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L-----------------,Th~is~:p~a:p:e~r~w:as~w~· r:7itten for and at the r~quest of the Division of 

International Affairs . It attenpts to be r esponsive , in general, to 
the technical aspects of questions concerning rethods of inspection and 
control by an International Agency of atomic energy operations carried 
out under an atoms for peace program. This paper is not concerned with 
questions of disarmament J)E;r se , and hence does not ap?ly to the u.s. , 
U.K. 1 and USSR • • 
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The statements and conclusions in this paper Tepresent only the 
opinions of certain AEC staff members from several technical divisions. 
It should be emphasized that this discussion is not in any sense a 
thorough study of the ve r,y difficult and complex questions involved -­
rather it is only a first ap~raisal of many of the problems. This is 
especially true of those questions involving inspection of a nation to 
ascertain whether non- permitted activities are being conducted clandes­
tinely. It r.ay require modification after further investigation. 

The problem has ~o ~ajor pi visions : (a) f easibility of ins~ection 
and control by the \gency of o~rations for which the Agency or another 
country has provided ~~terials , technol ogy, or other substantial 
assistance, and of any other 11 declared11 operations for which the Agency 
has r esponsibility f or inspection and control1 and (b) f easibility of 
ir.specting t.l-)e country involved to detemine whet.l-Jer prohibited pro­
ducti on or preparations for production of special nuclear material are 
going on c1E.n1estinely 'Within its territory. It is assu.r.1ed that an 
Agency corps can be established ">hich 'lt..-ill be able to -carry out reliably · 
and honestly the acti vities with which it is chirged. ·· 

INSPECTION AND OONTroL OF PLA.NTS 
AND FACILITIF..S UNi:JER THE AG:SNCY 

Several possibilities are apparent . The f aciii tie s could be 
operated by the country involved, "''ith inspection and control perforred 
by the ltgency or, in certain cases , the actual oper ation could be per ­
fonr.ed by f.gency personnel. In the l atter case , contr<:>l of the operations 
would be facilitated and the. requirer.ent for an inspection a11d control 
f orce, in addition to no~l ope rating and accounting persoP~el, would 
be consequently reduced. 

If isotope separation plants l.-ere included in the permitted operations 
of recipient countries, i t would obviously add to the Agency responsibili­
ties • . No consideration, for purposes of this discussion, ·has been given 
to this question of Agency inspection of. such plants, under an assu.r.1ption 
that operation of them by individual recipient countries would not be · 
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allowe~ • . On this assunpti on1 there would be no need for an inspection 
corps for such plants. The problem of detecting clandestine operations 
of this sort would ~ alleviated in 6 0me degrce1 since the discovery of 
the production of equipment fol- such plants could be taken as evidence 
of intent ~ encage clandestinely in i sotope separation operations . 
Hith the above 1imi. tation, the t}rpes or operations which \>.'OUld be subject 
to i nspection and control by t."1e Agency could involve fuel e l emont 
fabrication, reactor operation, chemical r epr ocessing plant operation, 
certain othe r auxiliary production o~erations , storage and transportation 
of fissionable r.1aterials1 and certain research and dc velopr-.ent activities. 

vlith respect to sensitivity, or greatest possibility of diversion1 
the chemical r eprocessing and the f ue 1 elcr.Jent fabricating plants arc· 
the most important , This is true because in these operations special 
nucl ear materials are handled in bulk quantities - either i n concentrated -
solutions, in the f orm of solid salt.s1 or as netals • . In such cases 
scraps, waste solutions and side streams f or reprocessing arc inherent 
and the problem of accountability r ests in visual inspection, physical 
saf eguards , and analytical methods ( cherdcal analysis , treighing1_ etc,.) . 

In the case of reactors themselves , accountability for fabricated 
fuel elements is relatively more simple , since they are , in most in­
stances , discrete uni~ . Control and insp<:;ction of r eactors is important , 
however, because they can produce, as well as burn, fissionable material 
(Pu-239 or U-233) and it is necessar,y to know thu nagnitude of this 
production in order to account for the material later in the che~ical 
processing of fuel and blan'l(et oateriuls . Certain types of reactors -
e . g. those "·hich might eJT:ploy fluid fuels with continuous reprocessing 
in situ - would represent a rrtore complicated situatio.n in which fuel 
fabrication, reactor operation and chemical processing arc combined in 
one plant. 

~OE ARCHiVES 
A control and inspection system for a fue l clenent- faoric~"iion -plant, 

a reactor i.!"lstallation or a chemical plant would depend pri.Jr.arily on 
accountability procedures and physical security mcasur0s ap")lied to 'lhe 
special nuclear material to prevent undetected diversion . · Such a scheme 
was outlined by Dr. I. I , Rabi, the u.s. r~presentati.ve to the six nation 
conf erence on safeguards under an International ~gensr. This conference 
'!;as held in Geneva from August 22 to August 27, 1955. 

Listed below are sol!le of t."1e technical suggestions , selected for 
gr eatest relevance to the present discussion, which were nade by the 
u.s. representative at the above mentioned meeting as ·a basis for the 
kind of control and insp.;;ction envisioneds 

.1 • . The Agency will inspect and control the agreed-upon atomic 
energy operations of the r eceiving country. 

2. The purpose of the inspection and control is to prevent diversion 
of sufficient amounts of nuclear material to constitute a ha zard to world 
peace within a reasonable t ime 1 such as ten years. -

3. The inspection be so designed and 
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operated that it ~11 be as eeononical as possible and wilYintcrfcrc 
with the operation as little as possible consistent with the o~jectivcs 
of the inspection and contro4 

L. The atomic energy operationS of the couhtry which is receiving 
this aid arc fully disclosed to the Agency1 These include! 

(a) the r eactor design, construction and operating cxpericncej 
(b) the fue l fabricating plants; 
(c) the Chemical processing plants ; 
(d) the transfer operations between the different plants or 

sites. 

5. The design of these plants is to be such as to facilitate in­
spection and control and to minimize the number and size of areas which 
require control. 

6. l'icasures of inspection and control need not be identical for 
all operations since the potential danger of diverted material will vary 
from operation to operation. 

7 • The inspection and control procedures of the Agency arc to in­
clude physical security neasurcs and material accountability I;~Casures . 

8. Physical security mcasurc:s arc to be restricted to areas closely 
associated with any or all of the follo"Iing : 

(a) 

(b) 
(c) 
(d) 
(c) 

Storage of nuclear materials in eithe r unirradiatcd or 
irradiated form; 
rtcactor operations ; 
Fuel fabrication; 
Chemical operations ; 
Transport. 

9 • . The purpose o.f the physical security measures in each of these 
areas is to permit the ingress and egress of nuclear rna tcrials only if 
?ropcrl_v recorded on accountability records maintained by the Af!.ency or 
subject to inspection qy the Agency. 

10, Accountability records arc to be such as would nornally be used 
by the receiving country since the nucle~r !'ilfltcrials will have a high 
monetary value . 

11. h.t p:::riodic intervals or continuously the J.gcncy l<.'ill audit the 
accountability records and will ;:-.ake or supervise physical inventories, 
CT1lploying such analytical' procedures as r..ay be appropriate • . Except in 
cases of suspected diversion or at r easonably long intervals such in­
ventory-taking should not rcqu_irc the interruption of reactor or other 
operations. The J,gency may, however, inspect any or all parts of the 
operation at any time which 1.t dcer.1s necessary or ap?ropri£\te and without 
pr~or notification. 

·. --··--- -----~-----....- -
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12. In order that the Agcn~ may properly nsscss the accur~cy of 
quC\ntitie:s of nuclear m . .:1tcri~ls <mkl'Cd on the accountability records , 
all 9hascs of the kchnical operations involved ::mst b.:. tl<'.de known to 
authoriwd competent A[;c:ncy parsonnel ' Pertinent tr~dc or othc:r typ<.;s 
of s;;crcts should not be 'rti thhcld from the .igcnc? personnel, , 

13. The degree ' and kind of insp:.ction and control instituted by 
the Agency nay vc.r;r depending on wh.:. thor all or only a p.:1rt of a fuel 
cycle lies within th0 boundari<.s of a country, an~ l"!lE:.Y \'.e.ry depending 
on whC:the r m-mc.rship of a ~rticul.ar facili t~.r is by the receiving country ­
or othe:rwise . 

lL • The tr<msport of nuclear na kri.:~l is to be controlled in a 
I!lanner d:.ct~tcd b;;· the quantity and condition of tho m~tcrials . Trcmsport 
rn.flY be entirely under the supervision of Agency personnel • . It may be 
possible ·i..D some cases to usc conr;on carriers, with ;.gcncy personnel 
r esponsible only for the inspection of seals, containers, .etc. at 
ap!Jro~riate points. 

15. Hastes contai."1ing nuclear natcrinls or fission ?roducts ~y 
be r emoved .from tho control s ystc:."!l1 provided thc2.'" arc disposed of in 
s ome irreversible T'lann.:.:r unc!er the supervision of t.~e ; .. gcncy. 

16. It s~ould be noted tl1et reactors other tha n those oper2ting 
on e:nrichcd fuels cc.n 2.lso produce fissile.: ~t<.-rial. Thes0 aro reactors 
c!'lploying nonnal ura.11iULJ. as a fuel. The control c:nd inspection system 
outlined above is also adequ~te for thc.se types of ro?..ctors . D 

· OE ARCHIVES _ 
In addition, certc.in tGc!miques for nero r .:.adily tracing the flow 

of special nuclear ma tcric>.ls wer~ sugr~cstcd am discussed. Th0-se r.letbods 
rnc;y ~rove to be: pra'cticnl and fc<:>.siblc an:i mny assist the control and 
inspection system but they cam•ot be t..'I-J.~ught of ns relieving tho requ:ire­
l"lcnts for clos~ accountc.bility o:.rrl ?hysical securit;>' itl(;ntioncd above.' 

In essence, the control anC. i.n.s!):.ction procedures proposud c>..rc 
based on th.:; opcr ati (m of a corps of COI:lpCtcnt atrl trained p;::rsonnel, 
including the necessary nunber of technical people, pcnn2nently locC1tcd 
at the plc>-Dts to oo controlleQ. 'The: proccGurcs vr.::>Uld involve: inti.~tc 
kn:)vilr:dge , on t.llc part of the i..11spcctors, of tho op.2r.?.tions and of the: 
design and opcro.ting ch~racteristics of the pl<:nts thcrrtS.;;lvc~ • . Critical 
and sensitive oporQtions would be visua~ obse:rved ~Du r0cords con­
tinuously noni to red :md audited. In addition, duplicate; mcasuremG;nts 
by the inspecting force woul d bo nadc ~here considcrod.ncccssa~. Ingress 
e>.nd ogress of natcrinls c?.nd p:;rsonncl w~uld be nord. t ared. The degree 
and cxtensi-voncss of control wouB obviot<sly very with the: t:,rpc of 
install~tion. Low power r esearch r~actcrs would call for vc~ little 
inspDction, ~nth incr&asing degrees of th~roughncss cnlled for in the 
cnses of 90'""'or reactors 1 f uel fnbricc:.ting plimt:s , ?..nd chemcal process­
ing plants. 

It should bG renlizc'.i th:.t C!bsoluto 2.ssuranC(; nga.inst fue possibility 
of dive;rsion of ontcrials is excce:ding,ly ~ficult ~nci. probably i.Jnpossible 

- ________ ..__ ___ - - --------



to nttain. The r.cnsurcs adopted would be designed t~ ~chievc sone 
kind of bal~ncc lx:twoen ninir.iizing the risk :-f unde tected diversion 
l-lhilc at the- S<>..&U tine not :inpCJsine a too burdcnSOI'l(.; and irri t~ting 
supcrstruct~ on the no~l upGrations . 
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In case:s where the o!)(. r atihg ch.~rncU:ristics (nuckar paraf1Ctcrs) 
of a powor r<..act.)r ere we:ll known nnd pe:rforn~cc ch~rnctcristics for 
a chemical plcnt nrc cstJbl:ishcd, Nate:ri~l accountnbility in such a 
sys tern can prob:1bly b(! r.1ain t.:.ine:i to within a f c.w pe: rcent ovcr an 
extended period such as one yvar. (hc~ountabili~ will be poorer over 
a shorter period . ) Obviously, for systc:!l.S wheN- p0rfvroance cnaractcr­
i stics are l ess wall kno-..m ( c . g. breeder reactors , certain of wh:>sc 
nuclear cons tants may be initiolly uncert:>.in by ~ nuch as l.'"Y;! - 2o.' ) 
the accura~ of account~bility will be poorer. The above figures would 
represent lU~its of undetected div~rtability, but ns a practical natthr1 
with adequate physical sec~ity1 it could be made: v~ry difficult to 
divert this r.mch raa tcrial consistently. 

With r espect to Agency personnel roquired f or inspection and con- ­
trol at a plant under the ir jurisdicti,m, an estimate may be m2.dc in 
an illustrative; case. h moderately size d Chemical plant, such as w~uld 
be required to prvcess irrcdi~ted fUel elcncnts fron a r cnctor, or 
rc~ctors 1 producing around 1000 ocgnwatts of hc:1t1 requires of the crdcr 
of 200 pe:oplc (~xclusive of guards ) f or fUll tiR~ o~rntion (2u hours 
pe:r day, SC:vcn d~ys pc; r week) .. It is est.inatc:d t.•wt an irtS?C;ction force 
of about LO people (exclusive of gu~ds ) r::ight be ndcquntc to insp<:ct 
and centro 1 such an operation. The nur:"&lx:r of people rc.quired. for 
oper ation or insp:;cti on of such a pL-"!nt docs not incrc<::se pr·)pvrtionatcly 
to capacity . Of these uO people, ~twcc.n 0~c-third anrl onG -~alf would be 
technical personnel. On ~~is b3sis the adf.itional expanse ~quircd f or 
inspuction an·l control Hould b e r q:x:-escntcd prii".P.rily b~r the sal c.rics 
of thi s force , in this case ~'1unting to <:lp"Jr0XinP.tc- l~r 2~ of the nomally 
required ooe:rnting an:! r..c1intcnance st,"Jff. S:i.J"Iilar r atios "'•vuld cp~t!r 
t o be r easonable in thu case of l crgcr cpor ations , or in th~ cas~ of 
r e:<lc tor or fuel fabrication plant operation, although a reac-tor might 
r equire a so!TI.C....,tlat snal lcr r atio1 and a fu c l e l<.n.::mt f abrice.ting plent 
a socewh~t larger r atio. Some guard f o rce personnel would also be r e­
quired t o ru~nitor ingr~ss nnd C:gr css of personnel ~nd ~tcrials . These 
r .::quircncnts (not included i.11 the above: f ie,urcs ) might involv-e 12 - 16 

people • DOE; :A-[{ .CHIVES -------- _. 

It TJay b e p::>intcd. out thnt the strictly technical ~spccts of the 
insp.;ction a..11d control fUnction, involving th~ st..rvices of trained 
chc::Usts , physicists an-:1 engincc.;rs , n:!cd not n::ccssari ly be e:ntirely of 
a negative nature . Svmc pro;:>..)rtLm of t.."'l-.ir ti:1~.; r.c:y be cevvtcd to nore 
positive aspects of technical assist?~ce . The .fr~cti~n of the t~e which 
could be devoted tc this f or the nunbt.rs of :x:oplc listed r.b:;ve would be 
only nollln~l since tho estil:!2tc: is bnsed on the:ir being cne,."lged in in­
spection anq. c0ntrol essentially full ti.r:l.c . However, the resulting 
advantngcs in co::t"mnication l.."ith technical personnul of the plant wc·uld 
r:lakc such fu."lctions w::>rthwhilc• 

• t 
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It should be nutcd that it is not n2.r.::latory thnt cv<.;ry power ;i!-;.· ~b~~ -· }. 
:cr\ctor havt: its o~'l'l ~cl fo.~ric~tion and chcr.!ico.l rq>:ro c<.;ssing p~~;.i~~~ ~-::~.,..:: 
1.n the sensE.: that J.t l.S poss1.bk f or on0 c<!ch of tho l~ttc:r plants .. W.x~.l~ - ~ w::_.;-
s e:rvc n nunbcr of r 0nctors, dependihg on tht.ir size and type. To )lw1~~. -i'ti 
c:r.tcnt that it proves practic-3blc and ncccptable to adopt centralized~ ,. ·~-i . 
f uel fabricnting nnd r ..:proccssing facilities t.l)c. proble:n of insp<;c~1?~: . ~.~ 
and contro l will be sinplificd in the follmd.nf-, w~ys : (a) the. tot~lrlw....- ~~f 
nunber of inspe ctors and operators would b0 r educed ove r that re:quif~d ~: £~?-
f er a lnrgcr nll!T,bcr of snallcr plants 1 bnt h r <.;ducing the. cost and ~i.ng .. , _,: . 
c(:nt:ol sin?l~r! and (b) nany countri:s rn uld, in this c.1sc, not l?g~~ly.Jl~"'~~~;-•. 
acqu1:C facil1. t1cs usable for convcrbne; r eactor products to weapo~~-,~~(~~fif~-~J"w-~~~~ 
r ..:=d .cr1.als ,-,~~ '"t'!{~'( · t~~"~ r, ; :->,. 
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In addition to potenti:}l fissi~nable material -dive rsion from drs:;~~~·'"' . ~ 
closed an1 inspected facilities 1 tmre is the possibility that a C?~~'try.i,~ ~)r} 
can SGt up or ope:rate an entirely u:llrnown f a cility while the inspe~tio~ tii-;;~i._yt .. .-Ji;:i~:~ 
plan is in op-::r a tion. Her e the pertinent question is not ra.:u-gin of""errc>r:JJ~'t~~i!:, :. 
in account2.bility and physical plant survc ill..:lncc , but tho probabillty!:~~~~~gl~~-7: ­
tha t an operat~on of signific~nt size could lo~g go undGkct:d and -~~t:;~~111:~~J~~~: _ 
unsuspe cted. .~-~lthough e:ffectl.ve oothods can probably be dcv.:Lscd to;.f;, ... ;·;; ·~~~~-: _~. 
pre clude subst.J.ntia l efforts of this n~ ture 1 i f it is uesircd t o attain r~t~,_~ri;~~'-

•• • 1' .... f N OJ • ; 

nc:Y.ir:Jun and cor. t i nuing assurnncc that such entire 1y clc.n~os tine opqrati()~ ·7-:1; ~·, · 
arc: nvt carr ied on, unir.lpeded e.cccss would be r e:quircc. '·.-·<-: · ;~~~ .. 1~·--: 

POEA,R . ;:.:: ~:. ;::r •' 
The op<:r ati -::na l methods for preventing s ecret ope r .ati vns waula .f-$.~).;_! 

i nto the ge;ner a l areas of continuing surve illance of the :resources tha~ ~<f~~~-~=f! -~t~ =::;·, · 
.,_-culd be r equired t o support 2 secret activity and extens i ve s c rrrching ¥~~~~~;[:7.-" ­
f or unoxpl~incd a ctivity1 f or e ffluents fr0n proce sses, ~nd f or th~ f~teJ:.~£~':?· · 
of n?.tcr ials .and power not cle arly accounted f or . Th.:: Ct'lnpkx ity of.~an ~;'~ _;·· :;.< 
atoDic ene rg-y oJX:ration f:'l<'!kc s substantial efforts most difficult unl_pss ;r;r::I -~~ ­
t !lcy nrc t iE:d into the gene r a l cconony , and r cqu ircr<.cnts wbuld be ex- . -:-j'.; ~ •' 
'fX.C't,.Jd for c0nstructi•m, f or ~tc:rials p.:;.c<l l ir\r to pr::,cc s ses i nvolvc_d1 · _-r>..~ ·. 
f or s ciE::nti f i c a ncl. engi neering cquip:~nt, f or pow•Jr , f or fin~ncing }illd ~-1._-~ -.-ii.~ ·~ 
f or uniquely tra ined people. ;. substanti2.l surveillance · effort on ...?..~1 ·.~~~,;£,; ~:.;· 
th'-se 111a ttcrs, wi th accompanying !>hysical i !!spcctiun c <:.p.abi li t ies, 'fould:.fi.':'~:;/:~, · 
give m;uci r.mru assu r ance that clandestine o~rati·ms are :lOt s e t U!)a • The -::'.;;.··:~\~ ··. 
not.C;nti<!l C?.pabilities of various cr:untrics i n this field diffe r very • . '=-;-· 
gr \;atly A.n1 the actunl inspe ction systcR -.. ~auld be v c:>..ricd accor d inglyj '.J ~ --:·· · 
with a conce:ntra tion on t.!'l~se aspects. of an nto~ic cm:: r g:r O!)~ration ~~h::~.:;~ ;.· -~: · ~ 
the resources of the ~'rticulo.r c;mntry cr;:; ;.;ccl<&st (i. q . wht: rc t."'le ·:-; :· .L_?.~~ -~~- _: 
chance of concealing an unusual ~ctivi ty i s pcor) or r:>.e.xLnum de;tect:!:9n.:: -:-~{~;;~T:~: -
pr~bnbili ~y is ~thcrwise in~ica~d. 'I"nc pr.:;b~_er,s and techniqueS of;.~~~ --~·~~t·-rr.~ : _­
CC.·:<!)l e tc J.Dtcns1.ve sys tcm Wlll frrst be :lescr 1.::>ed and tht:n the n~ture :~ ~~ ~ :) ~1~ · • 

of norc lir.titcd inspection will be c::msi.dc. rcd. '~:.·. :, ;·.-:;.:-· £ .= ··.~ 
:~;i~ ~~it~I~~~~~·- . 

Nature ef Required Clandestine Effort. To produc.e :::::ilitarily ~~c;:fu~Jt":0·~F~v-·· 
ano~ts ?f fissi?nnb~ Iila:Crial inder:n~e~tly1 n co':u;try would have~!.~~~i.-~1·~~ :.; 
proVJ..de 1.tself w:1. th mat.Gr1.als. and facil1.t1.oS nodest l.n 2nount and s1.z.e1 ·~~fr~~:~::. 
but in sone cases uniquel y characteristic of ill! atonic energy effort~Y.i{:~~i-~,~~: '. 

-'\. _. . ..._h ... .,..,_ ~i "' ft 
--;:. :: . --. ..,."-.t-· ; """"~~: 
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h. sup?ly of uraniun is nc:edcd, possibly suppleDc.ntec by thoriUJ!'..­
Quitc. n few t~ns w-ill b.:: rvqu ir~..d nn= it will be necessary to nino 
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or inport the. na U..rial . Ore c.:>nccntration f~cilitics will be. r equired 
fullowcd by fuel clcncnt or chc~ical precessing plonts depending on 
'rlhe:the:r thE: r 0nctor or isobpc scpar:l.tion apprC'3Ch is used. 

In the: r eactor aitcrn~tivc a cunc~nlcd p~o~uction rcnctor would 
be re:quired , followed ~ a scp~ration plcnt in which highly radioactive 
~atcrials cnn bG ?recessed with0ut ex~nsivc c~ntnninntion of the en­
vironncnt. Is-:tC'pe scpMatilin requires a substunti:l.l plant - by gaseous 
diffUsion or other foasibl0 ~th0ds - and facilities for producing ~etal 
fron 1.hc enriched product. Establishm<mt o f the ntomic energy cap<'.bility 
will also r~quirc production or acquisition of other characteris tic 
rr.~tcrials such as graphite or heavy water nod.C;rators in the reactor 
appr onch or barriers tlrld fluorine gu.s in the isotope scporntion approach • . 
The problee1 posed to an inspccti.)n syst.Jm is to detect any or a ll such 
ope;rations . 

Available Inspection l'le:thods - Conol e:tc System. iJOOY-l~WEs 
spE::ction systca would r equire_ inte:nsiv~ uso of s~..verai"dl:J:~~~ ~ 
appro~ches ; of these the first to be used on a large scale would be 
dir~ct SC;arching. This would be particularly inportant in the initial 
survey <--nd b::-uld have to be: used cuntinuously ther.::nftcr in a pcr7!;mcnt 
atte~.lpt to }:-reclude e:stzblisn-ae:nt of nC;w f ncili tics. l:.n aerial in­
spection, n.pc..atcd at intervals and carefully evaluated, nay rc<J.scnably 
indicate the prcse;ncc of IJining opcrati()ns and the loc::.tion of individual 
incustric.l facilitks. J..ssays of sanplcs of cnvirvnrncn~l m.terials oay 
give inr:licati?n of rcdioactivC; re:le:~ses in an a rca un:kr inv<;stig~tion. 

These rethods would probably be chiefly f'uncti·)nal in providing a 
guide f or on-the-ground inspt::ction. For r.:.:asc·n~blc: assurance each uine 
and chcnical plant disclosed or f ound by inspection would have tc be 
ox--r.1ined periodically f or the n::>.turc and &xtcnt of its operations . In 
ad1iti~r:~ the l)~ssibility that industrial op::ratif•ns of rcascnable 
r.ngnitude: c ·;uld be c~ricd on in buildings of residential appca.r<mcc 
cannot be entirely <iisrcgardad. 

This ?~ysical searching is the asp:._ct of i nspection t.lli!.t would 
1)r:•b<:~bly vary r.ost 'h-':i th the: country t..:> be inspected. Small size of an 
inspectcrl ~~untry is advantag<;ous ; injustrialization would make the pro­
blc.n norc;; difficult. T'ne probler.l.S of inspecting India ·would be very 
huch different froo thJSC encountered in a s~all WestGrn European nation. 

The cc~plexit~r of the n~cess~~ cff~rt and the difficulties in 
c·_.r.ccaling a cor,1plctc inst.:lllation in em: pl:!.ce l:la'<~ prob.:!bl~ t.ll<.: ship:Jent 
of ch:.racteristic z:..atcrials fron site to site as cpposcd to conoc:ntr<1ting 
all operations in one place. In the continuing phase of inspection, the 
examin~tion of industri~l and trans?Qrt.~ti0n sys~os for such shiPQents 
should becor.....e :import?_nt . ' 

The: na turc of required transport e:n~~'lr.tpasscs two types of shipmnt 
different in nature and in the; mc;ans of detection. !n one f orm. of 
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~ctivity, the principal nuclear nntc:rials W.lUl;U be transported ootl-1ecn 
instalb.tions : c•.rc frvtil nines to pr3cessing ::>lc.nts., n:~.tural uraniun to 
the. nactor c;r isnt.:>pc plnnt, an~ t~c lik<.; , Sucry shi71t:nts w:,ulcl be 
entirely cknde:stine an1 circct survc:illnncc of th;:. trnnsp'Jrt systcn 
l-::>Uld be required for their dctccti::m. Moni torL11g of shipmnts for 
r;1dionctivity at check points IJn rnilNods r.r ~t suitabl e road l ocati:ms 
c.:>uld give in;dicntion of shipi'lcnts in til~ early staecs of pr.:>duction 
~Jhc.rc th:..: n;.tur<!l ur<miun source ~ tcrial is prese:nt, Sc.tisfact;_•ry 
!7J~mitoring for fissionable: pr'.)<J.uct c<mld be set up only nt cost of 
great effort and intcrft::rcncc with thL flow of cc_,nncrce. 

The sccon::l type of natc:ri[.\1 i•lOVC.r.lC;nt inv.:>lves th<.; cliv<.:rsion of 
O'JI'I"l3l industrinl natcrials to use: in a clnn3estinc atonic energy 
pr:>gran. h.n intensive: insp<..cti:m effort w.)uld incluck an ~ccounting 
of the J!\'JVCi-ICnt and destinati .•n of such of t!1ose industri.:>.l natorials 
as would be n ost charncturistic of an J.~7.~ic en<.:rgy e:ffcrt. The survey 
would be: based U?on records ~f prJ~~ucti0n ~d dcstinctit.n nnd w0uld be 
c:1nfirncd by physic:1l checks of the actu~l now of r:ntcrialsc 

The nonitoring of power consun'?tion provides an inspc.cti,:·n device 
sir:til:n- in nature to the flow of mtE:rinls . Eloctrical powe:r prc1duction 
and. distributi:m wnuld be oonsured :md audited b.Y the insiXction authority 
under circunstances whe:re accurate instrUBcntati'm can be assured. Tho 
general effect .of industri<>:l Oi!tcrials :md 9cwcr nonitori.ng will be to 
d~te:ct a cl:ndcstine operation thnt is tied into the in~·"W:-~l,.c;:6y!1.~rt.Y• 
P;)ssibilitics of successful evasion wc-uld thc.n be c::mfine'<l'11> ~ysq4~ 
th~ t arc c:.:!:lple:tcly independent f or in~;.·rt<mt SU??lics cmd thus so l?.rge 
that t..'l.~y wrJuld bt; rc:c.1s~nably ~::.sy b d<.:tcct dire ctly. 

The c ontinuinG search for faciliti~s end the m0nitoring of ~tcrinls 
flow would bo C(onbinod in the: field of constructi1m so that any sub­
st<'.ntial ne w c :ms truction or rcnovntiL.n C)Uld be discovc.rcd and exa.nincd. 
;;n effort adGquate: t~ ins pcct all sig nific.:mt now c·:::nstruction is thcrc­
f .)rc requir.::d in a cor.:pl<.; t c systcn. L. succcssfu 1 Dt.::;nic cnc:rgy production 
O?Grati:m ck;::x:nds t.:-n substantial cuncLntrati.;-ns .Jf ;:x=:t:plc highly train&d 
in clearly c.lcf:i..rwblc <:re;:;.s . The tracing of t0chnical ox-ports can provide 
infore.ntion on pc.1st sites and can cmkc difficult tho staffing of row 
undisclosed locatiuns; it would thus be desirable in a conplGtc systco 
to provide facilities fJr keeping tr~ck of the. professional activities 
of cor·lp~ tent scientists nn::l enGinecrs o 

ilny serious evalu:J.tion ::-f the S?Jcific staffing ne0dod .for a cooplctc 
systcn, j]aJ.:ing usc of all the 2.pproc.1ches listed arovc:: , would require a 
-1ekiled cx2 .. !linatic.n of the appropriate cff~·rt in each .field f.:;r the 
po.rticulnr c ,-;untry un~ler c . nsid<.;rati':m . It sc .... us a rcusonc.ble judgncnt1 
hnw.:;v.:;r 1 th~t in a systcn of such c~npk U:ncss a p0rrnnent st-::tff of 
se veral hundred ?Co?lc w0uld be re:quircc for c. ~lull but industrialized 
c'Juntry, S'.lch as Switwrlc.nd, and thnt st-v~ral t.>1ousand w.mlrl be required 
for a cvuntry like Indi~ . Pcrh<!.~ t<.:n to b:onty percent of these l-lould 
be profcssir>nnl scientists ~nn cngin(;.:::rs . 

The systen described w:'lul d be ~ir.1:>.rily cvnccr ncd with d<:toction of 
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the e f forts necessary t o· sccurc a sup?~ of fissiAn~blc n1tcrinl. 
It wnulrl be nc:ccssary f er the; C1,untry attcnptinp, t~ cvndc its agreencnt 
b dcsip.n m1d f?.bric ··te wca:xms fron thu matA.:rial it ;.wuld se;curc. ~­
tc:ction of such a f~bricntion opcr~tion would ~rubjbly be n0st nifficult1 

In o ccnpld :..c inspc.:ction s.vst<:n attcnti··m w·.,uld be. dirc:ctc:d t o C:ff.;rts 
of kborntorics that night b::: pcrf •.>roinr, cxpcrincnts needed for the 
1csign or whose pcrsonhcl Gight be working ~n design, but dct0ctinn of 
opcrati:ms of this s crt is far less pr ,,nising th2.n dotcctLm of fissi·"'nllbl c 
natcrial pr:)~!ucticn. : A country attcnpting cli>.n:iestine devclcpront and 
f~brication of wc<lp;)ns would un:ioubtcdly try to dJ this without actual 
v~sting of the weapon, since such a test wnuld be ve;ry likely t o be 
r\ctcctcd, 

The inspecting force r0quircd f vr an initial survoy of a coun~ as 
conpared wi. th th:1t re;quirctl for a c~ntinuing insp:;ctiun1 c.t any degree 
of allowed inspection rir:;hts , will be dependent ~riJJarily .:>n the: tine 
in ">hich it is rlesircd to conpletc the survey. If the tine is long ( a 
year or n ore) the force night be n.Jt tmch largc;r than the ~rnancnt one._ 
If it is desired to con?lctc this phr·.sc rapidly, thf.:n the staff would 
have to be nugncmtod consi~'erably during this p.::;riod • . 

.120~ P~HIVES 
Lcss- thc.n- CoiJplctc Inspection Systc::~s . tla.xinun assurance t.l)at no- .... 

clan1cstino o~r~tions arc being conctuctcd coul d be obtained only wit.~ 
an intensive nnd conplcte inspection systcn c0ntaining the activities 
just describe d . This inkr.sive systcr11 vlhich nust include rights of 
conpkte access to ;:.!11 facilities , ~rcas , and rcc0rds of the c·:.untry, 
;md rights -:•f unlinitcd aerial ph~·to£;raphy, obvinusly entails an 
unprecedented infringcnent upon go~rn~un~~l , industrial and personal 
privacy. It is t.~e:rcforc eemanc to consider the effectiveness of less 
rigorous ir1spcctL:·n systcns "'hich •mulc:l cnt.:lil a les ser degree of tres ­
p~ssing. 

A less than co=t?lctc: :i..nspccti0n syste:n may h41ve suffic::i!::nt effe ctive­
ness to be we ll w:>rth establishing m e re pr2.ctical and political con­
sicierati::·ns prc clu-:!c the full insp::!cti -.n , but it sh ')uld w realized that; 
any significant rostricti•.m in tt'1u ri6hts of :insp::;ction will subst,.:'-l1b2.lly 
incrC:;c.se the: probability that clan:1cstinc pr.1duction c-:•uld be. successful. 
A rcas.Jnrtblc quc;stinn is whether departures frcn the theorctiool standard 
of cunplctc inspcctic,n cutlincct in pr0vious se;cticns can be ru!dc of 
sufficient scc·pc to kavc a lcss-the..n-conplei:.c: systco that will pr...rnise 
cmmgh effcctivc..ncss t .) be w:Jrth trying, rtnd at the sa..mc tinc nut be so 
costly in D:.mcy and politica.l c:mcessi.:m ClS t,.~ be outside -the ~J18e of 
practical acceptability. 

Probably the nost sc.rious infringenent introduced by thG conplctc 
inspection systcn is that which w~mld rc:su lt frXl the rl,ght of the ag·.;ncy 
i r.spt;ctars to ..:.nt:::r e.nd inspt.ct any a..'1d all focili tics u.nd areas~ of t.'l-us 
country. 0r.e can ~.,;nvision a systco in which thi s ric;ht w..:-uld be 2.bridged 
by an ae;rec.:r.JCnt that certain are<>-S 1 such as oilit?..ry b~ses, arn.m£;nt 
fact::;,rics1 c.tc. 1 an1 rcc::;rds relating dirGct ly to th::se opGr2.ti.ms, w::>uld 
not be open for inspection. Althrmgh tbis n0di.fication wcul d stil l allow 
unlinitcd ~ri.?.l photography- :.>..nQ ~cccss to all ot1K::r ( n )n-nili U:ry) c_rcas 
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nnd f~cilities an~ ~cords, as well as th~ rip,ht t 0 take an~ analyze 
cnviron"lenkl s.::..'1plcs fron allowed t:lrcM, th\,; cstnblishn.:::nt of such 
b0undary lines w~uld seriously curtail the cffcctiven~ss of the in­
spt;ction systcn, The inspection effort 'W:IU11 c.mccntrntc •. m the de­
tection of inconsis~ncies in ~v~ilnbl0'rec~rds , of suspicio~ activities 
by air Md ground surveys; and on analysis of e:nvir.mnental sar.l!Jles f ·Jr 
·tr<lces of Tl.:."ltcrinls Ch<U"~ctcristic of ::to:-~ic ·enc:rgy 0pt_rati·)ns , A 
well oreruU.wd and -w0ll concet:1led attc:r.t?t t -; set up and .:>p...r4).te an un­
authnrized f acility w:mld have a finite pr0b;bility of succeeding, c:.nd 
it nust l:x: rcc:1eniwd thnt success in this <\ttcr:lpt coult1 result in the. 
p'lssesssi"n of one or norc nt...,nic wec.p ·ns by the; country. Obvi:msly 
the probnbili ty of success will oc hir,hcst in those cc.untrics wh<..rc 
the st.:t-, of technoloeic.:l devel~pr.1C:nt is r:reatcst, ~ 6-,!(CH.IVES 

- J 

Insouction efforts which would be even l~ss distasteful t0 the 
c~)Untry being inspected con <:!.lso be <:nvisbned. r'or cxa:1plc, t.'lc systm:t· 
Gcscribed in th~ preceding peragraph coul1 be fUrther abridecd by renoving 
the right of ?..Grial surve:y an·! the obligatic.m of the c·.:·untry to proclucc 
records for insp~ction . This systcr.1 u.::uld then be dcpc:ndcnt on the in­
spe:ctors h:!ving only the rights which P.re nornally given to t ourists or 
visitors in the country, including the right to tnke cnvirol'lT.lcntal 
s3nplcs fr .)n n:1n- rcstrictcd nrc~.s , plus the right to inspect n0n~al~ 
n~)n-sensitive industri<>.l oporoti..ns . The:se richts appuar to be the 
r:in:inun tho. t could be allotted t::1 nn C:ffc,rt thnt could still be con­
sider ed t~ be worthwhile . In norc ~Jv.:1nccd cuunt..rics , this systeo 1-10uld 
eivc a l ow C.c gree of cssurnncc tlk:t clc.ndestine oJ:erations could be 
cetc.:cted. 

The linitcd syste!:lS just •liscussed cre obvi~usly only two hypothetical 
ex:>.Plple.s o1 tho ~ types ~f less-than-conplotc sys tc:ns the t could be 
postulo.tcd. For cxanple, one night cnvisbn a. systcJjl in 1-Jhich access to 
ccrt<!in othe: rwise restricted nr.::ns cvuld be autJ10rized by search w.:l.rrants 
issued by s ?nc apprupriately cJnstitutcd internationnl b~~y on a s~owing 
by the inturnati~mnl r:gL!ncy of pNbablc or recs ·:.n::blc c :!use tJ suspc;ct 
~r b0lievc thnt clan~cstinc activities ~ere being conducted in th~sc e~eas . 

The e~e of detection (or diffio.1lty of o:mccalnent) of a clandestine 
effort, by a l i.nitcd inspecti .n syste:-:1 , will als ,. be a functi<·n of the 
type of cl::mde stine nctivities being <lttcnptec. The op4...rnticns l'(;quircd 
for the s;-.?.11- scale pr'11uction r·f plutr-•niun :")r uran i u:r.-233 nay be ;1~rc 
rearli~ rletcct~blc th~n those necess.::..ry f or the sn>ll-scale prnduction 
:> f enriched uraniun-2JS, due pnrticul"--'ly to the byproduct raci.iar-.ctivity 
formed along with Pu or U-233. · 

The c~rplete;ncss nr intc.msivcne:ss of p·:-·ssiblc inspr;;cti: n systccs 
h=1s bevn V".riod in t~t.. preceding discussi1m by reducing the: degree of 
infringcnent u;xm the privacy of the c~)untry. It sh lUld be eDphasized 
<\gain t..'l)at, as soon as the inspc:ctcd c )untry iS all0Wcd to retain any 
privacy :.t all, the cffcctiVl::ness nf the systeo sd'fcrs o. siz.::able 
<1ccroase, which is of a rcl~tivel~r ercater ~C?.gnitude tho.n would occur 
with further concessions t.) natL•nal privacy. The intensiveness o1 
inspecti.•n systc.os c e;uld also be affected by the, size uf the cf£0rt 0r 
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nunbcr of pr..;r;p1c eneaeed ' in t~·o . inspccti0n octivity. For n systcn 
'·pc:rnting "-'i thin a eivc!'~i'r§~ o f access , its cff<..ctivun(:SS w0uld 
<!?pc<!r t'> lx. r ·,uchly ;>r tf>pr_ti:.cnal t -:> the nunbcr of peuplc cnploycd1 up 
t-:> the point o f nexinur.tcfffclcncy. It is very difficult, without 
cons iderably n ?rc stuqy~iO~tir~tc staffing rcquirc~nts necessary 
f or n~inun cfficioncy ~'..,a:"rif~~hc ~>f the.; hyp:othetical systcns ncntioncd 
~bovc . In the prcccdind•·;cctr~hj a &llcss w<!s nade f ur the cosc of tho 

... :-1 .... "'ft" . .,_. 
· conplt. tc or int<.:nsi v~ sys·~~.':.;: It would seen · rc<!s,-.n~ble b ossunc the.t 
the n')r-.: :-I.":ldcr<!tc. syst<.:ns w:lul 1 . rc.-quiro o sn~llcr stc..ff. It also se<..rlS 
p()ssiblc, h :lwc. vcr, that J:r:qry~:'j..crc ::lenied access t o certain <! rcos and 
f;~cili tics~ '>nc c r.uld p~::fi ~'t;>ly place ~ brgcr effort ~n the pcrr:U. t tod 
~r<..~s , f<!cilitics, on~ activities • 

... , . .::.~ )-.. ;:-.~. /)_ . 

As i.'T~lied sevcra~:~t~~~"% the. preceding discusssic:-n, thc9~fcc{bc;!f¥,~~ 
of cnch of the systcT.lS of_, .~i££6~nt degrees :,f n n!leratcncss will vary 
greatly wit~ the sizes· state of rlcvclopront1 an1 mtural r esources of - ~ ..,... .. -~~~ 
the count~. A very ~o~eratc~sp~cticn systen, r cquirin& little 
invasinn of ~~~ C)UntryJ~y~§y,· ~~ght give sufficient assurance wh~n 
~pplied . t :') a c:luntry su.cn~~-P_.;ya!;Uey, but would be o f very little vnluc 
1 f <!pplicn to, f or ex.·:rr\pl e ; SWJ.tzerland. 

t~lf~:fri~ -;._ 
~~~;;·~ ti .. "- -ltl . 

The 1e~rrcnt effect tha t tha presence of an "G~Gd-upon ins~cticn 
cffl>rt in C. C'·Untry Wf)Uld"i1ave.c'on the likclihOOU Of tht.: CVUntry <:!.t'tenoting 

~ - " ... . ~'\,..,.. f,... • 

t~ set up a cl~mh::stine_o.pE::ratbn is difficult to cve.lu<!te . Such a 
"~.:terrent effect untbubtc1]i--w::uld t:xist, <!n~l W(•Uld certainly b<.: str Jnger 
Hhcn the <X untry is faced by~ a.:_ C)JJ?ktc insp<..ctic.;n systcn th,.:.n by o 
very r:1 •'!cr.::;. to ::nd less effective syswm. Even though it w·)ul1 be possible 
tn s<.. t up c.n~l c<•.rry out ~:und~tcct<.d ope:r r.ti:m in t.'rlv pres--nee of a 
rv1 ·kr~tc i.nspc.;cti ,n system, tne peins which w~mld h3.vc t ;: oo t:akvn t 0 
c ·ncc<?.l all pertinent activities anc (X.rhaps t o .falsify rc..:c: .. rJ.s, :mJ 
the risk ~f detccti ,n by- the' intcrn~tion~l agency , would cause the 
c-..untry t.::~ c·msi,ie:r t.~c action- a n.l its i.J:~plic3ti.•ns vvry seriously 
before it Geciccd t 0 procccdo k qu~tit~tiVL ~v<:!.luati0n of the detorrent 
~ffect f·:Jr d iff0rent inspc;ctbn syst.:-::~s , G.n1 'n'h(;n appliod to different 
c0untries , is n·~lt "J,)ssiblc ~at this ti.:H: , 

. . ~ F}. {: t~ · 
If ?l.ants f vr fuel· fg.br_!.c~~ion <:>.m! chc;!1ic.'ll pr:lcessing were 

·)pcrated ·:n a rogi•mc.l basis by the :tgGnC)r, ns n~tc:l in ~ ;>rcvi..Jus 
scctin~, an:l m't pcmittCd 'tO bC -:.xratcd by inG.ivi.:hl...'l c~,untrie;s that 

~ .,. . 
rln nr. t TJr e:scntly h:J.vc such plants, s ;.;vcral f nct-) rs f:".V0r~blc tc effective 
inspccti "lTI and C' ·ntrol WOUld'accrue : (a) the C;>portunitiCS for diversions 
fron th-:: :>r -: cc.ss ine pl<mt).hor 

40 r0r seizure (•f the pl.cmt :>.ru d.i.I'1inishcd or . ..;.~ .. _ ... 
ron~ved ; (b) a countr-r attC~pting i~gnl plut oniuo or ur~iun-233 - pro-
c:ucti•m woul1 h :?.VC to ntt.Cript to C<'nstruct and 0per~tc :1 chCI",ical pre-
cessing pla.-·•t, ~.·hich - · ~ ~ the D ;}r;. c:::sily cktc.:ctcblE:: links in an 
.?.tnni.c c.ncrgy c~in. 

In SU!J.!·~'!I'Y, it nny' 
syskn of ir>.spc:cti ,n 
unlinitcd, the cffccti 

\.'Ut t.~at f':lr a CJnpl c;tc <>.nd extensive 
c~untry, . with richts of inspection 
vary ap?r ... •:x:in.o;tcly linc.<!rly rith tlle 

• 
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r. .. :np:->"'cr n.ss iencd t •l the' o~r:-~ti·mJ U? t0 sonc ro.np,c of dininishinp, 
r eturns , r,r s~tur~tir .. m, DnC the. l e:vc.l nay b-:.. s <; t :lt o.ny ncsircd d<..:gree 
of nssurancc . This nmdnum level will v:u-y fr ')n c·'untry to C:Juntry 
ckr.>e:nrline on the; st."'. tc: of wchn·)l or;ica l ~!c:vc bpnc nt 1 1q;rce of in­
dustrializati.-,n, popul.."lti~"n dens-tty and t?t~l arc:a . It will alsc be 
a C:.>1"'1p'1.ex functi 'm :)f these. f~ct0rs ; On t."lc •)the:r hand, successive 
<1nd prof'rCssivc: abridgnc.nt cf the riFhts of inspe:cti~')n d ::nm to no ri[;hts 
r.f inspceti~Jn a t <!ll cxcc:".)t in :.p,e:ncy- c ~ntrollc. .:.l f acilities will lond 
·t .J sharp dr.·?- Ciff in ·e ffe:ctivcnt.ss as c ~n?lck ri3hts of G(. ~ilcd physical · 
cx:minn ti(•n ~ cli..'1inatcd, f ·:llowed by a lc:ss sharp, but ;>r<.gressivc 
l oss of cffcctive:ncss as other privil cf-cs nrc r cn0vod. Personnel rc­
quircr.Knts in this 1:-.ttcr situ:~ti.m c .;ul ct be; reduced rtor ... or l ess 
linearly unl ess it was desired b nttcnpt t4~ c·x •? C:nsntc f 0r t he l oss 
of cffcctiv(.nc ss in the abrir.!ge;d r i[;hts by a ncrc inwnsivc: cxm:-.inati:m 
of other f act ·'Jrs . 

Finally, it is pvintcc\ .~ut that ::my degree 0f ins(X.ctiC~n of a 
c :mntry f or cL~dcstine activities sh~uld proc!uce; s ,:ne: deterrent effect 
~Gains t the c0untry e;ngaging in then. 
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