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"’Nuclear Power: The Fifti"Horseman,”” by Denis Hayes, is the sixth
in a series of papers published by Worldwatch Institute in an at-
tempt to identity and analyze emerging global trends and problems.
Previous papers in the series are listec? inside the back cover. '

.- This paper evaluates the future of nuclear power, subjecting it. to
' severa? tests—those of economics, safety, adequacy of fuel supplies,
environmental impact, and both national and international security. -
“If the world is to “’go nuclear,” adopting nuclear power as the prin-
cipal source of energy, each of these crit7ia should be satisfied. In

fact, none may be satisfied.

Nuclear ' power. is being re-examined in many quarters.- Local com-
munities throughout the world are concerned over’ reactor safel?('.
Environmentalists and others ‘are deeply concerned about-the lack,
. or even -thelprospect, of satisfactory techniques for disposing . of
radioactive waste. Foreign policy analysts éxpress grave concern over,
the weapons-proliferation implications of the spread of nuclear pow-
er, recognizing that sooner or later an unstable political leader or ter-
rorist group will acquire this awesome weaponry. And, perhaps most
damning of all, in 1975 ‘the corporate executives who head electrical
utilities 'in the United- States -cancelled or deferred 25 times as many
- new reactors as they ofdered. A leading nuclear executive recently
described his industry as beig sick. The prognosis may be even more
serious. : o ' C -
Much of this paper will appear in a forthcoming book, Rays of Hope:
The Transition to a Post-Petroleum World by/ Denis Hayes (W. W.
Norton, 1977); that'examines energy options. ~, . '

o .
Lester R. Brown .
"President, Worldwatch Institute
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. Tguments against nuclear’ power are rooted in a simple
. -paradox. Commercial nuclear power is viable only under
social conditions of absolute stability and predictability. -
. Yet the mere existence of fissile materials undermines
the segurity that-quclear technology requires. .,
'u ‘ . °

A tommitment to nuclear fissiort is uncompromising and unending.
ower source cannot brook natural disasters or serious mechan-
res, human mistakes or willful malevolence, It demands an
ted vigilance ofsour social institutions and demands it for
.Million years. At the same time, the, use bf commercial nu-
clear| poyer\dramatically ifcreases the fragility of human civilization. -
Acceptance |of =nuclear technology -amounts, to- acceptance of the
inevitablesspread of nuclear weapons from nation to nation, and the -~ -
near-certa that:some nuclear Eomb,s will end up in terrorist hands.

The debate s not.whether nuclear power will lead to nuclear weap-
ons; that is peyond question. Whay is unknown is who: will control- .
these bombs,| how they will be used, and what their uge will portend

for even th‘g ftatjons. - : n .

qost stable ins

Thefweafo‘ns _proliferation) qyestion ranks above :all others. But a
swarm o i‘uxi;l]l_ary. probleges; many- of .which have received more
scrutiny in some countries than in others, deserves attention. If the
.world is indeed to “go nuclear,” all will be legitimaté matters of inter- -
national concern. The entire.case against commercial niiclear power
deserves broad public scrutiny beforé we’become irreversibly commit:
ted to.a nuclear future. - - R

In the mid-fifties, the United-States, the Soviet Uniof, Britain,-and "+’
France all began operating™uclear. reactors -to generate electricity.

The Federal ‘Republic of Germany began reactor operations in
1960, Canada and,ltaly joinedr the club in 1962; andJapan and .
Sweden followexlin 1963. In the late fifties or early sixties, the Peo-
ple’s Republic ofChina began limited weipons-related reactor opera-
tions, exploding:its first nuc?ear bomb in1964.} .. ’ e

- . : . * b
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By 1970, ‘the list of commercial nuclear hations had lengthened to.*
‘include Switzerland, the German Demogratic Repﬂblic, the Nether- .
lands, Spain, Belgium, and India. Since then, Pikistan, Taiwan, .
Czechoslovakia, - Argentina, and Bulgaria have * become nuclearr
powers, bringing the total to twenty-one. Nuclear power now ac-'
8 counts for 17 percent of all electricity used in Switzerland, 15 percent ~
in Belgium, .10 percent in Britain, 9.6 percent in Taiwan, and about 8 , :

percent’in the United States. . YRL
At the end of 1975, commercial reactors totaled 158 worldwide with
* & combined capacity of 66,995 megawatts of electricity~up tenfold
~-in 10-years. Planned additions would quickly multiply that capacity
~ another eightfold to’ 526,822 megawatts, ‘derived from 660 reactors.
Commereial nuclear-power plants are currently under construction in
" Austria, Brazil, Finlgnd, outh Korea, and Yugoslavia. Australia, .}
Denmark, Egypt, Hungdry, Iran, Israel; Mexico, the Philippines, !
‘- Poland, Romania, South Africa, and Thailand are actively courting
the idea of gping nuclear. By the end of. the century, 40 or more* -
“countries could have a combined generating capacity of more‘than .

~. .two million megawatts.z ) .

Global nuclear development was initially spurred by the belief that &

. fission’ would provide a cheap, cléan, safe source ok power for rich

- and - poor ali However, ;he dream of -%electricity too cheap to
meter” has. folAdered under a heavy burden of technical, economic, )
and moral problems—some of ,which appear to be inherently unsolv-,

-~able.. A growing body of "analysis suggests that the total costs of )

nuclear power far outwedgh the total benefits.

In much'of the western world, the futuse .of “’the E'eaceful atom”” has
* ~grownt cloudy. I the spring of 1973, the Swedish Parliament called
‘a halt to nuclear ‘power development while the government initiated
a public education program, around -the motto “learn more and you

-t will inflyence more.” Publi¢ ‘opinion polls over the next two years
showed a steady erosion of support for nuclear power, and, by the:
time of .the final governmental decision on May 29, 1975, a majority .
of Swedes opposed 'the construction of more feactors. A" patliamen-
tary coalition voted to limit fyture nuclear construction to two re-" ..
actors beyond those already planned at the tie of the moratorium:?

Annual.United States reactor orders, which réacl{éd ’a" peak of 36 in
. 1973,-declined to ;7 in 1974, and plummeted to 4 in 1975. Caricélla-
b - , B L : :
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tions and deferrals outpaced new reactor-orders ‘in the U.S. by more . »
thag 25 to one in 1975. Even as numerous states Hebate nucleir mora- -
torid and other restraints, a de facto national moratorium appears to
;,bedﬁévgloping.‘ ST R o
Nuclear. development in Japan has been snagged by a séries pf law-v 4
suits 4nd by widespread protest. rallies: Tﬁg overnment, worried 9
about the, nation’s heavy reliance on foreign oiFand coal, desires-to
implement .a program of rapid 'nuclear ‘development. Buf nuclear
oppositiorr in i’apan traces back to,.Hiroshima  and- Nagasaki, and to
years of street demonstrations. protesting the arrival of U.S. nuclear-
powergd fiaval vessels: Japan’s first nuclear-driven ship, the Miitsu,
developed a widely-publicized |radiation ,leak during a trial run in
September of 1974. The ‘vessel was forced to remairi+at sea for-seven’. . -
_ wbeks before its home port wouldgellow it to be towed in. Fot more, -
. than a year;'no ship-building cofimunity ‘was. willing o undertake
~ the needed repairs. An offer 'ﬁy the post city of Sasebo in early 1976 ..
~ provoked - protests by the Harbor Workers. Union, the Sasgbo City
‘Employees Wnion, the Fisheries Federation, and 11 other organiza-
-tidns. The Struggle Commitfee Against the Mutsu has recently an-
notinced plafis for a sea:blockade to prevent the ship from entering :
the port. ’ : St ' D

‘“In<early 1975, twehty thousand people from’the Baden-Wﬁfttembers'
.area of West Germany staged a prolonged sit-in protesting a proposed.

& 2700-megawatt complex in,Wyhl. More »than 8000 Swigs ‘cilizens

participated in a similar” sit-in protesting a planned 932.megawatt
reactor near Basel. . vt -

" In May of 1975, a convocation of nuclear ‘opponents was held in -
- *Canberra, , the Australian capital. The critics (who all ‘arrived on
- bicycles) . pitched . a tent city, sang proteést songs, created a. Street
theater, and boiled-a symbolic pot of*tea on a solar cooker jn front of
Hifar, the country’s enly nuclear.reactor. A-coalition of trade uhions,
environmental groups, and peace?r anizations subsequently ‘asked
‘the Australian government to establish nuclear-free zones in the -
" South Pacific, the Indian Ocean, and Antarctica. . ot o
“The Canadian~ government. continues to laud the virtues of its **
CANDU reactor, but the Canadian Coalition for Nu¢lear Responsi-
bility has begun mobilizing ;public opposition. Partly because’ India
constructed a nutlear efprosive out of material from a 'Canadian-

~ .
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#supplied reactor, Canada’s anti-nuclear forces have grown rapidly -
, llring the past two years. C L

tly .in 1975, more: than 400 French scientists signed a manifesto

. protesting the 50 puclear power plants France then planned to build. |
10 In th)é,Spring. of the same year, L'Express, a: wag(Ely_ French news
. _.Mmagazine, drew '2.5,000 responses -to a printed questionnaire on nuc-
" lear power. Eighty percent of those respondihg felt that terrorists
would have litﬁe trouble obtaining bomb-grade materials; 72 percent

v.. feared for the environmeMt; and only 25_percent felt that current
' securitx' Precautions were suff cient, That fall French President Vilery
Giscard-d’Estaing announced that the French domestic reactor pro-

- gramswould be reduced, while new emphasis would be placed on
exporting nucléar technology. ' S ' -

"> This French shift has beem mirrored in the other nuclear nations. As -
' nuclear interest has ebbed in the developed world, vreac‘br vendors
- have turned to less industrialized countries. For ‘most poor nations,
. _a tapital-intensive, highly| ‘centralizéd, and technically complicated
+ - source of electricity is a i jnaj i
nuclear vendors, and their ]
tee. attractive financing, are\got primfiarily concerned with optimiz-
ing ‘the use of the world’s capital. They seek, rather, Yo recoup their -
own multi-billion dollar research inveStments and to itnprove their
- balance:of-trade positions. Hence fierce competition has evolved for
- the nuclear matket providéd by the developing nations. The long-
term conseduences ofpthis sales race may be catastrophic4 . - .

* Early nuclear critics tended to' beé gadflies, pointing, out‘fiaws,in'v/
.reactor designs and calling for immediaté remedies. With the passage"
" ofryears; many of. these reformers became outright opponents, con-
c vinced ‘that the problems with nuclear technology were so-intractable
*that commercial fission should be bypassed as a major epergy source.
In early 1976, three high-Jevel. officials resigneds from the U.S. Gen-'
eral Electric Company in order to work full-time on behalf of the
Nuclear -Safeguards Initiative, in California. Anti-nuclear sentiment
is now coalescing into an ier:\\ternational movement with 2 rapidly .
. growing base of political support. - ™ : o '
3 \ BN : } . ,
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olear Fuel Cycle o
Although the nuclear .reactor has’ beerl the -focus of most of the
nuclear controversy to. date, it is but one component in the nuclear
fuel cycle.® Fuel is mined, milled, enri¢hed, fabricated into fuel ele- 11 .
ments, used in a reactor, and reprocessed to recover valudble mate-

rials, Then ‘the radioactive wastes must be.contained—some of them

for hundreds,of thosands of y:'ai's_. Rls/ks surround every step. Lok
RS o S A . [
‘Uraniumminers are ex‘po'sed to radiation, . articularly in accumula-
tions of radon gas. This has led to hundreds of serious health prob-
lems, and such problems will ihcrease substantially \as the yolume of
mined u‘ranium grows, and asymore jnaccessible deposits gre, worked.s

'Thegf\illing rocess (which isolates t e four poundg orless of uranium
oxide*in eac ‘t:\;‘?)fore) produces iresidues called tailings' that con-

taiin radium. In thé past, these radioactive tailings have contami-.
nated’ drinking er and have bepn used to construct buildings. In
Grand_ Junction, Colorado, homesjand schools were built of tailings,. '
and were inhabied for years befoge their radiation levels were récog-
“nized as dangerous? * ., .
et of problems. The.most common
reactors—light water reactors—reguire ‘‘enriched’’ uranium, fuel that
is 3 to 4 percerit U-235, Yet the few pounds of uranium in each to
of oré contain only 0.7 perceny fissionable U-235. Further, this iso-
tope is chemically identical ta/the far more common form, U-238,
and cannot be separated by [simple chemicil reactions. Elaborate
physical enricfiment - processes that can distinguish between atoms
on the basis of weight are needed to separate U-238 atoms, which
constitute 99.3 percént of all natural -uranium, from the infinitesimal-

Fuel enrichment poses another s

ly lighter U-235 atoms.® . .

, ] . .
v .

For the past two decades the United States has dominated _the_wo'[l,d"
‘market for enriched yranium, with production from three large gas-
eous diffusion plants”at Oak Ridge, Tennessee; Paducah, Kenti.lc%('y,
and Portsmoutﬁ,,\Ohio‘. But now numerous other ¢éountries are’
experimenting with several new enrichment technologies. Four gen-
eral enrichment processes are in differing stages o? development:
gaseous diffysion, centrifugé, nozzle, and laser. “ ‘

a
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slow, energy-intehsive, . an

. ing water yet devised, are the center o

[} »,

‘Gaseous diffusion’is the process: with -which_the nuclear, industry hias _
d the most extensive experience: - Thotigh - this progess has a_ .

long,, successful*history, beginning with" weapons production, ‘it is
extremely expensive. The two othért
mechanical enrichment procgsses; centrifuge and nozzle enrichment,

- offer .the advantages, respectively, of much reduced energy Treguire-

ments and greater simplicity of design. The jmportant breakthrough
in enrichment"prgcesse's, bowever,‘ lies in the comparatively few,

_still developing, - laser enrichmeént ‘process. Its promise of, low tost,

low energy requirements and compactness could make even weapons-
grade materia avgilaiile to, almost any ‘government or .technically
competent organization:* - . - - e

-~
3

o . o ] ) ‘ L . ! - . , )
Once uranium has_been sufficiently enriched by one of these. four

_ processes, it is sent to a fabrication' plant. There it is shaped into
* small ceramic pellets tha are-sealed in metallic fuel rods. When uran-.

ium isenriched only 3 or 4 percent, diversion of this fissile, material -
from' ehrichment facilities or fabrication plants’ presents little prob- .
lem: However, High Temperature Gas-cooled Rea®tors .(HTGR's)

.are fueled by more highly-enriched, dangerous, bomh:grade materials.

Even in the much more cammon light water- reactors, small numbérs

" of -fuel Tods containing bomb-grade uranium are sometimes used in
. combination with a much farger number o

2 mucl _ f rods with unenriched fuel
to provide an overall fuel enrichment ofabqat 3 percent.1o . o
e » o . o : P - ! .

’ . o * “ . . l"_\‘ L '_. g
Nuclear reactors, the mpst comphcate%and expensive means of ‘boil-

uel cycle. Stéam from the'reactor_‘-heated water; is-used to turn gener-

ators' and to produce electrical pow::}pluclear wer plants differ:
o

from oil and col-fired power plants onl¥’in that they heat water with
‘energy obtained”’By splitting atoms *
. burning fossil fuel.)u- s

. T rd .
N -
B

A reactor designed to.-;\)rdduce rhore plu,tohiun{-239"(or; other fissile
fuel) through neutron capture ‘than it consume¢ through- splitting *is-

called a “breeder.” Che that consumes*more fissile fuel than it-pro-

T
PLE [

Sev‘eh’ty percent of all ‘planned »bltglner redctors around the world ‘are . - -

light water reactors {LWR's), Currently LWR’s comprise 55 of the 56 °

Iy

- operating cominercial reactors. in the U.S. and 59 of the 67 thousand .

the'neéxt stage in the nuclear

fissile fuel rather than by |

P

. duces is often called a “burher.”12 . : ' Ce
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‘megawatis of commercial nuclear capacity in the world. The water:

that circulates thrqugh the core of an LWR serves-two functions:

‘moderating and cooling. First, it moderates the free neutrons, slow-

ing them down to energy levels that permit them to split other fission-

-able atoms easily, thus sustaining: the chain reaction. Second, it trans-

fers ‘heat, away from the core to where it is harnessed to-generate

4
- A

Should’. this moderating water escape, a *LOCA” (loss of coolant-
accidént)=the worst reactor accident most experts consider credible—

might occur.With-a loss of the moderating water, the nuclear reac-

tion would -automatically stop.” However, the residual radioactive
.wastes in the core would continue -to. decay, and would, quickly
‘reach temperatures sufficient_ to melt the core. The melting core

" could destroy the reactor’s containment’vessel in any number of

. manu
* also developed HWR's. The British government decided in 1975, after
seven years of successful operation of a 100-megawatt prototype, to .

- ways, and the’spreading radioactivify would render the surrounding
- countryside a wasteland.14 E o

“Heavy water-reactors (HWR’s), like other burner reactors; consume

more fuél than they produce. HWR's are moderated by heavy water
and cooled by heavy water, ordinary water, or gas.**

Unlike LWR'-s, which require en?iéhéd urahium, HWR'S‘::an‘opera'te .

on .natural uranium. In practice, however, many such reactors use'at
least slightly enriched uranium, which allows more design leeway.
Perhaps the best-known heavy water reactors are the CANDU models

fasctured in Canada, though West Germany and Sweden "have

invest in a commercial -heavy water reactor it calls the “’steamer.””

graphite that, like heavy witer, absorbs fewer neutrons than ordinary
water, Hence these reactods too can.be fueled with unenriched
uranium. Gas-cooled reactors are also able to operate at much higher
temperatures “than water-cooled reactors, and, conseduently, can
convert heat into electricity more efficiently. England and France pion-

" eered GCR’s prior .to building uranium enrichment facilities, and

England is now constructing five advanced gas-cooled reactors with
a total capacity of 6000 megawatts. '

13

" Gas céoled réactors (GCR’s) are cooled ‘by' .gas' and moderated by
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- The "doubliig time”’—the amount of time needed for a reactor to
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The Teading breeder.reactor candjdate is the liquid metal fast breeder
reactor (LMFBR), but.work is also being done on gas-cooled breed- " -
ers, light water breeders, and molten salt breeders. LMFBR’s are
cooled by liquid sodium. Since these reactors operate .at a-higher
temperature than light water reactors, they can obtain higher therm-

-al efficiencies. A French prototype operates at 43 percen} efficiency,
~as_opposed to the 33 percent efficiency of LWR’s. No commercial

LMFBR'’s are operating at present, but experimental and pilot units
(with such- interesting names, as Rhapsodie Fortissimo, Phenix, and
SNEAK) have been iuilt b)l\ several countries, .including England, -
France, the‘Soviet Union, and Germany. ’ Lo

The l’h'enix~ 250*megawatt prototype. reactor near Marcoule in
southern -France, the most successfulpLMFBR to date, has produced
full power 50 percent of the time. Its viability has .encouraged the

~ French to attempt a 1200-megawatt “"Superphenix,” which is sched-
‘uled to’ begin operation’ in the early 1980s. A" somewhat more
-advanced reactor than the Phenix, the British 250-megawatt Proto-

pé Fast Reactor at-Dounreay, Scotland, will reach full power pro-
uction in the spring of 1976. It succeeds the fongest-running fast

. breeder in the world, a I:Z‘megawatt fast reactor called the Dounreay

Fast Reactor that has been/in operation sihce 1959. In the early 1990s
it will be superseded by ‘a}&l 00-megawatt plant.1er . . ,

“Though .reports of a ,mraj'bn 1973 reactor explosion appear to have

been exaggerations inspired by the flaring of a.large amoeunt of
hydrogen gas, the Soviet Union’s 350-megawatt breeder at the new
city o? Shevchenko on the Caspian Sea has been plagued with dif-
ficulties, mostly centering around pipe leaks. The Soviets are also

_constructing a 600-megawatt demonstration plar}t atBeloyarsk.

' The United States trails turope in prototype breedérﬂ’vdevelopment,

despite an early. U.S. lead in breeder technology. With comparatively
lafge uranium reserves and three enrichment facilities, the U.S. has
felt less pressure. td rush the breeder than some other countries, and
has concentrated -its efforts on component testing. Nevertheless,.work
is now underway on a 350-megawatt prototype LMFBR on the Clinch
River in Tennessee. : -

. .
Al

accumulate twice as much fissile fuel as its initial invenitory con-
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tained—is a critically important aspect of breeder d_evel(\»\\'pme_nt. Doub-

ling times now vary from 50 years-for the Phenix to around 30 years -
at Dounreay,” while commercial breeder manufacmtei‘-';&llai/ei'a‘lz— \

year doubling time @ their goal.. The .rore rapid. $he doubling

time, the larger. the 4mount-of useless U-238 the breederw

_ vill convert
into valuable: plutonium-239 during a given -operating ‘period." Be-
cause the breeder ®nverts a large amount of otherwisé.valueless &
material into fuel, it in effect increases the,size of the urjnium re- -
source base:’ mdre énergy is obtained per unit.of fuel mifed, and =
lower grades”of fuel can %’i economically mined. If nuclear figsion is
viéwed8 simply as.a” stopgap or supplementary power sourle, oun
-meager known résource base of fissile fuels may be adequate -and the !,
Jbreeder may be justifiably. characterized as an expensive exttavagance.* '

If, bn the ‘other hand, nuclear fissioR were to become a long-term,: "~ "

v

significant energy option, breeder reactors—with all their ‘attendant . °
problems=would have to play a crucially importantrole. ~ =, . | "+ .

All of these reactor types share the same purpose: to harness the heat .
from nuclear fission to generate electricity. However, each has pecu-’
“liar advantages and disagvantages. Thus, a country ‘intent upon pur-
suing a nuclear future can reasonably choose from among different
.reactor types, according to its perceived needs. It also chooses. from

among different risks.

Accidents gapable of rupturing a reactor’s containment. structures ‘are

' probably the prima _d‘;ngers'associated- ith ‘nuclear power plants.

- Reactors are being rJ’esi ned Yo meet incpéasingly rigorous specifica::
tions and to’include redundant safety systems, ¥>ut the chance of a
meltdown or other serious accident cannot be entirely ‘eliminated::
‘These less than foolproof machines will be constructed and operated

§{by fallible beings too (15 percent of all abnormal nuclear occurrences
-in the U.S. are due to operator error): Moreover, nuclear powen plants
offer tempting targets-to saboteurs. - :

-After aPout three years, fission products build up in _reactors to the
. point where’ they “‘poison” the fuel rods, absorbing neutrons and -
making the.chain reaction difficult to sustain: The fuel from- both
"burner and breeder reactors is then removed and .stored under 50 feet
of water at the reactor sité until some of the most intense radioactiviy
dissipates. Then it is sent on to reprocessing plants where. valuable
materials like plutonium and unspent uranium are separated’ from
sadioactive wastes. o

O
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thepast been major sources of radioac-
;facﬁfies are ‘dwarfed by the reproces-
sing plants now being planned. Al the krypton-85 and tritium con-
.tained, in used fuel rods i3 routinely released into the ‘environment,
*as are small amounts of strontium-90 and radioaetive iodine. 'Unless -
-16‘5ucce’ssfully. controlled, the quantities of these materials released -
could eventually constitute|a-significant dangeér. Reprocessing plants
also represent -another attractive ,sou?"c\e of.jissile materials for, ter-
-rorist bombs, "and they pravide tﬁg primary sources of potential
weapons materials for non-njuclear nations as well. - ' .
Since fuel re'processing‘ inyolves /the ‘separation ,of chemically dif-
ferent elements, the techndlogy invdlvgdp- is-much simpler than that
for. uranium enrichment. Alll the¢ information needed to construct a
‘reprocessing, facility is a matter ¢f public-record. This is not to imply - -
that building such a facility\would be easy—only that any determined
" country, or even a large, technjcally competent, well-to-do organiza-
"+, tion would not find the .task impossible. India built the reprocessing
"* facility that isolated the materials for her bomb without outside help.

Reprocessing plants have i
tive emissions, and existi

Reprocessing facilities ree}‘cﬂ mmercial viability only when they are
large enough to accommodate/ more than a dozen large reactors. Since™ .
few developing countries{will have that level of electrical demand for , -
quise«seme time, some nucldar strategists have suggested that. all re- ©
" processing be done”in cdunfries that already have nuclear weapons;
or that reprocessing be handled in regional centers under internation-
al safeguards. Neither of /these suggestions has thus far proven
attractive to  most non-nuclear weapons ‘states, and. France and
. Germany have recently sold reprocessing equipment to South Korea
.+ . and Brazil, respectively (though Korea, under great pressure from the
United States, subsequently withdrew from the contract). :

While many. countries—including Argentina, Iran, Pakistan, .and
- South,- Africa—desire reprocessing) facilities, some countries that al-
ready have them appear to be having second thoughts. The United
States has three commecial reprocessing plants, none, of them ‘work-
ing. A facility in, West/ Valley, New York, has been shut down for
* ~years due to excessive/radioactive emissions. A $64 millior General:
Dl lectric plant at’Modrris, Illindis, hag never operated; modifications
to sender it operable would at least dotble its cost, and.indications are
that G.E. will aban 6;\ its investment, A new facility at Barnwell, -




South Carolina, Has suffered repeated c}'\all/ex
seeking to bar its opening. S

es _flfom ‘activi_st.grqup} o

@ . -

Another factor: that hag given pause to nudlear nations is the severe
occupational threa} to health In teprocessing facilities. At 'the facility - :
i West Valley,New York; 39 wotkery inhaled plutoniim -and 17
other fission‘prodpcts in 14 separateificider ts—in which:doses ranged
up-to 40 times the maximum pérmiséible ling burden. At the Wind-

scale facilit)g"ntﬂiﬂ;ain; 33 erk/e'rs suffered futhenium poisoning.!”

Finally, the' economics of : fuel rep/rocéssi g must be taken into ac--
-count. For ipstance, the U.S. Npclear Rlegulatory Commission has

not yet decided whether it will allow plytonium to be recycled as a
reactor fiiel—a decision that will have enprmous implications for the

Y g . h

financial aspects of reprocegsing operationg.'* - . . ‘ e
Navieee [EPOENE o . :
‘A" major expansion of the Windscale reprpcessing facility on the Cum-' -
. brian ‘coast raises.yet another- question{-that of nuclear waste.” The
British- facility, which -produces five cfibic meters of. liquid waste
for every ton of fuel reprocessed,,expects to reprocess more than
70,000 tons. of nuclear fuel before the end of the century. One-third . -
of this fuel will be ‘earmarked. for fpreign -customers. Prominent ,
among.present British customers are th¢ Japanese, who will not have:
their; own full-scale reprocessing facilitfes in operation. before 1985. =
A’ front-page headline’ article in Lon@ n’s ‘O¢tober 21, 1975, Daily
Mirror, "Plan to Mal® -Britain World Nuclear Dustbin,” ignited

a debate in .England over acceptance of other nation’s nuclear waste. :
British Energy Secretary Wedgwood Benn congratulated the Mirror
“’for sparking a pablic debate on Britaih’s nucléar dustbin problems.”
Benn noted ‘that ’this ‘debate is long operdue in this country. I have
been waiting for it, welcome it, and wanf'it.” . . :

No country has yet devised an adequ 1tg_‘_soluti6n to the problem of
long-lived - radioactive wastes:}¥ A vatiety of repositories—including
orbitingssatellites, .arctic'ice caps, anfl deep silt mines—have been g
“suggested. For the time being, wastes pre keépt in surface repositories
from  whence - they occasionally leak, fo the consternation of people
“living .in "adjacent areas. The storage qf radioactive wastes from U.S.
military operations has proven' particpilarly troublesome. More. than
400,000 gallons have leaiéd from the| U.S. waste repository at Han-
“ford, Washington, although this waste was stored in tanks expected .

Y . L . B -




-

3 :‘6 ',l'nsf-.hundr"eds of years. S'rﬁéner leaks he;ve occurred 'at the Sa-
vannah River facility in Gefrgia. !/ .
. S y . :

is "also pproving flawed. Salt storage would involve burying 10-foot

", canisters as they sank. The U.S. Energy Research and Development

" lion cubic feet—enough to cover a 4-lane cdast-to-coast highway .one -

"granite, while Italy favors disposal in clay.

- Administratioh estimates that' the AmeYican nuclear industry could

roduce up to 80,000 such. canisters over the next 25 years., Salt

" ‘bed storage is curréntly beipg~investigated by West Germany and by

Canada: Sweden -and"Caflada are experimenting: with disposal. in

»
:

Even low-level nuclear. waste is’proving
low level wastes ‘are dilute, but they can accumulate at: various

stages of the food chain’until they eventually reach'si?nificant'prp-- v
wastes can.

portions. Like other -radioactive substances, ‘low-leve

“The United States government was forced to abandon its plan to
_create’ a hiFh-level nuclear waste dump ner Lyons, Kansas, after:
" the local salt mine proved to have copious leaks. The proposed altern--
* ative dumping site, salt mines in the Carlsbad region of New Mexico,

- steel canisters of waste in salt beds at least 1500 feet below the:

“earth’s sugface,' The salt would melt under heat generated by radio- .
.active decay inside‘the canisters, and would then seal itself over the -

troublesome. By defini_t.ion,' S

threaten ‘expobed individuals and their descendants by causing genetic*

damage in reproductive organs. The volume of' low-level waste sched-*
- uled to be ‘produced in the U.S. alone by.the year 2000. will, accord--

ing to the U.S. Environmental Protection Agency, be about one bil- -

foot deep.® L o

R . . ) oL Y R
Burial grounds for low-level waste have been selected without first

making hydro“logical and geological studies. Moreover, according to -

a disturbing study by the U.S. General ‘Accounting Office, “'there is

little or no information ‘available on the chemical or physical nature

. of, the wastes.”” In eatly 1976, the U.S.: Environmental Protection .:

" Agency found plutgnium percolating through the ‘soil at the -low-
*level waste burial grounds at Maxey FF o

ats, Kentucky.?* -~ - .

Prior to 1967, this dumping was unsupervised. Between :the mid-
1940s and the mid-1950s, the United States dumped radioactive
rubbish’ into both the. Atlantic and the Pacific oceans. Britain has
oo 18 o

‘Much low-level radioactive waste is currently cast into the ocean.



ased the Atlantic as |ts dumping ground. Controls have been grad-
ually strengthened since the mid-1960s, but the problem. persists.

In 1975, the Nuclear Energy Agenty. s{lpervised the dumping of 4500
* tons .of\ low-levely nuclear waste in the * Atlantic’ dumping ground,.
1300 kilometers due west of France. These drum-packaged wastes 19
joined 34,740 tons’ of nuclear waste previously dumped at this loca-
tion.. Preliminary ‘data gathered'by radiochemist Vadghn Bowen, of -
the Woods Hole Qceanographic Institute, suggest that plutonium‘has -
become “‘widely- distributed in the oceans as a result of man’s activ- -
‘ities, and may, in fact, be entering the food chain."22 3)\‘ o
. ) , ) ) . N N } . ‘ ‘\g . .
Nuclear power, plants themselyes eventually become\i_ \form of low-
_leve] waste. Subject to intense neutron bombardmenty the materials -
in a nuclear facility become radioactive during the structure’s. lifé-
time. When the facility has outlived.its usefulness, _thET:Secuthy_vof its
radioactive -components ‘must. be guaranteed. Among: the options .
' under $erious consideration are sealing and patrolling the entire site,
demolishing the superstructure while leaving “the foupdations and
underground ‘structures to be guarded, or totally’ demolishing and .
‘burying the facility in order to restore the area to a usable condition.
.At Port Hope in Ontario, Canada, a uranium mill Was'de‘m’olished by,
Eldorado Nuclear, Ltd., in 1958. Much' of the contaminated rubble
was “’scrounged” by workers 4nd ‘other area residents, Who used it
to build at least 70 homes and one schpol.?? Lo

‘In addigion to the perils inherent in-the physically discreteistages of = -
“the nuclear fuel’cycle, prolems surround the transport.of pofentially
‘dangerous materials from. stige to stage. Today such transpyr '
i$- frequently global in Scope—witness the British agreement}to re-
.+ .process. 4000 metric Yons, of Japanese fuel. In 1974, in the US.
- alone, there were 1532 shipments involving about 50,000 pounds of
- enriched uranium; and 372 shipments totaling about 1600 pounds of.
plutonium. The record of transportation foul-ups is legendary, 'and”
the future danger from either accidental or willful mishaps is com-
_mensurate. Moreover, there has been an unpardonable sloppiness:in
the security accorded even plutonium and higﬁly enriched uranium.?, .

WA

» In the general transport -of non-nuclear goods, a-loss rate of ‘aboui.‘ <
1 percent is common., A 1 percent loss of bomb-grade materials could’.
Wt ‘ : o ) Y iy
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jeopardize world “stability; 1- percent of the cumulative expected -
plutonium flow through the year 202Q would be énough for 400,000
'small bombs. The*current total “loss rate for plutonium, at a very .
modest scale of operation, is one-half percertt.?* Improvements#®are
o beihg made—including blast-off wheels to incapacitate trucks in case.
20 of hijackings, gnd heavy gontainers that are difficult either to steal
-44¥ intact or to break open. To prevent diversion by, skyjacking, some-
-nations have decree(f"thatvnq airplane car carry enough fissile ma-
" terials to create a bomb. Even today, however, international ship-
ments . of bomb-grade materials and ‘nuclear wastes generally travel
" unguarded and are subject to accidents or sabotage.?s - i

. In time, the volume of trahsportation may be reduced through great-
.. er regionalization. The construction of huge self-contained nuclear.
varks, each housing 20 or more reactors, Eas even been suggested.
: n' such parks, the entire nuclear fuél cycle could be contained within
s . well-guarded boundaries. Although this set-up would reduce trans-
* " portation problems, it would do so at a high price in terms of both the
vulnerability of such centralized facilities and their envirortmental

Py

..impact.”’

A review of the nuclear fuel cycle leads naturally. to the specific
atguments’ for and against nuclear power. Nuclear proponents claim

that fission power ‘is (1) cheap; (2) plentiful; (3) safe; (4) environ-

* " mentally benign; and (5) less dependent upon the cooperation of
foreign governiments than other energy sources. Nuclear critics:
dispute’ these claims, and go on to contend that nuclear power (1)
leads to weapons proliferation; (2) provides a significant new area of
vulnerability for terrorists to exploit; and (3) necessarily leads to

¢ - undesirable forms of social organization. Closely examined, the
critics’ case is moré persuasive than that of the nuclear advocates.

L N N

. Nuclear Economics

Nuclear power is. not cheap. Donald Cook, Chairman of Amer-

* ican Electric Power—the largest utility system in the U.S.—believes
~ that "an erroneous conception of the economics- of nuclear power” .
- . sent U.S. utilities Ydown the wrong road. The economics that were .
projected but never materialized—and never will materialize—looked " -
so good that the companies couldn’t resist it.”"2 : IR
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" The ‘true cost of nuclear -power has been confused by the quasi--
public nature of much nuclear development. Billions of dollars spent
.~ on -government research-and development costs are not included 'in
. most nuclear cost totals. Neither are the costs of constructing the fuel
enrichment facilities needed for the current generation of light water =
. "reéc‘tors——'an—esiéciall grave error since the price of *enriched fuel 21
.~ will be multiplied J enrichment becomes ‘a ‘pfivate venture. Also 4.
generally -ignored. are the costs of regulation, tﬂe costs of waste dis- °
posal, the health costs associated with increased ‘environmental
radiation, and the premiums that should be paid for full insurance
_,against catastrophic risk. The costs of natural uranium. are often
slighted, too, even though they-are likely to'mount rapidly in the next:
few years. ' : oo N

v
-

The ‘principal costs admitted by nuclear /proponents are the costs of
the 'reagtor and associated facilities,dﬁ reactor’s environmental
T controls, ‘and the interest ,on: borrowed‘capital for ' construction.
Typically, the cost of nuclear power is calculated in terms of the cap-
italpcost per kilowatt of power produced when the reactor is running
at full capacity. However, for safety .reasons, many. reactors often run
at-.considerably less than, full capacity. Moreover, reactors are often
- shut down entirely for repaifs and for refueling. The cost of the aver-
" age amount of power produced, rather than the cost per kilowatt of
" “capacity ‘on those occasions when the reactor i$’ functioning- perfect-
ly, is the true cost. - S W e ' :

The ‘capacity factor, ‘the most important index of a reactor’s useful- _
- ness, is found by dividing ‘the number of, kilowatt-hours of electricity -
“actually produced during a period of tinfe'by the number of Kilowatt-
hours that would have been produced if the reactor had operated -
full-time at total capacity. While variation' among reactor types ‘and
between individual .reactors is-considerablg, the average 1973 capa-
,  city factor for commercial reactots in:the United States wag/58.4' per-
cent. In 1974, it was 52.4 percent and in 1975 it rose slightly to 54.9
percent: The cumulativk capacity factor for all U.S. commercial reac- -
* ‘tor  operations through 'December, 1975, wgs 54.3 percent.2® Yet -
nuclear vendors continue to base their economi analyses upon an 80

s

percent capacity factor. v o
B " A “parabolic - pattern rems, to govern the ‘lifespan of .a typical .
. - reactor. For the first three years, as one mig}\t expect, the reactor has

v
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~ a dow, capacity factor as construction mistakes are discovered” and
- remedied and- as, employees grow more familiar with the plant’s »
“operating ‘procedures. For the next three years, a comparatively high
_capacity factof—in the70 percent range—is/achieved. Then gorrosion,
!fgel leaks, -component fatigue, and similar| problems of aging occuir.
Since much of the reactor contains high leyels of radioictivity by this . -
time, frepairs are $low. Thousands of workers have had to participate
© 'in the repair of/a single plant so that no single worker exceeds his .
maximum permissible radiation exposure. . ’

. o0

AVERAGE PLANT R
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- Figure 1. Average Capacity Factor of Nucle.‘r Reactorss .~ °
e - by Age of Units, 1973-74 S '

‘This pattern can be clearly s\eén i Figure 1, which shows the capacity' i-
. factors for all U.S. reactors of“all ages for 197374 The youngest -
reactors have capacity factors in 'the mid-fifties, the. 4-to-6 year-old

P
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- reactors have capacity factors in the high sixties, and the older reac: -

tors have capacity fictors down aroind forty percent.??. ) ’

Figure 2, which plots the avera'ie capatity Factors of quﬂea’r units by
size, describes a phenomenon that could prove to be of-even greater.

: importance. It shows that the tumuldtive U.S. operating record of
very large plants has been dismal. For units 800-megawatts and larg-
er, the size of most new reactors planned around the world, cumula-
~ tive capacity factors are in the mid-forty percent range. Because there

*

23

base is limited. Figures 1, and 2 do not imply an immutable pattern.”

is so little operating expizienc_e with nuclear power plants, the data

The trend might improve, over time,, or it might worsen. However,
‘Figures 1 apd 2 do summarize the unhappy. experience to date in the
country with the greatest commitment to nuclear power. Co
" CUMULATIVE CAPACITY Lo
FACTOR (percent) - -

70— (@)

ot
7

Parentheses refer to number of plants in.

. ‘ each size category. - N -
S - ‘ A ¢ )
e R P Source: Bulletin of the Atomic Scientists
. ) ' love. r . 1 .
. 400-99 500-99  600-99 ©  700-99 800799 . 900-99 * 1000-99

* REACTOR SIZE (megawatts)

Figure 2. Average Cap‘acity Factor of Nucléar Reactors
- - by Size of Units Cumulative to Jan. 1, 1975 .
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- Nuclear p.OWel' pl.ants in the United States are not the only ones
~ plagued with leaking préssure tubes, cracks in bggass piping, and

swelling fuel rodsy In one recent' three-month period, Japan’s overall

- ‘huclear capacity factor sank to 37.2 percent. Yukihiko Tkenaga, writ-
-ing in .the Japan Times, noted that "On the average, one haff of the

24d

reactors have been ‘shut -down every day for some .reason ‘or other
uring ‘the last six months.” Capacity zactors in various countries
in -1974 ranged from 76 percent in Switzerland to 20 percent in
Sweéden. - e - S

The capital costs of nuclear .power are genérally exgressed-'_in dol-
lars - per unit of installed ‘generating capacity. Such direct construc-
tion ‘costs have soared from about-$100 per kilowatt of capacity in

* the early sixties to more than $500gtoday. Land, .desifn,' administra-

- tion, interest, and extraordinary inf

-

tion often catapult

this figure to
over $1000 per kilowatt of installed capacity. : _

Electricity at_the perimeter of the nuclear facility is useless; it must be

~sent. to a user Transmission lines needed to carry the full output of

. to use-to ga

-the operating

cergy produced per dolliro

lant tost an average of more than $100 per kilowatt
of installed capacity. . - - . ,

is not, for many reasons, the most relevant figure

“costs. As.we have seen, the average nuclear power
plant produces less than 60 percent of its idealized full-capaci!i. The
average cost of ppwer actuaﬁ produced is accordingly much higher
than the installed capacity Ffigure suggests.>> Ten percent of the
electrivity produced is,” on average, lost during transmission and

Installed capaci

_distribution, lowering the amount ctually delivered' still further..

Net enzégy analysts contend that 4 t8\7 percent of a reactor’s qutput
is needed to power other Earts of the fuel cycle—lowering the net en-
investment still further.??

~ Insurance costs for nuélear reactors’ are artificially held down by a

legislated ceiling on liability. In the U.S. this ceiling is about 4 per-
cent of the government’s most recent damage estimates of -the worst
accident scenario, ‘and critics say that the government’s damage esti-
mates are unreasonably low. If nuclear power were, like other tech-

nologies, forced to bear insurance expenses: commensurate with its

. risks, the cost per kilowatt would be even higher.»
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.If 'we add the costs of the initial fue}\cdre,‘ and if we assign to each re- -
. actor a share of the costs of constructing other parts of the fuel-cycle, .. .
" of federal research’ and development; of national and internatipnal’
regujation, and of disposing and safeguarding nuclear wastes, the
- total .expenditure' per kilowatt of net, usable;, delivered %lectricity. ~
* . might-‘exceed $3080. Thus the gemerating capacity required for a LS
.~ 100-watt electric 'light bulb- requires a  $300 “investment. Many of .=
" these costs. are unique to nuclear power; others will be borne by all'™-
technologies employing: large, centralized generating facilities. Many .
large coal-fired plants, for example, ‘have: had disappointing capacity .
__factors. But the princigal argument always cited for nuclear power
"~ is that it is cheap, and. this c?aim is demonstrably untrue. Energy for
many purposes, can be abtained much less expensively from non-
nuclear sources, including;decentralized; on-site sun dnd wind energy -
systems, than from nuclear power. SN

and development and capital construction. Consdquently, reactors
will necessarily be at a severe disadvantage in a tinle of general cap-  *
ital scarcity. And while all capital costs have been increasing dramat-
“ically in recent years, the costs of nuclear ‘construction have outpaced

the rising construction «Costs of other power facilities. The per kilo-
“watt price-of nuclear facilities rose two and one-half times as much
between 1969-and 1975 as did that for coal-fired power plants,3¢

The costs of nuclear ‘rdwer are mostly, at the frorl\‘%’end—in research - -

The costs of breeder reactors, without ‘which nuclear power has a
limited life expectancy, are extremely uncertain. Cast estimates for

- the small Clinch River Breeder.Reactor\ in the U.S. have growh from .
an original estimate of $700 million to\a current guess o? $2 billion. -

A nucfbar-domi_nated energy system would impose severe financial
strains on most poor: countries. In some developing countries,. the
«cost of a single reactqr may exceed the nation’s tota annual capital
_investment. Nonetheless, the Internatﬁonal Atomic Energy Agency
predicts that nuclear plants. will produce 8 percent of all electricity in
the less developed countries. by 1980, and that nuclear growth will
speed up greatly in'the subsequent decade. '

*e

" Nuclear investments represent a_grievously injudicious use of sca&e’
capital, a use completely at odds with the auspicious trend toward . .
adoption of intermediate technologies in many poor countries. A .

’25
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*  generally écqépt_ed’guidéline is that no s'in.g_le' édwef plant should re '
. Tesent more than 15 percent of the capacity of a power grid. Other-
< _wise the shut-down_of ‘a single gower plant can impair the "enfir_e .

r

tsystem. - Using -this rule ‘of thumb, only those: countries havingat -™:
. léast 4000 megawattst of “installe “capacity -should-consider evet a
26 single small (600-megawatt). Feactor. Argentina, Brazil, Emtpt,_’;lndj‘a,
- ~Korea;:Mexico, :and Venezuela are the only developin fountries that . .
- .. could currently- suiport .éven one-such nuclear "p?anl! ‘However, *
. nuckiar vendors are ungrf for new markets and are'therefore willing >
‘... . to offer much more liberal credit arrarigements than would generalty .-
"-beavailable- for. alternative- technologies. 'TM-S-LE’SP&T&II“POH.
‘Bank, for example, has.made loans of about $3 Billjon in support of ... *
American' nuclear sales in 11 countries. -Consequently, man Asmiall - -
countries are mortgaging their futures, to purchase reactors that ‘are -
demonstrably inappropriate to their requireraents.®s . @ 0 ‘y‘
. - ’ 3 . . - .

" Uranium Supplies” . * . T 1 7.

;

Uranium is 'not a *plén—ﬁful-é?lbstimte:-fot scarce oil and gas. Total ,°
non-communist uranium resources, available at double . the' current
- price.have been estimated: (in a comprehensive *1975 study by the - -
OECD Nuclear :Energy  Agency and: the International Atomic Energy
Agency) at about 3.5 'lﬁon tons—about half of which was reason-
alﬁy assuted. Three couhtries control 80 percent of the current pro-
duction: the U.S., with 9000 tons per year; €anada, with 4700 tons; - N
and South Africa, with 2600 tbns. These three countries (or four, if _
Namibia is considered separate from South Africa) plus Australia -
" hold 85 percent of all non-communist reserves. Eighteen other coun- -
tries have discovered small uranjum deposits, but the total from these -
countries represents only 15 percent of the non-commurist resource' .
base. Public information is not available on the uranium resources of ..
- the Soviet bloc or of the People’s Republic of China.3 - . Y
The 236 reactors currently (operated or planned in the United States: :
will .consume at legst one million tons of uranium oxide over their. .
lifetime. The 800 U.S. reactors commonl projected jo be in operation
. by the year 2000 will cumulatively  demand over 2 million tons. :
‘through that year, and will demand 4 million tgns altoggther._ during -
* their operating span. These fuel demands—prgjected y the US,
Energy Research and Development Administration—are higher than

_ the reserves of all known non-communist uranium suppliers.’

"[.' 26 .




~ “No new significant uranium
S S : "+ deposits have been discovered
o S in the U.S, since 1965, despite

_ o ' . - considerable recent deflling.” . -
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. Considerable uncertainty as to'how much electficity can be gener-
ated -per unit. of fuel further-complicates” thé uranium reserve con./ .
troversy. For example, in July of l-{9’7(3, a'member of the U.S. Atomjic "
Energy Commission testified that 46n of uranium could produce’33

- million’ kilowatt-hours. A bit later, at the same hearing, a staff mem- = ¢

. ber of the'A.E.C.’s Division of Planning and Analysis stated that.a 27
. “ton of uranium would generate about 60 mjllion kilowatt-hours. L

Hans Bethe, a leading U.S. nuclear proponent, claims that a ton- of
uranium will yield 70 million kilowatt-hours. However, F.B. Baranow-
ski, Director of thé Division-of Production and Materials Manage-
ment of the US, Atomic Enetgy Commission, claims that during
1971, 1972, and 1973, U.S. reacfors generated only 14 million kilo-

-watt-hours per top. If this figure holds for the future, nuclear p&&ver
sources will- eithér require more uranium or produce less energy than

. i¢ currently projected®” > - y 5. !

* Let us assume, however, that the E.R.D.A. figures are’ correct. Can :
- a 4 million ton demand square against the U.5. resource base? The .
nited States goveriment estimates the nation’s ‘potential uranium at
millign' tons; including all hypothetical resourees up to a price )

¢ .pound.. (Private estimates- range both higher and lower -
3 ofggial government figures:) Of this, a total of 600,000_
about half of what's niegded to fuel U.S. reactors now op-
the drawing boards'—i:s in the form of proven reserves.

erating or

. - Lowacost ores over and beyond thusé now postulated may well be
-unearthed; on the other hand, almost'85 percent of the government's
:-2.6 million estimated tons are hypothetical, and actyal deposits could .
_‘easily fall short of estimates. The United States has the largest uran-
iumy resource base in the, non-communist world, but no new signifi- -
cant uranium deposits. have been discovered in the U.S. since 1965,
- despite consideragle recent drilling. i :

What holds true for the U.S. is, in this instance, even more emphat-
“jcally true-for the world. While cumulative demand for uranium oxide

in the US. could total two million tons by the year 2000, ¢cumulative ,
- ppn-U.S. demand is Ctﬁ'e‘ned to exceed that amount. Proposed non-

3

. +U.S. reactors will. haye a'lifetime demand far in excess of the 'world’s »
.~ known and suspected\deposits of economical uranium; '

Coull reactors’ p g,éibfy be sold in the kndwledge that there was no v
fuel & power them? In a modified form, this has already occurred.

! L
-~
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‘Westinghouse Corporation, in soliciting orders for nuclear’ power - 5

plants, long made’ a practice of contracting to supply fuel for its

~‘reactors for several -years. In the fall of 1975, with a Futl inventory

of 15 million pounds and contractual commitrients to deliver 80 mil-
lion pounds at an’ average price of $9.50 per pound, Westinghouse

‘defaulted on its supply contracts” The. company claimed that it could
‘not find efough uranium at the quoted prices to fulfill its commit-

ments. General Electric, with about 10 million more pounds con-
gected for deliver than it has lined up, still claims it will be able to,
meet its contractual obligations.3* :

- Canadian uraniuni producers are also facing a gap.' They have signed
contracts to export 120,000 tons of uranium, two-thifds of which has °
been apﬁoved by the government for export. But Canada’s measured ‘

recoverable reserves, even at prices qf $30 a pound, amount to onl

- 81,000 tons. Although inferred réserves may amount to 321,000 .

tons; the higher figure rests on great uncertainties.3 Vas

' -
Without breeder reactors, known' uranium reserves will not long
support nuclear development. Of' course, as prices rise, the amount
of uranium recoverable will also rise. At $100 a pound a good deal
of low-grade ore—over 5 million tons in the U.S. alone—can prob-
ably be found. But at-such a high price, uranium is not competitive

{ codl, and. is abbut equal’to oil at $12.50 per barrel. Moreover,
exploiting such low-grade ore incurs heavy non-economic costs. In"

the U.S., uranium is now mined from western sapdstone, in which"

it comprises one thousand parts per ion. In thefower-grade Chat-
anooga shale, uranium constitutes of#80 to 80 parts per million—

less uranium than the tailings currently being discarde from uran- -
ium milling operations. Of that miniscule amount of uranium, less
- than one percent is fissionable U-235. ' ‘ ‘

The energy cost of extracting so little fissile fuel from so much ore’
may topple the nuclear industry’s house of ‘cards. Although one ‘pre-
liminary study suggests there can still be a net energy gain, that gain
may not be worth the effort, and may not represent a judicious

investment of manpower and .capital. Ton for ton, Chatanooga shale |

contains less energy than does bituminous coal, and the environment-

“al costs of uranium extraction from this.-ore will be ‘high. Some -

scientists have proposed with straight faces that fissile  fuel be .

“mined”’ from granite and from sea water. But only with breeder're- .
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- ‘actors can we derive sufficient energy from otherwise unusable U-238
“and thorium to make such l6w-grade sources attractive. Current-model
_breeders, however, are' designed to maximize the production of
“ plutonium. 16 shipment of either breeder reactors.or plutonium to
countries without nuclear weapons is banned, the scarcity of low-
cost, high-grade uranium ore would constrain international nuclear
. development severely. . * ' . . :

H

[

Safety |

.‘.‘_N_ucl'ear fisdion entails risks qualitative!_y different from - those . in-
volved. with other-‘energy sources. A 1000-megawatt reactor, after
. -sustained operations, has about 15 billion curies of radioactive ma-

_terial ‘in its core.#® The heat of decay from this material constitutes

about 7 percent of the reactor’s thermal output (the other 93 percent

‘coming from the fission reaction). While the. fission process can be .

. regulated, radioactive decay cannot be so controlled. The decaying
core -can only be cooled. Uncooled, the core would grow so hot that?
it could ‘melt through its containment vessel, and"would theg con-
tinue to melt its way down into’ the earth. This “loss of cdolant

‘accident”’ (LOCA) is the most serious of the potential light water -

- / controversy. There is fio question but that such accidents will occur;

they are a statistical lertain%’. The questions, rather,,are: (1) How

" dangerous will a meltdown be? (2) How frequently .is"a meltdown
¥ likely to occur? - ’ e

/reactor accidents, and it has been the focus of the' réactor safety

“ - ‘Most of the analysis- of reactor safety. ‘has been done in the United

‘Gtates and has concentrated upon light water. reactors. This is
" somewhat ironic, as the United States has safety standards far mote
‘rigorous than those of any other country. ’ :
In France, nuclear regulation is spread through five ministries and
various subordinate bodies, all closely ewordinated with the nuclear
industry. The Servjce Centrale de Strete des Installations - Nucleaires
de Base (SCSIN), which is responsible for the security of reactors and
_ of waste disposal sites, polices the entire country with fewer than 20
‘officials—all of whom wark part-time and not one of whom is a
radiation specialist. Nuclear managers are always forewarned of a
, coming SCSIN inspection, and are always told in advance what the

2 3
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- What might be the precise cost of a foul-u‘r—t_échqical or bureaucrat-
-ic? An, authoritative 1957 report, prepared b
tional Laboratory for the U. S. Atomic Energy Commission, conclud- -

. ‘principal author, the Rasq
"that_could—as the analysts saw it—lead to a. LOCA, and assigned' a -
_probability to each event and then to the sequences#!

. reactors. were on the. market, and.an updated

‘1 in 500.”

object of the inspection will be. Radiation monitoring is taken care

another, and -the transport of - nuclear materials is in different hands.
Nuclear- industrial hygiene falls under the' jurisdiction of a separate

agency and other reiulat'ory- functions fall within other bureaucratic
c

domains. The French explained the division of responsibility, and

the complacency with which they view nuclear regulation, by point-

ing out that the French nuclear power industry is not profit-griented.

Whereas private enterprise mig\

and security, - they sg{l, most-%
lic

€ rench nuclear development rests in
ostensibly safer publicthands. S v -

y the Brookhaven Na-

ed that, the worst possible reactor meltdown could kill 3400 people,
injure 43,000, and cause 7 billion'dollars in damage. By 1964, larger

%rookhaven report
upped the_ toll of the worst possible: accident to 27,000 deaths, 17
bilfi,on dollars worth of damage, and contamination of an area the
size of Pennsylvania. A study conducted by the Engineering Research
Institute of the University of Michigan for the owners ofy the Enrico

‘Fermi reactor outside Detroit fottnd that the worst crédible accident

for this relatively small breeder reactor would cost 133,000 lives.

‘of by another group, plant security is the responsibility of still -

t be. expected to skimp on safety : '

None of these studies dealt with the probability of such an accident .

occurring. The lack of actuarial data regarding reactor safety made

such computations’ so :sf'e/culative that it was long believed that =
“only. a “fringe member o
them. However, in the mid-1960s, the Planning Research Corpora-

the statistical community’”” would attempt

tion, a respected U.S. think tank, contracted with the A.E.C. to °

. perform such a statistical analysis. The 1965 report stated that re-'

searchers were.”’'95 percent confident . . . that the probability of oc-
currence of 3 catastrophic accident during a reactor year is less than

A\l

In "‘1.972‘, amid a. raging scientific debate vover the efficacy of

‘sored yet another reactor safety study. Known by the name of its

"’emergency .core cooli‘n§;ystems," the United States A. E. C. spon- -

ussen study traced the sequences of events

30 -
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~ sumption that they wou
ically important assumption may not be valid. Conditions unique to -

7

" By the time the Rasmussen réport was issued in 1975, the entire world

had logged only 927 reactor-years of commercial:nuclear -experience—
only assmall fraction of which was obtained with the new generation
-of giant-sized “reactors,*> Consequently, the performance records of
. the various components (such as valves) were.derived from: experience
with identical or similar parts in non-nuclear equipment, on the as-
{:i behave identically in reactors. This crit-

reactors may elicit unpredictable responses. As Sir Alan Cottrell, the
distinguished English scientist, has observed, .”Whenever you ste
into a different regime of temperature and pressure, nature wiﬁ
always have some subtlétiés up her sleeve,’ 4 & : )

"The Rasmussen report claims that a core meltdown will occur about’

once every 17,000 reactor years for ‘pressurized water reactors, and

- about once every 33,000 years for boiling water reactors. This

calculation presumes that the reactor is buijlt with flawless work-

* “manship and flawless materials, that it is operated only by highly-
.- skilled experts, that neither God.nor terrorists intervene with un-

scheduled events, and that Dr. Rasmussen’s ‘assumptions are  all
. correct, . ' . :

In "ge;\é?(:l,v Rasmussen argues that the likelihood of an accident de-

creases as its severity increases, a belief. that the Amegican Physical
Society, an association of U.S. physicists, found credtle but o]'pen
to question. The report maintains that the emergency core cooling

‘system (ECCS) will work successfully more than 98 -percent of the

time, unless some' pump, valve, or other cdmponent fails. However,
many experts doubt the ECCS can prevent a meltdown even  when

working perfectly, and the system has never been tested. The worst

ssible meltdown, the study holds, would do less damage than the

rookhaven . report suggested, " and such. an accident wculd occur-
only once every billion reactor .years. The report dealt only with light

. ¢-water teactors; it did not examine the accident potential of fast breed-

by

“to play, a significant role much beyond the year 2000)-

-er reactors (which are widely believed to be far more dangerous than
‘light water reactors but which will be necessary. if 'nuclear fission is

Even if we assume the Rasmussen study to be correct—and .virtually
.no nuclearcritics do—questions about nuclear-safety remain. Statisti-
cians claim that we should compare the risks of alternative technolo-

. i . [ . : . ~

{:-‘
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es by multiplying the. magr§tude of the accident'by the probability -

at it will occur. Objectivel§, the statistical approach makes some -
. sense, -but it makes no -psydhological sense wEatsoever. One large - -
.« eyent is ‘infinitely ' more disturbing than ‘many small ones. People’"
" accept with some equanimity a hundred people dying in one hundred

: 32 _.automobile accidents, but. they are shocked at the prospect of a

.~4  hundred people dying in one massive automobile pile-upor in a plane-
crash. Nuclear accidents—with the potential to kiH thousands of peo-
ple and to discharge radioactive material that will be lethal for thous-

- ands of years—present a different ‘ethical situation than other acci-,
... dents, Statistical techniques can offer little guidance to a society - -

N grapplilﬁ- with the. small risks assigned to utterly unacceptable

- events. Nor'can they offer solace or recompense. '

§

v .=~ During .the brief period since the artival of commercial nuclear power,”

+ there ‘have, been many reactor accidents—some of them potentially

~catastrophic. Human' error played a' serious -role 'in .most. Edward
Teller, Extherwof the hydrogen bomb, believes that “so far we have * :
, been extremely lucky . .. But with the great number of simians mon- .

- keying around with things that they do not completely' understand,. = .
sooner or later a fool will prove greater than the proof, even.in a fool-
proof system.”” Three U.S. astronauts were immolated: in a device that

~was much more closely scrutinized than any run-of-the-mill reacter is *

. likely to be.. - : L ‘ "

’ On . December 12, 1952, a tragedy of errors occurred at.the NRX -
‘reactor in the Canadian village of Chalk River, 200 kilometers north-
west of Ottawa. A technician accidentally opened the wrong set of .-
valves, causing the reactor control rods to begin rising out of posi- . -

" tion, In the ensuing bewilderment, wrong buttons were pushed and
the scram equipment—which should have immediately shut down the -
reactor—failed to operate correctly. The expensive heavy water mod-
erator was dumped, bringing the fission reaction to a halt. The reac-
tor core was largely destroyed; a hydrogen explosion dislodged a -
4-ton gasholder; and "a million -gallons of highly radioactive water

flood : the structure. ~ :

. In November of 1955, the United States’ EBR-I reactor in ,Idaho_Fallls_‘, K
had a partial core teltdown. Fast action by the chief scientist at the .-

site minimized damage, although the reactor was destrdyed-and much
low-level contamination ensued. . - o o

- - . ) 1

. ! . . . - . - . .
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o . 7 “Statistical techniques can offer

little guidance to a society.

ay L - .. grappling with the small risks
s o " assigned to utterly unacceptable
ey + . i events.Nor can they offer

‘ _ o solace or recompense.”’
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In chdber' of _1957, a uranium fire occur:)ed'af W'_indscalé. Number -

* One on the Cumbrian coast in England. At one poift, eleven tons of

-uranium were ablaze. The fire was brought under control after several
‘days, but because of the- huge volume of radioactive iodine released, :

~ a radiation ban"was imposed on the sale of milk produced in the sur-
- rounding countryside. : o o ‘ _

experienced a power excursion that lasted 1/500 of a second. A
three-man crew was killed on the spot. The victims were. so severely

In ]“anﬁary ‘of 1961, the SL-1 reactor at the Idaho Falls com lexl-_

jrradiated that their exposed hands.and heads had to be severed from .
their bodies and buried in a dump for radioactive waste. Years were - -

required” to . disassemble the radioactive wreckage of SL-1, and its
eventual burial ground will have to be guarded forever. The official

AEC. in-v_eseﬁgagion report stated: “We cannot say with any certainty
the SL-1 explosion, and it is possible that we may -

néver know.” '

EE . T

In October of 19.66’; _ihsfrumehts on the. Enrico Fermi B?eeder reactor,
in Lagoona Beach, Michigan, began to behave erratically. Suddenly,

the reactor’s” radiation warning devices registered an emergency., It
- was impossible to tell what was occurring in. the reactor core, but the

instrument readings supported .the hypothesis that at least one fuel

subassembly had melted. Safety was of special concern at Fermi' be-
- cause 4 million people resided within a 30-mile radius of its site.

The Fermi reactor was successfully shut down. During the next sev-
. eral days, reactor experts were flown in. from all over the world to
speculate upon what might bt happening in the seactor’s core. The

greatest fBar was. that a damaged subassembly might collapse into-

other parts of the core, causing.a secondary ,nuclear accident of cat-

astrophic dimensions. Unfortunately, this risk would be at its great- .
“~est whenever any action was taken to remove fuel from the reactor. -
Anpther concern’ was that the radioactive sodium coolant might ex- -

plode upon air contact. Slowly, the delicate operations were begun.
As it turned out, four fuel subassemblies had melted, and two of them

- had stuck together. More than a year and a half of careful work was -
" required before the cause of' the accident could be discovered. A tri-

_angular piece of zirconium, installed as an add-on safety measure,
Jhad worked loose and clogged the flow of coolant. ot
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The cavern was eventually converted.to a storage area for radioactive

.~ waste. In April of 1972,"200 ftons of-g'teamvﬁoured'out of a stuck
--valye of. the Wuergssen reactor, a.LWR in the

34

Germany. Reinforcement structures were torn off -the floor of the

In January of 1969, the Lucens reactor (a gas-cooled reactor, built in
* a rock-encrusted cavern in Switzerland) was destroyed by a LOCA.

Federal Republic of -

chamber and water ran through the screw holes, damaging wires that

provided gower for vthe coftrol rods. Fortunatély, by this time the
been successfully scrammed. & o

A}

- In March of 1975, an eléctriciaﬁ was checking for possible leaks from

. reactor in- Alabama, He held y lit candle near the’ point wheré¢ electric .
. cables penetrated the wall ahd where any leaks in the seals would .-

the: secondary containment area of -the Browns Ferry Number. One

S cause the flame to flicker. The sealant caught fire, and the.fire spread.

* cess of $100 million.* - .

first to'the cable insulation and then to the,containment area. The .
~ electrical cables powering several: different *’ redundant’”’ safety sys:
" tems passed through a confined area, and these systems were all si-

multaneously knocked out by the fire. Before the fire was successful- -

d’s largest) were incapacitated. The shutdown cost T.V.A. in ex-

Y .

Most. of ‘the danger-to human life- as a result of a serious reactor ac-

cident arises from exposure td the cloud of radioactive material that

would be released if the: reactor containment vessel”were breached:

| The number of people affected would depend .upon the population’

density in the surrounding area, upon climatological conditions, and

. upon the effectiveness of evacuation procedures. Much of the
equanimity withrwhich the Rasmussen report viewed meltdowns can -

- ly brought under control, two 1100-megawatt reactors (representing -
15 .Tercent of all power on the Tennessee Valley Authority grid—the
wor

be traced to its belief that millions of people can be successfully evac-

uated within a few hours. Sixteen million - people live within a 40-

. "mile“radius of the three reactors at. Indian Point, New York. In
- "February, 1976, Robert Pollard, the safety official directing- regu- -

latory activities at Indian Point, resigned and announced on national . -
- television that Indian Point Number Two was “almost an accident - -
~waiting to -happen.!’"The likelihood .of -a successful rapid evacua-

tion of a congested area containing several million people is equal to
that of an-apple falling upward, and this is frankly admitted by state
officials. "What's my plan to evac‘uate~C,hi‘cago?”-‘ asks the nuclear

r.

-



-“In none of the.near-misses

L o - wasa potential danger until

passed.”

¢

-

'b.c.hief of ~the illinois Officg of Civil Defense. ' doﬂ’t have one.

e - " discussed in this paper was the -
o L " public even informed that there"

after the critical period had-

" Thére’s no way you can evacuate Chicago.” In none of the near-'

.. misses discussed in thié paper was the public even informed that
there was a. potential danger until after the critical period had passed.
The head of civil defense in the Browns Ferry area didn’t hear about

.

~ .. the fire until two days later. S

' .. The United States Navy’s fleet curlfehtly- includes ;a&)ut:(éme “hun-

- dred nuclear-powered ships. The aircraft carrier Enterprise tas eight
reactors. Though various ‘ships put‘into numerous ports, no_realistic
__evacuation plans have been developed for, those cities to use in the

|'event of a serigus accident.

b

" In November of 1973, a Swedish radio program describin a fictional -

35

reactor accident in southern Sweden was broadcast. " The resulting =
public panic recalled the shock created by Orson Welles’ The War of °

" the. Worldg some four decades earlier. The phone system broke down
‘under the stréss of calls; within ten minutes an enormous traffic jam
had  tied up the counttyside; and frantic citizens were reluctant to
Dbelieve official assurances that no accident had takg&glace.

‘-_D.esp,ite. the problems and  fears enéende_red By the use of breéder

reactors, ‘all known data on. uranium scarcity indicate that breeders

"will be necessary to the development. of a significant long-term world
"« nuclear industry. Because of tﬁe exceedingly limited experience with
~ breeders, and the proprietary nature of much developmental work,
safeguarding these devices is an even/’ foggier business than that of

. _saf?uarding light watet reactors.- However, LMFBR/s are likely to

hol

perils without parallel among light watet reactors.4s

" Fast neutrons cause a vast atomic stir inside a LMFBR. Even if the -

breeder is operated conservatively, with the fuel removed when 5

. assemblies is displaced about 70 times before remowal. This neutron
" .. bombardnfient creat

- rods, swelling both the metal cladding and-the fuel itself as a-conse-
. quence. If fuel pins bow and tquch as a‘Tesult of this swelling, temp-

percent of it has )g\\der one fission, every atom in the metal fuel

\voids in the crystalline structure of metallic fuel

eratures increase greaﬁ{ at th¢ gontact points. Under some circum- .-~

-stances, this heat could spread to other parts of the core and cause

-melting. The current breeder safety debate centers around whether.:~
~* "or not the fuel could become arranged in an explosive configuration .



. . &

' -_duril.\é a-coremelt (a cohditio_n_ knqwn"as ”ée,c:itic'ality”) and blow the
- reactor apart (or in technical jargon, cause a “rapid disassembly’’).
Unknown is just how much energy such an explosion will yelease. -

- The easiest *“solution” to the swelling problem is to design more - .
36 space between. the fuel pins so that, even if they bend, they won’t
- touch. However, the sodium between ‘the pins slows down the. neu- -
‘trons afid reduces the breeding rate. The contribution of the breeder.
" - to fuel supplies will be marginal unless Yhe breeding time is brought
down. substantially from the present 40-80. year range. Hert -safety -
. and speed are at K)ggerheads,. for a cut in the breeding time will re-
quire a closer fitting of fuel pins unless new fuels—probably car-
_ .. bide compounds—that could double midre .rapidly than the oxide fuels -
* .currently in use are developed.” - o o e
..Another fuel problem is that of the “sodium void coefficient.”” If . -
;- sodium-boils in certain parts of the reactor;.the result may bé a major |
" - increase in temperature’that cannot correct itself. It is hypotheésized -
‘ thfét ix high-temperature bubble might move like a can-opener along "
afuelrod.. - - o .

M

How safe is nuclear power? The answer is a mystery. The ‘scale of
~patential damage- from a bad reactor accident is monstrous, but the
ke of such anaccident is a matter of controversy. .

.The US. Atomic Energy- Comimission, charged by critics*with lax .-
enforcement, nopetheless finds hundreds of safety violations in°
domestic facilities . every year. The .Quad Cities Unit Two, in the
American’ Mid-West, ‘was ' started ‘'up with a complete welding rig .

" inadvertently’ left inside its_pressure vessel. The control rods of the
Vermont Yankee reactor were installed upside dowrt, and the reactor

. was once started up with no lid on its vessel. At Palisades, Michigan,

a loose core support barge] wreaked havoc with the reactor’s innards;

.Consumer’s Power, the utl owning the.reactor, sued Combustion
Engineering, the builder, for $300 .'miﬁiqn. More significant problems
~may lie in such countries as France and Russia, where safety stand- ;!
ards: are. much lower. The:most frightening prospect may be in the de- -

~ veloping ' countries.” Many countries now ordering nuclear facilities <N\
‘have no nuclear regulatory framework, and only scant expertise. Clif- .,

. ford Beck, director of the' Government Liaison-Regulation Qffice of
. the United States Atomic Energy Commission, has termed the Tara- {

2

'
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western India “’a_prime candidate for a nuclear disas-

ter.” Fahir Yenicay, director of the Nuclear Energy Center near Istan-

- fishing, irrigation or drinking.¢

bul, Turkey, announced in' early 1976 that two nearby lakes had be-
come “‘dangerously radipactive’” and urged that they-not be used for

L

_ The :huclear.safety‘idiebate' has been a sou_fce of great confusion to the

- jargon: .
not amenableé to proof; they are matters of judgment. It is impossible-

opposin% team, each armed with computer print-outs and technical
ach tries to “prove” its case. But most nuclear .issues are

layman. One team .of experts is:lined up against an equally expert  ~

- to eliminate all risk. The level ‘of acceptable risk is an ethical rather

~ entific, but are, rather, social a

e

political.

than a technical matter. Conse%uently‘, the final decisions are not sci- '
n . :

.
r . :

T N :
3

‘Environmental Impact L

<

o . ' . .
Although fission was at one time viewed as a ’clean” source of

energy, it is now opposed by almost every major environmental
_organization in the world. Nonetheless, nuclear proponents contin-
_ue to argue that nuclear pdwer.is ecologically benign. )

The environmental argument. is almost always framed in terms of the
relative environmental costs. of nuclear power and coal. Moreover,
the enviro al effects of .a perfectly functioning nuclear fuel cycle

. are usually”fneasured against the ‘American experience with coal be-
fore the passage of the landmark Coal Mine Safety Act and before’ -

the implementation of the Clean Air Act of 1970. Coal mine accidents

in the United States h_a\,'/e decreased stea,dil{ over the last few years, -
‘and improvements in mininf conditions will
_ crease in the incidence of bla

result in a dramatic de-

- emissions (which in the past have been a major health menace, caus-

ing widespread premature death among the elderly and people suf-

fering from respiratory. ailments) will be significartly reduced. - 3

Moreover, comparisons ‘between coal and nuclear power plants are

* irrelevant to the great majority of. nations without significant’coal

reserves. Thus, if environmental comparisons are to ‘be made, they-

ought to focus upon. the relative impacts of nuclear power -and re-
Lo ¢ w ! . ) L . .

v ck lung diséasé. When electric- utilities |
are finally compelled to meet the terms of the Clean Air Aet, airborne .

37
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. newable energy sources (solar power, wind power, wood and other

- organic'sources, etc.) that are available to all countries.-

At present, thermal pollution and radiation are the priricipal environ-
-~ mental dangers spawned by the nuclear fuel cycle- Other threats may
‘38 be unleasheéd. Should ‘nuclear power grow to the point where massive
" amounts of low-grade ore were being processed for fuel, environmen-
' tal repercussions- would- surely be felt.” If nuclear power wie to sur-
* vive until mankind stumbled into a nuclear war, the environmental
‘conseéquences W‘mﬂd‘ be of an altogether different magnitude.. .

,

. All mechanical processes that generate electricity also generate ther- .
.mal, pollution, gut ‘nuclear power. plants cast off more waste heat
¢+ - per unit of electricity produced. than does any. other commercial
techaglogy.- This -heat must be dissipated, ‘either through the use
of cool.ir(i“towe'rs' or through direct discharge into.a body of water.
Since cooling towers are-exceedingly expensive, most reactors planped
around. the world will inject heat Xiredly into lakes or streams. If x

- power plantrtperates’ constantly, the local habitat would undergo a

k ~  'massive Mrigformation and a new ecosystem that could thrive at the
1 higher terfipelyture would develop. However, Teactors must be shut
"~ down. r or fuel changes, and .irregularly for various other

reasons. Thus, the consequent erratic temperature .changes make it ’
difficult for any stable ecological community to survive. 4

~.Many of the” problems associated,with a nuclear feactor would be .
. multiplied manyfold.with the coming of a proposed pattern of inten- ..
~‘sive nucleardevelopment misleadingly called:a ""nuclear park.”” The
‘.. spark would contain uranium enrichment facilities, a fuel fabrication
“+ "plant, a large. number (10 to 40) of individual reactors, and a fuel
- reprocessirig plant. The thermal burden associated with such a devel-
© ‘opment coulcf be sufficient fo’ alter ‘the local -climate:-and; - possibly,
#to generate>a continuous “cloud cover. Yet Dr: Chauricey .Starr, . .
" President -of the Electric Power Research Institute, - consid rsysuch

- parks the “inevitable: result of the growthy of -'the: nuélear.. powé
industry.”® ~ ~ . : : 2 DR

.y

The environmental threats posed by the&su;lea.i'f powen ‘Gycle cantiot -
. _be fully measured without an understanding of frﬁe ‘ebfects”of “radia- ..
-, " tion on life at the molecular level-an understanding. that. is Present '
i far from. complete. . The radiation associated with' nuclear poter
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- emitted through the spontaneous decay of reactor-produced radio- ™

active.materiaﬁ;; (In addition to its 100 tons of uranium oxide fuel,
- ohe large modern reactor contains about-two tons of various radio- -

.. active isotopes—one ‘thousand times as much radioactive material
ras the Hiroshima bomb produced.)* Each tadioactive jsotope has a
precisely measurable half-life (time during which half the atoms in 39
-any piece of that radioactive. material.-will decay) that ranges from’ -
“less than a second to' more than a’million years. The. half-life of .
plutonium-239; the most :controversial ‘isotope asso¢iated with nu- - |
clear power, is 24,400 years. K L W e Y

o We

doam |'

As sub-atomi¢ particles of radiation shoot out from decaying atoms,:
they collide witﬁ other matter, generally with electrons. In such ¢ol--©
liSibnS;% eléctron. is almost always jarred .free from' the atom of

~ which ita part. This electron loss transforms -thé atom-into'a posi- . :
tively Charsiﬁon. .The radiation" that causes this ¢change—the x-rays, ' .
: ga'mma-rays,.:_al'pl\a particles, beta particles, and neutggns—is:slowed ' .-
v own by such collisionss ‘The distance the "raﬂﬁk)r'\”t{a‘v‘e’ls before = ' .
* being “‘stopped” is determiried by its size, charge, and energy level:
~andt by the nature of the. substance encountered.. Alpha particles "
‘travel only about an iné¢h if:air, and can be stopped by a piece of >
paper or skin; neutrons travel hundreds of feet in the dir and can be
stopped by several feet of water or concrete. ' '

" The effects of “ionizing radjation’”’ have been studied in many experi- ..
ments performed on hamsters, guinea pigs, and bedgles. Some clear
statistical - correlations have ‘emerged—especially -ip: experiments  in--

.. volving high dosages of radiation. But we havg ﬂ‘l&%ét no knowledge.

% of the cander-causing and mutation-causing mechanisims® at the mo-- -

" lecular levek We know that radiation causes caf\téf; ‘but ‘we don’t

. know how it causes caneer. ' ¢4 ;

Information on the effects of radiation on human beirigs is, sketchier

than that on radiation-exposed laboratory animals. The deb'@te over v ..
the effects of atmospheric nuclear bomb tests, sparked, by two-time;,
‘Nobel Prize winner Linus Pauling, has never been res l\"gé! (a’t}lﬂ\ough' )

a large and.growing body of evidence seems to sufiport. Pauling’s
claims). A“U.S. riedical data bank, established in- 1968 to: monitor
nutdar"Workers, has been handicapped by the refusalyof ‘some; private

nuclear *companies to cooperate. -Moreover, ' this :
" F

+ - Registry” hay been unable*to track 'down. many. .¢x
R ‘ , ' S
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*. """ from the early years_gf- the ~'nuéléar era—a severg r'ééea'r-'o_:h"-fh"glﬁﬂic‘a;ii't '
* since many radiation-induced effects have very long lag times before' ' -
symptoms.appear.® - . o S0 LAt B LT e

s

"~ Because we lack ia-srientific ‘urderstandifig ‘of hiow, ionizi g tadia-
4(Q tion actually -affects discrete . biological processes,” the link- Detwden
77 caus® and effect is necessarily -speculative ‘(misch as is the case with
cigarette smoking), This inductive leap' leaves the experts divided.
o ,_'Tlﬁe..Natural Resources Defense "Council, an environmental group, is
. petitioning U.S. “authorities to lower the permissible concentration of
i plutonium aerosols' by'115,000 times. o0 PRI

PR

A 2 . . y ’ "!"“'.",J 3 T
;3" Many: radiation dispuites revolve around linear concepts; around the
» - probability “of ;an ill-effect increasing in- direct dproporti.on to the
. amount ot-radiation received. Will even very low dosages cause some

aRcers, ot”is:there a-threshold below which expdsure to radiationt——
is" barmless? If a’minjscule. amount. of lung tissue is subjected to a -
very high. dosage *6f radiation, should’ the likelihbod of cancer be "
"~ derived “from “the. high jntensity. in the physically" affected, area orai,

" from th‘e’"_lqwj’ifrjt‘e_'ti' .inrelation to the whole lung

“
1

. ¥ .o .
- We .don’t undg?gbana ‘the molecular bi‘orogy. of radiation-ind‘{xg'ed_" L.
- " cancer, _so -our -policies ‘are necessarily based::upon statistical. infér- "o
ences. But radiation statistics are particularly” ambiguous becaysé(t) .
routine radiatibn";-ﬁdi‘n“niit_lear power is in addition to inescapible ra-
diation fromother sourcés and considerable variation exists in the
_. i amount of nitural backgrund radiation and: medical ratliation -that
. .people are subjected to;. (2)-interrelationships between différent types
- .of cancers and dijfférent. types of radiation are extremely ¢nfusing; -
(3) "the public is‘exposed-to ‘many carcinogens other ‘than radiation
.~ that canngt be controlledin‘ large-scale epigemiolo,gi,cﬁl' surveys; and -
. - (4) because of .the'lag ‘time,:'many- potential -radiation’ victims die
'+ ¢ fromvother causgs befort:radiation-induced effects appear. 'l

¥

The ‘low. levels ‘of radioactive isotopes routinely emitted,Shr'ou%h._'__ I

... perfectly functioning nuclear fuel cy¢le, or from a leaking low-level,
n. ] . Waste .Tepository, have not been “proven? either safe or unsafé. In-
(/ -.'several developed *Cbuntries, reactor emission ‘standards have ‘been
¥ .~ dramatically tightened in recent years, although not enough to satisfy
J < “many _critics. Other ‘countries' have no standards whatsoever—even -
* though radionuclides cah become concentrated up to several thou- -
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.. sand’ times as they move up-a food chain, so dilute emissions may be -
" in a-more dangerous form when ingested by people at the top o?" the
. food chainst " S ' o o

" Plutonium is now. the focus of a major public health debate. One, -~ .
~.school of thought contends that plutonium is carcinogenic in doses 41
too small to _alﬁ)w-practicable detection. large light water reac- -*°
_tor contains half a ton of plutonium™and~ach breeder will produce
much more. Common nuclear-power projecfions will require the cum-

‘ulative production of 440 million pounds of plutoniur\r\l by 202052 .

~ - - ,

While plutonium-239 will be the radioactive ‘isotope produced. in.

largest volume by the current nuclear strategy, it is by no means the
- only highly carginogenic, mutagenic, or toxic substance in a reactor’s

innards. Knowledge of many other radioactive isotopes is even more

limited fhan knowledge of plutonium. We know almost, nothing
. about theé\rates, routes, and reservoirs characteristic of these. danger-
i ade isotopes when they are released in bulk into the envi-
The wall of uncertainties that separates natural scientists
" from a predise understanding of the effects of radiation on the
““and on the environment ought to restrain even the boldest, for what,
- wedon’tknow cankillus. . .

Energy Independence " ° " v . * .
Nuclear power cannot lead most countries .to national energy inde;
.pendence, In-the wake of the Arab cil embargo, and the associated.
" . dramatic rise in the price of petroleum products,’smany countries
‘thought that nuclear power could usher in energy ‘dutonomy. This
belief was capitalized upon by reacfor verfdors; ‘1974 saw a significant
increase in 'tﬂe role'of nuclear power in thé%energy plans of most
. developing countries. But such a belief is insuppartable. - The global
“ distribution ‘of uranium oc is no more equitable than that of oil.
. Access cto‘enrichment faciliNes’ and to reprocessing plants will, if
anything, be more severely regulated than access to petroleum re-
fineries.. And nuclear reactor nology is far more, complex and
trouble-ridden than are most other ehergy Aechnologies.
Fissile fuels ate~une§'/enly dfsf?i»ibuted\iﬂ the earth’s crust, and nothing
. prevents. uranium-rich nations from engaging in an OPEC-style
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restraint of ‘trade. .Such restraint might be motivated by the simple
desire of producing countries to retain their uranium for their own)
. nuclear needs, or it could be tethered to political considerations.53
' South Africa (if one“includes the controversial Rossing deposits in
Namibia) has the second largest known uranium resource base in the

42‘ non-communist world. A.J.A. Roux, president of South®:Africa’s -

Atomic Energy Board., claims that his country wishes to use:its urani-
‘um,. not for political purposes,.but. to assist an energy-short world”
But he adds, "Naturaﬁ , in assisting’the’world, welopk at countries
friendly to South Africa in the first p%_éc',e.'f;'"&." e J et R
. Canada, - with the non-communist world’s third-largest uranium
i resoltrce~base, will sell uranium only with’a prohibition on use for
'..éxp;rﬁsjv_'gs. Canadian utilities are also concerned about what the
Tecenitumultiplying of the world price of urdnium has done to their
domestic cost projections; and they are calling for protection of low-
‘. Friced domestic supplies. Australia with the non-communist world’s

© fourth-largest supply of uranium, may refrain from exporting the
" resotirce altogether, except for medical purposes. And the United

v States,; with the. non-communist world’s largest uranium resource- .

base, will begin importing uranium agaity in 1977. Since the U.S. does

- not-have enough fissile material to meet-tHe: lifetime needs of its own

A

reactors projected for the ‘year 2000, it intends to build.,_ﬂ-r';a;,,_larg‘é
. stockpile of :enriched fuel to guard against future fuel:
uncertainties.> N - o
Countries that export nuqlfgg} technologies have met frequently under
the aegis of ''the London Group,” which was ‘established secretly to

consider ; the _problems associated with nuclear proliferatiori and

nuclear “terrorism. The clandestine nature of the London Group's
activities has led some observers to speculate that a ’ﬂZt'ional e-
pendence upon nuclear exporting countries might be even less tenable
than a similar reliance upon the oil expatting countries. '

Also¥arguing against sole reliance upon nuclear energy is the fact
wternational uranium resources are privately owned. An inves-

reve‘a';l_.éd""tzat the Rothchild empire has a financial interest ”in netirly
“every major uranitim mine in the world.”” The corporaﬁons':iz‘;yélved
in uranium. production meet-regularly "'to stabilize the mayket"\-under

the auspices of the Uranium Producer’s Forum. But, “according to -

v

.atmarket

the staff of the respected U.S. business journal, Forbes, .
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Common Market countries obtain

Lo “The regionalization of nuclear fuels

R . processing would leave each of the
O . . . participating nations depéndent
which the operation is located—a
' prospect that no non-processin
' nation can relish.”

,,L “\.

‘Forbes, "the func.tiqn-'4.,o'f ‘the Uranium Producer’'s Forum could be

- performed at a board. meeting -of Imetal,” the huge Rothchild com-
.. pany® 7 Lo e

“In ‘ealrly 1975, the U.S. Nuclear Reg\ulatory Commi'ssiolnvstgpped '

issuing export licenses for nuclear materials until it conpleted a re-
view of transport safeguards. The decision was prompted by the
discovery .of 300 pounﬁs (147 kilograms) of plutonium from Ifaly
at Kennedy airport in New York. The plutonium—enough for a score
of small'bombs—had been shipped through regular commercial chan-
nels, The American export_halt, wh ich\occurreg without prior consul-
tation with affected governments,

just how ‘mercurial its suppliers can be.
turn increasingly to the Soviet Unionfor nuclear fuel. In 1975, the
’less than 20 percent of their
Union, but during the next two

“enriched uranium from the Sovi

years dependence upon. Soviet uranium is expected: to leap’ (tempo- .
* rarily) to over 60 percent. A European djplomat recently remarked,
_ ”Relying on the Arabs and Russians at_the same time for our fuel

.

supplies is not my idea of a secure energy posture.”’s¢ -

HWR’s, which can use unenriched natural uranium, -allow those
countries with indigenous uranium supplies to avoid a dependence
upon foreign uranium enrichment facilities, and also provide a hedge
against enriched-fuel inflation. On the other hand, heavy water re-
actors are also more capital-intensive than light water reactors. And

" heavy water reactors. do not increase the energy autonomy of nations

lacking a domestic supply of uranium or a heavy water production
_capacity. ' - : \ o

In an effort to diminish the weapons potential inherent in the pro-
liferation of nuclear power, the Uniteg States has been advocatin:
regional nuclear processing centers. These centers would, enricﬁ
uranium, fabricate fuel rods, and reprocess spent fuel. A center in
the Philippines, for example, might perform these tasks for all of

" East Asia. In an ideal world, such a plan makes-some economic sense;
such countries as Korea, Taiwan, Thailand, or Indonesia will not—.

.under any plausible near-term scenarios—each have enough nuclear

"~ power plants to support an economical reprocessing operation. How-

ever, - the regionalization of - nuclear fuels processing would leave

_each of the participating nations dependent upon the goodwill of' the

upon the goodwill of the country in

43

inded the European continent :
Western Europe has begun to'. .
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country in which the operation is located—a prospect that no non-
processing nation can relish. B :

o, :
Weapons Proliferation - e - o
Today the' five members of the U.N. Security Council have exploded
%clear bombs. So has India. Approximately 15 more countries are in
‘What could be termed ’‘near nuclear’ status; they could, no doubt,

produce nuclear weapons within a very short time if they chose to -
do s0.57 - ’ . ’ o .

N .

Virtually all nations agree that the widespread dissemination of: -
 nuclear armaments would gravely jeopardize not only global sta-
bility, but perhaps even the survival of the human species. In the,

event of an accidental or intentional nuclear war, the incredible im-
" pact of the initial ‘conflagration (the world’s nuclear arsenals today

contain the equivalent of 20 billion tons of TNT), would be followed -
.by long-term radiation damage, ozone depletion, and possible major

climatological shifts. Our ignorance of the effects of such a massive

assault on the global environment is nearly total.s

Fear of nuclear weapons proliferation can be traced back almost to
the first formal admission of the existence of such devices. Three
~ months after Hiroshima, the United States, the United Kingdom, and
Canada issued a joint statement suggesting that a nuclear monopoly
was impossible, and that, the only choices were nuclear disarmament -
or nuclear. proliferation. They called for disarmament. In 1946, the
United States presented the Baruch:Plan to the United Nations, call-
ing -for the creation of a worldwide nuclear ingpection system fol-

lowed by nuclear disarmament. The plan ran aground on the rocks of -
the Cold War. ' ' - - '

By 1953, both the United States and the Soviet Union had acquired
the hydrogen bomb and nuclear disarmament seemed an increasingly
remote pos'éibili!K.» President Eisenhower delivered his " Atoms %or
Peace” address that year to the United Nations. In it, he called for |
the development of commercial nuclear power, and took special note
of the bright promise thi® energy source held for the less developed
parts of the world. In 1957, the International Atomic Energy Agency
- (I:A.E.C.) was established to promote the peaceful uses of nuclear-
power around the world. S : .
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" “Many believe that the fewer the

. , ~ finger's on nuclear buttons, the safer -
o . the world. Even so, nations cannot
be counted upon to act in the -
| human interest unless to do so is
, ’ in their national interest as well.”
‘a 5
L.

After the Cuban missile crisis of 1962, the U.S. and the USSR be-
came more acutely aware of the-fragility of the nuclear age. The fol-
lowing year the Limited Nuclear Test Ban Tre@y' was signed. In,1967,
the Treaty of Tlatelolco prohibited nuclear weapons in Latin America.
And on Match 5, 1970, the ,Trea?v on the Non-Proliferation of Nu-
clear Weapons (NPT) entered into force. _—

The NPT was authored by the United:States and the Soviet Unioh,

and, from a superpower perspective, the treat?' makes a good deal of

sense. Both countries retain their vast arsenals {the U.S. has 30,000

nuclear weapons), and each continues to manufacture three hydrogen
bombs a day.® Non-weapons states, however, are prohibited from’
developing weapons or otherwise acquiring them. Non-weapons

states are subjected to I.A.E.A. inspections; the nuclear powers are

not. The superpowers’ sole: obligation is. to make good faith efforts

toward nuclear disarmament; virtually no non-nuclear power believes

such efforts have actually been made. : o :

45

“I£'T had known in 1968 how little the nuclear powers would do over
the next six years (to control the arms race),” remarked one highly-"
placed senior diplomat of a non-nuclear country, “I would have ad- -
vised my government not to sign the treaty.”*! Countries'that have
"not signef the treaty include India and Pakistan, Argentina- and
Brazil, Egypt and Israel, China and Japan, South Africa and France.

0

The principal effect of the NPT has-been to maintain the nuclear
status quo. Many believe that the fewer the fingers on nuclear but- -
tons, the safer the world. Even so, nations cannot be counted upon to

act in the human interest unless to do so is in their national interest = . -
as well.;The regrettable fact is that the NPT offers:rigthing, or less °
than nothing~to~its non-weapons  participants, None'of, the nuclear '
exporting .nations is willing to limit its nuclear - éxgorts to spates
_agreeing to place all their nuclear activities. under 'LAE.A. safe-
guards; none wishes to lose a potential sale:Thus, parties to the.
NPT voluntarily relinquish a degree of sovereignty, while non-partjes

have nuclear ven%‘ eating down their doors with offers of nuclear
hardware. ‘ R

- 2

A measure of the .general disillusionrient with NPT may be gleaned
from.the recotd of the long-awaited NPT 5-Year Review Conference

held in Geneva in May, 1975. The prelude to the conference deserves

.'-“-'I,"t-' . ' ) .
1241) : S
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-The ‘most creative thinking, and the stron

note. India had detonated her fjrst nuclear device on May 18, 1974.
In June of that year, the American President offered 600-megawatt
reactors ‘to Egypt and Israel—two fiercely " antagonistic non-NPT

"states. Andthe 1974 Vladivostok agreement between the U.S. and

the USSR far from upholding the superpowers’ NPT obligations to

bring the arms race to a timely conclusion—was widely perceived as -

a slightly modified set of ground rules for the continuation of that

’

The NPT -Review Conference was: attended by only 57 of the 96
‘Countries that have, ratified the treaty. France, China, and India were,
of course, not represented. Taiwan—a party to the treaty and a coun-
try with advanced nuclear capabilities—had been expelled from the -
United Nations and the .A.E.A. and was not invited_ to atténd. The -
Canadian foreign minister was the only official of his rank to appear,
and he attended only long enough to deliver a speech.

est leadership, at the 1975 -
conference came from Mexican' Ambassador Alfonso Garcia Robles

(the: father of the Treaty of Tlatelolco). Robles proposed two draft
“protocols. Under the first, the nuclear parties would cease under-

ground nuclear weapons tests for ten years when the numiber of

‘NPT parties reached 1d0; each additional five parties would extend»

the moratorium for three years; and the moratorium would' become .
permanent if and when all the nuclear powers becariie parties to the
NPT. The protocol was rejected by both the U.S. and the Soviet -
Unjon, both of whom were conducting underground tests at the time -

of the conference. The-second protocol linked reductions in the
superpowers’ nucledr delivery systems to increases in the number of
NPT parties; it was also rejected out of hand. Both these protocols

~were addressed to Article 6 of the NPT, which calls for cessatiori of v
" the nuclear arms race at an early date. ,

A third, dand exceedingly modest, protocol was offered under which
the nuclear powers would agree not to use nuclear weapons against
countries not having nuclear weapons, to assist non-nuclear *coun-
tries that were threatened or attacked with nuclear weapons, and to
encourage negotiations to establish nuclear weapon-free zones. The -
nuclear powers refused this protocol as well—a traditional posture
for the United States, but a new one for the Soviet Union. Thus,
non-weapons countries that agreed to become parties to the Non-

v
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" non-

.- the UN. Security Council and become a respected force in the

_stead that the contt

" NPT implementation/

~guards on nuclear material, But t er\'provided no concrete proposals
is

" meetings.-Shortly after. the conference, West Germany ‘announced it
" four billion dollar sale of a complete nuclear:fuel cycle to ‘Brazil/ a:'
v to the NPT. While Brazil has agreed: to. put the German. = *

‘responsibly on the export of nuclear technology. Small wonder that

s -, "Thus, non-weapons: umries that
S ltgeed to become parties:to the Non--
o : roliferation Treaty were unable to

obtain assurances that the nuclear
‘ . powers would ot launch nuclear
T e : i strikes against them!”"

&

Proliferation Treaty were unable to obtain, assurances that the nuclear
powers would not launch ‘nuclear strikes':against them! At about
- this time, James Schlesinger, the U.S. Seciwtary of Defense, publicly .
reaffirmed his natign’s willingness to:initidte the use of nuclear -

o

weapons in response to a conventional attack.

© - The nuclear weapons states at the conference dismissed all proposals -

nations as “political”’ jn nature, and urged in-

;gnte;‘;_limit itself to the technical problems of
By .this they meant the strengthening of safe-

made by _developi:%

as to how . this might-bé accomplished.. The nuclear powers further
s:xsported the concept of international nuclear centers, but offered"
only vague ideas about how these might be landled. Re ional centers

~. able to serve both Argentina and: Brazil, India and Pa istan; “Israel
"and the Arab states struck many observers as problematical. .- "

“The conference, viewed from any 'pers'pective,, waqf_a_“_‘.failu:re,_,_l“t?;. 'r'o'T‘_(:v
" down into the same confrontation between developed: countries an

less developed countries that has characterized ‘all recent jnternationa

s under_[. A.E.A.  safeguards, nothifg stops:Brazil from dupli-
the technology and using its_own uranium to-manufacture
expldsives. SN e ‘ : y

Weak and weakening, the NPT remains the principal dam against a
global flood of nuclear weapons. Adherence to the treaty holds no
advantage to any country otﬁer than a superpower, and develo t
of nuclear explosives arguably does. China, virtually" ignored unti

it exgloded its bomb in October of 1964, has since obtained a seafpon.- -

4

r

com-"
munilz of nations. The Indian bomb; far from eliciting in_tematiml

"opprobrium, evoked “only a spate of political cartoons and short- -
lived censure from two or three countries. In India, the explosion
- greatly strengthened the internal stature of the rulin‘g Congress Pv,,

State Kissing®,”

and of its leader, Indira Gandhi. U.S. Sec:etarg o
visiting India five months after the blast, asked only that India at

o

on April-1, 1975, while introducing a bill cal mq-;\pon his cou

A

.



‘ " to copstruct an atom bomb, one ‘Argentinian legislator stated that
( -~ "Recent events have demonstrated that nations gain increasing recog-
<> ., nitionin the internationa) arena in accordance wiﬁ'. their power.” :

The existence of nuclear weapons in some lands’ leads almost in- i«
R - exorably to 'thejr development in others.. The Chinese bomb arguably
K 48 spawned the Indian devite, and the Indian explosion seems certain to
""" . beget a Pakistani bomb. Pakistani Prime Minister Zulfikar Ali Bhutto -
towls that he wilf “never surrender to any nuclear blackmail by
'India. The péople of. Pakistan are ready to offér any sacrifice,. and
even eat grass, to ensure nuclear parity with India.” Even in Japan—~
the only country ever to have suffered nuclear attack--a broad con-
~ sensus holds that the advent of a- Korean bomb would turn Japanese -
: opinion around oveinight. Israel is widely believed to have between
'10 and 20 small nuclear weapons, using plutonium from the un-safe-
guarded reactor at Diamona. The U.S. President, in a'1974 “good-. -
+  will” gesture; promised a'new commercial reactor to Egypt. :

.+ Beyond the threat of neighboring bombs, there is. almost certainly a
. threshold number of nuclear nations, the existence of which would
serve to. convince hold-gut countries- that continued abstinence is -
purposeless, At that point, wherever it is, the NPT dam will break -
and the world will go nuclear. ”I'm glad I'm not a young man, and
. I'm sorry for my grandchildren,” says David Lilienthal, the first
" chairman of the U.S. Atomic Energy Commission. Such' concerns are
_ intensified by. the fact that planned international sales by U.S.
\ *. reactor manufacturers alone over the next decade will produce enough

plutonium each year:to make 3000 small borhbs.

" The military governments in control of South Korea, Taiwan, Libya,
and_Argentina are acuteli'l aware of the strategic importance of nu-
clear weapons. Pakistan has a st'ronﬁ' incentive to explode a bomb..

Israel and Gouth Africa aré widely believed to already possess modest
nuelear nals. West Germany is delivering a complete nuclear fuel
..cycle. toMBrazil—though ‘Brazil has vowed to develop nuclear explo-

sives "’for peaceful purposes’’ only. Fred lkle, head of the U.S. Arms

Control and Disarmament Agency, has noted that a ve?' sophisti-
4¢ . cated~warhead could be tested in a ‘peaceful’ explosion designed to °
“. . buildu.dam.**- ' '

. Su‘ch_fe'ér;'-v'ére':wurre'd not just by those countries that haven’t Tati-.
Fidd the NPT.? Any country can -withdraw from. the treaty on three
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months’ notice. Yugoslavia, deeply disturbed by the lack of progress
at the NPT Review Conference, has announced: that it is re-examin-

_ - ing its position on the treaty. Yet the major nuclear powers steadfast-
“ly refuse to take those modest “political” steps that might make the

NPT meaningful in the eyes of countries that will ise opt for
independent nuclear arsenals.. . : .
a '

With so many near-nuclear states not parties to thé NPT, with the

future of that treaty clouded by uncertainties, and with the nuclear
‘exporting countries engaged in a fierce competition for international
"markets, the future worth of the I.A.E. A. safeguards program is high-

ly questioriable. However, if only because nuclear proponents gen-

“erally express great confidence in I.A.E.A. policing activities, the

safeguards program requires a brief examination.

Conceded by even its strongest admirers to be a shoestring eperation,
the LAE A safeguards program is responsible for inspections in 92

NPT countries and in non-treaty -states that have agreed to such-

inspections. (All nuclear vendors except France now demand such
inspections as a condition of sale.) To' accomplish this task the

. L.A.E.A. employs 70 technicians and has a budget of about $5 mil-
“Tion. The organization’s primary regulatory activity is the auditin,

of records. Occasional on-site examinations are ordinarily announc
weltin advance.  *

A

Besides its exceedihgly modest scale and budget, four other major .
‘problems hamstring the I.A.E.A. First, a nation violating its commit-

ments would have to be remarkably inept to be caught in an auditing
error. When volumes of fissile materials are large, even a small mar-
gin of ‘uncertainty can lead to- significant losses; and bomb-sized

gaps are simply not covered by existing safeguards. One-half of 1 .

percent of a pound of plutonium won’t make a bomb; one-half of

1 percent of a-ton might. When a material is converted tp and from -
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aseous, liquid, and solid states—as is necessary in the fuel cycle—- -

osses and inaccuracies are inevitable. The United States clearly has -

the finest nuclear safeguards program in the world, yet cumulative

UsS. losses of fissile material could fill an enormous arsenal. Thex

most significant losses occurred in the early years of the nuclear pro-

. gram, but, as recently as December of 1925, a fuel fabrication plant. ;

“vin Erwin, Tennessee, reported a discrepancy of 20-40 kilograms (44-

110 pounds) of fully enriched uranium.s

9



The second. problem with the international safeguards  program is
at coups, revolutions, and other dramatic ‘changes in government. -
_ will often invalidate all ‘agreerents made by previous leaders. The
,  United States flew a secret team of experts into South Vietnam to- -
. de-fuel and then demolish that country’s only reactor shortly before
‘ 50 the fall of the Thieu regimess .. 7 . IR

A third weakness of the NPT safeguards program is that, like Cock -
Robin, the LA.E.A. has no authority to take any action against viola-
. tions. other than to announce them. Indeed, most countries Fonsider
occasional inspections to impinge upon their sovereignty; few, if any,
would grant an international team ‘police authority to confiscate
diverted bomb-grade materials, =~ E L,
C . L N
« Finally, selling hardware necessarily means selling knowledge. French
: - sales of nuclear technology are not subject to .A.E.A. inspections. .
Sales of nuclear hardware g other countries are subjected to inspec- -
tion; but duplicate facilities Zuilt‘by the receiving country will not be
jnspected. Brazil, for example, is less apt to build a bomb by sneak-
ing material out of .the German-built facilities than it is to openly
. build similar facilities of its own for the avowed ‘purpose of develop- -
ing peaceful nuclear explosives, : e
-India put an end to the U.N. Security Council’s nuclear hegeﬂ\o’ny,
A At least 15 other countries have the fissile materials and the techni-
,\7 cal competente to manufacture bombs. And widespread weapons pros -
liferation is sure -to follow the rapid growth of commercial nuclear™
power facilities. to. ’ '

Nuclear Terrorism

Discussions of nuclear terrorism have generally focused on the use
.of fissile materials to manufacture nuclear weapons, a vitally .im-
portant topic. But neglected are a motley range of other opportuni-

_ ties for nuclear sabotage and disruption.s

The three bomb-grade .materials of concern are plutonium-239 and
two isotopes of ﬁighly—enriched uranium: U-235 and U-233. Plu-

tonium, named for the Greek god of hell, is made inside- all existing
commercial reactors; it is highly toxic, carcinogenic, .and explosive.

o0
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-Nawizardry is required to build

_an atoy li’nmb that would fit com-

ser¥arfoifably in the trunk of an
e automobile.”

S
i

Sy .
> >

S 85 el of most existing commercial reactors, and U-233 is
- . prodii¢ed in’ reactors containing thorium. Spheres:of:Pu-239, U-235, o
.and U-233, éncased in a. beryllium neutron refléctor- have critical-
_masses of four, kilograms ‘(under nine pounds),-¢léven, kilograms, -
- and four and one-half kilograms, respectively. Sqphisticated implo- -
“sion techniques can lower the gritical mass requfr.éfpéhts:f{prisideraﬁly; _
for plutonium used in implosién bombs, the official *'{figger quan-
T tity” is about two kilograms. A skilled bombmaker with*access to the
' Fr’op'er neutron reflector would require slightly less than;these official
igures suggest. ¢The theoretical minimums are classified:) An amateur .
.- bombmaker could make. a less sophisticated weapon émploying cor-
" respondingly larger amounts of fissile materialez " . .

Until 1970, the United States government purchased all the plutoni-
"um produced in U.S. reactors. In 1970, -tﬁe purchases ceased, and
" private companies began stockpiling the material. If reliance on nu-
clear power grows at the rate commonly projected, far more plutoni- |
um will be produced in commercial reactors in the next couple of-,
decades: than is ‘now contained in -all the nuclear bombs in the world ¥,
Theadore Taylor, a nuclear safeguards expert, estimates that by the:’
‘year 2000 enough fissile material will be in tfansit to manufacture
250,000 bombs. If U.S. Atomic Energy Commission growth projec-
tions for nuclear power through 2020 were to be miet, Arthur Tamplin
and, Thomas Coghran have calculated, the cumulative flow of plu-
- toniym  in the United States alone would amount to 200 million
kilograms (440 million pounds).¢s - - N

" Once assembled, nuclear weapons could be rather convenient to use.
The dimensions of the Davy Crockett, a- small fission bomb in
the U.S. arsenal, are two feet by one foot (0.6 meters by 0.3). The
sthallest U.S. atom bomb is under six inches (0.15 meters) in diameter.
Such bomb miniaturization is well beyond the technical skill of any
- likely terrorist group, but no wizardry is réquired to build an atom
* bomb that WOuFd fit comfortably in thé trunk of an automobile. Left
" -in a car just gutside the exclusion zone around the U.S. Capitol
during the State of the Union address, such a device could eliminate
the Congtess, the Supreme Court, and the entire line of. sucgession to

. the Presidency. . = .. : A
. With careful prlzﬂ@and tight dis‘cirline, armed -groups could inter-
rupt the fuel cycle at any vulnerable point and escape with fissile

51

¢




T ed . LRI §
"'"I -

5 . material. Perhaps more frightening, howevér,.is the inside thief—the
'+ terrorist-sympathizer or the person with garibling debfs or the victim -
of blackmail. In 1973, for example, th_erﬁirgctor of Security for the
U.S. Atomic Energy Commission wasfound:46 have borrowed almost
- . aquarter of a million dollars; to.have spent:much of it on racing wag-
y ers, and to have outstanding -debts ‘of :$190.000 % Quiet diversion of
, 52 bomb-grade material may have takeri place already. There are many - .
- documented. instances of..phitonium being found where it should not
.. have been, and, worse,, not being found where it should have been.
- Al smuggling’ fing ‘was:discovered selling stolen Indian uranium in ‘
‘Nepﬁ in1974, _— v ' :

»

’ .,Det_'e":ijmining wl{e.fhe_r. or not weapons-grade mate‘ri:al ‘has alréady_
Allen into the wrong hands is impossible. Charles Thornton, former
director of - Nuclear Materials Safeguards for the United States’

A.E.C,, claims that “The aggregate MUF (materials’ unaccounted . for)
_from the three U.S."ditfudion’ plants alone is expressible, in‘tons. No
one:- knows where. it is.: Nahe of ‘it may ‘have’ ‘&eéhz_}r{gﬁleﬁa;;ab!lf the ;
balances don’t close. "You' could: divert from:any plant in: the'world,:
in, substantial amounts,” and.never be detected . .". The statistical thief
léaths the’ sensitivity of the: system and- operates. within' it; and:iy
‘ never detected.”70 .- cae e B

) . L

It was lofg:and incorrectly believed in the - nited States, as it is still
believed elsgwhere, that building a bomb from stolen materials would
~-Tequire “a-sthall Manhattan project.” Theodofe Taylor,. formerly the .
leading American atom bomb designer, has dedcribed at length where
- the details of construction can be found in unclassified literature ‘and .
: how .the necessary equipment can be mail-ordered. A television sta- PR
« . tion.commissioned an undergraduate at M]T who, working’ alone =
7 tand using only public information, produced a workable bomb design
#,in five weeks. In 1970, a 14-yedr-old school boy prepared a crude ‘
“(buteredible) diagram for a hydrogen bomb-and nearly succeeded in
- exjotting, one million dollars from Fforida authorities. . -~ . -

24

en without the successful diversion of fissile materials, the opera- . -

nof a nuclear fuel cycle affords terrorists exce oha) opportunities, ,
In Novemb®r of 1972, three men with guns an :greftades hijacked &
Southern” Aitlines DC-9 and threatened to crash' it ixit*a reactor at

. the:Qak Ridge National Lab if their ransom demand®*were not met. .
“In Mag“h‘.‘.? "1973, Argentine guerillas seized "control of a reactor,

| r
oz




“One visitor to the San Onofr_é""'_' '

. reactor in California recently pulled °

» a knife marked ‘lethal weapon’ and :
.+ a bottle of vitamin pills marked -

A" ‘nitroglycerine’ from his pocket:

. S when his tour was next to the

- control room"',

et ot |

'under constructxon, pamted its walls with polmca'l-
I .'pa.rted carrymg the” guards ‘Wweapons.

A former offlcﬂl in the Us. Navy undenNater demolmon.v.program'- ’

*“testified to Congress that he “ . . . could pick three to five ex-tindei-
‘water demolition Marine reconnaissance or Green'Beret men at rar
dom and sabotage virtually any nuclear reactor in the country. ..
The arr;?unt bf radwactxvrty released could be of catastrophic propo
tions. " o )

. One vrsrtor 'to 'the San Onofre reactor in Callfornla recentl pulled a.
. kmfe marked'“lethal ‘weapon” "and a battle .of vitamin ‘pills marked
“nitroglycerine” from his pocket when his tour. was next to the con-
trol room: to- demonstrate how easily the reactor could be penetrated. -
Various magazine articles have: descrlbed how a sabotéur might mltx- f
.'-‘;.atg acore meltdown ina reaclor o S e

.'.-r
vl

U"Wémer Twardzrk a parhamentary re resen(atxve in: West Germany,
- joined a:tour of the 1200-megawatt BleiS-A reactor carrying :a 2-foot *
(60, centimeger).  panzer-faust” bazooka under his jacket. He, passed .
" undetected - ﬂirough the sophisticated security . instruments of the
. world’s largest".operating’ réactor. and_presented the hacooka to 'the ot
- power plant"é dll‘ tor at the end of ihe tour ' LTy

. Threats: l0~ 'estrqy a reactor in- such a: wa'y A to release muCh,of the
" radiation in fts core are'trul§ terrifying. Yet two French.reactors were’,
bombed by le.rror;sts in-1975; a. nearly .ompleted nuclear. plant in .
New York was: damaged by arson: a fofal oF 64. bombmg ‘incidents” -*
'1nvolvgd utilities.in"the" Umted States'in’ 1974; and all investigations'
of a series of mlshaps m an lllmois' nuClear pewer plant 'poxnted to
in-house sabotage. " . . :

N RN

le l_WR. wete umformli\} dlstrll.ilr.téd .

BRI
“If the,.radloactxve iodine in a sin
.« it could contamrlﬁate the atmospﬁere over ‘the lower 48 United States
at_eight times the maximum permissible’concentration to an altitude
" of about six miles (ten kilometers). The. same:reactor contains enougly
" strontium-90 to.contaminate all the strea S and rlvers in the Unlted
States to the maximum permissible concentrati

*.an even distributidn 'of these materials wanild be.impossible, but the ’
" figures serve to mdlcate that every redctor jis, a. ventable Pandora s
box.72 .. <. _ e R :
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.t An .even greater source of dangerous material}is thé fuel storage

- pond.- According: te a report by the .U.S. General Accounting Office,

“., Storage aréas are much more vulnerable than reactors. In such ponds,
several /spent reactor fuel-corés ‘await. reprocessing. ‘And- the repro--

, cessing plant-itself, in addition to being.a iandy source of plutonium,
54 - will contain about 150 times as tuch radivactive ;strontium as a ..
*." " reactor. 'If these concentrated and. vulnerable sources of radioactive -
.- aterial became the target of a nuclear.explosive—delivered either by

- .../ Q. terrorist g'oup or-a hostile power—the destructive potential of the

. resulting hybfid would be min :bﬁg_gli_pg.?’

.’
S

J. Bowyer-Bell comments in Tréfnbhationa( Terror on the recent ter- -
- rorist “recognition of th® potential for 'exploitation of the mass .~
"~ media.” When terrorists kidnapped several OPEC oil ministers from «
.+ Vienna in December, 1975, one-of their.demands Wuis that their com- *

7 munique.be,rgad in.full over television. A city "held hostage to a
;*.nsnucléar threatiwould be 'a far more compelling lufe fo'r'm,edl&covel‘-
N\ +.age than the'kidnapping of anvambqs,sagorl or hijacking of ‘an airliner.

-

EL OIS " TN i . AT . ’
v «Fheprospect of _nucTeargerror may:at.first seem attractiverto partisans
sympathetic to: any particular terrorist. causé;: but an enemy is ‘as
.,ﬁli{(ely'tog engage in nuclear_terrorism: as js art ally. Moreover, incteas- ,
-'ing- numbers " of tefrgrist -episodes. éeem attributable to psychological ™
‘rather than political motives: the Charles Manson massacre: and -
- Richard Speck. killings had about as much ideological cpntent-as.a

N . : ° a - . o AR o .
Guardings against terrorism requires foresight. But it; also. requires __.
'~ *"2020" vision:'Who in"1975 would.have expected -a group of Séuth
" Moliiccan. extremists to hijack: a train-in-the Neétherlands in order to-
-, bargain for Molu¢can' indepéndence’ from-Indgnesia? Protectinig our-
“iiselves” against futireitegorism ‘means nothing less fhan building a
\ucle‘ar".s'ystem ‘able; ta, withstand . thetactics of future lterrorists fight- =

ing for & cause thithas not yet been'borh. - - .=,
‘,-L,"._'_..'.' AR 5 » - [ .~....‘ : . . - .

. Nuclear Power and Society . ", .

. EVery major gngrgz' thrénsitfid'r.\"br‘iﬁg,s with. it pfofoﬁ,nd éocial.change.p
1. - The substitution of coal for:weod apd.ﬁ{yi,nd ushered in the industrial -
; rgV__olution., ,T}J’e petfql_gy‘m"era; Tevo

onized mankind’s approach .

S L
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The existence of hi
- sion. tendrils will fo
- their security. Suc
- ordinated attack c

.. . LY

to mOngent—restructurm§ our cities and shrmkmg our world. Now '
e

at the twilight of the petro
in the certain krlowledge that it will radically alter tomorrow’s society.

um age, we face another energy transition .

Each of the many enerﬁy ‘optigns available to us today ca‘mes with

it far-reachmg social implications.

ténsive, and fraught with long-term dangers. It produces electricity,
a form of energy that is difficult to store and that can be transported

along expensive, vulnerable corridors. Some of the consequefces
of t¥|e wncfespread use of nuclear power can be easnly anticipated.

,Nucleér péwer is highly centrahzed technically complex, capital in-
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Intreased deplo& ment of nuclear power must lead to a mor aiuthéik._. '

tarian society. Reliance upon* nuclear poweér as the princip

source

of e‘nergy is probably possible onlzr in a totalitarian staté! Nobel
Itv

Prize winning physicist Harines Alfven has described the requlre-
ments of a stal le nuclear state'in stnkmg terms: :

Fission energy is safe only if a number of critical devices work
as they should, if a number of people in key positions follow all
of thein instructions, if there is no sabotage, no hijacking of -
transports, if no reactor fuel processing plant or waste repository ’
anywhere in the world is situated in a region of riots or guerrilla
activity, and no revolution or war—even a “conventional one”’—
takes place ese regions. The enormous quantities of extreme-"
ly dangerous maferial must not get into the hands of ignorant
people or despera o0s. No acts of God can be permitted.”s

hly centralized facnlltles and their frail transmis:
I a garrison mentality in those résponsible for
ystems are vulnerable to sabotage, and a co-,
d lmmoblllze even a large country, since storing’
a substantial . volume of “‘reserve’’ electricity is so ifficult.. More-
over, 100,000 shipments of plutonium each year would saddle. socie-
ties with nsks that have no peacetime. parallel _ :

Nuclear power is vnable only under condltlons of absolute Stabl]l?'
The nuclear option requires - guaranteed quiéscence—iriternationally

and’ in perpetuity. Widespread surveillance and police. mhltratlon f
all dissident organizations will bécome social imperatives, as will |-
-deployment of a paramilitary nuclear police force to safeguard every..‘f.j

facet-of the massive and labyrinthine fissile fuel cycle

. . ) . 3
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Broad nuclear: devellc.)ggflnt could, of course, be ste'nmtea with pre-
captiong no more eMborate or Oppressive than those that have c ar:
actgrized nucleag efforts to ‘date. Siichea course would assure a nu-
clear tragedy, atter which public epinion would demand authoritar-
S ian measures of great severityg Orwellian abrogftions of civil liberties
+§6+ would be tolerattd if they were deemed flecessary o prevent nuclear "
. r . § . . .

,  terrorism. ¢ < . - -
_ "' Guarding long-lived toxi¢ radioactive wite will require not ‘just the
. ¥ 'sworn vigilance offcenturies; it will ‘require an eternal commitment.

. Thoughttul - nuclear supporters are suggesyiffly the creation of a’

nuclear "“priesthood,’ -to “assume the burden of perpetual. surveil-

B lance. Since the nuclear wastes now being treated will remain lJg)‘lxio:-_

© for 100 times longer than all recorded human history, ar appréach
.. with'quasi-religious overtomes is only fitting.7e ~ _ - .

"The capital-intensive nature of nuclear devdopme;\t will. foreclose
other options. As governments channel massive stteams of capital

" into directions in which they would not naturally flow, investment

* opportunities in industry, agriculture, transportation, and: housing—
not to mention those investments ‘in more energy-efficient, technolo- .

gies -and alternative energy sources—will be bypassed. The U.S. Proj-

ect Independence effort would require one ‘trillisn dollars by 1985,
four-fifths of which would be earmarked fof néw rather tﬁan re-

- placement facilities.. Under such a scenario, new energy plants would

require two-thirds of all net capital investment .during that period.

.. If -Project Independence were ‘more eyclusively’ nuclear, the figure
, would be even higher. - '

With such a large portion of its capital tied up. in nuclear invest- -
ments, a nation will have no option but to: continue to use this power :-
source; come what may. Already it has become extremely difficult for °
many countries to turn away from their nuclear commitments.. If -
current nuclear ‘projections‘hold- true for"the next few years, \it will -

. be too late. Already there have been frightening examples/of falsified
reports filed by nuclear owners seeking to avoid ‘expénsive shut-:
downs. When vast sums are tied up in initial 'capitalpinvestt'nents,
every idle moment is extremely costly. After some level of investment,
the abandonment of a technology becomes unthinkable. = °

*  In a world where money is power, these same large investments will

cause inordinate power to accrue to the managers of nuclear energy.
.
. 1 .

1
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; makins' decisions for an alienated society on. technical grounds .
n

[y

* dant.

L. o “The nuclear Siren is presently
o . . attracting much interest, but
hopefully her appeal will prove

short-lived. Alternatives are abundant.”

" : .,

@t '

These managers will be a highly trained, remote, technocratic elite,

beyond the public ken. C.S. Lewis has written that, “what we eall

Man’s power over Nature turns out to be a power exercised-by some
‘men over others with nature asits instrument.” "As nations grow
_increasingly reliant’ upon exotic technologies, the authority of the

technological bureaucracies will ' necessarily ' become. more complete.
Enelfiy Elanners now project that by the year 2000 most countries
will be building the equivalent of; their total 1975 energy facilities

every three years. Although central planners may have no diffi-

culty locating such a mass of energy facilities or"their maps, they will

face tremendous difficulties siting them in the actual countryside of

a demw state. . _ 7 i
: o v

\

‘A nuclear world would have international as well 4s national con- -

sequences, It ‘would lead.to increased - technological dépendence

among nations, especially as the nuclear superpowers conspire to .

keep secret the details of the complete fuel cycle. Worldwide depend-
ence upon nuclear power could lead to a new form of technological

. colonialism, with most key nuclear personnel being drawn from the

technically advanced countries. The enormous costs of reactors will
resultin a major flow of money from poor countries to rich countries,

‘as the former squander their scarce resources on these technological
--iwhite elephants. : o

" . The nations: of the world must together make an end-of-an-epoch
decision. As the finite remaining supply of petroleum fuels continues

to shrink, the need for a fundamental transition becomes increasingly
urgent. The nuclear- Siren is presently .attracting: much interest, but

Y
-

Coal can play an important role in the immediate future. The energy
content of the world’s remaining coal far exceeds that of the remain-
ing oil, and recent advances in mining and combustion will allow
much of this resource to be tapped without imposing unacceptable

- ‘environmental costs. PN N

A ‘wide range of solar devices'is‘becoming ‘available. Systems to cab-
ture low-grade heat to warm buildings and water—uses which con-

" stitute more than 25 percent of current’energy needs in all countries—

hopefully her appeal will prove!.sl!\ort-lived.‘.Aﬁer"natives are abun- -
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- are now on the market at competitive prices. Photovoltaics, thermal-
. electric systems, bioconversion processes,” windpower, and other .
benign, renewable options promise large amounts of relatively low=-
cost, reliable, high quality energy with less effort than would be
: " required by the new generatipn of breeder -reactors.. Solar options
58 can be decentralized, simple, gd'apféﬂ to indigenous materials, /and
- dependent only upon a country’s energy “income” from the sun.
"+ " They produce no toxic wastes and no potential bomb materials.?”

Finally, it is of critical importance that.greater attention be paid to
- opportunities for. energy conservation. The United States. could,
according to several analyses, eliminate about half,of its fuel budget
without significant alterations in its economic system or its way of
life. Even greater reductions might be accompanied by improvements
, in public ﬁealth and the general quality of life. Sweden and West
. Germany manage to achieve an excellent standard of living on about
half the U.S. per capita level of fuel consumption. Enormous savings
can be made t rougﬁout much’ of the industrialized world, where for
the last several decades cheap energy has been systematically substi--
tuted for labor, capital, and materials. Even in poor countries, the re-
placement of open fires with cheap, efficient stoves, the use of in-
expensive pressure cookers instead of pots, etc., would allow signifi- -
cant energy savings. Moreover, such countries should employ antic-
ipatory- conservation measures in their development plans, taking
care to avoid the sloppiness and wastefulness that characterize those
nations that igdustrialized in the era of cheap oil. ’

It is already- too late to halt entirely the widespread dissémination of

the scientific principles underlying nuclear power.-Whan can still be

_sought, however; is the international renunciation of this technology

and all the grave threats it entails. Although the nuclear debate has
been dominated by technical issues, the real points of controversy fall
in the realm of values and ethics. No person, regardless of technical
skill, has a right to impose a personal moral judgment on society. No
‘country, regardless of strength, will be able to make the nuclear de-
-cision for tie world. But if increasing numbers of people and coun-
tries begin independently and actively to oppose nuclear power, the ,
world may follow. - o ! ' :
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1. Stockholm lhtefnational Peace Research Institute, “A Tragic Paradox,”
The Unesco Courier, November, 1975. . TN
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1975; United States, Statistical Yearbook, 1974; World Environment Re--

port, June 9, 1975 (Special Nuclear Issue); International Atomic Energy

Agency, Market Survey for Nuclear Power in Developing Countries: 1974 .

e;ﬁtion, IAEA-165 (Vienna: 1AEA, 1974). :

" 3. An overview of ' the Swedish d:ositid‘n*?cgn be found in Lennart Daleu’s -
A Moratorium in' Name Only,” Bul

U.S. figures were obtained from Atomic Industrial Forum, op. cit., and Week-

ly Energy Report, Jan. 5, 1975; The Japan Times has given much coverage

to nuclear issues, and information on the Mutsu was obtained from the Jan.

16, 17, 19, 22, and Feb. 11, 17, 1976 issues; Information on France ap-
ared in the New York Times for August 8, 1975 and Weekly Energy
eport. for May 26,-1975. Most o national data are from various issues

of Not Man Apart, a publication ‘of thé U.S. branch .of Friends of the Earth.

4. In 1975, nuclear exports amounted to $3.6 billion, two-thirds of which
were U.S. sales (The Economist, December 6, 1975). William Casey, ptesident
of the Export-Import Bank, predicts that ““within the next three years nuc-
lear technology will become the U.S. economy’s biggest export item.” By far
 the most comprehensive..analysis of ‘uclear exports is in Richard J. Barber,
Associates, L.D.C. Nuclear Power "Prospects 1975-1990, ERDA-52 (Spring-
" field, Virginia: N.T.I'S., 1975). For insight into the attitude of the American
- business community on this issue, see Tom Alexandér, “Our Costly Losing
Battle Against Nuclear Prpliferation," Fortune, December, 1975. * :

5. For a more detailed treatment, see ?]ohn P. Hc;ldrel'\, *Hazards of the Nuc-

lear Fuel Cycle,” Bulletin of the Atomic Scientists, October, 1974.

6. Arell S. Schurgin and Thomas C. Hollocher, “Radiation-Induced Lung
Cancers Among Uranium Miners,” in_Union of Concerned Scientists, The
Niclear Fuel Cycle (Cambridge, Mass.: The MIT Press, 1975).

-

7. Thomas C. Hollocher and James C. MacKensie, 'Radiation Hazards As-
- sociated with Uranium Mill Operatiops,” in Union of Concerned Scientists,
- The Nuclear Fuel Cycle, op. cit. Dl}v\id Dinsmore Comey ('The Legacy of
Uranium Tailings,

argues that the fikely consequences of U.S. uranium processing through the

year 2000 will be 5,741,500 lung cancer deaths over the next 80,000 years,*
assuming the populatiea. level soon stabilizes. Assuming that an inevitable

death tomorrow is as tragic as a death today, this is an enormous health cost

fora comparatively trifling amount of energy.
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letin’of the Atomic Scientists, Oct, 1975; .

*“Bulletin' of the Atomic Scientists, September, 1975) -
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financing guarantees for a Jarge, private gaseous dif usion facility.

" - Centrifuge enrichment hasbéen successfully dévelopga4' to: the pil_ot-plant."
.stage, and Urenco, Ltd., “a»British-Dutch-West Getman : collaboration, . is

.In.nozile" enrichment, .a jet of uranium hexafléuii?iea%’és is é&fuirt‘e’d m

" Nozzle enrichment was developed in West Germany in the mid-1950s. Nozzle ~

N

- Nobel Laureate - Hans § Bethe, a forceful advocate, of commercial nuclear
.power, has expressed phe hope that, when developed, laser enrichment tech-

- publications. . -

Holland. In the United States;ithe federal governifient is constgicting a shight-’ .

‘tube on the other side of the tank while the lighter ‘U-235'2t,ehds?{ltq'.d‘ﬁ

[4
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be trusted to-private corporations. In the U.S. this issue has received partic-
ular attention, as the growing domestic market alone might require six to
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A private consortium headed by the Beckfél Corporation is see ing federal

9. In centrifuge enrichment, uranjumr hexaflouride gas is fed into a spinning
centrifuge. Here U-238 is :spun towards the wal while the’lighter U-235
passes into an upper chamber. The principal advantage of centrifuge en-
richment is an energy requirement equal to about 10 percent that required by
the gasious diffusion process. . : '

G

building one small facility- "4, Capenhurst, England; and another- at. Almelo;s
and.;

{K larger centrifuge facility at Oak Ridge, using ‘a.different: téchnolog
ree L.5. corpotations are also seeking to enter thefield5y . .- .

low pressure tank. The heavier U-238" tends to flow straight tq a ."..’?ariniﬁ".v,.j
0 the’
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enrichment facilities should be comparatively easy to engineer; although their
total energy requirements will be rather high. South Africa has done much
of the commercial development of nozzle enrichment, and West Germany has
contracted to build such a plant in Brazil. . - s T

.Laser enrichment, the least developed of all enrichment technologies, is based

on the fact that laser beams can sometimes selectively excite individual iso- .-
topes. Excited isotopes enter into chemical reactions that allow them to be -
separated from other isotopes of the same element. If laser enrichment tech-
nology becomes well-deveE)ped and widespread, the impact could be enor-
mous. The energy requirements -are comparatively slight; little space is re-
quired; and the cost will be trivial. Laser enrichment could make weapons-
grade material available to any government and ta any determined organiza--
tion. Co : :

N

nology will be kept secret for as long ‘as possible—perhaps even twenty or
irty years. However, this seems to e.wishful thinking. Ground-breaking

‘work has already been done in several countriés, and important advances in -

the field of laser enrichment are even now' being reported in unclassified
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