natural‘(
R / por .- E
- 0107

104

T . . 4 v
P - ) . .. °
’ . ’ A .
. ) .ot
. L LN
. . . . .
M M . v
- @ . v
. ' el et .
. . \ . -
L3 . . o
e Lo d 0. < .,
[y ¢ LY ' . )
‘ .t . ° .
' N ro ¢
e > e,
-~
s, -, -
. . P
. .
. - -
e P :
. .
.
-
-
[} / -
o :
v

" extinctién! Such elimination of species without their
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In the short time’ since modern humans have

“entertd the picture, however, ecological balances have

been upset on a large scale. Within ghe last 200 yéars, |
people ha ed rivers; polluted-Pceuns', streans

and air; cut forests:; drained swamps,and' caused the,
extinction of many species. The search for more"

energy sources has resulted in-mountains.ad plains .
being Strip-mined and left in barren rubblé. Air and

~water pollution has reshllted frgm the tremendously

increasing use of energy

rd

. AW{OUéh misuse of the tnvironmelﬁ has been |

*going on for-many years, we havg only recently begun

’

to. understgpd ‘the complexity of environmental*
re!,ationsllipsi It ha been found tha( pollutants
dumped intb strcams adversely ‘affect ccosysterhs,
des’froying natural resources. Many species of wildlite

have been pushed to the verge of extinction through

of the weaker prey »_ gtlfe destruction of their natural habitats. When

ecosystems are disturbed, the effects are far-reaching
and cannot always.be predicted. Fot example, it was
not realized at first_that DDT used on:crops would *

thats1t would affect its nesting success, or that.cutting
the forests would force ‘the passenger pigeon %\
succgssful evolution’ and replacement is a permanent
losrd harms the_stability of communities.

6.

Maintaining the Balance ' !
. I .

Tl “first step in “maintaining “the ccological
halance would perhaps be to try to correct* the
damages already done. Mgre imfortantly, however,
would be careful plannjtigfor the future. In view of
the style of life- we exp cfto have, it seemns unlikely
that damage to ,’Qq,xg()syﬂsmm will stop. But this

¢ miniffized, . or avoided, with careful

-

e’ uSe of natural resources.. In some

.eases, ecosystems and individual plants and animals

can adapt to the chranges caused-by human activities.
In many cases, they cannot. Careful planning servés
to limit or-eliminate the situations where irreversi bl
harm_is likely to occur. 5 :

" This careful planning musf, be done at every
step in the generation. of electiicgpower, including -

-the nuning of fuel, the selection"of pjant location

and type, the'operation of the plant. the transmission

>

-

'

- be cycled to the baleagle at such concentrftéd levels ~

Rl

N

N

of tRe electricity and the disposal of waste products.
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ol T CHAPTER 6 .- R L -
. WASTES IN‘ THE PRODUCTION Ol;‘ELECTRlC‘POWER
s 1. Heat 4s a_Waste Product , o “spent” steam, i§ converted back' to w,ételf in a-
' o . . Y condenser and returned ta.the boi.l{ejs,« here it is
. .| Heat is not normally thought of as waste, but it reconverted tq high pressure steam fop’reuse_in the. -
is plit into the -environment in Jarge amounts by ' cycle. The heat removed from the speat steam in

nucldar and’ fossil-fuéled power. plants:.Most of the
energy used by humans is producesyjgy the conversion
of heat energy into other energy forms)-such as

. electrical or mechanical energy- The efficiency of this® .

conversion is limited by naturgl laws. Thus, a large

postion of the energy involved in-the conyersion is

lost, usually ‘in the form of heat. Modedn steam

turbine equipment.provides relatively high thermal,

efficiency compared to other engines. Even with this *

modern ‘equipment, the thermal -efficiericy of most

electrical generating stations is slightly more-than 30
. per cent. This means that almost 70 per cent of the
. total available™energy is not. used and must b

discarded into the environment as heat:

& [ ]

i ,The problem of heat retnoval is greater for
., ‘uclear plants than for fosgil-fueled plants. One
“ reason-is that n\ﬁll::r power plapts discharge 81most
©all  their waste at into tfeir cooling water.
- Fossi|-fueled plants, op the other hand, discharge.
. about™t5 per cent of their’ waste heat directly into
the air with the stack gas, so that only about 85
‘per cent must'.be removed by the ‘water.

The ‘ther efficiency of most nuclear power
plants is sHghtly lower than that of modemn
fossi)-fueled ‘plants. Using high. températures (1,000
to 1,100 \degrees Fahrenheit) and high steam
pressures (1,800 to 3,500 pounds pet square inch);

modern fossil-fueled plants may, attain a thermal -

efficiency of 37 to 40 per cent. ‘Hewvever, less than *

" half the presently operating plants attain this thermal

..

k]

4

' generator. As the fheat energy of the s

E

Aruitoxt provided by Eic:

* efficiency. The average efficiency of all fossil-fueled
piants, the older as well as the newer, is abou33 per
cent. Because of the design, most. ‘Hlidlear’ plants
-produce steanf ‘at lower temgeratyfﬁ(ﬁ@p,‘-‘ o 600
degrees Fahrenheit) and at lower préisgres (800 to
1,000 pounds,per square inch). Thus tigeif - thermal

¢~ efficiency -is Jower than that of the bestsfossil-fueled
plants, averaging about 32 per cent. Because of this
fower efficiencys ust reject more heat. -

T Today’s average niclear-fueled plant is larger
than the average fossil-fueied”.plant. Thus larger,

¢ .amounts.of heat .must be’-dissipated at one location.

. . L4
s 7 - ‘ . \
.2 Methods' of Heat Disposal - .

of fossil fuels or from the fission of nuclear fuels
i$- used_to make steam in a steam electric stgtion.
. The steam drives a turbine connected to an electrical
phni—is
converted to mechanical energy, the temperature and
pressure of the stea(m decrease. This 'steam, called

- b ' -

[ -l oL ' .

p3
.

atr

order to condense it-is the: waste heat released to the
environment. -, -~ ° ° ‘ o

- Condensation is accomplished by passing large
amounts of coolipg water through the condenser. In
the least costly method, the cooling -water ‘is taken
directly from a nearby river, like or other large bogy
. of water. Theé cooling ‘water is heated 10 to 30
‘degrees Fahrenheit, dépending on plant gdesign and
operation, and then returned by cooling canals to its*
source. Usually .only a smiall fraction of the volume
;+0f a body “of water is used for. cooling water. Thus,

»

the temperature change is usually less than one degree -

Fahrefiheit at pognts 1,000 fe
discharge of thé heated water. The body of cooling
~water eventually loses the added heat to the
atmosphere. This type of codling system is called a

t from the point of

- once-through system. If the volume of the body, of -

> water is not sufficient, the heated water may be
critically low in oxygen, therefore favoring the_rapid

growth ‘of some ‘aquatic plants. If the temperature’

change in t cooling water is excessive, it may create
“critical ecological problems. The use of once-through
cooling is -restricted in many ‘areas: and néw
installations of this- type are permitted only. if the

-" volume of water allows only negligible temperature

changes. - T

Other methods of cooling are more expensive,

. but they place 1€ss strain on natural waterways. Each

3

has fts own environméntal effects and economic /

1

penalties; so ‘that the best system for_a particular,

plant must be decided on a Case-by-case basis in an
attempt to gain the greatest environmental benefits
-at the least cost. o ‘ .
‘ A cooling method which is finding favor in
. many ereas is the use of wet or dry ceoling towers.
ln,!uch systems, water is drawn from anearby source,
passed through the condensor, and then passed
through a cooling tower, where at least part of the
waste heat is transferred to the air. The cooled water
.may then bg returned to its sourc&‘onj be* reused in
, the condenser. ¢ e ‘

Mn wet coblin ““towers, the cooling water is
brought iff direct. coritact with-a flow of air, and.the
heat is dissipated primarily by evaporation. The flow

. of air through the ‘cooling tower can be provided by
either «'mechianical - means or' -natural “draft, and

As previou‘sly stated, heat frgm the combﬁstion-:,-)make-up water must be added to replace evaporative

losses. Wet cooling towers for a 1,000-megawatt
nuclear plant may.evaporate up to 20 million gallons
of water per day. A comparable fossil-fueled plant
would evaporate about 14 million gallons. This excess
° -water burden in the‘ atmosphere: may ‘affect local
weather conditions. In cold or humi .weather, the

-»
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lrkelthood of foggrng apdpreclprtatron mcreases and opponents of nuclear plants cite these as insoluble

L3

in_some ¢ases in ¢old weather, moisture fidm these ~  problems, while other people regard them as rerely

. -towers create |crng problems on nearby‘ l:)lant “technical problems to be solved. Certainly these
structures and roads VoL ey wastes are potentially dang‘erous Fortunately, the

oA . . T . -;.' L - amount of radioactive waste is small enough to make
el ‘Dry coohng towers are* srmrlar to automobile’ ° storage feasible. In fact, of all the radioactivity ever

" radiators] in that the ﬁpat dlssrpates 'by conduction . generated in radioactive wastes, most of that which

. *4hd convection sather:than: evaporation. Dry cooling < has not decayed is still in storage. A major goal is to
tdwers probably? produce" the “least environmental develop a teehnology. where these wastes would still -
effects of all cooling - systems. However, they-are =  be in one place, but so isolated from the human
much more costly;"because they requjre a larger °  environment that no maintenance and only mrmmal
surface area for heat ttasfer .and the circulation of surverllance would.be required. B
.a larger volumezof arr dTlley also reduce the plant’s. . . .
‘effigiency. L . . . A. Sourdes of Radipactive Wastes - in

. . ’ Electrical Power Generatron

s lno yet ano,ther method of coolmg, artrﬁcral ’
ponds or lakes are constructed to provide water for T The first point ‘where radroactrve wastes appear
circulation through  -the = condensers, A in the nuclear power fuel cycle is with the miring and
1,000-megawatt plant might require. as much as 3,000 milling of the uranium-bearing ores. More radioactive
acres for such a pond. These pondscreate some local wastes result -from the refining and enriching of the
fogging on .cold days as warm surface water uranium and the fabrication of fdel-elements The
evaporates _ . ) radioactivity in all these wastes is due to the presence
. . } of naturally-occurring radioactive miclides.

. Althpugh these . alternatives offer.relief from - o s . ..
potential thermal effects, they are not.a satisfactory The nuclear reactor is the first point in the =
ansyer to the ‘heat problem. The probable answer . tycle where man-made’ radioactivity fis mtroduced

* ‘is two-fold: finding a use for the excess heat and  :_Large quantities of radioactivityare created in-reactor

w increasing the efficiency of electrical generatron to ?coolants shielding, and structural materials by the

G dgcrease the amount of excess heat . absorption of neutrons from the fissioning of the -

o R . fuel. Most of this radioactivity is of short half life; so
»  Research is under way on uses for the excess - that it decays rapidly. It does appear to some extent
“hgat. One study involves. the beneficial uses of . as'a contaminant in effluent streams, in solid wastes
~low-grade héat in compatible urban systems An from the treatment of effluents or from mamtenance
' “example+is the use of discharge heat to increase the - work. .
" rate-and effectiveness of secondary sewage treatment , . . " _—

- progesses. Another possibility is the use of,treated , Another type of man-made radioactivity from
* +. - sewage effluent in cooling towers, where-the nutrients the nucleat reactor is the fission products. These are
can be sybstantially: concentrated by evaporation. If . . .generated .within the fuel in much larger quantities
the evaporated water could be ,condensed and than are needed for research, iedical, or industrial
- collected, it “could become a sousce of puré water, applications, and wrll therefore eventually become

while the. concentrated nutrients could be reS:overed waste, ‘

- ‘and recygled to the environment. Sea water might be _ . .

- desalinatéd in the coplmg towers provrdmgi pure The last type of man-made radioactivity from
' water and’ mmerals ‘ Ay the nuclear reactor is known collectively as the
transuraniumr - -adionuclides -materials heavier than
Controlled heated water has been found to -uranium, formed by uranium-238 atoms absorbing

beneﬁt a few forms of fish life, particularly shellfish. neutrons from the fissioning of the uranium- -235.

Tests demonstrate tnat rejected heat can be used to

extend the growmg season for crops. . ot The operating characteristics of most U.S.
. ' power reactors are such that for maximum efficiency,
Thesé concepts and many others such as home “'the fuel elements aré removed at a time when they
heating and coolmg, are incorporated into’ ‘the idea . still have a potential fuel value (from unconsumed
. ofrthe "Nuplex,” & "Energy Center Complex." It uranium-235 plus plutonium-239) of roughly one-half
":- is,envisioned that an entire city would. BIOW Jup  ° their original value. In addition, the unconverted
assoctated wrth and complimentary to, a'.nuclear uranium-238 s theoretically all convertible to

‘elettrig ¢ power source. In this ,qutunstro city ﬁssronable plutonium-239 in the prospective breeder
practically all the reject heat-would be a beneﬁcral reactor -program. For these reasons, the"partly spent

-resoorce mstead of waste product 7 'nuclear fuel elements, as removed from present-day

- light water reactors, are generally .considered to be.a
.3 Radroactlve Wastes .+ - ° . potential energy source and not a waste, Although no
- . processmg of such fuel elements to recover the usable

A "A great. deal of controversy exists coricerning portions is presentlyyoperationalin the U.S., nuclear
the transfer, storage, and disposal of the radioactive engineers and econorflists have generally assumed that
wastes from the nuclear power fuel cycle Some this’ would be standard practice some day- andothat
RN . . .- .
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~the recoveréd fissionable

./ )
‘ materials would
refabricated and re-inserted into reactors (hence th
,term “‘nuclear fuel cycle”).
transportation, processing,

and fabrf®ition

. technologies would all be adapted from comparable

" technologies in the long-gefablished national defense
nuclear programs. BN .

. T R

In this recycling, the pasih ")pent fuel elements

would probably not be “senf,

until after months of storage in4 water-filled basin at

the reactor. This would permit the decay, before

activity. THe elements would be shipped in a rugged
container with dense shielding material such as lead
of uranium between double stee! walls. These
confainers are designed to withstand severe.impact,
fire, and submersion” without Joss of radioactive
contents. : ST .

At the processing plant,- the fuel elements
would be chopped .into small pieces to destroy the

%0"

The' _necessary}

processing plant

- shipment, ‘of much short-lived: fission product:

wntegrity of the very tough eladding which protected

the fuel in the reactor. The mixture of fuel and
fission products would, then be dissolved in strong

uranium and plutonium.from the acidic solution. The
two. fuel materials would be chemically separated
from each other
purification steps.

.acid, and an organic solvent used to separate the -

and put through additional,

The remaining” acidic solution is known as'
“high-level liquid waste.” This is the most important .

" radioactive waste in terms of radioactivity content,

containing almest all (greater than 99 per cert) of the
fission products remaining in the fuel-elements at the
time of processing. «Naturally, . its management

Tequires. close” attention, both for shielding the high -

levels of penetrating radiation and for confining the

- potentially toxic radieactive materials. ,

B. . Radiogctive Waste Management

¢ Some radioactive wastes may be released to the
environment under prgsent standards. Other types of
radioactive wastes require - Varying degrees of
controlled storage. v y -

(1) Released Materials

Most nuclear facilities generate gaseous and
liquid wastes (air and water effluents) which aré
actually or potentially contaminated with radioactive
materials. Over a number of years, a great deal of
experience has heen developed in dealing with these
wastes so that they can be safely released into the
environment. The air effluents can be filtered, and in
the case of reactors, can sometimes be stored

. temporarily to permit the decay of- short-lived

radioactive atoms. Water effluents-can be treated by
evaporation, ion exchange, or
the remaining concentration of radioactivity in' the
effluent is very low. . .

recipitation, so that -

-

The gaseous fission product krypton-85
presents a more difficult ‘problem. 1t is released from
parfly spent fuel elements especially when they are
dissolved at the processing "plant. Since it is a
chgmijcally inert gas, it is difficult to remove from the
air effluent, and its 10-year half* life makes it
impractical to store the air effluent until the krypton

. decays. Studies of possible:-population exposures

from krypton-85 under future expanded nuclear
power programs have indicated the desirability of
removing the krypton-85 to keep radiation exposures
as low as economically and technically practical.
Cryogenic (extremely low teniperature) methods have
been used on an interim bsis to remove krypton-85
from processing plant air eftluents for research and
industrial uses, and such methods could probably .be
adapted to . continuoys operatiot. The removed

krypton could be stored in pressurized gas cylinders,

0{,~pei'1'1aps adsorbed on Some suitable solid material.

8
\

(2)  Shallow Burial

. A wide variety of solid objects of no value,
containing or. contaminated with radioactive
materials, are shipped from nuclear facilities to burial
grounds which are operated under licenses from
either the Nuclear Regulatory Commission or by
certain’ states which operate "their own radiation

- control progsams under’ agreements with-the NRC.
. These burial grounds are selected after studies of local

soil and weather conditions have shown an'acceptable
probability that the buried: radioactive materials will
not migrate away from the site. The radioactive waste
is- packa; for ‘shipment to meet Department of
Transportation safety regulations, but the soil itself.
and not the shipping container is assumed to be the
confinemént barrier after burial. _ ‘
. we -

This general class of waste is frequently called

“lowevel solid radioactive waste,” although the term

- is not precise. Almost all facilities in the fuel cycle
'send wastes to the burial grounds. Some Jf the types

of waste: involved are as follows: filters' from the
clean-up of air exhaust streams; ion exchange resins,

precipitates, -or evaporator sludges from the clean-up

of water effluents; concrete or other solids made
from small batches of radioactive liquid waste not
practical ‘to clean up; absorbent paper, swabs, plastic

_sheeting, and similar, materials from contamination °

coptrol or cléan-up work;. scrap from chemical or
metallurgical operations; defective or obsolete piping,
motors, instrumentation, or other process equipment.

The annual volume of this general category of
waste is a few million cubic feet peﬂyear. This will

-increase with - expansion of the nuclear power

industry, but will still be very small compared with

.. the volumes of nonradiyactive industrial or municipat

solid wastes.

Another solid radioactive waste which is

" managed at the surface of the ground is the uranium

mill tailings. Although the decay of natural uranium
eventually yields stable lead, there is a long series of

N \
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< mill tailings

- one-quarter to one-half mile.

i . o
o i

intermediate radioactive ddughter nuclides which
account for more than' 90 per cent of, the total
radioactivity " present
uranium ore. These daughter products are left behind
in the tailings, which is the residue from the milling
process in which the uranium is chemically extractéd

- resins, and ':‘.other kinds of ' solid waste descriped
1 . previously, whep' they come from nuclear facillties
in a speciman of naturalt.

from the crushed: and-ground ore, These tailings are

normally stored on the surface near the: mill, graded

and diked -as necessaty to prevent erosion by surface ~
. waters, and watered to prevent wind erosion. When -

- addition of tailings to -a particular pile has been
completed; a vegetation covering can be .added ,as
additional wind protection. |t is.theoretically possible
for rddon, a radioactive pas, to diffuse through a

.

tailings pile from decay -of the radium, and dispgrse *

into_the air. Studies of bofh covered and uncovered
piles have shown no significant
concentrations of radon from them beyond

o “ B ' .
‘In the city of Grand Junction, Coloradé,

uranjum ‘mill tailings were used for construction
-purposes ‘between the early 1950°s and . the,

-, mid-1960’s, including some usage as fill in residential

cohstruction. This was later found to . lead to,

“, . significant levels of radon within some- homes. There

is now general agreement that uranium mill tailings
should not be used.for any structure intended for"
human occupancy. - ' )

- s

(3) Geological bispowl

Radioactive waste which preseflts particular

- Surveillance required would probably be the-keeping

KR -
.

where recovered” plutonium is being. recycled into
fresh fuel. - .
/' .

"

vault, or other structure would require human effoft

. for stirveillance and maintenance over unacceptably

long periods, because of the 24,000 year half-life of
the key contaminant plutonium-239. The only way
to avpid putting this burden on futuré generations

-appears to be. permanent placement of the waste
.within a . deep, stable geological ‘formation. The

desired very long-term confjnement. would then be
provided by "nature itself. No rebuilding or repair of
man-made “structures would be needed, and the only

of property records. ) ' a .
In- 1970, . a-salt miné at L'y()ns, Kansas, was

- tentatively selected (subject to satisfatory completion

of some additional tests and studies). as a permanent
geological repository for high-level and: transuranium

-wastz «However, technical questions arose as to_the

integrity of the protective ovetburden of rock at this

specific site, involving old oil and gas wells and -
nearby salt mifing activities. These questions led to

the abandonment- of this specific site, but the general
theory of geological -disposal was. still considered

Lvalid.? A, prdgram - 'was then begun ‘to evaluate

di"Sposal problems may be expected from the

prospective processing of partially spent nuclear fuel.
-As stated previously, more than 99 -per cent of all the
fission product wastes within the fuelielement at the
time of processing-go into the acidic residue from the
first extraction of uranium and plutonium from the
dissolved fuel. This high-level liquid radioactive waste
would be solidified, -and then would be simply
“high-level radioactive waste.” On a short term basis,

* there is a need for careful confinement ‘of this waste
because of the fission products themselves, especially
strontium-90, “and also a need to shield the
penetrating radiation emitted and to dissipate the
heat produced by radioactive decay. '

On a2 long-term basis, confinement is.
‘necessitated by “the presence in these wastes of
transuranium nuclides, . especially plutonium-239.
These nuclides have two properties which make théem-
particularly hazardous: they decay by emitting alpha

particles, which are much more biologically damaging -

then-beta particles; and they are retainedsto a high
degree by the metabolism of the human body, once
inhaled or. ingested. These transuranium nuclides
(especially plutonium-239) may be expected in highly
radioactive waste from the prospective processing of
partly spent nuclear fuel because a small amount of
the plutonium in’ the fuel (perhaps as much as
one-half of one per cent) will not be able to be
recovered. | Plutonium contamination will also be

+ present in the discarded equipment, ion exchange

108

. geological
,constr

geological formations in addition to bedded salt (such

as domed, salt, granite, and tight shales) and to -
identify specific promising -sites within the better -

formatiops. 'Present expectations .are that this
evaluation program will' “lead. to
ion in the ‘late 1970’s gf a “pilot”, ‘or
demofjstration, gealogical  repository for
transuranium waste, with a demonstration repository
for solidified - high-level waste to follow, not
necessarily at the same site.-During the demonstration
phase of each of thesé repositories, the-waste would
be placed in the geological formation in a way

permitting its ready retrieval if necessary, leaving no

contamination -behind. If  studies during the
demonstration périod, with a realistic inventory of

waste in place, showed that the repository site had
beer wisely selected, the waste would be left in place

permanqntly;'if not, the waste could be removed.

“This -approach obviously requires safe storage
space’ to"be ready’in case it becomes necessary to
remove the inventory in the demonstration
repository, plus additional space for any additiona}

waste not needed for the demonstration. Storage of -*

transuranium-contaminated solid waste presents no
unusual problems, since most of this material emits
little or no penetrating radiation and very little heat,
However, a development program has been necessary
for the prospective solidified high-level waste which
might be. received from commercial spent fuel
processing plants, and three conceptual designs are
ready for selection. Each is basically an adaptation of
various radioactive materials handling techniques
already in use for other purposes. T

11i

. To stare high-lev'él waste or transurarium- -
-contamingted waste in any kind of man-made tank,



- - concrete casks..

* In one approach, each canister (probably about
a foot in diameter by 10 to 15 feet long) received
from the commercial plant would be -enclosed in a
welded steel cask of several inches wall thickness,
providing rigidity and some shielding. This. cask
would be placed within an outer cask of concrete of
several feet wall thickness, providing the additional
shielding needed. These casks,would be stored in an
open but fenced area The radioactive decay heat
would be removed by air rising under nafural draft
through an annular space between the steel and

-

In the second approach, the decay heat would
still be removed by,
» shielding would be p?ovidqd by a reinforced concrete
vault around a group of canisters. In the third
approach, tlie canisters would be stored within a pool
of water in a reinforced concrete vault, with the *
decay-hedt gemoved by cjtculating some of the pool
water through a heat exchange system. This storage
_pool approach is very similar to the way partly spent
-fuel has been handled for years at either end of the
transport step. from reactors to processing plants. In
.all"three approaches, the incoming canisters would be
inspected and prepared as necessary for storage in a .
remotely operated “hot cell”” similar to those used for ¢
a variety of purposes. in nuclear research and
production facilities. . t

“A retrievable. repository for high-level waste,.
using one of the above engineering concepts and
presumably at one of the large existing government
nuclear sites, would be an intefmediate step between
the management of the waste at the generating site
‘and the permanent pMcement in. a geological
formation. Regulations of the Nuclear Regulatory
Comission permit commercial spent fuel processors
to store high-level waste in liquid form no more than
five years dfter processing of the fuel, and dn solid
form no more than an additional five years. In other.

a natural draft of air, but the. .

/\
. Considerable concern has been expressed over
storage of high-level liquid waste based on
experiences at the government’s Hanford plant where,
over a period of years, several hundred thousand
gallons have leaked from tdnks into the ground,  The.
radioactivity was all absorbed in the soil beneath the -
tanks, and did not cause any water pollutiog. It is
even more important, however, to note that all’of the
Hanford leaks were from single-walled tanks of an
early design which was dropped from use.in new
construction in the later,l960”s. Conversely, there
have been no cases of liquid waste leaking into the
soil from tanks of the more recent double-walled
design, either at Hanford or at’the Savannah River
site, and there have never been any leaks fram the -
tank—within--a —vault ‘arrangement used .at the
government’s third fuel processing site in Idaho. The
regulatory authorities have taken the position that. -
only the double-walled tarik or the tank-within-a
vault approach will be approved at commercial
processing plants, so that it is not correct to assume
that the Hanford leak experience must be expected at
future commercial processing sites. s

.The managei;hent of high-level radioactive waste

. , i a shielding and confinement problem, but not a

vlume: problem. A nuclear power reactor generating
1000 megawatts of electricity discharges‘about 30
tons of partly spent fuel per year. After éventual
processing, this can be ‘expected to yield about 65
cubic feet of solidified high-level waste, or 10
cahisters of one foot diameter and 10 foot length (a

. possible practical size). From past projections of U.S.

" words, no more than tem years after processing of

fuet, the resultant high-level waste must be
transferred to Federal custody, with either continuing
retrievable storage or permanent placement in a
geological formation following under Federal
managemet. ‘

Several methods for converting high-level liquid
waste to soli,q form have been developed through the
pilot plant " stage, and another method has been in
routine use at one of the government nuclear sites
for over ten years. Research is continuing to-increase
the margin of safety against dispersion of the solid
waste material in any kind of accident situation by
developing a more monolithic, insoluaple form.

Although one prospective commercial fuel
processor plans to convert high-level liquid waste to
solid almost immediately after generating it, a more
general -assumption has been that storage in liquid
form for at. least part of the permitted five years
would be desirable to permit decay of much of the
short-lived fission product content and thus reduce -
the heat output pér unit volume of the eventyal
solidified waste. :

A ]

nuclear power growth, the cumulative inventory by
the year 2000 would be about 80,000 such
containers. Such an inventory could be handled in a
single repository of practical warking size, although
multiple (regional) repositories might be sought to
reduce transportation costs. Since the 'U.S. industry
has not processed partly spent fuel from overseas

‘nuclear " power reactors’ and has no -prospéctive

commitmepts to do so, it has been assumed that no
space in US. waste repositories will be needed for
waste of {foreign origin. The US.,, however, is
cooperating in the radioactive waste management
efforts of other nations, both through organizations
such as the International Atomic Energy Agency and
through direct exchanges of technical information.
.

'(4) Breeder Reactor Waste yanagement

Since prospective breeder reactors iare’
important in the long-term energy picture, a few

- comments on their radioactive waste management

112

aspects are pertinent. Breeder réactor fuels will be
irradiated to a higher degree than light water reactor
fuels, and processing plant wastes may thus have a

igher radioactivity content. per unit volume. This
might require longer interim storage for decay of
short-lived activity, or more shielding; however, these
are differences in degree of technology only, so that
no new basic technology would be required, The use
of metallic sodium -as a reactor coolent wifl require

L}
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expansron of present sO gfety technology t : L _ s _
include handhng of,conta ated . solid wastcs‘ ST : o
generated dyring breeder reactor repairs. The < N O '
potential exploitation of lowigrade “uraniym (and - -~ . ' o

possibly thorium)v~ deposits for breeder reactor % - - S : :
programs mAy generate,Jarge volumes of mill. tailings. ' . - ' ¢ L o
contaihing Mcqncentratrons of radrum, These .. g : e T
tailings could be sRbilized by methods'in use’ today S : o R FURRIRK
: to .prevent dtspersron to air‘and water. ot ! S A

\

A .
o Wastes from Fossll Fueled Plants ‘—% .

-~ Other than 4 sm&! amount of air and ther al "-._-‘ ': Ly ;
pOl]ut:lON,\ gas-fuelegd” electncal generatmg statronSv. ?"&:’g ‘
prodt)ce little waste. . . L

ST - : , ‘# ,\' v
. \s" 7 ln ‘on-shore ml productron, nearly three barrel§ S
of brme pumped from the ground miust be drsposedr
.;.W ﬁJr every barrel of o).l produced :
Y ‘( . ‘~ - ‘-; .
SN Odaﬁred pOWer plants produce quurd c]eamng,‘ e i
,m)sl&é% dramagke from the oil storagé areas:gnd liquids » [ .o
n\.precipitator. "systems. Thege™ w&tes -are P T
' o Iarge & mentatronmbéslns‘i where the - .. P
. Jresulting shidge” is chemically neutrah‘ledﬂ.g\pr it is Co
'uémovgd toa dlsposal sm: , _

v._( ..'. AR \

R

oil- rred spat}on wi tﬂd requrre r‘quaht;’I
5 o reduce emnssions tm, owabl vels a‘nd'
" k “fo drsperse gas an partrc

‘)1\. * N ' . . -
Coal is Tespdnsibie’ for large am’ounts of’ Q‘aste J ' . : ‘
Mention “Has .already . been “made of thé: ‘large, areas - o . . g o
disturbed by mining. 1f 4¢ areasiare'not reclaitned, - B : e
. they must be considere mate‘,l,arge 'quantities of : . S - o
« . Wwastes are. genérated durifig; ithe” washmg of coal to~ “ - e
- improve its quahty Over '62 nt Of all coal - . :
mined each year is washed, pro 90rnillron tons . S
of waste annually. The unsightifpiles of waste, called ) N\
culm sometimes ignite and burn for- years, creating
air pollution. Rainwater leaching salts and acid from : ‘
_ the_ piles can contaminate nearby -streams. : Y

.. Recently the "Environmentat Protection Agency
started requiring coal-burning plants to use wet
.. scrubbers to rémove pollutants from stack gases,
including -oxides of sulfur, nitrogen and ash. This
produces large quantities of wet sludge, which is : e
extfemely difficult to dry and dispose of. It becomes ' 4 - . .
a potential source of pollution of surface and e
. underground waters. ' . -
Burning ‘coal also produces solid waste in the R . .
form of ash and slag. About 30 million tons of these © ' ' S
materials are collected each year in addition to that o . . !
discharged into the atmosphere. In its 35-year life, ? ‘ .
a '1,000-megawatt coal-burning plant would produce
ough ash to cover a fogtball field to a height of" ) _ g
out three-quarters' of a §mile. Some of this ash is : ' C .
betng used, for example, fo make cinder block, but - ST
-other uses need to be found for the vast amounts of . ' . ' .
waste which are bemg generated. ' ' )
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. EFFECTS

- Water Use

THERMAL DISCHARGES: ECOLOGICAL

Environmental  Science . and 'T‘eéhnolbgy. Mir'/ch,

LY
During the past several years; public interest in
environmental quality as it relates to central-station

~ capacity. Approximately 10% of the gross wasté heat . *

power generation. has intensified. The continueds

dominant . role of thermal péwer plants to meet
expanding’ electrical demands has focused attentioh.
on the ‘effects ‘of power plant-heated effluents on
aquatic fife. . : ' )

Thus, one. of th?, most jmportant questions
asked today-is, "What are the enbironmental_
_éffects resulting: from waste heat additions 1o nivers,

are of concerh to sports and commercial fishermer -
who want game and conrmercial species of fish—
far their enjoyment and . livelihood;
conservationists who want the, ecosystem preserved

~An its "natural" state; government regulatory agencies
..that set water temperature criteria and standards; and
- various;users of water for cooling purposes who must

standards.

dischatge  heated ‘water within certain criteria and

Estimated * projections “indicate that future

. electric.poyer requirements in the U.S. are expected
to double approximately every 10 years. Even thqugh ~

hydroelectric. power generation” is expected - to
increase, steam-electric power (including both fossil-
and nuclear-fueled plants) is expected to supply over

¥z

-, . . o .

3 .
. " R T
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'
o . : ' ’ e
e

" requirements  are -presently greater .than for
fossil-fueled. plants of the :same electrical generation

is dissipated directly tg" the atmosphere through thie
stack - in the fossil-fiieled plant, while none is
dissipated in this manner for the miclear-fueled plant..
Thus, about 50% more waste heat is rejected to the
condenser cooling water from the nuclear plant.

Any method of rédUCihg waste heat discharged
into aquatic ecosystemS- would be useful where a
temperature rise. in receiving ‘waters is unacceptable.

" --Several options.can reduce waste heat discharged

. lakes, estuaries, and oceans?" Possible thermal effects -

. heat that will be dissipated into the c nser ﬁoling

from steam-electric plants intq the aquatic ecosystem.
Although . thermal efficiencies from fossil-Tueled
steam plants have réached ‘a plateau, mplten salt
breeder reactors .and-high-temperature gas reactors
should increase thermal efficiencies for nuclear plants
almost to 45%. HowelPresse improvemgnts will
probably not:be-available for aNeast a decade. Since
a’ dramatic iriciease in . al efficiency for
- steam-electric plant is not forecas} for the immediate
future, re yc‘ling_o_ij retaining condenser cooling water
may be nkcéssary.to reduce waste heat effects on
. aquatic ecosystems s <

By - utilizing projections of both fossil-* and
nuclear-fueled electrical’ generation capacity, data on
thermal efficiencies of steamelectric plants, and
water  withdrawal forecasts, the quantity of waste

waters ‘of steam-electric plants can beide ned.
The -total quantity of waste heat discharged to

~- . condenser cobling waters. by the electric utility

90% of the requirements in 2020. By the year 2000, .

nuclear power will supply over 50% of the energy '
produced. - e :

power industry :is available water for condenser
cooling. Estimated water. use and projected
' requirements, by purpose, for the U.S. was forecasted
in the 1968 report of*the Water Resources Council.
In 1965, the - steam-electric power industry* used
- dpproximately 33% of the .total water withdrawals,
In 1980, the ¢lectric power industry will use about
44% of the tot_a] water withdrawals, and the forecast.
for water withdrawal for the year 2020 will be 67%
of %e total. Projected consumptive use (nonreusable)
of7the total water withdrawal is about 25%, while

" Of utmost' fmportance to the steam-electric

, projected consumptive use for water withdrawal for -

» .

steam-electric power is only slightly greater than 1%.

- Waste heat rejected to cooling water will be a

. function of the thermal efficiency -of the particular -

steam-electric plant. With . the steam temperature
currently in use in large fossil-fueled plants, the
maximum theoretical thermal efficiency is slightly
Agbove 60%. The thermal efficiency of the best

;@en;ating fossil-fueled plants is presently about 40%.

Because of a 'ldwer_ th;i'mal"' efﬁ.c':"féncy" for--.- -
nuclear plants . (about 33%)- cooling water

-

o .. . toes . . .-

T

-

industry will morg_than'double, from the year 1967
to the year 1980. The contribution. of heated
effluents from nuclear-fueled ppwer plants in this
time period increases.from 1% to 45%, while.

‘contribution of: heated effluents from fossil-fugled . )

. Power plants decreases from 99% to 55%.

THese waste- heat values should 9& placed .in
proper perspective. For example, the total quantity
of water used for steam-electric power for 1980
(assuming once-throu
to be 193 million gallo s per day, while the estimated

s annual heat rejection for steam-cycle ‘systems for the

same year is 11,7
heat, assuming a

Ytrillion Btu’s. This:quantity of

cooling water) is estimated’

through cooling cycle, will raise,

the temperature of the cooling water approximately -

3 . A

20°F. Temperature in
water for condensers installed in- the past ranges

between 10° and 30°F. Thuly the estimated 20°F rise -

in once-through condenser cooling water seems to be
a reasonable estimate  although" this will vary
according to each specific site location. .

- -Most studies directly concerning the effects of
-heated effluents on aquatic biota at the site of
electrical power generating stations are relatjvely
recent, and few results have been published to date.
Most field investigations are presently in progress.

_ 'Co'niir;.hinhg' studies-of -the ec,ol_oéj_c,al efch'ts’ of

. -

in" the condenser cooling

¢
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results;; Among
..productiod was found in the efflyent canal than in
the intake canal during all- months studied - average "
production in the effluent canal ‘was nearly three
" times as great as product|on)n the intake.An increase

thermal discharges have been conducted at tie -

Hanford' Nuclear Complex on the Columbia River
{Wash.). Thesesstudies conducted: over the last.25

.years were mainly .oriented toward the salmonid-
" fishes because of their high value to the Columbia
River commergial and sports fisheries. Although the,

temperature of the undiluted reactor effluent would
 be lethal to the fish, waste he4 discharged by the
Hanford reactors to the Columbia adds only a
relatively small heat increment to the widely variable
seasonal river temperature (less than 40°F to greater
than, 65°F). Also, ‘because of. ‘fhe ‘hydraulic
characterrsucs at. the . outfall and the”.$wimming
behavior. of the fish, many seaward migrant salmonids

" may be swept to cooler, waters and. not actually
 experignce the 'direct-e,fﬂuent plume.

Laboratory and ﬁeld

. ‘” . ’
studies » - concerning

biological effects of Hanford waste-heat on salmenids - '

show «no demonstrable ewdence of damage to the

salmonid resources. There simply has not been any ~

evidence to indicate kills or unreasonable risks despite.
a long history of heated discharges from the Hanford

reactors. - However, direct extrapolation of Hanford’s -
results to another site, even in the Columbia River -

system, must be made only, with due copsideration

for the uniqueness of each ecosystem as the snow-fcd“.“
Columbia River. |s/a large, cogl river and not typical -

of many U.S. river systems.

The Chalk Point fossil-fueled steam generating
plant oo’ the Patuxent River (Md.') has been studied
since 1963. Two 335:MW units yse estuary water for

-condenser cooling with a once-through cooling -

system. The <ondenser cooling water temperature
-increase is designed to be 23°F under winter. operating

_conditions and 11.5°F during summer- conditions.

" While no majot detrimental  effects of thermal
additions have been noted, changes have occurred in
yarious populatlons which may be attributed to
cooling =~ water  discharges. Equaunal
populations in the intake and effluent canals' of the
Chalk Point plant provide a numbgr of jnteresting

them was: L/lug.her rate of

in the maximum size of the barnacle, Balanus, was

noted in the intake anYl effluent canals over those

in the Patuxent River itself. Dunng July and AuguSt

" high copper levels, Thé'rate ot;copper,‘uptake in the
-oysters could have. been” enphanced by the “water

temperature increase,.or concentrations in the water
may have .increased due to operation of the Chalk

Point plant. Hoswever, no_major- -effects _on growth,

condition, or _gonad . development were” shown by
_ oysters on natural bars near the plant.

“At the Contra Costa Power Plant (1298 MW)

’-

on the San Joaquin River, (Calif.), studies showed. -~

that passing &e oung salmon and striped bass through
coolmg condensers was far
screenings them at the intake. At the séme point,

young salmon could tolerate an instantaneous -
temperature increase to 25F for- 10" min. with no

mortallty

At the "Morro Bay Power Plant (1030 MW)
(Calif.) on-the Pacific Ocean, healthy populations of
the pismo- clam, Tivela “stultorum, have been

- maintained over the full 13 years that the plant has

‘been in operation.

less “hazardous than -

The Hummboldt. Bay Nuclear Plant (172 MW) in -

California"is the first ~nuclear plant in. the US..
tilizing estuarine waters for cooling and is locate

on-the Pacific Ocean about five miles froman
important shellfish area. Stud|es at Humboldt Bay
showed ‘that the ‘elevated temperature regimé-of the
discharge canal was favorable for the natural setting
of native oysters (Ostrea luridaj, cocRles (Cardium
. corbis), littleneck clams (Protothaca staminae), butter
clams (Saxidomus giganteus), gaper clams| ( Tresus .
nuttallr} and a half dozen other bivalves (eveh though -

. some passed through the plant’s condenser system).

the warmest - months, there was a decline.in the .

. number of species in -the effluérit canal and the -
agemone, Sagartta and, the tunicate, Molgula, ‘were -

not noted in the effluent canal, although bothr were -

in- abundance just outside the ‘effluent canal. 4

2 The power plant has not added enough heat
to the Patuxent River to exceed the thermal tolerance
of the zooplankton species studied. On the other
hand, ‘phytoplankton destruction and productmty

.. .suppression have been reported in the cooling water
" supply -

of . the Chalk Point plant, although

* the anronmental

The effects 6f heated discharges frl)m' the,
Connecticut _ Yankee Nuclear Plant into -
Connecticut River (Conn.) are examples: of a
well-documented study started in 1965, about 2 1/2
years before the plant began operation. The plant was
designed to produce 562 MW with a temperature rise
of 20°F in the condenser cooling water. The major -
thermal -study areas were fish studies;
organisms studies; bacteriology, micro-biology, and
algae studies; hydrology .studies; and temperature

' d|stnbut|on pred|ct|ons and me‘surements

The Connecticut Yankee Plant has now been
in operation for about four years. No drastic changes
_have been observed to date in the overall écology
“of the Connecticut River as a direct result of the<
add|t|on of thermal effluents. ¢

However, a statement in the summary of all
studies that were done at
_ Connecticut Yankeg, emphas|zes that a} yet no
~ information is available on the possible sublethal

. effects of the thermal discharge. Although no fish.

kills have occurred since the plant operation began,.
the white and brown bullhead catfishes undergo a_

.- marked weight loss (average of 20%) in the warm

chlorination may be- partly “responsible. . for the

mortality. Also, oysters in the Patuxent River have

-
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water of ‘the effluent canal despite a constant
avatlablrty of food in the canal.

benthic °

-
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conducted at Turkcy Point
here two fossil-fueled units

Sludres are bein:
in Brscayne Bay, Fla.,

‘of 432 MW each are in operation, arrd, jwo “nuclear

plants- of 721 MW each are ‘scheduled. to -begin
reduge - diversity§ and abundance of algae and
anim small areas }adjacent to the mouth of the
effluent anal. Many plants and animals in'a- 1-125-acre
area re temperatures have risen 4°C (7.2°F) ablove

d ¢

: operglon Heated effluents” from the plant have

~_ambient have been killed or greatl¥ redueed in

number. In a second zone of about 170 acres,

_ corresponding to the +3°C (5. 4°F) isotherm, algae

- mollusks -and crustaceans increased somewhat

>

have been - damaged, and species diversity and
abundance have been reduced. ‘In the latter area,

the number of fishes decreased. .

Studies at tht "Martins Creek Plant“ on the

‘Delawire. River (Pa.) showed that the heated waters .

" appeg
-acti

ared to have at ed fish and enabled them to
ly feed througmt"the colder. months of the
year to a greater extent than they normally would.
although ' ‘there was no conclusive evidence that

L4

but

. aquatic comm

. ) .
extreme is employrng methods which recycle cooling
water and add no.waste heat to natural waters. This
extreme is not required to ensure well-balanced

hjnities. The other extreme js to permit

unlirnited thefmal loading ‘on aquatic sy§tems which

would, no doubt, bg disastrous (based on the ™
projec cted yse of marine and freshwater” resources for~/
iidustNef  cooling - purposes). The only optron

remaining is discharging waste heat to waters in
amounts approaching the assimilative capacity of the

" waters in question. Heat generated beyond : those

4mounts will have to be dissipated by methods which
recycle cooling water. -Based on the knowledge

)+ available at the present time, the'last option seems

J

“to be the only reasonable approach

R -

Pursurng thrs course requrtestota], commitment
“to determine the assimilative capacities of fresheqyater
and marine resources. Management an% surve?qlncc
programs will be essential as will cooperation befween
mdustry and regulatory agenmes Many factors
-contribute to receiving capacities, and requir ts
for producers of waste heat will*be highly le

heated waters actudlly increased fish productron qr{_, depending on their location. Power’ plant sites should

‘growth rates.

Studies at ‘the Reter'sburg, Ind. Plant '(220 MW)
on the White River (Ind.), report ‘that there is no

evidence that: any adverse effects on™fishes. such as-

death, impaired growth, insufficient reproduction,
increased disease, and movement or lacke— of

movement away from water above 93°F

The Whrte River has a sandy bottom and is

-quite turbid. The principal pollutants are floodwater

and suspended material in the water. The major
aquatic species at Petersburg are the spotfin shiner,
bullhead  minnow, spotted bass, longeas sunfish,
gizzard shad, carp, and véhite crappie. Since sand and
silt are deposited*when floodwaters recede, researchers
who studied the White River believe that money for
thermal po]]ution abatement could be better "applied

o the cermm and very real need for flood and bank
. control

Re'comrnendations

- * The result of several ecological studies around

actual ‘opefiting Eower plants is that, with a few .

exceptions,- there has not been any major damage to
the aquatic environment from the heated effluents

*.of exrstrng power plants. However, in the- future

Years, larger power plants become operational,
accomp?med by multiple units at a single site,
enwronngental management of heated effluents at
these sries will become more drff cult.

Stﬁndards for, limiting the thermal loads
1mposed on aquatic systems have evolved with the
expansi of the- electrical generating industry.
However, - without - feasible alternate methods to
produce ielectrical power without waste heat, there
are only a llmrted number of alternatives. At one

" movement are being observed at Petersburg or in the -
entie  White River with the exception of ﬁsh.

\

»
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be chosen with the advice of competent ecologists,
and base line ecological surveys should begin as soon
as a suitable site is' selected.

While lethal effects of heated water-discharges
on fish and other aquatic organisms should preseat
little problem, assuming proper discharge procedures,
the sublethal effects of these heated water discharges
may. produce significant changes in populations. .
These sublethal- effects could produce physiological
changes that would decrease growth rate and prevent
reproduction. Future studies should be de5|gned to
obtain a better understandlng of sublethal effects.

; .

The entire food chain is of extreme rmportance
in the balanced aquatic ecosystem. Particular aquatic
organisms or plants that fish eat can be affected by
waste heat from power plants. Eliminating a single
component of this ecosystem would affect the
feeding and growth of organisms on all . hrgher tropic
levels.

Data are not yet sufﬁcient to permit a proper
understanding of the dynamics of this ecosystem.
Many laboratory studies have led t6 understanding
many of the physical-chemical functions of aquatic
organisms as well as dispersion in water systems.
Consequently, regulations based on these studies will
be designed - to minimize all possib]e risks of
catastrophic kills of desirable o gamsms Field studies
are-necessary. to determine the 'real-life” mechanisms
occurring in the-aquatic ecosystems. While laboratory -
studies are a necessary part of understanding,
extrapolating laboratory measurements to field
conditions must be done cautiously.

Answers to considerations which could alter
regulations will have to be provided. from«
nongovernmental sources such as the electric utilities.
As-the assimilation capacity. of the environment is
reached it is rncreasrng,ly rmportant tq consider |

.
.



Q .
» -

« . . N3
" long-term effects. Modest ir_wgstment ‘programs
looking at the ecosystem to develop and verify
-predictive  capabilities could themselves pay
handsome dividends.
. . S '

- To utilizé-more’ fully the assimilative capacities

,_..0§‘natural waters tp' dissipate waste - heat, greater

.~ ¢cological management® will . “be required, and

mpe';ators of steam-elettric stations will have to play

", an important role. In addition to considering effects

#f heat rejection during normal , plant operation,
-4 éntton must be focused on. the effects of

“Memperature changes, ~even . though the actual :

- temperatures may be below the lethal limit.

_An effort -should be made to establish "the"
assimilative capacity of all natural waters to be’
" utilized for cooling purposes. Based on predictions
from the biological,.chemical, and physical studies,

limiting conditions should® be - established to -

accommodate the idiosyncrasies of each site. There
is no substitute for on-site-experimentation- utilizing °

. the resident populations and the local water. After
a new unit comes on-line, a_less intense program of -
surveillance should become a matter of routine at all
plant sites. : ol - -

. As;more of thé larger power plants become
operativé and as more Sites are tequired, the ability
to predict the response of the aquatic ecosystem to
the heated water discharges must be improved. The
systems approach to study ecosystem dyrtamics offers i,
a - valuable t o individuals who make. decisions .
concerning £iting:

* Critgria and regulations can only be altered
with confidence when . accurate predictions can be

de. The pre- and post<onstruction studies by the

" utilities, if expandgd=to cansider predictivé ‘aspects,
offer an opportunity -to obtain nggded data on the
system and to verXy the predictions.; )

P e
The satisfactdyy =~ performance of existing
steam-electric plants™ supports the belief that °
controlled amounts of heated water can be added to
aquatic systems without producing adverse biological
consequences. The're'fort_:,’,in the absence of evidence
.of damage to the:ecosystem involved, it would be
difficult to.justify réquiring steam-electric stations,
which have been operating for some time, to install
cooling devices.because they are not meeting newly
- -adopted state or federal regulations. A careful
.. irivestigation of the issue at each specific plant site
- should be done prior to any action being' taken.

z

.. - heat contributor tothe aq

. ) .y
- . .

1 In order to\undersfh:nd the’ d);nam'ib behavior -.-

of ‘the-aquatic ecosystem some long-term studies are ;
required. Of course, there are many affd varied types
.of aqudtic ecosystems so-that typical rivers, lakes,

* - estuaries, and ocean systems should be studied ¥ a T
" "variety of climatgs. Industry, and, in yparticular(Etje *-

steam-electric industry, should participate”in these
studies since the power plﬁnts will be the majgr-waste
atic ecosystem.’Waste heat .
- from’ the power plants.will become a more significant
discharge to the -aquatic €cosystem in the future. It..
may be -that .the effects of waste heat could be
beneficial when other-pollutants, such as.sewagg and
. industrial waste, are limited or removed (as feported-
* for the Thames River-in England)., ~ - ~- ° .

N Mlthough - thére ‘has been no’ apParent major-
‘damage to the aquatic ecosystems by cooling watét '
discharge, there have been -ecological changes:” The
domplex interrelationships of _species, populatiofis,
‘and communities in an’ecosystem is the result of.

years of “evolufionary - tral and error. Therefore,

« although- po major. mortalities aye noted, shifts in =~

species diversity or:abundance miight upset delicate
balances which exits, and results might not bg known
for years. - . e .
“There are’ some- bodies of ‘water presently

. capable - of accommodating’ more * thermal loading -
without, incurring adverse effects on the aquatic

. *boota, while the assimilative capacities of some others
. have already been exceeded. Thus, it is imperative

"to evaluate ,dynamic changes which -are presently
d design criteria for power plants.-". "

‘taking place in.aquatic ecosystems, and to be able
to predict what is likely to occur as the electrical
generating capacity of .the nation increases. '

‘ o .
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COOLING TOWERS BOOST WATER REUSE
EnvirpnmentaI.Science & Technology, Marhch, 1971.

Water, the colorless, transparent liquid in rivers,
lakes, and oceans, is a major enyironmental concern.
* Water use dnd pollution increase as population and. °
industry - grow, until man is made aware of e
necessity for -conserving. ‘this’ precious * natutal
resource~ U.S. -industrial ‘rpanufacturers. require'42
- billion gallons of water per day (gpd); agriculturd’s
demand  is even greater, 140 billien gpd. Utilitips
Tequire 95 billion, and hgusehold use of water tota]ls
36 billion gpd. Although the water consumptidg
figure will jump to S00 billion ‘gpd by ' 1980, there,
will be "no iWater Jamine if it is intelligently used,)"
. says Bob Cynninghan\of Calgon Corp. . . .| °

unpublicized means t »
_ g as well as-reducin
of chemical and thermal pollution—i

use of - cooling towers.. Cooling

ry-were discussed at the annual meeting »
ifg "Tower 'Institute in January held in
- - Houston, Te¢x/Since effluent volumes and subsequent
. treatment dogts can be reduced’'by use of cooling’

industry gnillions of dollars per 3lear;""
“Jim Axsom df Sun Oil-'g:). emphasizes. A majof. Gulf
Coast chemioal processor further asserts.that g
towers -are’ generally more economical than a-
cooling.sl_ys_t m. : PR A

. N

Design

4 cooling tower is a camponent of an. open
recirculating cooling System which is generally -used
for cooling water -that has been heated by passage -
through  process- heat-exchange equipment. (A heat

- ‘exchanger is a metal - device consisting of a large
cylindrical shell with tubes inside the shell. As a hot
- process fluid passes through the shell and cool water
~ flows g.rough the tubes; or vice versa, heat exchange
takes ‘place across the tube wall). "
- Hot ‘water, pumped to the top of'the'tower,
trickles thrqugh the fill-redwood boards or polyvinyl
chloride “gficed , in a . crisscross pattern. in the
~ tower-which iri turn spreads the water uniformly and
assists the cooling process: Air is pulled into the base -
or sides of the tower and exhausted through the fan -
- stack. As air and hot water mix, - the' water is
* evaporating and condensing - thus causing cooling.
* Finally, the droplets- fall ‘into the sump (concrete
. collection basin at .the bottom of the tower); and .
the. cooled water is ready for recycling through the
heat-exchange equipment. Chemicals are added to the .
.water to prevent scaling or corrosion of the cooling

- Systtm components. due to various problems
aggravated by the chemicals in the water and. the high
temperatures. } -

The 4pen recirculation'system' is compared with .
-, fWo other types of water systems—the once-through

119

" boraxnitrite.mixtures (2000 ppm).

(8

' W@blem&aﬂhh&gfth—pp&nﬁH%ﬁﬁpﬁy;pmd—wm

eans of increasing the cycles of watery
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system and-.the closed-recirculatiné system. The
once-through system mérely borrows water, usually
from a surface stream, warms it a few degreeés, and -
dischargds-it further downstream. Of course, chemical
treatment is required to prevent pollution, and these
costs can become excessive due to the large volumes °
of water* treated. . .
£

- The closed-recirculating system is used, for
example, in office building heating and cooling
refineries, and chemical * plants. There is no
intentional. water loss; therefore, little makéup water

P

'S

:s required, allowing more- exotic chemical treatment.

ant. wauld be feasible jn gne of the other systems.

'Typ%al chemical treatments in this system are usually

very” high in chromates (up to 2000 ppm) ‘and

Prototype r oL

The forerunner of the modern cooling tower
yed-into the"
air to be cooled. However, high drift rates (water
droplets carried by the air) hindered this early
method, so the first towers were built. These original
"atmospheric towers" were -narrow and tall (56-ft
high and“12 to" 13-ft wide), depended on the wind

. velocity moving through the’tower to cool the water
“trickling down, and were usually inefficient. Fans

‘gre later mounted at the bottom of these. towers -
to? blow the air up through the structure (forced

< +diaft). However, the air velocity coming out of the
;" tower could be so low that wind sometimes forced
" the air back into the tower, cutting efficiency by as -
-much as 50%. Tl '

LR
4

) -.,. Then fans were mounted on top of the tower

* toptill the air through (induced draft). This operation

is \the most widely used in the U.S. today.. "The
forved: draft tower’is only built periodically-just for
spetial orders. No manufacturer has a Sorced draft
as d standard model," says Jim Willa, vice president

‘of /Lilie-Hofffan Cooling Towers, Inc. However,

under certain installation parameters, the forced draft
tower is the most feasible model to install, according

‘to a spokesman for the Marley Co.-
. . -

"There are two types of induced-draft cooling
towers: . .

) In the counterflow tower, water enters as a
spray at (the top of the tower and trickles through

~ . the fill down to the sump. Air is sucked through inlet

air louvers in both sides of the tower, travels ‘up
through the tower, and flows out of the top. The
air and water mixtures travel counter to each

" other—the water down, ‘the airgup. :

. The induced-draft crossflow tower still has
water entering the top, but only at each side. The
ceniter of the .tower, where the fan is located, is left
open. As the water falls through the fill on each side
of the tower, the air is pulled through the fill across
the wa'}er."The air moyves horizontally-through the

Y
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- side louvcrs the fill °and thcn to-the center of the .. problems ar‘ ‘related to cooling tower blowdown (th
. tower. Here, it makes a !9 turn and flows out the. intentional removal of a portion of the recrreulafe&
top. The air moving horfzontally: across .the watér_ | water in’ the cooling system {o limit the burldup of.
© moving vcrucally ‘creates a %rossﬂow O ) dissolved solids beyond'a certdin c.om.e'rtr:mon) high .
' o K . temperatures, dnd- the air/ scrubbing acuon of the ¢ -
. Tower Costs . . . e - -+ ‘cooling- tower itself.” The %ntrealcd makeup water
. ' . L. _ - added after blowdewn to malnta.n constant volume :
The typical' image but recent example of a may also cause these prgble 4
. cooling tower is the natural draft or hypcrbohc tower : .
* which is, though %all and graceful, expensive and  * -Corrosion is %n cle fochemical ghenomenon T
. perhaps unreliable in this country. These towers have N\ occurring in the syste piping, heatexchange
a large chimney Jath¥r than a fart to force or induce ~  equipment, and other tallic componepts. Water -
thc air, Air densities inside and outside the chimney soluple corrosion inhibitdrs, added to, the water to. .
- “create aydifferential jn pressure that causes a draft reduce corrosion, for a monon fecular film at the . .
to be sicked through the codling area. C metal-water interfacghg These c mpounc!s.aré: . it
ks AN . .
‘ " The only Jusuﬁcatron 3 burldmg this tower, [Inorganic polyphosphates.
. Willa contgnds. is its low power requiremrent for a . * --Inorganic polyphosphates plus zinc.
20-year penod or more. The hyperbOhc tower costs . .Chromate-zinc and ‘chromale-zmcphosphatc.
5 to 10 times more to build than the crossflow or -Nonchromate inhibitors, which include¢
‘counterflow unit. However, other majof companies - amino-methylene-phosphonate  (AMP) plus zin,
contend that thé ratio rarely goes higher fhan 2:1 po}yol-ester hospate with or without zinc, ‘"Jd
or 3:1. Presenglys the major market for these towers ~ POY3C¥ a. 'polymers.
+ is the east€n electric utility plants that previously ' :
‘ used rivers, and ‘lakes to cool their hot water. Not - . The chou:e of treatment dependps upon the .
one client in the U.S. who has ever owned a standard existing water pollution control laws,”since some . . *
A cooling tower has purchased: a hyperbolic tower, says cooling- water will reach receiving streams durmg_ ’
‘ Willa. Besides the prohibiting ‘difference in cost, the .blowdown. A hig erhosphate chemical also
. hyperbolic 'tower is not efficient functronal]y in the “contributes to pollutiorff® problems. Usually, corrosron.
ge Designed, introduced, and built in parts of is controlled with a mixture of chromate and zinc, ;
Europe where: latitude is equivalent to that of with or without additives.s — __ e
Labrador, “the hyperbolic tower (in the U.S.) may T
yield - the least ‘performance ‘at ‘the peak period of . Scale formation i a result of precipitation of ¥
'demarﬂi—durmg the. hottest days of the summer - limited solubility salts.Essentially, during continuous -
months, (bécausé of ‘thesmall.pressure differential), recycling, a salt reaches a concentration that exceeds . /7 #4f.
according td Willa. (Willa’s company, Lilie-Hoffman, its solubility product, and it is deposited as scale:’#' :
does sell and build hyperbolic cooling towers, (usually CaCog or CaSOy). Scale formation can be
incidentally). On the other hand, Marley Co. prevented . by pH control. If " the cycles of
.customers are ordering additional hyperbolic towers concentration cannot be economically_ reduced in a
. as well as, mechamca} draft models » system, various phosphates are used to alter the
: "hi S crystallige structure of the precipitate and to prevent
_  Cooling tower prices Tange from cheap models deposition, or to cause the deposit to form a soft
.. (untreated‘wood or- plywood fill, galvanized stect sludge which can be easily washed away. However, *.
hardware), whose cost is estimated at $5 per gallon using phosphates in cooling towers with high
of water it will-eventually recycle, to the more. temperaturgs and long residence times may cause
expensive ones (°pressure-pretr'eated redwood fill, and ,* reversion. (The metaphosphate that controls scale
yellow brass, silica. bronze, 304 or 316 stainless steel can rever to orthophosphate, forming an insoluble

hardware), which Will cost $12 to $13 per gallon of  salt with calcium that will de

sit in°the system.)
recycled water. Performance requirements also affect . Sulfuric acid addition will. lower

e pH to-prevent

the .cost considerably. Short range, long approach . scale, but this will accelerate rrosion. Using .

_ (large temperature difference between the cold water phesphate-zinc combinatigp lowers the amount of -
"« leaving the tower and the- wet bulb temperature of potentially -revertible phosphate;( however, much
the alr) easy-duty. cooling towers are naturally less emphasis today is placed on AMP/which is resistant

expensive than’ ‘the long range, close approach l‘_lo reversion and can therefore be’ used wrth little or
heavy-duty tower. For example, petroleum -and no pH control.

petrochemical mdystrres capitalize only-on a five-year ‘ -
basis. If the tower cost cannot be justified in-five Fouling occurs when silt, mud, and debris
yedrs, the systéin’ stands a good chance of bemg accumulate in the cooling tower system. Srlt is
obsolete. - L treated with a synthetic polymer to "fluff up” the
L ) ) maferial, thus creatihg a larger surface area. The
Water Treatment. ot ' -particle size expands allowing the force of the flowing
' . oy water to-scrub effectively the lower velocity areas.
Cooling towers have four common operational Dispersants have also been used to prevent
problems: corrosich, scale, deposition fouling, and deposition. “A major break-through for FoIIutron

_microbiological attack In coolmg tower systems, the’ o conrrol perfonnance and ease of control,” explains

~7
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-.organism control without signifi

Y - ‘o . .

s " E
Paul Puckeriu§ of W. E. Zimmie, 'Inc., "is obtained
with a combination of orgaiic  pelvmers  wirh
inorganic polymers. These treatmeiits w;'gl effective
s¢ale “inhibitors, give a complete scale, fouling, and

corrosion " control  system.” -
Microbiological attachers — fungi, bacteria,

and slime - get.  into the- -cooling

system  through  the makeup water or - air.

These organisms can foul-lines as well as damage

wood fill. The most effective and-least expensive

biocide available is cklggiae. With proper pH control
and correct .dosages, chlorine will not cayse wood
deterioration  and  will preven} pollution in the
blowdown cffluent. Over 90% <f industrial cooling
tuwer users favor * chlorine atment. -Many
nonoxidizing \ microbiocodes,
organo metallic, can also be usedzfor good micro-

ant contribution
to wood deteriordtion.

- N

© - . pollution “¢ontrol.

chlorophenols, . or

:t.

"\May(etgrowth_" - UL .

~" The . major “cooling . tower manut'a.cturcrs\)

(Marley, Lilie-Hoffman, and Flour) ferecast rapid
growth™ for the ind®stry. -Airconditiening gses
contribute to this growth.-Cooling towers nﬁ)w
widely used in the petroloem and petrock®thical
industries, especially ~with the  present drive for »
The largest market fot "Cooling
towers is electricl plants. Electrical power Usc
doubles every I&yea

towers required by the clectrical industry will grow
proportionately. ®Cooling towers, and  their

contribution to environmental control will become

more evident as time passes.

’ R

. L] ) \
LI .

and the number of cooling , .

N
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A" FUELS MANAGEMENT IN AN ENVIRONMENTAL

AGE .

-

.. Until the late 1960, the selection:t
for any use was a ‘matter "of choosing3
~ lowest overall costs, with little regard fan t

on the environment. -The rising concern about the

environment, however,’ has changed the traditional
~concept of what is ‘desirable.
In selecting a fuel, the effects of production,
processing and utilization of each fuel on the land,
*water ind air.must now be considered. This presents

. --a complex situatior” since all the principal energy

sources-coal, oil, ay, nuclear, and hydro-have
differing environmental effects. Moreover, ‘the

* severity. of the pollution trade-offs must be evaluated
"~ and decisions must be made as to which fuel is likely

.to have the least harmful environmental impact.
Two™  fuels management 'problems are
particularly urgent. The first, automobile fuels,” is
undergoing rapid change, and little can be done in
the -short term to replacygns_oline as a fuel. The
- second, generation of eleftricity, does have much

" substitutability from, c;(h_)mpeting energy: sources. Both

pose unique managethent problems that must be

solyed if the nation is to benefit from low:cost energy -

thateis produced and used in a manner that does not
further degrade our environment. o

" * .
Energy demand and .resources s

BroWing -ékporientially;_ and
are .expected 'to continue

" Energy demanid is
the established trends

through 1980. Demand for’ oil and gas is expected -

. ta show .the greatest igcrease in absolute terms;
however, in relative terms, the igcrease in nuclear

shnergy ds the greatest.-Projecting to the ‘year-2000, -
many_technological, economic, environmental and"

politicakfactors will influence the degand and supply
for various energy sources. These factors have. been
_ studied by the Bureau of Mines, with the conclusion
that demand for. each . the - most-used
fuels—petroleum, natural gaidlj\d coal-will at least
double ‘between 1968 and . Uranium, however,
will increase by a factor of about 15. '

The cumulative requirements for these ener

-'r&iources are. ‘'enormous. However; the nation’s

resource - base..is adequate to supply the demand
thtough 2000. But, if these demands are to be met,

e_hatipn’s coal and oil shale resources will have to

.play an.important role, whether they are used to
generate electricity of are corverted into gases or
convenent,

" pollutant-free forms.

The- nation’s fossil fuel. resources * are not
‘unlimited, and

- e
4

—_ . )

E.nv'i;onm‘ental Science. & Technology, January, 1971

. inputs are expected to increase from’

a” maximum . of .producibility is &

. N . (; ) ! ) *‘ B . N . v ) .. ;
ekpejcted to be reac@:d eatly; in' the rfeXt'éen_tufy.
Jhus, after 2000, the fation’s energy demand could

solar and ggothermal energy% * .

n’ » ".\,-. v . ; o . "r
d‘b Imported’ liquid fuels {crude and residual oils
an

resources tq- solve -environmental problems depends
apon policy decisions mdde with respect .to future

‘Set the stage* for ‘the emergence of unproved,systerhs, -
such as, nuclear fusiqp, and; wyidespread‘u§e of .

oil import programs, as'well as public land leasing; -

tax treatment, and prorationing policied which, ip".

.

furn, are intertwined'with:other factors of national

interest such as military security and ,bélance%(_)f -
P N

payments. - s Klte

. “'The consumption. of fuels mu§t - alsof,'bé ¥
considered - according . to - the use-household and -
ercial, industrial, transportation, or ‘electricity . o

co
genetation. "By .comparing the expected ::.fuel
consumption in the year 2000 with-use patterns for
1968 (see table), it can be'seen that_total%}_s é_('}‘e,rgy
“ 10.'{'163
quadyillion Btu.” Electricity generation will domipate

in the future, increasing both absolutely, from 140

72.3 quadrillion Btu, and as a. per cent’ of total -

ioss__energy input, from 23 to 44 per cent. Nuclear

. Beneration is expected to dominate the generation of

+ electricity, increasing from 0.1 to 38 quadrillion Btu;

~ but coal.used for this purpose will increase more than
_threefold, from 7 to"24 quadrillion Btu. ‘

Consumption patterns of different fuels up: to
about 1968 are a good indication oﬁ‘ the amounts
and types of fuels that -would be used -if
environmental problems could be largely ignored.

Environmental considerations, however, have begun’.

to alter these supply patterns sharply. For example,
sulfur dipxide emission standards in 1969 caused a

shift’ from coal to' residual fuel oil at, east cogst: -
. .electricity generating plants. By early 1970, the iniqfa]‘ .
penetration of residual oil into_ the Chicago market . -

had been approved. \
3 S

- The production, processing, and utilization of
fuels cause the most environmental problems for the

nation. Let us, then,Jook at ‘the most significant of
these pollution problems, and the impact .on lang;
water and air. ’ v .

-

q

« Land Use T '  _‘;"

About 3.6 million tons of solid. wastes are .

- generated ‘each year in the U.S.Agricultural wastes '

constitute nearly two-thirds of the total, and mineral - _
wastes faccount for most of the rest. Mineral wastes; |
aot including the large amounts of overburden '

removed in surface niining but includigg those wastes
generated by mining, processing and utilizatiog of
all minerals and fossil fuels, amo
of the total wastes. Buf fue‘is acc

-generated. -

19N

g

‘about 30%
or only 125 *
. million tons, or about 3% of all solid . wastes

products}- now provide ,23% "of -all" liquid . '
. petrdleurh consumed in.the U.S, Maiigerment of fuel



. . Thé last complete survey of mining?perations
ithe U.S! indicated that, in 1965, about 3.2 million

tes of. land had been.distrubed by surface mining.

;“v'-v‘.(‘-,"\bf" this total, about 41% resulted from activities '

Vv ‘__'laésociated wi

.\\ .

coal p:Oductior}: N

.-+« As yet, only a few tenths off% of the total
-7 land area of the U.S. has been.disturped by surface
" mining” Effects’ of such mining supon the
. environment, however, vary widely and depend upon
-« such factors as the type™f mining, characteristics of
' overburden, steepness of the terrain, amount of
.preelpitation, and temperature. Where land
reclamation is not practiced,.water pollution from

acid mine drainage and -silt damage occur. It is ~

possible, however, to prevent much of this,damage

* through proper land reclamation, adequate drainage, -

and planting®to achieve soil stabiliza'tion., In the
. principal ‘coal mining areas, the average costs of
-~ :completely reclaiming coal lands range from $169 to
. $362. per ‘acre, an average cost of 4 to 8 cents per

ton.

PR
I

L ] " :V L . D‘ . .
7. Underground coal mining can cause subsidence
"« 9 pnless ~the mining systems are designed to prevent
..~ deférioration and failure of abandoned mine pillars.

2 ’._‘;_'Un;c:ler'g'[Quhd fires may weaken or destroy coal pillars
. - tiat support the surface, causing subsidence with .

T consequent. *'damage to surface structures. A
- additional,,
and oper'ilril s -of surface fissures and potholes.
TN T-,Ffu'eL brdcpSSing.also contributes large quantities

< “of wastes dyring the. washing af coal to improve its

+s 2 "quality.. Over-*62% .of .all coal mined is Washed,
- producifig 90 million tbns of waste annually. If not

. returned o the unine, the water.accumulates in piles
near thé plant ‘aind mine. At times, these piles ignite

and burn for long periods, thus creating air-gollution.
Rainwater leaches salts and acid, from the piles to

contaminate nearby streams.

. -
the form of ash and slag. About 30 million tons of
‘these materials are collected each year; ah egkjmated

. /8 million tons are ‘discharged into- the .atmosphere.

Ura}\ium mined by - either open pit or
underground methods creates similar land effects.
Mining in quantity is a relatively new industry, the
volumes and tonnages involved are only 1% of those

" for coal, and the adverse effects are-mucﬁ smaller.
Estimates of the solid wastes from the mining of ofe

. and the subsequent extraction of the desired vranium
“product are 38 million tons annually. _

. : A

. Solid wastes resulting from nuclear generation,
of electricity involve only small tonnages of materials,
but have a very great potential for environmental
dammage for. long . periods because of their
rplioactivity. As nuclear plants become more

reat is the possible collapse of buildings "

©

" Utilization of coal also produces solid waste in

umerous, e maghitude of this problem will grow. .
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by under nd pipelines, does not normally produce =, =
land problems. However, the special case . of .
transporting oil from Alaska by pipeline raises
numerous and, as yet, unresolved land-use problens..

~Tra;¥rtation of oil and gas, which is lar%&g :

o
B

Water problems : S L

Two distinct water problems. are of growing
concern in fuels managemient-water quality and
water temperature. Questions' of quality felate to
individual energy sources; thermal . problems,
however,pare common to use of all fuel commodities. . .

- Poor water quality, whether it be through'
chemical pollution or sedimentation, is a major
~damage resulting from both surface and underground
“mining. Available data make no distribution betwgen
the two, but it has been estimated that approximately
48% of mine water pollution, primarily sediment, .
results from surface mining. In the U.S., some 5,800
miles of  streams and 29,000 surface acres of .
impoundments and reservoirs are seriously affected +

" by such operations. A¢id drainage from underground  *
‘mines  is more difficult to control than that from R
surface mines, but prevénting water from entering the: e
mine and the rapid removal of water which does get
into the mine are effective methods for reducing
pollution. The effects of acid mine drainage can be’
reduced by decreasing the amount of acid produced
at the source, or by neutralization of the mine water
before ‘it is discharged "to ‘the streams. The latter
technique, though highly effective, is more costly.
Erosion and sedimentation from surface mining are
seridus problems in many areas, but_they can be
prevented by controlling the surface runot;f that

P

“~

follows rainstorms. . e

In procesSing uraniufh ores, some of the
potentially hazardous. radioactive elements or
isotopes, particularly Ra-226 and Th-230, are partly -
dissolved during, the leaching operation used to
recover uranium oxide. While most process:’ng"pl%nts
are located in very isblated areas, steps are taken to.
avoid pollution of water supplies by radioactive
“constituents of liquid effluents. : S

Disposal of the . effluent is accomplishéd
principally by impoundment and evaporation, I
controlled seepage into the ground,>and.injection
through deep wells into saline or nonpotable aquifers. -
Where ore processing plants are adjacent to rivers or - *-*°
streams, the effluents may be released directly to the
streams .at- controlled »rates if, ifter dilution, the’
.concentration is within predetermined limits. During
periods of low.stream flow, effluents are impounded
ormdy be chemically treated before release.

- Onshre oil production, except for accidental

_ occurrences, does not present any difficult pollution

problern. Nevertheless, near]y three barrels of brine '
must be disposed of for every barrel of oil produced.

. .
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Accndental poIIut:on may occur from blowouts of - -

wells, dumpmg of oil-based drilling muds, or losses
“of oil in production, storage. @r transportation. At
sea, the blowout at Santa Barbara, the oil slicks and
the fires and oil spills in the Gulf of Mexico in recent
months have demonstrated that these dangers jre

_more than academic in offshore operations. Methods

must. be found for their prevention and control. Spills
and discharges from tankers are also important.
However, the greatest, if less dramatic, problem is
the contamination of inland waterways and harbors
resulting from transfer of oil lr*en or frorh.vessels.

Thermeal pollution

- By far the most important watet problem
resuiting from fuel use is thermal pollution. Over 80%
of all thermal pollution arises from the generation
of-elegtricity. The amount of heat rejected to cooling
water epresents 45% of the heating value af the fuel

" used in the most efficient fossil fuel plants, anid 55&

in nuclear plants. If prolect}ed use of electricity is.
accurate and if nuclear energy, as expected, supplies
nearly_50% of the electricity demand, more thaw 10
times as much-heat will be rejected to turbine cooling

_water in 2000 as is being rejected now. Even with

greatly increased use of brines or seawater for
cooling, the demands for fresh cooling water will be

larger than its. supply:

This, suggests that the solution is not in treating .-
the heat as a "waste” product. Rather, the Heat must
be viewed as a resource that can be used. Evolutién
of such concepts must not be constrained by current
uses, for huge amounts- gf heat may be used in
systems not consndered\'pr“acttcalgm feasible at this
time. For examp thé hea{mg 4nd*cooling of whole
cities whose environment is, cqetrel]ed by a protective
membtane is one pobsﬁ;gm AR

N
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Air Pollution L

Nearly 80% of all air pollution in the US. is
caused by fuel combustion. About 95% of all sulfur

7 oxides, 85% of all nitrogen oxides, and over half of
.. the carbort monoxide, hydrocarbons, and particulate
- matter* are produced by fuel ‘use. Management of .

fuels, therefore, is critical for the mtimization of

the nation’s air pollution problems.

The most competitive-market for fuels is the

. generation of electricity. Not only-do the fossil fuels

~ compete with each other, but they also compete with

hydropower and, more recently, with nuclear energy.
Obviously, from- an air- pollution standpaint,
hydropower- is. the perfect .method of electricity

generation. During the generation of electricity from .

fossil fuels, production of oxides of. nitrogen or
carbon monoxide is not greatly different for any o
the fossil fuels used” The production of electricity
usm% natuiral gas produce: no sulfur-oxide emissions,
but ‘the use of coal and residual oil in electric

Abouf- selen times as much “coal as oil is, used
in electricity generating pldnts. For this reason, and
because of its relatively high sulfur content, coal
atcounts for nearly two-thirds of the sulfur oxides
emitted to the atmosphere. In addition, nearly
one-third of the particulate matter emitted into the
atmosphere is from bum"fjg coal for generation of

. eIectnc:ty

\_";

=

About one-half of the coal consumed by
industry is used to make coke. Part of the :sulfur
appears in the coke oven gas and, if this is used.as
a fuel, it eventually appears as sulfur remains in the
coke and is released as hydrogen sulfide in the blast
furnace gas. When the gas is used as'a fuel o flared,
the sulfur appears as sulfur dloxxde
. . Local air polluuon problems in the vicinity of
plants that make ocoke are severe. Alternatives to the
use bf coke for the productnon of pig iron are
available, and these processes might reduce the

-amount of air. pollutants reledsed to the air.

Uncontrolled surface and underground coal fires emit

smoke fumies, and noxious gases.

A\bout '17% pf all the oil consumed in this
country is used by mdustry Much of'it is residual
oil, which in most cases is high in sulfur. Moreover,
residual oil is difficult to burn efficiently and is
usually burned in large equipment at high
temperatures..Because of these two factors, industrial
use of oil tends to contribute larger amounts of
carbon monoxide, hydrocarbons, and oxides of
nitrogen ‘than the household and commercial sector,
whnch consume about 25% of the fuel oil.

-

The Iargest use ‘of oil is for gasoline to power_

the nation’s 100 mnlhon vehicles. About 42% of each

"barrel of oil is used in this manner. If we include
- diesel and jet fuels,about 54% of each barrel of oil.
s used for transportation.

The use of fuels in ‘transportation causes
approximately one-half of all the air pollution in the

‘US. There are alternatives to the use of gasoline for

automobiles and. trucks, such as natural gas and
Inqueﬁed petroleum gases. But it is doubtful that the

massive changeover that would be, required by two -

of the country’s largest industries would occur if
other solutions could be found to'reduge air pollution
generated by the transportation sector. Moreover, if
a switch to electric cars were made, the total
pollution load" might actually be increased, although
controls would be needed on a relatively few electric
power plants, rather than on millions of autos and
trucks *

Management Problems .

~ Ideally, the management of fuels to satisfy
environmental requirements :should be guided by a

- system model that relates energy needs to damage

generating , plants is the souice of 74% of all, the

oxides of sulfur emitted th wthe air, -

¥
*

122

emissions and fuel avallablhty Included in the model

N vwould be an assessment of the relative damagé among

;k

P P10



. dissimilar pollutants; for example, esthetics of land
vs. air pollution, as well as comparisons between a

small, constant hazard (nitrogen oxide) vs. a large,

infreq?ent hazard (nuclear). Detailed knowledge of
what / happens to specific pollutants: both
geographically and over time would also be included-
in the model. In addition, _economics, supply
availabilify - and the broader question .of national
security would all need to/,ma examined. o

No such model now exists. However, many
factors can be approximated so that a number of
problems associated with fuel’ us¢ can be examined,
Two ‘such problem.areas are the automobile and the*
generation of electricity. .
Autos and Air Pollution

Much that is written and said about automotive
pollution indicates that very little is really being done
to change the pollution characteristics -of
internal-combustion engines. It is alleged that, in fact,
little can be done. Such negative views are
unwarranted, since both engines vand fuels offer
opportunity for modification to reduce markedly the
pollution from internal-combustion engines in all
applications. Nevertheless, in the long run, other

supplementary methods of transporting people may -

be needed. All of the alternatives proposed to
eliminate automobile-caused air pollution have great
" implications for fuels and materials management. -

.Some reduction in pollution from the
automgbile has resulted from federal standards
already -enacted through 1971. These standards will
result in a continuous improvement in air quality
through the 1970s as the controlled vehicles
comprise an increasingly larger portion of the car
population. Unless further progress is made to clean
up exhaust emissions, however, an upturn in emission
output is expected near the end of the 1970’ as the
increasing number of vehicles in use begins to
overcome the effects of the standards. Technology

is available for continued progress, but lead times of
.. tWo years or more are required to manufacture and

. distribute modified fuels and. (or) engines. Thus, -

continued progress will -depend upon the decisions
made between 1970 and 1975. S

The impact of change in fuels and engin'e design »

will be far reaching and long lasting. Trends now
developing and those established within the next few
years will be, in practice, largely irreversible within
the next decade. In terms of today’s dollar, costs will
be higher for each mile driven, and some of the broad
options that are now available for fuels manufacture
and for designing high-performance engine and fuel
system .will be lost. :

The types and. effectiveness of control methods
depend upon the composition of °the automobile
population in the 1970’s. Early in.this decade,

pre-1968 cars will represent 50% of the automobile |
_population.- Even in the- last_half of ther decade,

e o W
>

pre-1968 cars will still be a significant part of the
population. These vehicles -are important, since they #
generally do not have exhdust-elission controls. .

There are options available to reduce pollution
from the various automobile pgpulations. Relatively
simple engine and fuel-system modifications have
been or will be made in 1968-74 model vehicles to
meet emission standards. But the major impact of

. these changes will not be seen until the mid-1970".

Extansive engine redesign and exhaust treatment is
expected for the 1975-79 cars. This possibility is
widely discussed in the popular¥press, but the
maximum effectiveness of such technology as
catalytic conversion of exhaust gases will not be until
1980 or later~a decade away. Gasoline~<omposition
modification is applicable to-all cars on the road
today, and its effect would be immediate. Field tests
of this contrél method have met with dissappeinting

. publit response and, in the absence of compulsory

legislation, engine returning will probably, not result,

in a significant reduction of polluted air.

Changes in the composition of gasoline which
limit volatility during the summer months and
eliminate C4 and Cs olefins would reduce smog by
25% or more, according to recent research by the
Bureau of Mines. This is the most rapid solution
toward improving air quality, because such
modifications can be accomplished quickly and are

" applicable to all cars now in use, without requiring

any changes in the cars themselves. However, the
olefins to be replaced have high octane ratings and
their ‘removal would make it more difficult to
maintain the octane levels of fuels without using lead.
Tlls, this control’ method must be carefully
coordinated with lead removal -if undue flosses in
engine performance are to be avoided. It has been
estimated that the modifications to gasoline can be

- achieved without significant changes in the product

mix from refineries and’ at a cost to thHe consumer
of less than 1 cent per gallon of gasoline. No
estimates are yet available on the cost of
accomplishing the same, thing * with lowlead and
unleaded fuels, but the cost “should not be
significantly higher provided all fuel composition

changes are carefully coordinated.

_ The lead-in-gasoline issue evokes a strange
mixture of emotion, politics, and fact. Lead does -
contribute -to  the_ contaminatigy - of our
environment-nearly A1\70,000 tons Mare . released
annually. It also-forms deposits that foul engines and
emissioncontral _systems, unless controlled by
additives, leading to increased emissions. Of -
particular importance, it presents difficult problems
in developing: exhaust-treatment _ catalysts. For-
effective use of these advanced control systems, the
lead content of gasoline should be near zero. ”

Any move to modify fuels must be guided by
the types of vehicles already in yse. Many of these
vehicles may have marginal acceptable performance
using a_ low-octane, unleaded gasoline. High-octane

1925
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unleaded fuels that contain large amounts of
aromatics blended into the gasoline could increase the
smog-forming potential. of the-exha#ist” gases up to
as much as 25%; depending on t,he ctane level to
be achieved. The cost of manufat;tunng unleaded

-gasolines with acceptable octane *levels :would -be

reflected in gasoline price increases?pf | “ta 4 cents
per gallon. v ,ﬁ »
4

The lead issue demonstrates the difficuls fuels
management problem that has arisen as the result of -

sévere
" congestion w1lla|{sult in increasing efforts to develop

indicate thft into the 1980’s the bgst combination
of costs, utility and potential for reduced pollution
output is the current gasoline-powered automobile.

The need ,for further reductions in total
pollution: outpat,’ ‘however, may force'a move to limit
- the size of both the vehicle and the engine. The
increasingly problem of wurban traffic

mass transportafion systems. These pressures may
cause’ a significant reduction in the demand for

\ anvironmental awareness. For example, if engine gasoline. Thi§, when combined with adoption of —
" compression ratios are lowered to accommodate proven technology that will enable a 95% reduction
lower octane unleaded gasoline, the efﬁciency ofthe + in all automobile pollutanfs, indicates that air
‘engine may drop and gasoline consumption increase. pollution caused by automobiles can and will be
This would significantly reduce our already declining  —selved—However,-the accomplishment of this task will
_petroleum reserves. The manufacture of ‘high-octane present .a challenge of fuels and materials
unleaded gasoline could set up severe compe!tfﬁeﬂ—fof——"- management unexcelled in a peace-time economy.
the stocks normally used as raw materials for the . : B ' ¢
petrochemical industry. Significantly greater amounts Sulfur and Electricity

. of new oil may be required, and the needed fractions . o - ’

- would be stripped from this oil. In this case, large The immediate and pressing question
volumes of oil products without aromatics would concerning fossil fuels for generation of electricity
need to find a market rglates to their sulfurfcontent. Of the coals shipped

i : , electric utility plants in the U.S. in 1964, 21%

A sweeping change-over to unleaded gasoline ﬁld a sulfur content above 3%, 60% had between
would be a massive technical and economic 1.1 and 3.0%. S, and only 19% had less than 1% S
undertaking, the results of which have not yet been Regulations being established for sulfur in, fuels are
adequately delineated. For these reasons, the gradual ™ based on sulfur dioxide believed allowable in the air.
transition to unleidded gasoline must be encouraged, Each community translates its requirements into a
the timing to depend on the distribution of the certain maximum sulfur content-of the fuel. For a
existing car population and on the types of vehicle number of communities, a 1% sulfur maximum has

- yet to be manufacturéd. . been established. Obvnously, much of thescoal being

. mined and that in the ground cannot ‘meet this
Materials management will also become vastly requirement. Moveover, some regulations alrefy

more complex in the 1970’s. Néw metal alloys are scheduled call fot a fuel having an effective sulfur
being developed for use in thermal reactors. A new content not exceeding 0.3%. Such coal is*zt

. horizon is ‘opening in the catalytic field-both in available, and only exceptional supplies of petrol
refining of .modified gasoline and in materials for residuum meet this requirement.
catalytic conversion systems. And, as lead may be )
removed, a significant jump in the use of additives 1@3 options for solving the sulfur problem are:
to maintain engine cleanliness is expected. All' of : ' ’
these will have significant impacts on the current use * Fuel substitution. ‘ .
of raw materials. ' - .Fue] preparation (coal)

Stack gas removal of sulfur oxide.
Natural gas (methane) and’ propaneJhave had' .Coal and oil shale conversion low-sulfur fuels. .
wide publicity as substitutes for gasoline.Although .New combustion methods.
these fuels have chemical characteristics that permit .

. cleaner.exhausts, the crisis over natural gas supplies, Substitution of naturally occurring low-sulfur
t, problems of distribution, and the added complexities fuel (gas for coal) is not practical in the immediate
“ of the fuel system probably preclude geperal use by future since adequate supplies are not available in the
4 the motoring . public. Use of these fuels in U.S.. Two promising options for the next several years’

are removal of sulfur before combustion and removal
from the process gases after combustion. Conversion
of coal to other low-sulfur fuels and new combustion
processes -are long-rarige options. 7 ‘¢

Vv urban-operated fleets, however, is feasible and will

" probably increase in the future. Moreover, synthetic:

.. gas from coal or oil shale could be-an added source
'-for the needed fuel.

‘ All of the alternatives proposed as, substitutes Fuel Preparatlon '.. ’ A e
. for the internal-combustion engine must Jmeet three g
© 1 key tests: Will theré be a significant “change in lmprovement in’ coal preparatlon involves the

pollutipn? If so; at what cost? Is near-comparable .
~ performance obtained? Ultimately,'it may be cheaper
to meet air-quality” standards by a totally. different
approach that involves engine systems yet to be evident that the degree of sulfur removal netessary -
developed: Present analyses of all competing systems ° to meet anticipated regulations cannot be achieved
' ‘ “ © by this means alone. ,

‘removal of iron pyrite from coal. Often, the pynte
- content accounts for a half of the sulfur i ip the coal.-
However, even with improved ®pyrite’ removal, it is

[
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.Ugﬁtic coal, mostly located in the West,
represents a vast national resource, and it typically
has a sulfur.confept of about 0.6%. (The effectiv

sulfur content is a little higher than this, since lignitg
contains about 7,000 Btu/lb, compared with abou

12,500 Btu/lb for bituminous coal). Moreover, lignite
is an inexpensive fuel, priced at only about $1.50

per ton, which is equivalent to about 10 cents per-

million Btu. Lignitic coals should be helpful in certain
areas, but obviously do not solve situations where
regulations call for 0.3% S. Moreover, lignite deposits
are generally ‘far removed from population centers,
and shipping cost§ can be excessive. One possiblity
is the %rpntion of electricity in huge plants in the
West; ¢pupled with a system- of long-range, low-cost
electrical transmission through a cable cooled to very
low -temperature. :

Stack gas removal

The once-through process for removing sulfur
oxides from combustion gases, typified by wet
carbonate’ scrubbing (Combustion Engineering), and
being installed in three plants, ranges from 125 to
450 MW. It offers the advantage of relatively low
capital investment in plant equipment (perhaps $6

to $13 per kW) and low operating cost ($1.50 per °

ton of coal). However, it does pose problems in
disposal of calcium sulfate (or magnesium sulfate)
product—indeed, there is the uneasy fear that an air
pollution problem may transform into a land or water
pollution problem. It seems likely that with pressure
for meeting new regulations, systems such 3s “wet
limestone scrubbing will be adopted to-sorge extent
in the short-term future. . }
Regenerative processes for stack gas sulfur
removal - are expensive to install and to operate.
Investments might run from $17 per kW {o more than
$30 per kW, and operating costs would be in thé
$3 to. 85 per ton of coal range. Such systems involve

a’solid- or liquid which chemically reacts with and -

removes sulfur oxides. The sorbent is regenerated, in
a separate step, usuajly with the production of sulfur.
Included in" the "regenerative absorbent' group “are
potassium  bijsulfite: (Welman-Lord), magnesia
(Chemico), caustic plus electrolytic regeneration
(Stone and Webster/Ionic),‘molten carbonate (North
American Rockwell), potassium . formate
(Consolidation—Coal), copper ®on silica (Houdry),
alkalized alumina (Bureau of Mines), and others.
‘Recently, it was announced that a regenerative-type
plant, based on magnesia sorbent .and costing $5
million, wauld be installed in the Bosion area.

The’ conversjon-type process is typified by the
Monsanto Cat-Ox (process. Although well defined, it
is relatively costly to ‘install and produces sulfuric
acid" that ‘may not be desired. Bureau of Mines
estimates an investment cost of mofe than-$30 per
kW for such a process, and an ‘operationg c®st of

about $4 per ton of coal,,
|

T e

-progress for a number of years to provide.

- New  combustion methods, such _ as
fluidized-bed combustion,.offer opportunity for some

- improvement, if not prevention, of air pollution.
However, conversion of a high-sulfur to a low-sulfur

fuel appears to present the fundamentally bes

opportunity for a long-term solution. T

Synthetic fuels
" From 41 supply . standpoint, = natural
gas—essentially ‘methane—is now in the most critical
stage of all fossil fuels. For the second consecutive
year, recoverable reserves have declined—that is, morée
gas was used than discovered. Yet the use of gas is

* the, most rapidly growing of all the fossil fuels (about

7% annually) compared with a growth rate for energy
as a whole of about 3%.

Looking ahead -to 1985, projected. rates of
development will not fulfill the projected need for
natural gas, even including importation of gas by
pipeline from :Canada and Alaska, or by cryogenic
tanker from overseas. Anticipating this situation, and
in the search for new markets for"toal, 3 vigorous
research and development program: has- been in

ﬁooesses
for conversion of coal to gas. Several processes are
currently in advanced stages of development.

Pilot plants are under construction 'for'-the,

» Hy-Gas (Institute of Gas Technology} and the CO,

acceptor' processes (Consolidation Coal Cq.) under
the sponsorship of the Office of Coal Research of

.'the Department of Interior. Scale-up of the Bureau

of Mine#steam-oxygen, fluidfzed-bed coal gasification ¢
process”has also been. initiated. . L

S

In the Bureau of Mines process, coal is reacted

- with steam and oxygen in a fluidized bed at about -

600 to 1,000 psi, to prod&it¥ « mfxture of CH,, H,,
CO, H,S, and CO,. After the CO, and H,S are
remo_ve%, the CO and H, are reacted t® form

“additional methane. For a 250-million ft3/day plant,

the capital requirement has been estimafed to be
$160 to $180 million, the manufacturng cost 43
cents/ft3 and selling price 54 cents/1,000 ft3 using -
utility company-type- financing. It now appears that .
if the price of gas incréases enough, or if adequate
technologiceconomic  improvement in  coal
gasification can be made, synthetic gag from coal may
soon become a commercial reality..

The price of synthetic pipeline gas noted above

. is too high to be used by electrical utilities. There =

is a very interesting related possibility—the production

of low-Btu gé&’from coal Jusing air instead of oxygen,

followed by sulfur and ash removal, and generation

of electricity “by gas turbines. In this case, a
high-temperaturesulfur removal process is needed, in’
cooling, the gas and heating it up again.

Undgrground . gasi'ﬁcation of “coal . and y

- T
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- low-sulfur residuum is gvailable. The impor.

" residuum is dué to its
. increaséd tanker’rates.

-

'.."g:'é.sfﬁcation’of oil shale offer addjtional possibilities

for gas supply if new technical .advances can be
achieved. It should be emphasized that all processes °
contemplated for manufacture of synthetic gases or

- liquids. from coal’ result iini. a low-sulfur- product.

It is possible to conyéft coal po liquid fuels,

* including high-quality gasoline. Moreover, the cost of

doing so is apgroaching the cost of refining gasoling
from petroleum. Therefafé;probably within the next
15 years, it will be~.bot§1 T

feasible -to.make gasolite™ynthetically.’

Another very im.portar}t“ possibility which has

not yet received emphasis.is the convérsion of coal -~
to a lowsulfur, low-cost utility fugl. In such a!

process, coal is contacted with hydrogen and solvent -
wige or without an added catalyst, thiis transforming
the'coal into‘a riew fuel product low in sulfur and
ash. It is not important to upgrade the groduct by
removing asphaltenes. as .in the case. of gasoline
production. By operation of relatively low,pressure

ssary.and economically -

) LT » . E
" -

*~

on the east coast, where there is no, oil import quota
oni:fuel oil. Moreover, governmental approval recently

© provided for one plant to use imported residuum in

- the Chicago area. In this instance, the oil, containing *"

.. 1% sulfur; will replace coal,, at a reported cost of .
“46:cents per million Btu at that location as compared

to about 30 cents for coal. This illustrated forcefully
that pollution control is expensive. '

R

© New te°chnology

V. i

Finally, we should not overlook new energy
conversion devices which can become important if
certain technological breakthroughs are. achieved.
Specific - cases are fuel cells and

-magnetohydrodynamics.” The former would permit

and- relatively . mild temperature, a minimum of

hydrogen is used, so, that a low-cost fuel can be

manufactured. . . o ;o

- Pétroleum desulfurization

With new regulations and increased derﬁand, it

~ has become necessary to desulfurize petroleum to

achieve a more adequate supply. Fortunately, the
petroleum  -industry has - developed effective
hydrodesulfurization prodesses. Of ‘4 total of ‘about
14 million, barrels of oil produced per day, about 4

- million are being desulfurized in the U.S. At present,

most “desulfurized oils consist of lighter petroleum
fractions. Significantly, processes for desulfurizing
“Tesidua are now coming on stream in different parts
of the world. The cost of desulfurization ranges from
about ﬁto 80 cents -a barrel. As an example, for

ur (2.6 %) residuum costing 32 cents per
million Btu:($2.00 a barrel), it would = cost’4 cents
per million Btu for each 0.5% by.which the sulfur
content were reduced. Desulfurization to 0.5% would

“thus add 16 cents, bringing the cost to 48 cents per

. million Btu, a 50% inctease over. the undesuifurized -
. oil. Costs rise sharply, however, below about 0.5% .
sulfur. ., R LI :

For example, residyum from Algetia is low in sulfur,
about 0.5%, whereas that from Venezuéla is relatively
high, about. 3%. -No .large supply of domestic
ion of
a high proportiga of utility fuel from abroad poses
a problem from the viewpoint of national security
,since -the east coast now imports. nearly '94% of its
réquirements.,Part of the current shortgge in availabl

increased initial costs and

¢ During the past few years, the _\subst‘itu‘_tion of
low-sulfur petroleumy residuum from- abroad for

. high-sulfur domestic -coal has' been widely adopted

it

'l'l"e natural sulfur content: of oil varies greatly..

the . widggpread use of gas for the transhission of

energystollowed by generation of electricity, in the
homie “ar. ‘coriritnity, .. .
o o P
Managerient ‘of fuels also should take into

account one human habit sometimes not recognized
in "the fuels system-that is, the production of
socalled urban and’ agricultural refuse. Much of this
is about half paper. In tHe U.S., 7 Ibs.of urban refuse

‘is collected per. person per day, and nearly 10 times

B

[ ]
. N

that amount of agricultural wastes is produced. In
the past, urban refuse has been used as landfill or
incinerated, causing significant air pollution. Now- it
iIs possible to " recover energy - by : controlled
incineration, by pyrolysis to make.gas and oil, or by
hydrogenation to produce a low-sulfur -oil. Recent .
experiments by the Bureau of Mines havé shown that
heating a tone of garbage to 380°C for 20 minufes -
in the.presence of carbon menoxide and water undet
high présSure produced over two barrels of low-sulfur
oil per dry ton of garbage. Perhap$ some such novel
means. will be necessary for conversion of cellulose,

grown by solar energy and discarded by man, into - -

a fuel that can be utilized with less pollution.

»
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o HEALTH EFFECI‘S A COMPARISON oL

i

&

alummum foil ,or several layers of a pel’son s Skln
, In air, its range may be as much as a yard.”

1; Health Effects of Nuclear Power Plants

s The greater part of this’ chapter will descnbe

dffects. of exposure_to radiation. The reason. for
8 two-fold: much more research has been done
e effects of radiation than on the “effects of-

/Alpha radtatlon, whxch is-high energy hehum o
nuglei, can sometimes penetrate a very, thin piece of
‘paper but cannot penetrate conventional alumifium

pollutants: from fossil-fueled. plants; and radiation’ +
efl'ects are poorly understood by thc average person.
'
“ " "Humans’ have zhways fived
o ‘background radiation and werggunaware ' of - i
.. . existence until about 1893, whe nizing radiation
_ rﬁ@s discovered. Early expenments with x-rays soon’ ..
* produced ‘a number of injuries to the experimenters.
Almost immediately, the use of radiation began to

oil. However ?lpha particles are the'most hazardous ..
of all types of radiation if :they enter the body ‘as .
~ a result of swallowrfrg or inhaling an alpha emitter.
with'. Iow level /o ) .
The potentral ‘of injury . from any kmd of -
radiation depends on the rate of energy loss as the .
radiation: travels through matter. This fate of energy
loss in"turn depends on’the type of radiation, its -,
*. electrical charge and its energy. The ene

- be controlled. By the time power reactofs:began to
‘be. built. in the mid-1950’s, radiation emissions from
ihese ‘plants -and radioactive by-products were under
. strict regulation. This-is in contrast to the case for \\
oo therr use as’ energy sources b
e Av. Fundamental Informatlon -
. As no'ted in Chapter 3,all matter is made up of
- simple units called atoms. ‘Each atomhas a nucleus
. with an electrically. positive (+) change. A" cloud of
g electrically’ negative (:) electrons orbits the :positive”
. " "nucleus. Ordinarily, the number of negatrve electrons
. equa the‘number of -positive charges in the nucleus.
.¥he “atom is then. electrrcally neutral.. If -energy is
supphed to an orbital eléctron, it can be moved to a
position further from the nucleus, then the atom is
* . 5aid to be in .an excited ‘state.-If large- amounts gf -
v a,"ene.rgy are supplied, the electron can escape from the
*+-atom completely. When-one” or more electrons is
"\’ separated from the atom, the atom is said to be
.+ - ionize. The atom has a net positive charge since it is
" missigg an electron. This positively-charged atom,
taken with 4ts separated negative- electron, is called an
" ionm palr (See Figure 23) - .

and ;emit radiation as they decay to a
~stable state. Table 5 shows the composition of the
vanous kinds-of -decay radiation.-

P When these types of radratron through
‘" ‘matter, they interact with the electron clouds of the
- ‘atoms in. the matter. In this process the radiation

- loses its “energy by exciting. the atoms -and/or
. producing ion pairs in the matter. This Jfic process "
‘is essentially ‘the same for all kinds of erials-air,
water,peOple cement blocks or steel.’ '
M The roost. penetrating of these: types of

L n‘mdrgtron are the gamma rays. High'energy gamma
* “’ra¥8" can-completely - penetrate 4 person, a concrete
-v-;_',_,block or a. sheet of Tead. :

Beta radra"'t

, which is high energy 'electrons
or posatrons i

of penetrating a plece of -

produces chemically reactive species, such as i
“in the absorbing material, and these species do “the

: lmng orgamsms :
fossil fuels, whith were not regulated untxl long after .’

- detectors
. charnbers apd” proportional .counters, are used to-
" detect the ‘presence and measure the. intensity. of -
~'atomic radiation. These. ifistruments can deétect ‘the .-

g Lo discussed in- Chapter 3, some . atoms are .
oa radloa?mle :

' paifs

damage, such as dxsruptmg the functrons of cells of -
" B. Radrauon Detectlon S Ay > .
Atomxc radmtron is not detectable by ‘the
chuman senses except in -massive doses, but it is easily °
~ detected by several types of instruments. One of the
 sithiplest radiatiosi' detectors is ordinary photographic
film, which darkens on’ exposure to radiation ‘and is
routmely used in film- badges for measuring the
cumulative amount of' ex?osure received by people
who work with ‘sources of radiation. Otlier types of
such 'as Geiger coupters, ionization-

presence of extremely small amounts of radicactive . -

" . materials. Radiation detection is also very sensitive'in .

its ability to identify specific radioactive substances. .
This is possible because. every species of radioactive .-

atom has a characteristic pattern of radioactive decay.-

. C.  Units for Measunng Radrauon Exposure

“The roentgen is the unit of exposure. related

. to the number of ion pairs-produced in air by x-rays -

and gamma rays. It-is’the amqunt of such radiation
required to produce ions caitying a standard electrical
charge in % standard amount of air. The roentgen ¢an -«
be measured directly since the electnc cun'ent can
be - measured by an ammeter.” " . . .

The radmtrqn ‘sbsarbed dose (rad) mtllcates the 3

* amount of energy ‘deposited in material by any type

of radiation: It is a measurement” of not only-ion -

. paits, but of all energy deposited. A rad is a very
. small unit.. For example, one rad equals the energy
‘requited to raise. the. body.: temperature p

two-millionths of a degree Fahrenllert e .
The roentgen eq\ﬁ;]ent man (rem), is the umt' ;

of dose equivalent. It is a measure not only of energy .

deposited but also the: resu.ltmg biologrcal effects.

-For instance, suppose 500 rads of gamrna rays

Joss #
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~ fadtor to convért to rems. In our example, the quality

prodUce:-“a“'c‘érﬁ‘?ﬁlchange in a tissue and S0 radsof .

alpha pirticle Tadiation produce’ the same. change. We"
then would say that the alpha; radiation was 10 times

as powerful as gamma .radiation in causing this

change. In other- words, the alpha radiation would

have a quality factor of 10 when it is compared tg the

gammaray. - S ’ oo

: We can use the formual rer_ns'= rads x quality -

- factor for.gammg radiation is 1. Therefore, 500 fads

multiplied by a ‘quality factor of 1 gives 500 rems. *

For the alpha radiation;- 50 rads multiplied by:'d -

quality factor of 10 gives SO0 rems. The number of 4

rems is thus the same for the two types of radiation
which produced the same biological - effect.

- Since radiation protection deals with the

safeguarding of- people from unnecessary radiation -

exposure, regulations ' .and recommendations. are
usually written in terms of rems. However, it i$ often
desirable to.' work with, smaller units, so millirem |
(mrem), which is one-thousandth (.001) of .a rem,
15 often used. For example, the maximum permissible

exposure allowed.for a radiation ‘worker i 5 rems,

or 5000 mrem, per year. S

To summarize the units. of radiation exposure,
a roentgen refers to the ions produced in air by x-
and gamma radiation. A rad refers to the energy
deposited in any material by any ionizing radiation. .
A rem refers to the results of that energy deposited
in tissue. o R ’ '

D. . Sources of- Radiation -

Lo . .

_ As -mentioned,- humans "have -always been "
exposed to radiation. This natural or background

.Tadiation comes from many sources. ,

. “
E One source. of natural radiation is high !nergy '
cosfic radiation from the. sun and stars.- This -

radiation interacts with our atmosphere to producea -

shower of charged particles.
. L N . A

Another source of -natusal radiation is

radioactive nuclides. like the uranilm and thorjum "

widely - distributed in soil and rocks:. The, more
energetic radiation from these radionpclides.irradiate

us continuously. Alsd, a small part of'all potassium is « -
radioactive- potassium-40, and a. small .part of- all- .

4. This radionuclide is,
per atmospherée by the,.

" carbon is radioactive carbg
constantly formed in the

interaction of - cosmic radiation with atmospheric; - 4.

nitrogen. These -naturally-occurring radionuclidead
about 50 mrem/year to our exposure. Ly

.The amount of radiation dose from natural
background varies according to location. For example.

-, 'the cosmic radiation. dose. increases with altitude; it _

\

- 50 degrees.

- -doubles from about 40 ‘mremfyear to about 80

;to-a town high in the Rocky Mountains. 10,000 ft.

.~ higher. Expogure also increases by 15 per cent asone

\

-~ moves from the equator to a geomagnetic latitude of

v

.

. o 132 o '-.“g_

j : :'\ s s B
.. Similarly, - the dose from radiation-in rocks
varies with'location, Moving from .one part.of New

York City to'another may add an ddditional 15 .

“anrem/year dose, because of this difference in the

natural background.: = . : i

Even' the type of house a person lives in affects
the amount of background radiatiog/received. People
living in a wooden house refeive abdut

house, they gnay get as much as 300 mrem/year
. building materials. . /

» Man-made radiation adds to'the average dose
that everyone receives. Most significant js the “dose
* from medical and dental x-rays. A small amount of
‘fadioactivity is also received from. fallout from
weapons-testing and from nuclear reactors (See Table

6). Tht radiation dos®s in this table are genetically

significant  doses, which. means that they estimate the
potential genetic effects of radiation on future
_ generations. ° ¢

E.: Factors
Effects

* Radiation effects are not dependent solely on

the amount of radiation receivéd. Other factdrs must

" be considered. ~ = - . - . :

/ 1) ¢ Dose Rate;‘ Effecis
: : gz T

The rate at which a radiation dose is received is

. an important factor-in détermining its effect. This is
“because living tissue is not inert. As'soon as damage is
produced, healing begins. Thus, if a particular dose is
dglivered aver a long period, it is possible that repair’
may keep up with the damage; so that né detectable

change would be produced. On the othet hand, if the -

100 |
" mrem/year. If they move to a brick-and-concrete-

becaude -~of higher radja;_io&lle_vels in the earthen -
. ! * T

Which nfluence Radiation =

same dose is delivered all at once, the change may be,

noticeable. _
~ ‘Knowledge of -,the"éffe(;‘,t_s,'of radiation has
generally resulted from data on large doses received
in a short time. Data sources include Hiroshima

“receiving radiatjon_therapy. However, most humans
are exposed to low doses and low dose rates. To see
the biologicdiy
would ‘have ‘to 0

many. generatjons.
*"* general practice js tb 'predict the results of the low

serve large groupsebf people over,

; and high dpse rate data..
‘- .-.'i;‘;"',fﬁ':;_-’f.‘.“g,' C T e L

“ A iore,” in order to ‘be conservative in
estimating ‘radiation effects, one must. assume that

survivors, victims of radiation accidents and patients -

ffects of this type of radiation, one
Because -of- this difficulty, the =

doses and low dose rates on the.basis of high dose

some injury resul{s from any exposure to radiation. o

According to the ‘International ‘Committee on’

_ ".. Radiation. Protection (ICRP): "The objectives of
mrem/year when%omeone moves from Philadelphia

radiation_protection are to” prevent acute. radiation

effects, -and ‘to_liniit the risks of late .éffects to an. ' ”
radiation -

acceptable - level, ; For purposes of
protecrion,'an){gexposur& is assumed to egtail a risk
of biological damgge.." 1t should be stres&

1?#
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.. § ST TABLE 6 -
CoTE . el Sources of Man-made Radiation
ool ' Sourte : A\)érage Génétically .
Do o ““Significant Dose
: S (mremjyear)
. ) 7 Medicine and Dentistry .
RS

~ Diagnostic (1970) . 35 o
Y Therapeutic ' 5 ' o
Internal’ (Radionuclides) 1

N ?Environm"ent_al

~Weapons fallout = . = 4 - S
: . s "‘Reactors (Living at site o
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_ unirradiated

. >

is not known to be the case. There ‘afe coryaiity levels
of radiation that produce no defectable
" effects-background radiation and routine diagnostic
x-rays, for example. But the most conservative

——r

’

radioactive materials inside the body results from
nuclear medical techniques.. These radioactive
materials move through the body in the same manner

- as nonradioactive materials. They are also-eliminated

umptions are used to insure maximum protection

forYhe population.

'(2) Age of the Individual

The age of the exposed individual can greatly = -
affect his/her sensitivity to radiation. When organs

are. developing before birth, sensitivity is high,
tiating  cells and cells "undergoing
“rapid_divisionSare more €asily damaged. Similarly,
from Wirth to maturity, high rates of cell divisidn’and
possiblefurther differentiation make 4 child more
sensitive to radiation exposure. An adult is more
resistant to radiation effects. Exposure, hewever, may
give ‘rise to genetic effects in the exposed“adult’s

in the same manner and constantly become weaker
through radioactive decay._ - :

External radiation doses to an individual can be |

reducedy by shielding, i.e., placing dense material .

- betweeq the individual and the source; distance, i.e.,

- moving away from.the source; or shortening the time

+ .Tagliactive source is inside the

.children. For a person beyond the reproductive age, . .-

genetic effects are not important. Sigilarly, radiation -

effects which might appear only after a long time
(for -example, tumor induction) would not be as
- significant to older people as to younger people.

(3) _)’art of Body Irradiated

. Some parts of the body are more sensitive to
radiation effects than other patts. For examiple, if the
upper abdomen is irradiated, the radiation effects are
more severe than if a body area of similar size
“elsgwhere were exposed to the sameAdose. This is

. because of the presence of vital organs in the upper
abdominal area. The ICRP has recommended dose
kimits for the general public for different parts of the
human body. These .doses range from a low of 500

* mrem/year to the reproductive organs and red bone
arrow to a high of 7,500 mrem/year for the hands, -

v

3

forearms, feét and ankles.
(4) Extent of Bodyllrradiation

Irradiation of a small part of the bbdy surface
will have much less general effect thdh an equal dose

4

-

that the individual is exposed to_the source. When the

ﬁy, redustion of the
dose is not to simple. Also, the' amount of internal
radiation necessary to bring about a given effect is

much sialler than that required from an external

source.:This, is because the internal - radioactive® -

material becomes a part of the living tissue. -

The' effect of internal radiéfon depends on
several factors. One is the sensitivity to radiation of
the organ$ or tissue to which the. material goes.
Another factor is the type and energy of the radiation
emitted; this determifies the quality factor. The

4

physical and chemical form of- ‘the radioactive.

material also helps determine its effects. A major
factor in the ef[;ect of internal “fadiation is. the
effective half-life (TE).of the radioactive material.
This is the time it takes a person to reduce the
amount of radioactive_ material to one-half - the
original amount. The effeetive half life is in turn
determined by the biological WNf life (T B), which is
the time it takes the body to redpove one-half of the
radiactive material; and the physidal half life (Tp) of
the radioactive material, as defingd in Chapter 3.

"These three terms are related by the expression

- e

TE

1

: 1 Lo

TR -

" Thus a longdived radionuclide emitting alpha bartic]es

J

and- déposited in bone. would be more harmful than
an equivalent amount-'of.a short-lived radionuclide

-emitting gamma rays, which are fot readily absorbed

‘per unit area delivered to the whole body, since the

- TeCOover.

A5
+. Althou

Biblogical Variation
it is possible to determine an average

dose which produces certain effects, " individual -

* responses will vary from' the-average. For instance a

portionis can help the affected portions -

i
¢

into tissue and do not concentrate in any organ.

. Y ]

G. Radiation Effects .

- Biological effects of radiation are divided
two general classes. Somatic effects are

into
those

, observed only in the persop who has been irradiated.

dose of about 600 rads in a single exposure killed half

a group of rats within 30 days. On the other hand,
some rats died after 400 rads ahd some lived after

o

Yy 800 rads. This is biological variation.

F.  lifternal Radiation

Most of what has been said so far about
. radiation effects has been in terms-of external dose,
that - is, from. sources outside the body. When
radioactive materials are taken into the body, whole

person iradiated.
*11). Somatic Effectf
 (a) Cellular
- The first event jn the abborption of ionizing

esponse

4"'

«
>

3"

rédiation is the production of ejcited atoms and jon. -

pairs. Wh&. these are produckd in the chémical .
systems’ of Wcell, new and possibly harmful chemicals
are produce the-original chemical structure of the.

cell is disturbed by the radiation. Thus, toxic

materials - may be produced. Furthermore, if the

" radiation” affects chromosomal material ‘within the

- body ®ffects: may occur. Radioactive material may- :
enter -the body through food, water-or air, but the -

most common spurce of - significant’ levels of
‘ P ) s .

LT

cell nucleus, cell division may be effected. Thus, a cell
may respond to irradiation .in " several -ways:
‘chromosomal charges, cell death before -division,

“ Genetic effects are those seen in the off-springs of the

£

?
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failure to specialize, failure t6 divide completely or

slowing its division rate. Some cells will be unaffected
by the radiation..

The cellular respogse*to radiation is deterrpmed

- by'a number of factors. Among these are the cell’s
stage of specialization, its activity and ‘its division
rate. These factors pargjally afcount for an embryo’s
great sensitivity to radiation. In the embryo, a small
groupof cells will eventually specialize or form an
organ, so these cells are especially radiosensitive.

These factors also help to make radiation
therapy possible. A patient with cancer, for example,
* receives a number of exposures, giving him/her a large

total radiation dose. Through the phenomenon of

* repair -following radiation exposure, the cells begin
to repair the radiation damage between exposures.
However, the rapidly dividing cancer cells have a
“greater chance .of being destroyed. because they are
more frequently in the radrosensrtr\e stages of cell
drvrsron .

" (b) Organ Sensitiyity.'
The radiosensitivity -of  organs and trss:gs

depends on cell multiplication.’In the lining of the
gastrointestinal tract, for example, sqme Ccélls

mature. These are cgrtmuoulsy being discarded and

replaced by new cels produced nearby. If a high dose
of radioactivity is received, these rapidly dividing cells
will' be severely: decreasgd in aumber. If the dose is_
not too high, the survmng cell's wrll be able to replace
those destroyed

lf a large dose is grven to.a small area of the

body, the ‘general and local effects depend on which .

organ is irradiated. For instance, a large radiation
dose to an arm will - very likely cause detectable
changes in the arm. But it will not result in death
or severely damage the blood-making system, because
the majority of this systerh was not exposed to the
radiation. On 'the other hand, a moderate dose to

“the small reproductive organs can result in temporary

sterrlrty -
’. ; :
. "‘."4 (c) “Total Body Doses -
A large, sudden, whole-body dose of radlatlon

produces the acute radiation sickness . syndrome: "
. vomiting, general aches -and pains-and -

nausea,
possibly a decrease in the numbeér of white cells.
Localized phenomena, such as reddened skin or loss
of - hair,

and possrbly sterility. Exposure to the eyes may cauge.

. cataracts. At still hrgher dose” levels, death wrll.

probably occur _ L .

SRR (' has been shown it anifmals that high radr"’" n
doses cause the bodily changes that occur with 4ging.

It is obvrously difficult to obtain such dat
humans,

. exposure.’ s
. % Identifying the effects oflow levels of radiation

is". dlfﬁcult because no new type of . maladyus '
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may be produced. Larger. doses cause. -
weakness drastic deprgssion of all .blood élements.

but it is probable that” some degree Gf.}‘
hfe-shortenrng may occur followrng high down

disorders which are also pro

ervironmental factors or. which occu
with no known cause. For example, cancef and’
leukemia may -be long-delayed conséquences of a

single large exposure to radiation, and they.may also .

‘follow chronic exposure. Bit* they are by no means
an inevitable result of any form of human exposure
0 radiation, .

-

Much®recent dttention has been directed at the -

increased incidence of lung cancer in uranium miners.
This may'be due to the inhalation and deposit of the
decay products of radon in the lining of the lung.
Radon is 3 natural occurring radioactive gas resulting
from the “decay of uranrum and thorrum
radlorsotopes ’ .

i ?2} Genetic ‘Effe'cts '

Genetic effects refers to the production. of

mutations, which are permanent, transmissible

changes in the characteristics of an offspring -from

those of its parents. - .
Mutations occur in all.living organrsms They

“may occur of their own accord, apart from any’

known alteration in the environment. Whatever their
origins, most mutations are undérsirable. Every

individual has some of these\ undesirable mutations .

Radratron-rnduced mutations' are dmdeﬁ 1nto
two classes: gene mutations and chromosomal
abnormalities; Most radiation-induced alterations are
gene mutations, which'tend -tg- be recessive. In other

- words, the effect of thg mutation is not seen in the
. offspring unlessthe Aaltered gene is carried by both
parents. Even though the mutation may not be seen
in first-generation o(ffsprrng, it makes such offspring
slightly less ﬁt .

Chromoso mal abnormalities

chromosome :loss and chromosome breaks.

rnclude
These

- effects are_severe, the result usually being the death -

- of the embryo before birth. This type of genetic

effect happens much less freqttently than does gene

s mutatlon

+.from radiation is sometimes discussed in terms of
doubhng dose. This dose would eventually cause a

- douibling in the tate of gene mutatrons that occur

:spontaneously .«

In the United States,
hildren are barn in a generation, Of these, about two
. cent will have detectable genetic defects' as 'a
&;rlsequence of spontaneous;~unavoidable . genetic
changes passed on by all their ancestors. If a doubling

dase 6fa radiation were applied to present and future

generations, it would eventually lead to a gene
" mutation rate of four per cent. It would take on the
« order of 10 generations: to reach the four pei cent
“rate. The doubfing dose fcited by the National

Academy of Sciences report; “The Effects on
Populanons qf Exposire to Low Levels of Ionizing -
" Radiations,” is estimated to be 40 rads (40 000

7
.-

e

" The increase in genetic damage to be-expected -

about 100 _million -

o

produced. Instead, there is an increased frequency of /&
ced by othere
ontaneously §
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) mrags) per generation. In other words, if the average

dpse to the ‘reproductive cells of all of the individuals

of the: populatlon was a total -of 40 rads from -

conception to age 30, or 1.3-rads per year above
baclgground for every generation, after about 10
generations the rate of impairing mutations would
gradually increase so as to eventually double from
two per cent to four per ‘cent. This-amount of
radiation is far above that obtained from. any current
man»made source. (See Table 6).

lt should be pointed out that only between five.
ahd 12 per cent of all genetic changes_are.gatised

N

e LI

but- persisting vver ‘long penods and totallmg onIy .

some five or ten rads dlstnbuted over « 4 lifetime."

"It i9 partlcularIy this Iatter condmon which *
is of concern to the public with the.use of nuclear

. reactors, and' it is this. range and kindv-of exposure

by envxronmental radiation. The bulk of*all genetic. .-

changes is procjuced by other natural substances,
mcl\admg enw;onméntal -pollutants. %

T

Co Nonhuman Blologlcal Effects :

. In hature hundreds of thousand$ pf species’ of g

plants ‘and animals ‘have béen identified.

Iy i

fe sonable fo expect that a wide range of sensmvmes ‘
to°radiation would be seen in this great variety.

ile

“radiation, protection guides..are written<for the

L3

pratection of humarns, much of :the data upon which
such guides age based' was ~erived’ f;om ammal
experiments. . . R

The basic _canditions - that tend 16 préd.;ct
radiosensitivity in humaqs, such ascell, dmsxon :ata
and age, apply to all- otheér life_forms. Ho&'ever there’ >
is a wide range of variatjon-among species. The more
complex the orgamsm the Jmore scnsltﬁ/e it is° td‘
radiation effects. i

‘e * ‘I

A number of types of orgamsms have been

... known to reconcentrate radioactive materials in their

ibodies. An example is shellfish-such as oysters and
" clams.

These organisms ‘can- reconcentrate certain
radionuclides up to 100,000 times the levels found

.in the water in which they live. This reconcentration

does not .appear to ‘affect the. well-béing of the

.animal, but people who .use these shellfish as their
- sole source of food could receive a sxgmﬁcant fraction

- Taylor

of - their maximum permissible dose in the process.
For this reason, ediblg shellfish living near the outfall
of a nuclear -plant are used  as monitors for
crosschecking radioactive dxscharges ‘

l.. Radlatnon Effects from Nuclear Power
Plants

What is the risk #f harmful:radiation effects
from nuclear power. plants? To quoteLauriston S.-
of the National Council an Radlatxon
Protection - and - M‘easurements . "There". is
considerabIe -region  of- radiation. exposure . about
which we Pave very'distle positive knowledge. Thls

.is in fhe region of doses of one or two. or even' a
‘few rads, delivered all at once and not repeated too.

fre tly; larger doses, say up to 10 of 20 rads
rec essentially all .at once but rarely,-if ever
repeated; and finally,exposures at.very low levels and
at low dose rates, say. at millirads or less per day,

“ .
//
- . :

¢ e .

.

;
to discover effects

“is’ itself extremely [mportant,

Bpon “which we have little” posifive and direct
knowledge. But it is in the same range of exposure
that we have made a tremendous effortof atterhpting:
with all results so far being
convmcmeg negative. This inability to find effects
but

recognized that the test samples may not have been

large enough....The Ielﬂs of dose about whieh the

. public is concerned in the nuclear power indusny are

*

a“.

‘at the most_a, few thousandths of a rad pe¥ 'vear,
and more IlkeINqss than a thousandth....The upper

doses limit 'to the population for all man-made
radiatian is 700 times less than the lowest dose of

it must be’

N

.- gamma_rays which has been statlsncaIIy shown to:

ca@c Ieykemu;_ A

’ ..'_ A K R

"At the same time the populatwn Fose limit
ls,at;ltgst Ssome hundred times higher thar fﬂ‘e average
dose to' the population from all the reactors expected

to be installed between now.and the year 2000, ‘

assuming no improvement ' -in our protection.
techniqzws " <o

<
Perhaps the only problem. is that we do

know how td measure the effects of seh very low

"do8es. of radiation, because they are goysmall of
by any”

happen® too infrequently. to bé . measure
presént techniques. This means that if the effects
cannot be measured by any of tl’fé fairly sophisticated

‘methods available today, -the potential hazard-if it

© exists at all-is sufficiently small so that.there is time
: 16" further study and analyze the problem without
7 a, serious risk.

- %o say that there is no effecttat all, has led us into .
a dilemma. In order to avoid setting standards which

-

o However this very fact of bemg unable to
detect any effedt, .accompanied by an unwillingness

would expose the public to unnecessary radiation,
and what future knowledge: may show to be
"dangerous’ amounts of radiation, the National Council
of Radiation Protection and Measurements has set.

. exposure - limits based upon the followmg very

cautious assumptlons

1. Thefe is a single, linear dose-effect relatlonshlp,

* for the-effects of radxatxon from zero dose with -

© no’efféct to the known effects of hlgh level

4 doses _ .
2. There'is no threshold of radlatlon below wtuch
4 “there is-no effect. - ',. = "
3 All doses - received by an mdmdual are
addmve—that is, their effects-add up.
4.

134" -

There is no biological recovery front the effects
of radiation. . .. :

4
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Much of the available evidence indicates that several

. of the.above assumptions are probaly not true, but

in the interest of. safety, we assume that they are,
"under the conservative philosophy that it is far better

"% to be ovequfe than to be sorry at some future date.

’

»The radiation protection guide, arrived at as a
permissible dose to general population. The
maximum i$ presently ¥70 mrem/year above natural
background. This figure does not include an
individual’s radiation dose from medical procedures.
The NCRP -does not attempt to regulate or limit
radiation exposure for necessary diagnostic and
therapeutic purposes, but it does recommend
reductions in the exposure which does not contribute
'tmtment or diagnosis..

result of these assugtions, gives a  maximum

To keep the dosage which we may expect to

~ receive from nuclear power plants in perspective,-the

. +.1,000-megawatt power station. The figures in Table

S
L

pe.

maximum exposure to the public fram the combined.

effgtts of all. nuclear power plants expected to be
constructed by the year 2000 will not be a totdl dose

greater than 10 millirems. - .

The Nuclear Regulatory - Commission insures

that release of* radioactivity from nuclear power
plants is as low® as practicable. Proposed guidelines
for defining these “asJow-as-practicable levels would
keep radiation exposure of persons living near nuclear
power stations to less than five pér cent of the
average natural background- radiation. Such eﬁposure
‘would be about one per cent or less’of that which
federal prajection guides allow individualymembers of
the public. .

2 Health Effécts of Fossil-Fueled Power Plants

" . Health effects from fossil-fuel use come mainly
"from the air pollution caused by the burning of such
fuels. Fossil-fueled plants.produce air pollution’in the
form of “oxides of sulfur and nitrogen, carbon
mongxide, unburned _hydrocarbons and pargiculates
in the_form of fly asl" Table 7 shows typical amounts
‘of-. pollutants released to 'the environment by a

7 assume 'the usg¢ of 2.3 million tons of coal
_containifg 2.5 per cent sulfur, 460 million gallons
of oil contdining 1.6 per cent sulfur by weight and
68 billion cubic feet of gas. They also assume a nine
per.<cent fly ash content for the cpal and 97.5 per
cent fly ash removal efficiency. No other pollution

control equipment ¥ assumed in determining these -

-figures.

In talk dbout air pblhltants, the term parts pe’r :

million is freGuently encountered. This fermr is an
expression of the concentration of- one material
within another materigl. For example, it is used to
" express the concentration of a gaseous pollutant, such
as sulfur dioxide, in another gas, such as air. One part
per million (ppm) means one
“one million parts of air.
* [ )

o

part of the pollutant to *

- A

o

Sulfur Dioxide

Sulfur dioxide (SO?2) is an air pollutant of
major concern. Power plants emit more of it than
any ‘other pollutant. It is 3 colorless ‘gas produced
when fuels containing sulfur are burned. Most people
can taste it-at concentrations greater than | ppm,

. and.it has an irritating smell at concentrations above

.7 ppm. In the environment, sulfur dioxide is
transformed»to sulfur trioxideor to sulfuric acid and
particulate sulfate salfs. These transformations
depend on the presence of moisture in the air, on
the presence of dusts and smokes, and on the
intensity :and duration of sunlight. o

Oxides, of sulfur afféct the respiratory system,
which includes the lining of the nose, the throat dnd
lungs. Laboratory studies have shown that sulfur
dioxide constricts the bronchiil tubes in experiment.il
animals’ lungs. - :

1

In general; the laboratory work performed thus
far is not entirely relevant to the real environment. -

In the real -environment, the concentrations of. a
whole spectrum of pollutants are constantly
changing. The amount of moisture in the air changes,
‘So do the intensity of sunlight and temiperature..
Although it is very difficult to reprodice all these
changes in the laboratory, valuable information on
ysulfur dioxide has been gathered. It has been shown,
for ‘instance, that it is not wise to'measure only one
pollutant in the air and then use that data alone to
describe the quality of the air. The interaction of
the various pollutants can hdwe ¢ffects different from
those produced by an individual pollutant. For
example, sulfur dioxide alone acts as a bronchial
restrictor ‘that. can cause breathing problems,
especially for those who already have a breathing
impairment. Certain aerosold, such as iron, manganese
and vanadium, which. may *be present in particulate
matter, react with the sulfur dioxide to form sulfuric
acid. Sulfuric acid, a mo
bronchial system, can penetrateeeper into the lungs.
Theréfore, combinations of particulate matter and
sulfur dioxide are potentially more damaging than
either alone. - S ) .

Another way -to study the problem of the
oxides of sulfur is through epidémiology; the branch

~-of médicine that deals'with epidemic diseases or

illnesses. The epidemiologist’ must -think ’ol; all the
possible causes for the disease in the group of people
and then carefully eliminate all_the g\ms but one.
Epidemiological studies lack the controlled
conditions of the laboratory, but they are carried out
in the reallife environment. From these studies, it is

" clear that the oxides of syffur in the air affect the

health of people, and that the severity of the effect is
directly related to poliution levels. .

The results of some epigdemiological studies of
the effects of sulfur dioxide, are listed in Table 8.

evere irritant to the

137,
135 .
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- Pollutant ..Annual Emissions (Millions of . pounds) v
. Coal Oil Natural Gas
. ‘ﬂ‘?n Lt /
. . . RV . -
. Oxides of Sulfur 3060 “mo 0.027
. Nitrogen Oxides 46.0 ¢ 478 26.6
Particulates 9.9 16 .+1.02
' Hydrocarbons - 046 - . 147 -
c - Carbon Monoxide - . 1.15 0.018 =
. ~
Ay i x ’
7 i »
s . TABLE -8 S
' n . . .
; Effects of Sulfur Dioxide - _
. P ' B n‘ -
_ Location SO2 Concentration (ppm) Effects -
: England 0.040 ’ This annual mearr produced an increase in death
ot from bronchitis and lung cancer, with cigarette .
smoking, age, occlipation and class taken into
* consideration.
England 0.046 This long-term level increased frequency and
. severity of respiratory diseases in. children
London 0.20 - This one-day average acoentuated symptoms in
v - persons;, with . chronic respiratory disease.
. London ; 0.25 * Rise in daily death rates after abrupt rise to this
. . level.
C London - 035 Distinct rise in deaths with concentratlon over this
. - ’ ., level for one day. .
‘London ' 0.52 - Death rate appeared to rise 20 per cent over
Lt . baseline fevels. =, o
Rotterdam ' , 0.19 Apparent increase in total 'mortality after -a few
‘ S s days at a mean concentration of this level.
. ‘New York 0.007 - 4 Rise in upper respiratory  infections and heart
: ) ‘ disease complaints during the loxday perlod
- . 086 -
New York - - 0.5 Excess deaths were detected after 24 hours at
' co .. eoncentratuons over 0.5 ppm. = - ,
‘Chiago o,'zfl 1 . ,Thns one day average increased illness in r
. ' >, o __71.,’_:' 0 qpatlents with severe bronchitis. (S

Typical- Emlssion's from a

o

h )

‘TABLE 7
1000 Mcgawatt Fossil-Fueled Generating ‘Station

e

IfiS o R
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Under the 1970 Clean Air Act, the
Environmental Protection Agency has set-afr quality
standards for several pollutants, including SO 2, to be
met July 1, 1975. The act limits the use-of high sulfur
fuel unless some practical method of SO 2 removal is
devised. This regulation was the -primary cause of a
large number of power plants converting from coal to
oil in the 1970’s, thereby «aggravating’ the probleim of -
increased dependence on foreign oil sources.

.

Since coal is relatively plentiful in the United
States, fome practical methad. for reducing the SO2
emissiom™~—from coal-burning plants would greatly
increase our usable fuel supply, Four approaches-

seem possible: mine and burn low-sulfur coal; mine '

high-sulfur coal and’ clean it before burning: burn
high-sulfur coal and take out the SO2 with scrubbers;

* and burn high-sulfur coal and disperse the SO7 from

tall stacks. .
N ]
. As noted in Chapter 2, there is not much
low-sulfur coal in eastern U.S., where much of the
demand for electricity is found. One solution would
be to ship low-sulfur coal fromi western fields to
power plants in the east, but. our current
transportation system inhibits this to a significant
degree. Nufmerous studies are underway to develop .

. efficient rail systems, and research is also being done

on making coal slurry (coal particles carried in water)
and transporting it in a pipeline. However, there are
problems in getting the, right-of-way for such a
pipeline and in obtaining enovgh water in the arid
regions where the coal is found. This water shortage
also limits building: mine-mouth power plants in the -
west and sending the electricity to population centers
by -transmission' lines. Another problem .in jhe use-
of the western coal is, the uncertainty of when:
large-scale mining will be permitted because of its
environmental* impact. . a

Because of these limitations, attention must be -

focused on finding ways to use high-sulfur coal. There i

is currently a great deal of debate on the acceptability
of tall-stack dispersal. The Environmental Protection
Agency is unwilling to accept it as a permanent
solution, but since tall stacks do reduce the SO2
concentration at ground level, it is willing to accept
it as a temporary solution. The EPA is thus insisting
that electric utjlities either . burn low-sulfur coal,
remove the sulfur before burning the coal, or remove
the sulfur kefore stack gases are released.

Today, several systems are used to control the
emission of SO7. Most of: these systems use a slurry
of ground limestone and water 4d tonvert the SO2
to compounds of calcium sulfate and caleium sulfite.
A description of ene such system is as follows: the
hot exhaust from the furnace is passed through a
large electrostatic precipitator, -where most of the fly
ash is wemoved. It then goes through a series of
scrubbers,, where the hot pgases react with the

limestone slurry, removing 90 per cent or more of"

the SO2. The gases, now containing mainly water

A
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: . _ .
~vapor, carbon dioxide.and nitrogen, are then reheated
so that they.can be exHausted out the stack. Such
systems prodyce lagge amounts of wet sludge, which

has tittle or-fto comitiercial value, poses formidable

disposal problems and has the potential for poltuting
ground water’ Research is underway to develop ways
of solidifying. this sludke so that it can be used as

- fill material in‘depleted coz:!xnines, both underground

apd. strip mings, 1t'is estinfited by some developers
that these systems would ‘increase ‘theé cost of
electricity to the consumer by about 10 per cent.
Some utilities fear that the cast will -be 30 to 50
per cent, especially when the sludge, disposal problem

s considered. This illustrates that having a cleaner ~*

enviropment will require the additional expenditure

of edergy and make the energy which we use more

expensive. ‘ '
& B. " Particulates

Particulates’are primarily mineral ash, plus 0.5
to 5 per cent unburned fuel. The effects of
particulate air pollution on health refate “to the
respiratory system. The damage may be due to the
particulate itself or to the gases, like sulfur-fioxide,

_which are carried on the particles. Here again, it is
. difficult to separate the effects of particulates from
the effects of other known pollutants in the air. The
particulate load in the air was proportional to the
sulfur dioxide concentrations in most of the studies
cited in Table 8. - . : ' ;

In one system for removing -particﬁlagés; hpt
flue gas is passed through a dust removal system as
it leaves, the boiler. This dust removal system, a

combination electtostatic precipitator and anical
dust remover, traps more th 9 per Qg of the
particulates in the flue gas befdre it is released \to

the atmosphere. The ash, often referred to as fly ash,
cap then be collected and transported to a disposal
. site. - . B o

€. Oxides of Nitrogen A
This class of pollutant incledes four different

* oxides, but most studies have been conducted on

-nitrogen dioxide (NO7). During combustion, the
nitrogen. in air (79 per cent by volume) combines
with oxygen to form nitric -oxide. Although the
amount of sulfur oxides released by a plant can be
readily calculated, the concendration -of oxides of
nitrogen depends on -the temperature of 'the furriace;
_the gascooling rate, the amount of excess air in the
furnace and the method of firirig. The concentration
is thus difficult to calculate. ~ -

NitrogenJ dioxide was significantly correlated,
to increases in respiratory diseasc when mean daily
concentrations between 0.062-and 0.109 ppm were
reeorded in Chattanooga, Tennessee. Nitrogen oxides
also play a significant part in the formation of smog.

Combustion modifications .. and stack-gas
scrubbing offer possible cdntrol of pollution from
oxides of nitrogen, but no process has-yet been.

proven really effective. Some exploratory ‘work has

o

4 -
.
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been reporfed on simultaneous removel of the oxidés’

of both nitrogen and sulfur.. S
. D. Hydrocarbohs,ar‘ld Carbon Monoxide
The ‘production of hydrocarbons and carbon

by their large-scale release from motor, vehicles, Both

of these pollutants can be reduced by more efficient -

fuel combustion, which copverts them to relatively,

. harmless carbon dioxide and water.

. -monoxide in power plants is currently overshadowed

,Hydrocarbons can react with nitrogen dioxide *

~to become a major cause of smog. They have also
been directly lirked with an increa’if in the incidence

~* ~of lung cancer: g

- vCarbon' monoxide primarily affects.

- rsons
. . suffering from poor -blood cifculation, heart 5&5&. o

++ anemia, asthma and various- lung diseases. ..

P

is

-

-.naturally-occurrin

“~been made to date to control it.

-

a3 Rédiation'from the Burning. of Coal

-4 . e

v All coal contai?ls a’ small. amount , of
radiactive materials, such as
potassium, uranium,; - thorium‘ and their ‘decay
products, On the assumption that. there are five parts
per million of radioactive material is coal (0.0tpoind
pet ton),-then a 1,000-megawatt electrical generating

..plant, burning-about 10,000 tons of coal per day,

liberates about 100 poimds-of.radioactive materials.
Most of this radioactive matetial is contained in"the

"-unburned particulate matter and ash, but some of it,

Jsuch as radon gas; is released. to thé atmosphere.
Thus, the average coal-burning plant will release more

- radioactivity “:into ' the  environment than many

modern nuclear power . plants. These amounts of
radioaltivity are¢ well below established radiation
levels.- No. environmgntal daritage by radiation_ has
been detected near such plants, and so no effort has

] ’

F. " Occupational from

_Health Hazards
Mining Coal - “:-:l.

>’

3 An_occupational health hazard frequently
associated with the mining and handling of coal is a

family of respiratory diseases commonly-khown¥s™ ~

“black lung.””" Black*lung, also known.as: miners’ *
asthma, includes anthracosilicosis, coal miners’
pneumoconiosis, chronic bronchitis and emphesema.

These diseases result from the inhalation of coal
dust and\its associated materials. The lung injury

“frequently occurring is a kind of fibrosis, which is

an abnormal growth of lung tissue which, displaces
working lung structures.. This injury severely restricts -
a person’s ability to breathe and work. The added’
stress on the heart contributes to heatt att3cks.
3 .

. The degree of impairment appears to depend
on the type of coal mined and the smoking history
of the victim. More significant impairment occurs in
anthracite miners who smoke (about 40. per cent of

+.the miners), ‘as compared to a rate of nine per cent

among nonsmoking bituminous miners.

L Y

the control of dust and the :

miners will have a beneficial effect on the incidence
. and severity of this disease.

3. ‘How Sa{g;;i_g Sdafe Enough? Risk Ve;'sus Benefit

Federal health and séféiy regulations regarding ‘
dical surveillance of

- Following “closely behind the tremendous |

technological growth in recent years in the advanced
countrieg of the world have been social and economic
benefits. But each advancement has alo brought a
,cost or risk to the people. Both benefl i risks

*

affgct the quality of life of the population. Benefits

and more leisure time, Risks include urban problers,
pollution, techndlogical unemployment and the social
stress and’strain . of: m‘ts)dem life. L
There s anptééis‘@:.deﬁhition of “quality of
life,” but  th¥- -identification of several major
‘components g #possible.. First, the National
Environmental Policy Act of 1969 is strong evidence
that most citizens accept the conservation ¢f the

natural environinent as important to the quality of .

life. Second; there is little doubt that relatively full
employment and at least modest affluence for most
indimduals are important to the public: Third, goods
and _services dependent on electrical power play a

large part in- shaping the man-made environment, , *
especially indoors, where most people spend the. -
majority of their time. The typical citizen wants ¥ .
lighting, forced-circulation heating, radio, television,-

*.. air conditioning and scores of other things requiring

" ~electricity.

3 ) ~9 * N )
- We cannot demand more, benefits from electric

. ‘power ' without accepting the’ fisks involved in its

generation. We have seen scine of these risks in this

« chapter-risks from radiation and risks from the fossil

-

ST
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fuel pollutants. What must be done is for the public

" to assure “that through proper’ regulation and

engineering these risks are minimized, so that we can

* continug to enjoy the benefits of electricity..'

T

)‘C

in(z}'ude Higher Standards of living, better health care ° ‘
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- St‘\ldebnt.' Activity:- Compute: Ydu’r-Q_wﬁ*Radiation Dosage -

- We have seen that radiation is all'about us and is part of our natural environment. In this exercise you™
will get an idea of the amount you are exposed to every year. The unit of radiation used here is the millirem.

. © .'Co'r’._nmon Source of Radiation .~ - Your Annual Inventory
| : e e 5 _ mrem/year) -
‘W.HERF.YOU . Location: Cosmic radiation at sea level - o 40
LWE * ° s - Add 1 for every 100 feet of ’ )
T e } elevation where you live
= o . ~A _—

House cons'truction‘:. Wood "35

' e Concrete 50
- " " Brick 75.
, Stone 70~ . R
Ground (H:S.;Average) oL ) o R 56.
77 WHAT YOU EAT ~ Water and food (U;S.Averag'e) ' S , FS -
. . DRINK AND . e o , ‘ v
BREATHE - ., Air (US. Average) L _ ' -5
* MHOW YOU LIVE ' - Jet Airplanes: Number of 6000-mile flights x4 ., = 7% .
(e N o , . e e
Radium Dial Wrist Watch: Add 2
) - s
- o Television Viewing: TNy
. o Black and white: Number of hours per day X .T: 7.
. , Color: . Number of hours per day x ;2 -
» . » R - . L)
i X-ray Diagnosis and Treatment IR
; Limigk-ray: 420 - o . .
Chestg-ray: 150 - ‘ .
. Stomach¥-ray: 350 S e
) Colon x-ray: 450 - PR
-Head x-ray: S0
Spinal xoray: 250 SRR
Gastrointestinal tract X-ray: 2000 ~.:  * =}
- Dental- x-ray: 20 S ® ;
- .HOW CLOSE YoUu At Site-Boundary': Number of hoors per .day x .2
- ILIVE TO A NUCLEAR . I L —
= PLANT ’ One Mile Away: ‘N_}_lmb‘?l,-_t_)f' hours per day x 0.02 )
. Five Miles‘A_wayNumng})f hours per day x 0.002 .
r ‘ ' C Ta ., N Dy
‘ . _ . TOTAL -~ ~
’ » ; !',.7.'..-'_.\-:';.._‘ L e
Compare your dose to the U.S. Average of Zb&m"réih/ye_ar4 : .
. Courtesy .of San Diégo Section _ . _ : ' N DN

American Nuclear Society
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A COMPARISQY OF PUBLIC HEALTH RISKS:  “of transient or accidental releasés is les$ firm. Tn" -

" NYUCLEAR VS OIL-FIRED -POWER PLANTS. . either case, the correlation of levels of pollutants and
AR e s o ...~ .. public health risks is primarily based’ on
C. Starr, M. A. Greenfield, and D. H. Hausknecht, - epidemiological studies:* These charactéristically

./ Nuclear News, October, 1972. - " represent small samples of ‘the population with many
S ' variables that are not as controllable : as .in ' a

o «- Unless there is a major breakthrough in the " laboratory study. Experiments on ‘anirmals in
# technology “and production .of gas: (as by coal controlled situations are numerous but extrapbdlations
gasification), there are probably insufficient suppligs - "to humans do riot ‘generally rest on a proven model,
of-gas to meet the near-term requirements without . .Hence the correlation of public. health risks. with
substantial increases. in cost andginreliability of pollutant levels:is on a much less firm basis than the
supply. Consequently,. this, analysis% be restricted correlation of pollutant emissions with plant size or

to the comparative pl_x_g{iq;health agpects of oil-fired - type.
. and nuclear power “planits and their associated .-

activities of a typical urban setting. Operations, of »-~ . The 'cenhl difficulty in.making a comparison
these plants upon conditions up to the present federal. J of the health effects' of power plants that use
. regulatory limits are estimated in this example to different fuels arises from the ptoblem of -comparing
cause 60 times more respiratory deaths due to fossil pollutants with totally different effects on humans.
fuel ppllution than cancer deaths due to nuclear - - For.example,.the somatic risks due to sulfur dioxide
plant- effluents. In normal practice, neither plant or radioactive iodine depend: not just pn the relative
would be expected to expose the public.to theése _ quantities involved but on the natureeand severity -

limits, primarily: because the routine effluents must , of_their effects on humans. Considgringsh oil-fired
be reduced below regulatory levels to meet a vatiety plant alone, the types of pollutants r¢leased may
. of conditions, and would thus be expected to be .change significantly when differe.nt_:,fuél_.sﬁpplies are”
- .substangiglly less (by a factor of 10 or.more) under ©  used. For ¢xample, some available South American
average cifcumstances. . V4 "~ oil reserves yield an ah that is 60 per-cent vanadium

A

. R N S VU pentoxide, the health\effects of which.are not well
W Int both, - types. of . plants;- pubbic risks of known. For chronic low-level exposures of the public
~. ;continuous operation.at fegulatory limits are in. the to any pollutant, the difficulty is compounded by
-*range-of ‘those die- to" other activities of man which more subtlé synergistic effects, which have been less
+have- geferal” sotigtal acceptance. They are in the - susceptible’ to quantitative measurements—such as the .
Llow.” part: of: this socially acceptable range for the ubiquitous -combined of sulfur. oxides and
oilfired" plant (60 deaths per year in a population- . particulates. In addition, the sensitivity'6f individuals
of <10, mdlién) and in the, "negligible” part of the varies widely. : i
=" % range.for~the nuclear plant (one death.per year in . . .
o . v'%a population of 10 million). P In spites of thel lack of) precision in our
R L . knowledge, some perspective on the relative effects
;:In both cases the integrated accident risk of important pollutants is possible. Figure 1
(averdged over time and all episodic events) is about summarizes dvailable data and uses known lethal
109, of the continuous exposure, for either the levels as a benchmark for radiation, sulfur dioxide,
.~ nuclear plant or the oil-fired plant. For the analyzed and nitrogen .dioxide. Because of.the uncertain data
.+ accidént and equal probability of occurrence, the for large population, the trassition from medically
. 'oilfited plant has a substantially worse public health _ perceivable effects to disability and lethality are

1mp t «than the nfitlear. For example, the - indicated as three approximate ranges in Figure 1.

-7 onéstira-million-years event for the oil-fired plant "Ranges of medically perceivable effects are about 10
.. "would lead to,approximately 700 respiratory deaths times lower sthan lethal levels for radiation and sulfur
;.. 'in;a population center of 10 million people; while . dioxide and. about 100 times lower for nitrogen ~
/"~ the one-in-a-million-years event for the nuclear plant diokide. In this discussion "medically perceivable” is
Y "would result in approximately one death in the same being used to mean. "in vivo" clinical measurements

- . population. on man, in contrast to studies on other forms of life.
. .;!'..

Included on the graph arethe natural background -

Table 1 summarizes the estimates of mortality levels which have been man’s normal environment
. for exposure of large populations to routine and during most of his evolutionary history. For all three
accidental releases from both the nuclear 'and the , pollutants the natural background levels are about
oil-fired plant. ' ’ © 5. 100 times lower than the ranges of = medically
' © tY perceivable effects. '
- Pollutants and their effects . i - N - )
. S : Included in Figure 1 are regulatory limits

s Information on steady-state releases to the governing radiation, sulfur dioxide, and nitrogen,
atmosphere and to bodies of water is-plentiful and oxide. Each of these limits applies to an average level
well established for both fossil and nuclear fuel to which large populations ,might be exposed on a

" plants. Estimation of the frequency gnd magnitude continuing basis. - They are, howeve'l, not all

143.
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_implemented in the samé way, The llmn for average
_radiation dose to large populations is complied with:

by continuous monitoring of reactor effluents. In the

~case of fossil fuel pollutants, measuréments are
~usually conducted off-site and the ambient levels are

‘usually thé resultant of contrlbunons from power
‘plants and other sources-e.g., fuel. combustion for
other purposes “such as industrial plants” and
transportation g

In examining ‘the Fgure and noting. that the
AEC: limit on reactor emission levels is the only

‘regulation that is below background, it is enlightening =~
to calculate. the per cent above background permitted

- by the various regulations. The values are 1 per cent,

and 400 per cent for radiation, -

10,000 per cent,
sulfur dioxide, and nitrogen dioxide, respectively.

Much greater excursions above background levels are .
~ allowed for pollutants that are less well understood
-~ as to their medical imptications. This is especially: true,

with respect to the possible careinogenic or genetic
effects of sulfur dtoxide and nitrogen dioxide when
compared to the mformatlon on radlat|on

In revising its regulations in June l97l
establishing | millirem as the makimum acceptable
large: population exposure, the AEC explicitly stated
that no new biological evidence had been presented,

but “that the new regulatlons reflected a further'

implementation of the "as low as practicable” point
of view. Similarly, the very low ambient
coficentration level required for -nitrogen dpmde
might also_ reflect a practicable limit. The' high

regulations for sulfur dioxide implies that abatement -
resently economically feasible. This

methods are
suggests that
or solely dete
or public -he

eral regulations are not consistently
meq by the available medical data
criteria. -

Cellular e'ffé'?c‘t\sﬁ‘f' pollutants

of living cells, Sy Broduce mutations—changes in the

Chémlca ttack on DNA, the genetic material
structure of D that are inherited by succeeding

" cell gdndratjons.aWhen the DNA is in a germ cell,
~ the mbtation b

es pilt of our load of mutations;
ajor afflictions as cystic fibrosis,
" -hemophllm, and phenylketonuria,
of one of" the innumerable minor

}ep duc?ion. or. being prevemed Sfrom
" When

; ewbor_ . .Whien ‘the DNA is in a
somatic-cell 10'f & chﬂd 3

resalt;in the transformati
mahghant cell | and xthUS

canCe“x,, «.h_\,qr ™

S
[

of :the ‘normal cell to a
A 'uc_e\ir_ potentially lethal

v v

ncreased frequency of occurrence -

Etig W s that are "the differesatial cause of
e W Sy e t() ‘renroduce of between one-fifth.
% ‘arid, two-thirds of the persons who escape being Killed

n the'deyeJoplng fetus, the mutation may
: ’;esult:-fn,f al ‘wastago on in' onc or another of ‘the
-birth efects “Yhat afflict some six to eight -

adult; the'mirtatioh may* -

L 4

. One of the principal modes of action *of
ionizing radiations on l|vmg cells is through the
production-of free radicals in.the water within ther
~_cell: Theseree radicals—chemical species with an odd
number .of " electrons—are highly reactive and attack
DNA at many sites. But radiations are not unique

*in their ability to initiate free radicals within cells.

‘ Ozone, for. example, when _dissolved in water, -
-decomposés’ to™ form. free mdlcals The normal
amount of ozone at sea level, 0.02 ppm, if entirely
converted to free radicals in the.body, would -produce
about 4,000 times. more : free radicals than<are
préduced by the natural background radiation levels
of about 0.1 rad per year.2.3 Ozone contents of 0.02
to 0.2 ppm are not uncommon' in-the Los Angeles
basin, and the "alert level! of ozone in smog in” Los.
. Angeles is  0.50 ppm. Not only ozone, but also’

oxygen, is convertgd in the body intg free radicals .

by normal metabolic processes. Thus. the action of
radiation is not qualitatively different from that of
other environmental agents, and the risk of i increasing
radiation levels by the operation of puclear power
stations must be weighed against the qualitatively

similar ‘risk- of increasing ‘the ozone and  other -

“ pollutants -in the atmosphere by the: operatlon of
fossil-fueled power plants. . Py

At Lhe molecular level mutatlons qan result
from the reaction of a smgle molecule with a
molecule of DNA. Therefore, single’ ipnizations can
produce mutations or activate latentviruses in living
cells. Similarly, carcinogens (benzo(a)pyrene for
example, which is found in-cigarette smoke and is
produced in the burning of oil and other fossil fuels)
can induce cancer when bound to DNA in ratios of .
one molecule or less of carcinogen to one molecule
of DNA.4_From this viewpoint the notion of a
threshold, a level of radiation 'or ozone, or
benzo(a)pyrene or other of the ‘innumerable
carcinogens, below which there is absolutely no risk
to the population, is illusory. Thus there is a potential
. hazard from the of "nuclear power
" statjons-fission or
poywer stations—oil, coal, or gas. Thisis also trise, of -
_every natural and nmadexf:‘hysica] or chemical
agent in the enwron:E
"How great is the hazard assacmed With. q'.gwen Ievel
of each emission?"

,," ’ . '5\. .

A general statement that can be made ab(mt

the magnitude . of the hazards assbiated: “with "!:"

environmental agents is that the haZards mcr;p&wwuh
the level of the agent and the duratlon q,f‘ exposure
of the population. A more specific s#aemént must .-
be based on detailed data about the action* of each
agent. Even closely -related chemical ‘agents,. Edl"

,example, when tested at equal concentrations on - ..
xsolpted mammalian cells, differ by several orders of

" magnitude-in their ability to bird to DNA or-cause
mutations in the DNA.S Interactions .among agents
further complicate the picture. Radiation, for.
example can increase ‘the effjciency of oncogenic
viruses in transforming normat .mammaliar cells to

v.

-8

e{mssmns .
usion—or . from ' -conventional ;- -,

nt. The important guestion is,

v



‘} mahgnant cells This comperty incteases gr&&?‘
- going from isolated cells to Jaboratory animals, and

increases “en'ormously - in’ the human populatron
Therefore, to- the extent possible, estimates of the
magnitude of the risks associated with the exposure
- of human’ populations. to various environmental
agents must be based on data accumulated from

. susceptrbrlrty to resprratory drseasc

persistence of it, ‘and provocation .of attacks might

‘well be expected in susceptibles such as asthmatics, -

severe bronchitis, or individuals® with gc_n_etnc

w

Air concentration data reported only from',

- locations remote from major point sources of sulfur

observation of human populations that have been
exposed to these agents. PRl

dioxide and particulate \efﬂuents may significantly
-underestrmate the. level of challenge experienced by

Q
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Resplrator.y effects .
. ‘The effluents of fossil-fueléd’ plants are
_comprised of a wide variety of materials including
sulfur dioxide, nitrogen dioxide,
carbon ‘monoxide, heavy metals, particulate matter,
radioactive radon and daughter products. Some of
-these substances take part in photochemical reactrons
leading to ~other’ specres of concern—e. g.,° 020ne

From this variety of materials there is .a
spectrum of physiological effects. Deleterious effects

hydrocarbons. - -

K ~ - :'(»';l._ 4 general population in the immediate downwind

~.catchment. In a-general population up to 10 to 20 °

per-cent may be expected to -exhibit more lung

" functional chinges or ‘more - eprsodes of ‘respiratory -2

(disease . symptoms on  experiencing intermittent -
‘high-level pollution episodes (SO approaching ;0.5
ppm) than“lhTir"average normal neighbors. In the
downwind conurbation of the Los Angeles power
generatmg belt, a population of upwards of 530,000

_individuals would-thus offer some 53,000:susceptibles

whose illness responses to as few as four high sulfur-

dioxide episodes per year’ oould cost’ tlrem between -

SlO ‘million and $20 tillion.

e '*, 5

3 - —;'.z‘.' _;&.j
on the respiratory system caused by sulfur dioxide ! A .
“and . nitrogen dioxide acting in concert with . ( "No standards- are publrshei ‘l SOjl' oa,lfs
suspended particulate ‘matter are generally -assumed hy drated form despite the potential, far 6'xrdat| of« .

to be the primary areas of public health concern. This
- ‘assumptiont will be‘ladopted for thi§ study only
because more quantitative health effects data are
available for these materials. In particular, for chronic

exposure of populations to low levels of eprso ic”

exposure to high levels of ‘sulfur dioxide
particulate matter, an e
mortality risk can' be made from available data.
‘Nevertheless, there is.an additional unquantrﬁed risk
‘from the other components of fossil-fuel emrssrons

" Ranges of concentrations of sulfur droxrde and
“exposure, times for - significant health effects and
'mortalrty rates in exces.s of normal expectation are
summarized in Figuie 2..Particylates are not taken
into account in this Fgure but they must be present
for sulfur diokide:1d be effectrve as indicated.

Detailed analytic studies of several types of
populations in = Chicago indicate a significant
incremental point for the occurrence of increased
death rates, increased symptoms in bronchitis and
increased ,occurrence of respiratory infections. This
pomt gccurs “between sulfur dioxide levels of .19

~ndicate “an ighdequate margin of safety for the
tudies. Indeed, ‘these investigatoys,
’exttapolaung mortality figures, suggest that for some
segments - ‘of the population (susceptibles) rio
threshold for health effects or mortalrty effects can
safely bef assumed.

ﬁ;fedeml 24—1:; standard (014 ppm), these data

Study. of pulmonary function'measurements in

healthy human sitbjects indicates a significant effect .
on airway resisfance and mid expiratory flow rates ~

after 15-minute challenges with sulfur dioxide at 0.5
ppm, when administered with distilled water or saline
aerosols. Heightening of this physiologic response,

.
N

mate of the correlation of"

s

sulfur ‘dioxide to-this form in the. lrumrdrfed ag_bf.
coastal population centéts. This substarigg is: of ;-
concern because of its magnified (threé«q’ -fpurfold)

=~

j effect *on respiratory mechanrcs when compared wrth .

-+ T sulfur dioxide.
=r

Rlsks from steady-state effluents

. For®a given basin with a fixed voll}me of
the question of relative Ppublic health risk attributed
to various types of power plants can be posed as
follows: How many plants of a given type can be
operated without reaching a pollutant concentration
level having public health significance? , Table II
presents quantitative answers to_this quéstion.

A simphl‘ed,approach has been taken to arrive
at the dumbers shown in the table. This approach
was meéant to eliminate as many’ complexmes as
possible, while maintaining a valid comparison of
different types of power plants. For this purpose,
meteorological considerations have been precluded by
assuming: the pollutants are released ‘into a large
mixing chamber. Each power plant operates at full

effluents from the plants. Although mcluSrQn of these.. .
s mechanisms might be expected ;to permit operatJ0n,'~ g
of more plants, they .are irrelevant.for the ‘purposes.. .y:

of = this -.cdmparison. Many ~more - hazardous

meteorological conditions can.be postu]ated thari:the* M
. One- -day ventrlatron rate used here. ' the "table

“tolerable” " js ‘used to mean the maximum number
~of 1,000 MWe -plants that could operate for one day
-without “exceeding an average concentration in the

“" air basin volume correspondmg t0 legrslated lrmlts
- The limits used were: .

144 S 4 r

» Appm andO29pf)m(l2-houraverage) assocjated with acity for one day, and” no natural removal =
* 7, the “other us urban pollutants Consrdermg the mieghanisms such as washout by rain or 1mpactron,, B
on obstacles have been allowed to?deplete. the.gyseous: -, o,
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. S03 (24-hour average, federal) - ]
NO2 (1-hour average,State of California)0.225 ppm

-

e e ‘I-:~'-.""'V u\":
S -
- \."Aif .Quality Standards and Regulations
' - Jor ‘Rad‘i(}acrive Effluent

- 0.14 ppm
.Ci/cni3
The ass_uiﬁption made "hére is 'tha“t'- these
- legislated limits are related to prevention of health

effects. As mentioned earlier, there is in fact a very
large (orders ‘of magnitude) safety factor built into

Radioactivity  (federal)2 x 10-19

the concentration limit for radioactive, releases. In. .

contrast, the mafgin between health effects and air
-quality standards. is quite narrow, especially for SO>.
"This can. readily be seen by referring back to, Figure,

1. As pointed out earlier, there is sufficient evidence

to connect a.substantial cost with increased illness -
responses in an area subjected to-as few as four high
sulfur dioxide episodes per year in a setting such as
the Los Angeles basin. . .

- This comparison is based om. a different
approach than the continuous exposure column of
Table 1. In the table the public health risks associated

. with the expasuge of large' populations to regulated
limits is compargd..In Table Il the degree to which
plants cohtribute towards using up the regu i
Jis compited FUE S

4

R 5 L .
Metcrologicaj stagnation of several
iorf: J5-n0L an: uncommon event in several areas

- ‘jdff'c'aufé"}mqiv}ufis' an historical fact that the. AQS

~

“are exceeded regularly in some areas and that these
occurrences coincide with meteorological stagnation.
Increased ‘mortality data for.these occirfences is
impossible to glean from the public hedlth data,

_ ,ﬁunless the meterological conditions are extremely

e
.

- number- is refatively -small
“record "i§” needed -to estimate

adverse and of long durdtion resulting in substantial
mortality and. morbidity, such "as the New York,
Donorra, or London episodes, Nevertheless, lesser
- occurrences should not be assumed. to have no .
impact. : T S » ,

LY
. . » .
Transient releases-

“

If the public hgaltli risk-of any technolagigal~ +. PWR.
system is to be determined, the frequency:Zind ;

consequences of accidents must be considered. For
a well-established system, ‘'such as & fossil-fueled
power plant;. thes frequency. .and. ‘glagnitude . of
public-risk accidents can-be gstimated from historigal

.., Tecords: where. they are. available>-Yd<the case of

riuclear pawer plants, theéir fiistory sy Short and their

magnitude -‘of - their - releasas. -

.

_ b A deductive app’rdach for making this estirjriéte s
for nuclear plants -has been-developed arld _ap'plied, -

:"Hernée more than thejr n
the frequency and -

PR

AR SR i .
to actidehis; fhe question of other accidents thit
‘mighit'ogcur But have not. been thought of must be
faced:. It:is assumed’ that the accidents that have been’
analyz&d represent a sample of a corhplete spectrum
of -possible accidents and’ hencé, can be Jised to

" establish the. entire spectrum.. b e

" This pfobéb_ilistic-vapp‘roach to quantffying risk

. has nat' been the histerical approach to-power plant.

. safety—either - fossil-fueled or nuclear.- Three basic

" approaches to safety -analysis can be identified. The

~most common is the empirical (or inductive) study
of actual performance history to estimate .the level
of risk of various events. The second is the
judgmgntal (or. intuitive) review by .experienced
profes: icgnals to determine ' if adequate design
precautions have been- taken. ‘The third is the

estimation of systers risk as derived from the

reliability- of individual components and their
interaction-a deductive procéss. Only the first -

(empirical) and the third (deductive) provide a

qu'antitativg resilt..ip the absence of a subst'aﬂﬁ:‘ilj'}:
operative history.;nticlear plants have typically béen *. %
¢ studies by the’,sécond’ (or judgméntal).appf@agh

However, il oidey, to-make a meaningful compatisg

: ’ s PR g s
between oil-fired and nuclear plants, this report ustss:™

" the third (deductive) method based on recent studies.

ays

to reactors for a number, of years. It consists of - .

determining how. an accident can occur-by assuming’. , .- baséd.
 failure of one 6r more elements in the plant -and the. .-, chara

probability ®f such failure. Once the
studied by analyzing all the “credible

]

lant has beég
'Ppaths le

adink

i
Y
S

> . A0 N e
CETAE .
. T . . . g

An illystration of the outcome of. thisapproach
is presented in Figure 3 for a 1,000 MWepressurized
water- reactor (as studied by Otway and” Erdmann).

" The Validity ofysuchpan-accident sequence analysis
- . depends ‘on ’sﬂ%abﬁity_-'.of -the* plant. safety devices,
their abiljty td function in.sequence as expected, and

on the: itherent dynamic characteristics of the plant
type.-Because_of the:véry low probability of large
releases, the over-all piblic health risk calculation is
not sensitive to the accuracy ofithe accident sequence
analysis. The study presented in Figure 3 should be
representative of a modern PWR plant and has
*therefores been used in this report. A
liquid-metal-cooled fast breedet reactor was analyzed
in an analogous manner as part of the present study;_
and the over-all risks due-to.accidents was foun'd.to -
‘be nof¥ignificantly differént than ‘those from the:.

DA T
.

- - .

Jaximum-consequence acgcidents for both
-and the LMFBR arg consistent with a
" citeq early study of catastrophic reactor
R In the sequel it will be seen that the’
(s fi¢ clear plant are no worse than
Ogstifueled plant. Co

. N

the amauat of radioactive :
ic (in equivalant curies
leases -from the more
ones, from ‘the
§gsthall circles'. represent
sthe smooth curves:are. -
gesent “a - distinction “in
ipce which; results from

cooling systém or in the -
Both. are considered

lowsproba
analyzed/a

T
i
.?' M

.

L)

‘-

-
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' .preserited-in Figure 4., .

¢ -

together'in some situations. Others may be explored

in a’specific plant study. In addjtion to the accidents °

forming these curves, a cluster of accidents of higher
probability (106’ to 10 per year) - were ‘also
“included. These Were shich things as fuel handling
mishaps and are&hown%

figure. -

- A

. - S &
For a 1,000-MWe oil-fired plant; there is<ap
sociated storage capacity of the order of 2 million
barrels. Although some of this storage may
on. the plant site, it®is .never far r‘gmoved.
Conflagration ‘of some._figction or all of these -fuel
- supplies - is a".fa,.ppssibﬁif? e
" considered in éstimating the over-all risks of oikfired
. plants. As in"the case of huglear reagtors, the public
health risk due to accidents’ as$dciated with -an
oil-fired plant is greater from the released pollutants
«than from the.direct effects of an.explosive- fire.
Hence, an_estimate of the frequency of occurrence
and -the amount of oil burrfed is needed to assess
* _the risk from .released pollutants. '
° No ‘data specifically for power plants has come

“to light, but the ‘American Petroleum. Institute @API)
has tahulated data for firg losses occurring at various:
types of jproperties over-a number of years. During-

the: past. five years (1966 through 1970), API has
~tabuldted .data that categorize the magnitudes of the
fires into four size*groups. After examination.of the
tabulations for these five years, two classés of
properties were selected as beigg represéntative of.the

and as slch -must be

Hot be

g e

" sizes ‘and - types of oil products associated ‘with

-oil-fired power plants:~They were bulk terminals and

. pipeline stations. These: data, after conversion to

quantities ‘of oil “lost in pounds,  andjy with
normalization to the unit of ' property-yef. are

~2 %y ‘From” this éraph.,-t‘ﬁe:‘probszility- of releasing

metals can be estimatéd, Thjs was carried through
only for SO2 by assuming :thé values $3 and 331

poundsqper barrel of vil contaiding 0.5 per cent by’

weight of sulfur. The pounds of SO2 emitted with
varying frequency are also given in the figure.

".'Figure 4 for an oil-fired plant is- then the
analogue of Figure 3 for the nuclear plant: They are
presented together on a common probability scale in

- Figure 5. For the oil-fired plant the entiré

. release-probability distribution falls within the regime:

of high-frequenc
plants: -Another
is that ' the least
2:million-barrel "fire) o
likely to occur than ‘any of

small-release accidents of nuglear

bable, ‘maximum release - (a

e teleases.from the

*~~"nuclear _plants, _which: could{Tbe ‘considered more

severe- than a minor mishap.

"Assuming the oil-fired plant and nuclear plant
_ are located at the same site,gim pheric dispersion
of the pollutants from an achMerit. and -fumigation

y of contrasting :the two graphs

-»: quantities of sulfur; digxidé, oxides of nitrogen,
‘hydrocarbons, precursors of.oxidants and heavy

an’.oil-fired plant is more - .
1A A

147 ° .

" <is"dffset by -the

’

of the’ surrounding population can be handled
* identically in either case. This comparison wds Baséd

en a stable meteorological condition (Pasquill F ~

category) with a wind velocity of 2 meters per second

.~ -blowing constantly into a 30-degree sector. -
s a' dotted extension in the‘_{'v : v : - r

In order to correlate mdrtality with prevailing
pollutant concentrations, the following. cbrrelations
‘were used: "o . o

1.x 106

DLW

per ;;el"sqn per rem is the mortality .

risk from thyroid -irradiation’ with . -
no available data demonstrating a .

'+ - .risk below 1 rem _ _
30,y lo6 ?mptality risk per person per tem %
e or whole-body -irradiation dowr to
.o thg_'ibackgmugd level of IOQ mrem.
4 x 105 -X(SPO)!/2 mortality risk (death due

to respiratery cause-only) per person
of particulate matter. for 5 §yea‘rs)
down to- 104 (ppm<{gm/m3)-year):
which is a routine urban exposure

Although _'thé‘se‘,-":'c;pl:relations, which are based op’

statistical - arialyses- of epidemiological data, are far

from proven physical laws, they are in’keepirtg with

the state- of knowledge at present.

A comparisen of the cumulative mortality risks -

with. distance from -the two. types of:plants is shown
‘in. Figure 6. These results suggestthe accidental
releases from the two types .of plants are ‘not
substantially different in--their over-all “mortality

effect during the life of the plants. The rélatively -

_greater likelihood of occurrences at an oil-fired plant
" d - -th edter lethality but less likely
radioactive releases from a nuclear’ plant.

Another important perspective to- be gained
from this.analytic approach .is”that the occurrence
of a:large oil fire is a rare event.in our conscious
experience, but -refatively commonplace

~words, events that occur with frequencies of less than

[

never” in, everyday language.. - | i

The pulblic reaction (or “Social ¥raitha). that
might result from the very rarest and thost, xtreme
accidents is difficult to gauge, but is not likely to
be large in either case. In the case ‘of an oilfired
plant, thes combination of the most adverse

. meteorological conditions and Jargest fire fnight. be

expected once in a million: ygags-and could cause
dbout 70 respiratory deaths~pér”million” pepulation
,(about one-half of the- normal annual rate). Becayse
“the incremental mortality (and morbidity) ‘would
occur in.a short time interval, the impact of such
an accident probably would be publicly noticeable.
‘ . ,

+ In the case of an extreme nuclear accident, a

probability can be assigned to a maximum impact

~ °

.~ a

s

14K e .

once in . a”million years aPP"O"Ch,g@!}ﬁ--m‘?a?:‘l% of

*

exposed to S(ppm) of SO2,P(gm/m3). -,

wher .
- ~compared with significant reactor releases. In other -
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. . of about 500 cancer deaths per million population

1

'h, -

s

(about *one-third of the normal annual cancer rate),
estimated to occur less than once in 100 million
years. Because most of the fatalities resulting from
such radiation” exppsure would be spread over very
many years, the public impact of sugh a nuclear plant
accident is unlikely- to have enuch general visibility.

*1t would be possible to measure the full impact.only

by maintaining lifetime statisttcs of the exposed
population® : .

... Consequences -of accidents are graphed. with
- their corresponding probabilities in Figure 7. For the
oil-fired plant, there is not enough ksown to estimate °
_ the worst hypothetical case. It is generally known
that- respiratory ailments can be increased by thé
synergistic interaction of various “insults” to the
system. An extraordinarily rare hypothetical
combination of a variety of airborne pollutants,
respiratory epidemics (such as influenza), and chronic

substantially increase régional fatalities. It is quite
possiBle that because of the focusing of all these
impdcts on the respiratory system, the: oil-fired plant
-maximum hypothetical accident tould cause as many

. fatalities as the maximum hypothetical nuclear plant.

accident—with ‘a probability of occurrence equally
low. Also omitted from this estimate is the synergistic

v effect of other polluting effluents from the oil-fired

*y .plant=such as nitrogen oxides, heavy metals (lead,

* Transportation of Euéleaﬁ Ki“uel&

- mercury, . cadmium, nickel), radioactive elements,

carbori monoxid¢, and carcinogenic. compounds.
Nitrogen " oxides, in particular, may be a serious

hazard, but little is known about their quantitative -

health effects as yet. Insufficient data‘on respiratory
effects are available to evaluate the full impact of

.all the multiple synergistic combjnations that might _

possibly occur. - .

0y

: ot
_ Fer a thermal pewer plant to operate on a

'S

continuing basis, fuel transportation is a necessary

adjunct. For oil- or natural-gas-fueled plants this takes

the form of pipelines, while for nuclear plants, trucks, -

_drritants  (including asthmogenic allergens) might

. rmail cars, or barges are used. Public health risks from ]

.

pipeline qupture accompanied by fuel burning exist
but are not analyzed in this report. Because of public
concern regarding radiation, the shipment of spent
nuclear fuel - elements- has been
Additionally, the location of a reprbcessing plant for
nuclear fuel might.be contingent on the degree of
risk involved in transportation. -~

examined. __

There has never been a recorded major accident. -

that has. killed, injured or overexposed people as a
result' of the transportation of radioactive fuel

" materials. The accumulated experience of such

- shipping is relatively small. However, accident rates
can be estimated if the assumption is made that spent
fuel shipments- will suffer at the same rate as
shipments of explosives and other
materials. This assimption is supported by the fact

that the standards in the US. (10CFR7I, *

SR 148

dangerous -

-was baséd on an average population density

. " .
49CFR171-178 and 46CFR146) place primary
reliance for safety on packaging rather than mode
of transportation, of radioactive material. 'Hence,
commercial carriers can be used. A survey of
transportation accident data suggests a reasonable
expectation to be 2.5 accidents pef million vehjcle:
miles for either rail or truck modes of transportation.
Because of the stringent requirem®nts on spent
fuel packaging, most accidents will not result in a

°release of radioactive material to the environment.

The AEC operational experience from 1949 through
1967, has been used to estimate that in 2.5 per.cent
.of the accidents; some .f¥iction of the radioactive.
material” being transported will be released to, the
eenvironment. In order to egimate the' distances to”:
be covered, three potenti® reprocessing plant
locations” Weré considéred. They included bot{\ an .
optimally located plart in the state (California) and™
an inexpediently (with respéct to distanct) logated:
plant but of the state. The average distance from
power plants in the state ‘to the latter location was
2.4 times greater than the former.- '

distance and assuming every accident which leads t

a radioactive _release to the enviranment is “a
maximum credible accident (all fission gases'in the
shipping container plenum are ~ released),
conservative projection can be made for the yea
2000. The number of serious injutfes in the state w.
found to be less than one in 1,000 years for t
projected fuel logistics requirements. This conclusi

- Choosing the greatest. average transport"ationy :
og.

would change in proportion to the: actual population’
density on any chosen route. Two conclusions are
derived from this result: - . o

Transportation of spent nuclear fuel does not
measurably add to the public health risks of the
power plant. . St

Siting of nuclear power plants does not depend

.'dn the location of reprocessing plants, because the -

‘1Wwo can be decoupled with littl\o; ng change in
the total risk. - ' i

. ‘These conclusions are not meant to impty that
the -public health risks associated with the sitifig of
facilities for.either chemical-reprocessing of fugl of
waste disposal can be neglected. However, it is
expected that future AEC regulations governing
-feleases from any new chemical reprocessing plant or
waste disposal facility will be as stringent as those
_presently applicable to nuclear power plants.

'
~

How safe is safe enough?

“In comparing the public risk from fossil:fueled ..
and nuclear power stations, it is importany to
understand what is really meant by risk. The public
is confused and misled when leaders and experts.
make statements with qualitative comparisons such -
as ‘safe" “versus 'unsafe”, “credible" versus

L4 “»r
.

Ay -
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incredible,” . "cautious versus incautious,
n . r ” ”n B - " o.
- “reasonable” versus "ynreasonable "-in reference to
the risk of injury to th€ individual. These terms imply

absolute,_boundaries of risk that do not really exist.

Therefore we must ask the question, "How safe

. . their

is safe enough?” and provide Quantitative guidelines

which will ‘make possible a rational approach towards

. defining acceptable_ levels of public risk. .

: “ Risk in this Study has been used to m';:'a'r{ tire
- Quantitative probability of injury-i.e., the predictable

chance of some specified personal damage occurring
in-a specified time jnterval. Public risk is the averaging

of individual risks over a large population. The

injuries involved may vary from minor annoyances
and " discomfort (not enough to prevent inormal
activities), t¢ disabilities that cause reduction’ in
rformal progfctivity (morbidity rate) to loss of life
(nortality fate). Because.of the dramaticalig visible
nature of death, public risk is usually conceived of
in term§ of fatalities or mortality rate. However, ‘the
importande of the public welfare of the.less visible
" morbidity xg

example, the annual number of deaths in the United

(disabilities) 'may - be much.greater ir} '
. terms of humanistic, €conomic, and social values. Fot-

,States due to automobile accidents is often quated ,

‘With alarm, but one rarely hears, of the disabling

injuries which number hundreds: of times 4§ many.

and gay have an equal or, greater social importance.

. The same situation has existed 1n énvironmental

13
s

pollution issues. Most public discussions relate almost:
exclusively to. short-term episodes of extreme
pollution—either real, or projected. In. fact, most
professional concern has been focused on these
infrequent, extreme situations. However, from the

... viewpoint of sodal costs or of the public health.

ar

*=burden, it is important to consider long-term effects

of low pollution levels as well as the:short-term
, effects of the more visible episodic high levels-and,
-in addition,morbidity -as well 45 mortality. -

-Averaged over a large poptlation and a”'ﬁong‘

time period (man’s lifetithe), there exist two
continuous ranges of events. Thesfirst of these is the
range of accident magnitudes or public exposure. The
second of these is the end result of such exposures,
ranging from discomfort to .disability to death. It is
interesting that ‘an, approximate . relatioriship of
frequency varying inversely with magnitude appears
to apply to most public exposures to risk, (either
man-made or' fatural)’ -antfp very probably to the
pollution éffgcts from both fossil-fueled .and.nuclear
pewer plants. A statistical and theoretical basis for
these relationships can be suggmsted, but the
inadequacy-of epidemiological data makes it difficult
to verify its generality.

. . .Because mortality data is most readily available,
the foregding quantitative power plant comparisons
. have dealt with the public risk. of fatalities,
recognizing that this is only indicative, of the total
. risk, and that the social cost should include a
multiplier that accounts for associated disabilities.

¢‘

o

_ cautious approac

Similarly, a usually neglected but important factor
from' low-level exposures ig the time required for ;
physiolagic impairment to develop. If the time for
the effects of exposure to develop is long, then only -
the yoysger memBers of the population.may have
% life affected (as with. smoking). “These
factors¥of degree of morbidity, age;.and duration of
exposure, .¢hanging social value asa function. of age,
and other similar public health parameters
theoretically - should be included in anycomplete
study. Unfortunately, basic physiologic-and, technical
data :in the air “pollution field are generally so
uncertain quantitatively that such a refined analysis
is only occdsionally justified. "Order of magnitude” -

" answers are usually all that can be expected in such

areas -of public risk. A

7 .A study of the public acceptance or mortality
risk - arising from .involuntary @ exposure ® to -
socio-technical systems. such - as motor -~ vehicle
transportation indicates that our society has accepted

"a range. of risk éxposures as a normal aspect of our -
life.7 Figure 8 shows the relation between the per
capita benefits of a system and the acceptable risk
“as expressed in deaths per exposure year (i.c., time
“of exposure in units of a yedr). The highest level of
.acceptable risks that may be regarded as a reference
level 1s detérmined:- by the normal U.S. death rate -
from disease’ (about one deathPer yéar per .100, '
~people). The lowest level for reference is set by the
risk ‘of death from natural events-lightning, floods,
earthquakes, insgct-and snake bites, etc. (1 death per
year 'per mill" people). - %

In between these two bounds,, the public is
apparently  willing: to = accept- involuntary"
exposures-i.e., risks imposed by societal systems and

- not easily modified by the individual-in relation to
the benefits derived from the operitions of such -
'societal systems. ..Although an individual -often
"voluntarily" exposes himself to much, higher risks,
the public nevertheless expects the regulatory’
institutions of ciety to maintain a consistently

o its hazards. The principal point

.of the relationship in Figure 8 is that society does
pragmatically accept in existing systems a level of risk
related to the benefits it derives. [

In commonly familiar terms, an, a(ierag'e

" involuntary risk may be considered "excessive” if it
_exceeds the incidence’ rate .qf disease, "high" if it
approaches it, "moderate" if the risk is about 10-100
times less, "low" if it approaches the level of natural
hazards, and "negligible” if it is below this. Events
in’ these last two levels of risk have historicaily been
treated as "acts'of God" by the public generally-in
recognition of their relatively minor impact on-our
societal welfare as compared to the effort required
to- avoid. the risk.

.Thusy any risk created by a new socio-technical

* system is ‘acceptable "safe enough" if the risk level

148

is’be‘l_owathe curve of Figure 8. More accyrately, when
the increment of additional risk added by .the new
system,is associated with an incremental benefit equal

-

-

-~
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to or greater than that indicated by the curve; thé
system is " "safe éhough ” If, as is usually the case,
a new system has a ragfge of uncertainty in its risks,
a. design target may be set below the curve by an
equivalent . amdunt-possibly as much as a factor: of
10 or 100. T . .
. .7 Thé position of electric power plants in this
benkfitrisk relationship is shown in Figure 8. The

risk calculation based ‘on regulatory limits has been -

described earlier-with -oil-fired plants setting, the
epper value and nuclear the lower’ value:
previously noted, actual risks may be very much less
becaiise such “plants will - operate -at less than
regulatary limits. The benefits of electricity includes
an estimate, of both the incremegtal contribution 'to
industrial--output’ and to other social- needs. It is
evident that both. types of -power:plants are well

within " the acceptable risk range. " ~

.. To summarizé, déath, disability, and discomfort
have always been a normal part of life. ‘Society has
historically adjusted its acceptance of these so that
changes in societal systems are associated with

adgquate benefits and also do not’ substantially or - .

drastically alter the public’s involuntary exposure tg
Fsk. None of this means that efforts. o' reduce the

«risk of death, disability and discomfort should not K
be made..However, iri the application of ‘our resources -
'to reducing public risks, the economic principle of

marginal .utility shoyld be used-i.e., the resouYces
.should be applied where they will do the most good.
"There is little point in spending effort on improving

the safety of a system-that is already in the category
of "negligible risk.” The effort would be better
applied, to the higher risk systems that will
substantially influence our public health statistics.

.

As

S (1966). :
5. F.Kao and T. T. Puch, "Genetics of Somatic

7. C

T

. -The cvident fact that the risk perspectives of
an individual may differ. from that of a soeial.sector _
Creates a problem in a democratié political: system.
Rational decision-making on a societal level may thus
require an intensive ‘public education and public .
discussion of the issues and trade-offs. This -is
particularly difficult in emotion-laden areas, and
perhaps especially -so when ‘death; disability and
discomfort of human beings are involved.

References

I. W..J. Muller, “Our Load of Mutations," ¢

American Journal. of Human Genetics, Vol. 2,

“pp. 111-176 (1950). "

2. W. A.. Prysor, "Free Radical Pathology,"
Chemical and Engineering Néws, June 7, 1971,
pp. 34351. — '

3. D.B. Menzel, "Toxicity of Ozone;(jxygen and

" Radiation,"”- Annual ' Review

of Pharmacology,
pp. 379-394 (1970). .

-4.. P. Brodkes, "Quantitative Aspects of the -

Reaction of Some Carcinogens with Nucleig: i

“Acids and the Possible Significance of Such
Reactions in the Process of Carcinogenesis,”

g 3

Manynalian . Cells XII: 'Muta};enesic by -,
Carcipogenic Nitro Compoundi,” Journal of -
Cellular  Physiology, Vol. 78, pp. 139-144
(1971). R ‘

6. WASH-740, "Theoretical Possibilities Jod

Consequences of Major Accidents in Large
- Nuclear Power Plants,” U.S. Atomic Energy
Commission, March. 1957, .
“Starr,  "Benefit-Cost  Studies - in
Socio-Technical Systems, " presented at the .
Calloquium of Benefit-Risk Relationships for

Decision-Making Washington, D.C., "April 26,

1971.
1]

.

i Cancer Research. Vol 26, pp. 1,994-3003

i

R

J



5.

LTABLE1 - .°
Punuc Rlsx‘Cburuuson .

K R .

¢ h . EXPECTED ANNUAL AVEILAGES
(Deaths per- 10 -million population .
", -« PLANT * per 1,000-MWe plasit per year)
e o Teee .Continuous Operation Total Risk
. nl Regulated Exposurg from
T . N - Limits v ts®
Nuclear reactor .‘ s S ' . Nejgligible
(eancer deaths) . ~ « (0.00006) -
Oil-fired . plant ; ‘e.o = _Negligible :
(respiratory deaths) 5 A (0.0002) L
o B IE— .
* e o

. TABLE u. -

TOLERABLE ‘NUMBERS OF Power P_LANTs AS IMPL!ED BY .
4 CURRENT PRACTICES IN Los, ANGELES CouNTY® & -

: : : TovrerasLe NUMBER. oF 1,000-Mwe
Piant TyPe CRITICAL b 1S (Exclusive ©F . POLLUTANTS
L PoLLurant FroM OtMen Soumces) ¥
oil so, | .10 A
Natural gas NoO, . 23 - ) -
Nuclear reactor |Radioactive 160,000
(LWR) gases

°Based on the !ollqwmg mumpuons
L Unspecmed mixture of udloncuve isotopes released from nucleu
plant (Most restrictive assumption bised on 1 mrem). .
Tompliance with 0.5 percent by weight sulfur content for oil.
Air volutfie of Los Angeles County wis assumed to be 3165
km,} which implies a mean inversion height of 300 m.

o

'J

!-o

4. Ventilation of this volume requires one day.
S. Effluent volume rate for 1,000-MWe reactor is taken as
0.5 X 106 cfm which is an estimated upper limit. -9
: g PRRCENY
L4 %0, M) MmN LETHAL
PARTICULATES b

WOKALLY
{ teacevasc
e”ricTs

L4

Mots  Unih o ouh @i 9% wot S0 e, bet tasten
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Fig. 1. Observed effects on physiological function of humans
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, socieconomic

SOCIAL BENEFIT VERSUS -

- TEGHNOLOGICAL RISK ;

What is our ~society willing to pay for safety? b?:

., Chauncey. Starr, Science, Sept. 19, 1969._

The evolution of technical approaches to
societal problems customarily involves
consideration of the relationship between potential
technical performance and the required investment
of . societal - resources. Although such
performance-versuscost relationships are . clearly -
ufeful for choosing between alternative solutions,
they ,do not by, themselves determine how much

. technology a socigty can justifiably purchase. This

latter determinatign fequires, additi®nally, knowledge

. of the .relationship' between social benefit and
justified social cost. The two relationships may then'

used jointly to determine the optimum investment
societal resources in a technological approach to

a sociall need. .

Technologica! . analyses for dhclksing the
relationship between expected performance and
monetary co:'s are a traditional part of all
engineering planning*and, design.. The inclusion in
such studies of al/ societal costs (indirect as well as
direct) is less customary, and obviously makes the
analysis more difficult and less definitive. Analyses
of social value as a function of tecgnical performance
are not only uncommon but are tarely quantitative.
Yet we know that implicit’ in every nonarbitrary
national decision on the”use of technology is a

trade-off of societal benefits and societal costs.
. L

In this article, I offer an approach for .

establishing a.quantitativc measure of benefit relative _
to cost for.an important element .in .our spectrum

of social values—specifically, for accidental deathsg

arising from technological developments in public
use. The analysis is based on two assumptions. The

first is that historicdl national accident records are .

adequate for revealing consistent patterns of fatalities:
in the public use of fechnology. (That this may not
always be so is evidenced by 'the paucity of data

.relating to the effects of environmental pollution.)
~The secend assumption is that such historivally
revealed social preferences and costs are sufficienty

enduring to permit their use for predictive purposes.

. . [ .
In the absence of economic or sociological

theory which might give better results, this empirical

'approach provides some interesting insights into -

accepted social values relative to personal risk.
Because this'methodolagy is based on historical data, '
it does not serve to distinguish what is "best” for
society from what is "traditionally acceptable.”

_Maximum Benefit at Minimum Cost .

The broad societal benefits of advances in.

technology exceed the associated costssufficiently to

technblogical growth inexorable.

Shef’s
study (1) has

indicated that

make

v
AR

4

S

]

technological growth as been.generally dxponential
in this century, doubkng-every 20 years\in nations
having advanced technology.. Such technological
growth has apparently stimulated a parallel growth
in socigeconomic benefits and a slower associatgd
growth “in social costs. e

ﬁl "The conventional socioeconomic
B¥nefits-health education income-are presumably
indicative of"an improvemerit in the "quality of life."
The cost of this socioeconomic progress shows up
- in all the negative indicators of our societyzurban
,and  environmental .problems, techny}ocigal
uriemployment, poor physical and mental health, and
so on. If we understood quantitatively the casual
relationships  between “specific. technological

~ developments and societal values; both positive and’

negative, we might deliberately guide and regulate
technological * developments so as to achieve
maximum social- benefit at minimum .social cost.
Unfortunately, we have not as yet developed such
a predictive'system analysis. As a Jesult, our society
‘historically "has arrived at acceptable balances of
technological benefit and social .cost empirically--by.
trial, error, and subsequent corrective steps. -

_ . . .« -
In’advanced societies today, this fistorical

empirical - approach creates an increasingly\critigal
. situation, for two basic reasons. The first is the
well-known difficulty in cHanging a technical
» subsystem of o¥r society once it has been woven into
the économic, political and cultural structures. For
txample, - many of our. environmental-pollution
problems have known engineering solutions, but the
problems of ” economic- readjustment, political
jurisdiction, "and social behavior loom very large. It
will take many decades to put into effect the
technical solutions we know today. To give a specific

illustration, - the pollution of our water " resources

could be completely avoided by means of engineering
systems now available, but public interest in making
the economic and political adjustments needed. for

applying these techniques is very limited. It has been

facetiously suggested that, as a means of-motivating.
the public,-every community and industfy should be
required to place its water jntake downstream from
its outfall. -t :
In order to minimize these difficulties, it would
" be desirable to try out new developments in the
smallest social groups that would permit adequate
- assessment. This -is a common practice in
_market-testing a new product or in field-testing a new
"drug. In both these cases, hiowever, the experiment
is completely under the tontrol of a single company
or agency, and the test information can be fed back

to the controlling group in a time that is short relative
~ to the. anticipated commercial lifetime of the

product. This makes it possible to achieve essentially
optimum use of the product-in-an- acceptably short
time. Unfortunately, this is rarely the case with new
i .
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technologies. Engineering developments involving
new technology are likely to appear in‘many places
. simultaneously and to become deeply integrated into

the systems- of our society before their impact is

- evident or measwrable. Lo

This brings us to the second reason for the
increasing severity of the problem of - obtaining
maximum benefits at minimum <coSts. It has often
been stated that the time required from the
conception of atechnical idea to its first application
in society has been drastically shortened by modern

engineeging - organization and management. In fact,.

the history, of technology does not support this
conclusion. The bulk .of-.‘he evidence.indicates that
the time from conceptioff to first application (or
' demonstration) has been roughly unchanged by
modern managemenf and depends chiefly on the
complexity of the development. :

However, what has been reduce&substantially
in the past century is the time from' first use to
widespread integration into our social system. The
techniques for socjetal diffusion. of a new technolo
and 'its subsequent. ekploitation are now high
-developed.

‘Our ability to organize resources ot money,
men, and materials to focus on new technological
programs has reduced the diffusion-exploitation time
by roughly an order of magnitude in the past century.

Thus, we now face a general situation in which
widespread ‘use of. a new technological development
may occur before its social impact can be properly
assessed, and before any empirical adjustment of the
benefit-vérsus-cost relation is obvioulsy indicated.

It has been clear for some time that predictive
technological assessments are a pressing societal need.
However, even if such assessments become available,
obtaining maximum social benefit at' minimum cost
-also requires the establishment of a relative value
system for the basic parameters in our objective of
improved “quality of life.” The empirical approach
implicitly involved an intuitive societal balancing of
such values. A predictive analytical approach will
require an explicit scale of relative social values.

For example, if technological assessment of a

new development predicts an increased per capita

annual income of x per.cent but also predicts an.

astociated accident probability of y fatalities
* annually per million population, then how are these
to be compared in their effect on the "quality of
life?" Because the penalties or risks to the public
arising from a new development can be reduced by
applying constraints,. there will usually be a
functional relationship (or trade-off) between utility
and risk, the x and y of our example. L
' There are many historical illustrations of such
trade-off  relationships  that were empirically.
determined. For example, automobile and airplane
safety have been continuously weighed by so.ciety

against economic costs and operating, performance.
In these and other cases, the real trade-off process

" is actually one.of dynamic adjustm®it, with the

behavior of many’ portions of our social systems out
of phase, due to the many separate "time constants .
involved. Readily available historical data on
accidents 'and health, for a variety of public activities,
provide an enticing stepping-stone to quantitative
evaluation of this particular type of social cost. The

_social benefits arising from some of these activities

can be roughly determined. On the assumption that
in such historical situations a socially acceptable and
essentially optimum trade-off of values has "been
from disease, their inclusion is not significant.

" Several major features of the benefitrisk
relations are apparent, the most’ ®fVious being the
difference by, several orders of maggitude.in society’s
willingness to accept “voluntary" apnd "involuntary"
risk. As one would expect, we are loathe to let others
do unto us what we happily do to ourselves.

The rate of death from disease appears to play, .
psychologically, a yardstick rple in determining the
acceptability of risk on a voluntary basis. The risk
of death in most sporting activities is surprisingly
close to the risk of death from disease—almost as
though, in sports. the individual’s subconscious
computer adjusted his courage and made him take
risks associated with a fatality level equaling bu?not
exceeding the statistica mortality due to involuftary
exposure to disease. Perhaps this defines the

- demarcation ‘between boldness and foolhardiness.

-

In Figure 2 the statistic for the Vietnam war

" is shown because it raises an interesting point. It is

only slightly above the average for risk of death from
disease. Assuming that some lohgrange societal
benefit was anticipated from this war, we find that
the related risk, as.seen by society as a whole, is
not substantially different from the average
nonmilitary risk from disease. However, for
individuals in ‘the military-service age group (age 20
to 30), the risk of death in Vietnam is about ten
times the normal mortality rate (death from accident
or disease). Hence,the population as a whole and
those directly exposed see this matter from different
perspegtives. The disease risk pertinent to-the average
age of the involved group!probably would provide
the basis for a more meaningful comparison than the .
risk pertinent to the national average age:-does. Use
of the figure for the single groyp would complicate -
these simple comparisons, but that figure might be
more significant as a yardstick. :

The risks associated with general aviation,
commercial aviation, and travel by motor vehicle
deserve special comment. The latter originated as a
"voluntaky" sport, but in the past half-century the
motor icle has become an essential utility.
General®@iation is still a highly voluntary activity.
Commergial aviation is partly- voluntary and pardly
essential ahd, additionally, is subject to government
at{MnisSfation as a transportation utility.

a
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Travel - by motor vehicle has' now. reachéd a
benefit-risk balance, as shown in ‘Figure 3. It is
interesting to note that the present risk level js only
slightly below the basic level of risk from disease.
In view of the high percentage of the population

involved, this probably represents a true societal

judgment on the acceptability of. risk in relation to
benefit. It also appears from Figure 3 that future
reductions in the risk level will be slow in cpming,
even.if the historical trend of improvement can be
maintained (4).

‘Commerical aviation. has barely ap({)roached a.

risk level comparable to that set by disease).The trend
is similar to that for motor vehicles, as shown fin
Figure 4. However, the percentage of [the population
participating is now only 1/20 that fer motor
vehicles. Increased public participatibn in commercial
aviation will undoubtedly increase the pressure to
reduce the risk, because, for the general population,
the benefits are: muctt.less than those associated with
motor vehicles. Commercial aviation has not yet
reached the point of optimum benefit-risk trade-off

(5).

For general aviation the trends are similar, as
shown in Figure 5. Here the risk leyels are so high
120 times the risk for disease) that this activity must
properly be considered to be 'in the category of

adventuresome sport, However, the rate of risk is -

decreasing so rapidly that eventually the risk for
general aviation may be little -higher than that for
commerical aviation. Since the percentage of the

+ _population involved is very ‘small it appears that the

present average Tisk levels are acceptable to only a
limited group (6). .

The similarity of the trends in Figures 3-5 may
be the basis for another hypothesis, ‘as follows: the
acceptable risk is inversely related to the number of
people participating in an activity. )

The product of the risk and the percentage of
the population involved in each of the activities of
Figures 3-5are plotted in Figure 6. This graph
represents the historical trend of total fatalities per
hour of exposure of the population involvgd (7). The
leveling off of motor-vehicle risk at about 100
fatalities per hour of “exposure of the participating
population may be significant. Because most of the
U.S. population is involved, this rate of fatalities may
have sufficient public visibility to sef alevel of social
acceptability. It is interesting, and disconcerting, to
note that .the trend of fatalities in aviation, both
commercial and general, is uniformly upward.

The hour-of-exposure unit was chosen because
it was deemed more closely related to the individual’s
intuitive process in choosing an-activity than a year
of exposure would be, and gave substantially similar
results. Another possible alternative, the risk per
activity, involved a comparison of too many
dissimilar units of measure; thus, in comparing the
risk for various modes of transportation, one could

L}

use risk per hour, Py mile, or per trip. As this study

was directed toward exploring a methodology for

determining social acceptance of risk, rather than the

safest mode of transportation for a particular trip the

simplest common unit-that of risk per exposure -
hour-was chosen. : .

The social benefit derived from each activity
was converted into a dollar equivalent, as a measure
of integrated value to the individual. This is perhaps

- the most uncertain aspect of the correlations because

it reduced the "quality-of-life’ benefits of dn activity
to an overly simplistic measufe. Nevertheless, the
correlations .swgmed useful, and no better measure
was ‘available. In the case of\ the "voluntary"
activities, the amount of money spent on the activity
by the average involved individual was assuymed
roportional to its benefit to him. In the case of the
involuntary” activities, the contribution of the
activity to the_individual’s-annual income ‘(or the
equivalent) was assumed proportional to its benefit.
This assumption of roughly constant relationship
between benefits and monies, for each class of
activities, is clearly an approximation. However,
because we are dealing in orders of magnitude, the
distortions likely to. be introduced_.by this
approximation are relatively smalf. - : S

In the case of transportation modes, the

* benefits were equated with the sum of the monetary

cost to the passenger and the{value of the time saved
by that particular mode ‘relative to a slower,
competitive mode” Thus, airplanes were compared -
with .automobiles, and automobiles were compared
with public transportation or walking. Benefits of
public transportation were equated with their cost.
In all cascs, the benefits were assessed on an annual

. dollar basis because this seemed to be most relevant

to the individual’s intuitive process. For example,
most luxury sports require an investment and upkeep
only partially dependent upon usage. The associated
risks, of course, exist only during the hours of
exposure.

Probably the use of electricity provides the best
example of the analysis of an "involuntary " activity.

‘In this case, the fatalities include those arising from -

electrocution, electrically caused fires, the operation
of power plants and the mining of the required fossil
fuel.- The "benetits were estimated from a United
Nations study of the relationship between energyy
consumption and = national income; the energy
fraction associated. with electric power was used. The
contributions, of the home use of electric power to
our  “quality of life" -more subtle than the
contributions of electricity in industry-are omitted.
The availability ~ of refrigeration has certainly

-improved our national health and the quality of

dining. The electric light has certainly provided great
flexibility in patterns of living, and television is a
positive element. Perhaps,.however, the gross income
measure used. in the study is sufficient for present
purposes. '

Information on acceptance of “voluntary " risk

’
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.

" by individuals as a function of income benefits is not

easily available, although we know that such a
relationship  must- exist. Of particular interest,
therefore, is the special case of miners exposed to
high occupational risks. In Figure 1, the accident rate
and the severity rate of mining injuries are plotted
agajnst the hourly wage (2, 3). The acceptance of
the activity to the individual risk is an exponential
function of the wage, and can be roug,hly
approximated by a third-power relationship in thig
range. If this relatxonshlp has valndlty, it may mean
parameters (perhips
health, living essentials¥ and recreatnon) are each,
partly inflienced by any increase in available personal

a lowér crime rate and befter schools, at the cost’
of ‘more time spent traveling on highways and -a
higher probability of accidents. If, subsequently, the

~ traffic density increases, he may decide that™ the

resources, and that thus the increased acceptance of, -

risk is exponent’ially motnvated The extent to which

this relationship is voluntary for the miners is not
obvious, but the subject is interesting-fievertheless.

Risk Comparisons -

., The results of the societal activities studied,
both "voluntary” and "involuntary‘” are assembled
im. Figure 2. (For details of the risk-benefit analysxs
ste the appendix)., Also shown in Figure 2 is the
third-power relatnonshtp between risk and benefit
characteristic of Figure ~1. For- comparison, the
average risk of death for accident and from disease

. is shown. Because the averafje number of fatalities

from accidents is only aboutfone-tenth the number
achieved, we could say thht any generalizations
developed might then be usedfor predictive purposes.
This approach could give a roug,h answer to the
seemmgly simple question "How safe is safe
enough? S

The pertinence of ‘this questign to all of us,

" and particularly to governmental regulatory agencies,’

is obvious. Hopefully, a functional answer might
provide a ‘basis for establishing performance "design
for the safety of the public.

Voluntary and Involuntary Activities

Societal activities fall into two ‘general
categones—those m which the individual participates
voluntary basis ‘and those in which the
participation is "involuntary,”- imposed by the
society ‘in which the individual lives. The process of
empirical optimization of benefits and costs is
fundamentally similar in the two cases—namely, a
reversible exploratnon of avaijlable options—but the

‘time required for empirical adjustments (the time

constants of the system) and’ the criteria for
optimization are quite different in the two situations.

In the case of "voluntary” activities, the
individual uses his own value system to evaluate his
experiences. Although his eventual trade:off may not
be consciously or analytically determined, or. based

- upon objective knowledge, it nevertheless is likely to
‘represent, for that individual, a crude optimization

appropriate to his value system. For example, an
urban dweller may move to the: siiburbs because of

2

¥

-.being perhaps
operational separation of the decision-making group
' from those most affected Thus, the real-tlme pattern

" relationships for

penaltjgs are, too great and move back to the city. -
Such " individual optimization - protess can be
comparatively :rapid (because the feedback of
experience to the individual is rapid), so the statistical

“pattern for a large social group may be an important
"realtime"

indicator of societal trade-offs dnd values.

"Involuntary” activities .differ in that the
criteria and options are determmed not by the
individuals affected but by @ controlling body. Such
centrol may be in the hands of a government agency,
‘a political entlty, a leadership group, an assembly of
authorities or "opinion-makers,” or a‘combination of
such bodies.. Because -of the complexity of large
societies, only the control group is likely to be fully
‘aware of all the criteria and options involved in their
decision process. Further, the time required for
feedback of the experience that results from the
controlling decisions is likely to be very long. The
feedback of cumulative individual experiences into
societal communication channels (usually political or
economic) is a slow process, as is the process of
altering the planning of a control group. We have
many examples of such "involintary” activities, war
the most extreme casé of the -

of societal frade-offs on mvoluntary activities must
be considered in terms of the particular dynamics of
approach to an acceptable balance of social values
and costs. The historical trends in such activities may
therefore be more significant indicators of social
acceptability than the existent trade-offs  are.

historical benefit-risk .
‘involuntary " . activities, it is
important to recognize the %erturbing rolé of public

In @xammm the

psychological acceptance “§girisk arising from the
influence of authorities or dogma. Because in this
situation the decision-making is separated from the
affected jndividual, society has generally clothed
many of its controlling groups in. an almost
impenetrable mantle of authority and of imputed
wisdom. The public generally assumes that the
decision-making process is based on a rational analysis ¢
of social benefit and social risk. While it often is,
we have all seen after-the-fact examples of
izra‘tionality. It is important to omit such
witchdoctor sntuatlons in selecting examples of
optimized "involuntary " activities, because in fact
these situations typify “only the ‘initial stages of
exploratlon of options.

Quantitative Correlations

With this description of the' problem, and the .
associated caveats, we are in a position to discuss the
quantitative correlations. For the sake of simplicity
in this initial study, I have taken as a measure of
the physical risk to the individual the fatalities
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(deaths) associated with each".ac"'t'i.\'/rty Although it

to 1,000 times 3s numerous as-deaths), the difficulty
in obtaining data jand the :unequal srgmﬁcance of
varying drsabrlmes would * nntrqduge tnconvenient
complexrty for "this tstud)/ 80;the risk measureqused
) here is"the statrstrcal p’robabtlrty of £ataliijes per'Rour
of " exposure of the mdwrdu‘al
considered. ..

i

Publlc Awareness

.r..'

Fmally, l attempted‘ to. relate these risk data
to a crude measuré O piblic Jawareness of the
'assocrated souaf beneﬁts (see. Frg 7); The "benefit
awareness” was’ ar.bmartly defined as the product of
the relative. level ! of. adveftrsmg, the square of the
percentage of popu,lauon mVolved in the activity, and

- . the relative ;ysefuligss {or meortarrce) of the activity

to the individual (8):Perhdps these asstmptions are -
too crude; but?Figure. 7-does support the reasonable

o Ppasition ; that adveitising. the benefits of an activity
increasés -publrc acceptance’of a greater level ‘of risk.
This, of} course 4 ould ., subtly ‘produce a- fictitious
beneﬁt‘hsk ratlon—as myy-] bd the case for smoking.

Atomrc &)wer Plant Safety

l rec'o
‘quarititative appwachldrscussed here, but the trénds

" and: magr’utudes -may; nevertheless he . of *sufficient
vahdny to warrant; thert use in determmmg national
"design Qb]ectwe;" for- technologlcal actmtles How
would -this -'be done” ",

.o l,et us cor‘lsrder s an example ‘the mtrod'
oy of nuclear power plants :as a principal SoliF
" electric’ power. -This is .an especially ‘good exam
~+ becatise, the. technology has been primarily- nutured
- guided -and’. regulated by the government;’ with

mdusfry undertaking, the engineering developmentV

A

.and" the. diffusxon\ into’.public use. The government
specrﬁcally- maintaims responsibility for public safe'ty

Furthef *the -enginéering of nuclear plants permits

contlriuous feduction’ of the probability of accidents;”
~at’a xubstantlal increase in cost, Thus, the trade-off."

v o Moreovex in the case of the nuclear power
plant -the' historical empirical appreach to achieving

e -~ an optimum ‘benefit-risk trade-off is not pragmatically

-+ +feasible. "All ‘such plants are now sp safe that it may
*° . ‘be’ 30 “years: or longer before meaningful risk

plants of :varied design will be in existence, and the
: empmcal ‘accident data may not be applicable' to
- those,’ hemg purlt So-a very real need €Xists now to’
“'establish "design . objectives" on a
pre(hctlve-performance basis,

o x N Let us ﬁrst arbltranlyassume that nuclear power
plants should be as safe as coal-burning plants, so

.“as not to increase public risk. Figure 2 indicates that -
the total nsk to society for electric power is about

ERI
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. might be useful to include:all injuries{which are 100

1o+ the activity

izo the uncerlamty inherent in the -

- of ullhly and~potent1al ri¢k ‘can be made quantttatrve _.' :

£ experiente. ‘will be-accumulated. By.that time, many-

2 x 109 fatalrty per. person per hour for exposure.

Fossil fuel plants-contribute about 1/5 of this risk,
or about 4 deaths per million population per year.
In a> modern society, a million people may requrre
a million- kilowatts &f power, and this is about the
size of most new power stations. So, we now have
a target risk limit of 4 deaths per year per
million-kilowatt power station (9).

Techmcal studies -‘'of the consequences of
hypothetical extreme (and unlikely) nuclear power
plant  catastrophies, which , would disperse
radioactivity into populated areas, have indicated that
about’ 10 lethal eancers per million population might
result (10). On this basis, we calculate that such a
power plant might statistically have one such accident
cvery 3 years and still meet the risk limit set.
‘However. such a catastrophe would coriipletely
destroy a major portion, of the nuclear secfion of the
plant and either require complete - dismartling or
.years of costly reconstruction. Because power

companies oxpect plants to last about 30,Years. the -

economic consequences of a catastrophe every few
years would be completely unacceptable. In fact, the

operating companies would not accept one such’

failure. on a statistical basis,

“during the normal
lifetime of the plant. T

rformancc requrrements of the power companies,

nt-years; would be needed. This would be a public
~ of 10;deaths per 100 plant-years, or 0.1 death
r:pe L year per million population. So the economic
. sinvestment :criteria of the nuclear plant uses-the
*% power., company—would probably $et a risk level
- 1/200 " the present socially accepted risk associated
- with electnc power, or 1/40 the present risk
: a880c1atéd w\;th coal-burmng plants. , ~
\\
Arltpbvxous desrgn questron is' this: Can a
huclear power. plant be engineered with a predicted

performance of Iess" than 1 catastrophic failure in 100 . .

plant-years of.operation? 1 believe the -answer i$ yes,

~ but ‘that is " g- su-bject for a different occasion. The

’: ‘principal pomt is tHat the. issue‘of public safety can

v desrgn objectlve

._‘~-

» eﬁxa.lhple 6 teveals a N pubhc safety
consrderatron »which. may apply to map other
activities: the .4s dconomic - requr;embnt or the

it is likely that, m order to meet the economic ‘

T ra catastro’he ratc of less than 1.in about 108 _

-

ibe focused on’a tangrble quantt}atrve engmeenng-'

protectron of xmajor capital. mvestments__ n;ayi often

be a gnore, demandmg safetyxconstm_t"t; $ocial

acceptablllty

The appllcatlon ‘of tlus“approach to 6t r areas
of publ}:frespons:brhty is’ sélf-evident. .
useful: {nethodology«fon “answesing, the-question: How

safe is safe»enough’ ‘Farther, although"-’thrs study.

is only: -explaratory, - 1t«\,£reVea‘ls‘ several -ihteresting
pomts (J}the 1catlons are that the publ)c' willing
f"m - !
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. risk of death from disease appears to

4

’

to accept “voluntary" risks ~‘roughly 1,000 times
greater than “involuntarp” risks. (i) The statistical
be a
psychological yardstick for establishing the level¥of

acceptability of other risks. (iii) The aeceptability of .

risk appears to be crudely ‘proportional to the third
power of the benefits (real or imagined). (iv) The
social acceptance of risk is directly influenced by
public awareness of the benefits of an activity, as

‘determined by advertising, usefulness, and the

number jof people participating. (v) In" a sample

s+ developments. -

application of these criteria to atomic power plant
safety, it appears that an engineering design objective
determined by economic criteria would result in a
design-target risk level very much lower than the

present socially acccptvﬂ.{\risk for electric power-
. L ) N

plants. ' -
. ; X

Perhaps of greatest interest i§ the fact that this

methodology for revealing existing: social preferences

and values may be a means of providing the insight

on social benefit relative to Cost that is so necessary
for judicious national decisions on new technological

@&



~. 0 W C

&

i :‘E‘"'f J 1-1‘;{.--&""5‘5‘)

X

os
\

™N

?
3
&
L ]
¢
2
>
H
3
Py -4
3
3 L L
¥ /
. L)
: /
-2 3 S 2
. ' T | Risk~ (wage)® l
AR !
_:_:. l ] / _—c .3 L . B
g 1 10°H 5 : S N NS00 N SN O S WL N MO T S R B VR e
$ 200 250 300 350 €00 5 450 400 YA 2000
§ Hourly wage actrs) @ R - AVERAGE AN::A?L esns;;z;%sasou ":400 (ooLL sy o
. . - ' INVOLV AR
Fig. I. ‘Mining accident rates plotted rela- ED ARS) ‘ P
tive 1o incentive. . Fig. 2. Risk (R) plottcd~ relative lo. lﬁneﬁl (8) for Various Kinds of voluntar \g\n Ly
: : mvolumary exposure., ) T,
- . . - Al . 9 '\‘
. . ! . y A -
- s ‘ O
< ‘. vo J' ‘ s ' é"
\ . - .
- o, ‘“1 ,
a ) 1 ) l 2 - v
[ E 4
10°9 o '.
o
‘ -
g . ‘
5 .
g
é 10°3 | 2
£ A "
g - 2 i:)‘:\‘; B 6‘* R
] - B, -
< 108 |- i .
2 F 8 04
a~ L al ]
' t ¢ T 3 i
1077 ] : . LY
1900 1920 1940 + 1960 . '
‘ YEAR g ¢ v
Flg 3 (above). Risk and pamcxpauon trends for ‘motor vehiclet. o,
. 1970 - )
Fig. 4. (nght) JRisk and pamcnpauon trendl for eemﬁed air’ o .
cnrrlen, . : %
3
. . .l .,
. ‘. . »..‘ . )

Aruitoxt provided by Eic:



. . )
g S V4R
. - - )\uofon
TR N "VEMICLE -
. G
4 4 B R i “
P , o ) 0 <

: P.(fATAI.ITlESI.P(RSM- HOUR OF EXPOSURE)

LEALRA

I
ro

Qe
e
[>]

e | coNMERCIAL ’
AVIATION —
. " S . s

% OF TOTAL U.S. POPULATION INVOLVED .
FATALITIES/EXPOSURE - HOUR FOR INVOLVED GROUP

e - / : . -
. ?:3 ——— .
L , wpes | »*
2 . lt'-. . Y E ) . .
B - NERAL
1/ L : - RVIATION
Q- . B : ‘ B N
. g ¢ 0t L i i 1 1
» 1900 1920 1940 ‘1960
10~
. (O1SEASE Py -10°%) . ' YEAR .
-8 - . 1 . - . : : .
L 1940 N 1950 1960 10-¢ Fig$ (left). Risk and participation trends for general aviation.
: YEAR . Fig. 6 (above). Group risk plotted relative to year.?
e " . ) . L
“ Al .“
. .'i" 4
PO ;
R 2 ’
i 10 >
g AUTOMOBILE | _
o g g ~‘
. (' . 1
¢ 3 :
\ s g &
. .
: .
3’ I
w
. 13 ¢ s’
. : 2 ‘
. g % - ." ‘
Ll FIREARMS . v
LTy b o
, TR o 0 P o' ot
. M N R “SEMEFIT AmnenEss® ’ o
' ‘ . Fig. 7. Accepted risk plotted. relative to benefit awareness (see text).
‘ - -r :
-~ ‘n v . . . . o

Q l' R 160 C

Aruitoxt provided by Eic:



~ Details of Risk-Benefit Analysis -

for 1967#(132 x 106,
-Lines News Bureau), and the assumption of 12

 based
’passenger-miles and an assumed average train speed

P

Motor-vehicle travel. The calculation of
motor-vehicle fatalities per exposure hour per year
is based on the number of registered cars. an assumed
1 1/2 persons per car, and an assumed 400 hours '
per year of average car use (data from 3 and 11).
The figure for annual-benefit for motor-vehicle travel
is based .on the sum of costs for gasoline, -
maintenarce, insurance, and car.pyaments and on the
value of the time savings per person. It is agsumed

- that use of an automobile -allowsa person to save ..
1 hour 'per working day and that a person’s time is %
. worth §5 per hour. SR ‘

. o, .
Travel by- air route carrier.. The estimate

p?assenger fatalities per passe.nger-hour of exposure for * . .

certified air ‘route carriers is based on the amnual

number of passenger fatalities listed in the FAA °

Statistical Handbook of Aviation (see 12) and the
number . of passenger-hours per year. The lattey
number is estimated from the average number of seats

; per plane, the seat load factor, the number. of revenue

miles flown per year, and the average plane speed

-(data from 3)7 The benefit for travel by ceftified air
. route carrier is based on the average annual alr fare

per passenger-mile and on the value of the time saved

- as a result of air travel. The cost per passenger is .
_estimated from the averdge, rate per passenger-mile *

(data from 3), the‘revenue miles flown per year (data
from 13), the annual6number of passenger boardings
according to the United” Air

boardings pér passenger.

General aviation. The number of fatalities per
passenger-hour for general aviation is # function of
the number of annual fatalities, the number of plane
hours flown per year, and the average number of
passengers per- plane (estimated from the ratio .of
fatalities to fatal crashes) (data from 12). It is

- assumed that in- 1967 the cash outlay. for initial

expenditures and maintenance costs for gagerat
aviation was $1.5 x 109. The benefit is e® Pased

.in terms of annual cash outlay-per person, and the

estimate is based on the number of passenger-hours
per year and"the assumption that the average person
flies 20 hours, or 4,000 miles, annually. The value,

,of the time saved is based on the assumption that
. @ person’s time is worth $10 per hour and’ that* he.

saves 60 hours per year through traveling the 4,000

milés by air instead of by automobile at 50 miles

per hour.

ie estimate of railroad
posure hour per yeamis
passenger fatalities' and-

- Railroad. travel.
passenger fatalities per
on annual

of 50 miles per hour (data from 11). The passenger
benefit for railreads is based on figures for revenue
and ,passenger-miles for  commuters and
noncommuters given in The Yearbook of Railroad
Facts (Association of American Railroads, 1968). It.
is-assumed that the average commuter travels 20 rhiles -
per. workday by rail and that' ‘the average
noncommuter travels 1,000 .miles per year by rail..

-

- . ’ .
Y
A

’ (ﬁffm

- benefits,. intangibly from the

« energy ‘tonsumesd

R . ' — 161 .
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Skiing.. The estimate for skiing fatalities per
exposure hour is based oninformation obtained from

- the National Ski Patrol fof the 1967-68 southern
California ski season: 1 fatality, 17 days of skiing,
-16,500 skiers per day, and 5 hours of skiing per skier
day. The estimate of benefit for skiing is based

-~ she average number of days of skiing per year
and- the average cost of a typical ski trip -

"The Skier Market in Northeast' North
Angricay” U.S. Dept.
addg

of §25 per yéar on equipmient. .

is bastd on an assufed value of 10 hours' exposure
per hunting day, the annuil number of hunting
fatalities,. the number of hunters, and the average
number of hunting days per year (data from 11 and
from “National Survey of Fishing and Hunting."U.S.
Fish wildlife Serv. Pupl. (1965).) The average annual
expenditure per h#pter was $82.54 in 1965 (data
from 3). R :

' Smoking. "The estimate of the

_ risk, from
smoking 'is based on the ratio for the

mortality of

~smokers relitive to nonsmokers, the rates of fatalities .

from heart disease and cancer for .the general
popullation, and the assumption that' the risk is
continuous (day} from the Summary of the Report
-of the Surgeon General's -Advisory Committee on
Smoking gnd Health (Government Printing Office,
«Waghington, D.C.. 1964)). The annual intangible
benefit to-the cigarette smoker is calculated from the
American Cancer Society’s estimate that 30 per cent
of the population'smokes cigaretts, from the number

of cigaretts smoked per year (see 3), #hd from the

assumed retail cost of $0.015 per cigarette.

Vietnam. The estimate of the risk associated
with the. Vietnam war is based on the assumption
that 500,000 men. are exposed.¢here annually to the
risk of death and that the fatality rate is 10,000 men
per. year. The benefit for Vietnam is calculated on
the assumption, that the entire’ U.S.. population

annual Vietnam
"expenditure of $30 x 109, - -
Vi g , : .
’ Electric power. The estimate of 'the . risk
associated with the use of electric power is based on
the number of deaths from electric' current: the
number of deaths from fires caused by electricity;
the number - of  deaths that. occur in coal mining,
weighted by the percentage of totafgoal production
used to produce electricity; and the number of deaths
attributable to air pollution from fossil fuel stations

" (data from 3 and 11 and from Nuclear Safety 5,325

(1964)). It is assumed that the entire U.§. population

is exposed for 8,760 hours per year to the risk .

associated with electric power. The estimate for the
benefit is based on™ the assumption that there is a

Co‘n;merce Publ. (1;'565))'.‘ Iti.
tlog,. it assumed that a skier-spends an average

ﬂwtg'. Thcxst‘imatc of the risk in.hunting.

direct correlation between per capita gross national -
product and commercial energy consumption for the ..
nations of the world (data from Briggs,. Technology

and Economic. Development (Knopf, New York,

.4963)). 1t is further assumed that 35 per cent of the -

d in the U.S. is used to produce
electricity, R : .
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.Natural disasters. ‘The risk associated with
“natural disasters was computed for U.S. floods (2.5
-~ x 1010 fatality per pers"cmol\Kur of exposure),
+ tornadoes in the Mid-west (2.46 x 10-10 fatdlity),
© rtajor US. storms (0.8 ‘x' 10-10 fatality), and
. California eathrquakes (1.9°% 10-10 fatality) (data:
= . from 11). The value for flood risk:ig based on the
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“assumption that evéryone in the US. is exposed to'
the danger 24 hours per day. No benefit figure was
assigned in the case of natural disasters’

Disease and accidents. The averagé risk in the
US. due to disease and accidents is computed from
data given in Vital Statistics of the U.S:(Government

“Printing Office, Washington, D.C., 1967). ’
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" A..L. Shef, "Soct?gé‘eohdmie'fatt)‘i:butes ‘of our
* . technological society," p'aper“ﬁ'r ented before .the:
# IEEE (Instifute of Electricat™ and Electronics

Engineers) Wescon*{opference, Los Angeles, August ...
,1968 ’ P B "4-'- . e . 3

" Minerals Yearbook (Cd\:érnment » Printing‘ Office,

_ . Washington, D.C,, 1586). L Lor
‘_.l N .‘ . . . L g CERTR )
© v US. Statistical Abstract (Goyernment.Printing Office,
» -+ " Washington, D.C., 1967). L .
.. .The procedure outlined in the appendix wasaused in,
. % calcliating the fisk associated ‘v‘(’ith motor-vehicle
© travgl: In, order tq;,.ca_l‘culgi.e' exposure hours for.-
- . various years, it'was.éssdme that the average annual -

-

° in 1900 to 400 hourg" ' 1960 and thereafter. The
", -<1percentage of ,people MmVolved is based on:the U.S.
- population, the number of*registered cars, and the

" assumped value of 1.5 people per’ car.

" ., The procedure outlined in the appendix was used in
~calculating the risk associated with; and the number
. of people who fly in,certified air route carriers for
1967. For a given year, the number of people who
fly is estimated from the total number of passenger
‘boardings and- the assumption’ that. the average

passenger makes six round trips per year (data from -

- 3. . :
. e : e ! - T
‘The method of calculating risk for generdl aviation -

k is ‘outlined in the appendix. For a* given year, thé - -

percentage of - people "involved is' defined by the
number of active aircraft (see 3); the number of
- - people per plane; as defined by the ratio of atalities
;> - to fatal crashes; and ‘the population of e /US.

" "Group risk per exposure hour for the involved group

is defined as the number of fatalities per person-hour -

of exposure multiplied by the number of people who

e . A “ : 4 [

s driving time per car inéreased linearly from:50 hours .

» from

v o L2
-

;'_',z-"f._"'-'l;lREFERENCES AND NOTES, . -~ = - .

participate__ir_{ the activity. The. group population and
the risk for motor vehicles, certified air route carriers,
and general aviation can be obtained from Figs. 3-5.
'\-_'“-_\ ..‘. .

. I calculating "benefit awareness': it is assumed that
the public’s awareness of an activity is a function
of A, the amount of money spent on advertising; P,
the number of people who takd part in the activity;
and U, the utility value of the activity to-the petson
involved. A is based on the amount of money spent
by a particular .industry in advertising its product,
normalized with respect to the food and food-
products .indpstry, which is the leading advertiser in - -

- the JU.S . . S _
R oL e bt " N s @, -
ln comparing nuclear and fossil fuel power stations,
wthe risks associated with' the plant effluents and.
*minin,
The fatlities associated with toal mining are about
* " 1/4 the.total attributable to fossil fuel plants. As the
tonnage of .pranium ore required for an equivalent
‘nisclear plant is less than' the coal Jonnage by more
< than an order of magnitude, .the, nuclear plant -
- problem primarily involves haz"g&d-, fiom effluent.

S This number is my estimate for maximum fatalities
an extreme tatastrophe Tresulting from
‘malfunction of a typical power reactor. For a - _
methodology for makihg this calculation, see F. R
" Parmer, "Siting critefia+a new’ approach:" paper .
- presented at the International Atomic Energy Agency
~~Symposium in Vienna, April 1967. Application of
Farmer’s method to a.fast breeder power plant in
-a-modem building gives a prediction of fatalities less, - .-

",;than this assumed limit by one or two orders of - ey

- * magnitude. - : ‘

~~: Accident Facts, Nat. Safety Counc. Publ. (196‘7).'.

FAA Statistical Handbook of Aviation (Government.
. Printing Office, Washington, D.C., 1965). . g

of ‘the fuel should be included in each case. - -

The. .
Loethy
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" EARTH AND MINERAL SCIENCES

a publication of the Pennsylvania
State University (1974)
Air Peliution from Combustion Sources

Robert H..Essenhig'h, Professor of Fuel Scien:ce
The-Pennsylvania State University

: ,.lntroductlon ,

. million tons or more, this is greater than onesthird

The ma]orrty of the man—made pollutants

" present in the air today originate from combustion.

sources. Table 1 illustrates this with a bteakdown of

data for 1966 and 1968 published recently by the
jon Control Administration. Five

National Air Poll
types of pollutanfs from five categories of sources
are identified, and, of the five source types, the first
four and a substanitial fraction of the fifth orjginate
in combustion chambers. The quantities” listed

account for more than 90 per cent of the problem.

in the United States. The total weight of all emission’s
is, perhaps, the most startling figure of all. At 200

of ‘theé dnnual coal tonnage used as primary energy

" sdtirde, yet it is made ,up of components measured

. certain

: mostly

-

in the parts per million range. On the breakdown,
category types ofex pollutants stand
out-notably, carbon monoxide from transportation
aloné provides roughly 30 per cent of the total,
representmg inefficiency of automobile

-

engines; next is SOy’ from stationary combustion °

sources-mostly power stations-at 10 to 11 per cent;
hydrocarbons, i.e., unburned or:part burned fuel
from transportamon and carboh monoxide from
miscellaneous sources tie for third place at about 8

per cent each. These four account for over 50 per.

cent of the total. The type totals amplify this in
another way. Carbon monoxide from all sources

" provides about half the overall total; the remaining

types each provrde only about 8. to 16 per cent

' These “figures underline the serious need for
abatement; unfortunately, however, .the necessary
techhology has not always been able to keep abreast
of desirable legislative requirements. The purpose of
this article is to point out.some of the problems and
difficulties of reducmg pollutlon from combustron

: SOUl’COS .

Health Hazards ) B

v Quantrty alone, however, is not necessanly the’

sole criterion of srgmﬁcant:e in assessing the impact
of pollutants. Their physrologrcal effect is what is at
issue, and this is generally a’function of exposure
and concentration. The longer the exposure time the

lower the concentration that can be permitted if ill -

- “effects are to be avoided. This is illustrated in Figures
1 and 2 for sulfur dioxide 'and. carbon monoxide,

, produc

X 2
A o

ws the exposure time required to

_ concent tron Points of interest in this graph are the

.37apd 0.5 p. p.m.). These

“physiological effects at & given

¥

16" | | '

164 = - .

would seem to be gooddanger signals. Evidently,
half-a-day to a day’s exposure at.these levels should
cause discomfort, and a week to a month’s exposure
could be expected to produce adverse. effects even
in a healthy man*® For comparison, average
concentrations in‘cities in the United States have
been reported to range’ from near zero up to
0.16p.p.m., but significantly higher values are

occasionally reported. In London: in December 1952, -

sulfur dioxide concéntrations averaged 0.57 p.p.m.
over a four-day period, during which time 4000
. "excess” deaths occurred.

Frgure 2 provides somewhat similar mformatlog

" for the effects of carbon monoxide. Hemoglobin ha

a greater affinity for CO than it has for oxygen (by
a factor of 200), and the toxic effects follow from
the reduced oxygen circulated by the hemoglobin.
The percentage of hemoglobin saturation by CO
(which fortunately in reversible) is a good indicator

of .the  toxicity level. ‘While Figure 2 also shows the °
.-sgturasion level achieved in a given time at a given

CO percentage, it gives' no information on the longer
term exposures. If this should last for a day or more,
physical sickness becames evident at 25 to. 50 p.p.m,,
and for longer terms. (a week or -more) human

performance is probably impaired at anything above

10 p.p.m. This is possibly achieved by one-pack-a-day
crgarette smokers

Comparable graphs for NOx do not”seem to
have been constructed. Of the six most commonly
encountered nitrogen. oxides, NO7 is evidently the
most important since all the others tend to form it

given time (from minutes to hours), although NO is, -

the principal product in flames. At sufficient

concentrations, NO7 is toxic and, can cause severe -

~damage, leading to death. The odor threshold is just -

over *1 p.p.m., and irritation starts in excess of 10
p.p.m. By contrast, an otherwise clear sky would just
show slight discoloration at something under 1 p.p.m.
The toxic levels, lying between 10 and 100 p.p,m.,
are not generally reachedd However, at_ the lower
levels, NQO»7 participates in  the photochemrca]
reactions leading to oxidant . smog. ' This smog
formation also involves hydrocarbons; hence the
concern is reducing both"NO72 and hydrocarbons.

Solid particulates usually have more of a

mothering efféct than a directly toxic effect, as most
are biologically inert, particularly fly-ash and carbon,
although theg e\'rdently play som&part in coating the
lungs and re ucing the oxygen transfer surface which
can be important in bronchial patients, This is usually
«accepted as having been a factor aggravating the SO?2
effect durmg the London sgog of 1952 when many
of the "excess" deaths K Were among thosg Wwith
bronchial difficulties.

- ! - 1

Processes of Pollutant Generation from Combustion

The gross processes generating the pollutants by
.combustion are quite simple, although their detailed
- mechanisms may be exceedingly complex

i
i

N
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% The inorganic particulates are inert materials

that enter the flame as minerals and emerge gs fly-ash
after partial alteration. ~ - *° "
=

Organic partjculates are carbon or carbonaceous
solids formed by“cracking the fuel (coal, oil. or gas)
in the flame. Their emissions represents pcoor

* “combustion control; at the higher concentrations,
t'hey are apparent in the combustor “exhaust as

- "snioke."” It is thgn common to find CO also-present:
and if a sample of the exhaust.is cooled, condensible

+ hydorcarbons may be found. Control of these
pollutam¢s obviously depeiids on good combustion.

By contrast, NOy and SOx are almost indicative

¢% of too good gombustion. SO &esults, of course, from- -

sulfur in the fuel, and a sitbstantial fraction.ggually °
oxidjzes, further to SO3. The SO3- coritersion’,
. _incr;;scs with. e4cess air, so this can be controlled

# to ¥ considefible extent by firing, any furnace r
combustor as near to stdichiome#fid anQit_ions as
possible. L e

Y Low to zero excess air also reduces the NOy

problem. The nitrogen Oxides are formed primarily

by reactin of oxygen with atmospherit nitrogen,

although nitrogen in the fuel can also participate. n
. the initial flame reaction, NO predominates, bping
‘formed. by what is known as the Zeldovich
mechanism. The NO formation rate is appraximately
proportional to the square roof of thé¢ oxygen
concentration, so it is reduced by low excess air. The
conversion of NO to NO7 then depends on relatively
slow reaction in the atmosphere, at near ambient
temperature, in a lar{c excess of oxygen after-escape
of the effluent from the*stack. o

Flame Control of. Pollutants . e

.~ Although the. potentidl for flame contol of
> pollutants is’ obvious, the details of any procedute
are less so. The reduction of excess: air-to control
SO3 formation and redu¢e NOx-is only permigible
. when the combustion system is Under such good
control that there are no significant unburned
combustibles in the effluent gas (CO, hydrocarbops,
orgafic particulates) eithergbefore or after thé excelssy
air reduction. Table 1 shows that, as a generality,
this is hardly the case. “, .

" The problem centers on the speed of mixing
in the combustion chamber related both to the time
required for reaction and_to the average residence
time of the reactants in the chamber. The mixing
aspects may.include mixing of the fuel and oxidant
in the chamber, 'which are frequently supplied
Separately for safety or other reasons. The dominant
mixing behavior in most gases, however, is between
the fresh, gincoming rea&'nts and the part-burned
combustio"'_gases already in the combustor. This

requires g "backmix” flow, in contrast, for example,
- with the bunsen burger, where the gas and air mix

ifhe burner tube anl:then carry straight on through
« the ame and out into the surroundings without any

feedback to the burner tube. 4

In most practigal situations, however, the

\)4 "‘ g »
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mixing is produced by a combination of turbulence
,gmd backmix.; In general, there are loaglly identifizblg
streams, some mbving in the same direction and some
in the opposite direction to ‘the main flow. These
" ’ " 5 Rl M . 4
forward™ and. "backmix" streams .move " gross
quantities of reactants and produets arg§hd in the
mixing region of the combustor, and turbulence
promotes-cross-mix between the streamS. Turbulence
is frequently pictured as motion of smalt volume
elements of fluid, or eddies formed by shear flow;
with a finite but deca¥ing eddy size. The eddies
ultimately Aissipaté te. purely mofécular motion,
finally represcnting absolute mixing, but *during the .
eddy- lifetime there are local inkomogeneities in
‘}; concentration, and it, is these that are likely to be
important in pollutant* formation:

If the backmix streams are large and few in
number, the turbuléfice eddies must be
correspondingly large ‘with correspondingly long

', lifetimes so that they can survive for the necessary
* penetration distance into the backmix streams. In the
limit of marginal backmix, with stirring dominated
by turbulence, the mixing distance must be of the*
order of the combustor dimensions, and the™eddy
- lifetimes must be compargble with' the residehce
times in the chamber, However, since the lifetimes
have distributions, there is, then, a finite probability
that a significant propor"%ioriw,o ‘eddies can escape
+, from the chamber before/ final decay. If the eddy
is almost pure fuel. it cag emerge almost intact, or.

as a range. of cracked fuel products, carbon
mofjoxide, hydrogarbon intermediates, and garbon,
depéhding on.its temperature history. If the"eddy is
‘fuel and oxygen, the vblumé eclement might react

2
-

explosively, :and this may possibly be a source of -~

combustion, noise. Such ‘localized "hot. spots” cans..
also cpntribute to NO formation because of the -
locally’shigher temperature. ,

+* Even if there is sufficient time for the eddies’
te decay, tﬁ{il burn-up may- still nog be complete. "=
Intermediafes~formed (particularly carbon) may be

s0 'much less reactive that the reaction - time is
increased and exceeds the chamber residence timé. -
This is furthey aggravated if the products are then
quite rapidly cogled. In a small coal-fired boiler (of
about 100,000% Ib. steam/hr.), .cooling of gases
through the tub® banks can approach 104 deg./sec., -
which .is<a rate found fronr post-flame’ studies that
woud effectively quench the CO conversion to CO?.
In reciprocating en&nes. the reaction time is
substantially shorter, and the rate, of cooling even
faster. Inyconsequence, the/high level of CO and
hydrocarbon emissions fro transportation power
units is* almost ’ihevitablgg},aggravated in ,many
instances by bad maintenancé). ) N

"This argument suggests that the objective
should be to increase backmix .Whileereducing the

* turbulénce. The, possible limit of this is mixing
without turbulénce-a process known as "blending. "

. At the present timg, however, -ghe tendency seems
to be to go in the opposi’h direction.

7 , : 5
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Abalﬁment

In pl‘incnple somethmg can, be done about’
‘\polenual contami¥ints by treatment before and after

the flame. Five ways dair be suggested, although not

alt are suitable for each of the five principal pollutant
* types. , P
%)Pretreatment — Cleaning of the fuel would.
be aimed at removing mineral matter and sulfur.
Removmg fineral matter to cut downifly-ash applies
only*.fo coal. C]eamng coal is a well- -developed
techm%ue but for use in power stations it is usually
omitted because of cost, particularly in mine mouth
operations where the mined coal goes straight to thé
‘&?ushers "In this case; the inorganics are then removed
Tom the stack gases as flyeash.

If pretreatment of ‘coal to remove sulfur is ever
_practiced (as it is on occasion for oil), simultancous
“removal of mineral matter might be practicable.™

Desulfurization by hydrogenatlon is also potentially .
possible, with:sulfur conversion tg H2S, and has the
. advantage ovef;post-combustlon cleaning in that the
weights or volumes of .gas to be ‘handled are
substantially smaller,
component concentrations. A possible reactor scheme
to achieve this was ‘published recently, but only the

first stgps have so far been taken to implement the

proposal. ,

(2) Flame Control - This is altogether more
'promlslng, in spite of the problems outlined above
. (Sec. "Flame Control "of Pollutants”), by the
rccyc]mg of flue gas and staged air additjon. These
% overcome the turbulence problems already
men hed, but, are aimed rather at reducing overall
temperajure levels, ang particularly temperature
peaks, gither by direct dilution (flue gas recycling)
or by delaying the total air addition by staging. This
“§taging is dimed particularly at the NOx formation,
although the staged air addition will reduce the local
oxygeretoncentrations through the flame, which will
-als@ help to reduce the. SO3 formation.

F]ug(..gas recycling in sufficient quantmes can"?

also cut ddwn smoke formation byzmechanism that -
hig.not yet been elucidgted. Experiments some years
ago showed that smoke from combustion of No. 2
oil could be eliminated*by firing a 50 per cent excess
air, or at 2éro cxcess air but with 50 per cent flue
#s recirculation (and in a little more than direct
Jproportion between these limits). Even more
surprising gvas the discovery that when' the flue gas
recirculation was increased still further, the yellow
flame. turned-biue. This, beﬁﬂwor is now ‘the basis for
a number of attempts to’ commerciglize a b]u”ame
oil burner for the domestic marké}l with prospects
for reduced noise ,and emissions,

A

'(3) Exhaust Effluent Treatmemt - This has
traditionally becn practiced to cut down fly-ash and
particulate emissions, particularly. in poWer stations

"
-

generally> using cyclomes and electrostatic
Lo .
4 .
A’ ‘ [ .
R $trauss W lndustnll Gas Ciparning, Pergamon Press 1966.
P b y . 4
. A

with proportionately higher _

' ﬁnodlﬁcatlon ofexisti
" %h
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precipitators.  Additional = treatment to ' include
removal of sulfur and nitrogen oxides has been
attempted more recently, particularly” for’ISOx but
success has-not been widespread. Straussfdescribes

several liquid absorption methods i'or SO7, with three °

applied to power stations, but he also states that no

really satisfactory solution of general applicability has
been found. The alternative to liquid.absorption is
solid absorption with calcium ogide or calciumed
dolomite, as possible_ choxcé§ Activated carbon is a
furlheL p0551b1]1ty @

Treatment of automobile exhaust with its hngh
level of CO" and hydrocarbons has centered on
catalysts fo burn up both, but agam these are still
m the development stage.

(4) Dilution - If the exhaust effluent from a
stack cannot be cleaned by existing techniques, the
final resort is dilution. This is achieved by building

stacks so high that when the plume reaches the -

ground the contaminants have been reduced, under
amost conditions, to' below the statutory. limit.~The
atmosphere has, of course, been the traditional sink
for most effluents in any case, but the-vegy high stack
is the logical outcome pf arguments that the
atmosphere is stillsemi-infinite so far as cursent levels
of contaminant generation are concerned. If, for

example, it is true that the SO7 average concentrat i%n , )

as it exists naturally in the atmospherg would
double in 15 years at the present rates of SO
generation (and disregarding washout), then it would
seem reasonabl¢é only to make sure that it was well
dispersed by a high stack.

Such an operatlon would be satisfactory for
most of the time althongh lower sulfur fuels would
have to’ be available for use under specia) atmospheric
conditions such as inversions, or those allowing
fumigation. It has been cmmatcd that this would
occur only about 2 per cent of the time in England,

- but in some-parts of the United States it could be

a good.deal more. The maritime climate of England-

would account for the relatively low figure’of 2 per

cent but thecontinental climate of the United States -

»could easily be responsnble for a'single’pollution alert
lasting a week or more. . :
(5) Thermal Efficiency -- This is one finhl
possibility for pollution abatémemt that deserves
some attention. The rate of = production of
contaminants will be roughly proportional to the
total fuel consumption, so reduction of this total by
using the fuel more efficiently must reduce the rate
“of geperation of pollutants.
energy market. j

fo]]owmg (1)"@lectricity generation and transmission

-"15§ per cent; (2) residential and commersial — 20°

per_cent; (3) transportation — 25 per cent; and (4)
industrial - 40 per cent. There is nof_now too much
,scope for improvement in thermal ¥ficiency in the
alectricity generation  area  without - radical
methods, so this will leave
e largest SOx and N®y sources as they are, with

G ; ‘o . . N . o
"9 . '). . -

A breakdown of the
o four groups of users gives the-~
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abatement based on other. factors. There should,
however, be room for improvement in the other three

" areas, anl particularly in industiy, which uses the

8

clargest fraction of energy and where there is
considerable scope .for additon of heat recovery

equipment.

There has not usually been too much incentive

to do this in the past because of the difficulty of -

justifying such equipment on the basis of recovery
of costs. The fraction of manufacturing costs that

is due to energy or fuel is only 3.5 per cent for all

manufacturing, although it is rather higher in heavy
industry ~ (ferroous and nonferrous metals,
refractories, chemicals, etc.), where it ranges from 10-
to 25 per cent. The cost recovery situation might
be improved, however, if manufacturers were to pay
for the air they wuse directly or indirectly
(traditiohally regarded as free) by a tax on their fuel
and electricity consumption.

Judging by Table 1, effiéiency improvements . -

would ,have only a small impact on_the pollutant
efifSSions  since. induskry evidently ®enerates only
about 15 per cent of the total-a surprisingly low
figure-but it would provide a lead and would also
contribute to alleviation of ‘the power shortage.

Conclusions

Air pollution from combustion sources is a
problem, and in some areas of the country a serious
one, but it has still not yet reached the uniformly
catastrophic  proportions =~ that some of the
self-appointed priests and poligmmen moralizing over
the sins of industry s8ild have us believe. However,

such catastrophic proportions could well be achieved -
within a generation if effective uniform action is not .

taken very shortly. Unfortunately, what can be done
is still somewhat limited as much of the needed
technology is still undeveloped.

Of the five pollaiant types listed in Table 1,

... particulates are the ‘easiest to live with without

-

“insta

further action, although here the removal techniques
are also the most advanced; indeed, in a number of
- they depend- only on payment for
installation costs. The easiest to eliminate on the basis

- of current knowledge ought to: be ,the combustibles
’ :L'r.‘, (CO)

hydrocarbons, gand- sometimes organic
particulates) emanating’ from all sources except
transportation, although ‘extensive supplementary
development research may still be necessary in some
cases, particularly in incineration. Knowledge of the
basis for controlling NOy is gainipg ground, although
again extensive, development  research will probably
be- meeded in a number of cases to apply the results.
The biggest problems still seem t6 be: CO.emissions,
particularly from transportation, and SOy-émissions,

rticularly from power ‘éﬁlti(')ns.'-Elimination of CO-

y. catalytic after-burning” outside the engine “is a
stopgap answer at best. The problem really:stems « -

.

displace it? .And will society pay the cost, in view
of the immense capital investment already involved

in reciprocating engines? Finally, SOy emissions still

seem to be currently the most intractable. A number
of promising possibilities exist, but there is still no
commercial process that is simple, cheap, effective,

and reliable. It is, perhaps, fortunate that the tall -

stack solution is avaifable. as a stopgap, as long as
local ordinances are net unimaginatively rigid and as
long as sufficient low-sulfur, stand-by fuel is available
for periods when meterorological conditions are
adverse. - » R )

Prodded by environmentalists, the rescarch is,
slowly moving .toward solutions, aided by much
verbal encouragement from-bystanders and occasional
financial assistance from appropriate - funding
agencies. The problem exists, of course, very largely
because of too little rather than too much science,
although some of the more excitable members of the
community advise a return to.the primitive! to
eliminate  both science apd - pollution.» Such
suggestions, however, miss the ‘point. Man, like all
living things, geherates wastes. This he must live with,
It is not the waste of itself that constitutes pollution
but the generation of so much waste that adversely
affects the environment. This is not unique to, map.
Even animals can so adversely affect their
environment that they suffer for it; for example, by
overbreeding when food is plentiful, they overgraze
when it is not and may die. Man can do this, too,
but he has also learned how to avoid it. Measures
to control wastes are not new. One of the most
significant stéps in waste control ever taken was the
production of cheap steel pipe, in quantity, that
cnabled the separation of drinking water from
sewage, and it probably did as much for the general
health and reduction of mortality as all medical

Warc’h _to date. o

There is no reason to suppose that the current
problem of air pollution cannot be solved, givem the
will and the means. Curiously, one of the big

difficulties at present~in addition to' fhe invariable .

shortage of research funds—is availability of trained
manpower to undertake the necessary research.

- Preaching and. legislation are useless without the-

technology. . If those who are so vocal in criticizing
the shortcomings of science, industry and the
universities in solving "relevant” problems were to
take a hand in developing the necessary technical -
solutions, even if it means getting their hands dirty,
we should get’ there a good deal faster.

\ : .
.

e

&.-\,

from the nature of the reciprocating enging, which v it

cannot really be regarded as an example of elegant - . .

c¢ngineering desjgn. Can a befter unit be produced to A
o '( . -
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- s Table 1 X ,
_ Emission Rates of Dominant Pollutant Types *
. - and Sources for 1968 and 1968
- ) Millions of Short Tons per Year '~ ‘
I , These data account for more than 80 percent of all emissions in the United States
. e v . Pollutant Type -
¥ e T . Total
L - Pollutant Sonirce ., <7 . Hydro- Partic- by | :
vé . ) R ‘ "CO  carbons WO, SO; - ulates. Source Year
"+ Transportation * ' . @88~ 168 8.1 0.8 12 905 1068
. ot e e ' 845 178 . 78 64 12 9OI3 1966
Stationary Combustion *  , 18 07 ' 100 .244 89 459 1068
_. Souirces = L 19 07 87 : '229. 92 414 1868
Indus®ial Processes 87 48 03, T3 75 293 1968
. o PO 107 35 < 02 72 4 76 292 1968
: Refuse Incineration” ' 78 4.8+ o” of 11 112 1968 -
Vi R W 76 .15 0 01 .10 107 1968 »
- '» Miscellaneous®: 2 : ,'18.9 85 LT+ 08 --968 373 . 1968 .
& B . . 16.9 8.2 ) by B0 0.6 9.6 37,2 1966
- Total by Type 1011 320 206 332 283 2142 1068
. & ' oy 104 315 167 s .312 2868 2008 1988
*Incliides Such sources -as forest “fires, strugtural fires, coal refuse, agricuhure, organic solvent evaporation, and
gawlive marketng . v ) . . : ) .
I ue Source: Natlonal Alr Polivtion Contrdt Adminktration . S ,
< o . . > 170 . ~ S .
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| , - CHAPTER 8 - T
" PLANT SITING AND ENVIRONMENTAL IMPACT o

machinery to the proposed site through the use of

e ' _ existing facilities as much as possible. g}£ Mmjor new
When the public demand for electricity dictates - roads; rail lines or canals must be cohdtructed, their.
the building of a new "generating plant, the utility . environmental impact has to be considered. Some of

1.  Siting Cr_ftéria

company involved .must make a careful study to  the equipment that must be brought in is very large,
determine its best site. It takes into consideration the ; such as the massive gener(?a{ ,.and, in the case of

power network in-the region, the type and availability a nucleay, plant, the-reactor pressure vessel. Ready-

of fuel and the impact that. the plant will have on access %o the site is highly important and one of the O

the environment." Traditionally, power plants have fist fagtors™ to be . considered. LT
been located on the surface of the ground, either near - A R EN 3 L
the Source of the fuel or near the urban market and : " ‘3, (2),@6(;(.‘,105)'& x B ; L
major transmission lines. Such sites were selected for - RN ke TR TS T :
economic  reasons,  without deference -: to. . The best sifes for power plarits are.in areas that

environmental concemns. Today there "is .greater - are, relatively flat and have adequate -drainage. The ... .
- awareness ‘of the, neéd for increased . care “in .this .. stability, of. slo s;‘ﬁ,ﬁ uld " be high. Mountains,= " , -
selection process, and a utility company must. make foothills, marshes’ and flood plains are. considered -, -
a careful assessment of the impacts that a proposed .~ unfavorable. Rock formations with exgessive areassof.
plant will have orl the environment. The. utility must - ‘weakness, such’ as: faults, should be ‘aygided unless:
file with® appropriate government" agencies an ' - adequate - ertglneesing' compehsates: for the geologic
environmental’, impact- statement ,which -.describes " hazard.- Arees that have had, or:are ggrone’tg, . .
" these impacts. . v -, » .~ carthquakes, volcanoes, l4ndslides, floods “and ti_da]‘ "
. , ST T T waves shoulii be excluded from consideration: Areas © . . "
The following paragraphs” describe important_ .. ’\\7th .updergroupd miges, sinkhgles, and caves might - --.

criteria for plant site selection. - ‘ : - ‘sprove_hazardéus due”to sudden; surface collapse.. . - : _'
- . : D B BRI P B L AU R
A.  Power Network ‘Considerations - R “(3) tHydrology . :
. The service area of an individual utility should : .- Today’s 'mé's%ive ‘nuclear and fossil-fueled plants * =
- be determined: The location of major .urban areas ' need large -quantijés of Wvater for cooling: “It.’is, .
- should considered. - The lqcation_of egxisting there! e, necessary for a plant to be riear:a stitable TR
generating)plants within the region should be noted.'*  souf Mgter+A detailed study -of thé surface and: = -7 - .
In some instances, it mmay be desirable to site a new : gilst a pany any site .evaluations®

‘plant next to an existing” one. The congept' of an _
©  energy park has ‘recently emerged. It .majy" be .
advantageous to locate sevetdl power plants in the =~
same vicinity. An example of ‘a.map of major yrban:
areas and generatifig planys is shown in Figure 24. The,
-location. of transmission Hhés- and -interconnections » - 3P
with other power suppliers sh_oul'% be considered. If.a *
plant is bhilt, far from éxistingftransmission lines, 4
there will ‘be ‘additional environniental impact from
estiblishing new ‘lines and rights of way. -~ v~

ies .mllst” Also consider, lifnitations.

ive precedence i witer .use. However, *
gdowners ‘mugf tespect” dgwnstream
[he water. If a“downstréamg¥wner uses
i irrigation, 3 ;reductionffn “the . flow.:
“ROwer plant upstreaim ‘could have’ an’.
LT R 5",3 i

.
e y

A 20N SRR

T S NS " 14) Meterology - N L .
", B. Energy-* Type: ,antl  Fuel ‘Source "o WL . 0. o B SR Y L L %
~Cansiderations. ..« * A e RN '%ausépf their,_wéntherdwbh di{Phs sertain
T e rarea¥oshould:. be  avoided .as ~fyfver. Pl glves. -

-:;-, . “,}-’_'_I;lle,‘ail\"ailéhili of :'fﬁélst(otﬁéyr tﬁa_n'_

: ar) |, Howeyer, if a:site is otherwise Eigiblas® Ay be.
-, - tvdries ‘greatly for*diffirent: geographic locations.' Oi posyible to eliminate the weather-relat8 gkBbisins by -
" vop - coal ‘mg¥*e" available. inmany areas, bu aspecial ‘engineering of thefyant. The ideak power L
"+ tpefisportatiofiOst-or high sulfur contendlimit their - plant site would have we canditions that allow* .~ " -
i, uSe.  Hydroele¢tric: and. ‘geothermal so’u.ﬁ.g are*s  sufficient dispeisal of Pdprand Stack gases to -+ ¢ -
-~ -, extremelys limited in occurrence .and locatidn. - “sthe atiosphere, there teyeqting ~detrimental- @ -0 ¢

R N U U L $o tatfscts to the surrounding .Viionment.'mso-,“aréars T
K e C'\d""‘ nvg&nm,en I_'ﬁhsn}lder@gon.s _ , lch, are prone to wategspouts, ‘tornados, or v, T
AL h',;"?'f"'-“"- W et T L unddually Thigh winds presplt -special engineeting - . . .
PSR N (}(NS{‘E Aecess. . problems. Power plants having cooling towers: or, “ oy
% Ve e T e v Tt 0 ponds 'should not be located where extreme. fogging - . 7, .
RN - * Possiblefgnd etanontically feasible .. or icing *would hazardous' fo land; sea of mir: .
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A

- migration of important ary

(5)  Ecology

- Some aquatic species, such as salmon and
. lob
T . Water bodies containing such species should

r, must live in water temperatures of a narrow

generally be avoided as a planfsite. This is especially
applicable in the extrenfe souifig{n or northem parts
of the United States, where-tbe _wgle’r temperature
is naturally very warim ‘e Nery cold. Nesting,
spawning and nursery areadegfe imidSitdht species of
wildlife, fish or shellfish shydhl/fot be considered
as a power plant site. Fuclfgs

B ."-‘.
be located where it could; .'1';" £y
&s-Br° whege rare or

endangered species of wildlife live. In some cases,

“however, the development of a site may actually
_benefit some rare or endangered species by serving’

as a wildlife sanctuary.
. (6) Land Use

A power. plant site should be compatible with

~other existing uses of the area. Local zoning rules

may have to be considered.’The amount of lafd

O

ERIC

Aruitoxt provided by Eic:

DI site should not
lyerfere with the

v

requires much space )or its ¢ceal supply and waste
storage. The relatively large area required by a nuclear
plant is necessary fo provide distance between the
reactor and people. This distance,galled an exclusion
distance, is required by federal law. There must also
be a low population zone surrounding the exclusion

~ area. This is discussed in tife next section.

&7) - Human Factors .
In the case of riucjear plants, sites must meet
federal requirements that protect the general public

situated away from densely populated areas.

+ . from radiation exposure. Thus, nuclear plant sites are

No power plant should -be located ' in, or next
to, unique natural resources or scenic attractions,
such as national and state parks and wilderness areas.
Similarly, a power plant should not be lpcated in or
adjacent to historically significant ‘and
archaeologically significant areas. Finally, public
opinion should be sampled and should play a part in
the siting decision. :

required for a power plang will depend on the fuél ot g ’ !
used (See Table 9).,As mentioned, a cozil-ﬁlred station
"~ TABLE 9° L,
Land Area for Power Plants.
A
] s Py o
" Plant Fuel ST ’ " Average Acres Required, :
. . 5 g . ] . .
Coal 1050 . B ¢
Oil, . 250 . "
"Gas . ~ 150
. ° ) ar . L ’ \
. Nuclear * - o 1160
- A v oo .
4 ’ . .
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LCENSIG OFPOWER s meommemmereeeg

m - . - -
How are central-station atomic power plants licensed . 5As construction progresses, additional informa- [_ B * A newly required E/M% ental Re.,
and regulated? The U.S. Atomic Enprgy Commisgion ] tion is developed and the utility applies té the g -port must be filed by the applicant
requires two separate licenseés—one to build the fa. . . AEC for an operaling license. The same careful anal. & 4 L which is reviewed by all interested"
cility and another to operate it. Let's trace the steps .m . ¥sis 15 made by the AEC in deciding whether or not - ~ state and federal agencies.- They
in the process of ohtammg a construction permit. W, toissuethe operating permit. . *‘- ‘;‘mﬂ must approve all of the plant's ef-
' ) APP%: o) fects ofi the environment before the
..... . . I..ll‘ - LEOPERATING ! AEC can issuea qonstructlon pémit.
’ PERMIT -
. . I. . ( Lf Sl
1 The unmy submits a formal application descnbmg the . ’

design and location of the proposed plallt and the . T .
saleguards to be prowded The application_ also” cuvers
the uhlny J “technleal a“dahl‘llf\c!al qualifications., 1)

I ?A constrction permit s then
granted or denied and public

" notice is given®If granted, con-
ﬁ% S . struction of the plant may begin,
e

subject to inspection’ by the
AEC's Division of Compliance.

I
o 6:5he Board's decision is sub-
ject to review by the five-mem.

t. ber Atomic Energy Commission.

) DlVl.SloN or comuANCE INSPECTION '
ENSING BoagD) : -

ol ’ L4

Atter reviewing the tesii.
,mdny and the OLR- and
ACRS findings, -the Board de.

cides for or against. g‘annng a
constructign permit.

» AEC's, Division of Li-
sing & Regulation makes
of the application avail-
.the public and"ACRS,
chnical experts.study the
lion, review it with the ap-
and prepare an analysis.

Im(ysls [ suhmﬁ’ed to lhe AEC's staty--
sory Committee on Reactor Safeguards,
of ‘independent experts. ACRS studies
0 in- detail and holds &nferences with .
and DLR stalf. The ACRS llndmgs are

o AEG and made puhhc '

. A pubtlic hearing is held, . «
usually near the proposed . °
site, by an AEC appointed..
Atomic Safety & tlconsmg
© Board, Privath citizenyState’ss - °
Jocal officlals, and'tdmmunily
¢roups may atlend 'and gwa

. j ] o : - R tes)muny L

Q
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BACKGROUND INFORMATION

POWER PLANT SITING'ACT OF 1971 DRAFT OF. '
: PROPOSED FEDERAL GUIDELINES N

SECTION 1 - SCOPE : N

-These proposed guidelines are rntended touserve as

the basis for meeting the requirements set dri«rn the

»  Power Plant Siting Act of 1971, legislation submitted
' to the Congress by -the Presrdent on- Fcbruary 10,
~ "./1971, “and desrgna(ed H.R. 5277 and S.
T (herernafter

1684
“the Act"). . A

~

SECTION 2 - PURPOSE

The purpose of these guidelines is to assure the
establishment of State or regional certifying agencies .

in the manner discussed in Sections 7 and'8 of the

" Act. It may be located within a State environmental

capable of providing the judgments required under .

the Act. To this end, these guidelines provide the
basis for the. establishment of a decision-making

. process -and timely and effective procedures within
‘each cerfrfyrng agency to assure competent, prqmpt

determination and résolution of environmental and
power issues within its jurisdiction. Additionally,

these guidelines are designed (i) to integrate  to the .

extent possible, any associated review, licensing, and
permit granting activities of the Federal Government

with the State or regional procedures, so as to achieve
complete one-stop certification -
-proceduré as is possible; and (ii) to provide guidance

as close to a-

for the certification procedure of the Federal
oertrfymg agency.

8

. SECTION 3 POLICY

‘The pohcy 1ntendéd to be carrred out by these -

gyidelines is to allow the States (or groups of States

which elect to act as a regional certifying agency)'

maximum flexibility within the requirements of this
Act to experiment-and to develop those procedures
for the; certification of Sites, reutes;.and facilities +
which best fit the particular conditions
requrrements of each jurisdiction. THe primary

. Tequirement is that the certifying agency be capable
. of professionally evalyating and balancing both the
. need for électric. power facilities and the need to

5_)

proteynwro‘nmental values,_

¢ -

- protection agengy, ‘although in such cases care must
be taken to insure adeqrate co‘nSrderatron of the need
for facilities ,through’, partrcrpatron requirements
“hereafter. Gther possibilities with perhaps greater
potential for balancirg power and environmental

needs ‘would be the State land-use planning agency, - - '

the State natural resources agency. or1-a State siting
.agency with Tepresentatives from the interested
existing State agencia§. In some cases, Sti¥es may’
- wish to, place: final authority with_the Governor. To
the' exfent possible, the Fedetal- certifying agericy
shall allow each State to adopt“a State h@dy- that.
. best serves the purposes of the ‘Act within its
" jurisdigtions v /
JIn some cases, a prc-cxrstrng agency of the Stat
government may be qualified as the State certifying
agency, OT may serve as the basi¢ agency to which

. & new office is attached to carry out-the functions

)

. of the certifying agency
i

assigned under the Act..Where the pre-existing agenoy,
has a clear identification with eithér. .aspect of thé
power-envrronment ¢quation, extreme care must be
taken to insure that the criteria set out in this section. _
are fully met. It.is the intention wf this section:tg,

encourage the. formation of a State or “regional -

-certifying agency meriting the confidence of the
public as to its competence and  objectivity ‘with
respect * to - both electric power - needs and

‘environmental protection

. b Pamcrpanon - Sectron 5(a) of the Act;
reqmres participation .in the decrsron-makrng process’
nyironmental protection,’
natural resgur€gd, pla afd  electric powes
regulatory- agengies  of the State government and

4

authonzes partrcfpatron by members of the public.

and /

"SECTION 4 & COMPOSITION OF THE STATE OR
. REGIONAL CERTIFYING AGENCY

: a. Type of Agency These gurdehnes seek to .
provrde the framework {a% a broad vanety of options -
«:;to State goveriments in the farma
" tegional certrfyrng agéncies, These'
. bodies may .

f State and ~
g-makmg
bE “exjsting agencies,” newly created
agencies, or boards ‘consisting of members from an
appropriate spectrum of existing State agencie:
decision-making authority may be located with the :

State . Public Utilities Commission, although in such

casés. care must be  takén to insyre’ adequate

consrderatron of env:xonmental aspects ‘through ‘the

- vequrrements for partrcrpatron drscussed hereafter and

’Pamapanon by components, of State gqverpmcnt
means either taking .part as a voting sember of the
sdeCrSronrmakrng body of the' cerufyrng agency. or .
acting ing an-advisory cqpac:ty t6 that agency. with -
respect to the ‘aspect..of its gecision within the
participant’s area> of + competenae Whetg such
partrci‘patron Is limited" to an .advisory capacity. in the
participant’s atea of” specral Eompetence such advice
shall *bé-subpiittedh in writing and made public anq
the oeyﬂhg agéncy may, depart from_sucH®advice
only
depar the overall ’

ish

re rs.necessary to, accom

objectives -of “the certification. process. In, any tivc;mt‘,,re

..+ 7 ofthe ‘Act, In the cmsé®of Federat-

- control 'agencies, * "Federal. 'standards" tmeans*:
“ standards- estabhshed"%apprm'ed by a’ Federal
.agency - N
o e -
L PR "?"’_,')? )

178

certifying agencies- muS!ﬁscertagr that all applicablp
Federal st rds, ‘permj®, or licenses for the Qroject .
have been satrsﬁed or obtained as required by $ectror?
ter.and’
- quality standards the satisfaction shall'be duennmea
by the. duly au}honzed.Sta

it detertines and --an di_monstrate that .

KT

arp.,

tfvater and air polhition, e

I

& &
a

-

r

8

P



“such person hds an intefest. .

. . ; . » B :
B o s . R
T . . LU e
“Participation" with respect to the publi& means by
making comments 4r being permitted to: become a
party to procggdings involving apgfications in which
F.‘ \

~

c. Staff - the State or regional éaenif)"ing agen_éy(' i

must, have a competent and .interdjsciplinary -

“professional and technical staff capable of dedling
with those environmental and power issues which" .
. come_before it. The Governor, in his request Yor a

© Certificate of Qualification from --the Federal -

.certifying -agency shall describe the .composition of

- the staff. Im some cases, the State or regional

certifying agency may find that employment of such

.a staff on a full-time basis would not be justified

based on the anticipated workdoad. Where this
occurs, the Governor shhll specify the manner in -
which the State or regional certifying agency will call’
upon consultants or experts from other agencies of.
Government to assure "a balanced: determination of ’
issues. : . - -

hd ,

d. .Finance - The State or regional “certifying

. agency shall be authorized to assess and collect feés

the cost of administration of its functions under the:
Act. The application for a Certificate of Qualificatiori.

must show to the satisfaction of the Federal "
ceftifying agency how the State or regional-certifying: .

agency will be financed in a'manner adequate to carry
out the purposes of the Act. . , R

SECTION 5 . REVIEW AND COMMENT ON

reliability - countils covering the continental United .
States. The Act, howevery reqyires the provision

)

™~ shall be™accor

.o Do

L, . B
e AR B
distributiofi of this report by the certifying agency

‘d*o, the requirements set -forth in
Section 8(a) of e Act. °

LSECTION 6. -

planning by - the

As part of its September 1 ‘report on lbng—ra‘nge ’
electric .entities within it

& . ; .- Coa

, PRELIMINARY - REVIEW AND' '~ .° .
“HEARINGS ON PROPOSED SITES . S

jurisdiction, ‘the certifying agency shall also_publish ., -

- the compilation-ef preposed power plant sites and.
general locations of ‘transmission lines as réquired in-
" Section '4(a) (2) ared, Section 8(b) of the Act for all

- facilities, . construction of which is planned to
- commence -within ~five. years.” With respect to

"proposed power plant sites, public hearings shall be
held during the period September 1.to December 15

of each year on’‘each newly-identified site, and-the =

. certifying agency'siall datermine whether or-not such

-site is to be placed on the list of approved sites by
gsuch appearéd on the plans of the electric entity: The.-
decision of the certifying agency shallsbé aceerding
Each ‘site shalljgdeiyel'en'ther:\' : o .

N

» to the standards set out in Section 8(c) of the Act. '
from: electric entities within its jurisdiction to cover. S o

s

Fébruary 15 of the next year, less than one year after " .

© (1), prelir'ni.nary' ‘approval: as.’,h:lsjte, subjébt:to-févfe,w~ L

at the time .of applicationfer certification only with -

_ respect to..changed “conditions - (other factors' not
' considered in this “prelijpinary review such as the. -

of

- years. during which time’ the electric énti
* with. appropriate \

together -
environmental . agencies}ymust - -

- “facility design’ would,.of course, be reviewed during - .
. the certification’ procedure); or ;.. ST '

'
.

? .. .information -not now requesled under the FPC . actively - seek to defermine - whether i portan -~ -
‘procedures, including the - preliminary ‘identification’.- - “environmental values would be'impaired.! FQlpwing,, -
of sites and routes :planned for use within the next - the period of suspension, the site may be resy@itted - .-

: " five years, an .analysis” of efforfs.  to meet" .~ and "the -certifying -agency*must_ give .preliminary .«

“ environmental” _ prolection  goals, and ether:.. approygl, pselimifary -corditional spproval, ‘br. . . .
requirements.. ed m Section 4 of the A_‘c’:t} =~ disappfoval of #hé. site; or * o T TS

R R A S B T e T A T S
< « < Each’ certifyirfg agency: shiall compile dﬁ';publish by . .(4) disa proval_ ag-a site because the.construction of >~
- - September -1 of each year its-reviey and comments - any bufk power faility, on the sité“would ‘unduly. © - -
«-* on the annual plans: filegwith-it by ‘thesprecéding . impair “important ¥vironmental ¥ values. Sich -
T..; April 1. ‘The ‘intent ol this. publication is. fo . = disaPproval -shall be Tina “and” no¥. subject. o
{ «"€ summarize' the labg-range plans of %lectric entities. resubmission for consideration as a site unless there -

operating within its. jurisdiction, their relation to -
. adjoining jurisdictions, and to evaluate the adequacy _
. of "these plans from the' point of view of providigg
. adequate’ -

electric ~power while . maintaining
environmental  values. . :The - -publication  and -

- . . - . . ~

" js clear evidence' of changed conditions. E

LN

AEN

'LONG-RANGE PLANS ! + (2) preliminary conditionakapproval as'a site, subjegt e
L P : to review at the time of appligatl'on for certification AP
. Section 8(a) of the-Act sets out the responsibilities . with respect to changed conditions, and with téspect * .. e
. of the certifying agencies to review and comment to conditions placed .on the_rfature of extent of the AT
! upon the long-range plans prepared and filed pursuant * facilities to be placed thereon. (Appreval here would, *<:
' to Secton 4 thereof. Each electric entity” operating 'be the same as (1) except : that. site - may  b& v
* within the- jurisdiction of, 2. cartifying agency. shall -  conditioned for a nuclear. or ‘fossil fueled‘plant onlyi%* = -
-+ file with it the annual’!gp_uﬁ?k ngé planning document for -example); or - S AN
' by Aprl 1 of e_ach.’fgﬁrifa Trig! entities will be. .1~ Com Tt e X
encouraged to combidg aigMiiteia singlé regional (3) suspension pending further study, bedause the. ° 5
. . . plan’in coordination’ wjttnthe:¥rg dures outlined ih+  coristruction of any bulk power facility, on the site
S Osder 383-2 of me,-;ﬁa;y{m:. oWer Commission,” * . might unduly igapair important environmental values..
* authorizing: voluntary aif'rtda]‘*rep.ortg from electric - ., Such suspension’ may extend for no ore’ thart. three *

-
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"SECTION 7! CERTIFICATION OF FACILITIES aesthetlcs and-any other State or locaI requirement.
N Judgment .Shall be conclusive” means- that the
For aII bulk power facilities covcred by this’Act, the . State has. provxdcd through appropriate use of its
appropriate glectric entity shall apply formertification legislative and/or executive authority for.the issuance
of site and facility at least two years prior to pIanned of a Cert#icate of Site and Facility by a qualified .
commencement of construction, as provided for in - State or regional certrfymg agency which shall certify -
Sections 6'and 7 of the Act. In addition to any other that all Federal permits, licenses, or standards have
such mt"omr:mon which the certifying agency may . been satisfied or obtained and which shall incorporate
- fequire. the. c{cetnc entity shall provndc~‘wnh its - or supersede any requirements for the issuance of any
- ' apphcatlon a detallcd statcmcnt on: - ‘. permit, license, or certificate for:the fucility involving 3 .
' v enwironmentalygnd power supply concerns required ‘;-""
N it Thc cnvrronmcntal impact  of the undersa’ Staté® or local statute such that:
N + . proposed facility. , v - _
o, ) . (). the -requirements of such State or.local
it. ‘Any adverse environmental effect which : permit, . license. or dertificate = are-.
cannot be avoided if(thc facility is specrﬁcally considered, in thg Iappllcatxon
constructed and operated as proposed. for and the issuance of the’ t‘erhflcatc of
’ ‘ ~ Site and Facility: e a
il Alternative locations, measures, or other - > " &
NI  dctions.” . . < (2) " the state or local agcmy~rcs ol o
L CONE ‘ - issuing any such - permit ‘e NN
P 2/ The relationship betwcen thc short term certificate - participates ¥ N gv
-3 e, = Cfivironmental  impact . of 2 decision-making process " as’ ﬁ‘t}f '

o

facility and the maint& ; 3 L 3 - Section 4(b) of these Guidelind

: [ . -
, ‘ S (3) the facility is designed, built,” and
LoAny .irreversible  and  irretrievable 4, ' operaied in accordance with ¥t

TS, } L ",comtmtmcnts of resources if the " specifications provided by, the. applicant
3 *ﬁ,, PR ¢pru.posed facnllty is constructed. as “modified by any further conditions
,‘w 3 R AP . imiposed by the certifyting agency in the
tE 'Nogg.:,ﬁﬁ r’eecrpt of such application shall ‘be made - - - Certificate of Site_and Facility’ y
M provided in Section 8(d) of the Act, and thé ' ‘ . :
. two-year period shall be considered to begin to run - ° Where standards of air or water quaInty established
' from the time of first publication; which shall in all or approved by a Federal agency are to be applied,
cases occur within 30 days of the actual receipt of the determination of whether or not a proposed ﬁfb
a valid application. Hearings to consider the proposed - facility will meet such standards shall be with the
certification shall commence within 6 months of  -duly authorized State air or water pollutign _control
publication and to the extent possible a decision of agency.-In cases whcrcby undeér chcraI or State laws
" the certifying agency shall be reached and published "or regulations a’ permit, license, Yor certifjcate is
Wlthl{l one year. Failure to reach such canclusion or . dependent upon the granting of another such permit,
to indicate that a decisign is imminent after a license, or certificate, the State certifying agency shall
,,b&year period has passed from date of publication provrde for any necessary flow of information to
grounds for the electric entity to petition- assure an orderly and timely certification process.
‘n;uth'e eral certifying agency under Section 6(d) of - .
“the¥’Act, Except whete, for good cause shown, the ~In order to facilitate efﬁcnent consideration® of
" site has'not been drawn feom the list ﬁsf approved ‘ appllcatrons for certification, each State or regional
: sites as provided for under: 'Section 6(b) of the Act, certifying agency shall “develop - a_ consolidated
* the review of the power plant site shall be limited ‘application form, which shall be the"sole applicatjon
as descnbed above in Section 6 of these Guidelines. necessary for ° aII approvals of ‘§tate and local -
~« governments. All requests for further information and
SECTION' $ - ONE-STOP PROCEDURE . all other correspondences related to the certlﬁcatron
. . ' T ' ' shall be made only by or through &r ‘with the prior
- a. State or Regional Certifyingdgency - The Act approvat - of the" authonzcd centfymg agency
1 nded to provide in a single pracedure final 4
» decisions on all State andlocaI government approvals *© " All Federa] agencies with statutory :Iuthonty for
-required for the construction and operatian of bulk granting licenses, Certificates, or permits prior to the :
power supply facilities. It also attempts to coordinate - copstruction or operation of a bulk power facility
= ¢+ - and integrate. all-necessatry. reviews: of emfron’ment ] shall, to the fullest extent possible, coordinate their |
concerns by Federal agencies so as to achieve as close ivities, including the time and place %f any public "
P -to-a complete one-stop procedure as is poss:ble heprings and related reviews, with the appropriate
e Stgte or regional certifying agency. Federal agencies

' \v ’Sectton 7(a) of the Act states” that the judgment of h -advisory authority shall supply such advice
the appropriate certifying body shall ,be conglisive rectly to the certifying aggncy in compliance with
on all questions of siting, land use, state ‘air and\Water its timetable. Federal agencies shall reduce to an
. quality standards public convenience and nec ssnty, " absolute " minimum _the mformatlon required of -

- - . . . - C _;;""0'
‘:‘ 'l . l ' ‘ . J : . ’ . _‘ﬂ . B
." : . ) 0t : B t.""gfi - ' - \
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hat already preséhted in the
- conso) ’e* polilidjion to the certifying. agency.
Such agericdés Are ok required temprepare the detailed
-statements Sfenvifgimental impact contemplated in
Section 102°{WKL) of the National Environmental

ty, ot

" applic \

followed a s'ubstantigl!y‘_mompargiblo procedure. ¥

B = ANV

. . ‘g‘\'l ,"; L .
b. Federal CertifyIng Agency - In*those CQ_”\

. Jurisdiction either because of the z{b§ence.~o a
"qualified State . certifying’ .agency ‘of "upon-rappeat
pursuant to -Section 6(d) of the®Act, the Federal’
certifying agency shall provide:a onestop procedure
except_for license applications before the Atomic
Energy? Commission which shall be coordinated with
the review of the Federal .certifying "agency. An
other Federal #icenses or permits or approvals whic
may be required shall be considered and decided as

. an integral part of the review by the Federal
certifyingagency. The Federal certifying agency, the
Environmental Protection Agency, the U.S. Army

in which the Fedgral, certifydng agency 4exe$:s~ Ny

managements. agencies shall hold any hearings on each
application jointly and shall fully coordinate reviews
and - approvals required by their ,respective
responsibilites under Fedéral law. Other 'Federal
agencies ghall render written advice in their areas of
special competence with respect to environmental or

‘. . power supply aspects of the project and theiFederalp ’

t

certifying agency may depart front such advice in its

.decision only if it determines and can demonstrate
_sthat departure is necessary to accomplish the overall

objectives of the certification: ’

*m_
. The Federal iprtifyiﬁg .agénq/;. hall . opérate under

these Guidelinds-except where they are inapplicable
and shall develop a consolidated application form,

3

s
Y
2

Policy Act of 1969 where the certifying agency hasg,

.. * o *
.
.

facilities, the cértffying agency  Shall give

consideration
}p’licable: .

to " the following factors wherg

: /

a.  Electric Ene¥gy Needs

#; (major -emphasis of long-range plan
reviews) : .

(1) Gtfowth in demand and 'ﬁ"rojection.
+. of need.

(2) - Avasbility -and  desirability " ‘of
non-<lectric alggrnative sources of
energy. = : _

(3) Availability add desirability of

§4 . -altemative soggees of electric pqwer

to this facility or ‘to this fype of

facility. L
Aaciity

of

(4) Promotional . activities the

. T electric entity which may- have
Corps of Engineers, and any affected Federal land .

given rise to-the. need“for this

facility. - -3

o

.(5) . Socially beneficial uses. of the

‘ output of this facility, including its

. us€-’ to protect “orv enhance
environmental (]ualityﬁ'\ .

(6) Conservation activities which could
~-minimize the need for tore power.
(7) Research activities of the electric *
-£Ntity or new technology available
“to it which might minimize

environmental impact.

"-‘T PPTA

cxcept for the AEC license application, to cover all b.  Land Use Impacts .

Federal statutory requirements. The decision of the » (major emphasis of preliminary site
Federal certifying agency shall be rendered within the ’ reviews) . )

one-year period” after receipt of an application and, K .

if not, the agency will be required to issue a (1) Area of land required and ultimate
statement explaining why it has failed to, act. The use. - . . . e
Federal 'certiging agency shall promulgate procedures."; : . : IR
and schedul€” hearings to assure time for .a, final (2) Consistency with any State and -
decision within the two-year period contemplajéd in regional land .use plans. )
.the Ach. The Federal certifying agency shall“have S o > _
exclusive jurisdictgo over the application applying o . v (3).  Consistency” with existing and
Federal standards ofly, as provided in Section 5(c) N " projected area land use.

- of the Avt and such certificate shall supersede any: . e . .
requirements. of Statg or local law.with respegt. to £ (4) Anﬁmaﬁve‘ uses of the site.
permits, licenses, of standards applicable to the ‘ T i i

-project but such certificate shall be issued only, if . - 5 -k.l ' lation already i
{JHB Eederal certifying.agency has ascertained that all ( )_ }Tpact gn-_popu ation alrea g n _

- _Epderal permits, licenses, or standards have béen ' [the area: population ?_ttracttzf }?): .
satisfied or obtained- as required by Section 7 of the- . L (f:oniis.truct'lonlf;x‘)lj' operatxorfll 0 tl er
Act, Federal standards mean standards established BY, . bz;fi t;tyofft;g w,eruggz:ﬁt . l?is é‘gii;y

. or approved by a FeQera] age ncy Ty ‘ . ‘;’,‘, - " on growth patterns and population
.~ SECTION.9 - EVALUATIVE CRITERIA 1-;_ digpersal. - g
In evaluating _long-range® plans, conducting (6) Geologic suitdbility of the site or
. m, Preliminary sité\faf‘ljeviews, and evaluating, the * route. ‘ ‘
o app1icati9n fo: cem.ﬁcation!of '{ulk‘powe‘n: S.!..Ipply (7) Seismologic cfxaracieristics. : ‘

'“. B - : . ‘ N L. . K . .. ) o .

. " - " ? : A o
T e ’ 130 . ' LR I

:ép}. i



s : : . B e :
(8) Construction practices. * o @® Effcgts on plant and animal llfc .
- . : including algae, macromvertebratcs .
(9) 'Extent of erosion, scouring, wasting . , ¢ _ “fish population. .
- of land-both at site and as a result

-

of fossx] fuel demands of the (9) : Effects on "unique or otherwise

facnlﬂ;y : . ) - significant ecosystems; eg.,
’ . : wetlands. . )
(10); Corridor design and construction : ' ' .
- f precautions for transmission lines. % (10)  Monitoring programs.
b ¢

- (11)  Scenic impacts. Ot ' . d.Air Quality Impacts

' . . "+ (major emphasis during preliminary site
+ (12).. Effects on natural systems, wildlife, , reviews and facility certification)

«» plant life.

»

m MetefOlogy-wmd direction and

(13) Impacts on important historic,, , velocity,”  ambient  temperature
..  -architectural, archeological, . and R °ranges preblpltathn, values,
' cultural areas and feafures. B _ inversion occurrence, other effects
R " on dlspemon.-
(14)  Exterit -of recreation opportunities - v S
and relatcd compatible uses. Ty Topography-factors »  effecting
, , - W', . dispersion. -
(15) Public recreation plan for the. S T
project. , ) ) #3) Standards in effect and,pﬁOJected
: - : oL ’ . fer emissions, desngn capibility to
(16)" Public facilities and * < meet standards
accommodation. ' o .
» ' AR ) Errussnans and controls
c.  Water Resources Impacts - ' _ P
. (major emphasis during prelimingry site. . L. Stack des:gn
g reviews an facﬂlty certification)” | e TR tb “Partlculates
: A s <L e, % 8Oy ‘o
M Hydrologtc studn,es of adequacy of _ Lo e NOy.
water supply'and impact of facility e v ’ :
“on stream flow, estiagine and (5 Ré1at|onshxp to presegt and
coastal - waters, and_ lakes and et prolected air quality of the area.
reservo:rs o, . ' -y .
S % W ' .. (6) Monitoring program..
(2) Hydrologlc studies- of impact of K ; : . -
e facilities on ground water. - ‘ e. Solid Wastes Inipact S .
. . ‘ (major . emphas:s during:  facilit
(3) Cooling system_evaluati(')n including . certification) .
: N . consideration of alternatives. .

(1) . Solit waste, inventory.
2 S (4«; nlﬁventory of effluents mcludmg ot _ v -
? . - physicgl, chemical, biological, and .(2) Disposal program. o
- = radiological charactenshcs Co '

-

3) Relationship of disposal prac{ices

4 % (5 Hydrologic studies of* effects of ‘ . - to environmental quality standards.
, S effluents oh receiving  waters, ) Co .. _
. \mcludmg mixing characteristics of -« (4) Capability of disposal sites to®*
- receiving . waters, ~ changed ’ " accept projected waste loadings.
évaporation due -to temperature N
dlfferentlals and effect of discharge f. Radlatton Impacts
Loy on bottom sedtments . " (major emphasis during preliminary site - %
Lo ) * . review and facility certification) :
R {6), - Relationship to ‘water quality . - - - . :
[ U™ dtandards. ‘ T (1) Land = use = controls . over
: ' a o S o . ¥ devglopment and population.
(7) Effects of changes in quantity and . ’
-+ quality ‘on water use by others, . (2) . Wastes and associated disposal
including both withdrawal and. in "~ program for solid liquid_ and
. situ uses; relationshp to projected L - gaseous wastes—criteria set by AEC
. , uses; relatiqnship to water rights. * " “and EPA.
* ) 4
\'?.‘, dJ‘L d J— 1" ty N




- (3) . Analyses and  studies ‘of " the.: SECTI(')N

- adequacy of engineering safeguards 0 CERTIFYING AGENCY

- .
»

1 - FORMATION OF REGIONAL,

TR

LI

N

ad and - operatmg\ . .
» . procedures—determnned by AEC C At any time dunng the period” that this Act is in
- T force, including the two-year period during which
' (4. Monnonng—adequacy .of devnces programs are being established under it. two or more
' and sampling techniques. ~ States mdy join together.and apply for 4 Certificate .
_ o e of Qualification for a regional certifying agency. Such -
g.  Noise Impacts - Ty a regional agency shall be subject to all provisions
© (major. emphasis  during " facility _ of these guidelines; except that in the case of facilities .
certificatiom) . ' -+ located entirely within one State and with' no 1mpacts A
P ' S " on other' member States, the participation required:
e (1) Construction . period levels. under Section 5(a) of the Act may be limited to
- ' . : " governmental corgponents of - that one State. It is the-
< (2) - Operational levels. * . intention of this” Section "ty provide maximum.
N ' - flexibility to States in the formation of mu]tn-State
(3) Relationship of present and.  certifying agencies under the Act. :
‘ projected noise levels to existing
. ' and  potential ‘stricter noise "SECTION 12 - 'MULTI-STATE IMPACTS
s A ) - standards. - 7 .
O o - I In those cases: where the cemfymg agency authorized
3.+ - (4) Monitoring-adequacy of devices’ . to operate in a State or region believes that an.
cw ‘ and methods. - - o . application- under, ¢onsideration by the certifying
iy c ’ B ) agency. of an adjacent State” or region will have
- SECTION 10 - EVALUATION OF RELATIVE potentially harmful effects on the environment
. ENVIRONMENTAL EFFECTS OF ALTERNATIVE within its. jurisdiction if granted, or potentially
" SITES AND ROUTES .. . - L harmful effects con the power needs within jts
. ' ' jurisdiction if denied, it may in its own Judgment ‘
‘To the extent p0551b]e only thosé sites and routes choose one of the following means of ivolvement:*

~ "meeting acceptable’ standards in relation fo the
*. criteria outlined ;in Section 9 of these Guidelines , (])
should receive éertnﬁcatnon from: the appropriate "
certifying agency. Regufarl_y. however, ‘it .will be *
’ necessary- in or?!t:r to mat recognizdd electric pdwer - °
_needs that a site or route be-chosen from a set of
"y - alternatives,: all of which will presqnt some adverse .
' environmental 'effects Inr such cases . it - will - be .
* necessary for - the -¢ertifying agepcy . tb- establish .

~priorities among the-evaluative critefia emp]oyed For (W

example, in the.case of tralsmission lines, the‘ priority
might" be assigned to ‘the lang use cniena -outlined
in Section 9 abgve; if ghe case of fossﬂ-fne]ed pewer
plants the air quahty criteria’ nght prevdil; #nd the
water quality criteria might preﬁanl for nuclear flants.
Assignment of such priorities is.not intended to
eliminate full consideration of other criteria listed in
Section ‘9, but - merely provides guidance for the
resolution of difficult cases where a choice among
diternatives would otherwise’ be impossible.

N}

B :
o . Bt - BN

Where it considers the harm to -be of a
majoer nature or conditional upon the
occurrence of events considered unlikely,
the certifying agency which believes its
jurisdiction’ affected may send a letter of
comment to the: reviewing -certifying
agency. of the adjacent jurisdictiom

Wher_e it considers the harm to be
considerable and likely to occur, the

certifying agency may- enter as an’
intervenor  the proceedings of .the
reviewing certifying agency of the
adjacent jurisdiction.
/ - v
4/ ‘ ]
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"of the Calvert Cliffs Caordinating Committee, In,
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'NUCLEAR - POWER PLANT  LICENSING
REGULATIONS "« PERTAINING T0

ENVIRONMENTAL RADIOACTIVITY
THE CALVERT CLIFFS DECISION N

90

LA
e

On July 23, l970 the US Court of Appeals
for the District of Columbia Circuit ruled on the
et al., petitioners, vs the United States Atomnic. Energ;“
Commxsson and the United States of Amema,-’,
respondents. This appeal concerned an illeged failure

o of the AEC to implement the National Environmental

- Atomic Energy Commission on four counts:

Protection "Act. The scourt found. fault with the .

v -
1. The procedural rules .of the .Atomic’

"is  ‘prohibited.. »from conducting an
* independent evaluation and balancingzof
certain -environmental * factors if ,other
responsible agencies have already "f:ertnﬁed
; that' their ownyenvironmental . stalglards

e i are satisfi ed & -+ take appropriate action for cases in which -
' { - \l“ " consfruction permits -have. been issued
- 3%  That the‘ Atomic Safe;@ and Lneensmg befdf® January 1, 1970, buf for which
Board hearmg need not cover ’*’v operating hcenses have .. .not yet been
_ . - environmental issues uftless 'fecnﬁcally nssued .
? raised byd outside parties. or Atomic * :
) s Energy Comm:sslgn , The Atomnc Energy Commission dld not appeal
g" % . the Court decision and, in the Federal Register of
a4 That the AEC rub!proﬂde thatwvhen a September 9, 1971, issued new guidelines and -
’ * constructidh -permit has been issued prior regulations to meet all the demands “of the court.
- .. oF . a - 4 .
" ’@ ' * & -./- t
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to January 1, 1970, but an operatmg .
license has yet to be issued, the AEC will
‘not formally consider envirommental
factors or require modifications ir the

proposed facilgy until the time of
- issuance of th peratn‘ﬁg llcense
_The Court  held that: e . | oo
1. Environmental issues must be cons:dere'd
’ at every sta{ge of, decision makmg
a7 mcludmg AS Hearings. :

Energy Commission prohibit the raising #7. The AEC must ‘consides enVuon-mental i
, of non-radiolpgical environmental issues issues in connection® with' all licensing
. . at any heaglidg if the hearing - notice ) action$ that took place after January 2
: appeared in the Federal Reglster before'»'.,,,; " * 1970, r o o
‘March 4, 1971 . . ) '
® FO 3. The AEC.must evaluate and balance
2. The Atomic. Safety and anensmg Bdard environmeptal standards -even if other

" federal ‘or¥state agencies have certified
that their own standards are satisfied.
o .
‘The a National

Environmental Protection Act review and.

AEC must conduct




. Sectlon 50 34(n) of Part 50 requnres that edch
application .for a . construction permit include, the
preliminary de51gn of the facility. The-folléwing -

’ mformanon is specified for inclusion as part of the
FEDERAL REGISTER, Vol 36 "No. 35-Saturday, p,el,mma,y des,gn ‘of the fucility:. : .
r Febriary 20, 1971 e h C '

. ! o
L2 . - - .

“ TITLE 10 ,ATOMlC ENERGY . "

For your general background mformatlon concemmg
licensing of nuclear power plants the following
sectlon of the Federal Regzster |s suggested

oo

- prmcnpal ‘desngn cntena for the.
lity. S
é desngn basps :;]‘\d the relatxon of the R

R

kN Chapter 1- Atomlc Energy th\mlssmn N ,
PART S0-LICENSING OF PRODUCTIQ)N AND s

i, relatwe tQ matenals of L
" UTJLIZATION FACILITIES. . ) BT A arfangements dand . v
> U e ifnensiondy sufficignt to-.
_ Genqral De5|gn Crlterla for Nuclear Power Plants < ' e assurange ‘that the
.y, e °ﬁndl' desi PR form o ithe de51gn
« -+ - The Atomic .Energy Commlssmn has ddopted R bases with S

0 argm fdr safety o _f‘ P
an’ amendment to its regulations, 10 CFR Pagt, 50 , . ‘ .

NLicensing\of Production and Utilization ‘FacilRyy
Wthh adds an Appendix A, "General Deszgn Crig
Jor waleah Power Plants.

'Plants .added as Appc N
‘ tbe minimum requirem
fogiteria for water<o

. .
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o

" for"tacility licenses at the con
' .ot Part 50. The term “engineer

-‘\' &c\ « ;7 - «’
‘ - :‘. .
1

%Gw& 'hleh ‘constrixction permits have

1sayed by the Commisston. They aY¥so
brbvfda suidance’ i1n ‘establishing 'the

M gmﬂpd deslgn criteria for other types -
n

uclear power plants. Principal de-.
- ‘sigh criteria established by an applicant

;" and accepted by the Comumission will bo\
‘incorporated by re,trrence in the :con-

ctruction:permit. In konsidering the is-

- suance of an operalmg license. under
50, the Commlssion’ m require as-

surance that these.criteria. lpve been
satisfied in the detatléd design and con-
struction of ihe facility and that: any .
chmm in such criteria are justified.

" A proposed Appendix A, * Oeneral De. -

sign Criteria for Nuclear Eower Plant
Construction Permits” {o 10 CFR Part
. 50 was published inthe FepraaL Rrotsren

".(32 P.R..10213) on July 11, 1967, .The -.

comments and suggestlons received in
response to the notice of 'proposed rule -

' .. making and,subsequent dévelopments in

» the technology and ih the licensing proc-
.88 -have .been’ considered in devel‘gpxnx

vthe revued criterin which follow..

The fevised criteria estahlish minimum -

: --‘mulnments for water-cooled nuclear

“power.plants similar in design and loca-
-'tion” to ‘plants for which canstruction

.. permits hiive béen issued by the Commls-

‘sion., whereas the previously proposed
riterfs would have provided guidance
for applicants for construction permits
" fof all types of nucléar power plants. The.

‘ revised ‘criteria:have been reduced to 55 '

ln number. include "definitions .of im-

t terms, and have heen yearranged -

crease’ '.heir usefulness in the ‘1f-
.penamc process.. Additional criteria de-
scribing specific requirements on matters
coveéred: in. more genera) terms in the-
vrevlously proposed -criteria have been-
‘added to the. criter:a.“The Categories A

- 'and B used to chagaclgrize the amount of

~.information reeded in Safety- Analysis -
. Reports concermngs gach’ criterion have.
been deleted ‘since additional guidance
- dn the amount and detai¥of igformation
required to bBe-submiited by’

permlt stage’ isnow included: in

* revised - criteria and the ‘requirements -
- for “engineered safety fcdtures” incor--
porated .in the cm.erm lor individual

o lystcms

Purther rev‘slons of these Genernd
Criteria are to be expected. In

‘course of the development of the revise
criteria, important safety consnderauons.
., were identified, but specific requirements .
" related to some of these considerations
have not as yet beem sufficiently de-
veloped and uniformly applied -in the
licensing process to warrant their in-
clusion in the criteria at this time. Their
omission does not'relieve any appticant’
-from gonsidering these matters in the
" deslgn of a specific facility and satisfy-
ing the recegsary safcty requu'cment.s
These matters include:

1) C ratiore of the nerd to desi[m
agalnst sitigle” failyres of passive com-
ﬁmu tn fluld systems important to

-

" luus moﬂutcuunons
9 i) Mﬂﬂo ‘ot 'red

‘and o oncnm:on

. sion,Washington,’ B
Chid¥, Public Prageedigay B
o 15 days after public

. at'1717 H Street, . W,

mamq‘ m cmom for Nucknr?o'er?hnu e-hb- o
alnn ty requ!mndm for-fluld systems lishes. minimum’ requirements for- th- .

tvt9,utou A "system” could. principal deaign criteris for water-cool:
olsnumberol s each . nuclmmpllnuumuulndum.
ot which™ 18" separately’ M, ofper-"" and location to plants for which. con..
forming the apecified syit4 saleky finc.. struction permijts have previously Geen -
tion. : The mm!muxg acctiptable: redun-: issued by the Commission and provides -
y. and diveraity of . ,k‘ym and. guidagce to tpnuclntl‘forooml.ructbn

ponents within'a miiystem ahd the” %izhing ‘principal design.
{ntedcontiection and independ- *criteria ror othe: ty )

eneeagl thie subsystems. have. not yet %m'f‘ P n! nuclear power -
befn develtped o‘rfdf-nneﬂ L v e T e '.-" E o e et
= Considération of- the type, sise. ' - ' ' e
o Doasttle brebes lndt:e‘ 4. Anew AppemnxAhldded to read

mponents .of s reactor coolant pres- a8 follows "

;boundmmdetemldedmnr Amnl—ommcni-um

re T

l'emcnta to suitably protect‘ agatnst S Nmnm—h.nn_. -
Pﬁ:g:‘gd Ofl C%l&a: sccldents, . "0 L Yadeof Comtents [\
EN on era-.onpt e poss| tyof- "0 . "
" atic, norffhndom: concur hll- ‘, o \m Coh
Wof updgpt;lemenumt.he 2" CwrowToNs . S ’
‘of the'photection sysuq’u and rewt{ﬂty Nucln.r Power Unit.
:;:‘nrol Watems: ik R !a-o(OoohntAa_:tdonu.
sddition, 4ge. Cominitasich i giving. Siogle Pature. .0
obnslde,nﬂon% he need for dev “ Anudp‘umw W“’
ment' of criteria’ lwn; to\-mouou \ T m .
Kgalint® irdugtrial sabo d_protec-; ; Overall Roquirements
" tion' against commouf} mode hlllu'u lm!wﬂh '
systems.’ other e pro tection lnd ’ for
reactivity trdl sy Do Pignomens o2
portant * salety a.nd ex% .......
high u bﬁlty T rement.s
£ these c rln

be nugmen or changed w
requiremen rel these nd
considerat) m% ldenuned lnd
-developed;

“Pursuan um  Act esign z-so A0
lsuuumendedand ott : » ; ada cni M
653 of- titlé 5.of the -8t : ’
thé following amen
50.1s publfshed as
‘codjfication 40 be .
publication in the 'onu. RxcisTEn: 'l'he
Commission inyites' nwmt.er ted per-
sons who qeslm bmit n com-
ments or syggestj m.oonnec n with .
the ‘amendment to send )
Becretary, U

2054 .

rang
of
in the Pxpzrar Ric W¥. Such lubmh-
sions will be glven oo‘nxldenuon witly Protection Bystem Paiture

view to - possible itunherv am dmen ‘
Coples of comments ex?mlmd h mn o TEtriion
the Commission's P m :

Reactbr Cool B,ll)g. Deaj,
o conmnmonz Design_.
Electrical Power Byst. g
>ln-pocuon and Tes

1, Bection 50.
torehdutollows [
15 50.34 Conlenl.s of -pplkatkm;‘led\-
- mellinlormnnon ’ g

(8). Preliminary safety na resprt. .
on per-

Each application for a
mit shall include a%re ry ulety

l)(3)

M

Flu(g_! Sygu-u:

analysis report..The mi: -~ Quality of: Reactor
tion to.be- mcluded shau #sxst 'the Boundaryetiy, .- 5. WL
followln( o : "“’:‘"’
Yeq '.,. . . o, an.c’n tion of R« ¥ re’ X
(3) The preunnn-ry deslzn of the fa- - n:mn T T A '
cility tnciuding: ‘ ’
(i) The prlnclpnl design cuterh,,;or » Residu e o :
the facility.” jwvendlx A, Genéral Design g m;::'z of ﬁmg'aﬁ'é&]{&'
* General design critarta for chamical proc- ' Testing of L fore Cooling ®.
essing uclmlu are being d"oloped. . © Bystem . N

Q
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" PART 50 - LICENSING OF PRODUCTION AND UTILIZATION FACILITIBS

Ilul‘ Synﬂu—l‘.‘mtuud

A 'ron.lng of conmnmonq M

A Connldernuon o! the type. size, and
oxlonut.fon of possible breaks in components
6f the reactor toolant pressure boundsry in

o5 dourmlnln‘ design requirements to suitably

protect ‘sgainst - postulated loss-of-coolant

Bysta

conmnﬂﬂﬁt M.lno-phcn Cleanup....

lop of Contalnment Atmos-

R _Cleanup Syetems..._._... y

‘ruun. or Contalament. Atmoqb. ro

Clunup Byetema___.__.. U P K

L Water ... imefennn [, a4

of Cooling wmr Systam._ -

‘rlutlng ‘of Cooling Water Byuern.- 1. .
u Reactor Conteinment: -

" Containment Dealgn M.-.-.'.-;-.--' -
Fracture : Prevention of .Conmnmcnt N

?‘nrg Boundery...:.. mtene e
‘_«C aviltity for Conmnment Leakage
. Hate Testin|
< Provisions for Oonulnmcn! !nlpect.lon
and Testing
Systems Penctnt.ln. Conulnmonz--..

* - Resctor Coolant Pressure Boundary
Penetrating Containment._. ..

Controt of Reléases.of Mol'mu Ma-
terials to the Exnvironment.. ....._.
Fuel Btorage and Eandiing énd Radio~

. setivity Control. . oo iaanaa_.. }
Prevention of crltledlt.y in Pusl Mor- N
age and HandliDg. oo oo .o
Monitoring Puel and Wasts Storage...

. mwwm.,‘Mucupty ltlnnu_--.

oy

b nt.tot.hop vwonl oxuou an
»  appliopiion for a oo tion permit mmust
x Includdrthg principal d gn criteria. for a
4“' profagd : facllity, The RFincipal desiga cri-
o teria blish. {he necessary. design. fabrica-
© won,. ructl R0, -testfg. and performance

Q

ERIC

Aruitoxt provided by Eic:

structdres, eystems, and
! .00 safety; that is.
- ytuml. and components that
e’ I¥isonable aasurance that the fecility
can be operlud without undue risk to the
health and safety of the public. °

Tbese General Deuign .Criteria establish
minimum. pequirements for the principal
design  criteria for water-cooled nuclear
.power plants similar in design and location
to.plants for which construction permits have
béen tagued by the Commission. The General
“"Design Criteria.are uho considered to begen-:
erally applicable %o other types of nuclear
‘power units and aere intendéd %o provide-
guidance in establishing the principal de-
. ®ign criteria for such other units.

The development of thess General Design
Criteria 1s not yet complete. For example,
some of the definitions need further amplii-
ficstion. Also. some of the specific design re--
quirements for otmetum. eystems, and com-
ponents important to saféty have not a8 yet
‘besn suitably .defined. Their omission does
not relieve my plicant from considering
these matters 1n e design of a specific factli-
ty and .satisfying the necessary safety re-
qulxcmonu These matters include: )

(1) Cobaideration of the Teed to dealgn

'|* ‘against singie fallures of passive components

4n fiuid systems important to ntety (Bee
Definition of 8ingle Pallure.)
and di-

.. (2) Consideration of M
wersity requlnmenu for fluld systems
tant to safety. A - .num could consist ol
& number of ‘subsystems each of which is
separstely capable of performing the speci-
fed safety. function. The minimum
accep e redundancy and diversity of sub-
' aystemns and components within a subsystem,
. pendence of the subsystems have not yet
been developed or defined. (See Criteria 34,
3,38, n.mu)
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.ot.hct features are developed.

' poveri plants for, which the Gen
‘| Criteris are not sufficlent and
] aaditional eriveria must be identifidd
1sfied In the interest of public safety. In par-

1dents. .(Bee . Definition of I.nu of Coolant
‘Apcldontl.) :

".{4) ‘Conalderation of the poulb!llt.y of ays-
'.umnc. ‘nonrandormn, congurrent fallures of
redundant elemants In the design 'of protec-

‘tlon systems and reactivity contsol systeme.

{Ses Criterin 22, 24. 36, and 290.)
It ‘18 @xpected. that the criteria will be

' bumnud and changed from time to time

t ‘new requirements for these and

“Thiere "m be some water-cooled

tioular,: it 1s expected that additionial or dif-
ferent criteria’ will' be ‘needeq, to take into
account unusual sites and ‘environmental
conditions, and for wlur- led nuclear
power units of advanced desi . Also, there
mAY be water-cooled nuclear power units for
which fulfilment of some of the Ceneral
Design Criteria may not be necessary or ap-

_| propriate. For' plants such as these. depu-

tures from the General Design Cﬂurll must
be uun:m.u u:d junmod. -

A D! ION®  AND EXPLANATION®

" Nucleor, A wer uRit. A nuclear power unit
means a bHuclenr power reactor and assocl-
sted equipinent necessary for electric power
generstion and includes those strudjures,
systems, add components required to provide
ressonable assurance the facility can be oper-
ated without undue risk to the health and
safety of the public.

Loss of coolant eccidents. Loa? of coolant

"¢

am
/f. Overall Requirements

cmquon 1s—Quality stenderds and records.
stmctum ‘systems, and  components  im-
portant tbpZsafety shal be designed, fabri-
cated. aretted, ‘ﬂ:d tested to quality stand-
arde commendurate with the importance of
the safet. nctions to be performed. Where
generally recognizéd -codes ang standards are
used, they ehall be tdentified.and evaluated

to determine their apflicabllity, adequacy,

and sufficlency and shall be supplemented or
modified aa necessary to assure a ‘quality
product in keeping with the required safety

establishied and implemented in order to
rovide adequate sasurance that these struc-
tures, systems. and nents will, satis-
factorily perform the safety functions.
Appropriete records of \the design, fabrice-
tion, erection, and testing of structures, sys-
uml and cdmponents important to safety
shall be malntained by or under the control
of the nuclear powxer unit lice throvghout
the life of the unit.

Criterion 2—Design Dbases [or prouctlou
aaam:t natural phenomena. Structurél, sys-
terms.” and compoenents Important to lluty
shall be designed: to withatand the effects of
natural phenomena: mch e eonhquuu-
tornadoes, hurri and

ulcm}zlthout loss of enpcblmrw ptrfom

their shfety {nnctions. The design’ bases for
these structures, systems  and _components
ehall ect: (1) Appropriate comldontlon
of the st severs of the natural phenomens

that have been historically reported for the
eite! and uunoundlng ares, with eufficjent

margin for the limited accuracy. quan ty.

and period of time In which the historical
data have been lecurnulltcd (2) appropriate .
comblnntlono of the effects of normal and

accidents mean those p lated tdent.
that result from the loss of repctor coolant
at a rate in excess of the capability. of the
reactor ooolant makeup eystsm from bdreaks
i the reactor poolant pressure boundary, up
10 and includifig a break equivalent In size,
to the double-ended rupture of the largest
pipe of the reactor coolant system:

Single failure. A single fallure means an
occurrence which results in the loss of
capabllity of » component to perform its
intended safety functions. Multiple fatlures
resulting from-s single occurrence are con-
sidered to be a single fallure. Pluid and -
electric are idered to be de-
leigned AD asumed single fallure- if
neither (15 a 'single fallure of any active
component. (amuming passive components
function properly) nor (2) a single fallure
of & passive component (sssuming active
coamponents furiction properly), results in p
16as of the capabllity of the eystem to per-
7nn i shfety functionss

Anticipeted operational occurrences. Antic-
pated operational- occusrrefces mean those’
conditions of normal  operation which are
expected to occur one or more times during
the life of the nuclear powef unit and include
but are not limited to 1oss of pdwer to:all
recircyiation purips, tripping of ,the turbine
geDerator set, isolation of thq meln . con-
denser, lnd loss of all ocnu power.

'_h_ 4

!Pnrthu detalls nhunc w the type nlsq
and ‘orientation of postulated brea¥sin lgo-
cific components of the reactor coolant pres-
sure bousidary are under davelopment.

*8ingle failures of passive components in '
slectri  systems ahould be assumed in
designing against,s-eingle fallure. The oon-
ditions under which a single fallure of ¢’
punln component ia s fuid system ubould

be conaideryd in destgning the system againat

s single huun are under development.

/e

)

ident conditions with the effects of the
natyral phenomena and (3) the importance
of the safety functions to be performed

Criterion )—Fire protection. Bt.ruetuna.
eystems, and components important to safety
shall be designed ‘and located to minimise,
consistent with other safety requirements,
the probabliity and effect of fires and ex-
plosions. Noncombuetible and hest resistant
materials .ehall be used wherever practical -+
throughout the unit, particularly in loos-
tions such as the contalnment and contrel
room. Fire detection and fighting systems
of appropriate capality snd capability sball
be provided and dec('md to minimise the ad-
verse effects f fires on structures, syitems,
and components important to safety. Pire-
fighting eystems shall be designed to aasure
that their rupture or tnadvertent |
does not significantly impair the safety cape-
bility of these n.nu:t.unq, systems, and
oomponents.

Criterion Ftnummul ond missie do-
sign bases. Strictures, systems, ¥nd oom-
ppnonu important to gafety shall be designed

to socommodate the efflects of and to be cdm-
patible with the enviionmental conditions
amsoclated with norma) operation. mainte-

ance, testing, and ted aocidents, in-
luding )ou-olcool .ecldenu 'nn-
atructurer’ eyst N shall be :
approprihtely protecud against dynnmlo ot
fects; including the effetts of mieslles, P
whipping. and duschargiog fiuids, that g
resylt from equipment fallures and
events and conditions 6qudc the m
power unjt. :

t

function. A qQuality assurance program shall .

Qv:
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ENVIRONMENTAL IMPACT EVALUATION 0F THE\ PEf\NT SITE | . o
All power plants " will have some effects upon the cnvrrgrment ‘These effeut%y be both posmvc \

. negatl\ce A - ,"'.‘;i -

»
. lo order, to evaluate this impact 4 new, plant: vé‘ have ,on the immediate envrronment both short term

R and. long—term, ‘monitoring. programs should preced nstruction . several years and continu€ through site
r&rams can be divided. mto the followmg-

preparation, plant construction’ and operation. Thesc ‘monitori
calegorres

A MEASUREMENT OF THE EXISJ'ING CHARA("JTERISTICS (PRE~CONSTRUCTION) v e

. This proggam will establrsh a reference framcwork (b.‘i's'c-lme) for asscssmg subscqucnt envrronmental o

-effects on each acuvrty

Surface Waters ° . o E : : Cx
o . : a: p'hys'ical and chemical parameter - . ot
v, , .sampling - . A v
< S ecologrcal parameter sampling - x
2. Groupd Water ’ ) '
a physical' and chemical parameter . : ; .
- sampling . R : o
b. ground watgr modelmg . ST T '
L3 AW R < )
‘ a.  dispersion of water vapor data % . . .
. b. - type and amount of,dissolved solids . <ot ot :
L and particulates earrred by droplets ‘ ‘ .
“¢.  general meteorologic data - ’ . I ? .
KR A d. . meteorological modeling B ' ’ _ .®
: -’_y . . . »' i : . : - :
ST 47 -Land ‘ ¢
” " ' - . .
i geologic data collection - . ; ‘ ek
: b.  sail data collection . " ' o '
T c. land use and demographic surveys . C ’
d ecological ‘surveys ° ?‘ R TIENE  F

-

5. Radxélogu’:al Surveys P

. B. OPERATIONAL MON'TOR'NG ROGRA
R i) ""‘" )
1. Radrologrcal‘momtonng

& .
a. " ,in-plant monitoririg system
b. »@envrronment monitoring

2. Chemrcal effluent monitoring

3. Thermal effluent momtormg
L 4 Mcteorologrcal momtormg

5. Ecologxcal momtonng
°

Thc initial monitering pr%grams provrde the base-line data needed to prepare an envrronmental report .

required from any company proposing a few plant This requirement may be botl federal or state or both.

Within 'the federal government, the basic legislation is+in' the National Envirbnmefital Poliy Act of 1969. Today, .

-many interstate basin commis$ons and individual states als? have laws and regulations that demand environmental
reports . from companie$. plqnﬁmg any news facility that

" environment. . .
B N . ’ K ‘:; . N e .o ., .
o ‘6,' -: . e ) .
- 181
r ) . ) “_
° ' 1y “‘: -

e . 188 S - -z

may have ap ddverse effect ‘on the qualrty of the -




“r . ) -l -’ . !‘ . .

o, ) _ - 4 ‘ o o }
In Pennsylvania, for example, it would. be virtually impossible for a new electrical generating ‘plant to be

built without the preparation of such an environmental Yeport and subsequent environmental impact statement. - E
. N N \) B . . . . . .

, o . .

4 After a comipany subritits its environmental report, the requesting authority prepares an environmental i \pact -
» - - statement. .In the case of nuclear power plants, this statement is preparcd by the Directorate of Licensiiig of = _
theg US. Atomic Energy Commission, whereas for other types of power plants, the statement is written by the

'

= opriate basin ‘commission ‘o, in some -cases, by the company itself. Vo .
L /The following subjects are always. addressed in. ag.eriyirgﬂmeq,‘t.al“rep_ort'and»‘evaluateéi in the "Environmental.
w  Impaty*Statement VEIS)." - .~ T - ; o
K o . Ki R

Lo

Existing Site Environment © ' o, : Tt)e:Plant 9 . ) . ’ o
b '; ) ) B | . ‘; o "'s‘ e : ‘ K L4
. 'Site Location - oA ¢ External: Appea .
. A detailed contour map showing etage, county, and _The buildings profile should. be illustrated. Efforts
3 *  smaller \Politfcal * subdivisions; plint perimeter: should. be made to make the structures and g ds .
- " exclasion* area boundary’ (nuclear ' plants): utility. - aesthetically pleasing. The location and eleva%.
property; service area; water bodies; all towns and. -~ release points .for liquid and gascous wastes sh B
. cities and size; public facilities; and, transportation:,  be .indicated. . "~ -’ S
networks. =~ . ’ ' o o e )
: ' ,Plant Water Use . - o

Regional Historic and- Natural, Landmarks - CL . . : .
o : ' . ‘A > quantitative, water-wSe  diagram should be;

, This shqufd',includé_a brief dis¢ussion of any historic presented. Total consymtive use should be shown.*

. .- or natural sigrificance  of the site and sutrounding - . . _ : o
- area, This would include any that are mentioned in Radwaste, Sanitary, and Other Waste Systems
. the *"National Register of Historic Places" and the - = - .
. "MNational Registry of Natural Landmarks "' as well as Include flow diagram of waste systems ‘showing
- all state - and = local historical societies. All ~origin, treatment, and disposal of all solid, liquid, and
archaeologically = significant areas would also be .. gaseous wastes generated. : .
included. 5 , - ‘ Lo L
- . ) . . Chemical and Biocide Systems ‘ ¢
. Geology ' : . ' .o o
3 ) o Describe chemical additives, corrosiorf products,
; Major geological aspects: of the site and vicinity .waste streams or discharges from chemical processing -
should be described; should include: soil, rock types, and water treatment that' may enter the’ local
o faults, seistnic history, regional radiological data. environment as a result of plant operation.
B © . 7,
.. Hydrology - o ‘ L. ;Transmission Facilities . ¥
- Physical, chemigal, andhydrological characteristics of * " A contour map or aerial photos should show
surface and grouind waters; field tests on an adjacent ' ‘propased rights-of-way and” existing substations,
a to the site; monthly and daily summaries of lengths and widths should be specified, access roads,. '
important parameters such as temperature, flow rate,  land-use adjacent to right-of-way, cqpstruction
* .water table height, - chemical stratification, and ‘changes to land needed, under rounid construction if
.circulation patterns. oL " any* and the type, color, and visibility of tragsmission -
‘ S ‘ structures from fréquently traveled public roads.
Meterology S ‘ o : .
B A4 . . - e .
. [ @ Co . ° n
-Data on site must include: diuhqi]"and monthly - .-" ' ; T
‘averages andcextremes of temperature and humidity, - - ' e ST
,wind" characteristics, #pfecipitation_ data, frequency . O .. '
"and effects of high velocity wind storms. | - . - _ o0 <

/ Eéol : 4 ' R b “ O
ogy | S /e | .
Identify important local . flora and fauna, .their '~ . SN
habitats and: distribution,” and relationship between oo T, ; 4
species. Preexisting environmental strésses should be =~ . LT i T
defined.: -~ - ° T g oL, CoU PO - :
. ’ [ - \ e s e Ryse : Co L "o e L :'

.
.
§
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Environmental Effects ofSite Preparation and Plant .

Cons'uctioh , ,
v S ', - " This should be-a description of the impingement of
The construction ,of = power plant and related site preparation and construction activities on lakes,

Effects of Site Prep.and Construction on Water }Jse

o

facilities will inevitably effect the envirpnment. Sorae _ rivers, and/or ground water. = .
- of these effects will be adverse. This pdrt of the’ : _ S L . .
Environmental Report "-would include a description Transmissidn Facilities Construction -
* .of the anficipated effects. : . : ? B ’\ ‘
e ¢ e e Inclides the effects of gonstruction and installation
-Effects of Site Prep and Construction on Land Use- - . of fransmiggjon line towers angd, facilities on the land
, - ‘ e s . , - and on th‘e%people. <o s T
N . This would include a description of how construttion ‘ T L Y
* activities may disturb the existing terrain and wildlife - ‘Resources Committed Gy e, ity

L habitats. Alsp included are those effects'that would , B L
A be beneficial, as, for example, the use of excess.soil . - A _discussion of any ireversible and ‘irretrievable

- to create playgrounds and other recreational facilities. ¢ commitments of lapd, Moga and fauna which. are

£ .. L - ...expected if construction and operatidn of the fitant .
+ : ‘n’ H s - :
ce - should beécome “a’ reality. - . :
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.' -.}‘.ﬁ’%e tempetature of 68 degrees is reco

- are ‘urged to conserve
. and electricityy -

'should have of ways in which we c#n conserve‘energy

* insulation in " outside walls

abundagt in the 4ited States and there seemed.no-
need for conservation. But matters have changed
drastically, particularly since the Near East embargo
on oil exports. Conservation of energy resources,
which meang'making the best-and wisest use of these

resources, was forced on .the ‘American public. We .

gasoline, natural gas, fuel il

-
at n

some short-ferm savings in energy. Obvious measures,

- such as .cutting- downi- on display lighting, réduting

thermostat settings’ in, winter ‘and reducing driving,
havé helped cut '?"\ergiy use. '

of energy consérvation. One is the research and
development ~ progfams °being carried out . by
governinent agencies,, utilities, .and industries in an
effort to make better use of energy resources. The
other is the awareness that each of us as consumers

A

-~

.A major exdmple of research in conservafion

fechriology is -that being carried out through the -
* ‘National .Conséivayion Research, Development and

Demonstratior~ Programs -funded - thiough ERDA.,
Someé of the aims of these programs are as, follows:
improving reliability and cutting energy losses in
electrical distribution systemsy’ developing metifods
for energy storage; assisting -industry in becoming
more efficient in their use of energy; developing uses

‘for ,waste heat; developing economically feasible
.methods of decreasing energy loss from' existing

buildings; developing improved designs for new
buildings to .yeéduce energy

~# Increases in th‘e‘vp'(ice of these pr%c_ts‘ .hav'ei'g..
helped p;pg}oté cgase{vation, and . there’ have beent'f

. (N '.3};
. -"_ . . e . ) . D
~ %  We can consider two major thrusts in“the area

. . . CHAPTER' 9 T
"_..‘q', o - ENERGY CONSERVATI_ON
i ' Until re.cen‘ﬁi yé;d'i%,:‘, énel;'gy was cheap :in_d' " ‘winter and a dehumidifer -in the summer may help

'savé’ energy in the long run. In the winter, the air
frdm an electric-clothes dryer’can’be vented into the

house to’add warmth and moisture.: The proper use df

lined or insulated drapes tan help control a home’s

temperature. Oh sunny winter days, they should be: '

opened td . let the sun. help warm the - house.

Otherwide, thgy should .be closed inwinter. On sunny |

. summer daysgthe drapes should be closed to keep the

sun out. If p ssible, uny‘sed rooms of a home should-
not be heated or cooled. Air conditioner and heater

_ Vgnts or outlets should not be obstructed by furniture

R Y

. consumption; -
+ digseminating information on the energy efficiency of

appliances; and encouraging industry to develop more - -

‘energy‘-efﬁc_:igg‘t products,

There are many things we can do in our homes

~each day to reduce the use of energy. Heating and
cooling systems are the ‘greagest. energy users in our

homes. There are many ways to save on energy-in this
area. The first’ is adequate insulation. Since. the
greatest amount of heat loss or gain is usually through
the roof, proper. attic in%latii)n is-a must, So :is
and in floors. covering
unheated argas. Weatherstripping, caulking and stor

.doors 'and Windows also help to keep heat loss at/a
-Duinimum’ in, winter. Duting winter; a maxi
ended.

This “shquld' be sevetal degrees lower at night

humidity”makes us feel warmer, a hﬁiﬂdifﬁer ir}‘the‘
: Q R SR . o

4500 0« y . , ,
" when you are away for a while. During the, sumrzr, L 5 Various consumer, groups have, calculated that
~ 78 degrecg is a comfortable temperatgre. Since high :

r. drapes. Heating and cooling equipment should be
'E'ept_clean 4nd properly adjusted to operate more
efficiently. - o -

Q B .
. .
@ [ A

" Heating . water usually' consumes the -second

largest amount of energy in our homes: There are
several ways to reduce energy requirements in, this

area. In buying a water heater, choose one with high -

efficiency and gdod insylation. Get only the size
needed, since ‘too large a tank wastes energy..Try to

. Place the water heater as near as possible to the major
areas of hot water use to minimize heat loss in the -
pipes. ‘Do not set the thermostat. higher than .

necessary and use hot water only, when necessary for
laundry and dishwashing-¢ool or warm’ water can
often be substituted. Eliminate leaks in faucets,
particularly hot whter leaks. o N o
Proper use of home appliances can further cut
energy use. For example, open and close refrigerator
. and freezer’ doors only when necessary. Use ‘the
smaller burner and smaller oven in the. kitchen rarige
whenever possible. Wash  only -full loads in
dishwashers and clothes washers. It may be possible
to eliminate the drying cycleton, the
- simply opening the door when the wash cycle is
«finished -and4 letting the hot dishes air dry. Save
energy ' by a])ways turning off lights shen’ leaving a
room-even if only for a few minutes. Use fluorescent
lamps wherever possible, since they use much less

energy than incandescent bulbs for the same amount

of light..

" As we, have. seen, electricity camnot be
efficieptly stored, but must, be genessted as needed.
Thus, utilities ‘must be equippedto generate enough

. Electricity to meét peak demands;.eyen thotigh much
-of the equipment is not rieeded “atother times. So,

it is helpful to use electrical power when demand

s low. The “peak times‘are between 5 p.m. arid 8
pm”in winter and between 1 pm. and 5 p.m. in
~summer. There is .even- talk of. charging”less for

) }'-_electricjty_used'ddring nonpeak hqurs, as is' nowhe? e
3. %icase witl long-distafice phone calls. - - '

s

home consumption of -energy could besreduced Ry

15 per cent by common-sense avoidance of ‘waste'

N

. . :”. . .
P ‘ . .
.. B
4 ~;.\", % Fo
. BN . -
* .t N o .

dishwasher by .

2

te



. There is simply not eAdugh energy togo around ' . * - - sl v _
at the rate we are now ushigit. We must find ways - .. . L . . . '
to-reduce, consumption and Ynake the best use of the - ( RO o - |
resources we have. In-doing thig, we must remember = -

v *
that we are not the last generatign of people on earth, * . S :
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EFFICIENCY OF ENERGY: USE IN THE UNITED

“STATES, Eric Hrrst and John Meyers, Sczence March
30, 1973

% “ Conflicts between the demand for energy and
environmental quality goals can be resqlved in seye ral’
ways. The two most impartant are (3 devel,opment
and use of pollution control technologies*and of
‘improved energy-conversion technologies, and (ii) the
improvement in efficiency of energy use. Increased
efficiency of energy use would help to slow energy
growth rates, thereby relitving pressure. on scarce
energy
problems = associated witl? energy »productron,
conversron, and use. : .

Between 1950 and 1930, us. cons?ﬁmon of"'

energy resources (coal; oil, natura) gas, fafling water,

and uranium) doubled. (l) with a average annual -

growth rate of 3.5 per cent-more than twice the
. population growth rate.

Energy resources are used for many purpos&c
in the United States (2) (Table 1). In' 1970,
.- transportation of people and freight consumed 25 per

" cent of total energy, primarily as petroleum. Space .. -

heating of homes and commercial establishments was
the second largest end-use, consuming an additional
18 per cent. Industrial usés of energy (process steam,’
direct heat, electric drive, fuels used as raw materials
(3), and electrolytrc progesses) accounted for 42 per
cent. The remaining 15 per cent was used by the
commerical and residential sectors for water heating,
air conditioning, - refrigeration, cooking, Tlighting,
operation of small appliances and other
miscellaneous purposes. )

During the 1960’, the percentage of energy
consumed for electric ~drive, raw materials, air
conditioning, refrigeration ‘and electrolytic processes
increased relative to the total. Air condmomng'
showed the largest relative growth, increasing its share
of total energy use by 81 per cent, while the other

uses noted increased their shares of the total by less.

than 10 per cent in this penod

The growth ' in energy consumptron by air
conditigners, refrigerators, ‘electric drive, and
electrolytic processes—coupled with the substitution

of electricity for direct fossil fuel combustion for .

some space and water heating, cooking, arid industrial
heat-accounts for the rapid growth in electricity
consumption.* Between 1960 and 1970, while
* consumption of primary energy (1) grew by 5I peg
cent, the use of glectricity (4) grew by 104 per cent.

The increasing use of electricity relative to the
primary fuels'is an important factor accounting for
_-energy growth rates’ because of the inherently low
effigiency of electricity generation, transrmssxon5 and

distribution which averaged 30 per cent during this

decade (1,4). In 1970, electrical generation (1)
accounted for 24 per cent of energy. resource

consumption as compared to 49 per cent in 1960." ,

Ot :
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resources and reducing  environmental .

2
.

Industry, the largest energy .user, includes,
manufactunng, mining; ang¢ agnculture forestry, and
. fisheries. Six manufacturers-of primary metals; of
chemicals; of petroleum and coal; of stone, clay, and
glass; of paper; and of food-account for half .of

industrial energy consumption,(5), equivalent to 20 '

per “cent: of ‘the total energy /budget \ ¥

Energy consumptron is determined by at least

. three factors: population, affluence, and. efﬁcrency :
* of use. In this article we describg three areas in which

energy-efficiency improvements (the third factor)
might-be particularly important: (i) transportation of
people and frgght (ii) space heatmg, and (jii) space
coolmg (au c dmomng : _

d Eﬁefgy efﬁcrency varies consrtlerably among ,
" the different passenger and freight transport.modes.
.Shifts from energy-qunswe modes (airplanes, trucks,
automobiles) to ‘energy-efficient” modes ,(boats,

pipelines, trains, -buses) -could significantly reduce' .
Increasing thé amount of

energy consumption.
building insulation could r¥duce both, space-heatmg

. and airconditioning energy consumptron in homes °

and save money for the homeowner: - Energy
consumption of air conditioning -could be greatly
reduced through the use of umts that are more energy
efficient. ¢

i -
' o

Transportatnon - \ ' ' ';f

- Transportation of people and goods consumed
16,500 trillion British thermal units (6) in 1970 (25

per cent of total energy consumption) (1). Enérgy

requirements for transportation increased by 89 per
‘cent between 1950 and 1970, an average annuak
growth rate of 3.2 per cent.:

- Increases in transportatxon' energy consumptron

" (7) are due to (i) growth in traffic levels, (ii) shifts .
toward the use of less energy-efficient transport

modes, and (i) declines in energy efficfency for -
individual modes. Energy intensiveness, the inverse of

energy efficiency, is expressed here as British thermal -

units per ton-mile for freight and as British-thérmal
-units per pz ssenger-mile for passenger trafﬁc

. Table hows  approximate values (8) for

. energy consumption arid gverage revenue in 1970 for

intercity freight modes; the large nm%l in energy’:
efﬁcr,ency among modes is noteworthy. Pipelines and .
‘waterways. (barges and boats) are very efficient;
however, they are limited in the kinds of miaterials
they can transport and in the flexibility of their
-pickyp and delivery points. Railroads are slightly less'
' efiﬁt than; pipelines. Tricks, wluch are fastér'and

flexible than the preceding three modes, are,

respect to energy, .only ‘one-fourth as efficient .
oads. Airplanes, the fastest mode, are only

1/60 as efficient as trains. .- _ :
. The vanatron in. frerght prices shown in'Table'
2 closely‘x parallels r.he vamtron m energy

[
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intensiveness. The increased prices of the less efficient
modes reflect the_1r greater speed ﬂexrbllrty, and

reliability. - *

Table 3 gives apprl)xrmate 1970 energy a.nd
-price - data’ for various passenger modes- (8).- For

imercity passenger traffic, trains gnd buses are the -

'most efficient modes..Cars are less than one-half.as
efficient as buses, and airplanes are only one-fi ftlLas
efficient as buses

v
.

‘l

For urban passenger traffi ic,, mass transit
systems (of which ax]ut 60 per cent are bus systems)
are more than ce as energy eff cient &S

automobiles. Walking and bicycling are an order ‘of

., magnitude more efficient than autos, on the basls. of
energy consumption to produce food. Urban values -
of efficiency for cars and buses are much’ lower than
intercity values because -of ~ poorer icle

" performance (fewer .miles per gallon) and poorela.

_ utrlrzatron (fewer passengers- per vehlcle) :

~ %

Passenger transport prices are also shown m

Table 3. The correlation between energy intensivene

- and price, whilé pasitive, is not as strong as for freight!
transpost. . Again, the differences in- price reflect.

. 1ncreased values of the more energy-intensive modes.\; y

The transportatron scenario for 1970 shown\rn

Table 4 gives energy savings that may be possible -
through increased -use of more efficient modes. The
first calculatron uses tlieactual 1970 transportation
patterns. The scenarrp—entrrely speculative—indicates
the potential énergy savings that could have occurred
through. shifts to more éfficient transport médes.. In’

" this -hypothetical scenario, half:the freight traffic
carried by truck and by airplane is assumed to have
been carried by rail; half the intercity passenger
traffic carried by arrplgne and one-third the traffic
"carried by car are assumed to have been carried by
. bus and train; and half the urban automobile traffi¢

is assumed to-have been carried by bus. The load -

factors (percentage of transport capacity uulrzed) and
prices . are - assumed. to be .the same for both

calculatfons. The scenario ignores several factors that. -

rmghtﬁmrbrt shifts: to energy-efficient transport

modyilsuch a5 existing - land-use patterns, capital
costs, Changes in. energy efficiency within z” given

mode, substltutabrhty among modes, . new
‘technologies, traf: tion ownership patterns, and
“gther rnstrtutron gements

¥
RThe hypothetrCal ‘scenario requrres only 78 per

ent as chh energy to move the same traffic as does
“-the..actual" calculatic f
“Btu is equal to 4 pg ]
.- judget. . The ' scend results in a total
transportation-‘cost, tHat'® ‘$19 billion less than the
Cactual 1970 cosiéa 12 per-cent reduction), The dollar-
E&mngs (which 9ncludes. the energy saved) must be

alanced agamst any losses i

4 flexibility “resulting: from a E
modes. »

t to emergy-efficient®

t

\l

S

speed, comfort, and -

i

‘To some extent, the current mix of transport

~modes is optimal, chosen in response to a variety of . . '_*
, Such .~ gy

factors However, noninternalized social costs
as noise -and air polluiion and various govemment -
acti tres‘%:egulatlons subsidization, reseagch) may:

tend to distort the mix, and, therefqre present modal
'patemsgmay not be socrally optimal. . .

. pgrsonal ‘preférence, ‘private economr'cs convenience,
speed, reliability, and govemment polrcy Emerging -~
factors such as fuel scarcities, rising energy pricés, .

~»dependence on petroleuin imports, -urban land-use_

- problems, and epvironmental quality considerations-

- may provide: incentives ghift transportation -

- 'patterns toward gr.eater ene%' efficiency.

Spaoe Heating -
&

. The largest single: enbrgy consurmng function
inthe home is space heating. In an average allelectric
home tna moderate chmate, spacemeatrng uses’ over
half the- energy delivered to the-home;-in gas- or

»oil-heated homes, the fraction is probably: larger

W, because the importance of thermal insulation hasnot

vHeen' stressed where these fuels are used. a-

- The -nearest approach to a national standard for

thermal insulation in residential. construction is .
"Minimum Propertrv Standards (MPS} for One and

=Twg Living Units" issued by the Federal -Housing
Administration (FHA). In June 1971, FHA revised
the MPS tosrequire .more insulatj with the stated
objectives -of reducing air %rutron and fuel
consumption.

A

A recedt study (9) estrmated the value of
different amounts of thermal insulatioh in terms bath
of dollar savings to the homeowner and of reduction ,.
in energy consumption. Hypothetrcal model homes '
(1800 square feet) were placed in three climatic
regions, each representing, one-third of the U.S.
population. The three regions were represented by
Atlanta, New York and aneapolrs

As an example ot} the findings of the study, :
Table 5 presents the results applicable to a New York
residenge,. including the insulation requirements of
the unreyised and thé revised MPS, the insulation that
yields " thd maximum economic benefit to( the ,
_homeowner, and the ‘monetary and energy savmgs
“that result in. ,each case: The net monetary savrngs
‘are given after. secovery of the cost of the insulation-
installation, and would be- realized each year of thé
lifetime of tﬁ:
per cent was assumed . :

The revised MPS provrde apprecrable savings m ;
energy consumption .and in"the cost:of heating a .
residence, although more insylation:if$ heeded to
minimize the long-term cost 10 the. queowner. A. .
"further increase .in -insulation reqmre
mcrease both dollar and energy sav;n"

4
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Present- trénds in modal mix Are determined by* _ _ -

.

home. A mortgage rnterest rate of 7 Y

.

nts -woiild .
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-Acent, -
: requrrements for ‘all resident
o

i

A

t¢s<(1) in 1970 was 67,000 trillion Btu, and about
r.cent was devoted to residential space heating*-
and 7 per cent to commercial space heating (2). Table
S shoﬁs reductions in energy required for space
- heating o 49 per cent for gas-heated homes and 47
- per cent for- electnc-heated homes in the New York.

area' by gding from the MPS-equired insulation in -

1970 to. ithe economically optimum amount .of

* insulation. 'The nationwide averai: reductions are 43

per Ccent' for gas-heated homes.and 41 per cent for
electrrc-heated homes. An average savings of 42 per -
applied to. the space, heating ‘*-energy.
hits (single family
and "-apartment, *gas’ and.
amount’Fd t03,100 trillion Btu if1970 (4.6 per cent
.30f totdl energy consump(tron) The energy savings are
" someyhat ;mderstate as insulation is added, the
heat from lights, wstoves, refrigerators, and other

vapphanqes becomes a significant part of the total *

heat requl'red The/ use of additional insuldtjon als6

reduces the energy consumptron for arr condrtromng '

“as: drscussed later. SN

Electrical resistance hgatrrrg is more wasteful of

- primary energy sthan ‘is direct combustion heating.
- The “averagé efficiency for electric power plants (1),
“in the United States is about 33 per cent, and the
efficiency (4) of transmrttmg‘and distributing the
~.poyer to_the customer is about- 91 per cent. The

*~ end-use effrcrency of eléctncaLresrstance heating is

100 per cent; so the soverall

.. approximately. 30 per cent. Thus, for every unit of

~ % heat

* electric-resistance ‘space “heat

* heat, deliveréd in the -home, 33" units of heat must .
be extracted from the fuel at the power plant
' Conversely, the  end-use effitiency of \ga ¢

efficiency. is

oil-burning home ‘heatrng systems,is about 60 r ke .

.(claimed. values -range from (40 to 80 per: ‘?t; q -
,. meaning that~1.70 units of heat mus( be extrify

- from the fuel for each unif delivered to the lr
.area of the home. Therefore, the electrically hegiesH
home requires about twice as much.fuet per o it of

equrvalent insulation.”
.

The about’ whether gas .oil, or
ng - rs'better. from a
conservation point of view |may" sopn be mpot
because of the shortage of natural gas’and petroleum.

The use of.electricity genergged by nuclear plants for

debate

s the gas or oil; hea‘ted home, as"mmg

- - this purpose.can be argued to be a more prudent .

a\&

use of resources than:is the
gas or oil for its energy’ content. Heating by
coal-generated electncrty may also be preferable to
heating by gas or oil in that a plentiful resource is
 used and dwindling resourcesJ are conserved.

_ The use o.f electrrcal heaL pumps could equalrze
the positions of electric-, oil-, and gas-heating systems
from a fuel conseryation stan%lpomt The hegt pump:
.defivers  about 2 units of heat-energy for each’ unit
of electric energy that-it consumes. Therefore, only
‘1 7 units of fuel energy° would be required at the’
power plant for each unit of delrvered heat
essentrally the same 4s that requrred for f

h furnace .
\ L4
s X T
‘ _ e ?-}; N \
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combustion- of natural

v

"e JThe ‘total energy- consurgptron bf the Umted/

tric), - would have - :

a

h

ng g/~ resglt from buyrné

- extensive, programg t improve

. Heat’ pumps are not mmally expeusrve ‘whien.
‘installed.in conjunction with éentral alr ‘condition g, -

the basic equrpment ang air handling systems are the
same for . both heating and cooling. " A major

rmpedrment to their W\Jdespread use has.been_ high.-

maintenance cost asseciated with equipment failure.

Several manufacturers of heat ppymps have carried’ ‘out '

onent relrdbrlrty
. “that, "if Successful, should rmpro

homeowners Y
~ Space’ Coolmg oo ey
. 5‘

. gcceptante b);

‘o In all-electrrc-homes, air condltromng ranks,

third as a’ major- energy-consuming function, belund
space heating -andf water heating. Aif. cond}tronrng js

particularly important betause it contributes to or. '

%s the cause of the. annual peak load that".occurs in
the. Summertlme r many utllrty systems.

* space heating, thé ample use of thermal jnsulatien
reduces the energy required for air condltromng lg

the New 'York ¢ase, use of the economically optimum . . '

amount of insulation refults in a reduction of the.

- electricity consumed for; air ; condrt:on ng of 26 per

“cent for the gas home or 18°pér-cent for the electric
homey compared to the 1970 MPS-éomplrance hdi'nes

Thé "popularrty of room an’/condrtroners is
evidenced by an exponential ssales growth with a

* doubling time'of S years ‘over the past decade; almost

6 million were sqld in 1970. The strong grbwth in

. sales_is expected to continue since ‘industry statistics

show a market saturation off only about 40:per cent.
. '

There are about 1400 models of room air
copdiyoners available on the fnarket today, sold”
under 52 drfferent brand names (]0) A characterrstrc

advertised, is the efficiency with which

dgnsggy is-converted to coolrng Efficiency ranges from
4.7t 12.2 Btu per watt-hour. Thus the least efficient

mdthine consumes 2.6 times as much electricity per

unit of cogling-as' the most\efficient one. Figure 1
shows - the Afficiencies of all. Units havrng” ratings up
to 24,000/ Qtu per hour, as listed in (]0) ‘

Frbrg.an economic pornt of view, the purchaser
should select the particylar model of air conditioner
that ppovides the needed cooling capacity and the
lowest  total cost (capital, mairtenance, Speration)
over the unit’s lifetime. Because of the large number

. .of models avkilable and the general ignorance of the

fact that such a. range of effigiencies exists, thenfost
economical choice rs not likely to be- made. An
industry-sponsored - ‘Certification program  requites.

In addrtron to reducrng the eqergy requrred t'Qr

<.

y o

ALY

S~

~

that the cooling rating and wattage input be listed— - ’

on the name‘plate of each unit, providing the ‘baic
infor it required for detemhmng efficiency. -
How_e
.n state the efﬁcrency explrcltly
é%» “The magmtude of possible savmgs that would
a more efficient unit is illustrated
by the followrng pase Of . the 90 models. with a

he nameplate is often hard to Tocate and 7'." -

-



B capacity , o 10,000 Btu per’ hour the' iow{est ,:‘?1' sin the, ‘commercial seetor energy savxngs in
' efficiency | model draw® 2100 watts and the highgsl A spage heating and cooling such as, those described

. efficiency ‘model draws 880 watts. In ‘W on, ' “earljer are .possible. In addition, the use of total . = -
- * 7 D.C., the average room air conditionefgsperates. bout . .- energy systems (onsite generation ot’ electricity and .
» - 800 "hours per year: The lovﬁefﬁCIe@ unit’ would -+, the, use of waste heat for space and water heating
s~ use 976 kilowatt-hours more| electri ty ‘edch-year -~ and absorption air' condrtrom‘;ras d increase the
: " thah the hrgh-eft' iciency. -unjt. “At 1.8 q: s -per . -overall “energy efﬁcrency of commer ml operatlons
. Iullowatt-hour th peratlng(:ost would se by .
- 317.57 per’ y The' air ; conditroner mld He \ Commercral i;ghtmg accounts fo about lO per
- - " -expected t0 have 3 life of 10-yearsL 1. the&pnrchaser ~. cent of total -electricity consumption, {(12). Some
; operates on a ¢redit ¢ard econol ,ﬁith fi 18 per’  architects claim that currently recommeénded lfghting

X4

v . _cent interest rate, he would be%coqbrmcally J“Stlfed levels' can be reduced without dahger to eyesight or -
-« "in payingup t0'$79 rugre for t)x efficiency unit. worker performanoe (13), Such- -reduction would save
..+ If his interest rate_were 6 Pt cent; an additional energy directly and by reducing air-conditioning

" purchase, pnce of $130 _would: be Justrﬁed loads: Alternatively, waste heat from hghtmg can be
. ' ' ”r’” : circulated' in winter for space heating and shunted ,.
- - ‘In the above eXamp g,*:‘the ‘two: units” were . outdoorsiin summer. to reduce arr-condmonmg Joads.
¥ assumed o qperate the' safgt sumber. of hours per i
.7 year.: However, '~ many:" ef* ~the ' low-priced, - Changes in building design practlces mrght
R lw-efficrehcy_’ umts{‘ are * eqmpped with * effect ‘energy savings (13). Such changes ‘could
S rmostats: “As a reslt, they may operate almost ~ include.use of -less glass and of mndows that .open
- contrnuousl)‘, ‘/with 5@ lower-than-desired room for circulation. of outside air. \
' e temperature “This compounds the inefficiency and, . _ o\
in addiﬁOn, _shortens the lifetime Of the units. - © Waste heat and low temperature steam. from
Sl electric power. plants may be usefwl for certain
gL i lnﬂdfiltlon to'the probable economig advantage " industries ard for space heating in urban. districts

' to the consumer, an improvement in the average + (14). This thermal ener; ﬁaboutSper cent of energy.
efﬁcrency of room air conditioners would .result in  * consumption in 1970) (15) could be used\for ..
apprecrab]e ‘reductions in the nation’s energy - industrial process steam, space heating, water heating, ~ -
c¢onsumption and required generatrng capacrty Ifthe *  and air condmenmg in. a carefqlly_ planned urban
. size distribution of all existing room upits is that for complex ’ s .
- the 1970 sales; the average efficiency (10).is 6 Btu . s
" - per watt-hour, and the average annua%l operatmg time © The manufacture of a few asic “materi )
is 886 hours per year, then the nation’s room air. . accounts for a ‘large fraction of ‘industrial engr
conditioners consumed 39.4 billion kilowatt-hqurs - consumption. Increased recycle of energy-intensive .
* ‘during 1970. On the samé basis, the connected load materials such as aluminum, steel, and pa{er id
was 44,500 megawatts, and the annual equivalent  save energy. Saving could 3lso come, from lo
- coal consumption was K8.9 million tons. If the ' production of certain materials. For example,
assumed efficiency is ghanged to 10 Bti- per " productionof packaging materials (paper, met
. -—watt-hour, the annugl power consumption would " glass, plastic, wood) requires about 4 per cent of the
* have been 23.6billion kilowatt hours, a reduction .  total energy btdget. In general, it may be possible -
" vof 15.8 billion. kilgwatt-hqurs. The connected load * to design produéts and choose materials to decte: \

" would have, decreased. % 26,700 megawatts, . +the use of> packaging and to reducesenergy costs pe
reductiont of 17,800 megawatts. The annual coale o aunif of produqtlgn o, S ) R
' consumption for room_air -conditioners would have , T R 5
been 11.8 million tong, a treductron of 7.6 million - lmplememauon S& : N e '
fons, or at"a typical sttip mine yield of 5000 tons ., T -7 .
per acre, a reductron rn stnpped area of 1500 acres : Changei_,ln energy prices, both levels .and rate *
in 1970. -~ - structures, would influence decisions  concerning:
: ' ' o : capital versus life costs, and this would affect the _
' Other Potential Energy Sawngs S use of energycmérvmg technologies. . Public
' education to .increase awareness of energy prbblems
< Energy-efﬁcrem& tmyroVements can be might heighten consumer sensitivity toward personal.
~ effegted for other end uses of: energy “besides the . energy consumption. Various local, state, and fedéral -
. - three considered here. Improved appliance -design. - government policies exist that,~ directly and.
- scould increase the energy efficiency of hot-water indirectly,. mﬂuence the efficiency of :energy use.
L,  heaters, stoves, and refrigerators.» The use of ‘solar  These three routesare not independent; in particular,
) * energy for residential space and water heating is government policies could af&?

_prices or pubhc
technologically feasible and might some day be- - educatron (or, both) on energy use. .
econormcally feasible. Alternatively, waste heat-from

air conditioners could be -used for’ water heating. - .One jor factor, that promotes energy
Improved decngn or elimination of gas pilot lightsand " consumption is the low price of energy. A’ typr
“elimination of gas yard lights would also provide f y in the United States spends abOut 5 -per cent
energy savings (11). Increased . energy efficiency its annual budget on. electricity, gas, and gasoline. -
within homes " would- tend to reduce summer .The cost .of fuels and electncny to manuf ers is
airconditioning loads . t¥Npir - total

d‘-




~ energy has begon- to ‘reve

" of energy produétroh

least dunng s‘hort-term emergencres r_ccéntly‘ instituted Research Appli#d” to National
' ) 4. Needs {RANN) Disectorafe for th#National Science
Consumers can be educated about 5.,1 /Foundat:on been_supporting' reésearch directed
consumption ' , of - “variohs  appliancgffEk®iThe ~ toward. develop'ihg a db"tarled riderstanding of the
energy-efficiency data for air conditione/jigented way in, which .the ¢ ntry utflizes . en ~+..This
here are probably not farhiliar -to most{ ctive ~ program aiso seeks t0 “examine . the ' ptlons for
buyers of air conditioners. If consume fptood meeting the needs of society at reduced energy $
energy and dojlar costs of. ow-efﬁcrenc units, emnronmental costs
perhaps . they would opt: {or ‘more. expensive, -
high-efficiency units to save mo ey over the lifetime Pe‘i-haps new research on energy'use will reveal
of the unit-and'also to reduce environmental‘impacts. * . addrtronal ways to reduce: energy growth rates.s
Recently, at lgast two air-conditiorier manufacturers i
be n marketing campaigns that stress energy Summary T, : ﬁ .ok il
iciency. Some electric utilities havé also begun to . ‘ ' ) %
urge thelr customers to use electricity conservatrvely We descnbed three uses’ of energy for ch',_.
and. efﬁcrently r. * greater efficiency is feasible: transportation, 3,
, heating, and air conditioning. = Shifts to less -
Public educatron can be achreved through . /ienergy-intensive - transpartation modef.,  could
government publications or government regulations, - substantially - reduce energy . consumpq'pﬂ; the -
for example, by requiring labels on applidnces which "¢ magnitude of -such savings would, of course, depend
state the energy efficiency and provide estimates of” " ““on the extent of such shifts and possible load factor .
operating costs. Advertisements for energy-consum;ng “changes. The hypothetical traﬁspomtron scenaric
. equipment nught be reqmred to state the energy descnbed hete results in a 22. per ‘cent savxngs in
EN ' ' A '

-shipments, Because the prige of energyrs !ow relative
- to other tdags, efficient of énergy has not been
of great importance in ;the economy. No¥ only are
foel -prices Tow, but historically they have® declmed
relatrve to other pnces '

the relatwe price of
becaase of thesgrowing
scarcity of. fuels, increasing tosts of both money and
 energy-conversioi ﬁcrhtre&(power plants, petroleum
refineriés), and ‘the ‘need to internalize social costs
and uge. The ‘impact of rising
energy pnoes on- demand is_ difficult to assess.

'l:he downward tren

Thé factogs cited above (fuel scarclty7 nsmg
costs ‘environmen canstraintg) are likely: - to
influehce energy pfice structures ¥s well as levels. Tf -
these factors tend torncrease energy prices uniformly
(per Btu dehvered)t then en price structures will -’
“become flatter; tha is, the eg:’centage difference in
price_between 'the! first and last‘ unit purchased by:

#a customer will bve.J {ess than that: under existing rate
structures. The impact of such rate structure, changes
on the demand for energy is unknown, and research
is needed.

N

. Tncrwses in’ the
the quantity demande
more efficient use of energy. For example, if: the
price of gasoline rises, there will probably be a s
- to-the use of smaller. cars ahd perhaps ta the usé
of pubhc transportation systems
~ “Public education _
demand. As. Americarls understand better ‘ the

_ environmental  problems” associdted with energy
production and use, they may vol

ogr_ams may slow’ energy

-

ﬁe of energy shoum. decrease
d #nd this is likely to encourage .

\

tarily decrease .

Experiences in New'York City and in Sweden wrth ‘

stheir personal energy—cﬁnsu'mptron growth rates.

energy-conservation advertising programs showed that
the public is"willing and_able to conse

1” ‘ . _5’/ » . ,

..example, the.

. transportation research and d
. allocated almost exclusively to

i‘efﬁcreney Coe- ".
""" . Federal = policies;

subsidies, influencé energy 'cOnsumptrQ

. “airport construction, but no
and . railroad construction.
elopment funds. weke

ir and highwa 'travel*;;. .
. Passage - of the Urban Mass Transportat‘npn Act,
- establishment of the National Rail}oad Passenger . .-
- Corporation (AMTRAK), plus increases in research !

. K & o
PR T SRR
' '\. ’

reflected in’ research. .
‘ez(pendrtures, construction of facilities; taxes 1a_mi R
or . .
federal goveynment spends. several .. -

. 'billion dollars annually on .. hrghway, airway; ~and!": .
Jg is spent for railway -

til recently,federal -

funds fér rail and mass transport may increase the .
use of these energy-efﬁcrent travel modes v

Sumlarly, t.hrough agencres

such as'the"

Tennessee Valley Authority,: the federal government - ]

subsrdlzes the cost of electricity. The reduced price -,
-for public power customers increases electncrty'

consumptron over. what rt would otherwise be.

o Govemments also mﬂuence energy
consumption drrectly and amdrrectly through

allowances for-. depletron' of résources, purchzfase..'.
or.

require

specrﬁcatrgns (to recycled paper,

example); 'management of . public “energy holdmgs, TR

regulation of gas and electric. 'utrhty rate_levels and ’
structures, restrictions: on_enefgy torriotron, and
establishment. of minimung mer& i manc

standards for apphances and_ ho
The - federal ‘government.. spends :gbout ﬁ:f

biilrop a year ;on research’ and ‘de enf tfﬁr
“civilian enérgy, of which the yast

(o energy xupply technologres (16)‘ '

...Until. r?ently only severoly lirrﬁte’d fundswﬂ .,5.
i Mable

‘energy, at "

fled undefstanding:
.The

or developing a def

g ways in which ‘the .ngtion uses:éiergy..

majonty‘is devoted o L
'a

:-:1 . i. .
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" . concern, all references to energy forms
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ENERGY CONSERsV' ION PUT IN PERSPECTIVE

by: R. L burining, Manager, *Energy Utilization
Project, Power Systems Planning Dept., W&stinghouse'

~
.

. In order to make energy conservation meaningful, the

various choices open fo. the bpublicc must be.
‘pinpointed, along with their contribution toward a
‘'goal. Only in this way can intelligent choices be,

|

" made: .

~ The energy, cﬁsislhas genetated a great deal of
“information on how to save energy. Some of these
suggestions are good; others are almost worthless.
.And none of this infogmation.puts into perspective
the amont of energy .actually saved. For-efforts to

* be meaningful, however, i@ important to know not -

only how great a given energy saving is, but its'overall

contribution in terms of the joh that has to be done. .

It makes no sense to expend a great deal of effort _
r'an insignificant return, while at the same time
verlooking a potentiall \ large area of’ savings. .

. VWit the :lifting of the oil embdrgo, the
immediate. pressuges to conserve ene:gy are also
lifted. But this does not mean that the need’to
'»?eergy in all sdgnients + of the

economy—especially oil and gas—hgs been eliminated.-
Indeed, if we are to follow—tggvé on President

. ‘Nixon’s call for energy independgnce for the United"
States in : the 1980s,. conservition thust be a '
continuing-effort for many years to come. Certainly, . -

the pressures for conservation next winter will be as

severe g'dpsgiast winter, if not more so.

Because energy comes in several forms—oil;
natural gas, coal, nuclear—energy discussions usually

. contain a variety of terms and abbreviations, such -

- as Btu,-Mw, kwhr, therm, .and bbl/day of oil. 1t is,

~ thetefore, helpful :to. put -the various.forms of en€rgy

in common units. This*is easily done by uding:the "

equivalents: 1 gal of fuel oil contains 140,000 Btu. -

This same heat content is contained in 140 cu. ft of
natural gas, 11 1b of coal, or 41 kwhr of electricity -
at the point of use. These Btu equivalenfs are the
enérgy units available to the consumer: They do.not

" include allowance for the energy used jn tha refining

and distribution of oil, the distributiofl of gas, or the

‘generatiop and trangmission of,,el_eq,tn;&y.. S

~ Since conservation of oil is of most immediate
. will be in

terms of barrels or gallons of oil (42,gal/bhl).

T A
.Singe 1.9-million bbl of crude oil must ﬁe saved
altogethel by the 4S-miillion households«in {he U.S.,
1.23 gal/day, or 450 gal/year, must be saved by each
family if the ‘U.S. is to meet the federal objective.
To Mr. and Mrs. Average American, that 450 gal of
cryde .oil- works out to be 12% .of present energy

. consumption-3,812 gal/year (2,297 for household .-

- -

uses arid 1,515 for autos). - -

- Generally; savingfenergy in anj fehn'i:an help -

solve the oil shortage becauge, in most areas of the
B " . ‘/ .

“y e

'
' . .

. ?:-'cou.n\try, oil Qr gas is used to generéte at least .a part

of the electricity produced. So with the 'objactive in ™~

" 'mind of saving 450 gal/year of oil ‘per household,
- .an examination of sonf¢ of the alternates available

| ‘and the kind of W tesult in terms'of gallons

{ .of oil are in ordes: .

At. this point, the}\'rerage citizen Should be
- prepareg for a few disappointments-as well as for
-some.” pleasant -surprises. Some - of = the

‘| goal. Switching to other alternatives ‘would net much
.greater savings. Some of the thing$ that have been
‘may actually differ by a factor of 10.

Q .

.. Asa gene‘(al_mle; the most significant sduro'es,
of savings are the automobile, home heating, and the -
personal use of hot water. Of these, the biggest

e
Areas of savings

tilization pattern of the family car. To demonstrate,
ata from the U.S. Statistical Abstract for 1971 show
hat. (1) 'car use averages 9,900 miles/year or 27
miles/day; (2)'in 197T, cars averaged 13.7 miles/gal

of : gasoline; \(3) total gasoline .use invi971 was 723 -

gal/car, or 2 gal/day; (4) in 1973, cars used 20%

as much fuel as regularsize cars.
'.._With these hsgum.ption.s, and.the fact that ane
- gal of gasoline is equivalent to 1.24 gal of crude oil

. aftgr allowances for transportation and refitery =

losses, it is'easy to see how'™ bfg portion of the
+450-gal saying can be realized by changing aitomobile
use patterns. o N

equivalent in a year. If it’s a 1973 model, tite saving
will be greater-36.9 gal. c

., With ‘a- 1971 compact-.car, th¢ saving due 'to
reduced ‘speed. will be 20.5 gal, and for a 1973
compact, the. saving-is 24.5 831&;3 not. driving the

. family car one day a week, the’following annual
savings can ‘be realized: . .

..o 1971 big car © 1450 gal

' '\ " 1973 big car oL 1745 gal
<<1971 compact = . 96.5 gal .

- 1973 gompact - 116.5 gal

If a commuter who normally drive$ to: work :

..five days a week joins a three-person car pool; and
drives his car only once every three days, the- saving

oil. Exactly how. big it is varies widely, depending
on the size and model, of car \ngethe daily commuting
distance. But examination of thé chart.will shot that
a commuter driving a 1971 compact 10 mileShfay
201 . 0

23 o

energy-conservation practices he may be following so -
religiously do not contribute much toward his 456-gal .

‘suggested as measures of seemingly equal magnitude

nergy economies can be amlized by changing*the '

moré fuel than in 1971, because of air-pollution. .
controls; and (5) compact cars use only two-thirds

By reducing. speed from 65 to 55 mph, a
full-size 1971-model car will save 30.6 gal of crude-oil -

is’ remarkable in both dollars and ‘gallons of. cpude- .




L'.

" - savings in cost of commuting by switching to a

-
..

v
. . ’ .
’ ‘e
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would save $40 and 100 gal/year of 'crude oil
.equivalent. At the other extreme, a fullsiz¢ 1972
model commuting 30 miles would save $216 and 590
_gal of crude -oil. Any commuter can,estimate his own
personal savings by using the chart.

. ‘e . .
The chart can also be used to estimate potential. -

different model or size of car. For example, if a
cornmuter who travels 20 miles a day using a 1973
full-size car switches to a 1973 compact, he would
save 130 gal of oil and $48/year in his commuting.

R 'Fgr all driving, the saving would be.twice as mich. .

Coincidentally, savings realized by switching
fsom a personal automobile to mass transit are.
identical to those gained by joining a three-person
*car pool.In.the case of mass transit, savings stem from
‘its  gleater enerdy efficiency . (3,80% Biu. per
passenger-mile).compared to the automo ile’ £123840 .
Btu per. -passenger mile for an average 197Yvear)” .
Thus, a commuter trying-to be more enérgyﬁfﬁ%i it
has an equal choice of mass™transit of a car podf~,;

o . IS w7

Savings in the home v \
Around the hotise, there are even more choices -
for savings, to Ielp add up to those 450 galfyear. .
For example, Aowering the therpostat by ‘four ,
degrees resulig in saving anywhere from 82 to 158  °
gal, depending on the. type of heating system (see
Table 1). The reason for the wide variation between
types of .heating systems-is the difference \in their
overall - energy efficiency. Electric-space-heating
efficiencyi & about 32%, oil heating 36%, gas 41%,
and )the electric heat pump 64% (EW, Feb. 1, 1974, .
-p.60). G - ' o

A

. »

Ad&ing storm wih@ows produces savings of 185

. gallyear for g gas-heated home, and 209 gal for an
© .; vil-heated home. Adding insulation to the attic floor

to -retain” heat. saves 217 galfyear for a gas-heated
‘home and 244 gal for an oil-heated home.

Electricaﬂy heated hothe$ are presumed to be
. adequately insulated, and previded with dual-p#he or
" stomm windows, -at, the time of construction. '

“Turning off a gas yard-light that consumes
118,000 gu ft/year of gas will save 159 gal/year of
" crude-oil equivalent. But replacing that ga% light with™ .
,a 30-w.electric’ bulb will save 148 gal/year of oil, |
" while providing the same amount of illumination with_
- no sacrifice in safety or aesthetics.

. i# One means of energy conservation available to  *
most Americans, which hasn’t received the attention’
it perhaps deserves, is fhe day bath. If the published
statistics on the hi personal. act of bathing are
accepted, it ¢an be seen that a normal tub bath -
requires 23 gal of water at 110F. A normal showér
of three or four minutes requires 12 gal of 100F.
(This is not to be confused with the 10-toghS-minute’
therapeutic showers taken by ‘Some teenagers.)
Assuming one .bath or shower a day per person, the

-
-

. hot water for the

LYW

family can savé 39 gal/year of oil equivalent per
person-156 gal'for a family of four—simply by taking
shewers ‘instead of baths—if the house is heated by
resistance heating.

. .
. < ¢ . "

lf"'it' is heated by a heat pamp and uses .
_resistance heating elements in the hot water tank, the

saving 'by showering compared to tubbing is 40 gal
of oil per pegson. With a gas or oil furnace and water

heater, the ‘saving is 17 gal of oil per ;’)_erso_n. .

One uniqug~eonservation Mmeasure~and certainly
one of the simplest=is the act of pytting the stopper
in the wash-basin while shaving with-lather and
blades, or while shampooigg

switching

tp an ele
more~it~ 'us£

only af much energy. in a yedr as the
Aather-and-blade ‘shaving -routine
uses in two-or three days. . - o :

One. \;ay or another, the, avefage  American
should have no 'trouble saving 450 gal/year of oil-but

it will pay him'to find "out what he’s gaining in return .

for what he’s sarificing. Jn energy conservation, as

_in ‘many of the developments -of our times, things'

are not always what they seem.

Othei areas -of savings. , e

4

Based on what is gleaned from the newspaper,

television, and radio; it i¢ possible to gain a false sense

- of accomplishment from rigid-adherence to what are
- presented, as worthwhile conservation measures.,

Things like turning off lights, cutting down on the

. use of appliances and TV, the extension of Daylight

Saving Time, etc., would not, by themselves, even

is saves between 2.4
“and 5.7 ‘galfyear of oil/per year for water heating -
when compared to lefting the hot water run. But*
ic shaver® accomplishes even .

come close to the.kind of savings our society must - .

achieve. In fact, many as#€ piactically negligible when

compared to the potential eriergy sayings discussed -

so 'far.
.

been recommended, and is being followed ,in many
homes, is turning off electric lights to savg energy
and money. If enough lights are,turned off to achieve
a’ reduction of 10% pf the average winter

.cconsumption for lighting, the net saving in oil

equivalent.is disappointing. The reason is that lighting
simply doesn’t use.that much energy—and. 100% of
what it .does use is convert&thto heat,

-

If the hame has an electricTesistance heating

© system, there is no gain at all, sirice the heat that’

was supplied by the now-extinguished lights must be -
made_up by the heating system, and both operate
at the' same 100% efficiency. In the case of
incandescent lamps, 10% is radiated in the visible

specttufn, and-90% in the invisible infrared spectrum;-
for fluorescent, 21% is visiblesand 79% in the

nonvisible spectrum. But for either type, whether the
radiation is visible or not, it all' ends up as heat.

If the home ls heated by heat'pﬁmp, the 10%

v
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. For example, one conservation practice that has
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" the appliances, plus

"*el

1

ﬂreductron dn llghtmg will save the equivalerft of 2.3
gal of oil duing the six winter months (see Table
- II). If, the home has a -gas furnace, the saving will
be about 1 gal.of-oil “for” the 'same period. If, the
heating system is oil-fired; the. saving will be only
fabout gal of oil. The drfferences are due to the
vanatlon in-  heating-system efficiencies (for
calculation, see box) . L0 ’

I3

v -

In ‘terms of money‘ saved, 10% fewer lights will
- not reducc the electric' bill at all with resistance
heating; it will reduce it by 41'¢ for the whole winter

- with a heat pump; by 85¢-with a gas furnace, and -

- by jonly 1¢ with an oil furnace. These figures are
.baged on' oil at 39¢/gal gas at $1. l6/Mcf and
tricity at 1 1/2¢/kwh

Thus, not more than 2.3 gal of oil \'e saved
by turning off 10% of the lights. in winter. But, '
turning off lights in summer, ip. an airconditioned
home, ‘is shght[y ‘more impo t
condrtrons, the air. condltroner doeés not have to work
s0 hard. Co o

Nevertheless, the difference is still .very

little-because the air conditioner is quite an efficient

machine. In a home “that is not arr-condmoned the
saving from turning off 10% of the lights for ‘the
summer .months is 2.2 gal of oil equivalent. If the
home is air-conditioned, khe saving is 3.1 gal.

A total ‘of about 5 gal of oil saved in a year
by turning off 10% of the lighting seems like the
hard way -to build Qtoward that 450-gal goal.

- cutting down on the
and other portable applianc s—all by 10%? In the
summer months, the payoff is 4.7 gal- from not using

1.5 gal frorr§

.. airconditioning f§ystem to remove the heat given off

by the applrances

In wmter ‘the payoff i is smXller because, again,
the heating system must make up for the heat the.
appliances formerly supplied; as with lighting, all the

electric energy going into the appliance ends up as -

heat. So, with electric-resistance heat, there’s again
no saving: With a lieat pump, thé saving is 2.3 gal

. of oil. With a gas furnace, the savmg is 1.1 gal, and-

Under these °

Contmﬁl‘ng the L‘gnalysrs, what is the effect of .
e of toasters, mixers, blenders,

not forcmg the -

- and Businesses?.

- Saving Trme and the

/

with an oil heating system, the ‘saving drops t0 0.6

gal

The potenual)savmg by cutting back en
Watchmg color television, or by switching from color

. to your old black-and-whrte set, is of the same order

of magnitude, and for thé same reasons.

~ Equallyﬁirsappomtmg ?eh it comes to savmg
“ ‘energy is the switch to year‘round Dayhght Savi

Time. Despite wh#. may have appeared in so
media, the heatmg requirements are not affected at
all by the shift in hours. There is some saving in

ghtmg, by going to bed earlrer and gettmg up earlier, -

e

even if some lights are still requrred in th morrung

- hours during winter. If we assume that lighting used -
in thé added morning hour is half the amount saved

" because of the extra hour of daylight in the evening, .
we find that the avrage home produces qilequivalent
savings of 0.6 gal/for a resistancesheated home. 2.7

. gal for a home with a heat pump, 1.3 gal for a
" gas-heated home; and F.4"gal for an oil-heated home..
Heré thes questron arises: Is it worth it; in view of*
the inconvenience and drslocatrop created'for famrlres

>
A .
> And.to compoqnd the problem of JDaylight’
danger of sending children to
school in the dark, it is being suggested fhat we
climinate half of the energy hsed for street and.
hrg,hway lighting. In return for this sacrifice of safety
and sécuyity, *we will save 20,000 bbl/day of oil.
While this may sound like a lot, it only adds up to
5 gal/year per. family-not very much tOWard our
,450-gal goal v - ;s
. . . ’ e
Nonq;/ energy sougces ' p
In many yareas of .the country—wherever- the
electficity is génerated from coal, hydro, or nuclear
Sources—savmg glectricity will not result n an9 saving *
of oil at all. As a matter of fact, over 60% of our
electricity is made from nonoil or gas sources, and
f distinction should be dfawn between electric energy
ources. Right now, the problem is a shortage of oil,
not a shortage of coal, nuclear, or hygdro energy. If*
our real objective is to 'save oil, then some of our

conservatron })}dztrces can even backfire j these
areas 5 ]

{N; .. Fd g%unple, in “an area using cggl for
“tiiming out 10% of the lights the

I n 4n oil-heated home will save 52 1b of coal,
: Juire an extra 4.1 gal-of oil in the home -
to su 1y ¢ added heat load f
summary, many conservatron measures
providé minimal savings in energy, and at the same .
_time may even be counterproductrve when iticomes
"to saving oil. Fortunagdly, there are several -measures,
available that are far more signjficant, almost all of
which pertain either to reducing home-heating
requ1rements, to. cutting c@nsu,mptron of hot water, -~
-or to* changes in patterns of personal transportatron

~

T.r
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Table I: Potential yearly ymgs from major Table II: Poténtial yearly savings from minor oo
conservation measures géllons of crude-oil equuvaleﬁt N E conservatldn measures, gallons of crude-oil equlvalent

. [ 4 Type of hutiqg system ' -, ' Type of heating system ~ »
Conservation Electric  Electric = Gas . Oil -] Conservation Electric,  Elactric cud¥ o
measure psishn’ hgat pump furnace  furnace measure  ° : rpslshnee heat pump. *furnace =~ furnace

Lower thermostat 4F - . 158¥% 82 130 ~ ‘147 Reduce lighting 10% ) " . -
Add6.in.insulation «  NA. NA .~ 217  p44 Wintep - 0, 23 a1 06
ot , : 7 . Sumrfer:no A/C 222 " NA S22+ 22
. L Do Summef-with A/C 31 . ~31 31 31
Add storm windows N.A. N.A. 185 . 209 e . : - ,
, . : : . Extend daylight saving 06 - 2.7 13. 1.4.
Turn off gas yard N.A. N.A. 159 NA. tirne to full yedr . :
light . ) ~ ‘ p : o
: . Reduce use of portable 6.2 85 - ,73 6.8
Replace gas yard NA._J NAL 148 NAL | T aotiincesbyion L _ =

- light wuth-30wlam'b c. . Reduce color-TV-use . .33 . 28 23
. Show?s tub bath , ! . . by 10% ) ' )

P 17 17 R =L o
| fy of 4 Y-S és 68 | ReplacecolorTvwith ' 49. - 85 65 56

e , black & white
Lather & blade sha\}a 54 ~ 57 - 24 244 -
with stoppér in T . b . . R
lavatory, vs running water - R ) i L - T
Electric shaver - 005 oes o005 Yos | . - . C T

-
'
-

-'Energy savings calculatlon lighting reduced 10% | \-?‘,_"’ o

. The ma(hemaucs by which kncrg’)"' equiyalents are determined is illustpdt 15>

. an analysis of the, oil equivalent saved by reducing home lighting by 10%
Starting with the assumption that average annual consgmpllon for li h(mg is
816 kwhr. of which 544 kwhr are used during winter months and 272 kwhr dur-

- ing summer months, the saving from a 10% reduction in wialer is equal to owe-
tenth of the winter kwhr consuq;puon minus the hea( providéd previously by
the lighting system. ) LR ™

Mathematically. thigoan 6c reprc:cn(ed by the equation:

_ Olxkwhrx3412B¥i/kyRe_ _ O.1xkwhrx3412 Btu/ kwhr o
Electrlc utility 140000 Furnace Fuel distribution 140,000 - .

N - system eﬁn::uencg? Btd?/ efﬁciencyx efﬁcuency Btu/gal .
For a gas-heated home this is illustrated by: = ., . " ° o o

‘. 0lxs#Ax3alz  Oaxsarx3arz oo oo [t
0.313x 140,000 ~ 0.45x 0.9 x.140,000 ga’ ol healing of _ |
’ . ; . ; :
~ Inthe process of refining heating ail, ll% of the crude oil is loleThus. o gcl o ' o - ‘
100 gal of heating oil would require 112% gal of crude oil. For this example, s . T 7 b— L
1 gal of heating oil requires 1.12 gal o,fcrude oil plus transportation losses. - R ‘ ' T
~ For summer months. the formulg is similar. In'a house without air dondi-' s dtrip cqmmuting -
uonlng. electricity consumption is reduced 10272 kwh. and only the first haif , . - . .
of the‘equation is used. For a house wuh;r conditioning, the whole equation | _ . e . B

is used. But electricity consumption reduce} to 272 kwhr; furnace efficiency is |
‘ ~replaced with an &r-condluoner efficiency (COP) of 3. fuel-distribution effi- - . ) ‘ - ., -
s/}  ciency is replaced.by the electric-utility-system_ efﬁcnency of 0.313, and (... T . I
minus sign ¢ angesloaplus e . w T - - , R ony o

- ry

v ' \ T 9 . . . - N °
. r ] ~
} 3 - vd N
. M Y L N 20% . s ] . 4 LY
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We must keop b%fore us the fact that ajl energy
souroes have $omeé-impact on. the envigonment. Table
10 summam.es the effécts discussed in the preceding °

‘ chapters ’lt also suuunarizes fuel supphes

o

To quote S DmTFreeman, former Director
of the Eng p Policy Staff of the President’s Office
of Science “§nd “Technology: "After man's long

These are decisions which the Amergoau Qubhc

must make. They are extremely important decisions:
'that will affect the lives of unborn generations. We+

struggle fo¥ bare survival and simple comforts; the |

Stage has been reached where most people in this .
"country are trained and paid -for thinking. An
abundant supply of low-cost energy is essential to
continue this trend, freeing man from burdensome’
".chores and enabling him to spend rnore and more
of his time enjoying the pledsures of affluence,

must weigh the' availability and importance -of fuels,
the impact on the environment and Inimar needs, »,
keeping in mind that pollution is more a by-prod\Ict “a
of affluence than of poverty :

fhether ‘the energy comes from fossil t'uels
nuclgar/reactors or a variety .of sources is a decision

‘which miust be made after.a careful weighing of the . -

facts. In the words of Craig Hosner, formerly on the -
Joint Committee on Atomic Energy, "Society must

. - baldnce risk against potential benefits to the people,_

+leisure, and education. It is for. these reasons that ~

national policy has long been'to assure an abundant
supply of low coSt energy.'

these -needs, we must be prepared
{, decisiogs in the near future:

* To supply
to make several vi

l}ow can -we best produce electncal

I,enlergy to meet increasing needs to, maintain’ our
" quality of _life
_ envu'onment" We want both

and - still mamtam a quahty

-

o 2 What. energy source, or combination’ of
energy ‘sources, will produce the least detnmental
effects on the envuonment" I
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the ultimate decision  should be that wluch is the
greatest good for.the greatest number

The' dec]snon is yours.

Ll ]
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@ TABLE .10, o y
. P ‘g " Environmental Effects of, Electricat Power Generation ' Ty )
A - Effects on Land Effects on Water Effects on Air Biological Effects Supply
- 2 ."T’\J * . Lt ¥l -
jsturbed land ~ . Chemical mine , Sulfur oxides - o ‘Respiratory Large
#Large amounts of . drainage ‘ ) _ Nitrogen oxides . problems - from -air - reserves
solid waste Increased water - Particulates pollutants : ‘
Mine tailings temperature Some ‘radioactive gases : LT,
Wastes_in the form _ Jncréased,watef‘- Nitrogen oxides Respiratory -Limited
Y of brine - temperature -, Some sulfur oxides * problems from air domestic
-+ Pipeline construction Oil spills - “pollutants ' reserves |
) Pipeline construction ' Inpreaséd water Some oxides of S _None detectable” Extremely
temperature . nitrogen . sl . * o limited
: ' .. . domestic
| b ‘ ' reserves
n " Disposal of radioactive | Increased water Some reléase‘of-‘ None getectable in Large
wastes \ temperature =~ radioactive gases normal operation - g reservesif |-
Mine tailings Some radioactive; . e ) ". breeders are
‘ liquids & developed
| ) ‘ K




o | | ( APPENDIXI B , S
o " GLOSSARY OF TERMS = C T,

. . e,
. The followrng teris are rncluded to aid you/i [ n your understandrng of the material 1ncluded m the text
““and of the terms you will encounter as you investigate the effects of power gerferation. Many " of the: nucle%f‘-‘_
terms are exeerpted from the U.S. Atomic Energy Commission booklet Nuclear Terms: A Brief. G('lossary Man :
other terms have been added by the comrruttee in order to incicase your understandrng of the specrﬁc words

relating “to power production. ) . . »‘A A e e’
" absorbed dose ' When ronrzrng radiation passes through matter, some of its energy i 1mparted S
* ' to' the matter. The amount absorbed per unit mass of irradiated matenal is called .
. . the absorbed dose, and is measured rn rems and rads-' el . '

absorber . Any~ matenal that absorbs of diminishes the intensity of ronrzrng radratLon S

. Neutron' absorbers, like boron, hafrium and cadmium are used in control rods- - Ay
_for reactors. Concrete and steel absorb gamma rays and neutrons in'reactor shields.  '::
A thin’ sheet of paper or metal will absorb or.attenuate alpha partrcles and all Uy

S " except the most energetic beta partlcles , ,
DO o i ) R ,a 4
absorption - ., . " The prpcess by which ‘the number of pamcles or photons entering a body of
. - . matter is reduced by interaction of the particles or radratron ‘with the matter;

‘similarly, the reduction of the energy or partrcles or photons whlle traversmg a
body of matter i

activation ' .+ . The process of mak,mg a matenal radroactrve by bombardment wrth neutrons

N ‘ . protdns, or other nuclear .particles or photons. h ‘
acute radiation | . An acute organic "disorder that follows exposure to relatrvely severe doses of .
sickness syndrome ' jonizing radiation. It is characterized by nausea, vomiting, diarrhea, blood cell
) . *  changes, and in later stages of hemorrhage and loss of hair Wi
* . air sampling - ! ,'The collection and analysrs of samples o/ air to measure- rts radroactmty or to
. : detect the presence of radioactive substances, partrculate ‘matter or, chermcal '
B ' . pollutants r ® < : '
- o .
. alpha particle (Symbold) A positively charged particle emitted by certaln radroactrve ﬁt‘h‘tbrrals.

[t is made up of two neutrons and two protons bound togethier. Hence,it is identical
with the nucleus of a helium atom. It is the least penetratlng of the | three common

,k *-;g : ’ types of decay radiation. ‘ - A -

Sy . L ' o v

at%m E . © . A particle of matter whose nucleus is indjvisible by‘ chermcal means It is. the N

. , fundamental burldmg block of the chemical elementi‘ i . ,‘ 42; }
.J . . . B i J Ve \‘ L

ato}nic bomb " A bomb whose energy comes from the fission:;jof heavy elements such as

uranium-235. and plutomum-239

" Atomic Energy’ Commission _ (Abbrevratron AEC) The federal agency which mi)(revnously ‘had statuatory
: ' - » - responsibilities for atomic energy matters. Functighs taken over in 1974 by Energy -
- Research and Development Administration and Nucleaf Regulatory Commission.
atomic- mass - w(see atomic weight, mass) - ' 7 S 1; ‘ ' _
. atomic mas$ unit : - (Abbreviation amu). One-twelfth the mass of a neutral atom, of the most abundant
o : ‘ . . isotope of carbon, carbon-12 -4 , ’
atomic number’ , (Symbol ZJ The number of protons in, thehucleus of an etom and also its positive - -
» . ©  charge. Each:chemical has its characteristic atomic number, and the.numbers of
N ’ ‘ the known elements form a complete series from 1 (hydrogen) te 10S.
Do t : t . ’ B - ,/' : :
atomic reac or ) L. A nucl?&reactor . e L
‘atomic werght » The mass-of an atom relative to other atoms.- The prqsent-day basis of the scale

" “of atomic werghts is carbon; the’most common soto of thi§ element has - :
‘ . a . I‘ ‘ .
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CoL Coe Q., T ,arbm'aﬁy been assrgned ah atonuc werght of 12. The umt of the scale is
DR one-twelfth the weight of the, carbon-12 atom, or roughly the mass of vne prdmn
Y R = or one neutron. The atomic weight of ahy element is approxrmately equal to.
s ' the total ,number of protons and’ neutrons in’ its nutleus.: .

’ : \ .

‘..vautoradiog'ra'ph ._ g "Ap otographrc record of radlatron.from radloactlve material'} 'in-an object made
. ° Tt ' by placing;, the” object very close to ) photographic film or emulsion.. Thg proeess. - .

L R e is called- autoradiography .t is used,’ for rns(tqnce to locate radi cfrvgantdrqs or’
W "_ - oo tragirsun metalhc Jor brologrcal samplest . . :"‘ S

.‘ -..‘t);ackglrodr;d radj%tion, ) ’ 3 lud“'\g OOSIT\IC m ‘o drm " -

A T ny the. natiirally fadioactive elements, both ditside, and :insid@eha' bodies. of '
- : ot hugfans, and gnimals. 1t is also called n'attg :tadiation, The termwiay also.mesn

, . ' - radiation ps unelated to a,specrﬁc xpen‘me;gt; L j R

.. ) .'.léa,ckﬁzcatler.l ' T, ' ,‘*When frﬁratron of any *kind strrkes matter sol’id or hqurd), some of it

e © ., v'may be reflected or scatter back in the ‘gen erat darectron of the“source.. An .
L L understandtn}gr ‘exact measurement of the amount of .backscatter is important-

adtatlon\ in man s natural envrronmen i

 when beta particlgs, are. bemg counted in-an’ mnﬁatron ‘chamber, in medical

-'l»"f. TR treatment wi radratron ‘or in the use of mdustnal radrorsotoprc thickness gauges.

A Wall or enclosure shreldrng the ‘operat6r from an area where radroactrve matenal
*w'ls being used .of" “processed by remote control equrpment o

j(Symbol ,, ) A elementary particle emrtted from™a nucleus durmg radroactrve
.'»decay, wrth 4. sinfle_electrical charge and a mass equal to 1/1837 that of a proton.
. A negatively charged beta particle is identical to an electron. A. positively charged
»betauga,rtrcle is called a positron. Beta radiation may cause skin burns, and
beta-e ters. are harmful if theyfnter the body. Beta parttcles are easily stopped
l'gy a sheet ‘of metal. g .

Symbol for a billron (109) electron volts (See ~electron volt)

v
The bmdrng energy of a nucleus is the mrnrmum energy requrred to’ drsspcrate .
it rnto its component neutrons and protons. . :

biological" dose ‘5& " The radratron dosk absorbed” in brologrca] materral Measured in rems.

' Y ) v, .. . v . . .
biological half life ’ “The time required fi gical system, ‘ch as a human or ammal to elrmtnate

. o by natural proc half the amount oﬁa substance (such as a radioactrve matenal)
I/ that has entered it. T .

biological shield ) : ~ A mass of absorbing material placed around a reactor or radnoact;ve source to

. C . reduce the radiation to_a level safe for humans : . / '
body burden " - e The amount of radroactrve ‘matenal present m the body ,of a human or an animal. .
‘boiling water reactor . ‘ A reactor in .which water, used as both coolant ‘and moderator, is ‘allowed o \

_ . borl in the core. The resu]tmg st%am can be used directly to dnve a turbine

bone seeker A radrorsotope that fends to accumulate in the bones when it is introdluced into

, . the body. An example rs strontium-90, which behaves chemically like calclum.
breeder reactor A reactor that produces more fissionable fuel than it consumes. The new ﬁssionable ‘

‘material i3 ‘created by capture in fertile materials of neutrons from ﬁsston The
process by ‘which -this occurs 'is known as breeding.

*’ BTU ' British. Thermal Unlt The. a}lount of heat required to change the temperature
T of one pound of water one degree Fahsenheit. - | ) -

by-product material . Any|radioactive material (except source material for ﬁaionablempteria? obtained .
o o ' the production or use of source material or fissionable. material. It includes . |
. _— ﬂssion products and many other radioisotopes produce‘d in’ nuclear reactors.

20 0t
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. . "f-‘l ] P . . . - N . . : N 4 o .’
I N calorie (large calorie) . The ‘amount of heat requrred to chang the temperature of one krlogram of water
: : . C T, 4 ome degree Centrgrade : . I
.Ncmv_bon'oxides | _ ' ,r“ Compounds of carbon and oxygen produced when the carbon of ssrl fuels '
; . ‘ ' ;¥ - combines with oxygen during burning. The two most common such oxides are
N v o carbon monoxide, a very poisonous gas, and" carbon dioxide.
“cask e N ° *A heavily shielded container used to-'store and/or ship radioactive materials." \“,
. Y .ca'thode,rays. o R ' A stream of electrons emitted ‘by thé cathode, or .negatn/e electrode, of a
g‘ : N - ~gas-discharge tube or by a hot filargent.in a vacuum tube, such as a television:
N v “, tube. s .
SRR E 1y

A reaction that stimulates 1ts own repetition. ln a fission cham reaction, a
fissionable nucleus, absorbs a neutr<7n and fissions, releasing additfénal neutrons..
These in turn can be absorbed by! other fissionable nuclei, releasing still more.
-neutrons. A fission chain reaction is selfsustaining when the number of neutrons - -
released in a given time equals or exceeds' the number of neutrons Jost by

. absorption in nonﬁssromng matenal or by escap‘é from _the system. ‘

/

:  charged particle ~ - © Anion; an elementary partrcle that carrres avposrtrve or negatrve electnc cliarge
', ‘chromosome ' .l The determiner . of heredrty ‘within a- cell. e .- .. ' '
. e dding . The outer jacket of - nuclear fuel eléments.-It prevents carrosion of the fuel by '
“ 2N B y the' coolant and the release of fission products into the coolant. Aluminum or
K .- . g its alloys stainless steel -and zirconium alloys are -common claddrng materials.
. i closed-cycle : . A reactor design in which. the primary heat of fission is transferred outside the
reactor system " . " reactor core to do useful work by means of a coolant circulating in a completely
e . R '+ dosed system that mcludes a herrﬁ" changer.
. . L . . ) i : . o
) . coal gasification = - - The process of obtammg me ) ther combustible from coal, using
' P . . . the 'heat of the gas to'generate eladWicity, then bummg the gases to operate a
' ' ‘'steam cycle. © A . .
, . . ' - L 4 B . Av' -
" commu?ty ] ' All the plant and, ammal specres that lrve and 1nteract ina partrcular envrronment .
S contamment T ' g “The provrsron of a gas-trght ghell or other enclosure around a reactor to cont'me
& , ’ ' 7 fission products that otherwise mrght be: released to the atmosphere in th'e event
L T _ of an accident.
4 T oL ) . . : . . . . ) : . . . i
: containment vessel, ' - A gas-tight shell or other "enclosure around- a reactor. S
" control rod" -~ . . A rod, plate' or tube contarmng a matenal such as hat'mum, boron, etc: used to
8 o - ‘ ) contro} the power of a glear reactor. By absorbing neutrons, a control rod
R .+ 1 preverits-the neut!ons fro causmg further fission.

' coplant o ' «. . A substance circulated through a nuclear reactor to rernove or transfer heat.

S R Common coolants are. water, heavy water, air,’ carbon droxrde, liquid sodrum an(f
‘sodrum-potassrum alloy .

v

.+ cooling .tower - e -, A tower designed to aid in the cooling of water that was used to oondense the
‘ ‘ L ' steam after it left the turbjnes of a powei plant.

Y

: . core ™ e central portron of a nuclear.reactor contaming the fuel elements and umally
- : the moderator, but not the reflector.” '~ e o _
i counter, A general deslgnation applied to radlatlon detection instruments or survey meters
. S o that detect and: measure rldiatton _
‘ critical mass B . - The smallest’ mass of ﬁmonable miaterial that wlll support a self-custaining chlin
O A o , . reaction under stated eondltrons .
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criticality | . " The state of a nuclear re‘a’ctor\'when it' is just sustaining a chain reaction. -
‘ o / J g

curie A . A ,(Abbrewatlon Ci) The basrc unit to descrrbe the mtensrty of radroactmty ira
‘ . \ ple of material. The curie i$.equal to 37 billion disintegrations per second, )
hich 'is’ approxrmate}y the 'raté of decay of 1 gram of radium. A curie is also
a quantity of any npclide having 1 curie of radroactmty Named by- Mahe and!:- .
‘ Pierre Curie, who discovered radium in 1898 i R
\ ] s daughter ;

/

A nuclide formed by the radioactive decay of another nuclide, which in. this
context is called the parent. (See radioactive senes)

)

.. decay chain / .. A radroactrve series. ' ) L ‘ ST .

7" decay ;heat . - The heat produced by the decay of radroactrve nuclides, v

: ‘d’ega'y, radioactive, < The snontaneous transTormation of one nuclide into a different nuclide or into

LT . : *t a different ‘energy state of the same nuclide. The process results in a decrease, S
g < « -wifh time; of the number of the original radioactive .atoms in a sample. It.involves

' L . the emrssron from the nucleus of alpha particles, beta particles (or electrons),..;..,-' L
e o QF gamma rays; or the nuclear, capture or ejection. of orbrtal electrons or fission. "
SO : '.Also called radroactrve drsmtegratron . .

" Rl
<

decontariination = - The remoVal of radioactive contaminents from surfaces ‘or equrpment as by
oo - : : cleamng or washing wrth chenucals . _ o
: o Matenal or device that is sensmve to radiation and can produce a response srgnal
P surtable for measurement or analysrs A radiation detection mstrument -

(Symbol 2H or D) An isotope of hydrogen whose nucleus contams one neutron
and one proton and is therefore about twice as heavy as the nucleus of ‘normal
hydrogen, which is only a single proton. 1 is often referred toAs heavyy
A o o hydrogen ; it.occurs in natire as .1 .atom to " atoms of normal hydrogen It -
Lo L ) B nonradroactrve (See heavy watar) "
e S,

it "~ “deuteron:. ..The nucleus a deutenum.. It contams one proton and oné  neutron. -

/i . S ] -
//( . dose S (See absorbed dose, brologrcal dose, ma)umum pemussrble dose threshold d“,..
/' S do,s_'e"; ,equivalent,‘:"\ ._’ L . . Arterm used to express the amount of effective radratrorb Al &
o e o " ‘-have been considered. The product of absorbed ‘dose multiplied byjaigi
s nE S o ""'multrphed by a drstnbutron factor It is exprﬁsed numencally
4 ~ dose rate T T The radiation dose dehvered per. umt time: Measured., for mstance in" '_‘ -t '
. Lo hour i
. dosimeter ‘ /" . A devrce that measures radratron dose, such as a film badge or romzatr
. doubling dose . o Radlatron dose wluch would eventually cause a doubling of gene mut 'ons g
‘ecology .. The science dealmg w:th thé relatronshrp of all hvmg thmgs w;th each other g
e N Lo " with’ their envrronment ¢ ) Goa ' -
o . o / “« EE .- . y ‘“,‘." r . n
ecosystem T A complex of the _community of lwrng thrngs and-«the environment formiig a . ¢
' . . functioning whole. in nature S T
efficiency ' : o . - " That percentage of the total energy content “of a power plarrts fuel wluch is
. e ‘,/ ;:lonverted into electricity. The remammg energy rs lost to the envrronment as
. = . g, ) p eat . .
3 e : e ~ : e » i . .
electron / (Symbol ) At elementary partrcle with' a uhit negative. charge and a mass 114837
. ISP . that of the proton. Electrons . surround the positively charged” ftucleus -and" ..
Cogee et WG o v, .. determine the chemical properties of the atom. Positive electrons, or positrons,
rg/ " "t -also-exist for brief periods of time as the result-of positron decay -
- ) . ,.-, . - B . ,: o K ._-’f»'l::\. 1,{,';.., A
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- ‘welectron volt . (Abbreviation-ev or eV) The' amount -of kinetic energy gained by an electron when
-t . it is accelerated through an electric potential of 1 voit. It is equivalent to 1.663

‘x 10-12 erg. It is a unit o/g energy, or work, not of voltage,

/ ; . . . >4 2 - . T B ’
element . One of the 105 known chemical substances that cannot be divided into simpler’
4 - substances by chemical means. A substance whose atoms all have the same atomic -
number. 'Examples are hydrogen , lead, and uranium?lNot }o-be confused with
B f . fuel element. -~ - . -, : .
o T S . ~r : /
energy - . . ¥ The ability to do work. ! e :

Energy Research and . ..~ ., (Abbreviation ERDAJ The independent executive agency of the federal goveriment
.. ;Development Administration with responsibility for .management of research and development in all energy
RS ke matters. Sl : N

P - Loos N

-, enrichment. . * * © (See isotopic enrichment) ° v

-

- environment \ - . The total surroundings of an. organism which act upon it . .

exclusion area - ; ~ An area’ immediately surrounding a nuclear reastor where: human habitation'is
- ‘ o prohibited to assure safety in the event of .an aecident. " s

- excursion S . * . Asudden, very rapid rise.in the power level ot")':l‘reactor caused by supercriticality. .

- . L Excursions are usually, quickly suppressed by the negative temperature coefficient -

: I ', of the reactor and/or by automatic control rods.” "~ . . o

fast breeder: reacter ’ A reactor thfci.f-f'o"pwq‘_ tes with fast neutrons and produces more fissionable rﬁaierial '
’ o _than it consumes. R S T T T
fast neutron - 7" A neutron with kinetic energy greater than'apbroximatelyi,OO0,000.éjecttpn'volts. o :
- fast reactor '_" ) .. Alreactor in which the fission chain reaction is sustained prirharily by fast neutrons . .
R >+« rather than by slow-moving neutrons.’ Fast reactors contain little or nd moderator-*  ~
- l: ' ; " “to slow down the neutrons from the speeds: at which they aﬁ%gcted_;fwm”
 fissioning nuclei. S j R . L

© iipetile material |, ‘A material, not itself fissionable by thermal neutrons, which can be converted .
R into a fissionable miaterial by irradiation in a reactor. These'are two basic fertile ..
I 4 materials, uranium-238 and thorium,232. When these fergile materials capture -
S .. * . neutrons, théy are partially converted into ‘fissionable plutonium-239 and
. B

' uranium-233, respegtively.

« ) .

‘ 4 i
vz film_badge | A light-tight package of photographic film worn likea badgezw_forkets.'in nuclear
DA . industry or research, used to measure exposure to ionizing radiation. The absorbed
L - L . dose can be calculated by the degree of film darkening caused:by the ifradiation.

fissile material '  While sometimes used ,as a synonym for fissionable material, this term has also , .
. ' I : * acquired a more restricted meaning; namely, aiy material fissionable by neutrons .
. ‘ I of all energies, including thermal (slow) neutrons as well ‘as fast neutrons. The =~ *
: . three primarily fissile materials are uranium-233, uranium-235 and\plutonium-239.
v - fission . L. 0 .- The splitting of a heavy nucleus into twd approximately equal p&x‘ts (which are -
- ' : - " nuclei of lighter elements), accompained by the release of a relativelylarge amount - -
Sl : - - of energy and generally one -of more neutrons, Fission can occur spontaneously,  °
. . -7 but uiv,ually_i&‘qaused by nuclear - absorption of gamma :rays, neut‘rgv or other
oo ' . . particles. . A T et T B RS

i . N o P

fission fragments 4 The two or more nuclei which are formed by the fission of a nucleus.
: N Lo . to.as primary fission products. They are of medium (me“Nrenght,\
L. - . . 1 N

(. _ radioactive. -

-

A

"+ fission products .. , The riuclei b(ﬁSsion fr‘agme‘nis):‘;fomm by the fission of heavy elen]'enﬁ
o 7w e nyclides’ formed by the fission fragments’ fadipactive” dzcay..

LI
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"L fuel' element 3 A rod, tube, plate or other mechamcal shape or form into which nuclear fuel ‘

: v RN . B - : . : . S - «-
. “ - . T . . ST ‘ | . ’ A I
K : . .

» ~ - . -’ Ed . ) {
fissionable material " - Commonly used as a synonym for fissile material. The ‘meaning of this termfhas
» - ' also been extended to include material that can be fissioned by fast neutrons

- R _ only, such as urdruurnt238 Used in reactor operations to grean fuel _
flux (neutron): -~ T ‘A measure of the 1ntens1ty of neutron radiation. It is-the-number of'neutrons

' ' : passing thrpugh-one square centimeter of a given target in one second. xp sse
as n x v, where n =«the number of. neutrqns per cubic centimet and v\

- ' s ' velocr"ty m centimeters per second
‘ b T .

ST e N, v
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fly dsh * - .o Sn(all partlcles of ash produced by the 'burmng of Tuels. They are dtspersed up .

the smoke stack and may He med some dtstance befere they settle to the earth.

. food chain . . L “The pathway$ by whrch any material (such as radroactwe material from fallout)'- .

" - passes from. the first’ absorbl_ng rganism through plants and ammals'to humans.
- fossil fuel

, Naturally occurring substances dex;

. ad organisms have become oug-recoverable

A\ fuels which can be burned, such

* fuel (nuclear) - .- ' Fissionable matenal used- or usable to_ produce energy in a ‘reactor. Also, applred

' , S . to a mix{ure, such as natural uranium, i which only patt of the atoms are readily
- ' fissionable;,. if the mixture can be. mad to; sustain: a cham reactron. L

’ fuel cycle The series of steps mvolved in supplymg fu for nuclear power reactors. It mcludes )

- : " mining, refining, the original fabrication of\fuel elemtfits, their use in.a reactor,
: " " chemical processing to recover the fissigna le material remaining in the spent’
fuel, reenriehment of the ‘fuel matenal and refabncatxon‘ into new fuel elements .

? fabricated for use in a reactor (Not to be confused with element)

. fuel reprocessing ‘- The. processing of reactor fuel -to rTcover the unused ﬁssronable material.

fusidn. Co - The formatxon of a heavrer nucleus' from two.. hghter ones (such as hydrogen
. ) - isotopes), with the attendant release; of energy\’ '
. gamma rays
_ : .- in the nucleus. Gamma radiation frequently accompgnies alpha and beta emissions
: . ‘ © - and always accompanies fission. Gamma rays aré ‘Very penetrating andqate best
- ® . : . stopped or shielded against by dense materials, such as lead pr depleted uranium.
- ' Gamma rays are essentially similar to x-rays, but are usually more energetxc

o gas cooled reactor A nuclear reactor in which a gas ns

gaseous dl usion - A method of 1sotop1c separatron based bn the fact that gas atoms or molecules
(plant) - ~ with different masses will diffuse- through a porous barrier (or membrane ) at
. different rates. The method is used by the AEC to separate uranium-235 from
uranium-238; it requrres large gaseous diffusion plants and enormous, amounts of
electnc power. . .

k ’/ Lo
el e

Gerger-Muller "A radiation defection and measunng mstrument It consxsts of a gasfilled.
. counter o s Gerger-Muller tube- containing electrodes, between which there is an electrical
N P voltage but no current flowing. When jonizing radiation passes.through the tube,

T o a short, intense pulse of current passes from the negative electrode to the pos:tive
ectrode’ and is measured or counted. The number of pulses per second measures

"th intensity of radiation. It was named for Hans Geiger and; W. Muller who

irivented it in the 19203 It is sometimes called simply a Gelger counter, or a -

GM counter.

‘.l LI

genetic'et‘fects of ' Radiation effects that can . be transferred from parent to othpnng Any
radiation T e radxatron-caused changes in the genettc materlal of sex cells. A

~ genetically slgniﬁcant T A population-averaged dose which estimates the potentlal genetrc effects of
©odose T radiation on future generations. It takes'into consideration the number of people

in these groups are exposed and their expected  number of future chil

Cm e N e ;

T . -

ed from plants and animals. which lived in °

in various age groups, the average dose to the reproductive organs to which mple :

lignite, coal,’ oi) and gas, _ .

(Symbol b’ ) Hrgh energy, short wave |length electromagnetlc radiation onglnatmg '
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- Jo brllrons of years Also called

-produced by accelerators. -

N . ) . B . i
A very' pure form of carbon used as a- moderator-,'in”nuclear"' reactors.
_ . Ty .

The time. m whrch half the atoms of a partfcﬂlar radioactive substance disintegrate
to another nuclear form.. Measured—ll alf .lives vary from millionths of a second -
phy ical half life. (Seé decay. radroactxve)

(See brologrcal half lrfe)
. RES RTINS >

v

o

The trme requ}ed for a radronuchde contamed ina brologlcal system, such as

a human or .an animal, to reduce (its. activity by half as a combined result of
radioactive decay and brol'oglcal ehmmatmn (Compare brologrcal half hfe and half

" life).

- The tluckness of any “given ‘absorber that wrll reduce the mtensrty of a. beam
~of radratlon to one-lralf lts initial vdlue. - L

@i

B "Thrscferrce concemed thh recogmtron, evaluatron -and control of ‘health hazards
from roszhg radtatton. ; . 7_--1

";Any device ‘that. transfers heat from ong ﬂurd (hqurd or gas) ‘to another or to,

the envrronment ,

. Ahythmg that absorbs heat; usually 'part of the environment 'such as the alr,
-8 river or outér space.

: (Symbol D20) Water contammg srgmﬁcantly more than the natural pr\ortrons,, ' :
(one in 6500) of heavy hydrogen (deutenum) atoms to ordinary hydrogen atoms. .. -
"Heavy water is used as @2 moderator in. some reactors because it slows down.
neutrons effectively and also has a low. cross section- for absorptnon of neutrons. - .

A reactor that uses heavy water as its moderator Heavy water is an excellent ' .
moderator and thus pemuts the use of mexpensrve (unenncﬁed) uranium asa . ...
) fllel o i . . S

v' i

Compounds composed of hydrogen and carbon These occur in petroleum, natural'
gas and ‘coal. , : ,

Electricity produced from the energy of fallrng water Dammed water is. used toi
.. turn turbines located below the-.dam. : S o : -

. ‘
Radxoactmty that is created wihen' substances are bombarded with neutrons as
from a nuclear explosion or in a reactor, of wrth charged parttcles and photons

¢ [

The energy or the number of photons or partrcles of any radiation mcrdent upon.
.a unit area or flowing through a umit of solid material
. connectron thh; radroactmty, the number of atoms drain ting per unit of time.

N \ *

unit of time..In

e

An atom or molecule that has lost or. galned ‘one or miore electrons. By, this
ionization it becomes electrigally charged.” Examples: an. algha patticle, which is. . ... "

a helium: atpm- minus two electrons, a proton, which is

~ its electron. . e oo

‘. . *

dxscharges, or nuclear radratrons can cause ionization. -

. An occurrence m " which an' 1on ‘or- group of ions is produced for example, by i
,paasage of a charged particle throush matter._ - . .

214,, _
ST (

* The’ process of addmg one’ or more electrons to, ar removing one or more electrona ' P
- from, atoms or molecules, thereby . creating, ions. High- temperatures, electncal -

: '.An mstrument that detects and fnoasures- onizing radmtion by measuring the o
‘electrical ‘current that flows, when radiation ionizes gas‘in 4. chamber, making the
. .gas a conductor of the electrrcrty

-~

ydrogen atom rmnus :
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ionizing radiation q- -Any radiation capable of displacing electrons from atoms or molecules, thereby
o : : ' .. . Pproducing ions. Examples: alpha, beta, gamma radiation, short:Wwave ultraviglet. ¥
' : T — " .. light. lonizing ra(‘i}ation may -produce severe skin or tissue damage. .
" irradiation Exposure to radiation; as in a miclear reactor. DI PR '
o » * . . s v - ' ] o . _' i C ﬁ
" . isotope N One of two or miore -atoms with the same atornic numbeg (the same chemical

«element) but with different- atomic weights. An equivalent statement is that the
. . L <+ nuclei of isotopes have the same number of protops, but different numbers of
—_ . T - neutrons. Thus carbon-12, carbon-13 and carbon:14 are isotppes of the element-
) B . =carbon, the numbers denoting the approximate atomic weights.- Isotopes, usually .
’ . ~ have very nearly the same chemical- properties, but somewhat different physical- - -
4 properties. , S , fe SR

abundances, as by ‘gaseous diffusion -or electromagnetic separation. Isot St

isotope sePératib_n' .+ %" % 'The- process of separating iisotopes from one another, or changing thei'r'relh""l"

B SRR e oY
- isatopic enrichment -+ . A process by ‘which the relative -abundances of the isotopes of a given element

L e . T -are altered, thus producing a form of the element which has been enriched in" -
R : |+ one’particular isotope and depleted in its other -isotopic forms. RPN

O

" separation is a step in.th¢ isotopic enrichment process.

- kilowatt hour - .' ,  One kilowa_tt.of électricity expended for dne- hour.

Kl . .. A prefix that multiplies a basic unit_by 1000. .. N

ddse/ of ionizing radiation sufficient to c.:ause deafh. Median lethal dose (MLD

LD;g) is the dose required to kill within*a specific period of. time (usually
{3

“lethal dose,

[ e
I\ o }
‘ an

i

half of the individuals in a large group of -organisms-similarly exposed. -
he - EP-50/30 for man is about 400,000 to 450,000 mrem. .. :

. low populatiori zone - - < #JA.afed’ of low'-population density sometimes - required around a nuclear
- . , . installation. The_number and density 'of residents is of concer'@) providing, with .
. reasonable probability, that effectivg, protection measures can b 'taken if a serious
. oA N i '

L » a&:cidfnt _should occur. A
L - . s . .

_ _magnetic bottle N A “magnetic field used to confine or contain agplasma in controlled fusion
N ’ _ " (thermonuclear) experiments. = ° - L '

BTN

magnetic’ mirror ' > A rﬁégnet_ic field used in controlled fusion exper_kneh_ts to reflect charged particles. T

e . back-into the central region of a magnetic bottle. .

. mass . The quantity of matter in a body. Often used as a synonym for weight, wtuch,
. : strictly spedKing, is the force exerted on a body by the earth.”* ~ = - ¢

‘mass-energy equation . - The statement developed by Albert Einstein, German-born American physicist,
Co ' .. . that the mass of a body is a measure of its energy content, as an extension of
. his 1905 special theory of reldtivity. The statement was subsequently verified .
, experimentally by measuréments_of mass and energy in nucleag reactions. The
: _ equation, usually given is E = mc2, shows that when the energy of a body changes
N B by :an amount E (no matter what form the energy takes), the mass, m, of the
body will change by an amount equal to E/c2. The factor c2, the square of the -
speed of light in a vacuum, fmay be regarded as the conversion factor relating
units of mass and energy. The equation predicted the possibility of relessing
5 ' -+~ enormous ampunts of energy by the convession of mass to energy. Itisalso called - -

IS

- B the Einstein equation. , - . __ o
- The substance of which a physical obj'et::t is composed. All materials in the universe |
) have the same inner nature, that is, they are composed of atoms, arranged in

...+ % 7" different (and often complex) ways; the specific atoms and- the specific
A ~ amrangements identify the.various ‘maferials. .. " |

matter

' ’ i . .. . .'. . s . .
maximum credible : ‘The most serious redctor accident that can reasonably be .imagined from any -
accident. - . . 'z adverse combination of equipment malfunction, operating errors and other
et . X foreseeable causes. The terfit is used to analyze the safety characteristics of a -
S C " reactor. React}yrs- are designed to be safe even if a maximum credible accident .
should occﬁlr,‘_...‘ S P R B
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maximim pémuss*ble . That dose of 1on1nng radiation established by competent authorities as an ount -
dose . . e w which there i§ no reasonable expectation of risk to human health, and - .
' _ L h at the same time is somewhat below the lowest level at which & definite - .
. < oy hazard is beheved Jto’ exrst (See radiation protectlon gulde) : _ o
. mean life -+ C "The average time during thich an atom, i) excrted nucléus, a radionhuclide ot
R "2 : . @ particle exists in a-particular form. ° . .
e . . . A . v . .
median lethal dose " (See lethal d'ose) N T .
\ . . A
mega- . ‘A prefiy that multlplres a basrc unit by 1,000,000. , . '
« Mev RS ) R One mrlllon (106) electron volts Also written as MeV‘ _ L
milli- ; .’" - . ,A preﬁx *that nLultlplles a‘basrc unit by 1/1000 ' "‘
. moder'ator R A matenal such as or‘dmary water, heavy water, or graplute, used in a reactor - '
KR ., . .to slow down high velocity. neutrons, thus increasing the hkehhood of further
oo . fissron
’ ) N : .
molecule - . ¢ A group of atoms held together by chermcal forces The atoms in the molecule
D may be identical, as in H2,52, and Sg, or different, as in H20 and CO2. A molecule———-—
ey ' : " is the smallest unit of acompound which can exist by itself and retain all its
e R L. chemical properties. (Compare atom, . ion.) »
e mutation .-' . ' A permanent transmissible change in the characteristics of an offspnng from those
' Lo : - . of its parents ) _ .
e o e . - A ‘?,
nat.ural radiation or ’ _Background radlatlon ) _ BT F
Vt natural ra%loactmty : . . . T j'. . ; .-l
! natural uramum . Uramum as found in nature. It contains 0.7 per cent f ’u arftunbdB'S, 99.3 per -
SR R cent of uranium-238 and a-trace of uranium-234. It js sQ calléﬁ" urarliuprl‘:{t-w~
: rleutron ‘ (Symbol “n) Anuncharged elementary particle with® a/ mass 1 'f iy greater than
- . o ' e that of ‘the proton, and found in the nucleus o every atom heavier than
- ' ' ' hydrogen-1. A free neutron is unstable.and decays with a half life of about 13
minutes into an electron, proton and neutron. Neutrons sustain the fission chain *
oo ot reaction in a nuclear reactor .__} . . N
' neutron capture " o vThe process in which an atormc nucleus absorbs or‘captures a rleutron .'
nitrogen. oxides . . Compounds of nitrogen and oxygen which may be producgd by the burning of
A . - fossil fuels. Veryvharmful to health, and may be important in the formahog of
Co ' smogs . :
VAL o :
- nuclear energy S The energy lrberated by a nuclear reactnon (fission of fuslon) or by radxoactrve
O v 'decay ‘ _ oot
nuclear power plant = Any device, machine or assembly that converts nuclear energy into some: form
_ : . of useful power, such as mechanical or electrical power. In a nuclear electric
S . © . - . plant, heat produced by a reactor is generdlly used to make steam to a
J . ' .+ .. turbine that in turn drives an electric generator. :
nucl:,%ar reaction - T ‘A teaction involving a change in an atomi¢ nucleus, such as ﬁssron, fusion, neutron *
‘ A _capture, or radioactive. decay, as distinct from a chemical reaction, whlch is limited
R U to changes in the electron structure surroundmg the nucleus.
-nuclear reactor . ; A devise in wluch a fission chain reaction can be initiated, marntamed and -
oo o controlled. Its essential component is a core with fissionable fuel. It ususlly has
) R ' ... a moderatgr, a reflector, shielding, coolant andl control- mechanisms. Sornetimes \
. : Lo called an atomic furnace, it Is the bmc machine of nuclear energy : et




. e - . : - N . !
“Nuclear Regulatory . (berevratron NRC) The 1ndopendent federal comrmssbn which llcenses..and
Commission * regulates. nuclear facrlrtles N ; .
nuclear ‘super-heating | "+ .Superheating the steam prodi dina reactor by Ixsrn addltlonal heat from a @
ot reactor, Two methods aré comgnonly employed recirculating the fteam through
R S : ~ the same core in ‘which it. isfifst produced (integral superheatrng) or passrng the
' : steam through a second and separate _reactor. ,
. - n 5
nucle i A const1tuent of an -atomic nucleus, that * 1s, a proton or a neutron.
. - . . » .
K nucleonics o . - The science and technology of nuclear enefgy and lts applrcatrons - N
‘ nucleus o . The small, positively charged core of an atom It is. only about 1/ 10000 the

diameter Iof the -atom, but contains nearly all the atom’s mass. All nucle1 contain
both protons and neutrons, except the nucléus of ordrnary hydrogen, whroh
consists of a single proton. .

ix~"

nuclide L . S A general tenn applicable to all atomic forms of the elements The tenn is ol'ten
c T erroneously used as a synonym for isotope, which properly has a more limited -
4 . ‘ ' .+, definition. Whereas isotopes are the various forms of a single element (hence are

a family of nuclrdes) and all have the same atomic number and number of protons, -
-npclides comprise all the isotopic forms of  all’ the elements. Nuglides are .

. ¥ dlstrngurshed by their ato'rmc number, atomrc mass, and er rgy state. . . ‘w.\
. F . ' R k . ?
parents ‘ A radionuclide that upon radiocactive decay or drsmtegratlon yields a spectfic
: T ~ nuclide (the daughter), either directly or as a later member of a radioactive series.

. ‘particulates * - _ : Sm&l partlcles of solid matenal produced by burmng of fuels. S . ‘2
. *rrriissible -dose : (Se¢” maximim permrssrble dose.) » .

personnel" monitoring Detemunatlon by either physical or brologlcal measurement of the- amou\rt of /

L _ . - ionizing radiation to which an individual has been’exposed, such as by measuring

the darkening of a film ‘badge or performing a- Jgadon breath analysis. -

*\ N phdt_On : N o Electromagnetlc radrat?on. ‘ :;-_ ‘ :
 physical half life _ (See half life). . .;'_ T
pig" s i " A heavy shrelpmg contluner (usually lead).sﬁ,sed to ship or store radroactrve
’ ) matenals . R .
+pile " N . OM.term for nuclear reactor. Thrs name was used bepause the “first .reactor was*
. : built by. piling up graplute blocks and natural¢ urafijum.” .
Plowshare The Atomic Energy Commrsslon program of research and develonment on peaceful
~ ' ~uses of nuclear-explosives. The possible uses include large-scale excavatiqn, such
- _ . “as for canals and harbors, crushing ore bodies and producing heavy transuramc
. ) isotopes. The term is based on a Biblical reference, Isaiah 2:4. | :
: ' plutonium . (Symbol Pu) A heavy, radioactive, man-made metallic element wrth atomic number
, 94. Its most important isotope is fissionable plutonium-239, produced by neutron
r - : u'radratdn of" uramum-238 It is used ’fo/rr;actor fuel and in, weapons.
_ * pollution o . " The addition of any undesrrable agent to an ecosystem.
pool reactor A reactor in which the fuel elements are suspended in a pool of water that serves -
. as the reflector, moderator and coolant. Papularly called a swimming pool reactor,
v it is usually used for research and trarmng. . : .
. population density The oumber of persons per ‘unit area (us?ally per square mile) who mhabrt an
s . : area. A
- : L . . \ r
* -positron ' o A subatomic particle with the mass of an electron but having’a posmve charge

of the ‘same magmtude as- the electrons negatrve charge
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power reactor °, T , A reactor designed to produce useful nuclear power, as distinguished from/reactors -7
T el e used pﬁrglyffor research,, for prodycing radiation or ﬁSSionﬂe matefials¢or ,
N ) . Lo for react®§§ component testing. T o S " e :
“e . . - [q . ~ R R s v e
pressure vessel . A strong-walléd container housing th‘gore “of most types of-power reactors; it

usually also contains moderator, reflectdY, -thermal shield and control rods.

‘A power r&tor_in which heat is transferred from the core ‘to a heat exchanger * -

- by water kept undeg high pressure to achieve high temperature without boiling
in the primary system. Steam is:generated in a secondary circuit. Many reactors

- producing electsic -power are pressurized water reactors. . '

L prgurized vater 1,
- reactor =7} . - '
. . e

1

primary fission products » Fission fragments. " - . . o

’ v . . . N . . . w . J ) . . . ) .. N . . -4 .
. protection C. Provisions to reduce exposure of persons to radiation. F}ar example, protective ; -

: : P o - barriers to reduce external radiation or measures to prévent inhalation of
N Lo e radioactive materials. S : ’ :

- \

.
e

Q_-._ . ) ‘A‘ A

- lion billign Btu’s of energy (1018_Btu). _

e factor t;y/which }ézbsor.bed dose is to be maltiplied ¥ obtain a quamtity that '

; ‘ : ‘ * ekpresses, on’a common scale of all jonizing radiations, the irradiation incurred S

L ' T e by exposed persons. It is used because some types of radiation such as alpha . ..
- - particles  are more. ‘i.ologically damaging than. other "types. P

© quality “factor . l T o A

: _{ (Acronym for- radiation absorbed * dose). 'fhe basic unit of absorbed dose of
< ' . _ * radiation. A dose: of one:rad means the absorption.of 100 ergs of radiation energy. = -
- per gram of a1_9,$<>‘1'_bi_ng''mat_erial. el A AN

"~ rad

"+ & radiation o 7 .. The emission and’propagation oOf energy through matter or space by means of
'-&‘ o _ . éelectromagnetic disturbances. which display both waveike and particledike
S 7~ “behavior; in-this context the particles are known as photons. Also, the energy
. so propagated. The _term has been extended include streams of fast-moving
Lo . .. . particles (alpha and beta particles;. free ‘neutrons)dosmic radiation, etes.). Nuclear [
. RO .0 radiation:is that emitted from atomic fuclei in various nuclear reactors, including . -

\ TR \\’_/ " alpha,. beta and gamma radiation and neutrons. . . : N

radiation area . Any accessible area in’ which the level of radiation { such that a majorportion” ' e
R N . of an individual’s body coyld receive in any one hour a dose in excess of 5 millirem, ~ -~ .
R iy . or:in any five t:g‘,r_l'sé;cutiye days. a dose in excess of ISQ'nxillirem.__ L
. '.fadiatidn' ‘Bixrn i K "Radiation damage to the skin.. - _ ' )
radiation damage ¥ :. A general term for the.'.hannfu‘l» effects of radiation on matter. o
N . s o e?‘ -. Ll . o ! - 3 . _— s H--u
radiation detection instrument +  Devices that detect and record the characteristics of ionizing radiation. B
"radiétio"n monitoring Continuous ‘or periodic 'determination of the amqimt of radiation present in a
: L ' given area; . _ N P y
. »radiaiic';n prbteétion " . Legislation :and regu_lations to protEc'i the public and iaboratory or industrial - -
' o ) : © . .workers against radiation. Also measurés to reduce exposure to radiation.
. ‘ . . D ) . < ‘ ) . —‘7 PN . . . . . .
radiation protection . - The officially determined radiation doses which should not be exceeded without *
: ‘guide : . ‘careful comsideration of the reasons for doing so. These are ‘equivalent -to the
e : . older term” maximum ‘permissible dose. . . .
: ra‘diationfih.ielding . . Reduction of*radiation by'interbosing a shield of absorbing matgrial T)'etween any

radioactive source and a person, laboratory area or radiationsehsitive device.
~ radiation source o Usually a man-made sealed source of radioactivity used in ‘teletherapy, radiography,
oL .77+ as a power source for battefies, or in various types of industrial gauges. Machines

~ B . .. such as accelerators and_radiojsotopic generators and natural radionuclides may

"also be considered sources. . " ¢

.
H
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: ﬁﬂlatlon steriljzation T

radlauon warmng symbol
radioactive S e

radioactive contamination
- : ) . 4

- radioactive dating

: radioactive isotope

- %,  radioactive series

. radivactive waste

radioactivity

I
;" radioecology

radioisotope

I,
=

a4y

radioisotopic - generator  ° . i

radiology

radiomutation v \

radioresistance
.. radium
L

radiosensitivity -

' Exposure standards, permissible concentrations, rules for saf ndling, regulatrons
. fortransportation, regulations for industrial control of.rddiation and control of
jradratr)on by legrslatlve means. (See radiation protecuon, radratlon protectron
-- guide

- S 0 e -

 Use of radiation. to cause a plant or ammal to ‘become sterde, that is, incapable

of reproduction. Also. the use of radlatlon to_kill all forms of life (especlally
bacteria) in food, sufgical ,sutures, etc.’ -

An ofﬁcrally prescnbed symbol (a magenta trefoil on a yellow background) which
should be. displayed when a radnatlon hazard exrsts. , -

-

: Exlubltlng radioactivity or pertarmng to radroactmty

Deposition of rddxoacuve material in" any place where it may harm. perso ‘;e f
cific

- experiments or make products or equipment unsuitable g unsafe for some s

use. The presence of unwinted radioactive material fouhd on the walls of vessels
in used-fuel processing plants, or radioactive material tha has leaked into a reactor

. coolant. Often referred to only as.contamination.

A technique’ for measuring the age of an object or sample of ‘material by

determining the ratios of various radioisotopes or products of radioactive decay

it contains. For example, - the ratio of carbon-14 to- carbon-12 reveals the,
‘appro
_contain {carbon extracted from the air at the time of their origin.

te age of bones, pieces of wood, or other archaeolog:cal specimen that

R )

A radioisotope. S - S ] o

A succession of nuclides; ‘each of which transforms by radioactive disintegration

into the next until a stable nuclide-results. The first member is called the parent,

the intermediate members are called daughters and the final stable member is

called the end product

(See waste, radioactive.) ‘
The spontdneous decay or drsmtegratlon of an unstable atomic nucleus, usually
accompanied by the emission of ionizing radiation. (Often shortened Mctmty)

plants and ammals in natural commumues ] ‘ .

s

A radroacuve iSotope. An unstable isotope of an’ element that decays or.

disintegrates spontaneously,” emitting - radiation. More- than 1300 natural and
artifi cral radrorsotopes have been 1denuﬁgd

A small power generator that converts ‘the heat released durmg radroact;ye depay

directly into electricity, These generators gengrally produce only a few watts of .-

electricity and use thermoelectric or_thermionic converters. Séme also .function
as electrostatic converters to produce a small voltage Sometxmes called an atomic
battery .

“‘ . - A

+

diagnosis and treatment of disease.. e

vt

The science which deals with the use of all fon,'ns of ionizing' /drtlon in the _

A permanent. transmissible change in form, quahty or other charactemtlc of a

“cell or offspring from the characteristics of its parent due to radiatmn exposure.‘ -

(See genetlc effects of radlatlon, mutatrOn)

A relatrve resistance to cells, tissues, organs, or orgamsms to the mjunous action
_of radmtlon (Compare radrorurstanCe) . :

{Symbol Ra) A radioactive. metgll,lc element with atomic number 88. As found
in nature, the most common isotbpe has an atomic weight of 226. It occurs in

. The body of knowledge and the study of the effects of radlatlon on specres of

minute quantmes assoguted w1th _uranium in prtchblende carnotite and other_ .

rmnerals , .. _ PR

A relative auscepulnhty of cells, tlssues, organs or ofgaisms ¥°_‘ the‘ i_njmiou_

acuon of radrauon (Compare radroreaxstanoe_)
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(Symbol Rn) A radioactive element, one.o'f th‘e“h?"'iest gases known, Its atomic,
number is. 86, and its atomic werght is 222 - a daughter of radium in.the .. .
" uranium radroactrve series. ' . _ o ' . -

radon

reactor - - . ~ (See nuclear reactor.) - SR L , ) .
" recycling ' . The reuse of fissionable material, after it has been recovered by chemical processrng

. . " from spent 6r depleted reactor fuel reenriched and then refabncated into new

. . ~fuel elements . , .

.
(

reflector A layer of material m;medlately surrounding a reactor core which scatters back ’
> . - or reflects into the core many neutrons that would otherwise escape. The returned
) neutrons can then cause more fissions and improve the neutron economy of the
‘- 8 reactor. Common reflector materials are graphite, beryllium and natural uranium.

¢ . . B

regulating rod ',I":. - A reactor control rod uSed for makmg frequent ﬁne adjustment in reactrvity

relatrve biological A factor used to compare- the brologrcal effectiveness of drfferent types of i romzmg
‘ effectrveness (~RBE) radiation. It is the inverse ratio of the ‘amount ofabsorbed radiation, required

,“' i to produce a given effect; to a stindard or reference radiation required to produce
. : . N, the same effect.

rem T ‘(Acro n of roentgen equivalent man. ) “The unit of dose of any romzlng rad1atron
S CoEA which Produces the same biological effect as a unit of absorbed dose or ordinary
wie #-rays. The RBE dose (in rems) = RBE x absorbed dose (in rads).

rep ' _ . . (Acronym for roentgen equivalent physical)->An obsolete unit of absorbed dose
. ‘ of any ionizing radiation, with a magmtude of 93 ergs.per gram. It has been
superseded by the rad.

r

* reprocessing Fuel reprocessing., ,
roentgen *  (Abbreviation r) A unit of exposure to ionizing radiation. It is tha@nount of
' gamma or x-rays required to produce ions carrying 1 electrostatic unit Of electrical

charge (either positive or negative) in 1 cubic centimeter of dry air under standard
conditions. Named after Wilhelm Roentgen, German scientist who-discovered x-rays |

y in 1895. L
(See rem.)
roentgen r 7_'» T X-rays. - : , S
* safety ;rod A standby control rod used to shut down a'nuclear‘ reactor rapidly in emergencies.
scaler . T An electronic mstrument for rapid countrng of radratx‘on-rnduced pulses from .
. o . . Geiger counters oy other radiation detectors. It pgrmits rapid counting by reducing
g : by a deﬁmte scaling factor the number of pLd es entering -the counter.
scram o - The sudden shutdown of a nuclear reactor, usually by rapid insertion of the safety
— , : rods. Emergencies or deviations from normal reactor operation cause the reactor
) : operator or aut matrc control equipment to scram the reactor.
" ‘shield’ (shielding) . ‘ A body of matenal used to re<{1ce the passage of radratron _
" smog- . . - A mixture of smoke and fog. A fog made heavier and usually darker by smoke
R g . and chemical fumes N
smoke L ' = Suspensron of small particles in a gas _
_ solar energy : : Tie energy produced by ‘the fusioh reactron occumng on the sun, whrch reaches S
. o . the earth as radiant energy .This energy may be converted into heat or electticrty'
‘ ! . # .- by physical devices. " - .. _ ) _ N )
* somatic effects 6f\ - 7 Effects of radiation lumted to the exposed mdmdual as drstingurshed f{om genetlc : ‘
" radiation - "_ . ;\\\.\ "; R effects whrch also affect subsequent unexposed generations. Large radiation dom o




.. )

can be fatal. Smaller doses may make the individugl notnceabiy ill, may metely-

M _ ' " . produce temporary changes in blood-cell levels detectable 8nly in the laboratory,
- ' : * or may produce no. detectable effects whatever. :Also called physiological effects
) .~ of radiation. (Compare geneuc effects of radlatlon) _
' spent (depleted) fuel . Nuclear reactor fuel that has been wradlated (used) to the extent that it can no
- _ longer effectrvely sustain a chlin reaction. .
spill LT * - The accidental ;zée of radioactive material. ‘ oo
stable a Incap_able of spontaneoua change. Not radioactive. . oL Lo~
R ;table isotope - s "~ -An is’otopé that 'does'not undergo radioactive - decay P
- subcritical assembly A reactor‘consxstmg of a mass of fissionable material and moderator which cannot
: : sustain a chain reaction. Used primarily for educational purposes.
*  subcritical mass .- - . *An amount of fissionable material msufﬁclent in quantity or of i nmproper geometry
. to sustain a fission -chain reaction. . - e
: s'upercritic'al reactor - ' A reactor in which the power level is mcreasmg If uncq.ntrolleﬂ, a supercrmcal

reactor would .undergo an excursion.

su,;efheaun'g o ' The heating of a vapor, particularly steam, Jto a temperature much hlgher than
. : the boiling point at the existing pressure. Thxs is done in power plants to unprove
efﬁclency and to teduce condensatlon in the turbines.

(- .

survey meter "~ Any portable radiation detecuon instrument especially adapted for surveying or

: Lo inspecting an area to establish the existence and amount of radioactive material .
present . . @

sulfur oxides ~ Compounds composed of sulfur and oxygen produced by the burning of suifur ‘

and its compounds in coal, oil and gas. Harmfu] to the helath of man, plants
. : apd- animals, and may cause damage to materials. 1

thermal breeder reactor A breeder reactor in wh1ch the ﬁssnon chain reactor is sustained by thermal -
’ neutrons. -
- thermal pollution ) » Raising the temperature of a body of water such as a lake or stream to an

. : undesirable level by the addition of heat. This heat may change the ecological
: balance of-that body. of water, making it impossible for some types of life to
‘'survive, or it may favor the. sumval of other organisms, such as algae.

thermal reactor . . A reactor in which the ﬁssnon chain react:on is sustained pnmanly by thermal
T neutrons. Most, current reactors are thermal reactors. _
- thermal shield ’ : A-layer or layers of hrgh density material located within a reactor pressure vessel
' . or between the vessel and the biological shneld to reduce radiation heatmg in the
vessel and the brologlcal shield.

.

thermonuclear reaction A Jgeaction in which very hngh temperatur‘s allqw the fusnon of two hght nuclei

. ' to form the nucleus, of a heavier atom, réleasing a large amount of energy. In
a hydrogen bdmb, the high temperature to initiate the thermonuclear reaction
is produced by a prehrmnary ﬁssron reactxon .

threshold dose o The m!mmum dose of radxatron that wdl produce a detectable brologtcal effect. °

traeer, isotopic ~ - ’ An isotope of an element, a small amount of which may be mcorporated into
o Co a sample. of material (the carrier) in order to follow:(trace)-the course of that
e . eclement through a chemical, biological or physical process, and.thus, also follow
o + the larger sample. The tracer may be radioactive, in which case ol,:ervatl ions are
_ B made ‘by ‘measuring the :radioactivity. If the tracer is stable, trometers .
de . : or neutrons activation analysis may be employed- to- determine isotopic
e lpotutmm Tracers also_are called Iabels or tags, and materials are said to be
labe d or tagged when radnoactxve tracers are mcorporated in them - _
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A-rotary engme made thh a series of curved vanes on a rotating spindle. May
. be actuated by a current “of fluid such as water or steam.

A rad10130tope ;" ; : .

¢ .
; s ' .
¥

o
unstable isotope

' uranium
:,;Q - . in naturgl ores, an average atomic weight of approximately 238. The two principal

_ . £ .+ natura)’isotopes are uranium-235 (0.7 per cent of natural uranium), which is

. ) o . fissionable, and uranium-238 (99.3 per cent of natural uranium), which is fertile.

°" Natural’ uranium-also includes a minute amount of uranium-234. Uranium is the o

. o ’ bas:c raw material of nuclear energy.
uranium enrichment ) (See isotopic ennchmen}') 5 .
waste, radioactive : f v Equipment and materials from nuclear operations which are radioactive and for

- . R which: there is no further use. Wastes are generally classified as hlgh level (having
L radiodctivity concentrations of hundreds of thousands of curies per gallon or
L * cubic foot), low-level (in" the range of ‘1" microcurie per gallon or cublc foot),

: or intermediate-level (between these extremes.) .

S 4 -
©owatt - ' A unit- of power equal to one joule' per second.

whole-'pgd'y eOuater *A device used to identify and measure the radiation in ‘the body (body burden) -

) . - of human beings and animals; it uses heavy shielding to keep out background
e i - radiation and ultrasensitive scintillation detectors and electronic equipment.,

X-ray \ . A penetrating form' of electrgmagnetic radiation emitted either when the inner

characteristic x-rays) or when a metal target is bombarded with high speed
-electrons (these are btemsstrahlung) X-rays are always nonnuclear in origin.

)

N . _ Qs
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(Symbol U}A radloactlve,element with the atomic number 92 and as fourd

orbital electrons of an excit¢d atom return to their normal state (these dre
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The - reader has been confronted - with-

numerous  issues regarding the corflict between
enjoying the supposed benefits of a technological

spciety and reducing the quality of our envirgnment

to intolerable levels. Decisions to resolve the conflict

‘must be made; they will be made. If knowledgeable -
.people

C refuse to make -these’ decisions, less
knowledgeable persons will. The attitude of letting

' George do it is a gross shitking of responsibility. - .

But how does a person with a taste. of

“knowledge about the problem (such as that acquired *

thtought this minicourse) make such decisions? How
does he evaluate the available data? How does he
know when he has surveyed all the data? How does
he test for logical inconsistencies within the reports?

" The problem of. analyzing large sets of information

- intellectual t
~ environmental problems of electrical generation and -

and formulating workable solutions to problems .
. perceived is one of the most mind-boggling and

difficult endeavors of the human mind; it is also one

of the most rewarding!
: o, ’.’\ . L
A model or guide to this decision-making

process is presented in Figure 25. This model ‘s .
- presented in the form of an instructional flowchart

and suggests things to do (rectangles). and-includes

!

crucial questions (diamonds) which help pinpoint -

errors in interpretation of the data and conclusions.
The rectangles and. diamonds are logically

_ intérconnected by arrows which suggest which way to-
‘proceed. Co c :

Each of the main points .in . the 'flowchart,
requires a brief explanation. First,.one enters ‘the
process ‘with an awarenes§ - of

~“an interest in the identification of solutions to th%;e’

R

° _problems. R

: ,j,S'tay 1. Survey your knowledge of bqwé,t. sources and
" the environment. to acquire factual information and -

‘the » understanding of the basic issues involved.
Completion of the minicourse is useful here.

'Stage 2. ldentify 'questions you may have aboutcthe
issues for further refinement and analysis. 9 .

Stage - 3. “Have others raised _similar .questions?

_Answering this- question can provide access to

discussions of the issue which have alregdy been

can Ye an enlightening and rewarding experience.

Note: Diamonds represent decision in the form of
questions which lend themselves. to Yes, N6, or ?
answers. The path one - takes through the flowchart

.is ‘determined by- the answer to the question.

“Stage 4. Have solutions been posed? If Stage 3 has

been’ ansyered in the affirmative, we now begin to

- d

~ completed and tends to reduce the phenomenon of .
.. re-inventing. the. wheel. In addition, the knowledge
*_that you may be raising a relatively new question

| 'APPENi)IkIII T
_A DECISION MAKING MODEL " .

" invegtigate the merits of the solutions.

- Stage 5. Are solutions based on solid eviden‘c_c'? If

~

Stage 4 has been answered in the affirmative, we_éan
now ask if there is substantial and logical evidence
to support the solution -under question. !

Stages 6-9. A negative response in either Stage'3,-'4 ‘

or 5 directs.the decision-maker into the key branch
of the flowchart. Stage 6 directs the learner 1o survey
information related to the problenr (or solution), or
to examine specific issues which relate to the problem
under consideratjgn. Caution must be used here to
avoid . the tempfation of switching to a related
problem. Stick to the issue at hand! In stage 7, list

alternative solutions to the * problem. That is,
rmine, without excessive evaluation at this point,’

dete
if thére are other possible solutions to the problem.

- In Stage 8, start the process of evaluating the main

and" alternative solutions from Stage 7 by listing
advantages and .dli'advhntages -of each_ solution. :

‘Now tflat you havebexamined the evi‘dence' and

tabulated thé pros and cons of the problem or .

. solution, evaluate' each as to its practicability and

feasibility. Then rank solutions from best to peorest.
.(Stage 9) In ranking, one arranges the solutions from

the best to the poorest.

10

[ .

» .

Stage 10. Are there unsolved problems? Presuming

- decision-making flow

affifmative answers to Stages 3, 4 and 5, we now
are at 'the point- where we see if all important
questions have béen asked. While it is recognized that

~the " words" iniportant questions obviously involve -
. value (subjective) judgments, such Y4lue judgments in
- technological applications are . unavoidable. L

A negative answer to Stage 10 recycles the flow
back: to Stage 2, and a positive responsé sends one

to the exit of the decision-making‘program. . '
. . oo : .

Two additional Yomments. - l;egarding N 'this

'y

~ After Stage 9, the flow is cycled back o Stage . -

A

are in. ordeg, First, it

represents a series of intellectual processes-and you -

must try to understand it. LI .

Second, the flowchart is only a. first

approximation (onlysrepresentative) of” the complex

. mental process involved in human problem-solving.

C It is hoped - that it will be most valuable whiep -

“‘considered in .its present.form  which is neither

. exceedingly simple nor

excessively :complicated.

¢ .
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IR APPENDIXIV " B

L4 : B

LICENSING OF NUC,LEAR POWER PLANTS

A constructlon penmﬁ is granted of

The ﬁillowrng s a - brief outlme of the 7.
' . demed and publrc notice is given of the

procedures which must be followéd by a utility in

order to construct and operate a- nuclear power plant. actron ./ .
Before formally filing an applmtron for . 8 If a constructron 1s;€/ granted
* construction and operatron of a nuclear reactor, the - - . construction. of the plant - fay begm .~
company must select.a site for the planned facility * - under constant inspection of, the NRC
+ according to the criteria specified by the U.S. Nuclear a Dmsron of  Compliance. « s - l
k) _Regulatory Commissior. Then  two- specific permits o ' .
;. . must be obtained By the utilrty company: a - 9.. As construction progresses the company
) ‘conatructron permit and an operatmg lrcense . . = applies to the NRC for an oper’atmg .
e e 4 e lrcense _ R :
T Steps in Obtalnlng a Constructlon Permit. . .0 ' ' L C
L B* Steps in Obtanmng an Operatmg‘Lloense o
B B The utilrty compaoéc must submit- SN .
U : formal. pplication t irectorate . of i L ' construction of the reactor proceeds, ;
. 4 Llcenslng of the U.S. Nucle “Regﬁlatory- ‘e g C. inspections , assure that “the
S ' “Commission." ' Thg ' apphcamni _must ‘reqmremetlts of the‘;'ﬁonstmctron permrt i
T j-'gcontam detarled rnformatron tqncermng are met; A+ , R

. '-' ’,' 4 .
“owia. Desrgn and; locatron - of the o2

b d ,When “final* desrgn is completed, ;the
L *: propose plant S

applicant submits a final safety analysis
report. in support of an ‘application for”

PR »b us Safeguards to be provrded. . ‘ “&n operating licen . The safgty amalysis
. e feport ‘Fhust mchtﬁ“' -
BRI Comprehehswe data on  the ' £

S . pr%osed srte and 1ts>?mnronment a. .vﬁa’ns for operatron

A review! of the apphcatron made by . b.-
the . NRC: Directorate of chensmg An ¢ i
O analysrs of the, apphcatron is prepared.

coping  with

i : -~
Prooedures\lo{
emergency Ssituations.
c.  Final details on reactor design such

3. Copies of ' the .applrcatmn are - made a8 containment, core design apd

available to the public. and to the NRC _ waste handlmg systems. »
Advisory Commrttee . Reactor . >
Safeguards. This comrmttee revrews the - 3. The Drrectorate of Lreensmg prepares, v

. application and holds conferences with

_the applicant and thea,Drrectorate of
- Lic¢nsing " staff. ) )

A publrc heanng is held usually near the

" proposed site, by an\,NRC-appomted

- public hearing and “the findings
- Directorate . of  Licensing .and Advisogy
‘Committee on Reactor Safeguards and ~
‘the 'decision 1? madé for or against

Atomic Safety and Licensing Board.
Testrmony may be given by private
citizens, state' and local officials and..
commumty groups

The Atomic Safety ‘and chensrng Board-"
reviews the testimony presented at the

tmg a- cons rucnon perrmt

“The decision of the Atormc Safety.and ’
Licensing .Board is subject to review, by

the five-member

Nuclear., Regulatory
Commrssron ce ‘

fthe‘,

&

©235

€

4.

detailed evaluation of the igformation

# submitted and presents this evaluation to

the Advisory _Committeq. on- Reactor -

- 'Safeguards. _
‘ The Advisory Committée on Reactor’

Safeguards prepares. an mdependent
evaluation and reports its opinion to the

Commission. This is made publrc LS
The NRC may then: g

a. Publish a,30-day public notice of
the ' proposed issuance of a
.provisional»’ operating license

b Schedule Oav publrc heanng on the

applrcatxon.

c. : 'S.Normally a heanng will it be held
. at this stage unless:

L' There'is a difficult safety

. problem of public importance.




4 .
ii. . Substantial public interest -
warrants a ’hearing

d: If a public hearmg is held; the : :
- decision of the licensing board is v 7.
subject’ to Commission review. ' °

'Any operating license may be prowsxonal :
for an initial period of operation, at the
end of which time a review is made to

determine conditions for a full term S 8.

license of not more than 40, years.

a.  The license sets forth the particular
conditions which are to be met in
order to assure protection of the
health and safety of the .public.
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All

Reactor operators - * must be

individually - hcensed by the

Commxssxon

licensed reactors are inspected.

periodically by members of the NRC
Division \of Compliance to assure that
they are operated in accqrdance with the

-,-terms of theu hcenses

5. .

An Envu'onmental Report must be
submitted as part of the a plications for

.both the Construction Pérmit and the

Operating License.
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