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"Control of Peaceful Uses of Atomic Energy
with particular reference to non-proliferation'

to be held in the U.K., April 1968

Qutline of programme:

1.

Safeguards Systems

Methods of improving and expanding the IAEA safeguards system and the
development of satisfactory long-term models of control procedures for
future peaceful nuclear energy programmes with particular emphasis on
the accuracy of control.

Control of Reactor-Exports

The development of an agreement between reactor exporting countries to
only export reactors under the condition that the receiving countries would
undertake to sell all the plutonium produced to an international organization
with appropriate buy-back arrangements,

Conirol of Separation Plants

The possibility of placing existing plants under international control and
controlling the development of gas centrifuges for the separation of U-235.

The Prevention of Proliferation

The incentives to persuade non-nuclear countries to sign a non-proliferation
treaty including (a) guarantees to non-nuclear countries, (b) reduction of
existing nuclear forces, (¢) restrictions on development of new weapons
systems, (d) technical aspects of inspection, ~° : .. 5. Alternative
policies to non-proliferation., The means of decreasing the prestige value .
of weapons as opposed to a peaceful nuclear programme.

Consequences of non-proliferation

Discussion of: commercial aspects; the reality of 'spin-off' of information;
and the non-acceptability of civil applications of nuclear explosives.

Economic Aspects and Technical Aid.

The limitation of reactor dissemination on economic grounds and the
encouragement of alternative use of technical aid.

Political Aspects and Anti-proliferation Information

The means of counteracting arguments for retention of options to produce nuclear
+ weapons and disseminating information on the consequences of nuclear
proliferation.

International Political Aspects - 34 o

Long-term methods of reinforcing the non-proliferation treaty; the relatlonshlp
between non-prohferatlon and the creation of non-nuclear zones; and the
feasibility of creating a new and special status in international law extendmg
the neutrality principle to nuclear weapons.
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THE_FROBUCTIGN_AND CONTROL UF NUCLEAR
ENAEGY AND BXPLOSIVES '

BACKGROUND PAPER

), THE RECUIREMENTS

The heart of any nuclear armaments program; whether limited to fissien
boubs ot dlrectpd ‘toward producing the high temperatures needed to trigger
fu51on weapons, isg the acqulsltlon of a supnly of one of three metals. They
ure Uranium-233%; uranium having an atomic-number “2{ Y2 protons) and an atomic
weight 2573 (453 protOnsj + neutrons ) Uranium--735, having atomic number 52
and atomic weight 235, and Plutonlum—JB hkaving 34 protons and 145 neutrons
(an atomic weight of 239) Vhen any of these three types of atomic nuclei is
penetrated by a neutron, the wost probable result is a fission into several .
smaller nuclear fragments, with the release of energy and of more than one
other neutron. It is possible to create a chain reaction in which the release
of energy is explosive, provided that enough of the fissile metal is assembled
to ensure that the emitted neutrons are all captured by other nuclei. BEstim-
ates for the critical masses, the minivum needed for an explosive reactlon,.;
are not difficult to wake to within 5¢%, though officially still subject to
security restrictions. The gquantities are about 20kg. for U-235, less than
6kg. for Pu-239, and around 15kg. for U-233; any country which could obtain
or mwanufacture quantities of this eorder in reasonable time would be in a-
position to move toward the "-uclear cludb". ‘

Uranium-23%5 is found in nature mixed with its radiocactive but non-
fissile sister isotope U-238, as €.71% of the total. Plutonium-239:and
Uraniun w253 on the other hand, must be produced from the maturally otvcursfiag
U~Z38 and Thorium-2732, 1e5pect1ve1y, by bombarding these metals with neutrens
in & reactor these two types of nuclei (nuclides) are termed "fertile". The
nuclear reactions involved may be SChEm&tlc&ll) written: '
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The series of reacticu. (. repraseady *ho “roductlon of Pu-233, an”
{.2) the production of U-237, The times t are the half-lives of the spontan~
eous decay shown in their corrcsponding equaticns, the times for half the
nuclei to undergo decay. The fact that cne of the P-disintegrations, in
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which an electron is released, takes several days in each case determineg the
chemical cyeling time in reactors where fuels are produced. When the fissile
waterials are produced, they are themselves unstable, decaying with the release
of heliuw nuclei, a—part1cles, bt with very long half- 11ves
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but these s~ontancous reactions are very slow compared with the
average time for a fission in a typical reacter, so the loss of fissile
material is negligible, Te start a program of peaceful or military nuclecar
energy a supply of natural uranium, containring both the fissile U-i)5 and the
fertile U-~2.8 must be mede available, As an elternative to U-238, Th-232
could be used as fertile material,

2, MINING AND EJTRACTIiON OF ORES

An outline scheme of the industri.l paths by which nuclear . fuéels may
he produced is shown in Figure 1., The scheme shows that those countries- '
blessed with natural depcsits of uranium are not immediately in a pesition.to
divert this to weapons preduction, The bulk of the world's easily accessdible
reserves of uranium ores, in the form of uranium oxide U, 0 , totalling - -~
between four and five million tons, has been located in he intensive pros-—-
p cting period of the late 1940's and the 1%5¢'s; this is the material which.
can be cxtracted at less than 13 dollars per pound of U,0, ~There is mno
major difficulty in extracting the uranium from its oregg ‘well-known methods
for extracting metals, suth as lcaching with carbonates, cyanide; or sulphuric
acid, and icn exchange matrix technigues being widely applied. As well as the
well-known major producers, the U.S., Canada, South Africa, and the U.S.8.R,
it is estiwoted that countries which could produce more than one tonne of.
uraniuvm wetal per year 2t & cost less than twice that in the major mining
suppliers include Portugal and Sweden, with capacities grater than 16 tonnes
per year, India, Argentina, Spain Japan and VWest Germany, with between 1 and
10 tonnes, also Egynt and Italy, which cach huve developed reserves estlmated
to contain over 500 tcnnes in all, :

Apart from the easy deposits which could be realistically develrjped on
a commercial basis for a genuine power prograt, and these include large-scale
thorium d93051ts in the U.S., India, and Canada, as well as smaller ones in
Australia, Brazil, Madegascar and oouth Africa, a governwent determined on
wveapons development could utilize much poorer and therefore wmore expensive
deposits. Low-grade bituminous shale and phosphate deposits contain. 0.005
to 0.91% of uranium, as opposed to the {.1% typical of the high-grade ores.
The me jor low-gradé world deposits couprise an estimated reserve of 20 million
tonnes, of which & million lie in the Chattancoga shales of the U.S. Of umcre
immediate interest is the low-grade uranium found in phosphates, because &
commercially viable extraction plant could be developed in conjunction with
fertilizer production. An estimated miniwum of 600,000 tons. of uranium metal,
and about half that awmount of thorium is contained 1n phosphate deposits.

Any uraznium, and for wost considerations of U-238 and its fissile
derivative Pu-23%9 we¢ can assume a close parallel with Th-232 and U-27%%, ex-
tractcd and processed to give metal is not in a form needed for explesive
purposes, even after passing through preliminary chemical purification stages.
It is the fcllowing steges in each ¢f the twoe major fuel paths shown in Fig.l
which are the key to weapons productien. The uranium before these stages
comsrises 99.%% U-Z38 and only §.7% U-235. It can be processed either cheni-
cally, to increase the proportion of U-23%5 «ufficiently to make the fuel useful
in nower reactofs, or processed directly in a reactor where the buraing of the
U-255 can release enough neutrons to convert some or all of the U-2%8 into
Pu~-23% which can then itself be burned. Of coursc instead of burning the fuels
they could be diverted for weapons production.

% FUEL ENRICHMENT

~ The bgilding of an enrichrent plant, to concentrate U-23%5 has been
until recentlyre'particularly massive technological investment. The difficulty
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arides in separating two chemicelly identical isotopes, whose distinction lies
only in their slightly different wmesses. . The classical method, which was used
during the war on the Manhattan project,‘and which is still the‘basis cf the
nuclear develop“ent of the major powers, is the nethod of diffusive separation,
The uranium is passed, in the form of its gaseous compound UF,, uranium ! exea-
fluoride, through a porous medium at high pressure. The mediunm is & partition
in a chamber gome %06 ft. long, which nmust be able to withstand high pressures
w;;gout any %ggk whatsoever. The differential rate of flow of the two types

i} and U"""F, through the wediuw effects the separation. The moxioum en-
rlchment ratio ver chamber is given by '

Y1/ =a (x/x) ; o = M/M (%),

vhere the gas flowing out of the chamber is considered split into twe streaus,
such that the ratic of UZ75:U2%8 in one streaw is yl/yq and in the other utreao:

is x,/x,.

~The value of a the enrichment factor per stage, is given by the square root of
- the ratio of the wesses of the two couponent forus of UF.. Its value is
1..59118, and in a practical case would fall even closer %o‘unity. Bstimotes
- of the nuuber of diffusion' chambers needed to go frow a UZ.5 fraction. of C.7%
to one of S$4% give  numbers between two and four thousand. The power needed
to run such z chain is ¢f the order of hundreds of megawatts; it is estimated
that the 0ak Ridge plant which first produced enriched uranium for atouic
weapons consumed 250 megawattc. The nature of the porous nmedium which performs
the separation is clasgified, but the French and almost certainly the Chinese
have besn able to develop the medium for use in their plants. However, the
building and operation of an diffusion enrichment capability is clearly. a
we jor industrial undertaking, which could scarcely be concealed for leng, and
would not be undertaken lightly by a country with limited power rescurces.

The alternative forrm of enrichment plant using @ high-speed centrifuge
to separcte the isotcopes is distinguished by its potential econcny of cost
rather than of scale. BEcch separation stagé conmprises a high-speed centrifuge
which separates particles on the basis of wass, in o precisely equivalent way
to the centrifuge comuonly encountered in the laberatory. The number of sep-
‘aration stages needed is weasured in hundred, but the power regquirecuents are
much less severe. Beccuse the development of the ges centrifuge separator
is one of the greatest technical threats to non-proliferstion it is sufflc~
iently 1mportant to warrant & separate treatment.

&, : EEACTORS FOR _FUEL PHRODUCTION

. A chemiecelly much sinpler route than that of enrichment is to use.2
récctor to provide fissile Pu~23%9 fron U-2%8, and then to separate the pluton-
iutr chemicolly., The fcllowing brief outline of reactors should he of partic-
ular interest to non-specialists. The aim of a reactor is the controlled
figssion of.U-27%., U-235 or Pu-23% tc give energy, neutrons, and smaller nuclei,
the fission freguents, For power genration it is the nmest econowical pro-
duction of energy which is needed, and 11b, of nuclédar fuel provides the
equivalent of complete conmbustion of 1580 tons of ccal or 3G0,000 gallons of
160 octane liquid fuel, In the reactor the neutrens emitted during fission
re allcwed to bombard neighbouring nuclei, to cause these to split and wm2in-
tain the choin recction. As long as one neutron per fission can be used to
proncte another iissi%n the reaction is self-sustaining.

5,1 TFissile Nuclides

w
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Te produce U—ﬂjg or Pu-£39 as well as power, it is not only necessary
to ut111ze one ‘neutron’ for povwers,; but sparc neuntrons must be available for the
conVérsion of Th-232 or U-23% 8, the more abundant, fertile isotopes. These
conversicns sre represented by equations (1) and (2). The question arises of
how mony neutrons are in fact released per fission: :

Nuclide a (No. of Neuvtrons/fissions) q@bw“L(Outnutﬁn (-Outnut 1
(friput thermal n Input fast
U-253 2,51 2,98 2.k
U.2355 2.47 ' 2.07 2.3
Pu-239 2.50 2.10 2.7

Table 1., Neutrons made available from fission processes.
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The first colunn in the toble indicntes the nunber c¢f neutrons released
from the fission of the three nuclides involved; the sccond and third colunns
show how many meutrons would be produced for each neutron striking & figsile
nucleus, taking into account the faect that each enccunter does not necegsarily
s3Yit the nucleus, but night convert it in a monner similar to the processes
shown in eguations (1) and (2). The figures shew that if one neutron per
fission is used up to sustain the chain of reactions, and one is c¢hanneled
into fertile U-25%8 or Th-23%2, to produce wmore fissile material, there will
still be a small remoinder to balance- cny inevitable losses. Reactors are
designed to minimize losses but alsc to cnsure that the chain reaction does

not beeone explosively fost.

4.2 Msderators.

The three fissile nuclides are nost susceptible te fission by therual
peutrons, that is by those coving at siwmilar speeds to weolecules at roouw
temnerature, vhich is slew compared to the speeds at which they are emitted
from the disintegrating nuclei. Their energies =zre, when thermal, 0.1 electron
volts, or less, Interumediate, or epithermal neutrons have energies from ColeV
to 5¢ Kev, and fost neutrons have energies greater than this. 1In order to slow
theemitted neutrons to thermol speeds substances Fnown s moderators are used,
These remove cnergy from the neutrons by sinply scatiering them elastically.
Elenents of low nuclear mass, that is of low atomic weight have the best
moderating properties, as their own recoil wmowmentun is greatest, so that they
absorb most energy. Thus water (H,0) containing hydrogen, heavy water (D 0)
with deuterium, and beryllium and Carbon are useful wcderators, but other®
nuclides of low wmasg, lithium and bor.n which react with neutrons are not use-
ful..

4.3' Burncr Resctors.

The simplest type of reactor, the burner, consumes the U-235 in either
natural or enriched uranium, or burns Pu-239%, without producing any further
frel by conversion using its spare neutrons. OSuch & re2etor werld have an
active core of fuel, the fissionable nuclide, producing energy, surrounded by a
moderator: A neutren-reflecting shield surrcunds the core, and the energy is
removed by & coolant in flovw contoet with the fuel. Such a coolant might be
liguid water, which could be turned intc steocnm to drive a turbine. Other
nossible coolants are liguid sodiuwm, cr sodium/potassium nixtures, organic cot—
peunds of very high beiling point, air, and €GO, gas. 1In designing o reactor
nrimarily to deliver nower , nuclear processes can give 2 wtrach higher temper-
ature, and hence 2 wuch higher therwodynawic efficiency than conventicnal burn-
ing. The limitations are on the rate at which the eoolant can rewmove energy,
and the thermal stresses in the fissile waterial and its metal comtainers.

In order to control the fission rate, which is directly preportional to
the concentration of neutrons in the fuel, reds of a neutron ~bsorbing "poison"
suck as boron, or cadrmium, or hafnium or gadolinium coxides nre used. MNone of
these materials, or the coolants or woderators described zbove poses probleus of
vonufacture too grect for a country wishing to set up 2 nuclear power or
weaponsg industry. In particuler heavy woter, the subject of wmuch seerecy during
thelatter stages of World ¥ar 11, is now uore readily available., It is the
only type of moderator for certsin iuportant types of reactor, and rust be
separated from ordinary water, of which it forms omz part in 4,700 nzturally,
by nethods analagous to those described for U--Z_.5 enrichment. As the mass
ratio cf D:H is 2:1, by choosing compeunds of 28 lov as nolecular weight as
possible, ideally using D,and H, themselves, from electrolysis, the enrisghment
factor for this senarctiofi can Be made tuch more favourable than in the case of
UF;, and the power required tc produce deuterium on a conmmercial scale is wuch
legs than that for uraniuw enrichment. ‘ :

4.4 Critical Mass,

The larger the mess of nuclear fuel in & reactor, the fewer the neutrons
which can escape, per unit wass, The wass at which a reactor "goes critical"
“engendering a self-sustuining chain of fission, varies with the geometry,
a..¢ the enrichment of the fuel. Fer instarce a uraniun salt with 90% U-275
would need only lkg of U-2%5 to go critical, but if the U-2%5 is nixed in
natural proportions with U-23%3, Z00kg is needed in e wass of %0 tons cf uranium,



assyning graphit
are its ¢wn neutro
of U-5i3%5 in the fo
actual reactor nor

the core, and ccntrcl reds of poison are inserted to
As the fuel burns away the reds con be withdrawn, or

—f-
If water were used as a coolant, sc effective
properties, that no amount
the critical mass. In 2n
mast be fed initially inte
absorb the excess neutrons.
are thecmselves nade of

e noderator.
n absorbing, as well as moderzting
rm oof natural uranium ccould exceed
e than the critical anmount of fuel

burncble material which is consunmed during the nesutron centure at an approprict

rate,

The mainsty
nuclear nations ar

burner reactors; in whick up to 3% of the initial U-2%8 is burned.

reart of power reactors at present used in the programs of the

e CO.- or wvater-cooled grphite-~or heavy-water- moderated
As omly

0.7% wos originally present as fissile uranium, it is clear that a good reasure

of conversion of U-
the main present-dey source of weapons-grade plutonium,

in fact us: either
riched for use as

or it can use non-
weapons-—grade Pu-:
scale for moderati
4% cn enriched ura
of Pu-239% producti

4.5 Breeders.

It is not t
potentially the wo
nenutrons emitted f
ator, it is termed
least 25% of a fis
ruclei to fission
can afford te let
pust be. of high nu

and must not present
other than fission,

or a uixture is us
ducting properties
of uraniumz, both w

If there is
rossible by a2 suit
U-2 8 to Pu-239 at
the initial U-2%5.
as the initial fue
fost neuwtrons, £.7
pared with 2.7 and
reactor" was first
species as they co
as puch fuel as it

k.51

and indeed such reactors are
A burner reactor con
enriched fuel, which is nevertheless not sufficiently en-
effective nuclear ezplosive; it can then be water nocderated,
enriched fuel, whieh is portially converted te separable

2%8 to Pu-2%% can bhe achieved,

2%%, but needs heavy waler cr very pure graphite on a large

on. By charging & 12% rent on heavy weter stocks, ond only
nivm, the AEC c¢f the U.S. has tried to prevent the spreac
er in burner °ﬂctors.

he burner, but in the long run the breeder reactor which is
st productive source of Pu-239 cr U-£4%3 for weapons. The
rom a fission process are fast. If 2 reactor has no wmoder-
a fast reacter, and fuel for such a reactor must contain &t
eionable muclide, because the suscep t1h111ty of the other

by fast neutrons is lower than for thermal neutrons, so one
fewer escape. . The rest of the material in the reactor core
clear mass, to prevent noderation by elastic scattering,
large cross-section for neutron cbserption reactions
This rules out water for cocling, and sodium or potossiunm
as a ecoolant, for their good moderating oand thernzl con-
The reflector surrounding the core could be of iron or

.
o

ed

ifth high m&ss nunbers.
fertile material either in the core or the reflector, it is
able geometry to conssrve sufficient neutrons tec convert

tad

rete equal to or greater then the rate of consumption of
This process can be wade nore efficient if Pu-279 is used
The  last figure in column % of Table 1. shows that for
are ovailable per disintegration of & Pu-2%5 nucleus conm-
2.4 for U-£35 and U-233 resnpectively. The term "breeder
applied only to those reacters producing the same fissile
nsuned, but ncow a breader i~ any converter producing at least

uses,

1

Fast.Broeders..

The technieal urcblems in d681gn1ng a fagst brecder reactor hove beacn

nutierous and dounti
but the ability to

has to be held coupact for good neutron econowy
Fer the

1ng. The fuel
extract the hcat produced calls for a dilute fuel.

wost cconomical working, which wonld not apply so powerfully tc & non-clandes-

tine weapons program.

: fuel elewments nust be found which do not reguire re-pro-

cessing, that is having the plutonivm separcted from the fission products,

until at least 0%

radiaticn demage and weuld d1¢1ntegrat

2lements which suffer
§c uraniuw cxide isg

¢f the fuel has been used, Metzl
way not be used,

substituted, but thlo reduces the number of neutrons avallablg per fission per

unit pass. Finalll
reactors., This co
explogsive one, is

subsidiary reactio

¢.26%, for U-235 Ol

sceonds to 55 seco
systenm to prevent

y control of the reaction is nore difficult than with therumdl
Ptrol which aius ‘at o high fission rate just thisside of an
achieved using the snatl Iraction of "deluycﬂ" neuirons iron
18. TFor U-237% fission the fraction of delsyed neutroms is
55%, and for Pu-23% 0.21%] These are delayed by from 0.17
ds after the fission, and give just encugh "frietion" in the
runiway,

&




y] S

A diagrai: of o breeder reactor although it could depict grgphically ?he
description outlined above, cen give little idea of the complexities of design,

‘many of which are in any case subject to security restrictions. The size of
the core, containing the fuel elements, is about that of = football, The .

" coolant, iiguid sodiun, flows rcund the core and through the blaonlket of fertile
neterial to transport heat to a steaun generator for electr%ca}'power. The#ppwer
density at the centre of a fast breeder is Llivr, per cgblc inch, ?ompareﬁ |
with 0.5 in & high-pressure naval boiler; ¢.7 in a turb?get combustlfn chauber,
and %5 in the chawvber of an Atlas ICBM. The power denSlty alone leads the
engineering of é fast breeder reactor to be 2 nmajor techniecal- feat.

'4.52; Therrmal Breeders.

The alternative apnroach- to breeding is @ theruwal ome. Pu-239 is-nqt
susceptible to therual b}éediﬂg,'bccause its neutron output to input ?atlo_:
ol o anly 2.07 at thermol energies, which does zot leave & nargin for
losses. The reaction can be made self-sustaining at epithermal energiec, a?d
this comprouise also gives & lower power concentration, but hac grﬁﬁfgi;Pulﬁ
and camnital cost. The U-2%. fission, with its value of 2.28 for a7 ena?les
therﬁai breeding to cccur; indeed U-Z335 can be used in breeders at all energies.
The value 2.28 is really rather low, so it is olmest imperative to use ﬁhe best
vodérator D.0, hesvy water, and 2 suitable heat removal systen to miniwize
neutren losfes. These reguirenents have led to the developuent of the agueous
henogeneous thoriun breeder, in which uranyl sulphate (the U-23%7 variety) in a’
dilute. sulphuric acid solution, made up with D 3, 18 punped through §-centra1
"mot" where a critical volume is maintained. e circulating fiuid is then
puraped gway through wider tubes to suppress the reaction.

Breeding occurs in a blanket of Th-27%Z surrounding the pot, and the
subsequently separated U-23. can he fed into the aguecus solution to keep the
conversion going. A4 further reesorn for using D,0 rather than water is that the
low sclubility of the uranium salt lecds to an.Inefficient geouetry. Tnitial
difficulties encountered, of noor flow with local boiling which nrecipitated
uranium from solution to burn holes in the pot, have ncw been overcome with 2
small-secale reactor at QOak Ridge. Because sueh reactors can in principle be
made large, and since thorium is relatively abundant in low-grade ores, such as
granite, the thermal breeder may well forn the basis of wmueh future nuclear
power generation, ' :

Ls far as weapons production is concerned, the initial charge of fuel
for & therual breeder nust be highly enriched., Thic means that in the long
teru, there will be no gucrantee thot by supplying enriched fuel, & nuclear
state moy not be siding o non-nuclear stote towards weapons production, providel
that the non-nuclear stote ean cbtoin 2 supply of thorium.

L.,6 Some Rescter Design Congiderotions.

Metallurgical and noterials developments take up rmch of the effort of
nuclear technology. Fuel elements for both burners and fast breeders uost
conveniently couprise rods of uranium coupound. For those reactcors which
connet utilize water cooling because of the bigh neutron capture eross-—section
of its ‘protons, either gas cooling, or liquid sediun cocling is used. Carbon
dioxide and helium gases aré not corrosive, nor do they chscrb neutrons, but
they are not so efficient at heat transfer as water would be. This iumplics
vworking at higher teoperatures where fuel clements of uraniun oxide would crack,
No metal supports are available which can either resist-cracking, or do not
ctsorb neutrons., This has led +to graphite supperts and structures for gas-
cooled reactore, which are however bulky, and involve high éapital costs,
Scdiun cooling is more therumally efficient than gag cooling. In fact its pot-
ential for tramsporting heat frowm a reacter core has not been fully utilized.
Uraniun metwl rods coannot go to éxtreme tecperatures without swelling, and any
attenpt to restrict this with a netali.shezth causes loss . of neutrons, Uranium

“oxide does not swell, but dees not deliver enough heat per unit nass to utilize
the sodiun cooling efficiently.. Uranium carbide fuel' elenents combine the

low expansion of the oxide with the thermal properties of the metal, and are
under active sevelopment. ‘ ' '

con afford metal sheathing for enriched uranium tetal elements, since thers is
& wore gemerous neuwtron supply. The nmetallurgical problewms of processing

Fast renctors, with their concentrated cores require seodium cooling, but
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enriched urarnium, or plutoniun fer Yast reacter fuel elements ore severe, but
the future use of such elenents for breeding neens that ip this case also it
will not be safe t& supply enriched uranium fer peaceful purposes when breeder
technclegy becomes|widespread.

3o far we have seen that o country which can cperate = separation plant
for U--235 con produce fission weapcons directly, while a country which con
operate a large bukner reactor can econvert U-238 intc Pu-23%, starting froo
naturel vranjun. A breeder reactor, either fast or thermal, can be used to
produce fissile material storting frem enriched wranivn or pure Pu-233. In
the conversicn cases, the Pu-23% cr U-233 are produced embedded in & matrix of
the original fertlle gpecies, t“gether with up to 8y different fission products.
The chenical methols of gepiration, which 6t one time wight have been 2 barrier
tc wecpons giotucthon, ore nevertheless an crder of pagnitude easier and
cheaper than is vt%pu enrichuoent, and are susceptible to continual icprovement.

|

When hundreds of nuclear power statiors are opercting threughout the
world it is essential that sof guarus systems cperate in uuch a way that they
interfere as little as possible with nornal cperaﬁlonul procedures ond conmerc-—
ial practice. Tt has been suggested thot the most essential coatrol wnoint is
at the chemical separction plant, Ideally the plants should be operated by
the Internaticnal Atowic Energy Agency or under its close supervision, Alter-
atively, the separatiocn plants should be inspected by the Agency under its
safeguards syvteml The centres of distribution and uce of enriched uraniun
should also be un?er TAEA eontrol.

5. CHEMICAL PROCESSING OF TFUSLS

Fcr power production the utmost economy is demanded in the chemical plont
because significact loss of any fissilﬁ moterial here is cs serious as loss
of meutrens in the reactor prope articularly for breeding. In & sense,
the ¢t s“1ca1 processing is the kby Eo the ques{ion of naclear safeguards,
bocause it is Tclatlvelj difficult to edneccal & diffusion plant or majer react-
oy site znd it ig hard to imagine & country at prosent nom-nuclear able teo
conceal such o mubor expenditure of power and research cffert. Instead, while
onerating & far from clandestine reactor, the ozenly operated chemical plant
could ke a0 designed as to siphon off o swell fraction of Pu-239, and at some
future date poesilbly U-2%3, for weanons procduction. There is net encugh space
in this sheort ocutline to describe in any deteil the seypcratiorn plants now used,
Although these have in the past used classical reagents in complex flow systems,
the mest recent ones have introduced icn exchange columns, wiich can separcte
out the nlutonium frox the uwraenium in a single solvent wmedium. As outlined in
Fig. 2 the plutonium can then be purified in ancther ion enlumn or series of
colurns, while the uranium is removed from the rest of t.. fission products by
combining it with fluorine tc give the gaseous hexaofiuvoride in another branch
of the system, Such a plant is neither expensive to construct nor very
difficult to cperate, although there are unusual problews for chemical engin-
esrs, theose of handling radicactive materials., The simplification introduced
by ion exchenge can be seen by oxaminaticn of Fig., U which is 2 simplified
flow-sheet of an|earlier approach to the separaticen of uranium, plutonium, and
fission products; "Butex", is the organic sclvent dibutyl carbitol. Although
the 30 or so long~lived fission products are not specified in Fig. 2, the ion
column used is specific to plutonium salts and takes care of the whole separ-
aticn. |

5.1 Chemical Sakepuards.

It has boen caleulated that.to safeguard o chemieil plant well encugh
te check the blutonlur cutput to within +2%, & cost of $0.5 per gram would be
added tc the CObt cf Pu-239 as a fuel, whereas a realistic attempt to wonitor
the output tc G, ”% would add g2.5 per gram, which is o quarter of the cost.

It way bhe unreuson¢hle to cxpect & country to bear the cost of the nore thor-
cugh type of inepection, bui the 2% lovel should be acceptable, If a 2% safe-
guard level conld be wade offective, it should place good limits on the short
tern weapons po{ential from diversion. Present estimates for burner reactors
give o mean outﬁut of 0,2ky of plutoniun per uepevatt-year of electrical
ecnergy. To take the projected cose of the West German power progremn in the
year 1975, when & woxivusn of 1G,009 megawatts moy be installed; which weuld
lead to 2000 gl of Pu-23%9 per year, sufficient to give a 2% hiced-ofif cwmount-
ing to LGkg. yef year., This, while encugh in principle for up tc 3 weapgons,
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is’ the very waxinouc ayailable, nor is eny other non-nuclear power planning for
a greater electrical ana01ty by that time, The situction will be entirely
transrorned when breeders are used in generating progroms, when the plutoniur
cutput per meg&w&tt-y%ar will rise by ot least an order oi magnitude, For this
recson the more serious short—term nroblem cculd be that of a swmall country
vhich is prepared to connibalize its power reactors to achieve a limited but

tore 1mmed1ate cache b f ;1s icn bembs.

6. COHNTROL OF THE PEACEFUL UGBS OF ATOMIC ENERGY

4.1 Introduction

The above description of the comnlex techniceal processes involved in
the nuclear energy industry indicédtes the L difficulties inhkerent in devising
an accurate safeguards systen which wounld not significantly interfere with
coumtereinl practices |or normal operational procedures. To indicate the measures
established by the operating. control systews each of thew is now described im
some detail. '

The presently lexisting systems which attenpt t¢ nrovide international
control of nuclear wespons are; the Western European Union; the Buropean
Nuclear Energy Agency; Buratow; the Internationazl Atounic Energy Lg ency, ‘and
the bilateral. scfegudrds systesms ¢f Canade, the U.E, and the U 3.4,

_ The object 0of |all of these systesuscand organisatioms is tc secure:
international contrcl, under international inspecticn, of weapcons (tyrically
nuclear) and worlike materinl (typically 1“lult,onluh-~2394 and uraniun-235); - the

_systens are based on review o¥f the design of facilities, visits by inspectors,
the examinaticn of operating records or. control ¢f the reprocessing of fuel

elements

6.2 Western European Union

r 4
ERCRE:
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This regional |settlenent, largely military in character, was reaci
after the failure cof |the wrore farureachlng European Defence Cormuunity.
agreenents which set up the V,B,U, in 1954 were signed by Belgiunm, France, the
Federal Republic of éermany, Italty, Luxecbourg, the Netherlands and the Unitecd
Hingdon, ‘ ' .

:
]

o

W.a.U, providéd for a lesser degree of Western Eurcpean iﬂteprstiOH
than was intended in!the E.D.C. plan but wos designed to obsorb 2 re-arie
Wast Gerpany into Puyogc with & greater degree of controel over the level of
Geruan forces and arnms thop eculd be occhieved by N.i.T.0. Under the agrce-
ments VWest Gernmany anouncea, until at least 1558, the productlon on its
~territery of atom1c,|blologlcal and chemical weapons, VWest Germany also

not to produce wuissiles, sea wines, wirships of over 3000 tons, submarines
over )5u tons, woerships with non-conventional power and beobers. Therz wer
however, conditicns Etﬁted by which these rcstr1ct1cns could be varicd.
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Ffrance, taly und Benhlnx'uwrced that when producticn of atohic, bio-
logiezl or chenical weapcns had begun on their terrﬂ:orleU the levels of stocks
they would hold was to be decided by the W,E.U, Council by & majority vote.

The six continental couutrl ¥:] (1 ¢. the seven minus thc United Kingdowm) further
agreed to report to an Armanents Control Agéney, ethbllshed by the 1954 treaty
cn the major arranents held by their forces and also'ugreed thot the guontities
of these crrcments should be appreved by the ¥.E.U, Ceuncil, The Agency was

to verify, by 1nspectlon, thot the urmuments restrictions were belng ocbserved.

. The orlglnul settleuent has been nodifie argfeat deaI. West Gerioony,
for exbppln, is now per§1t+ed by the "7,E,U. Council to meke anti-circraft and
anti-tank nissiles, ﬁc build & number of ships, previocusly prohibited, ‘in--
cluding submarines up tc 4550 tens of which six oay reach 1660 tons.

Ho nethod cf enfcrcinb the restricticns has besn worked out, The
Couneil's powers whep the 'effective producticn' of atonic, biclogical and
cherical weapons has netually started are vaguely deflned and; in the case of
the French nuclear prograwie, have nct keen exerciséd., ' The Councii clajims that
it 'has not received any notificaticn' frowm Franece that effective production of
weapons has started. The Treaty deems weapons grade plutonium to be an atouic
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weapon in itself. France began the production of this uoterial in 155§ wken
her reacter at Morccule started operation., Since then two mere reactors have
begun producing weapons grade plutoniun, prebably giving a totel production of
chout 1C0kg. per year since 1955, Nuclear testing end the develcpment and
deployment ¢f delivery systens continues, The Agency wculd, in any coase, ot
be able tc effect’ anything in the way of control since the Armoanents Control
Agency haos been refused permission to reernit experts in nuclear weapons or tc
-carry cut inspections in the nuclear weapons field,

The Arcanents Control Ageney has been instructed to zccept the levels
actually reported by the relevont Governments as the appropricte levels, Ite
prescnt sctivity is, therefore, mainly tc check and confirnm thot the levels
reported are nccurate, The Agency has on international staff of about 50
nerscns ond an annual budget of about £176,600., The Agency works by cross—
cheeking budgetary and cther dota provided by uvenmber Governments and by the
physical inspection of military installations, depots, shipyards, etc. The
inspection covers levels of preduction and stocks of war material, In the .
case cf Germany it is alsc supposed to confirm that no weapens prchibited by
the Treaty are being produced.

The physical inspecticons are linited in scope and are of doubtful value,
The Treaty requires that the inspections should not be routine but "in the
nature of tests carricd out st irregular intervales": Also it is reguired thot
the insectors should be "accorded frec access on dewmand to plants and depote".
Neither provision has beenr uet. France has not taken any steps to ratify the
Cenventicn {signed in 1357} which contains the necessary regulations and until
this {onventicn cores intc force the Agency is not authorised to carry out
inspections in the way laid down in the Treaty. All it can do is to carry out
gso-called 'centrel exercises'. It asks the peruission of Governnents and pri-
vate firms te visit installations, giving at least cone weck's nofice. Such
inspeztions are clearly nct in accordance with the spirit of the Treaty.

The Agency has, however, carried out & series of experimental visits teo
2 fow laberatories and foctories, which might be able to produce hiological and
chemical weanpcns, in West Gersony and reported that no sueh weavnons were being
nroduced, Lack of qualified staff and authority prohibit it frovw deing the
sarme thing in the nuclear weapons field, The 'eontrol exercises! are ccouplete-
ly inadeguate. The Agency has the facilities and the power to inspect only a
tiny nroporticn of 2ll armoments subject to inspection and only & small nurnber
of instollations capable of producing proliibited weapons could be visited to
confirn that they were not producing these weapnpons, The Agency is clecrly hane-
strung by the Governments which formed it. Once the political obstoeles te
West German re-armanent were removed the States of the W,E,U, showed little
interest in epplying the arms control provision cf the 1954 Treaty to theumselves.

The agreement znabling the ¥.E.U, Council to fix levels of forces and,
within limits, the levels of conventional arvaments bos roméired dorment, The
Armzuments Contrel Agency has been continually frustrated in its efforts to
operate and both the Counecil and Governnents have failed to apply the original
intentions of the Treaty. Trewnce has consistently refused tc ollow its nucleonr
weapons programme to be ins,.ected or even to declare the wrogramme's existence
tc the fcuncil, As the authority which ensures thot the Tresties by which
Hest Germany rencunces the producticn of nuclear weapens, and certain other
arpamsnts, are cbeyed the W.,B.U. can clain to be successful but this is about
the only success that it can claim,

The cxperience of the Armaments Cosntrol Agency has been of a largely
negative charncter apd limited to the cross-checking of budgetary and othsr
statistical dota; in thics latter field however, voluable experience has been
goined. TLittl:s has been learnt about the technigues of physical inspecticn and
contrel.

The gections of relevant decurients denling with the control of nuclesar
WeANnONns Are now given,

Protocol No. ITI on the Control oi Armaments (signed at Paris in Qctober 18654,
entersd into force in May 1955)

Part I irmaments not te be manufactured
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hrticle I The High Contracting Parties, mewbers of Western Eﬁrqﬁean Union,

take note of and rec
0of the Federal Hepub
annexed hereto as An
not te manufacture i

The types of arwvemen

These armaments shal
to date by the Counc

Part I1 Arcaments t

ord ther agreement with the Declaration of the Chancellor
lic of Germany (made in London con 3 October 1954, and

nex I) in which fthe Federal Repubtlic of Germany undertook
n its territory atemic, biological and chefiical weapons.

tls referred tc in this Article are defined in Annex IT,

1l be umore cleosely defined and the definiticns brought up
il of Western European Union. ‘

o be Centrolled

Artiele 3 Vhen the
the territery on the
have not given up th
and effective produc
the High Contracting
of Hurope shall be d
European Union,

Article 5 The Ccounc
armarients tco be cont
Annex I The Federal
that the Federal Rep
atonic weapons, chenm
r; . . _
that the Federal Rep
the Brussels Treaty

t

Annex IT - -This list
earmarked . sdlely for
installations, ‘subst
of for scientific, 4o
applied science shal

1.

1

development of atouie, biclogical and chemical weapons in
wainland of Burope of the High Contracting Parties who

e right to nroduce them has passed the eyperimental stage
tion of thewm hag started there, the level of stocks that
Parties concerned will be allowed to hold on the wainland

ccided by a wajority vote of the Council of Vestern

i1 of Western Eurcpean Unicn nay vary the list of types of
rolled. o

Chancellor declares:
ublic undertakes nct to wanufacture in its territory any
ical weapons or biological weapons, as detailed in Apnex

uklic agrees to supervision by the competent ecutherity of
rganization ensure hese unde \kings ¢ e
Organization to u that thes ndertakings are observ

conprises the weapons defined below and the factories
‘their production. 41l apparatus, parts, equipnent,
ancés and organisns, which are used for civilian purpcses
edical and industrizl rescarch in the fields of pure and
1 be .excludead frou this definiticn. : ‘

Atonic Heapons

(e) An atemic weapl
te centain-or utili
explosion or cther
or by radicactivity
of mass destruction)

(b} Purtheruore, an
for, or primarily us
shall be deemed to b

(C) Nuclear fuel a
Uranium 257%, Uraniu
to over 2.1 ner cen
of releasing substa
or fuslicn or other
shall be corsidered
foriz in which they

t

e

bLnnex IV 'List.of‘T

s

2 275 (including Uranium 2%5 contained in Uranium enriched

nis ﬂbfiﬁed s any weapon which contains, or is desgsigned
e, niiclear fuel or radicective isotopes and.whick, by
ncentrclled nuclear transformation of the nuclear fuel,
of the nuclear fuel or radiocactive isotopes, is capable
nmass injury or mass polsoning,

y ‘part, device, assenbly or material especially designed
eful in, any weapon as set forth under paragraph (a),
e an atomic weanon, o

“used in the preceding definition includes plutoniun,

by weight of Uraniun 235) and any cther uvaterial eapable

ntial quantities of atonic energy through nuclear fission
nuclear reaction of the material,

The foregoing materials
to be nuclear fuel regardless of the chemical or physical

xist.

vies of Armaments to be Controlled

ﬁ) Atonic,
b) biological,
c) chenical we

1.

in aecordance withldefinitiens tc be app

and
aponsg, . . )
réved by the Council of Western

Eurcopean Union as indicated in article I of the prescut Protocol.

the Agency of Vestern Zurcopean Union for the Control of

Protocol No. IV on|the
Arvaments (signec &t Paris in October 1%5%; entered inte force in May 1355)
Part 1, 1on

Congtitut

d.
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Article .1 The Ageqcy for the Control of Arvaunents (hefeinaftér referred tc
ag "the Agencv") shall be respensible to the €Council of Western European
Union {(bercinafter referred tc.as "the Council")., It shall consist of a
Director assisted by a Deputy Dlrectﬁr. and supwortem by a staff drawn
eguitably fron nationals of the High Contraeting Parties, Members of Western
Burcpean Unicon. '

Article 4,

1. The Direetor shall subnit to the Council, thrcugh the Secretary-General,
a plan fer the organization of the Agency. The organization.should-pr@viderfcr
departant dealing respectively with: . :
"(2) the examinction of statistical and bud gotary information to be
obtained frorm the ueuchers. cf Western Eurorean Unice and frou the
anprosriate NATG authorities; '
{b inspections, test chiecks and visits;
Ec adoinistraticen.

Z. The organization nay be nodified by decision of the Council,

FPart IT Functicns

Article 7

1. The tasks of the Agency shall be:
to satisfy itself that the undertakings set out in Protocel No. III not
to manufacture certain types of armaments wentioned in fAnnexes I and
IIT to that Protocol are bheing observed; ‘
te control, in accordance with Part I1I of the present Protocol, the
level. of stocks of armanents of the types wenticned in Annex IV to- .

- Protecol No, ITI held by ezch uenber of Western Eurcpezn Union on the
weinland of Rurepe. This control ghall extend te production and inports
to the extent reguired to uake the control of stocks effective. :

[

——
o
o’

2., For the purposes mentioned in paragraph 1 of this Article, the Agency

shall: e e ;

{a) scrutini.e statistical and budgetary informotion supplied by members of
Western Eurreeun Urion and by the NATO zuthoritics;

(b) undertake cn the mainland of Europe test checks, visits end inspections

‘ at preduction plants, depots and froces (other than depcts or forces

under NATO suthority); ‘ ‘

(c) report to the Council,

Article 9 - The cperations of the Agency shall be coniined to'the_méinland of
Buronpe., -

Article 11 Imspections by the Ageney shall not be of a routine character,

but shall be in the neture of tests carried cut at irregular intervals,

"Such inspections shall be conduected in 2 spirit of harmony anéd co-cperaticn,
The Director shall propose to the Council detailed regulations for the conduct
of the inspecticns providing, inter alia, for due process of law in respect

of private interests,

Article 12 For their test checls, visits and inspections the mermbers of the
Apgency shall be accorded free access on dewand to plants and depots, and the
relevant accounts and docunents shall "beuade avails&ble to tlrerm.  The Agency
and natienal auwthorities shall co~operate in such checits and inspections, ond
in particuler national authorities oy, at their own reguest,. take part in
ther,

Part IITI Levels of Stocks of Arpaments

Artiele 173

1, Hach terber of UeFtern “urnﬁedn Unien shall, in respesct of its forces
under NATO authority stationed ¢n the mainland 01 EurOJe, furn1gh nnnuully to
the Agency statewents cof:



the total gquant
tc Protocol No,
the quantities
centrol years;

(2)

/

(k)

(c) the programnnes
{i) Manufactur
ii) purchase
iii) end-item

2. Buch statenments

Urion in respect of
forces under nationa
stotenent of stocks

5. The statements s

15~

ties ¢f arcacents of the tynes menticned in Annex IV
II1 reguired in relation to its forces;
f such armanents currentiy held at the beginning of the

i

¢

for attaining the total guantities wmentioned in (a) by:
¢ in its own territory;

fron another counntry;

aid frou another country.

shall also be furnished by each neober of Western SBuropean
its internal defence and police forces and its other

control stationed on the mainland of Eurcpe including
held there for its forces stationed overseas.

o

[

hall he correlated with the relevant subnisgions to the

Nerth atlantic Treat# Orgonizaticn.

Artiecle 20
1. The Agency shall
infermation frow oth

(a) the
underts

menufacture
ten not

Article 21
the depots on the ua
and ¢f the plants on
even though not in ¢
such armonents,

Each mewmber shall notify to the Ageney the naues

irmedintely report to the Council if inspection, or
er scurces reveals:

o

of arnawents cf type which the member concerned has

to onanufacture;

and locations of
inland of Europe containing armaments subject to contrel
the mainland of Europe manufacturing such armanents, or
veration, specifically intended for the wanufacture of

Article 2%
inforrned of
to Protocel
rainland of

Ne. 111,
Europe.

armonents concerned are in fact exportad,
subject to contrel %ppcurs abnoruwa

enguire into the eord

Dack menber of Western Buropeon Union s
the qua&tities of armanents of the types

hall keep the flgency
ventioned in Annex IV
which are to be exported from its territory on the

The fgency shkall be cntitled to satisfy itself thet the
If the level of stocks cf any iteuw
1, the Agency shall further be entitled to
¢rs for export,

Conventicn concerning neosures 1o be token by wenber States of Western Furcpean

Unlon in order tc en

ieble the igency for the Contrcl of Armanents to_carry out

its control effecctiv

ely and making nrovisicn for due process of law in

accordance with Pro

ocol No. IV of the Brussels Treaty 23 nodified by the

Pretocols signed 2t |

Paris on_23 Gctcber 1354 (signed at Paris in December 1257)

Cuupter I Measures

to be taken by Member Stotes of Western FBuronean Unicn

in orcder tc enahle t

he 4gency For the Contrel of Armonments to carry cut iis

control effectively

Article 1 Member St
regulations required
the Agency for the €
ngency“\ in ehecutlé
bv the Protocols ulg
as "Protocol No., IV

Charter IT Provisig

ates undertake to adopt the legislative weasures or
tc secure the enforcement of the contrcl neasures token by
ontrol of Arpvaments (hercinafter referred tc as "the
n cf Protocol No., IV to the Brussels Treaty as modified
ned at Peris on 23 October 1954 (hereinofter referred to

).

n of Due Process iv

of Laow in accordance with Proteccl No,

Article 3 A Tribuna
Communities shall b
contenplated by Arti

3

L

dection I Ceowmpeten

%]

1 1ocathu at the sect of the Court of the European
stablished for the protection of private interests
clo IT of ¥Protocol Neo. IV.

a

8

)

!

ALrtiele

1. The Tribunal pr
conpensation agains
perscns whose priva

o)

t

svidged for in Srticle
t

% shall deternine claoins for
Western Furenean Union subnitted by physical or juridical

e interests nay have been Jdanaged by excess or abuse cf
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authority on the art of the Agency or its officials, or by wrongful acts
or omigsions ' of such officials, committed in either their personal or
official capacity and connected with the performonce of their duties.

2. The Tribunal shall alsc deternine claims for return of docunents or other
materials wrongfully obtained, nade or detainced by officials of the Agency

in either their personal or officicl capacity and im connection with the
performance of their duties.

Article 5 When reanseons exist for considering that an drregularity cf the kind
conterplated in naragraph i of Article 4 hos been cormitted, the Tribuncl oy,
in excentioncl circwistances, make & provisional order directing the paynment
into ecourt of provisional domages. This order shall in no way prejudice the
fipal decision of the Tribuna : : .

The Tribunal uoy in addition order measures of conservation, when the casc
invelves docurzents or other matcerials obtained, nade or detained by officials
of the Agency,. '

Article 6 * The decisions of the Tribunal shall, where appropriate, be hased
upon the Regulations for the functicning of the Agency as approved &nd
officially. published by the Council,

iLrticle 7 1If any gerson opposes or appears likely to oppose the execution of
. @ .contrel order, the Agency may, without prejudice to any penal tiability
which. that persom may incur, request a direction frou the President of the.
Tribunal for the enforcewment of access by officials of the Agency to the
plant or depot cr part thereof in gquestion. The direction shall be uade &s
speedily as possible vhen the President is satisfied that the control order
is in ccnforrity wvith the regulations referred to in Article 6, When the
direction is nade, the naticonal authorities of the State concerrned shall
ensure access by the officials of the fdgency to the aforewentioned preumises.
Executicn of, this direction may not be prevented by ahy naticnal authority,
judieizl or otherw1se.
The deecision of the President shall in no way prejudice the deterulnatlon

by the Tribunal of any subsequent ¢laim concerning the sape case submitted
under Article 4.

6.3 The United States Bilateral Systen

The United States bilateral safeguards-.systew, which arcse frop the
Aters for Peace Froeogramme launched in 193%, ‘anticinated the aao“tlon ci -
riore coLnrehenulve international -safeguards system. The uevelopuent of -
tilaternal agreenents was, theréfore, 2 dhort term solution to the inspection
problem., The first agrecoent for cocperation in civil uses of atomic energy
was signed with Turkey in- 1255 in-which the transfer of nu¢lear naterial was
linited to that reguired te fuel 2 research redctor and wos, in any case, hot
to exceed Skgs. of Uraniuw-23%5 contoined in urznius eariched to 2 moxinbun
of 20 per cent. BSince then agreements have been signed with nearly fifty
countries to which the United States has transferred: about 25C,000 kg,
of natural wranium; about 200,000 kg. of enriched uranivn conteining about
3600 kg, of U-255; scone 70 kg, of plutonium; and about 8CC tons of heavy
water, These waterials are used in facilities ranging from laboratories
using smell neutren scurces (nlutoniun - berylliuu) to large power reaclors.

Following the fAtons for Feace Prograume initiated by President Bisen-
hower in his address to the United Naticns in Peceuber 19535 the United States
Congress enacted the Atouic Energy Act of 1954, The scctiens pertaining tc
safeguards in this Act aro:- "

"Scction 54, FOREIGN DISTRIBUTION OF SYECIAL NUCLEAR MAT ERIAL., — The
Comuissicn is authorised to cocperate with any mation by distributing special
nuclear wmaterial, pursuant to the terns of an agrecment for coeperation to
which such nation is a party and which is wade in accordance with section 123"

"Section 64. FOREIGN DISTRIBUTION COF SOURCE MATERIAL. -~ The Commission is .
-outherised 'to cooperate with 2ny naticn by distributing source matericl and
to distribute -source vnterial pursuant to the terus ¢i an agreement for
cooperation te which such nation is a party and which is nade in accordance
with section 1Z2_..."
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Section 158% sftates thot agreepent for cooperation with foreign States
ghall contain ¢ guargntee by the foreign State that any vaterisl transferred
under the agreewent [shall not be used for nuclear weapons or for researchk on
or develcrument of nuclear weapons or any other military puriose.
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has agreed -to make its safeguards systen compatible, within reascn, with that
of the Imternational Atcuwie Energy fAgency.

§.4 FEuraton

N Eurctor: is the orgonisation set up by the six countries of the

European Econcuie Comtmnity (France, West Gerwmany, Ituly and Beneluh) to.
build 2. Community nuclear energy industry for peaceful purposes. The Treaty
eﬂtabllshlng Buraton caue inte force con lst Januurv 1“58 Euraton shares
the BEurcpean Fa wrliament ~nd the Court of Justice with the Cornwion Market and
the Buropean Coal and Steel Coumunity, It has its own Council of Ministers,
each member represents one mecher State, and o five-nan Couwmiission which is
inderendent of the menber States,

Buratow coordinates research within the Community and prouctes research
in its own centres. It contracts specific tasks to national centres or firwgs
and has joined internaticnal preojects such as the Eurcpean Huclear Energy
Agency project at Winfrith, United Kingdon (the Dragon prcgect)

To,develop'the Community's nﬁclear energy industry Euraton has:

() formed a cormen rorket for all ruclear materials and equipment;

(b) established 2 low or suspended external tariff towards non-weuwber
countries

(¢} established & zlan for the free novement, within the Community; for
fitonie workers;.

(d) introduced an inmsurance conventicn for large-secale atomic risks;

(e) established joint enterpriscs, of iwpcertance tc the Ceunmunity, which
enjoy special. privileges,

Furctcn has nuclear cooperation agrecunents with Canada, United States
and the United Kingdem. About 25 cther countries have missions or delepaticns

accredited to Euraton.

The European ftomie Brnerpy Connunity

Chapter VII Safety Control

Article 77 Within the frawmewori of this Chapter, the Comnmission shall satisfy
itself that in the territories of Meuber Sintes:

(2) orcs, scurce watericls and specicl fis ssionable noterials are mot diverted
from thelr intended uses 2s stoted by the users; and

{b) the provisions concerning supplies and any special undertaking concerning
veasures of control entered intce by the Community in an asgreement coneluded
with 2 third country or an internatiocnal crganization are chserved.

Article /8 Anyone. setting up or expleiting facilities for the producticon,

separation or use. of scurce materials or special fissionable materials, or for
the processing of irradiated nuclear, .fuels, shall nake a declaration to the
Cenmission setting cut the basic technical characteristics ¢f  such fac111t1e¢
to the extent that such, 1nforuat10n iz neccessary to the achievement of th
purpoces stated in Article YT . . : :

The prpcns ieg te be used . for the chemiczl processing of irradicted roterial
shall Le qubgect to the approval of the Cormission to the extent that is

.

necessary for the achievement of the purpeses stated in Artiecle 77.

drticle 79 The Commission shall reguire the mointenance and production of
overating records in order to peruit scccountability for ores, scurce materials
and specizl fissionable matericls used or produced. The scwme shall apply to
the transport cf source materials oand specitcl fissionable waterials

Fersons subject to such contrel shall notify the authorities of the Merber
State concerned of any comnmuwnications which they nmake .to the Commission
mursuant to Article 78 and to .the first soragreph of this Article.

The nature and scope of the ob ligaticns referred to in the first paragraph
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of this Article shall be defined in regulations drawn up by the Comrissicn
and approved by the Council.

Article 8¢ The Conmission way reguire that any excess of any special fission-
a2ble paterials recovered or produced &s a by-product, net being actually in use
or ready for use, he depocsited with the dgency or in storage prenises which
are or can he contrclled by the Commissioeon.
The special fissicnable naterials so deposited shall, at the request of the
sarties concerned, be returned to ther withecut delay.

Article 81 The Comniission way send inspecters intc the territories of Member
States. It shall, prior to the first visit of an inspector to the territories
of any State, enter intec consultations, which shall cover all future visits of
this inspector, with the Meuober State concerned,

On pres entatlun of their credentials, inspecters shall ot all times have
access to all places and deata and 1o any person who by reason of his occcuna-
tion deals with materials, esuipment or facilities subject to the control

nrovided for in this Chapter, to the extent necessary to centrol ores, source
naterials and special fissionable omaterials, and te satisfy themselveu concern-
ing the observance of Article 77. Inspecters appeinted by the Comnission shall

be acecompanied hy representatives of the authorities of the State concerned,
if that Stote so regueste, vpreovided that the insnectors shell neot thereby be
delayed or ctherwise inmpeded in the exercise of their functions.

In case eof copposition to the carrying out of an inspection, the Commission
shall zpply to the President of the Couvrt of Justice for & warrant to enforcs
the corrying out of the insvuection, The Fresident cf the Court cf Justice
shall give a decision within a periocd of three Jdoys.

Tf there is danger in delay, the Commission moy itself issue a written order,
in the forno of o decision, to the effeset that the inspection be carried out.
Such order shall be subnitted without delay to the President of the Ceourt of
Justice for subseguent approval.

After service of the warrant or decision, tbe national authorities of the
State concerned shall enmsure access by the inspectors to the places named in
the warrant or decision.

Article B2 1Inspectors shall be recruited by the Commission,

They shall have the responsibility of obizining and verifying the accounting
wenticnad in Article 79. They shall report any infringenient to the Commission.

The Coummission may issue 2 directive regquiring the Member State concerned
te take, within & period to ke deternined by the Cormmission, 211 necessary
neasures to terwinate any infringerment so found and it shsll inform: the Council
thereof,

If the Member State does not comply with the Covnission's directive within
the tine specified, the Commission cor any interested Member Sinte may, not-
withstanding Articles 141 and 1hd, refer the uwatter to the Court of Justice
imtedictely.

Avticle 873

1. 1In the event of any infringement of the obligations inpesed on persons
or enterprises under the provisions of this Chapter, penalties may be imposed
on then cy the Comnmissicn,

These penelties, in order of gravity, shall be as follows:

Sa) a warning;

{b) the withdrawnl of special advantages, such os financial or techniczl
cesistance;

{c) the placing of the emterprise, for & nmazinun period of four months,
under the adwrinistration of a pbrson or board appeinted jointly by the
Cemizissicon and the State hoving jurisdicetion over gsueh enterprise; or

(@) the corplete or partinl withdrawal of source rmoterials or special
fissionable naterinls, )

2. Pecisions of the Commigssicn which regquire Jdelivery in iwmplenentotion of
the preceding paragraph shall be enforceable, They way be enforced in the
territories of Meumber States ipn accordance with the provisions lsid Jown in
Article 164,

Notwithstanding the provisicns of Article 157. appeals broupht before the
Court of Justice against decisions of the Comnnisszic whlch itpose any of the
penalties provided for in the preceding uaragroph shall have 2 staying effect.
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The Court of Justice way, however, at the reguest of the Couwmission or of
any interested Mewber Stdte, crder that the decision be enforced immediately.,
The protection of 1nJLred interests chall he guarantecd by an appropriate

legal »rocedure,

Z. he Conmission nay rmake any reC‘””endations to Merther States concerning
legislative provisicns designed to ems sure the cbservance in their territories
of the obligations res ultlnp from the provisions cof this Chapter.

L., Menber States shall ensure the enforcenent of penalties and where applicable,

the vaking of reparation by these respousible for any infringement.

drticle 84 Mo diserimination shall, in the exercise of control, be vade of
the ground of the purpeose for which cres, source materials and special
fissionable materials arc intended.

The field of action, the wanner of contrel and the jowers of the bodies
resvonsible for comtrol shall be limited to tie reguirenments necessary fox
the achievement of the pur%o&es gtated in this Chapter.

Control may not extend to nmaterials intended for the purposes of defence
which are in course of being specially prrepared for such purposes or which,
after being so nrepared, are, in eccordance with an operational plan, installed
or stocked in o military establishoent.,

Article 85 VWhere new circumstances so regquire, the manner of applying the
control provided for in this Chapler mey, at the request of & Member State or
of the Commission, be awended by the €Council acting by means of & unanimous
vote on a proposal of the Commissicn and after the Assembly has been consulted,
The Commissgion shall e;aﬁine any such request by a Member State. :

To obtain the necesSsary informaticn for its safeguards systewm the
Buratom Commigsion has issued two regulations; Begulation Nc, 7 and Regulation
No. 8. Under Regulaticn No. ¥ the Commission mainteins a perwmanent inventory
of nuclear installations and their capacities. It loys down the basic
technicael characteristics of the installaticn which must be declared to the
Commission, i.e. 2ll nuclear installaticng except wmines, The Commission
pust be informed cf the nlans of installations, their cawnacity, the nature
ci the wmaterials used and produced, the processes enployed and the methods
uqeu_tc neasure the quantity ond qu tlity of the moterials held at the imstalla~
tions.

Under Regulation No, 8 the Conmission is inforwmed of the actual
activities of the installations. This regulatien adplies to the systen
whereby the wmeterials subject o safeguards in 2ll installaticns except
nines, are to be accounted for., It is stated that the onterprises are free
tc organise their own accounting methods as long as they are able to sunply
and verify the data reguircd by the Commission. The date which wust be
subriitted arc those which ore necessary to follow the nmevement and processing
of nuclear materials in the six menber States, TFeriodically the enterprises
concerned must conplete standard forms for the Commission on which is
indicated -the installation where umaterials ore held, the quantities stored
cr in use, losses and movements to and from other Community installations or
nen-comnunity States. The accuracy of the data supplied is checked by
inspection, '

£.5 The Eurg n Nuclegar Enerpv Agency

The TNoh was formed teo further the development of the praducticn and
uses of nuclear energy for peaceful pruposes by the porticipating countries,
these are: Afustria, BclgluL Denmark, France, Federal Republiec of Gervany,
Greece, Iccland, Ireland, Italy, Luxembourg, The Netherlands, Norwoy, Fortugal,
Spain, Bweden, Switzerland, Turkey and the United Kingdom. The Conventicn on
the Estoblishoent of a Security Council in the field of nuclear energy was
signed in 1957 and rotified by all countries except Greece and Iceland. At
the sage time the Burcpean Compony for the Chewmical Processing of Irradiated
Fuels (Burochemic) was established in Mol, Belgiun and was made oubgect to
the control systewm,

The documents deullnﬂ with the establishoent of the st.feguards systen
of the ENE4, given belcew, explain the system reascnably clearly., The articles
establishing the Burorean Nuclear Bnergy Tribunal should be especially noted.
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This Tribuna) way consider appeals against decisions relating to the applica-
tion of the safeguards systen and decisions prescribing the sanctions which
the’ Agency wmay inpose under the Convention. The Tribumal wmay, on the other
band, order the Agency to make certain reparations for any unreasondble
damage caused by thée Agency, or its perscnnel, in the performance of their
duties, :

Convention. on the Establishrient of & Security Control in the Field of Nuclear
Energy (Paris, December 1957)

Part I
Artiele 1

(a)  The object of the security control is to ensure that
(i) the operation of joint undertakings established by two or more
Governuents or by nationals of two ormmre countries on the initiative
or with the assistance of the Agency and
(11) materlals, equipment and services wnde available by the Agency or
“under its supervision, by virtue of agreements concluded with the
Governments concerned
shall not further any military purpose. _ ‘ .
(b) The security control may be applied, at the request of the parties, to
any bilateral or multilateral agreement, or, at the request of o Governuent,
to any activity for which that Government 1s responsible in the field of
nuclear energy.

Article 2

(a) For the above purposes the securlty control shall apply to
(i) any joint: undertaking and to any undertaking which comes within “the
scope of an agreement concludéd pursuant to Article 1 (a)(ll) or
request made pursuant to Article 1(b);
(ii) eny faCIIIty using source materials or special fissionable mater1als
recovered or obtained in such undertakings;
(iii) any fecility using special fissionable materials recovered or’
obtained either from source materials or from special f1581onab1e
materials subJect té control by virtue of Artiele 1.
(v) Nonetheless, the Steering Committee of the Agency (hereinafter referred
to as thei”Steéering Committee") may set aside the application of. the security
control where special fissionable materials are exported outside territory
under .the Jurledlctlon of Governments party to the present Convention, provided
that these materisls are subject to an equivelent security control.

Article 3 With respect to any undertaking or facility subject to control the
Agency shall have the following rights and duties to the extent determlned by
the securlty regulations provided for in frticle 8:

(2) to examine the design of specialized equipment and facilities, including
nuclear reactors, for the sole. purpose of ensuring that the control can
be effectively exercised as provided for in the present Convention;

(b} 'to approve the means to be used for the chemical processing of

- irradiated materials solely to ensure that the object defined in
Article 1 shall be achieved; |
(c):'to requlre the naintenance and product1on of operating records to
‘ - ‘assist in ensuring accountability for source and special fissionable
" materials used or produced by the undertaking or facility; :
(2) to call for and receive progress reports,

Aftiéle Ly

(2) Speclal f1351onable naterials recovered or obtained from source or
special fissionable ‘materials subJect to control shall be used exclusively
for peaceful purposes, under the control of the Agency, for research or in
reactors specified by the Government or Governments concerned. :

(b) Any excess of any special fissionable materials recovered or produced
over what is needed for the above-stated uses shall rewmain subject to the
control of the’ Agency, which may require it to be deposited with the Agency.
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‘or in other prenlses ‘contrelled or which may be controlled by the Avency,
provided that thereafter at the request of the parties concerned special
fissionable materials so deposited shall be returned promptly: to the partleu
concerned for use under the game provisions as stated above,

Article §

(a) _The Agency.shall have the right and responsibility to.send 1nt0 Territory
under the jurisdiction of Governments party to the present Convention inspec-—
tors, designated by it after consultation with the Government or Governments
concerned, who shall have access at all times to all places and data and to
any person who by reason of his cccupation deals with nmaterials, equipment,
or facilities subject to control, as necessary to account for source and
special fissionable materials subject to control and to determine whether
there is compliance with the obligations arising from the present Convention
.and froo any agreement concluded by the Agency with the Government or Govern-
" hents concerned.
(b) If these obligaticns are not observed, the Agency nay request that the
steps necessary to rewmedy the situation be taken; 1f this is not dome within
o Teasonable time, the figency wmay prescribe one or more of the following
measures;: :

(i ) the suspension or termination of deliveries of mater1als, equlpment

" or sgervices Supplled by or under the Superv151on of the Agency;.

(11) the return of mAtérials and equipment supplied by or under the

‘supervision of the Agency.

Article 6 The Governments party to the present Cenvention shall be respon81ble
for carrying out the measures prescribed under paragraph (b) of Article § °

and by warrants issued by the President of the Tribupal under Article 11(e)
and, where necessary, for ensuring that the parties respon51hle rénedy any
1nfr1ngement

Part II , _ S
Article 9

(c) Subject to thei¥ responsibility to the Agency, the inspectors and other
mecbers of the internwiional personnel shall not disclose, even after ter-
nination of their employment, any facts or information which have come to
their knowledge in the performance of their duties. Any contravention of this
rule shall render them liable in any territory under the jurisdiction of
Governments party to the present Convention to such penalties as way be in
force in- that territory for contravening the rules of professional secrecy,
whatever may be the nationality of the offender,

Aartiele 11 -

(a) ‘Inspection shall be carried out by ‘virtue of a warrant 1ssued by the
Control Bureau specifying the facilities to be 1nspected '

(b) ‘In each case, the Government concerned must be notified in advance

that the 1nspect1on is to be carrled out, but such advance notlflcatlon shall
not indicate which facilities are to be 1nspected R

(¢) The international inspectors shall be accoupanied by representat1ves of
the ‘authorities of the Government concermed, if that, Government 80 reguests,
provided that the ‘inspecters shall not thereby Be delayed or otherw1se 1mpeded
in the exerecise of their functions.

(2) The international inspectors shall also have the respon51b111ty of
obtaining and verifying the accounting referred to in Article 3(c), relati--
to source materials and special fissionable materials, and for ascertalnlng
whether there is ccopliance with the obligations arising frow the present
Convention'and from any agreement concluded with the Governments concerned

The inspectors shall report any 1nfr1ngement to the Control Bureau

(e) Should a teasure of inspection be resisted, the Control :Bureau wmay ask
the President -of the Trlbunal provided for in Art1cle 12 .for a warrant for
the execution of the tleasure of inspection agalnst the undertaklng concerned.
The President of the Tribunal shall give a decision within three days, The
cdecision of the President shall not prejudice the determination’ by the Tribuncl
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of any subsequent;élgims concerning”fﬁ@'same case which might be introduced
later under Article 13,

Part III , ..
Article 12°

(a) There is hereby established a Tribunal consisting cof seven independent
judges appointed for five years by decision of the Council or, in default, by
lot from a list comprising one judge p*oposed by each Government party to the
present Convention,

(b) If the Tribunal includes no judge of the nationality of a party in e
case subnitted to it, the Government in questlon pay choose a person to sit
as additional Judge 1n that case.

(c } The organization of the Tribunel and the status of the judges shall be
in accordance with the provisions of the Protocol annexed to the present
Convention.

(d) The Tribunal shall adept its own Rules of Procedure, which shall be
subject to the approval of the Counc11

Article 13

{a) Any Governuent party to the present Convention or any undertaking
concerned way bring before the Tribunal set up under Article 12 appeals
agalnst decigions:

(i) relating to the applicatlon of Article 3; if no action has been

taken within two wonths after the request for: exapination or approval
- this is to be taken ds a decision to reject the appeal;
(1i) ?riscr1b1ng one or more of the measures provided for under Artlcle 5
b

(b) Wheh an appeal is brought before the Tribunal by virtue of the preceding
para.raph, the Tribunal shall decide whether the decision appealed against
is in conformity with the provisions of ‘the present Convention, of the .
security: regulations, and of the agreements prov1ded for in Article 8., 1If
it finds that the decision appealed against is contrary .to these .provisions
the Steering Committee shall ‘take whatever ‘steps are needed to execute the
decision of the Tribunal, '
(¢) The Tribunal way oblige the Agency to make reparation .for any damage
which might be suffered by the requestlng party by.reason of the decision.
appealed against.
(d) Any undertaking may, in addition, request the Tribunal to¢ order reparation
to be nade by the Agency for any exceptional daumage which it has suffered by
reason 6f an inspection carried out in application of Article 5.:

Part IV
Article 18

(a) The term "special fissionable material" means plutonium-239, uranium-233;
uranium enriched in the isotopes 235 or 233;.any waterial containing one or
more’ of the foregoing; and such other fissionable material as the Steering
Comnittee shall from time to time determine; but the tern "special fissionable
material” does not include source material,

(b) The term "uranium enriched in. the isotopes 235 or 233" neans uranium
containing the isotopes 235 or 233 or both in an amount such that the
abundance ratio of the sum of these isotopes to the isotope 238 is greater
than the ratio of the isotope 235 to the isotope 238 occurring in. nature,

(¢) The term "source material" means. uraniun containing the mixture of
isotopes vccurring in nature; uranium depleted in the isotope 235; thoriwur,
any of the foregoing in the form of metal, alloy, chenical compound, or
concentrate; any other material containing one or more of the foregoing in
such concentrations as the Steering Conmittee shall from tiwe to time determine;
and such other material as the uteerlng Conmittee shall from time to time
deternine, : :

(d) The term "material' means source material and spec1a1 fissionable
nmaterial,
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6.6 International Atomic Enerpgy Agency

Since the details of the Agency'!s safeguards system ﬁgglgiven in
the first background paper it will not be dealt with further here,

7. _COMMERCIAL APPLICATIONS OF NUCLEAZ EXPLOSIVES

It has been suggested by certain States (typicelly Brazil) that
peaceful nuclear technology should not ke regarded as a violation of any
nonwnrollieratlon treaty if accompanied by a legal committment not to use
the information obtained for maklnr Weanons and if intermational 1nspect1on"
were introduced.

Nuclear explosives have potential use for excavation project, natural
gas stimulation, c¢il release; ore curshing and leaching, heat extractlon and
storage. In addition there are possible apuzlications for scientific research
purnoses, for example in neutron physics., Some results have elready been
obtained,

In December 1967 the United States set off = nuclear explosion in

the first such c1v111an project, spomsorec jointly by the governnent {Atom1c
Snergy Commission) &nd industry {the El Paso Natural Ges Coupany). 4 86=
kileton nuclear device was exploded a2t & depth of 4240 ft. below the surface
in the Leandro Canyon, New Mexico. The blast was designed to increase

natural -gas output by shattering a portlon of the £85 ft. thick 1ayer of
gas-bearing sandstone K&lng heneath the Canyon; the gas is tlghtly locked
within the rock., Normelly gas.is obtained by drilling a well inte a formation
of gas-bearing rock. The gas is forced through pores in the rock intc the
well casing by natural underground presSure. Producers then ‘tap the large

gas reserves w1th a relatlvely small number of wells. "In many places, however,
the natural gas is held in compurltlvely non-pPorous rock that prevents the’
flow ¢f all but small voluues of gas into the wells, The wells are therefore
expensive to drill and uneconomical to cperate. Conventionally the flow of
gos into the wells has been increased by forcing fluid under high pressurc
into the well or, altermatively, by underground explosions using chemical
(nonunuclean),explpsives. The resultlng increase in the flow of gas

through the fractures produced is usually shortlived and not worth the extra
coat, ' ' '

It is predicted by the United Stotes Atomic Dnergy Commission that
the recent nucleor explosion should heve produced such extensive cracking
that as much as 75% cf the gas in the rock arcund the site of the ezplesicn
should flow ints the well over a 20 year period, counpar:d with about 1%
which would be recovered by chemical explosive blasting.

It was calculated that the explosion should have formed a cavity in
the earth, 160 ft.-in diameter, ond within about 2 minute after . the
detanatlon of the dev1ce the roof. of the -cavity would collapse. 1nwards,
forning a rubble- fllled chiwney about 250 ft. hlgh Pathways for the gas
will be formed by cracks and ifractures.in the rock rac1at1ng out from the
chimney over lengths ¢f hkundreds of feét. :

Prellmlnary surveyg 1nd1cute that the chlmney did f111 with gas
but it will be several months before At is known whether the experiment will
be auccess‘ul After this tlme & well will be drilled to the top of the
chimney and pgas freed by - the nuclear eAplo ien will be tapped off. OSamples
will be tested for redicactive contawination. ‘It is hoped that the radic-
act1v1ty vill be low encughf for the gas. to be -used cousercially without
much purification; which would be expensive. If the uwethed.is to be
commercially viable the ges must also continue to flow inta the well in
volume, If this experinent preves to be & success it may stimulate wany
further subterranean nuclear explcsions to tap natural gas now tightly locked
beneath the earthts surface. ‘ ' ‘ - C

It has recently been announced that & cousortium of United States
and Buropean countries is being cconsidered to prowmote the peaceful
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applications of nuclear explesives. The group would be interested in such
projects as: blastiag canals; recovery of natural resources (natural pas,
0il and metals); and building harbours and dams, '

he mein sharchelders are the El Paso Natural Gas Compény of the
United States, the Socizté Nobel-Bozel of France and the Belgian firm of
Poudreries Reunies de Belginue. It was stated that the groups concerned had
signed a letter of intent and the new coupony, the Kobelpaso Geonuclear, would
Le formally established in March 1968, The company, half Awmericen and holf
Buropean, would have its headguarters in Furope, probably in Belgium.
Another French cowpany and o West German conpany (Dynamit Nobel) are
negotiating for irvclusion.

Many experimental underground explosions have taken place in the
United States and in Russia to investigate the potential use of nuclear
explesions for commercial applications. Sonme of these have accidentally
released readioactivity inte the atmosphere.
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|
System Effective | Legal Dasis Application Nemarks
Date of |’ : .
Cowmerice—~ } .
ment !

B} o : : ’
United 1954 {U.S, Atomic Energy Act of - { Applies to bilateral agreements ! In process of being trans-— | About 700 .inspections
States . 1954 and bilateral agree- ! between U,3, and about 30 other | ferred to the IAEA, The have been carried out
Bilateral ments - { countries, Safeguards over U,5,} first trilateral agreement | so far,

System i contributed materials to Common j was signed in 1963, since U.S,., does not inspect
Market members are replaced by then several more have the uses made of mater-
Euratowm system, been completed. ials and equipment
supplied to EEC, UK, or
Canada,
Western 1957 Convention, signed at Paris | Convention has not been ratlfled:Unsuccessful in control of !Seven European countries
European December 1957, to enable by France, France has not | nuclear weapons., - The only |belong to WEU: France,
Union Armaments Control Agency to | reported to the Agency the | success of WEU is as watch—;Italy, West Germany,
carry out its contrel in development of its nuclear idog of treaties by which [ Benelux and U.K,
accordance with Protocol IV ;weapons, tWest Gerwany renounces the § o
of the Brussels Treaty 1948 |The provisions on nuclear ‘manufacture of nuclear ]
as modified by the Protocols|weapons do not apply to the iweapons,
‘|signed in Paris, Oct. 1954 UK, |
European 1957 Convention on the Establish-|Convention ratlfled hy Austrla, Threatened with redundancy §EVEA has created a fuel
Nuclear : " iment of a Security Control Benelux, Denmark, France, West iin that it occupies the ;proce551ng plant {(Euro-
Energy- . iin the Field of Nuclear Germany, Ireland, Italy, Norway ;middle position between ichemic) at Mol, Belgium
Agency {Energy, signed at Paris, Portugal, Spain, Sweden, Switz- {Euratom and IAEA systeus ]under controls.
:December, 1957. erland, Turkey, UK, (Greece l
and Iceland are members of ENEA
:but have not ratified the con-
ventloq
Buropean 1958 iChapter VII (Safety Control) Applies automat1ca11y in parti- As a regioenal system has About 600 inspections
Atomic . of the Treaty establishing lc1pat1ng countries (France, W, proved reasonably satis- carried out so far,
- Energy the European Atomic Energy |Germany, Italy and Benelux) to ifactory. Euratom has Receives about 400
Community t{Community, signed at Rome, all nuclear installations and agreed to make its safe- inventories and balance

March, 1957 (came into force
January, 1958).

fuels not already in nuclear
weapons or clearly destined
for them,

guards system reasonably
compatible with that of
IAEA, )

sheets giving details of
raw and fissile materials
in about 140 installa-
tions.,
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System Lffective Legal Basis Application f Present Status Remarks
ate of : ' o P
Commence-
i
ment 2 -
Internationaﬂ 1961 Statute of}thé IAEA, Article |The only potential universal The installations at presenf The U.K, and U.S,A,
Atonic Energf revised | XII, July 1957, Revised safe~ system, The Agency has 98 under safeguards represent have submitted some
1965 guards system approved in members., Safeguards apply to only about 8% of the present reactors to Agency

"Agency

1965

installations in 29 couniries. nuclear power output,

}Safeguards. The Statut

provides for the ulti-
mate sanction of appeal
@o the U,N. General
Assembly and Security
Council in case of
violation of any safe-

|
Euards agreement.

Comparison of existing Safepuards Systems
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Amendrents to Background Paper 1 - 2 entitled

THE PRODUCTION AND CONTROL OF NUCLEAR
ENERGY AND BZPLOSIVES

2. MINING AND ZXTRACTION OF ORES - paragraph 3

Any uraniuu, and for wost considerations of U-238 and its fissile deriv-
ative Pu-239 we can assume 2 close parallel with Th-23%2 and U-233, extracted
and processed to give wetal is not in a forwm needed ior explosive purposes,
even afteér passing through prelicinary chewical purification stages. (It is the
following stages in each of the twe major fuel paths shown in Fig. 1. which are
the key to weapons production. Thé uraniuir before these stages comprises 99.3%
U-2%8 and only G.7% U-235. 1t can be processed either by diffusion uethods, to
inerease -the nroportion of U-235 sufficiently to nake the fuel useful in power
reactors; or processed directly in a reactor where the burning of the U-235 can
release ¢ncugh neutrons to convert seme or most (with cycling) of the U-238
intc Pu-2%% which can then itself be burned. Of course instead of burhing the
fuels they could be diverted for weapons production, ‘

%. FUEL ENRICIMENT

The building of an enrichment plant, to concentrate U-235 has been until
recently ‘a particularly massive technological investment. The cifficulty arises
in separadting two chemically identical isotupes, whose distinction lies only in
their slightly different wasses. The classical methed, which was used during
the war on the Manhattan project, and which is still the basis of the -nuclear
developrient of the wajor powers, is the method of diffusive separation. The
uranium is passed, in the form of its gaseous coupound UFg, uraniun hexafluoride,
through_4 porous mediuwm at hiph pressure. The mediun is & partition in a
chawber éome 30 ft. long, which pust be able to withstand high pressures wé%g_
out nags}eak whatsoever. The differential rate of flow of the two types U Fg
and U Fg through the uediun effects the separatiocn. The pexinwa enrichoent
ratio per chacber is given by -

W ek g/ 0 k= [/ o)

where the gas flowing ouﬁBgf ﬁgg chaober is considered split into two streanos,
such that the ratio of U :U in one strean is yl/y? and in the other strean

is xl/xg. v

The value of k, the enrichnent factor per stage, is given by the square
root of the ratio of the masses of the two component forms of UF;. Its value is
1.0¢118,:and in & practical case would fall even closer to unity. Estimates of
the numbeér of diffusion chambers needed to go from a U235 fraction of 0.7% to
one of 94% give numbers between two and four thousand, The power needed to run
such 2 chain is of the order of hundreds of megawatts; it is estiueted that
the Oak ﬁidge plant which first produced enriched uranium for atouic weapons
consutted’ 250 megawatts, The nature of the porous medium vhieh performs the
separation is classified, but the French and aluosi certainly the Chinese have
been able to develeop the wedium for use in their plants. ILoewever, the building
and operétion of a diffusion enrichuent capability is clearly & wajor: indust-
rial undértaking, which could scarcely be concealed for long, and would nct be
undertaken lightly by a country with limited power resources. '

The alternative forn of enrichument plant using a high-speed centrifuge
to separate the isotopes is distinguished by its potential econouy of cecst
rather than of scale, Bach separation stage cowprises a high speed centrifuge
which separates particles on the basis of wass, in a precisely eguivalent way
to the centrifuge counsnly encountered in the laboratory, The number of separ-
ation stages needed is measured in hundreds but the power requiretients are tuch
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less severe, Because the developument of the pgas centrifuge separator is one of
the greatest technical threats to non-proliferation it is sufficiently important
to warra nt a separate treatment

4., HRSEACTORS FCH FUEL FRODUCTION

A chemically wuch sivipler route than that of enrichment is to use a
reactor to provide fissile Fu-239 from U-238, and then to separate the pluton-
iun chemically. The following brief outline of reactors should be of :partic-
ular interest to non-specialists. The sin eof & reector i. the controlled
figsion of U-233, U~-235 or Pu-239 to give energy, neutrons, and smallér nuclei,
the fission fragments., For power generation it is the wost econcuical produc-
tion of energy which is needed, and 11b. of nuclear fuel (e,g. U-235). provides
the eguivalent of counplets coubustlon of 1580 tons of ccal or 303,006 gallon:
ef 100G octene liquid fuel, In the reactor the neutrons enmitted during fission
are alloved te bowbard nelghbourlng nuclei, to cause these to gplit and main-
tain the:chain reaction. As leng as one neutron per fission can be used to
prouote another fission the reaction is self-sustaining. "

4,1 Fissile Nuclides

To produce U-233 or Pu-239 as well as power, it is only necessary to
utilize ome neutron for power, but spare neutrons vust be available fér the
conversion of Th-232 or U-238, the more abundant, fertile isotopes. These
conversions are represented by equations (1) and (2). The guestion arises of
how many neutrons are in fact released per fission; :

. W N
Nuclide . Nucher of U] Output n qibutgut 0
: Neutrons;fissions Input thernal n Input fest n
U-235 ' 2.51 2,28 2.4
U-235 2.47 2.07 2.3
2.7

Pu-239 _ 2.99 2.10

-Table 1. HNeutreons wade availahle from fission processes.

L.4 Critical Mass

The larger the mass ¢f nuclear fuel in & reactor, the fewer the neutrons
which can escape, per unit mass. The nass at which a reactor "goes critical",
engendering a sclf-sustaining choin of fission, varies with the geometry, and
the enrichnent c¢f the fuel. For instance & uraniun salt with 90% U-23%5 would
need only lkg of U-2%5 to go critieal, but if the U-27%5 is nixzxed in natural
prowortions with U-2%8, 200 kg is ncedea in & wass of 30 tons of uraniwuu,
assuming & graphite noderator., In an actual reactor mere than the critical
avount of fuel must be fed initially into the core, and contrcl rods of voison
are inserted to absorb the excess nevtlrons., 4Ls the fuel bLurns away the rods
ceén be withdrawn, or are themselves made of hurnable waterial which is consumed
during the neutron capture at an appreopriate rate,

The mainstrean of pover reactors ar present used in the prograus of the
nuclear nations are COp- or water-cooled graphite — or heavy-water noderated
burner reactors, in which up teo 3% of the initial U-238 is eventually burned,
As cnly 0.7% was originally present as fissile uranium, it is clear that a good
measure of conversion of U-238 to Fu-2739 can be zchieved, and indeed such
reactors are the main present-day source of weapons-grade plutonium., 4 burner
reactor ‘can in fact use either enriched fuel, which is nevertheless not suffic-
iently enriched for use as eifcctive puclear explosive; it can then.be water
moderated, or it can use non-cnriched fuel, which is partially converted to
‘separable weapons-grade Pu-239, but needs heavy water or very purc graphite on
z large scale for uwoderation. By charging a 12% rent on heavy water, stocks,
and only 4% on enriched uranium, the AEC of the U.S, hes tried tc prgvent the
gpread of Pu~239 production in burner reactors, ;

4.5 Breeders

It is not the burner, but in the long run the breeder reccter wvhich is
potentially the most productive scurce of Pu~239 or U-233 for weapons. The
neutrons emitted from a fission process are fast, If a reactor has no wodera-
tor, it is terued @& fast reactor, and fuel for such & reactor uust contain at
least 25% of 4 #issiondble puclide, bLecause the susceptibility of the other
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" nuclei (sPecifically U~235) to fission by fast neutrons is lower than fer
therwmal neutrons, so cne can afford to let fewer escape. The rvest of the water-
ial in the reactor core wust be o high nuclear wass, to prevent woderation by
elastic scattering,and rust not present a large cross-section for neutron
absorption reactions other than fission. This rules out water for cooling, & d
sediun or potassiam or a mixture is used as a coolant, for their goodfuoderat-
ing and therwal conducting properties. Gas coolants are also being produced.
The reflector surrounding the core could be of iron or of uraniurz, both with
high nass nuobers, :

4,51 PFast Breeders
‘ ; ; 'y

The techmical problenms in designing a fast breeder reactor have been
numerous ‘and daunting. The fuel has to be held coupact for good neutron econony
but the ability to extract the heat produced calls for a dilute fuel, . for the
uogt econouical working, which would not apply s¢ powerfully tc a non-¢landes—
tine weapons progranne, Iuel elenents must be found which do not require re-
processing, that is having the pluteniuc separated from the fission prdducts,
until at’'least 20% of the fuel has been used. Metal elements which suffer
radiation damage and would disintegrate may not be usedemcept possibly in expe-
ricental ‘reactors, so uranium oxide is substituted, but this reduces the number
of neutrons available per fission per unit wass. Finally contrel of the reac~
tion is wore difficult than with thermal reactors. This contrel, which aims at
a very high fission rate,is achieved using the small fraction of "delayed"
neutrons irom subgidiary reacticnsg. For U-£33 fission the fraction of delayed
neutrons is G.26, for U-235 0.(5, and for Pu-239 0.21%, These ore delayed by
from 0,17 szconds to 55 seconds after the fission,"and'allow the introduction
of just encugh "friction" in the system to prevent runaway, N

A diagram of a breeder reactor, although it ceuld depict graphically the
description outlined above, can give little idea of the complexities of design,
many of which are in any case subject to security restrictioms. The size of
the core, containing the fuel elewents, is about that of a dastbin. The cocl-
ant, licuid sodium, flows round the core and through the blanket of fertile
naterial to transpcrt heat to ¢ steam genmerator for electrical power.: The
power density at the centre of a fast breeder is G.Bkw/cm , compared with 0.08]
in a high-pressure naval boiler, £.0% in & turbojet combustion chamber, and 2
in the chauber of an Atlas ICBM. The power density alone lcads the cngineering
of a fast breeder reactor to be a major technical feat. .

4 .52 Thermal Breaders

The alternative approach to Lreeding is a thermal one. Pu~239 is not Lest
susceptible tc thermal breeding, because its neutron output to input ratio 7
is only 2.07 at thermal energies, which does not leave a wargin for logses, The
reaction c¢an be made self-sustaining at epithermel cenergies, and this coupreunise
also gives @& lower power concentratiom, but hasmgre?ter bulk and capitel cost,
The U-23%3 fission with its valuwe oi 2.28 for? enables thermal breeding to
ceceur; indeed'U—EBB can be used in breéeders of all energies, The value 2,28
is really rather low, so it is necessary to use the best voderator DQQ, heavy
water, and a heat removal systen which minimizes neutron losses. The?e reguir-
ements have led to the development of the agueous homogeneous thorium;breeder,
in which uranyl sulphate {the U--233 variety)} in a dilute sulpburic ac%d sclut-
ion, madé up with D,0, is pumped through a central "pot" where a critieal
volune i% maintaines. The circulating fluid is then pumped away through wider
tubes to suppress the reaction. '

4,6 Scue peactor Iesign Comsiderations.

Metallurgical and materials developnents take up much of the cffort of
nueclear technelogy. Fuel elements for both burners and fast breeders gost
conveniently comprise rods of uraniuum conpound. For these reactors which .
connot ntilize water cooling because cof the high neutron capture cress-section
of its pfotons, either gas cooling, or liguid sodiun cocling is used, Carbon
dicwide and helium gases are not corrosive, nox do they absorb neutrons, but
they are'not sc efficient at heat trans fer as water would pe Lut they are not
subject to pressure limitation, This iuPlies working at h1gher.temperatures
whers fuel clements of uranium cxide crack; nevertheless practical systems of
this typé nave beon developed for advanced gas reactors, Np metal sunportg are
avoilable which can either resist cracking, or do not absorh neutrems. This
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has led to graphite supports and structures fer gas-cooled reactors, which are,
however, bulky, and invelve high capital cests. Sodiun coeling is more thern-
ally efficient then gas cecoling., In fact its potential for transporting heat
from a reactor core has not been fully utilized. Uranium netal rods cannot go
to extrenme teuperatures without swelling, &nd any attempt to restrict this with
a wetal sheath causes loss of neutroms. Uraniun oxide does not swell, but does
not deliver encugh heat per unit mass 1o utilize the scdium ccoling eificiently,
Nevertheless, in prectise uranium cxide is uuch used in sodium eccoled:fast
reactors. Uranium carbide fuel elements combine. the low exponsiocn ofithe oxide
with the’therial properties of the metal, and are under active developuent.
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DEVELOPMENT AND CONTROL OF THE USES OF ATOMIC
ENERGY WITH PARTICULAR REFERENCE TO NON-PROLIFERATION

BACKGROUND PAPER
1. INTRODUCTION

It is particularly appropriate to hold a symposium on the control of the
‘peaceful uses of atomic energy in the year 1968 for:several reasons.

{a) It is twenty-five years since Enrico Fermi's atomic pile went criti-
cal and the atomic age began. It is an appropriate time, therefore, to consi-
der the impact that atomic energy has had upon international politics, warfare
and man's welfare,

(b) The International Atomic Energy Agency has been functioning for a
decade, The Agency was created to promote the peaceful uses of atomic
energy and one of its main objects is to ensure that nuclear materials intended
for peaceful uses shall not be diverted for military ends. Now is a useful
time to examine the progress that the Agency has made during the first decade
and what progress can be anticipated in the second decade.

{c) The first nuclear explosion for civil applications was recently set
off in New Mexico, U.S. A, and it is important to consider the consequences
of this.

(d) The recent past has seen the development of several new weapons
systems including: A.B.M. systems; fractional orbital bombardment sys-
tems; and certain multiple-independently-targeted-re-entry vehicles, such
as the American space vehicle. This time is,; therefore, a crucial one for
arms control discussions since future decisions on the deployment of these
weapons will have important consequences for the arms race.

(e) During the next few years a very large increase in the number of
nuclear power reactors used for electricity generation will take place. This,
in turn, will result in the widespread production of plutonium. A critical
examination of ways of safeguarding this plutonium to prevent the prolifera-
tion of nuclear weapons is, therefore, an urgent requirement.

(f} Recent work on the development of uranium seperation facilities
and the effect of this on nuclear proliferation also needs urgent discussion.

It is hoped that the proposed symposium will provide a useful forum for
the discussion of the relevant problems facing mankind at the end of the first
quarter century of the atomic age and of some of the problems likely to occur
during the next quater century. The purpose of this paper is to provide some
of the background material for these discussions.

V.
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2. DEVELOPMENT OF NUCLEAR ENERGY PROGRAMMES

Twelve years ago nuclear energy as-a source of power was represented
by one small reactor generating five megawatts of electricity (MWe) at
. Obningkin the U, S, S, R, Since then there has been a rapid growth and spread
of nuclear power for the production of electricity. " This is shown in Table 1
which indicates the total power outputs of the nuclear reactors in operation
at the end of 1966 in various.countries.

Country Total nuclear power
output (M We)

Belgium ' 10. 5
Canada . : 226
France 1146
German F. R. ' 285
Italy 536
Japan 170
Sweden : 9
U. K, ‘ 3456
U. S, A, 1957
U.S5.5.R. 1532

(1)

1
Table 1. Nuclear power reactor outputs at end of 1966

_ Between 1967 and 1970 inclusive Czechoslovakia, India, the Netherlands,
Pakistan, Spain, and Switzerland will also put nuclear power reactors into
operation (Table 2).

Table 2. Additional countries operating
reactors 1967 - 1970 inclusive

Country Power Output (MWe)
Czechoslovakia 150
India - 580
Netherlands : 47
Pakistan ‘ 125
Spain 593
Switzerland . 350

The cumulative total outputs of reactors now operating, or expected to
-come into operation, are shown in Table 3 for the period up to the end of 1972.
These totals are plotted on 2 log-log scale in Figure 1 and if the resultant '
straight line is extrapolated it can be seen that more than 200, 000 MWe will
be generated by 1980; there is no evident reason why this total should not be
reached, A summary of the power reactor programme in tabular form is
given in Table 4.

Thus, in just over one decade 5 megawatts have grown to 10, 000 mega-~
watts and in just over another decade this will grow to 200, 000.

_ Peaceful nuclear plants now operating prodilce more than 4000 Kgs. of
plutonium per year. In the early 1970's this will increase to over 10, 000 Kgs.
and to over 100, 000 Kgs. by 1980.

1

(1) China has two reactors but they are relatively small; a 7 MWe reactor has
been in operation for about ten years. China has concentrated on enriching
uranium, rather than plutonium production, for its nuclear weapons programme.
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Table 3. Cumulative totals of nuclear power
reactor - outputs up to 1972

1953 0 1964 6018

v 1954 5 1965 7395
1955 5 1966 9328

1956 54 . 1967 11881 ., predicted
1957 197 1968 16289
1958 488 1969 20313
1959 992 1970 31292
1960 1302 1971 47424
1961 1710 1972 64066
1962 2800 g .
1963 14372 - 1980 > 200, 000

Table 4. Power reactor summary

A dditional expected 1968-1972 incl.

| 1967
O utput over 100 MWe
Number of stations _ 29 86
Number of reactors ' 41 94
T otal capacity (MWe) 9980 52044
Countries 8, _ 10
O utput between 20 and 100 MWe
Number of{'stations ' 19 3
Number of reactors ' 24 3
T otal capacity (MWe) 1403 : . 93
Countries 6 3
Experimental reactor outputs
below 20 MWe
N umber of reactors 18 4
T otal capacity (MWe) 164 48
Countries 9 1
Cumulative totals 11600° " 64000

At present, large industrial power reactors are in operation or under con-
struction in 16 countries. In addition, there zre a large number of research
reactors scattered throughout the world. These are, in general, relatively
small in output. Countries which have large research reactors but no power
reactors include Australia, Austria, Brazil, Denmark, E. Germany, Indonesia,
Israel,*N orway, South Africa and Yugoslavia. The research reactors of Israel,
Norway and Yugoeslavia produce enough plutonium to produce nuclear weapons-at
the rate of about 1, 1, and% per year reapectively, (it is-usuaily assumed that
about 5 Kgs. of plutonium are required to make a nuclear explcsion). Most of
the other research reactors have little military significance,

Nine countries canre.tagggsent produce large nuclear reactors, ‘These are
‘U.S.%, U.S8.5.R., UK. ;,(rChina, W. Germany, Ceznada, Japan and Sweden.

Five more, namely, taly, India, Czecheoslcvakia, the Netherlands and Belgium,
will probably alec be able to preduce large reac¢tors in the forseseable future.

The other 100 or so countries muet import any reactors they require.

k

"The research reactor of Norway (natural uranium, about 5:MWe rating) is a
joint undertaking with the European Nuclear Energy Agency.
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: U.S. A,
Reactors have been exported by Canada, France, U.K., [a.nd U.S.S.R.
The countries to which reactors have been exported are shown in Table 5.
Sweden ‘also now competes for reactor contracts.

T able 5. Exported reactors

Rating (MWe) In

Country Reactor Exporter
Australia HIF AR 2.5 1958 U. K.
Denmark DR-2 1.5 1958 U. K.
Italy Latina 200 1962 U. K.
Japan Tokai-Mura 158 ‘ . 1965 U. K.
W. Germany FRJ.1 1.5 1962 U. K.
FRJ. 2 2.5 1962 U. K,
Austria ASTRA 3 j 1960 U, S, A,
Belgium SENA - 266 ' 1965 U. S. A,
BR-3 10.5 1962 U.S. A,
Brazil IEAR-1 1.5 1957 U, S. A,
India Tarapur 380 1968 U. S. A,
Italy SENN 150 1963 U.S. A.
SELNI 186 1964 U. S, A,
Japan JRR-2 2.5 1960 U, S, A,
JPDR 11 1963 U. S, A,
Tsuruga 300 1968 U. S, A,
. Netherlands SEP-BWR 50 - 1967 U. S. A,
Pakistan PARR 1.5 1965 -U. S, A,
S. Africa Safari-1. 5 : 1965 U. S. A,
Sweden R-2 7.5 1960 U. S. A.
W. Germany KRB 237 . 1966 U. S. A,
] - KWL 250 1968 U.S. A,
FRG 1.5 1958 U. S, A,
VAK 15 1961 U. 8. A,
Czechoslo-
vakia HWGCR 150 1968 U.S.58.R.
. Yugoslavia R-A 2.5 1959 U.S.S.R.
. India . CIR ' 10 1960 Canada
Rajasthan 200 1969 Canada
Israel Dimona 6 1964 France
Italy : ESSOR 9 1967 France

Reactors are not the only problem in relation to the proliferation of nuc-
lear weapons. Reactor fuel supplies are clearly important. In addition, nuclear
weapons can be produced by any State which can extract and purify uranium-235.
To do this, gaseous diffusion plants or gas centrifuges are necessary. Electro-
magnetic separation, liquid thermal diffusion, and chromatographic methods
are probably not practicable, although the French have recently reconsidered the
electromagnetic separation method.

Fuel Siipplies -

The major uranium exporting countries are the U.S., Canada, South Africa
and Sweden; there are the other lesger prpducers. The uranium reserves of
non-communist countries, which can be extracted for less than 10 dollars per 1b,
of uranium oxide, are given in Table 4.
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Table 6. _Cheap Uranium Reserves - Furatom Estimates

Country " Metal (tons) : Ore Content {%)
Canada ~ 145, 000 0.1
U, S, A, 134, 000 0.2
S. Africa 115, 000 0. 017
France 26,000 0.14

- Australia ' 10, 000 0. 09-0.15
Congo 8, 000 0.3 :
Portugal 5, 500 0.12
Gabon 5, 000 0. 45
Argentina o 3,800 0.1-0. 2
Italy 1,500 0.10
Spain : 1,500 0.11
India - : 1,200 0. 06
Japan J 1, 000 0 042
W. Germany 800 . 20.72-0.5

Gag Diffusion Plants for Purifyving Uranium-235

There are three of these plants in America, which have produced the
majority of the figssile material for the American nuclear weapons programme.
There are two plants in the U.S. S, R,, one in the U, K., one in France, and
one in China. No plants have so far been built in the non-nuclear countries.
They are extremely costly to build and operate and consume enormous quan~
tities of electric power. The cost of building a gas diffusion plant is prob-
ably about a billion ddlars and the running cost is probably about 100 mill-
ion dollars per year.

Gas Centrifuges

. Development work on these has been done in the U.S., W. Germany,
the Netherlands and Japan. The capital cost of a centrifuge plant would
probably be of the same order as that of a diffusion plant but the power con-
sumption would be less and it would be easier to conceal. It must be con-
cluded that they will be eventually developed and used (probably by W. Germany
and Japan).

P lutonium Separation Plants

India has built a plutonium plant at Trombay, aided by the United
Kingdom; the cost of building a small plant is probably about 50 million doll~
ars. Canada has not bothered to build a separation plant. There is strong
internal pressure to build a plant in Japan but this has not so far been done.
There is 2 chemical separation plant in Belgium, owned by ten.members of
the European Nuclear Energy Agency.. No other non-nuclear country has such
a plant. :

3. NUCLEAR CAPABILITIES

The nuclear capabilities of the 1ndustr1a1 non- nuclear powers are summa-
rized in Table 7.

In general the U. S. and U, S, S. R. have tended to use enriched uranium
fuel and hydrogen moderator in their reactor technology whereas France and
the U.K. have concentrated on natural uranium fuel and enriched or low cross~
section moderator. Canada,- India,--‘SWe'déri- (and Israel) also prefer natural’
uranium fuel, ' RV '



Count Xy

Canada

W.Germany

Japan

Uranium Supplies

Has world's largest assured
uranium resources in most
economical price range.
Canada has about one-third
of known uranium at an
extraction cost of about

#7 per Ib. plus huge
additional reserves.

Domestic supplies are small
but adequate for a small
nuclear programme. Has to
import enriched uranium,

Japan has a small domestic
supply of natural uranium
which can be extracted at
low cost.

Tahle 7.

Nuclear Capabilities of Non-nuclear Weapon Countries

Reactors

Only non-nuclear country to export
large reactors. All Canada's
reactors are home-built and des~
igned, and are all based on natural
uranium. Canadian reactors now
produce 230 MWe; by 1970 there
will be an additional 1010 MWe prod-
uced. ' '

Germany has, built reactors, mostly
to use enriched uranium. By 1970
she will have eight large reactors -
three from the U.S. Five of these
will use enriched uranium. Much
larger reactors-will be built after
1970. Present output - 285 MWe.
By 1970 there will be an additional .
675 MWe, h

:Japan has not yet got far m self-

sufficient reactor programme.
Reactors are mostly imported
from U.S. and use enriched ..
uranium. A U.K. built power
reactor (Tokai Mura) uses natural
uranium from Canada. A major

“programme to build six new power

reactors by 1976 has been started
- three of these will be large. All
six will need enriched uranium;
hence the centrifuge development.
Present output - 170 MWe, By

‘Separation Plants

None

Work hzas been done on

gas diffusion and centri-
fuges. No separation
plant for plutonium,

Much research work has
been done on centrifuges by
Japan who will probably
develop them. There is
strong internal pressure

to build a plutonium
separation plant.

1970 there will be an additional 1030 MWe,

Remarks

In 1946 the Canadian Govern-
ment decided not to develop
nuclear weapons, - Her own
reactors are designed to burn-
up as long as possible;
therefore the plutonium pro-
duced is much less valuable
for weapons. o

Home production of plutonium
from the three large reactors
which will be home built and
will use natural uranium wili,
by 1970, produce at least

160 Kg of plutonium per year.

U.K. may separate plutonium
from Tokai-Mura reactor and
return it under contract.
Japanese industry could pro-
duce reactors. If she devel-
ops gas centrifuges to a low
percentage of enrichment the
only bottleneck to self-
sufficiency would probably be
uranium supplies,

Cont,..



Table 7.

Country

India

Sweden

Ttaly

Cont....

Uranium Supplies

India has substantial quan-
tities of low-to-medium
priced uranium, equal to
about one-third of France's
resources -(these are
inadequate for France's
nuclear programme},

Has about one-half of
world's reserves in medium
price range but no supply of
cheap uranium. Potential is
only exceeded by the U.S.
and Canada. -

Very small quantities,

Reactors

Two major power reactors are being
constructed. The Tarapur reactor
(U.S. built) uses slightly enriched
uranium which will have to be im-
ported. The Rajasthan reactor
(Canadian built) uses natural
uranium, There are plans for

three other reactors using natural
uranium. Output by 1970 - 580 MWe.

Sweden now competes for reactor con-
tracts. The R-4 Eva reactor, in
operation by 1968, uses enriched
uranium from U.S. but has been
designed for natural uranium as well.
Therefore it could be run for plu-
tonium production. Present output
from Swedish reactors is 9 MWe,

by 1970 there will be an additional

540 MWe. ' '

Has one power reactor (natural
uranium) built by U.K. at Latina
and two {enriched uranium) by
U.S. One large research reactor:
is being built by Euratom. Present
output of Italian power reactors is
540 MWe.

Separation Plants

Has a p_lutonium separation
plant - built with U.K. and
U.S. aid..

No separation plant.

No separation plant.
Small plants for proces-
sing fuel elements are
bheing built.

Remarks

Of non-nuclear powers Iri‘dia.
has made most effort towards
self-sufficient fissile mater-
ial production (plutonium).

- With completion of Tarapur

and Rajasthan reactors
Indians believe that they will
be able to construct their own
reactors from their own
resources and be independent.

Has embarked on self-
sufficient reactor development.
Sweden is an important poten-
tial reactor exporter and
exporter of fuel elements,

U.K. government has agreed
to separate plutonium pro-
duced by Latina reactor and
to return it to Italy. Ship-
ments are likely to be at rate
of about 120 Kg/year. -

. Cont....



Table 7.
Country

Switzerland

Belgium

Netherlands

Czechoslovakia

Israel

United Arab
Republic

Cont...

Uranium Supplies

None known.

Some natural uranium was’

accumulated by Belgium
before the Congo gained
independence in 1960,

None

Some domestic uranium
production.

Small supplies of natural

urahium are available as
a by-product of the phos-

phate industry.

None

Reactors

. Three large reactors are planned

with U.S, contractors and using
enriched uranium. Switzerland
also has two large research react-

ors. Total output by 1970 - 360 MWe.

| Belgium has a U.S. built power

reactor, Present output - 10 MWe,

The Netherlands has a U.S. built
reactor using slightly enriched
uranium,  Output in 1968 - 47 MWe,

U.S.S.R. - built natural uranium
reactor goes into operation in.1968.
Output - 1560 MWe.

The French are co-operating in
the Dimona reactor programme....
The fuel used is natural uranium. .
Output - 6 MWe,

Egypt has a plan for a 150 MWe
reactor at Alexandria.

Separation Plants Remarks

No separation plant. All reactors will be operated

under IAEA safeguards.

Has a separation plant but ENEA has agreed that the
this is owned by 10 members plutonium should not be used
of the European Nuclear for military purposes;
Energy Agency. the Agency has its own
safeguards system,

Reactor will be under

No separation plant,
' IAEA safeguards.

No separation plant.

The French have placed no
restriction on use of the
reactor, Israel is also in-
terested in large reactors
for desalination of sea water.

No separation plant,

No separation plant.
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A reactor built for enriched uranium cannot normally be used with
- natural uranium. Therefore, a coun_try'{vhich uses enriched uranium reac-
tors must depend on a country with a gaseous diffusion plant for fuel supp-

lies.

In practice, this means the U.S. or the U.S5.5. R. A country with

a natural uranium reactor facility has a potential plutonium production,
which can be fuelled from many different sources ( there is, at present, an
excess in world supplies of uranium ore). Reactors exported from the U.S.
and U.S.S.R. are, therefore, easier to control than those exported by

C anada, F rance and the U.K.

T he amount of plutonium bred from uranium-238 per megawatt - year
of electrical power ranges from about 0.2 Kg. in the case of enriched uran-

ium reagtors to about 0. 5 Kg. in the case of natural uranium reactors.

T he

A;‘mini'r"nﬁ(potential plutonium outputs in kilograms per annum in 1970 is shown

in Table 8,
rapidly after 1970,

Table 8. Minimum P lutonium P roduction in 1970

Potential plutonium outputs will, of course, continue to increase

" Preferred

Country  Preferred  Plutonium Country P lutonium
Fuel O utput(K g) Fuel O utput (K g)
Belgium  Enriched U 2 N ether- Slightly
C anada Natural U 650 lands enriched U 10
C zechoslos- Pakistan NaturalU 60
vakia Natural U 75 Spain Enriched U 120
'F rance Natural U 4200 Sweden Natural U 120
W. Ger- Enriched U Switzer-
many with some land - Enriched U 70
natural U 235 U.K. Natural U 1250
India Natural U 190 U.S. A, Enriched U 1200
Israel Natural U 5 U8, S.R. Enriched U 600
Italy Natural U
& enriched U 160
Japan Natural U 300

T he thirty countries which produce, will produce, or are considering
producing, sighificant amounts of plutonium on their territory are shown

below: - .

Powers with Near-nuclear

Other powers

P owers who

C ountries

deliverable nuc- powers who are pro- intend to build consider-
lear weapons : ducing, or who reactors and ing a power
will soon prod- therefore to reactor pro-
uce plutonium accumulate plu- gramme
tonium
China Canada Belgium Argentina +Australia
F rance C zechoslovakia E. Germany Austria "Denmark
U.XK, W. ‘Germany Israel Finland P ortugal
U.S A India N etherlands G reece S. Africa
U.S5. 8. R Italy Norway R oumania
Japan Pakistan -
Sweden .Spain
Switzerland
Y ugoslavia
5 7 9 5 4

From the above information it is clear that a distinction must be made between coun-
tries which have a self-sufficient nuclear capacity and those who must rely on importing fuel
or reactors from others or who must persuade others to separate their plutonium. The-valid-
ity of the distinction will depend on the effectiveness of international safeguards and the
availability of natural uranium on the world market.
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4, SAFEGUARDS

V ery few nuclear facilities have been constructed in other countries, by
the nuclear powers, without safeguards. The main exception is F rance who has
been prepared to export reactors without any guarantee, although there is some
evidence that this policy is changing. The Indian C.L R. reactor was built by
Canada without safeguards but the Rajasthan reactor is now being built by
Canada with the provision for mutual inspection with a Canadian reactor in
Ontario. The United States exports reactors to members of the E.E.C. on
the basis that E uratom is itself a suitable inspecting agency. The U.S. 5. R.
does not maint&in formal safeguards; the reactors exported from the Soviet
Union are mainly small and it is argued that there is no need for special
arrangements to ensure that.the fisgile material produced by them is not put
to military use.

Up to now safeguards usually took the form of bilateral agreements of
ingpection and guarantees between the country providing the nuclear facility
(i.e. Canada, U,K. or U.S. )} and the receiving country. There is a grow-
ing tendency for exporting countries.to rely on the . A. E, A, to provide safe-
guards. The U.S., for example, has transferred to the Agency safeguards
responsibilities assumed under bilateral agreements between the U, S, and
thirteen countries. ' '

The chronological development of the I. A, E. A. safeguards is shown
below: - '

1957 - I, A.E. A, comes legally into existence.
1958 - First I. A, E. A. agreement to supply nuclear material to Japan,
with safeguards where appropriate
1961 - First set of safeguards procedures for reactors of up to 100 MW
(thermal), (i.e. about 30 MWe), approved.
1962 - First safeguards inspection in Norway and Finland.
1963 - Safeguards procedures extended to include all reactors.
1965 - Revised safeguards system adopted.
1966 - Revised safeguards system extended to include reprocessing plants.
Present I, A,E. A, agreements cover 65 reactors in 29 countries, (T able
9) with total thermal capacity of 3200 MW (about 900 MWe); this repres-
ents less than 8% of the capacity of existing Eun\ reactors. Of these countries
well over onethalf are developing countries; European countries have not, in
general, supported the . A.E. A, safeguards system.

Table 9. Countries with I, A.E, A, Safepuards Agreements

Argentina China (Tajwdn) Indonesia Norway

Austria Congo Iran ' Pakistan

Australia Finland Israel Phillipines

Brazil Ghana Japan Portugal

Chile Greece Korea, R epublic South Africa
of Mexico

Spain Uruguay

Switzerland ‘ Vietnam

Thailand Y ugoslavia

U. K.

U.S. A,

The Statute of the I, A.E. A, authorises the Agency to apply safe-
guards: when it grants assistance to a State at the latter's request; when the

. parties to a bilateral or multilateral agreement on cooperation in nuclear
matters request the Agency to apply safeguards to installations and materials
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covered by this agreement; and when a State requests the Agency to apply safe-
guards to any or all of its activities in the field of nuclear energy. The Statute
requires the Agency to "ensure, sofar as it is able, that assistance provided
by it, or at its request, or under its supervision or control, is not used in such
a way as to further any military putpose' (Article II}. The Agency is also
required to ''conduct its activitiés in-accordance with the purposes and princi-
ples of the U nited N atiorg to promote peace and 1nternat1onal good will «=--=."
(Article II B. 1. ). -

T he Statute lays dOWn the way m which verification shall be carried out as
follows:-

The Agency is given the righf:
(2) to examine the design of facilities and to approve them only if the
Agency is 'sure they will not serve any military purpose and will per-

mit the effective application of safeguards;

' (b) to require th'e-rna.iﬁténa.nce ‘and production of operating records to -
~ ensure the accounting for special fissionable materials;

(c) to ask for reports periodi.ca.lly on the operation of the reactor desig-
ned to ensure that the Agency will know what nuclear fuel has been
receivéd and what plutonium has been produced;

{d) to approve the means of reprocessing irradiated fuel;

(e) to send into the territory of States inspectors designated by the
Agency after consultation with the State concerned;

(f} these inspectors have rights of access to persons, places and data
which are- relevant to the use of nuclear materials, §quipment or

facilities;

(g) to require the observance of any health and safety measures pres-
cribed by the Agency.

Unless a State submits all its nuclear activities to safeguards, the appli-

 cation of the system remains limited to specific nuclear installations and mater-

ials.

The I.A.E.A. safeguards system must operate in such a way that the
applications of safeguards must not hamper the economic or technological develop-
ment of a State. C ommercial and industrial secrets which the Agency staff may
meet while implementing safeguards must be protected.

T he Statute details sanctions which can be applied in the event that a State

-does not comply with its safeguards obligation. The non-compliance will be
‘reported to the A'gency's Board of Governors; the Board will call on the State
‘to remedy the non-compliancejiif the State persists in its non-compliance the

Boerd may curtail or suspend the Agency's assistance and call for the return of
material and equipment made available and/or suspend the membership rights and

privileges of the State; the Board of Governors must report to the Security Council

and-all members of the United Nations and the Agency.

The Statute itself is, however, not enough to operate the safeguards system.
The Board of Governors has, therefore, drawn up the necessary operating proced-
ures. o ‘ -

" When the Agency was asked for the first time, by Japan, in 1958 to supply
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assistance, in the form of the provision of a quantity of nuclear fuel to which
safeguards would have to be applied, a set of interim procédures was used.

In 1961 the Board adopted a system for reactors of up to 100 MW ther-
mal power. This was, in effect, confined to research reactors. In 1963, the
system was extended to power reactors, which are, of course, the-real pro-
ducers of plutonium. The Board also decided to review the 1961 safeguards
document. As a result, a new document was produced, and accepted in 1965,
which constitutes the basis of the present safeguards operation. The 1965
document is in much clearer languagé than the earlier one and is, in fact,

 easily understood. The new system applies primarily to special fissionable
material which means: plutonium-239; uranium-233; uranium enriched in
the isotope 235 and 2335 any material containing one or more of the fore- -
going; and such other fissionable material as the Board of Governors shall
from time to time determine. Not included is natural uranium, uranium
depleted in the isotope-235, or thorium. In 1966 the Agency's safeguards
wéi% further extended to cover facilities for the reprocessing of reactor fuel;
after use,

An important point in the safeguards document is the provision for
review from time to time in the light of technological developments and
experience.

of
Frequeng[[nspections

The maximum frequency of routine inspections of a reactor, and of the
safeguarded nuclear material in it, shall be determined from whichever is the
largest of the following quantities: ‘

(2) facility inventory;
(b) annual throughput;
(¢) maximum potential annual production of special fissionable mated al.

In the case.of small quantities {e. g. up to 1Kg. of plutonium) no inspec-
tion takes place. In the case of, say 55-60Kg. of plutonium, twelve inspections
may take place annually. If even larger quantities are involved inspectors have
the right of acces s to the installations at all times.

The frequency of ins pections for reprocessing plants and the s afeguarded
nuclear material in them depends on the annual throughput. If the throughput is
less than 5Kg. of plutonium itmay be ins pected twice a year. If the throughput
exceeds 5Kg, the plant may be ins pected at all times. If it exceeds 60Kg. con-
tinuous inspection is envisaged,

Exemption limits are préscribed for nuclear materials held in small quan-
tities or produced at low levels. The following quantities of exempt materials
may be held by a State:-

{a) A total of one kilogram of special fisgionable material;

(b) Ten tons of natural uranium and/or depleted uranium with an enrich-
ment of more than 0. 5 per cent; |

(c) Twenty tons of depleted uranium with an enrichment of less than
0. 5 per cent;

(d) Twenty tons of thorium;

(e} Nuclear material produced in a reactor whose annual rate of produc-
tion is less than 100 grammes of plutonium or whose thermal power
is less than 3 MW, -

o o o N
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Inspections

Inspection activities are required to be the minimum consistent with the
effective application of safeguards. During &n inspection the inspector may
audit the records and accounts; véwrify-the nuclear material under safeguards,
either by physical inspection measurements or sampling; examine any faci-
11ty under safeguards, including checks of measuring instruments and operat-
ing characteristics; and check operations generally, Inspectors may not
operate any facility or direct the staff in any facility, One week's notice of:
any inspection must be given. Before &n inspector is sent for duty in any
State, the Government of that State has to be consulted. If it accepts the
designation, the Government shall cooperate as much as possible in allow-
ing the inspector to function on its territory.

The inspection apparatus consists of : (1) the Inspector General

- (Australia); (2) the Director of the Division of the Safeguards and Inspection
(Yugoslavia); (3) the ten officers of the Agency whom the Director General
has been authorised by the Board of Governors to use as inspectors. Two
of these inspectors come from the U, S, A,, two from the U, 8/S. R,, one from
each of Argentina, France, Hungary, India, Japan and the U, K. In addition,
16 other Agency staff mernbers are available to assmt in inspections when
particualzrly specialised knowledge is required.

The fundamental basis of the Agency's safeguards system depends upon
an agreement between the Agency and the State concerned. The Agency's main
business in the field of safeguards has so far arisen from requests by the par-
ties to bilateral agreements to apply safeguards to the arrangement and from
the unilateral requests by the U, K. and the U. S. A, to apply safeguards to a
number of reactors,

EURATOM

Each of Euratom's agreements with third countries stipulates that mater-~
iials supplied to Euratom should be used for non-military purposes. All enter-
prises have to report on their gqulpment and have to make regular declarations,
to the Commission of stocks, iansfers and transactmns of nuclear material.

FEuratom inspectors visit installations and undertake physical and account-
ancy checks on materials held. Enterprises which fail to carry out their obli-
gations are liable to various types . of penalty including, in the last resort, the
denial of access to fissionable material. Euratom's control system is the first
to have legal force over a number of nations. The inspection system is similar
to that of the L. A, E, A, except that Euratom maintains-a relatively higher num-
ber of inspectors.

Euratom has bilateral agreements with the U, S, A, for a joint nuclear
‘power station programme and a joint research and development programme.
The U, S, Atomic Energy Commission and the Euratom Commission have agreed
to exchange information on fast-breeder reactor research on which both sides
are engaged. A bilateral agreement with the U, K. covers the exchange of infor-
mation in research and also exchanges or personnel. The U, K. is supplying
fissile materials for the Community's research reactors. Euratom - Canada
agreements cover .joint research on natural uranium heavy-water moderated
reactors. Agreements with Brazil and Argentina provide for cooperation over
a wide field of activities including the exchange of research information and
improvement of prospective techniques for raw materials,

The European Nuclear Energy Agency

This Agency of the Organisation for Economic Cooperation and Development
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set up a control system before the I, A. E. A, came into operation. The object
of this safeguards system is to ensure that '"'the operation of joint undertakings
established by two or more Governments or by nationals of two or more coun-
tries on the iniative or with the assistance of the Agency, and materials, equip-
mént and services made available by the Agency, or under its super vision, by
virtuce of agreements concluded with the Government concerned shall not further
any military purpose''. The members of E.N.E, A. are Austria, Belgium, Denmark,
France, W. Germany, Greece, Iceland, Italy, Ireland, Luxembourg, The Nether-
lands, Norway, Portugal, Spain, Sweden, Switzerland, Turkey and the United King-
‘dom. The controls are based essentially on the same concepts as those of the
ILA.E. A, and Euratom safeguards systems. A point of interest is that an indepen-
dent judicial tribunal, known as the European Nuclear Energy Tribunal, consist-
ing of seven independent judges has been set up which is competent to consider
appeals against decisions concerning the application of the safeguards regulaions
and decisions prescribing the sanctions which the Agency may impose. The Presi-
dent of the Tribunal can grant a warrant for the execution of inspection measures
which are registed by an installation. Sanctions may include the suspension or:
termination of the delivery of materials, equipment or services supplied by the
Agency or under its supervision. It may even be required that such materials and
equipment are returned. The Tribunal may, however, also order the Agency to
make reparations for any unreasonable damage caused by the Agency or by its staff
in the performance of their duties, including inspections. The E. N, E, A, system has
provided valuable experience and knowledge concerning the practical aspects of the
application of a safeguards system.

5. NON-PROLIFERATION

The basic requirement for a non-proliferation agreement is stated in the so-
called 'Irish Resolution', which was unanimously adopted in 1961 by the United
Nations General Assembly. This called for an agreement by which '""nuclear States
would undetrtake to refrain from relinquishing' control of nuclear weapons and from
transmitting the information necessary for their manufatture to States not possessing
such weaponsg, and States not possessing such weapons would undertake not to manu-
facture or otherwise acquire control of such weapons''.

Agreement was reached in 1961 on the composition of a Disarmament Commi-

- ttee to consist of eighteen members namely, Brazil, Bulgaria, Burma, Canada,
Czechoslovakia, Ethiopia, France, India, Italy, Mexico, Nigeria, Poland, Roumania,
Sweden, U.S.S. R., United Arab Re public, U.K. and U.S. A, The first session of the
E.N.D.C. took place in 1962; France did not attend the session and has continued to
remain absent from the Conference. The permanent co-chairmen of the Conference
are the heads of the U.S. and U.S.5. R. delegations. E.N.D.C. has been concerned
with negotiations for a non-proliferation treaty from its inception,

The U, S., in 1963, advocated a programme for non-proliferation: the nculear
powers should indicate that they would accept the same international inspection over
their peaceful nuclear activities as they recommend for non-nuclear States; all trans-
fer nuclear materials for peaceful purposes should take place under international safe-
guards; there should be a comprehensive test-ban treaty; and there should be an
agreement not to transfer nuclear weapons into the control of States not possessing
them. The Soviet Union expressed no interest in the first two proposals but made
vigorous attacks on the multilateral nuclear force as a means of the dissemination of
nuclear weapons.
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The U.S. and the U.S.S. R. submitted draft treaties in 1965 which were
not too dissimilar except that the Soviet draft included théprovision that "par-
ties to the treaty possessing nuclear weapons undertake not to transfer such
weapons in any form - directly or indirectly through third States or groups of

States - to ownership or control of States or groups of States not possessing
nuclear weapons, and not to accord to such States or groups of States the right
to participate in the ownership, control or use of nuclear weapons'. Also,
there was no article undertaking ''to cooperate on facilitating the application
tf,International Atomic Energy Agency or equivalent international safeguards
on all peaceful nuclear activities''.

During 1966, the U.S. and the U.S. 5. R. made some modifications in
their positions. The Soviet addition was a clause prohibiting the use of nuclear
weapons against non-nuclear States party to the treaty and having no atomic
armaments on their territory. The U.S. submitted important &amendments .
Article I was rewritten to include prohibitions on manufacturing and testing
of nuclear weapons and Article II reflected the same changes in the obliga-
tions of non-nuclear States.

At the 21st. session of the United Nations, the General Assembly passed
a resolution, sponsored by 45 nations including the U.S. and the U.S.S.R.,
urgently appealing to all States to take all necessary steps to facilitate, and
achieve at the earliest possible time, the conclusion of a non-proliferation
treaty. The resolution was adopted by the First (political and security)
Committee by 100 votes to one (Albania) with Cuba adstaining. France supported
theeresolution. During the debate Bulgaria said that unless the U. S. A. ended its
"manouvres to enable the German Federal Republic to fulfill its nuclear amnbi-
tions' it would be difficult, or impeoessible, to conclude a non-proliferation
treaty. The U.S. delegate replied that the members of N, A. T, O. were con-
vinced that while non-nuclear members of the alliance were entitled to a voice
in their collective nulcear defence, as they were in their con ventional defence,
this need not and must not involve or lead to the proliferation of nulcear weapons.
After the vote the Soviet representative described the resolution as '"an import-
ant contribution to the non-proliferation of nuclear weapons''. He called for
new efforts to conclude a treaty ''closing all the loopholes tightly and cpreparing
a way for further measures in the field of nuclear disarmament. "

A resolution was sponsored by 47 non-aligned countries, urgiing all
States to take all necessary steps conducive to the earliest conclusion of a treaty
on the non-proéliferation of nucl ear weapons and requesting the E.N. D, C, to
consider urgently the proposal that the nuclear powers should give an assurance
that they will not use¢, or threaten to use, nuclear weapons against non-nuclear
weapon States.

A further resolution called for a conference of non-nuclear weapon
States to take place, not later than July 1968, to consider the following and related
questions:- :

{a) How can the security of the non-nuclear States be best assured?

{b}) How may non-nuclear Powers cooperate amongst themselves in
preventing the proliferation of nuclear weapons?

(c) How can nuclear devices be used exclusively for peaceful purposes?

The President of the General Assembly appointed the following eleven States
as members of the Preparatory Committee for the Conference on non-nuclear
weapon States: Chile, Dahomey, Kenya, Kuwait, Malaysia, Malta, Nigeria,
Pakistan, Peru, Spain and Tanzania.

In 1967 the U.S. and theU, S.S. R, tabled a draft treaty in Geneva, to the
E.N.D.C. The critical Clause III of the treaty, dealing with safeguards and
inspection, was left bhkink. The agreed text retained the main lines of the Irish
Resclution. The text is given in Appendix I,
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The recent United Nations report on the Probable Effects of the Use of Nuclear
Weapons assessed the p0551b1e proliferation of nuclear weapons. The report said that
thete were only about six countries in the World, other than the five nuclear powers,
which could afford the cost of a "small high-quality nuclear capability', estimated at
560 million dollars per year. These countries were Canada, Czechoslovakia, West
Germany, Italy, India and Sweden. Japan was not included because its present military
expenditure was so small that it would involve a major switch of national resources to
achieve a nuclear capability. The quoted cost can be arrived at, in orders of magnitude,
as follows ‘

To product the first bomb, if it were based on plutonium -

Uranium refinement, reactor and separationplant . . . . . . £120 million
Design of the bomb and its production . . . . ... .. e v e 20
Test range and equipment . .. .. .. c e e e e e e e e . 80

$220 million
Annual costs for maintaining the production of bombs would be about 5 million dollars/bomb:,
Cost of Délivery System. The cost of developing solid fuelled rockets and the necessary

guidance system would be likely to be about 700 million dollars, including the development
of a re-entry warhead.

A rocket test range and testing equipment would probably cost a further 200
million dollars and the rocket production programme a further 800 million dollars.

Weapon oevelopment to produce nuclear weapons for rocket warheads would cost .
about 500 million dollars.

If it were decided to eventually produce a thermonuclear weapon a start would
probably be made with enriched uranium rather than plutonium. This would be somewhat
more expensive because of the cost of a diffusion plant..

A minimum cost for a modest nuclear force using plutonium is therefore likely =
to be about 2.5 billion dollars or, using uranium, about 3,3 billion dollars.

The present defence budgets of the powers mentioned by the U.N. Committee are
shown in Table 10. The cost of providing a nuclear capability would be averaged over a
number of years. In the peak years, however, about 1 billion dollars would be added to
the defence budget. Most of these countries are, however, enjoying a high rate of growth
and consequently the impact of the necessary increase in the defence budget for a modest
nuclear force will steadily decrease for such countries,

Table 10. Defence Budgets of near-nuclear powers

Defence Budget

‘ Qooi_ntry " (illion dollars) % of Gross National Produoj: '
Canada 1.4 4
Czechoslovakia 0,7 4
W. Germany . . 4.9 5
India ' 2.1 5
Italy 2.0 3.5
Japan 0.9 1

0.9 ’ 5

Sweden -

The route taken by the present miclear powers to acquire nuclear weapons and
delivery systems has varied. The first fission weapons of the U.8.A. and China used
uranium-235 as the fissile mater1al those of the U S S. R the U.K. and France used
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plutonium-~239 as the fissile material. The fissile material used in the thermonuclear
devices:of the four Powers that have explodéd them, China, U.K., U.S.A. and U.S.8.R.,
was uranium-235 in each case. Each of the present five nuclear powers has developed,
or is developing, missile submarines and also, apart from the U.K., long-range
missiles. The delivery systems of France, U.K., U.S.A. and U.S.S.R. also include
supersonic bombers; China, (as far as is known) and the U.K. are relying on sub-

sonic bombers.

The comparative strategic strengths of these powers, as estimated by the
Institute of Strategic Studies, for early 1968, are shown in Table 11.

Table 11. Estimated Comparative Strategic Strengths
of the Nuclear Powers

Category China France. U.K. U.S.A. U.S.5.R.
Missile and air power
Land-based I.C.B.M.'s T - - ' - 1054 520
Fleet ballistic missiles - - - 656 130
I.R.B.M.'sand M.R.B.M.'s = - = - 725
Long-range heavy bombers - = - B 520 150.
Medium bombers 12 60 80 75 1100
Sea power
Carriers (all types) - 4 b 28 -
Cruisers o - 2 - 14 .20
Ocean-going escorts 20 48 71 330 198
Ballistic missile sub- _
marines 1 - 2 37 45
Attack submarines 30 21 . 36 103 335 .

x China is expected to have I.R,B.M.'s in 1968 and some I.C.B.M.'s by the early
1970's

I.C.B.M, - Intercontinental ballistic missile; I.R.B.M. - intermediate range ballistic
missile; M.R.B.M. - medium range ballistic missile.

. The details of the major nuclear delivery systems of the Superpowers are shown
in Table 12, None of the other powers could expect to-compete with these systems.

The capabilities of the near-nuclear powers to develop nuclear delivery
systems are summarized in Table 13, It should.be also noted that Israel has an
advanced missile industry capable of producing a rocket weapon. The United Arab
Republic has three bombardment missiles (ranges 250, 400 and 600 miles) and Russian
bombers designed to carry nuclear weapons (Egypt is also developing a jet engine).
Although her rockets would probably not carry a nuclear weapon Egypt has an effective
delivery system in her possession. :

6. FRACTIONAL ORBITAL BOMBARDMENT SYSTEMS

The U.S. Defence Secretary announced earlier this year that the U.S.S. R, was
probably developing a system for putting powerful space bombs in orbit around the earth,
This system involves launching a nuclear warhead into a very low orbit, about 100 miles
above the earth (an I.C.B.M. may reach a peak altitude of 800 miles); at a given point,

- and before the completion of the first orbit, a.retro-rocket would slow down the-warhead,

" causing it to drop out of orbit onto the target. The potential warhead is estimated to be
between one to three megatons. ‘

The U.S, Defence Department has revealed that the U.S. is developing a
multiple independently targeted re-entry vehicle with a guidance system and thruster

e
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Table 12, Major Nuclear Delivery Systems (missiles) of the Supérpowers

' Name Range (miles) Estimated Warhead
U.S.A. " LGM -~ 25C . 10,000 5+ megaton
LGM - 30A 6,500 " 1+ megaton
LGM - 30F - 9,000 " 2 megaton:
UGM - 27A 1,380 | 0.7 megaitén
UGM - 27TB 1,700 . 0.7 megaton
UGM - 27C 2,850 0.7 megaton
MGM - 13B 1‘,‘386‘ : - Kiloton range
MGM - 31A 400 Kiloton range
MGM - 29A 75 Kiloton range
U.S.8.R. ICBM - Scrag Orbital ? 30 megaton
ICBM -x 5,000 + 10 megaton
ICBM -x 5,000 10 megaton
ICBM - Sasis 5,000 5 megaton
ICBM - x 10,000 20 megaton
ICBM - Savage . 6,000 1 megaton
IRBM - Skean 2,100 1 megaton
MRBM - Sandal 1,100 1 megaton
" SLBM - Sark 400 1 megaton
SLBM - Serb 650 1 megaton
SLCM - x 300 kiloton range
SICM - x 200 ' Kiloton range
SRM - Scud 2-0 Kiloton range

CRM - Shaddock 250 Kiloton range

X Do name assigned.

LGM - silo-launched missile; UGM - underwater-launched missile;

MGM - mobile-guided missile; = SLBM - submarine-launched ballistic missile;
SLCM - submarine-launched cruise missile; SRM - short-range missile;
CRM ~ cruise missile.



Country

Canada

Czechoslovakia

Germany, W,

India

Italy

Table 13. Delivery System Development Capabilities of the Near-nuclear Powers

Aircraft Industry

Substantial. -II‘{as developed

aero engines. Canada has

aircraft with nuclear strike

capability over short-to-
medium range.

Small - for light aircraft.

Smaller than _{yduld be
expected from industrial

strength.

Has produced British and
Russian aircraf under
licence. Have designed jet
fighter with U.K, engines.
Will probably develop a
supersonic version,

Small - reliant on foreign
engines,

Electronics Industry

Sub stantial .

Small,

Substantial.

Small.

Small.

Missaile Industry

Hag developed solid
rocket propulsions
in high altitude
sounding rockets.

None.

Smaller than would be
expected, Would take
a long time to develop
high quality missile
delivery system to suit
its needs.

Indian high altitude

rocket firings have so far
used rockets made avail-

able by other powers.

May develop her own mis-
gile in future,

Small -~ modest pro-
gramme for two-stage
sounding rocket.

Remarks

Has basis for rapid developiment of a éuality

delivery system if government chose to do so.

In practice, would probably co-operate with
U.S.A. 5

Poland has done some rocket deveIOpment,
so these two could co-operate.

Large number of different delivery systems
acquired for American nuclear,bombs and
warheads under NATO dual-key:system.

€

: r{'

e
ot

e

Has bomber force based on British
Canberra light bomber which could be
given a nuclear strike role for small
nuclear weapons,

—02 -
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Country

Japan

Sweden

Table 13

Aircraft Industry

Well developed. Has very
advanced interceptor, using
U.K. engines built under
licence.

Electronics Industry

Large - would be no
difficulty in developing
guidance systems for
missiles.

Advanced - could rapidly

develop a missile
guidance system,

Missile Industry

_ Most ambitious of non-

nuclear powers. Has
developed series of
high altitude sounding
rockets with potential
ceilings up to

11, 000 miles.

Well-developed. Has
bombardment missile
which can be fired from
aircraft against land
targets. Also has
missile using a jet
engine.

Remarks -

Has basis for the rapid development of long-

" range missile similar to U.S. Minuteman.
Hard to see why this development has taken -

place unless it is to give a military option.
Will probably soon start a space pro-
gramme.

If Sweden decides to go nuclear will probably
develop tactical weapons only.

—'[2-
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rockets so that it can make minor manoeuvres after the main booster rocket has cut out.
Travelling at an altitude of 600 to 800 miles it could make a series of course and speed
changes, ejecting a warhead each time at different targets. Because of the altitude
these targets could be hundreds of miles apart and several degrees of longitude or
latitude to either side of the trajectory. It is claimed that the vehicle can carry up to
20 kiloton~size warheads, Each will have its own guidance system programmed to

take it to a specific target.

In connection with these and similar weapons Article 4 of the Quter Space
Treaty, approved by the U.N. in December 1966, should be noted. This states that
""'States parties to the treaty undertake not to place in orbit around the earth any
objects carrying nuclear weapons or any other kinds of weapons of mass destruction,
install such weapons on celestial bodies or station such weapons in outer space in any
other manner."

7. NUCLEAR EXPLOSIONS FOR CIVIL APPLICATIONS

In New Mexico, U.S.A., during December 1967, the U.5 A, set off the first
nuclear explosion for civilian purposes. The project was sponsored jointly by the U.S,
Atomic Energy Commission and the EI Paso Natural Gas Company. A 26-kiloton
nuclear device was detonated 4240 {t below the surface of the ground; the purpose of
the explosion was to increase natural gas output. The blast was intended to shatter a
portion of the 285 ft thick layer of gas-bearing sandstone lying beneath the Leandro
Canyon. It was predicted that this would release gas that was tightly locked within the
rock. It will not be possible to-determine the success of the operation for several
months. If remains to be seen if the gas released is sufficiently free from radio-
active contaminants to be usable without extensive, and expensive, purification. If
this experiment is commercially successful it may stimulate many further nuclear
explosions to tap the huge reserves of natural gas locked beneath the surface of the
earth.



- 23 -

APPENDIX I

DRAFT TREATY ON THE
NON~-PROLIFERATION OF NUCLEAR WEAPONS

The States concluding this Treaty, hereinafter referred to as the "Parties to the Treaty".

Considering the devastation that would be visited upon all mankind by a nuclear
war and the consequent need to make every effort to avert the danger of such a war and
to take measures to safeguard the security of peoples.

Believing that the proliferation of nuclear weapong would geriously enhance the .
danger of nuclear war,

In conformity with resolutions of the United Nations General Assembly calling
for the conclusion of an agreement on the prevention of wider dissemination of nuclear
weapons.

Undertaking to co-operate in facilitating the application of International Atomic
Energy Agency safeguards on peaceful nuclear activities,

Expressing their support for research, development and other efforts to further
the application, within the framework of the International Atomic Energy Agency safe-
guards system, of the principle of safeguarding effectively the flow of source and special
fissionable materials by use of instruments and other techniques at certain strategic
points,

Affirming the principle that the benefits of peaceful applications of nuclear
technology, including any technological by-products which may be derived by nuclear-
weapon States from the development of nuclear explosive devices, should be available
for peaceful purposes to all Parties to the Treaty, whether nuclear-weapon or non-
nuclear-weapon States.

Convinced that in furtherance of this prineciple, all Parties to this Treaty are
- entitled to participate in the fullest possible exchange of scientific information for, and
to contribute alone or in co-operation with other States to, the further development of
the applications of atomic energy for peaceful purposes.

Declaring their intention that potential benefits from any peaceful applications
of nuclear explosions should be available through appropriate International procedures to
non~-nuclear-weapon States Party to this Treafy on a non-discriminatory basis and that
the charge to such Parties for the explosive devices used should be as low as possible
and exclude any charge for research and development.

Declaring their intention to achieve at the earliest possible date the cessation
of the nuclear arms race.

Urging the co-operation of all States in the attainment of this objective.

Desiring to further the easing of international tension and the strengthening of
trust between States in order to facilitate the cessation of the manufacture of nuclear
weapons, the liquidation of all their existing stockpiles, and the elimination from nat-
ional arsenals of nuclear weapons and the means of their delivery pursuant to a treaty
on general and complete disarmament under strict and effective international control.

Noting that nothing in this Treaty affects the right of any group of States to con-
- ¢lude regional treaties in order to assure the total absence of nuclear weapons in their
- respective territories.
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Have agreed as follows:
ARTICLE I

Each nuclear-weapon State Party to this Treaty undertakes not to transfer to
any recipient whatgoever nuclear weapons or other nuclear explosive devices or
control over such weapons or explosive devices directly, or indirectly; and not in
any way to assist, encourage, or induce any non-nuclear-weapon State to manufacture
or otherwise acquire nuclear weapons or other nuclear explosive devices, or control
over such weapons or explosive devices. -

ARTICLE O

Each non-nuclear-weapon State Party to this Treaty undertakes not to receive -
the {ransfer from any transferor whatscever of nuclesr weapons or othar nuclear
explosive devices or of control over such weaapons or explosive devices directly, or
indirectly; not to manufacture or otherwise acquire nuclear weapons or other nuclear
explosive devices; and not to seek or receive any assisknce in the manufacture of
nuclear weapons or other nuclear explosive devices,

ARTICLE I

(International Control)

ARTICLE. IV~

Nothing in this Treaty shall be interpreted as affecting the inalienable right of
all the Parties to the Treaty to develop research, production and use of nuclear energy for
peaceful purposes without diserimination and in conformity with Articles I and II of this
Treaty, as well as the right of the Parties to participate in the fuilest possible exchange
of information for, and to contribute alone or in co-operation with other States to, the _
further development of the applications of nuclear energy for peaceful purposes.

ARTICLE V

1. Apy Parly to this Treaty may proposs amendments to this Treaty. The texi
of any proposed amendment shall he submitted to the Depositary Governments which
shall circulate it {o all Parties to the Treaty. - Thereupan, if requested to do so by one-
third or more of the Parties to the Treaty, the Depositary Governments shall convene a
conference, to which they shall invite all the Patties to the Treaty, to consider such an
amendment, o _

2. Any amendment to this Treaty must be approved by a majority of the votes

of all the Parties to the Treaty, including the votes of all nuclear-weapon States Party

to this Treaty and all other Parties which, on!the date the amendment is circulated,

are members of the Board of Governors of the International Atomic Energy Agency. The
-amendment shall enter into force for ail Parties upon the deposit of instruments of

ratification by a majority of all the Parties, including the instruments of ratification

of all nuclear-weapon States Party to this Treaty and all other Parties which, on the date

the amendment is circulated, are members of the Board of Governors: of the Inter-

national Atomic Energy Agency.

3. Five years after the entry into force of this Treaty, a conference of Parties
to the Treaty shall be held in Geneva, Switzerland, in order to review the operation of
this Treaty with a view to assuring that the purposes and provisions of the Treaty are
being realized.
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ARTICLE VI

1. This Treaty shall be open to all States for signature. Any State which
does sign the Treaty before its entry into force in accordance with paragraph 3 of
this Article may accede to it at any time,

2, This Treaty shall be subject to ratification by signature States.
Instruments of ratification and instruments of accession shall be deposited with the
Governments of » which are hereby designated the Depositary Govern-

ments.

3. This Treaty shall enter into force after its ratification by all nuclear-
weapon States signatory to this Treaty, and other States signatory to this
Treaty, and the deposit of their instruments of ratification. For the purposes of this
Treaty, a nuclear-weapon State is one which has manufactured and exploded a nuclear
weapon or other nuclear explosive device prior to January 1, 1967.

4, For States whose instruments of ratification or accession are deposited
subsequent to the entry into force of this Treaty, it shall enter into force on the date
of the deposit of their instruments of ratification or accession, '

5. The Depositary Governments shall promptly inform all signatory and
acceding States of the date of each signature, the date of deposit of each instrument
of ratification or of accession, the date of the date of the entry into force of this
Treaty, and the date of receipt of any requests for convening a conference or other
notices.

6. This Treaty shall be registered by the Depositary Governments pursuant
to Article 102 of the Charter of the Unifted Nations. :

ARTICLE VII

This Treaty shall be of unlimited duration.

Each Party shall in exercising its'national sovereignty have the right to with-
draw from the Treaty if it decides that extraordinary events, related to the subject
matter of this Treaty, have jedpardized the supreme interests of its country. It
shall give notice of such withdrawal to all other Parties to the Treaty and to the United
Nations Security Council three months in advance. Such notice shall include a state-
ment of the extraordinary events it regards as having jeopardized its supreme
interests,

ARTICLE VIII

This Treaty, the English, Russian, French, Spanish and Chinese fexts of
which are equally authentic, shall be deposited in the archives of the Depositary Gov-
- ernments, Duly certified copies of this Treaty shall be transmitted by the Depositary
Governments to the Governments of the signatory and acceding States.

In witness whereof the undersigned, duly guthorized, have signed this Treaty.



FIRST PUGWASH SYMPOSIUM

"Cont- ol of Peaceful Uses of iAtonic Energy
w1th Partlcular RHeference to Non-prollferatlon“

D, Vital- (Israel) i o B o A 1 - 3'7*

NUCLEPR OPTIONS AND THE LONG-TERM VIABILITY OF '
T ' A NON-PROLIFERATION TREATY '

It is not clear yet whether the most recent draft of the proposed non-—
proliferation treaty will be approved by all the seventeen delegations to the
Geneva Disarmament Committee; but it is wore then likely that if, at lomg last,:
a formal treaty does enmerge from the ENDC it will differ only uarginally, if at
all, from the text that Russia and the United States have already approved.
Much labour and thought have been devoted to the ENDC and the results, so far,-
are important.. Given contemporary international circumstances there is really
very little to suggest that a tougher and more convincing docuuent could have
been devised and it may therefore seem both churlish and unreascnable.to
subject the conéept of non- proliferat1on ag expressed in the draft treaty to
yet another exawmination. But the excuse for doing so ~ if excuse be meeded -
is that the draft treaty, even if generally accepted, will not and cafnot fully
dispose 6f the questlon of the further prollferatlon of nuelear weapons, Nor,
of course, does it do more than touch upon the graver and actual (as opp03ed te
hypothetlcal) dangers.posed by the existing five nuclear arsenals.: ‘

Like all formal international agreements, the non-uroliferatlon treaty
represents an atteupt to arrest, or at least slow down, the processes’of change.
- pol1t1ca11 military and, in thxs cagse, technological too. Few such attempts
have been nore than marglnally successful in the past; and so even if the
subject matter of ‘the treaty .is itself without precedent there are atileast .
prima faeie grounds for scepticism about its long-term prospects. ‘In_partlcular
we coannoi really afford not to look as closely as we know how at those factors
which pay be expected to work ageinst it over the years. Here the quéstion of
those ont*"ns on the production of weepons which are likely to be retazned by
the potential nucleax powers nay be thought cruc1a1

The qnestlon of options has two aspects a gcientifiec or technologlcal.
and a poiltlcal ‘or strategic. The first aspect is doubtless very cetaplex and
it is a fair question vhether any . but a physical scientist dere say anything
at all about it. But it does appear that an iumportant distinction must be
drawn betw en those s+ates vhich are already civil nuclear powers of gome:
importance and those that are not. And further, that if we concentrate on the
first category of stut s - ag it is proposed to do in this paper - there
appears to be nothing in the provisions of the treaty that would impose, in .
practise, an abandonnent of such options as the potential wmilitary nuglear
powers already possess. Indeed, it would still appear toc be possible .for sone
or all of them to improve their options somewhat - by the formatiom cf enlarg-
ed and nore expert scientific and technological cadres, for exaople - thhout
any overt or covert v1olat10n of the. treaty.

It ig, of course, true that an undertak1ng by sone of the powers which
are capable of producing nucleayr weapons (and appropriate delivery systems)
not to do so, while cother powers proceed with the production and perfection of
weapons unhindered by the treaty may be thought to put the fortier et & height-
ened disadvantage relative to the latter. Nevertheless, this state of affairs
will approximate pretty closely to that which obtains today - which only
underlines the fact, if further emphasis were needed, that in terms of engin-
eering, as oppesed to policy planning, the treaty will not really represent a
very radical change from the present. f4ind it is ind ed as a measure designed
to help protect us from new dangers, rather than as one coping with those with
which we:are already familiar that its acceptance has already been advocated.

But if there is nothing in the provisions of the treaty fto elininate or
even very seriogsly ¢<minish the ability of the potential nuclear powers to
retain téchnological cptions, there is, by the same token, nothing to prevent
the retaining of what might be termed pdlitico-military options either. By
thia is @eant,-esenti 11y, the maintenance of continuous political, military o
and technological corntingency plannlpg durlng the 11fe tlne of ‘the treaty such .
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such that in the event of a néew V1ew of the matter bexng taken, it w111 be
possxblq to take up the technologzcal options with some spéed and’ effic1ency.
This is,” after all, no more than is provided for under the terms of Article

VII.” So leaving aside,for the mowment, the high probability that adherence to

the treaty will tend to-.inhibit and .disregarding - as we probably can - the
intricote question of covert violation of the treaty, the prospective long-tern
viability of the projected Geneva systen is inescapably a function of the
nilitary security of the potential nuclear powers as perceived by thelr own
governments and profe351onal experts,

Now the centril characteristic of the system which the draft non- o
proliferation treaty proposes to establish is thet it provides, at any rate
1mu1101t1y, for 4 classes of states: :

a, the existing nuclear powers;

b. notential nuclear powers adhering to the treaty, _
¢, - -potential nuclear powers which do not.adhere to the treaty,.‘
d., all other powers. -

The members of the first class are well known. The members of the fourth class
-— states which are not potential nuclear powers because they lack civil

nuclear capabilities -- can be excluded from the present discussion,  Unless

one considers the dissemination of nuclear weapons by uembers of the first

class to those of the fourth —- the .least likely of all contingencies - -- the
retention of options by the latter is not as yet a practical prop051t10n. _
Nor is it proposed to speculate about the likely behaviour of the third class, '

those potential nuclear powers which refuse to adhere to the treaty; .and still ;'m

less about the kinds of pressure that wight be exerted ageinst them, 'These are

clearly questlons 6f the greatest inportance, but they are also narkedly beyond' .

the scope of the present dlscu531cn.

The crux of the wmatter of the treaty is rather .to be found in the
relationship between the members of the first and the second classes. Its key
provisions envisage one class of states which will continue to be governed by
polltlcal and military leaders who both believe they require nuclear weepons
and do in fact possess then, and & second class of states which do not and are
not to possess them unless their governnents are prepared to initiate a great
reversal of policy in defiance of the wishes of the wmost powerful wenmbers of
the first class. The viability of the treaty system will thus depend’ first
and foremost on two sets of relations: : firstly, those subsisting between the
various nmembers of the first class; and secondly, the relations between the
pembers of ‘the first clasg, singly or collectively, on the one hand, and the
uembers of the second class on the cther, The viability of the Geneva systen,
it is contended here, will be 2 function of the stability of these relations
and three difficulties and p0831ble 1mped1ments to that stab111ty come 1mmed-
iately to mind.

The first difficulty is that the Geneva systen 1nplles and depends upon
a perpetuation of the present membership of the first class of powers without,
in fact, carrylng with it any assurance.that it will not be increased by addl—
tions from arong those who do not adhere to the treaty. It only bars add;—
tions, fror anong those who do adhere, . . . :

The second difficulty is that it amounts to a substential reinforcenent
of both the ,concepts and the cepabilities of what might be called the 1945
United Nations Secarity Council system under which preponderant power and
influence were assumed by the principle members-of the World War Alliance
within the fracework of the most pervasive and important international treaty
systen of all. Ve know a great deal today about the weaknesses of the United
Notions as an instruvent of collective security. Certainly therc isi.now very
much less confidence in its efficacy as a meens of promoting peace, security
and justice than there was in 1945, and for good reason. The Geneva system

1. "......Each Party shall in exercising its National Sovereignty have the
right to withdraw from the Treaty if it decides that extraord1nary events,
related to the subject matter of this Treaty, have jeopardized the suprenme =

interests of this covntry".
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would, however, tend to enhance. the upecial rights, 1nV1ob111ty and aﬁthority
of the percanent nembers of-the Security Council. Now gquite apart fron the _
questicns whether this is really what we want, and whether the U.H, collectlve
security systenm w111 work any beétter in the future than it hds in the past, it
rust be asked wheth*r there-is any:real reason to believe that the present ,
permanent meubershl of the Council will continue to reflect the substantive -
membership of the élass of Great Powers (hewever that may be défined). outside =
the Council in ten or twenty years time. It way already bé doubted whether it
does today, : o - '

But the third difficulty is the most serious of all., It is the tragic
paradox 1nherent in the problem that tcday, for almost all those commonly
judged to be potential nuclear powers,” the only éentext- in which the taking up.
of nuclear options makes even niniwal sense is that of contlngent confrontatlon:
with one of the existing nuclear powers. And it is, ironically, only in this
respect that it is difficult to envisage any substantial change over the coming’
years ~ if only because the possession of nucléar weapons by one party to a
conflict is the wost evident and serious incentive to the other party to
acquire thew, Even granted that today there is good reason to believe that .
none of the existing nuclear powers -contenplates a policy founded on the use or
threat of nuclear force there can be no certainty about future governnents and’
future policies, The strategist's ancient distinction between capabilities
and intentions has mot lost its significance. ~4nd there is thus no eScaplng
the agonizing question whether, in the event of a confrontation with any of
the existing nuclcar states a potent1al nuclear stateé wounld or- would not be
wise to talke up its options. - :

The strategic aspect of this latter questionis one of great complexity.
There are very good reasons tc believe that the advantages of possessing what
oight be termed a second or third class nuclear capability in the event of
conflict with a stgte possessing a first class nuclear caiab111ty are’
extrenely dubious.” But here as in 2ll other problecs in nuclear strategy,
rmoral and intellectual factors bulk large and if there is very clearly ne
certainty about the advantages, neither is there any absolute certainty about’
the. disadvantages. Many of the governcents concerned, among thew 2l those
that do in fact both feel themselves exposed and are able and willing to ~
provide for theif own defence, have therefore chosen a policy of prudence -
in fact, a pelicy of avoiding a firm decision to acaquire or not tbt acguire
nuclear weapons,, either course having its iuplicitly lasting and possible
unforeseeable cohsequences. And this prudemce, in practice, has leéd .to the
retaining of certain. nucleer.options. Furthernore, the arguments, such as they
are, fcrhrétalﬁlng nuclear options are cnly marginally less applicable to
aligned and protected powers than they are to the unaligned. BEven nembers of
the major military treaty systems have had to consider, in the llght of the
evolution of Great Power strategy in recent years, whether in the event of ¢
reasonably clear prospect of nuclear war - or of any war at all - their sresent
alliancés will assist or hinder their own survival, The increasing sophls—
tication of war-heads and delivery systems, the extroordinary and horrendous
cultiplication of weapons and, latterly, thé developnent of ahti-missile
defence systems have all done a great deal to de-stabilise ‘the confidence of
the allies of the existing nuclear powers in the latter's ability, let alone
will, to gc to the limit in thelr defence.

For all these reasons, then,_uncertainty, both about the future
evolution of international relations and about the ultimate value of nuclear
weapons for those who do not possess thew already, must be takﬂn as the funda-
mental datum for & discussicn of the prespective viability of a Geneva-type
non—sroliferation treaty. The greater the success in reducing this yncertainty

1. At the Septeuber 1967 Pugwash Conference at Rouneby, Sweden, 3ir John
Cockeroft pointed out the potential plutoniunm ocutputs in 1570 in kilogranms per
annun ci the fcllowing: Belgiunm (4), Canada (650), Czechoslovakia (75), West
Germany (2%5), India %19b), Israel (5),. Itdly (160), Japan ()003’ Netherlands
(10), Pakistan (60), Spain (12¢), Sweden (120), Switzerland (7¢) - oyer and
above the existing wilitary nuclear powers. Of these only Israel and; perhaps,
Pakistan, shculd be excluded from the presént’ discussion.

2. The author has discussed this elsewhere in sone detail. Cf. D. Vltal The
Incequality of States; a Study of the Small Power in International Reiatlons,
Clarendon, Oxford, 1367, pp.l55-182.
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in the cdesirable direction, the more prounising will be the treaty's prospects
and the longer its effect1ve life. VYould an offer of security puarantees to the
potential nuclear power have. this effect? Guarantees have been npuch discussed
and it pgy be that guarantees of some kind will in fact be offered at some stage
- particularly if the resistance of some key non-nuclear nembers of the ENDC to
the present draft of the treaty remains uwnabated. But the crucial quegtion is
what, in. this context, would constitute effective quarantees; and it is a hard
one, So too is the more speculative, but nonetheless vital guestion of the
likely long—terw political conseguences of granting cffective gumrantees.

At one level, the effectiveness of security. guarantees granted by one
state to another weuld appear to depend to sone extent on its nilitary content
and legal form, For exaople, a unilateral undertaking by a guarantor is
generally thought to be weaker, and a general unilateral guarantee addressed tec
no state in particular weaker still, than a clear, bilateral treaty of assist-
ance, But for all their 1ntr1n510 s1gn1f1cance, such considerations as these
can here be set aside. At a nore fundamental level of effectiveness, the value
of guarantees, whatever their form and whatever the identity of the guarantors,
oust be assessed in the light of a guite different test: will they bg¢ of
sufficient force and credibility to cancel out - or be thought to cancel out -
the military advantage that nuclear powers possess - or are thought to possess
~ in the event of confromtaticr with non-nuclear powers? For however: dubiocus i
uay be the strategic advantages accruing to & wminor nuclear power by virtue of .
its nuclear capability in the event of confrontation with a major nuclear power,
it nust be evident that certainty of disadvantage is to be found only where the
uinor power is without any nuclear arms whatscever. 4And prudence,; as has been
suggested, cay therefore still appear to dictate an active retention of options, ..
Some specialists believe that two of the five nuclear powers nay be said to Le
clese to, if nct beyond, the point where they can be deterred effectively by a
secondary nuclear power. The least that can be said about their arguwents,
however,. is that neny of the opponents of this view remein undismayed and that
this in itself is an iuportant component of the equation. But valid or mnot in
its proper context, the superpower-cinorprwer-model of nuclear confrontation
is quite inapplicable to the case of further additions to the class of nuclear
powers fron anong those who refuse to adhere to the treaty or eventually with- .
draw fron it. , - - 4

At first sight, then, there would appear toc be twc possibilities. One
would be a systen of negative guarantees, as it were, ‘based upon the nuclear
disarcament of the existing nuclear powers thenselves, However, apert fron the
immense technical difficulties such 2 move would involve, we know well enough
that iwmportant strategic considerations link ‘nuclear and general disarmenent
together and that gemeral disarpament is as good &s ruled out by the conflicts
between the three major powers,” tc say nothing of those that divide other
nenbers of the internaticnal ccumunity.

The second possibility would be hilaterazl or multilateral defence agree-. -
nents over and above those already undertaken in the NATO, VWarsaw and cother
pacts, extended os circumstances night require to una11gneu states., But again,
we know how reluctant the nuclear powers are, in practise, tc extend such
guarantees and, indeed, how ouch the guarantees inplicit in existing outual
assistance pacts have already lost in force and credibility. Nevertheless, the
fact remains that nothing less thon a formal and binding undertaking to go to
war in the defence of an adherent to the nom-proliferation treaty in the event
of its being threatened by a nuclear power and regardless of whether the threat
be expressed in terns of nuclear or conventional arpaments would really serve.
Yet woeuld one of the existing nuclear powers be prepared to risk a confrontatian
with another nuclear power in defence of a third state which might be no wore
than peripheral to its own system - or even well beyond it? It appeers

1. E.g._Piesident Johnson's 1064 declaration that 'motions not follewing the
nuclear path will have ocur strong suppert against threats of nuclear blackmail,!

2., The Geneva draft treaty includeés a declaration of intent in this direction,
but it is unsupperted by any stronger evidence that the powers concerned are
proceeding towords that target.
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unllkely - a. fact which accounts both for tbe reluctance of . the magor powers to
give such undertak1ngs and for the reserve with which the minor powers concerned
have reacted to,such hal#- hearted declarations on the suLgect as have becn wmade
thus far, For, the nuclear powers themselves the LaJor dliflculty is surely
that once such blndlng undertakings are made, and; of course, pr0v1ded they are
treated serlously by both parties, the guarantor i& llaule to becone the‘
prlsoner of the guaranteed .The power in rececipt of the'’ guarantee w111 up to

e point, be in g position to involve the guarantor power in oltuatlons wh1ch
night lead to war,

‘ Y
1 v

. Indeed, the closer one looks at this preblen of guarantees the more
difficult it becomes to conceive of any reasonable solution to it. The problems
confrontlng the potentiel nuclear power are not limited to the contlngency of
direct and initial confrontation between it and one of the existing nuclear po-
wers., Tor wany ~ certainly for nost or 211 of the unaligned stetes anpong then
- defenee,th1nk1ng is geared egually to the contingency of a conirontation
between two of the nuclear powers spilling over, as it were, into their own,
narrower, arens. A guarantee by one of the nuclear powers, and certainly &
guarantee by two or more, may therefore, in certain clrcumstances, ectually con-
stitute an impediment to the prime nmational purpose of such states, nanely that
of ewmerging from a period of general confllct unscathed

In short, the problem of guarantees cannot be isolated frow the circum-
stance that, in the final arnalysis, the pmajor determinant of the existing
nuclear powers' external poliecy is their strategy vis—a—vis each cther., Alter-
natively, no guarsntee undertaken by them will Le really’ eredible - and
therefore have & chance of operating as an effective surrogate for the'active
retenticn of options —~ unless that undertaking is firwly lécked into the super-
powers' own strategic deadlock in such a wey that foilure to honour the puardan-
tee would itself trigger offrisks of conflict. How might this be done? One

wmethod night be the establishment of a system of hostages. If potential nuclear '

power ¥ fears an attack or threat of attack by nuclear power A, troops:of

nuclear power B might be stationed on its soil. But, of course, the effect of
such an arrangement would be almost indistinguishable frow an extension of the
existing alliance system and would probably be unaceeptabie on these grounds
alone, v ST

But cven assuning that & teaw of inventive internationol lawyers, diple-
mats, and strategists contrived to think of some better arrangement, it renains.
clear enough that 2 credible guarantee nust carry with it - for the guarantor -
the risk of involverent in war., Assuming further that th1¢ vere inceed accept-
able to both parties, what would scen likely to follow the | :stablishiient of .
credible gucrantee system? : . ' R

There can be no doubt, I think, that the granting of such guorantees will
be conditienal upon rigorous, if not necessarily public, control of the external
policy ‘of the recipient. Certainly, there would have to be ‘some form:of controel
or supervision or right of veto in those matters which bear uwon the fulfilwuent
of the guarantee, It is really impossible to believe that without such control
guarantees of any practical significance be granted. And if indeed they were,
this alone might be expected to reduce the credibility of the guarantet not only
in the eyes of the recipient, but, and much wmore significantly, in the eyes of
the recipient's potential opponent, ‘

The validity of the general proposition underlying this argument is not
one which can be easily demonstrated, if at all, even though its converse would
seen utterly implausible, But at all events, it is impossible to believe that
no political/military quid pro quo whatsoever will be required of the recipient
by the guarantor state or states, And furthernore it seews reasonable to
suppose that any quid pro auo granted would have to be, in some sense, propor-
tionate to the magnitude of the undertfaking implicit in the guarantee, This
would surely have the effect of cenverting the recipient into an .ally at best,
and at worst intoc a wvassal - at any rate for so tong as there is no mejor change
in the sibstance of the two great cemponents of the potential nuclear powers!
total situaticn: the fact that the existing nuclear powers are themselves in
stretegic deadlock; and that such military utility as nuclear weapons might
have for them is functionally related to the nuclear armamcents of those who
would, in principle, have to provide the guarantees, A4All in all, then, there are
grounds for anticipating that effective guorantees are unlikely to be fully
acceptable and, if for that reasom alone, perhans egually unlikely to be
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_ If this conclusion seems exc9331vely'®9581mlst1c, it is as well to note
that in practice, the situation during the lifetime of the treaty would probably
be very similar to that which obtazins at the present time. The security of many
of the key potential nuclear powers,is maintained today w thout beneflt of
undertaklngs by the Great Powers.. Those concerned tend to prefer it that way:
and, after 2ll, there appears to be general understanding of the dellcate t‘”L
1mp11cat10ns of this state of affairs. If adherence to the treaty, evén withZ
out guarantees, will serve to inhibit the taking up of nuclear options by those
among the adherents who are materially capable of deing so; then cle&rly ébme— ]
th;ng:aud1t10nal‘of great importance will have been &achieved, at slight cest to °~
the Great Powers. and, possibly, with revolutionary consequeﬁCes for the future
evolution of the international system. There is, instead, n¢ reason to suppcse °
that the treaty will not have this inhibitory effect, at any rate for a time and
proponents of the treaty are clearly relying upon it, To that extent,: then, the
post ratlflcatlon situation may be thonght an iuproveuent over that of teday.

But there is a2also a: deblt side to the balance of relative advantages and disad~
vantages, . It is that if the international scene changes greatly in coming

years and the corresponding strains end fears lead to the available options

being takén up by even & minority of the non-nuclear powers, then the advent of
such add;t1onal nuclear powers is likely to have a much greater pclitical reson-
ance than it would have had otherwise., Nor will the question whether those
opting. far nuclear weapons act in violation of the treaty or under theterms of’
Article VII be really decisive in this respect. 4 critical threshold will have
been crossed, & threshold madé clear and evident, if not actually established,
by the tr‘eaty itself. v

In sum, the exercise in selective arts limitation embodied in the ‘treaty
is not w1thout certain risks. This is surely not in itself o defect, but ner
would it .be wise to overlook the fact., FEqually, the achievement of Russof
American -agreenent on the text of the draft treaty is certainly a najor event,
but given that there .is no clear and binding provision for the superpowers’' own
disarmament, or even for a limitation of their existing arsenals, the fact of
agreenent is not guite as fateful as it wmight at first apipear. Indeed, it
cannot be stressed too firmly or too often that the key to the problem: of the:
spectre of nuclear warfare still lies squarely in the hands of the ex1st1ng
nuclear powers themselves. If, therefore, the effect of the non-proliferation
treaty, however worthy the intentions'underlying it, is to shift attention away
from thid fact it will haverdone us all & profound disservice. But in any case,
those states which consider theuselves menaced by the existing nuclear. powers
are unlikely to forget who, tcday, and who alone, is capable of waging nuclear
war. So;long as the existing nuclear arsenals form part of potential nuclear
powers p011t1ca1 and nmilitary environment - and, therefore, of their calculat—
ions - they are unlikely to fully abanden such technlcal options a&s they possess
And by the sawme token the very real pessibility and dangers of further prolif-
eration will not in the least be ended by general approval of the treaty. The
heart of ‘the matter, it seems, will rewmain suspended for many years to cone,
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~  FIRST PUGWASH'sYMPOSIUM, _
"Control of Peacéful Uses of Atowmic Enefgv'
‘ with Particular Refercnce to Non-Prollferatlon"- Lt
P, L, ﬂlpaardgLDenmark) . o ; ;fl ~‘4Za“'

P . THE US-USSR DRAFT TREATY ON NON-
PROLIFERATION - WILL IT WORE? . .

1. INTRODUCTION

The great magorxty of non—nuclear weapon natlons {hereafter called: non-.
nuclear natlons) have on wmany occasions expressed their concern about the
dangers of nuclear proliferation and stressed the need for the early conclusion
of 2 non-proliferation treaty., It is inportant to understand, however;. that
these countries are not willing to sign any non-proliferation, treaty. The
conclusion of & treaty that is likely to last only for a rather: limited time, :
say ten years or less, can be in the interest of neither the non~nuclear mnor,
the nuclear weapon states {hereafter called nuclear stotes). To make it a
lasting treaty it is essential to take into account the legitimate 1nterests of
both the non—nuclear and the nuclear nations and also the scientific. focts of
Iife,. . : : o, S _ o RN

| ;',_. " 2. REQUIREMENTS OF 4 NON-PROLIFERATION TREATY

Any non-~proliferation treaty has as its object the prevention of the
emergence of new nuclear powers, -Thus, such a treaty will basically put a
greater restraint on the non-nuclear nations, the have-nots,:than on the
nuclear; powers,: the haves,. To make up for this lack cf balance, the following
condltlons must be fulfllleu in order that the treaty way be acceptable, and.
remain so, to.the non-~nuclear nations:

{1) The non- -nuclear nations oust have the right w1thout discrimination
to use atonic energy for peaceful purposes. There is every indication that
atouzic energy.will play a,uejor role in the future epergy production of. the
world, and i1t will obvicusly bhe unacceptable to the non-nuclear coLntrles not to
have the sape opportunities in this field as the nuclear nations,

(2) The treaty must take into account the legitinmzte securlty interests
of the non- nuclear countries, i.e. it nust provide such guarantees that a. non-
nuclear country will not be in & better security position if, instead 6f signing
the treaty, it acquires a nuclear arsenal,

(3) Because of the basic lack of balance of a non-nrollferutlon treaty
it is important that the nuclear powers show their pgood faith by accepting scoue
restraint on themselves. In addition to the guarantees mentiened in (2), this
could take the forn of arms control measures such as a full test-ban treaty, a
decision not to deploy an ABM-systemn, a reduction in the number of effensive
ICBM's or a reducticon of the :rouuction of special, nuclear Laterlals such as
tritiun and fissile materials for uilitary purposes. '

(4) Last, but certainly not lcast, a non-proliferation treaty oust of
course he effectlve, i.e. a non-nuclear natlon which signs the treaty must not
“risk having to face the situation that one of its potential enenies, that has
earlier been a non-nuclear signatory country, suddenly beccmes a nuclear power,.
This is & vital point since the treaty gives only rather vague guarantees.

It way, of ccurse, be pessible to. persuade the great majority of non- .
nuclear powers tc sign @ non-proliferation treaty which does not fulfill these
requireuents, if necessary by the applieation of political, economic or other
types of pressure. But such a treaty is very likely tc have a rather limited
lifetine sinee it will not comnmit the countries under pressure wuorally - ond,
it may be argued, not even legally - end once the political power constellation
that exerts the pressure is changed new nuclear powers are likely to.crerge
rapidly. : : :

It is 1mwortant therefore, te evaluate any roposal for a non-
prolifersation treaty to see to what extent it fulflls the conditions listed
above, and in the fellowing the draft treaty submitted by the US and the USSR
to the Eighteen Nation Disarmawent Conference on January 18th, 19(8, is so
considered, y !
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3. TZ) US-USSR DRA FT TREATY AS SEEN FROM A e
NUCLEAR FOWER POINT OF VIBY S ES

Before this draft treaty is d1scu°seu fron & non- nuclear natien point-of - -
view, it seems reasonable to exanine how well it protects the 1nterests of the
nuclear nations.

It is not surprising thaf the doéument appeérs alrost ideal from a
nuclear power point of view; after all it has been worked out by the two nuclear
superpowers. )

The draft treaty forbids the nuclear powers toc transfer nuclear weapons,
dlrectly or indirectly, to cther countries, but no demend for contrel of obser-
vance is introduced (Article I),

Further, the treaty forbide the non-nuclear nations tc cecquire nuclear
weapons in any form. To ensure observance 2ll peaceful atomic energy facilit-
ies of the non-nuclear countries will be subject to control by the IAEA,
(irticles I1 and IXI)}. However, no control of atomic energy faullltxes of the
nuclear natlons is reuulred under the treaty. :

The draft opens up the possibility cf peaceful applications of nuclear
explosions in non-nuclear countries, but performed by a nuclear po ' o
(Article V) Since, at the present time, there are no obv:ous/wrac%lcal appli-
cations of such explosions, and since the future prospects of the unsefulness of
this technique "8re rather uncertain, there wey be these who consider the inclu-
sion of this Article mainly a way of "legalizing" uncderground nuclear. weapon
tests. '

In Article VI the nuclear (as well as the non-nuclear) powers. commit
themselves to pursue further disarmanent negotictions, However, this coumit—
ment is very vague - for exanple, no indication of when such negotiations are to
be initiated is given - and the validity of the treaty is not in any way depen- °
dent on whether these negotiatiens are or are not initiated,

Finally, in Article VIII the nuclear powers are given & veto on- any
proposal for anendpents of the treaty. :

From these considerations it is clear that the itreaty is very attractive.
to the nuclecr powers. This is of course in itself an advantage, but the
inportance of this point should not be overestimated. It may be argued that it
is unnecessary to have the nuclear countries sign a2 non-proliferation treaty in
which their only real obligation is not te transfer nuclear weapons to others.
It is very iomprobable that they will ever do sc anyway, but if the unlikely
situation should arise that a nuclear power decided to transier nuclear weapons
t0 a non-nuclear state, little if anything could be done to 2revent iﬁ;

4., THE NGN-NUCLEAR NATION POINT OF VIEBW - PEACEFUL UUE“"
OF ATCMIC EN:iRGY

Te the non-nuclear nations the treatf is unfortunately not qui?e as
attractiye as to the nuclear powess: ; "

Jlth respect to the non-discrininatory use of atowmie énergy for peaceful
purposes by the non-nuclear nations, Article IV should ensure that this right
is pot invaded. At the saume tiue Artlcle III c¢alls for control of all nuclear
facilities of the nom-nuclear countries, and it is by no nmeans obvious. that
these two provisions are compatible., Therefore this guestion nust be further
considered; :

The IAEA inspecticn procedure for nuclear reactor plants is nrow fairly
well established, and it seems that control of this type of facility will not
give rise to undue restrictions, since the amount of techmictol information
which nust be subnitted to the IAEA in connection with inspections of reactors
is falrly linited.

The situation is not quite so clear when it comes to fuel fabrieation
facilities and reprccessing plants. The inspection procedure has not yet been
finalized fer these types of facilities, but the amocunt of technical infornat-
ion required uust be expected te Le guite detailed if the contrel is to be
realistic, It is, for exeumple, nocessary to have a thorough knowledge of the

-
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processes used in order to assess whether the losses of fissile material that
will unavoidably occur are reasonable cor coula represent & violation of the
treaty. But such detailed knowledge of the processes invclved might also lead
to so~called industrial espionage.

Further it is not unlikely that one or wore non-nuclear countries wi1i, .
build there own enrichuent plants in order not to be dependent for reactor fuel
on sunplies of enriched urenium frowm other countries. They may also do so to-
secure for themselves the future Fuel supply te forelgn buyers of th91r reactors
and thereby g&lq::uetter positicn on the reactor export market. As the IAFA
has no experience of inspecticn of this type of plant, it is iopossible to
dceide whether a realistic control system will 1nterfere unduly with the oper-
ation of such plants for peaceful and commercial purposes; it is very likely,
however, -that contrel w111 require access tc rather detailed technical. 1nform-
ation, :

There are other factors that wake it difficult to assess whether IAEA
control will interfere unduly with the peaceful uses of atomic energy in the
non-nuclear countries, For exauple, according to the Statute of the JAEA,
Article XII, the Agency has the right to demand that any excess of special
fissionable wmaterials cover what is needed for research and for rezetors is dep-
csited with the Agency, in order to prevent stockpiling of these materials.

This right of the Agency raises a number of guesticns., Vhere is the fiss-
ionoble material to be stored? In the country where it is produced, or cutside?
What guarantee does the country owning deposited materials have that the
material is returned promjtly when ngeded for legitimate purposes? Consider the’
case where one of the IAEL 1nawectors claims during the 1nsae¢t10n that the
safeguarding rules have been, viclated, while his colleagues do not agree with
this, If such a situation arises, w111m1t be possible for the country concerned
tc have deposited materials returned promptly, or will the return be delayed
until. further investigations have been performed? In the latter case the
possibilities of the non-nuclear countries of sblllng nuclewr fuel nay easily
be impaired.

The answers to these questions — @nd there are others - will for a great
part decide whether the non-nuclear countr1e will have the ssue opportun1t1es
ag thc 1uclear couniries in the reactor and nuclear fuel business,

It is qute possible that TAEA control in connection with a non— .,
prollferatlon treaty will not interfere unduly with the peaceful uses of atonic
nergy in the non-nuclear states, but unfortunctely too little ig known about
Inmﬂ sefeguards - for & reaslistic and fair evaluation of thig problem te bhe nade.
It is. thérefore understandable that sowme non-nuclear countries hesitate to uccept
JAEA control and use this as an argunent against the non-proliferation treazty.

5. THE NON+NUCLELR FOINT OF VIEW - GUARANTEMu

As regards guarantees, the draft treaty is quite unsatisf&ctory since
no guarantee provision whatscever has been included. The guestion of guarantees
is not eyen mentioned in Article VI, which deals with future disarmorent negot-
iations,’ ' '

It may be said that scwe forn of guarantee arrangement arrangeuent does
already exist for the non-nuclear countries since President Johnson stated in’
October,“196&, that "the nations, that de nct sesk naticnal nuclear weapons can
be sure that if they need our strong support agalnst sone threat of nuclear
blackwall then they will have it", . But what is strong support? It may range
from warm neral support to dlrect nilitary ;551stance ‘unfortunately. the US
governnent has been reluctant to define stronpy qupport riere siecifically,
Further the assurance covers only nuclear blackmail. Several of the countries
that wight geo nuclear will do so to deter a non-nuclear emeny wmuch stronger in
conventional arms, not toc deter 2 nuclear state. 4And in this case the US
agsurance is of no help. ‘Finally, wany ncen-nuclear ccuntries will xequire
guaranteg¢s from a number of countries, including the two uperpow;rs. The
political situation of the world is not stationary, oend the power constellation
is going, to change, thus a guarantee given by orly one nation vay be credible
today, but not towmorrow.

In March 196G, Mr, McNawaras said during a hearing on non-preliferation:
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"We nust not ‘conclude that the conditions that meke preliferation appesr desir~
eble for some countries are not present today. They are. Théy are going to be -
present tomorrow as well. -The non-proliferation agreement umust recognlze that

.

elenent of reality., If it does, it nust be assceiated with some form of assur~

ance to these nations which have a reascn for acquiring nuclear ﬁeauons, but
but which' under the terms cof the treaty preaumably will agree not to acguire
then",

' The draft treaty is not associated with any forms of @ssurance..

6. THE NON-NUCLEAR POINT OF VIEW - RESTRAINTS ON
THE NUCLufR POYWERS

Accordlng to Article VI of the draft treaty all parties to the treaty
undertake to pursue negotiations on measures regarding cessaticn of thé nuclear
arms race and disarmawent. A4s wenticoned alreazdy in section 3, the forpulation.
of this Article is, however, very vague. It does not go beyond resolutions
adopted in the UN, and disarmanent negotictions are alreudy under way 1n the
ENDC in Géeneve. .

It may be of interest te consider what arus control neasures might result
from such negotiotions and to evaluate the chonces that they are agreed upon,

.One possibility is & cowmprehensive test-ban treaty. The c¢hances that the
nuclear powers will agree to stop underground tests are, however, small. The
superpowers obviously fear that a couprehensive test-ban treaty will nét allow
then to retain the staff of their weapon laboratories and thus to continue the

development cf improved nuclear weapons. This problen is wade oore acite by the

USER deployment of an ABM systet1 and the US decision to do the smme., In thisg”
context 1t noy be mentioned that the USAZC has recently asked for a significant

increase of funds for nucléar weapon development, and pert of these funds is to- i~

be used on new underground testing sites. It may also be noted that only three’
out of the present five nuclear powers have signed the present test—banitreatyf

Another possible arws control neasure is a decision by the nuelear super—
powers to refrain frow the deploynent of ABM systeus and/or to reduce -their
nusher of offensive ICBM's. There has a2lready been contact between the two
nuclear superpowers on this sub;ect but little came of it, and since then the
US has decided to deploy a2 thin ABM systeu., Even though thlu development could
theoretically be reversed, it dces not scem very likely that it will.

A third possibility is that the nuclear powers agree to reduce or stop
their production of special nuclear naterials, i.e. fissile materials and
tritium, for wilitary purposes, It is very unlikely that France and China will
accept such & proposal since both countries are building up their nuclear arse-
nals, The rewaining nuclear powers have already redueced their production of
fissionalble materials, but the reason is primarily that their stocks of these
moterials are so large that they will easily cover the weapon demands in any
foresceable future, and hence there is no point in maintaining productlon at
full cepacity. On the other hand these nuclear powers are not likely to accept
a2 full stcop of the producticn of special moterials for nmilitary purpoges since
- thig would prevent thew, in the long run, from wmaintaining their nuclear fleets,

The use of reactor fuel for nuclear noval vessels is a mwilitary appliéation too, -

and the euclear powers are not likely to accept such a situation even though it
has the desirable features that it-would,only demand comtrol of production
faocilities and that it would only come into effect gradually.

7. THE NON-_NUCLE! AR POINT OF VIEU - E¥FECTIVE
PREVENTION OF PROLIFERATION

~ Finally there is point.{4): the treﬁty must effectlvely prevent nuc]ear
proliferation, and the guesticn is: will. the drait treaty do so?

If signed by 2ll major powers, it will undoubtedly. prevent the emergence
of true nuclear povers with an appreciable nuwmber of sophlstchted nuclear
weapons since it is not possible to.develose advanced weapohns without test
expiosions and since IAEA control should be able to prevent lhrge scale stock-
piling of fissile wmaterials for weapon purposes.

N
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. But this is not the problen., Today there-is hardly any non-nuclear
nation which would ba able to 'become a major nuclear power in a foreseeable
future, &ven if there was. no.nen-proliferation treaty, and none of the present
non-nuclear powers will be able to develop.a nuclear #rseral ‘that could deter
the superpowers.

The danger of prollferatlon teday is ﬁhe drergence of what wight be
called the ‘primitive nuclear powers with a limited stock of untested nuclear
weapons, which may not have -very high yields, but will still be nuclear weapons
in, say, -the one to twenty kiloton range. The prlultxve nuclear powers will
not be able to deter any nuclear power, but this is not the intentiom, The
purpose of acquiring primitive nuclear weopons is to deter unfrlendly,non—
nuclear. powers, and in this case, it is also unnecessary to possess sophistic-
ated dellvery vehicles; conventional nilitary aircraft will suffice,’

The problenm therefore 1s- Will the trenty be able fo‘prevent the emerg-
ence  of primitive nuclear powers? - ' ’

The answer is: No.

During the next ten to twenty years a large number of countries will
build nuclear power plants, These plants will produce plutoniun, whigh will be
extracted in reprocessing plants. Even though IAEA control will prevent large
scale stockpiling of this plutcnium under national control, it will not prevent
research concerning the physical, chemical and metallurgical properties of plu-
tonium and the developuent of the uwethods necessary for productiocn of materials
for nuclear weapons. All this development work can easily be performed under
the pretext of studies of the peaceful uses of atomic energy. HNor can IAEA
control prevent the plutonium produced from being used in zero-energy fast
reactors in which the plutonium is kept in a fornm suitable for rapid conversion
inte pripitive nuclear weapons. A zercv—enérgy fast reactor, bullt to simmlate
the conditions in large diluted cores to be used in fast power reactors, nay
contain several hundred kilograus of plutonium, and this plutonium could in a
few weeks or less be transformed intec, say, 50 nucleer weapons, vhich would
certainly suffice for any primitive'nuclear power. In theory at least it is
even possible to build swmall, compact fast research reactors, the fuel of which
might be used directly as the fissionable charge in a nuclear weapon. And wany
interesting experiments cf general reactor physics 1nterest can, be made with
this tyne of reactor.

To wmake 2 pricitive nuclear weapon with plutonium it is not sufficient
to have the fissile material available. It is azlso essential to master the
implosion technique, However, this technigue is applied to an increasing
extent for military (non-nuclear), for scientific and even for industrial puro-
oses, and the anocunt of literature published on it is steadily increasing. It
is consequently very likely that any reascnable industrialized country will be
able to master this technique, if it sc desires, affer a developument period of
some years. And it will be extreuely difficult to detect whether & country is
developing thls technique for nuclear ‘weapon purposes.

It may be objected that the plutonlum produced 1q@0 b reactors is not
very suitable for weapon production because of its high Pu concentration,
However, there are many indications that this difficulty can be cvercome if the-
implosion technigque is nastered to a sufficiently high degree of perfection.
The yields may be reduced scmewhat, and the chances of a fizzle may increase,
but the weapons will be nuclecr weapons after all, and they will be consider-
ably cheaper than those produced frow the so- called weapon-grade plutoniua, It
may be cppropriate to guote in this counnection the chairman of the USAEC, Dr.
Seaborg, who said during 2 hearing in 1966: “We believe that a number of
nations, using the plutoniuw that they would produce in their power reactors,
have the technical equlpment and capabnllty....to uroduce bowuhs -in the course
of a few yeare....".

It uau alse be mentioned that if a country possevses a2 uranium seﬁaration
plant capable of producing highly enriched uraniun, the ‘technical problens’
connected with weapcn productlon are reduced considerably.

Therefore the only one hunared per cent effectzve way of prcventlng the
euergence of primitive nuclear powers seens to be to deny  the non-nuclear
powers the possession of highly enriched uraniun and plutoniuc,, This weould not
be acceptable to the non-nuclear naticns since it would nean thet they could
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not be allowed to build reprocessing plants or isatope. separation plants and,
wost ioportant, to develop and build. fast power reactors. Since the faét power..
reactor is considered to he the recotor of: the future, such: condltlons woulu,,
represent a gross discrinination ¢ cpgainst the non- nuclear countries,

3. CONCLUQION‘

Fron the conglderatlon given above 1t is obv10us that the US-USSR draft
treaty does not' fulfil the legltlmate requlreuents of the non-nuclear countrles
as outlined in ‘scction 2, since -

—‘the-1ntroduct1cn of TAEA uafeguardS‘Day discriminate against the peace-
ful wusges ‘of atomic energy in the non-nuclear countries; before the IAEA inspe-
ction procedurs for «ll types of atomic energy focilities have been finalized,
nc conclusion can be drawn with respect to this point, :

» = 'the draft treaty contains no guasrantes pr0v1s1on, nor does it foresee
any later intrcduction of such guarantees, :

- the draft treaty does not contain ouny assurence that the nuclear powers
will accept any restraint on themselves,

- the draft treaty w111 not be able to prevent the emergence of pricitive
nuclear powers. :

It should be po1nted out that it may not be pnss1ble to produce a non-
proliferation treaty that fulfils all the reguireuments of section 2. If the
tréaty does not discrininate against the peaceful uses of dtomic energy of the
non-nuclear countries, it will ‘be very difficult technieally tc prevent the
energence of pr1n1t1ve nuclear- powers. IHowever, if a sufficiently credible
guaranteesysten is included in ‘the treaty, this will reumove the incentive for
all non-nuclear countries to becowe nuclear powers. The need for restfaints on
nuclear powvers in connection with a non-proliferation treaty will also-be redu-

ced if a sufficiently crecdible guarantee arrangenent, which will 0bv1ously
involve the nuclear powers first cf all, is included in the treaty.’

It may be argued that only & limited number of non-nuclear countries
have pressed the p01nt of guarantees, which is therefore not essential. But |
this is not correct.- The rezson why only a limited nuwber cf ccuntries have .
pressed this issue is that wost of the ccuntries that in the past have felt .
uneasy abeut their sccurity have concluded defence agreements with cther. count-.
ries, usually including one or ucre nuclear povers. Conseguently they. feel no -
itmediate need for additional guarantees llowever, the power constellaticns of
the world are changing continucusly, und a defence agreepent that is' satisfac~
tory today’ may not be so tomorrow, Furither it is getting essier and cheaper to
becowe & primitive nuclear power, Therefore, the non- nuclear countrigs that in -
the future decide to teruinate existing defence arrangerents with othérs may. be.l
very tuch tenpted, in the ‘vacuug: created by thls decision, 1o acguire, nuclear
weapons 6f thelr own, ' o

If'only one or two non-nucle¢ar countries go nuclear, the absence of B
guarantees is most likely to create a .chain reaction among the near-nuclear :
powers whereby the nunmber of nuclear powers will increase rapidly, and this
would be:the end of non=proliferation. With guarantees a non»“r011ferat10n
treaty should be able to survive the energence of ome:or two new nuclear -powers;
the probability of such emergence, with gnarantees, would be cuch smaller.

Thus the only way of meking & lasting pon-proliferation trezty'is t¢ .
include credible guarantee arrangenents whereby the incentive for @ nén-nuclear
power to’ become nuclear is removed. Since such arrangements are totally absent
in the draft treaty, the answer to the questlon pesed in  the title of this
paper is irom & long-teru’ p01nt of view: - C :

THE US-USSRE_ DR:FT TREATY ON NON PROLIFERATION WILL
IN ALL PROBABILITY NOT WORK‘

"It is also worth nentioning that aris control weasures, like the draft-'
treaty, which meinly puts restraints on the:pon-nuelear. countries, will easily
conpronise further disarpanent weasures. in the eyes of. the non-nuclear ccuntries.
And it shouléd also not he forgotten that the security of the world depends
first of all on the nuclear superpowers., If they are not willing to restrain
themselves no arms control agreement w111 help. After 2ll they alone have
the rnagcudon capability,
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9. AN ALTERNE TIVE APPROACH TO 4 NON~PEOLIFERATION TRﬁ.TY

.The conclus1on g1ven above 1% ruther uepre*slng but of course it raises
the questlon 18 there 2 better aﬂproach to 2 non—prollferat1on treaty9

As arguaa above,'a 1ast1vg non nrollferatlon treatj Just assur that the
inspection systerm agreed upon does’ not digerizinate against the peaceful uses

of atomic energy in the non-nuclear countries. .The IAEA safepuarding procedures

are nct yet established for all types of atouaic energy facilities, and it will
probably be a few years before this is the case. Until these proceJures are
finalized and agreed upon by the countries involved, it is not reaoonable to
include TAEA control (in & non-proliferation treaty. Tc do so would be the saue
as to sign 2 blank cheque, and that is very dangerous. ,

Further the introduction of a credible ”uaruntee arrangeuient will
derand 1utrlcate negotiations, not least between the nuclear and the non-nuclear
powers. ~Considering the present political clinate in the world, it is- very
11kely that such nregotiations could only be brought to a oatlnfactory conclus-~
ion after a period of some years.

On the other hand danger of proliferation is acute, and it may be too
late if a treaty does not coue into effect until several years from now. What
the world needs is therefore a period of negotiation during which one can be
asgured that proliferation will not teke place.

A first step of a wvossible sclution to this problen would be the concl-
usion of-a prelicinary nen-preoliferation treaty, the substence of which should
Lbe iArticles I and II of the drait treaty. Hemce it would not require: compuls-
ory contyol of any parties to the treaty. Further the treaty should be valiad
for a period of five years only. During this period the TAEA safeguarding
procedures should be finalized and agreed upen, Also the guarantee arrangecents
to be inpluded ir the final {reaty should be regotiated. -

Prov1ded these negotiations are cotpleted successfully, & final non~
vrollferatlon treaty shouwld be prepared and signed as a- second step, (If the
five years do not suffice for the successful coupletion of the negotiations,
the prelininary treaty should, under a provision contained in it, bé prolenged
for a shorter pericd, say un to another five years -~ provided the prospects
of reach1ng agreerent on the control and guarantee question look reasonably
pronisging.’ :

Such a procedure seewms to have & nunmber of advantages,

It should be possible to conclude such a preliminary treaty in the
iunediate future and thereby make some concrete progress towards =z lasting
non-proliferation treaty.

It weuld be very difficult for any nen-nuclear country not to sign such
a prelininary treaty since it has a very limited duration and since it does
not inveolve any compulsory inspecticon. :

It would previde & reasonable pericd for finalizing an IAEA safeguard-
ing system and agreenent on a credible guarantee arrangement.

It would ultinately allow the conclusicn of a non-nrollterutlon treaty
that takes into account the legitinate interests of both the nuclear and the
non- nuclear countries.

It should be noted that the TAEA safeguards will of ceourse continue,
but only on the present, voluntaty bacis., It is icportant that the IAEA is
given the opportunity to gain inspection experience in order to allow the
establishnent of a safeguarding procedure acceptable to all parties involved,

The two nuclear superpcwers ray not iumediately find this approach very
acceptable since they may still hope to be able to press through their treaty
proposal, IHowever, when the draft treaty was suboitted to the EWNDC in Geneva,
it did not get a very enthusiastic reception, and the superpowers Lay soon
realize that it will not be easy to reach agreement on their proposal. In
this case it should be possible for the non-nuclear powers to persuade the
superpowers to shift their line of appreach, Should this not be feasible, the
nen~nuclear powers wight even agree among theiselves on & prelininary non-
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proliferation treaty without control and then deuand inspection and guarantee
negotiations with the nuclear powers. In this case, what could the nuclear

powers ﬁo other than accept°
i

It miist be im- the 1nterast of &11 ‘countries, nuclear as well as non-
nuclear, who are concerned about the’ dangers of prol1lerat10n‘uo have a lasting
treaty. A treaty lasting only for a limited period will give rise on its tero-
ination t¢ a rapid increese in the aumber of niclear powers, uud the s;tuat1on
might then be worseé than if there had been no treaty at all.”



