
A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.



LA-UR -89-1347

. ,i l,a 3 Nd!:,, ,d t AWL.AIO(, IS operated DY me L’)Ivers)ty of CaIIlornm h Ihe Unttoa Stataa i)oporlment of Energy under comfactW. 7405 -ENG.36
—— . . .— —..——

TITLE NUCLEAR FISS ION AND Y’UCLEARSAFEGUARDS:
COMMONTECNNOLOCIES AND CHALLENGES

Au T1-if)H(s) G. Robert Keepin

SUBMITTED TO invited overview paper presented at the American Nuclear

Society/National Institute of Standards and Technology Conference:

“50 YEARS WITH NUCLEAR FISSIONo”

April 26, 1989 at National Academy of Sciences? Washington, D.C.

April 27-28, 1989, National Institute of Standards and Technology,
~illttler~biirg, Maryland.

! ,, !, /, ,! ‘,.!, 1, ,4! v !!, ,,, #,tI,,+.%l\ IP.JII It%,, [>,,f)l,kh”t IOW\I#lV thIB #rtI(<le a# e,,tb l)@fl”tm@j ,jnd. f lha aunp!cg@(It Ihc ~! s l~$pa?lmgnl O! t IIP!UY
. .. . . . . . . . .. __ ._ .,,. ___ _-. ,_,-, ,-- ._ .,____ ,----

i’JAsii-
DISTRIENJTIC)NC!r Tt115tY-)G[JbAENT IS(INLIMITE

Los Alamos National Laboratory
[!.1()~ ~]~~()~ LosAlarnos,NevvMexico87545

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



.

DIS{*I.AIMER



LA-uR--89-I347

DE89 016608

NUCLEAR FISSION AND NUCLEAR SAFEGUARDS:

CO?tNON TECHNOLOGIES AND CHALLENGES

G. Robert Keeptn

Los Alamos National Laboratory

LOS Alamos, NM 075~5
(505) 667-6394

ABSTRACT

!!uclear fission and nucleat safeguard:; have

much in common, including the basic p}-.ysical
pttcnomt~t]a and technologies involved as well as
the commitments and challenges posed by expanding

!iuclear programs in many countries around the
world, The ul)ique characteristics of the Fissjon
process--such as prompt and delayed neutron and
~mnma ;ay emmisio~. -not only provide the means
of sustaining and controlling the fias[on chain
reaction, but also provide unique “signatures’$
!hiit are essential to quantitative measurement
;~nd effective safeguarding of key nuclear materf-
~ls (Ilotably 2~9Pu and 2S6U) against theft, loaa,

(>r diversion, In this paper, we trace briefly
the historical emergence of safeguards aa an
i,s::ent ial component of the expansion of the
IIUC leer enterprise worldwide. We then
the

survey
major categories of pasalve and activo

i)olIdest ructlve assay techniques that aro
currently In use or under development for rapid,
accur, ate measurement and verification of safe.
ELia rd~.d tlUCle6r materials In the many foro,~ in
which I }lPY occur rttroughout the nuclear fuel
(.V(- I@

INTRODUCTION

Nuclear fission nnd nuclear aafeguarda have

nlll{:ll It) common, from their roots in a common
htl:i 1(: rt~rtlnology to the ?losely.cvupled chal-
l(,I}KCS u! nuclear f!sriion energy and the neces.

‘:nrv ~1$.sllr~lnces provided by nuclear safeguards,
In k~f,plrig with the guidelines set by the
,,lf,.lnlzer~ () f this httitorlc commemorative
, (,, ,f,, f(!,, ,. (,, ~he pr(,,lent review, which was
r(LLlli(,slO(l lr) ,,,)vor both }~btory Rrlff contemporary

,I,,,!o,l,,i$maallt 5, is l)re~er)t(d in two major r+llbject
,11. ($,lq I tle I[rst skvfchvs rintn? first.h~,id
llilrr !,I)I IcI,:; /ItIfl r{lf I(,(t 10[1s on tile htxt ory of

1’1,’ Ir. ii’ f I !l,ilf)fI ollrl f II(J SII}JS(I(IIII*II! {Imor-fi(il],”,, ,~f
!,,l\l, ,,,l xlif(l~;liiir!19, will If, t tle go(ord $ilt)]($(.t
I !l, {1 l’tJ’.’~,t”% t 11(, pr’t, !il,llt St{ltll!+ Jitl[l ! 0{}1111 (,/11

f ;ll ),11)1 I If 1(,,, 1)! mc)tlvrt) lltl(~ Ivilr’ qnf efillnr(i!l A
r , ,11)111(,! I Ilr.,;ld ! tll’oll~ll~)llt t III, otlf Irl* pnpor 13 III(,
.(,1 ,,, 11111I ,lme, of IIl[!i r., ]r, f {$r,!,,,. ,, Ill, t }11,
I 1,111.81k,, }llt, ljllg’tlgsrlj(tl(btl 111 1111110:11 f 1$% 1,,,1, ,,1,,1

its practical application. The unique

characteristics of tha fission process attdof
fissionable materiala that underlie the

technology of all fission energy applications

also provide the unique *signatures” that are

essential to quantitative measurement and

effective safeguarding af key fissionable

materiala against theft, loss or diversion.

Through the yebrs, fission energy and safeguards

have been closely interrelated, not only

technically, but alao in other ways including

certainly political, and thla close coupling ia

ongoing today with effective and credible

safeguards an indispensable component of a
viable and expanding nuclear enterprise

worldwlde.

NUCLEAR FISSION
--AN INDIVIDUAL HISTORICAL PERSPECTIVE

As a point of departure, wo look back nearly

a century to the year 1905, when Albert Einstein

published hia theory of relhtlvity; ever slnca

then it has been realized that, based on

masa-energy equivalence (the celebrated E =

mc2. -probabl; the world’s moat famoua, and

fabled, scientific equaticn ever) there waa a
theoretical possibility of releaaing ertormous

en~rgy from matter (and aubaequantly the “curve

of nuclear binding energy” clearly confirmed

this) . As we now know, nuclear flasion was

actually First produced in 1934 by Enrico Fermi

and hia co-workers when they irradiated many

elements including uranium, with tha newly

discovered n~utrons, They found a number of

different ~-activities to be produced from

l~ranlum, but ho] loved t}lat these were due to
nnut ron capt~rc, Lnter ra{ilochernical work

Indlctited some of the new activities were from

elements chemically similar LO ttw much llgh&er

elcmetlts Ba, La, etc.

Flsr4inn tom{llned unrPc{~RI~[2erf un’11 January

199’) when the meticulous work of the Cernwtn

r(ldl,)chcmlr3ts 0, tldII) anri F, Strn~smatln, showed
t !,~l these prod~lltts wero tlot moroly chemically

slmllnr to ll~;htcr vlomuntfi, l)~lt MYXQ Iip,hter



elements.a In that same month LisP Meicaer

.InJ Otto Frisch (in the Januarv 16 issue of
SJitlll-P) narnr<i the IIeW proces~ “fi9sion,”
l,r~lli(.rv(i rtlat [he fragmtnt9 ~llowld have larF,r

kineric vncrgle9 , and explained the process i 11
tc.rms of a llquid-tirop model .AIso ill [hi\t same

month of January lV39, Enrico Fermi arrlvwl in
(he L!n[ted Stntes from Fascist It~l\,.

Following the discovery of fission, con-

firming experiments were qutckly c~rrlrd out In

I:ll)orarorit,s .lrounrl the wl,rl& 1[ was soon

di s(. nverocl that neutrons wzre produced in the

f’issiorr proc~fis, slid that almo~t all o t the

!“isslon “0 f uranium was occurril)~ In the

Y~l~iLiVt.ly rare Isotope. 2sb11. L In that

9 nme Vei,l-” (1Q39), Niels t!ohr and John Whve]er

puhllslwd rht,lr Lheorv of fissiol~, baseu 011 the
liqtllll.dr.,1, model, whirh is still fundamrl)(al [ ()

modern fission theorv

(}11 :hr date of publication of the Bohr-
LIIPIIIL.r pnper. September 1, l~~q, Germallv invaded

Pol,lnd, the Second Uorld War WAS UIIdU rwtiy, and
fis~[on Sllddell 1v took on a new {mporta!lcc. It
wn~ r~.;il[xrd by many that o flS9tOl) chain l“eltc’ -

[ 1(111 mlgtlt be posslhle, resulting ill the t“vleosv
Of verv lfir~;e ~mouttt~ of vnergy. Thus , inf”ormed
.srirtlt Isrs wrre nlremdv nwflrt. i,, Iola t~lnt It

ml f,},: WVI1 he possible to produce the dr. stru;. t iv{.

et trct 0[ mall,v tl]ousands of tons of hit;h hxplu.
s l\,v with ~ sin~le bomb cotltoining u relutlvclv

*mill] amount of fls~ionuhlo ❑atrrlnl. It aremed
proluihlv thot Gtirmnny would prrss nhcnd with (1]1s

(it-vu 1o},men t Apprehetlslve of this posslhlll(v,

.:,.ll,nLlsts Ill the rest of tlw world largol}
,-oiis(, d pill)] [sI,II1}; f [ss[on rc.%lllt s })V lll/,().

. .— .-.
.4

‘t’ I ewvd f rom L}}r ]\isLnrlctil llorsl\e(,ti\w,. IL

Is mosl itlterrntlllg t!lnt tochiv, a hulf cplltllr~

I .It 1,1”, W(, hilvv ttlt. stnrtllnp, ~lllnnilllremt,llt,/(’lnllll

(I I ii I’.ldirnllv nrw , ullt,I;tId;y-iloIL”lt,{l r,
pl,vll,,mol],,n pol)ulit lV knoml as “OrIld fusion “

Kxpvl Imvnt ; lt~ date nro Incnncluslvv (stjmn nrr

4,VVII (Ilsputod) , aIIrf 11111 vrrdirt Is 1.lPnl’lv !I(III

,1!1! ,)11 “1,01(1 fll HIllll”; Ill ttl[!l writ Ill?, I h{.

1, I ;Ilmi,(l I nr~,r rnerp,v re lef15c I r{lm rold f uslwn Is

111~1 tl!l{i~,r~!()()d--wl!h rnn~or[ ures I’ntlp,llly, f rom

I )11, lllllll.l.(,l.(ll.ll! {.{1 pnwilhlll(v <It II{ICI a,nr

1,,. 4,,! Itltlh I’1.ulllllllp, t“ r II m nnrnv t Vpu 1) I

(-ll[,mlcnl :mrlle(.tllmr Illtornrl loIIM tn tl,u verv
1 t,mr,l ~, l,,,w+lI)I I It\, of II In(ll(.{11 IV III*W ~;(.111’l’ (!I
,,l!l:, ),ly,l, {tx[,lll(.1.m!,. r}],.ml,.ill I’1.il(. t lnll(,l~
‘.’111.1 11,,1 Illllla. r (It, hI.c,IIkt hr~lllj~,h. I Ill. nra)tt.,t.al

,., !1.11! 111! (.(:mmiull t v wl I I SI, II I(1 If fll,l! 1111,,

i ,.., II, I . 111,19,,’t l’.’IIlv nnd (h,l 1111I IWIV I ,,,%IIIVI, II,

.1!111 111.l! ~i;llllr l,’,, t 111111 VII I l)ilt 1

11
Al,tlttl) II I“, NIEnl II t t 11(, l’lll\, vl’!tllv ,1 I

!tIlllll,..llt.l
,,,!.,, ,,,,,,(’’’’”,, “’,:;;n;,,:,’’(’’’’:;; ‘:’1,:’’’;::’;’,,:’’; :’,:

1,,,1,111 1,,’ ,1,,~..a, 1,,1,,, !1 Ill,,,,,, !, 1*1,1I I alma-t 1,1 1’111,

,. .11111,I I W.1,, t 111$11 .,l,llt Ill I ,,] 11:1,1,1,, I’1, li,l. 1.,11$’

Wll,, ll, II W.1,, !l,.l, !1 t,l ,.,, !,1 Ilm !11, 1 .11,, l,, !)l,,l),’. ,

II ,.l,llll, !11.1 I 11,., 1(,1 ., IIIW 111.llt 11111 I I,t,, lllll

I I x(, (,ms III) y,r(,~ll l,xil~m~~~~ill 1o11 tn H(IV tl!.li
1111(,1(. ill’ f I !4!1[[111 1111!1 1111, t,ll!,llltl)!r :1(1(!1(,111” Ilfiv tli,~.w’

IMI,H(.I and, t 4) il ~,ll>(li(,l” or lcs~l,rdor,rvv, t II(,

11’.’!,,: (11 nl(lkt (If tllo IIW 1)111 loll Ildl,li)ll:lltts 0!

! 111:: Ill:ltlct :111(1 Ill In’.’ OWII (“asr I Ills tldh !)(l( ,11

,

1,1,t .11111.11, /111(1 II(IW II I!*V 4111, 11,.(,!l, ,4;11!,),,ll ,11 ,’!, (1 .11111

, ,, :,1 1,,1 1,.,1

.



true “in Sparfes, ”a Ors the same day tnat

(plutonium) chemistry history was being made, --

Thursday, September 10, 1942-- a wide-eyed young
freshman arrived at the !Iniversity of Chicilgo

full of enthusiasm to pursur his intended major

in the exc[ting field of cht-mlsrry! M,y assigned

dormitorv room on [he Jrd floor of Hitchcock
Hall at” the corner of 57th and Ellis, looker!

directly over the West Stand6 of the football
stadium at Stagg Field. During the course of
chnt very busy and stimulating fall at the

University of Chicago, I and ❑any other young
would-be scientists found the entire atmosphere

electric and highly stimulating. Particularly
impressive co many of us was a sealed-off

Iledvily guarded area posted with the stern

warning ‘U.S. Government Pletallurglcal

l’t’oJect- -Keep Out.” As we regularly passed :,
LtliS area on the way to our t40nday.Wedn~tsday-

Frid.lv fre.shmnn calisthenics class, we would
occ~sionaIIY pick Up black dust (Fermi’s

graphite) on the soles of our tennim shoes.

NeedLess co say. we were totally oblivious to

the history “the Italian Navigator” was making
under our very nosea; many on campus sensed that

somrchine really big and important must be going

on , al~d we vondered wh~n, and if, we’d one day

find out what iL was all about, That dav did
L.omv ne:lrly three years later on AugusL 6, 191)s,

iir Loluinbla t-hliversity in New York City,

11, 1943, 1 was recruited into the Navy
“L’-l>” College Tralnlng Program nnd was sent to

mIr 111Cambridge, Ffassachuaetts on th~ condition
thuc 1 change my maJor to phyaicm, cnd
subsequcncly servo as a Radar Officer In the
1’,S, NaQy Thug I switc!]ed from chemistry to

ptlvslcs, and upon grilduatlon from MIT In June
10/,5, all of us in the Navy V-12 program were

immcdifitelv sent tc Colurnbla for an lntelwiv,z 90
dav otf’ic Or rr.+[ninfi course (the le~ular Nnvy
d~,rl!ilv!,lv rtuljhed us “YO-dnv wollders”~, Wlttl
lli!~(,r”s (;t.rmnny Just dcfr,qt~d, ill flay 1945, the
wdIf’ focus wns now riveted On t}le far east, and
wt, w(,rw heLng prrparcd for immodlnte sea duty

alId (he coming maeaive (“m[lllon.man”) Inva,910n

of Japan, Everyone undaratood that a U.S.
Illvils loll of the Japaneae homrland would be
:rcmrnrlvusly costly in livce and resources, but
it W.IU to I)rn tile final blg pus}l that would cnd

L’orld Knr 11 uml at last hrlng “peace to ths
w[~rld “ In Ol!rly Summer, 10/,5, ll{jwev~r, ~1,~ wnl.

was atlll ragtng, and thouflh we didn’t talk
nhout it (the IIIvnHlotI) much, wc 1111 knew !“uI1
WO1l what was at ntuke for our cnuntry, t hu
world, nnd ntHrJ for GSCh one of u!i [l~div[duallv.

Then on the afternoon of August 6, 1945, as

we were ❑arching from drill back to our training

ship “Thn Prairie State,” anchored in the Hudson

near George Washington bridge, we heard the

newsboys shouting “Truman announces

revolutionary new atomic bomb dropped on

Japan, “ TWO burning questions rushed

immediately into my ❑ind (1) ❑ight this end the

war quickly, scratch the U.S. invasion. and save

untold lives --both American and Japanese,

including perhaps my own? and (2) could this

have been what the super secret “Hetallurglcal

Project” at Chicago was all about? Smth of

these questions were coon to b. answered, in rhe

affirmative. On August 15 the Japanese
surrendered, the ❑oblllzatlon of the massive

United States invasion force was called off, and

World War II was over. On that unforgettable

day, August 15, 1945, I found myself caught up

in the wild, tumultuous throng that jammed into

Times Square in Hanhattan to celebrate “V-J Day”

(Victory over Japan Day), and the return of

puace, at last, to the world.a

Immediately after the war, my service

commitment to the U.S. Navy vaa tulfilled with a

ymar of meii duty (“magic c:rpet” duty, bringing

troopa back home from the far eamt) as a Radar

Officer aboard the USS Kingsbury (which we
irreverently dubbed the “dingleberry”). I then

raturned to civilian lifa ..o complete my
graduate ntudiea in physics (the N&vy.imposed

switch from chemimtry had ‘taken”l), and

September 1949 found m., or rather ua (I now had

a wife ●nd newborn son), heading West in our

“tiew” 1939 Ford Coupe to the Unlvermlty of

California, Berkeley to do reoearch under

Professor gmilio %gre aa a U.S. Atomic Energy

Corniaaion Postdoctoral Fellow. Berkeley wac an

extremely excltlng placm to live and do physics

in 1949. E. 0. Lawrence w~s Director of the
University of California Radiation hboratory

and I waa privileged to get to know and to work

along side ❑any leading aclentimta, several of

whom had worked ●t f.,oa Alnmoa in the Hanhattan

,Project.-people like Emillo Segra, LUi8 Alvarez,

Owen Chamberlain, Robert Serber, Edwin f4cf4illan,

Larry Johnston, Hugh Bradner, and many otheru,

From a technical and profeaalonal standpoint, 1
came to have a n~ti appreciation and high regard

for tho quality and quantity of technical work

that had been accompllmhed in such an incredibly

short time at Lou Alamoa, I must candidly admit
right here that 1 had already fallpn in lsIve

wIII) NFW f4ex~co c1n onrllpr vlaltM Ir I.l]e

Southwest dating ns far hack nH 1939 .-whoil J,

Robert Oppenhelrnrr him~vlf WM!l Mtlll explnrlllg

th~ sLrange nnd wondrrful nmturnl honuty of “TIIo

l,nml of Enchnl!t.mctlt .“ Ttnl# , Wtlrll Ill tht. Inl I III
1(151 I was o[ft,rl,~l n rr~~{lrcll stnff poMillIIII~lt

‘1



till, 1,1(11, ( ,1
,,. )’, ~,rt)ll~,
:1 ,111,, It-(bm
,11 : ilt. ,1!,9,

11,,51<111 It.!.!

‘:.1::i,!. I’I II III; lIli I:Il, ,1 I,; I,.,, II, !II.11.4 \II.,Bt.{.(llll.,. r},,, !
,!! ‘,. !1 ,,, “ !Ii, 11,.,lltl 11! }1.tl”l,. [J.if,l, ilmtl 1!1 ]’1.’,’,

,!l!. ,i il, ,i, , ,.i, ,l ill ill ],4 ,13 .’ 11! 1,:1,)1 l;l,;t~
\.:.’, , ,: ,’ ,,, .,,,.,1,1, ] .,, 1! .111,,, In:llil,lll,ila.fl

,,, :,, ,!, ,:! .*.,, 11,.afi t;),, I’11 li,mi,,~~:,,t(,.. Ift II,
,:, ,.:i ,,, ,

!, ,Vl,, !ll,. ! !l~,\, ,1 1,,. l,, wl ,,111 I 1)1111(11,(1}1,.’ ,1
., ,’,.,,, I*I:l,I!,,I !,!:

/\’”l l,, :::::::)’” ,111(1

I ill, ),,,.ll, ll
1,, , .i::llf, 1,,.1,1,1 I l’.’1,l .’, ,, ,1%,, .,

::,;,,!;,,.,’. ,1 ‘1,,, ,ll~i,,tl .I,.,.,ml!l.: 1,.1,1 ,,111,11111
,, .,,, ,:, ,,, , ,,, ,,, ,,, ,,

1“1 : , 1111!, 1,11,11,11 Ill)’, II
., ,, ::,,, l’” 11’ 1,,11 }! ,1:.,, !,1 I.i,ll,ll ia,l, I’ll,.

,, !! ... !!, . ,,.1 ,!, ,, 18,1111,11 1>.,!, 0,,, 11.;llll
11,1 l,, I ,’lillt,,l

!1,1 ;, ,,8,1,.,1 I 1,81,
.1’! 11,. .11!,1 1, Ill, ,lt
,.,,, !!, 1,.,1,0.!1 ,,,. s1
1, , .,1,,,!!,, ,1’, 11,

vields of delayeri neutrons art! of particular im-

portance iu rile control of nuclear reaccors be-

c.~usi~ chev limit . or “piice.” Lhr riIrc of Incl”case
or d,. cronse ar which u [ iss ion ~hi]in L“esctioll can

} ‘ OL.UL,CI. Del.lv(-d neut ron characteristics are

moosured by ““lrrWildLlllg J+ small sdmple of

t is.sloniible mdterial wiLh a bul”sL of ncuLrons

(t,ither high-en~rgv “fast” Fission neutrons or

Iow-rne=rgy “che Lmill” n~,utrow.1 . t IU’n rapidly

t r.ll!$t”urrin.g thr sam~, iu LO a st]it. ldt.d lu-u Lroll d(-

[L.L.[01, iIId mr:is{lring chr d,,i-;iv ot dt,l:l’.cd nrut run

illtvnsiLv with rimt.. c[lmpul e r allalys.is inin

l.:<prlni.llt i.-tl d..C-~iy.gruui1 yit~lds .ll\d p~)rlotis (}l:*lf

livrs) is then pertormcci by on appropriate itwra-

t i~.c, least squ; lrcs t i t t inr, procedure The ultra-
tli@ neutron Inr(,ll$itiws ohLninahle from a cx”iL-
ic;ll asst, mblv SUCII as LJ(!v Godiva provide a

ul\ll{ul! and ideiil irratii~t lrm source for such

mt.asurements Figur(! 1 shows ctle Lady Godiva
bdre ~~~tl ‘ri:ical ,issembly (>3 kg of 93% cn-

ri(.lird ;1511 metal) that Wils used Ior the
tnXLLnIISi~we d(!ldyud nrut ron sLudii~s thil c were

rtirril, d out ir Lhu mid-1’)~os o t the Criticnl

Expvrim(,n[., F:lrility itt Los Alumu+. For op~,ra-
Lion L.IIw,I:Y:, by rCmOL(! concrol), :}],! uppeI” cdp of

1ht. i..ldV COdlVd assomhly (see Fig. 1) was low-

(,r~,d, ;in(i ‘ II!, hottllm cap was raised, to ~orm a

1,
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11,1.4:1 , 1>11 St dl. k.,.i 1.,.ILI hri, .k:. Imm,.,!i.tl ,.; V

1.!,-1, 1 1111 L]IC [ .-.L> ,.k~rt. l~rmispllc.res i.s .1 i+,.

rctlcctor (Low..r ]1.IIL-s}IIICL”.1) c.onsisLil]g U1 ii

si-rics n f concc,lltric hemispherical shells

~.ornplett. Uu t co H diameter of -13 inches. 1n

mfiking the critical assembly. Lhe plutonium core
wo,.!ld be posItiolltd in Lhe center 0[ Lhe lower

Ee ret”lector and Lhen enclosed within a

.Stic<. es%il>n Oi l]t~sting upper Be ll~,mlsphcrirdl

Shells. The smallest upper B(L shell (-4.’. in,

O.D, :in(l -0.5 111. [nick) is showI) in posit inn ill
~i

& 2, nk, largest uppur B,, h,~misphctic.tl

sh(,ll \-9.Ll in, O,D.) is seen iIL Li)c lower righL

(undt?l- Lhe soldvring iron coL-d--to Lh.f! f.lr right

c)f the Coke boLtle, that is!). With the, core,

pnsiliollt,d in the lower Be reflector, and the

\li>\ll+ r series of Be shells complete out r.o a

d iilfilr ror of 9 in,, the assembly would bcccrne

CI”lticdl. In 19L6 baud munipulacion of such

cri[ ical ,Issemhl ics ce2sed completely, and all

>L.11.+i t i\.L. criL ical assembly operations halve

sin~r 1,(.(.[1 carried out hy remo[c control (from a

(.lts Liincerif I/* mile). The Flnr top
(]1).i!) .dii,m(att.r “infinite” nntural uranium

ri,[ltrtl~~) ~ssc,mbly (It thth Critir~l ExpeLimellLs

Fwilitv at Pajarito SiLti. Los Aiiunos (see Fig.
3) exrmpll[ics modern speciil lly-designed

(.quipmfint for fully- remoLt)-control criLical

.lsst,ml~l.y opernt ions with st,nsitive fissionable.

m~ruri:lls. The sLrLklng conrrrist btitwecn

Fi~,ures 2 and 3 underscores, perhaps more
(hffc4rLivelv tholl words ever could, the

impressive pi”t)~ress miide since the curly duys of

tlillld lJp L.l”illt. d criLicLll .a.sseml]l les ; i,e, as

1“’’?,*11“’ls })01}) [Iii, mechilnics of mitnlpulaLioll AIId
(Ipc I.,1[ III II;I1 impl i~,~t ioIIs

Viuwrd ! r<)m the pt,rspective of nuclear
%.111.l,,u 1,’(1s I ()(1< i\, . mv rarly years ut Los Alamos
w(jrkirl~ i t) r Ilt, (’ri[ll,ai flssvmhl IFS grf~up
I!rf).?l(lt, (l ill..,itltl;lhlt, }Iilll(ls.ol] exp~. rlenct+ AIId
i IIS i IF,III 11110 f Ilo Ulliqlli. Cllillilt. [vl’ist 1[, s iln(l
I)t,i),i*..i#)t. III I>IILII smilll ,In(l li{r~,c. (Iuitlltltilt,s ot
11,11.14.,11. lnii!~,l-i,ils (It \,, II’[(I (Is t Vpl, s , cornposi I [olIs
.II III t CIIII i):,(lr,ll i(IIIs, AS it VtmL’V S(lht}~Illfi l-it SV Ill
l,uilll , it W,IS I’I.UTEX flIiII drovt. homjt. to me, ~ls

111,1.11 1,s dllvttliIlg I OU1(I, 111(, \“itill imp(]rt,411re 0[
%( 1 I[ly, t,llt ;I(. cflull(,l:)l 1 itv :111(1 controls (Ive r
L.I, II:, i t i\, u 11,.1(’I (.11. mt{teri~lls III tht, r;ii)ldlv
,, 11[,(BIII i I),., 1111(.1(,,’11- ;1):,. .illl 1ss11(, (hottl 1(, C} II IICJI”I
,,1111 1,(,111 1,.:11 I (1! s[v;ldilv illcri,aslllg Worldwl(l,.
,,, ,1,, ,,. rl, 1)..,,.r t II(, Vr-;ll% , !:l;lt vii!+ !0 {,’.J(JI Ve
1,,.,(I II, I! III.,’ IIlto 11111 1111){111 (lisrll~l Itlt, II(IW ktlowll
1,. “11,1!,11,,11’ \,lll, ~,ll(lr f!,\ “

iii4M(;ENcE OF NUCLEAR SAFEGUARDS

A PARTICIPANT’S PERSPECTIVE.

‘:I,K,.,1 Ila,m ,1 111(1,101 Ili,,lti)t i(.11,,,, ,1,,,,,l,,,l’’’ b”:;~’~’~’~
:1,,. 0!,,11,,,,,, ,11111 Ill)tt,llt l-ii (If 11116
ti ,,,11’11 i 1)1,1)’,.: 11,,,.,,. 1,11,11 I 1.$11).,111;,,1[1 .milhk.a,

! 1,.,:, f,! “ 111, 1,1,al #.,,, ,,),,1, ,1!,11 11.’ 11,,, (1(1,,!

X,111,1 :.,1 11, ,!,1111, !,:.l! 1,,.111111 1111(1 !111, l:] IImll{,

\,!, ,

,., ,1

f Ill,
1)1

i II I.,
I.,11,1 ‘11.lf },1.i,ill); .Ii I 1111111.11 ,11 f it,,lt lt,~ 1111111,1
11’, 11,.. ! I, DI,,, I IIwlll.1 ,,1,111 .lll!l m.fill,i);, m~.1)1 , ,,111,1

,,, 1.11. ,1 1),,,. 1.,, !1,1” },11’., 1,! Ill) !,1 ,1! 1! ,4,, !
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F’lgura 1. The Flat Cop critical ●ssemi!ly ac PaJarico

site, Los AlamIJs. A plutonium corm (wirh bright

nickel cladding) 15 shaun in place an Lhe runcral
prdesc~ ! A&flc; <IIIa] central cores of 2~hL1 (9.10

onrlched) ad 7]3U ~re displa,ved at the letc WICh
adapcurs and mass ..ldjuscment inserts. For (runmce)
c.perdtlon. wlrh addptur 111 place, tha padestal is
rerraclod Into rhe srarlonary ruflector hemisphere, and

r.he two retlecror quadranrs (on ways at 4S0) are

CM.IVWJ inward to r,)mplnte the 19- diameter sphuracal
r,, tlecc~, r ,,t rlafllral U

rrstr.linillgo the prolitt,ration ot nuclear

WV.IP(UIS. In 1946, CIW Lhruch plnll proposed Lhc
cro;lLion of nll Il,turnatlollnl ~ttomir deveiwment

:Iutllorltv. to IJc vntrust(,d with all phasrs of

III(, duvciopmvnL, use, in5pCCLi0n, and conLroi of

Ilucl{,:lr energy. The pi~ln dclincti;ed che nred

[(Ir lt,slriiillt 111 IIucIL?Hr.wetipon de\’ulopmerlL ~tld

ft)r Illttrnntion(l I s{ifegu~lrds +IIKI ponul ties LO

[Irl, vt,llt liiversion of nut:iear mnterials trom

Clvill.111 I}ucienr power programs. IL also

l)rop(~st,il (Iliit oli mtlons iurv~o lhv production
.,11(I p05SUSS10N 01” nuclcilr wvapuils. A I t h(mv,h

m;~lly vl~,munt ~ ol tht, i!arurll plJIII wvrv tivvlltuiii IY

Ilw{jrp(t,;ltrd Into Iflturllilt imwli ::i!lt’guflrdsl i II

11s time Ltlv piIIIl wus reJuc(ed, :~nd by IY’IZ

t Ilrt,t, 11.it 10!)!+ 11.Id pru(lurt,d Iuw’1(’nr WelIpOII~.

S(,<:ri,cy h(. com(. IIlt, !Iudtmu,llt;l] ntwiti~lr policy 01
ttll,1111111,(1 Stiit(, !i illill Ot. tll,l” Ililt ions By III(,

(,:lr]v ]()’J()’:L m~illv II;IL ,01)s wt,t’(, +v(,kll)y, unvs t o

IIc(llll l.{, tilt. tII, IMIl its (It 1),1,.lr~lr Ivt’hlloioy)v lll~d

tt) Ilt. vt, l(lll tilt, ll” [,WI1 Illlt’l!,,ll” l’111’1”/;Y pl”r~l:l~lm~.

TIII:; II II I, Y,(IIIIII III,, .Irt Ivitv 11:1~1 dI1 111111’rI’111

1!,)!!,111 1,11 Illlt (1!11,; f,,l 1,,,,, (,!1!11 ,,!,,5 I)llt ,,1,,11

I (1 1’ ml 1 11 .11,/ ,Ippl 1,,,11 11111,i 1’11(, ,sIIII, II i,lll

(. 11,.,1 Iv (,, ,111, !1 1(11, 1Vllt, h’1,11 ,,1 t(. nlllt !, III ,Illikh, .41

.,,,m(, 1111’ 111 (It illla,llb.tI IuII,,41 1111118.1%1 .111(1111);,

, (111,,.ll, ;,l, ,, ,41111 I 1111..I Inlilbl

I’la,,i(lal)f t. 1:1> Iltl,,wl.1 ‘,! 1’1”1\ Illollll,,,ll I Ill,

WI III. IY 11.ti 11,11 “I\l( IIn:, 1111 I’1,,1, 4,” III(IIS,I ,,m, 111.11kI, Il

,1 I ,11181,11!l,ll? ,11 , 111111),,1 Ill ,. ;; II IWI*.,11 },,, !il ,f

“1’II , II I ,1), 1,,111 W!l!. ,11 ..l~, 116,#l I 11 II tllnlll (



ln(ur II.i: ion. tl tni)l~t.t.t[ 1,11) ill (lit’ pt..lceftll il’it.,.
c>f 1111,.1?.31. 1,1).. r,; v s31;,1. JL [ 111, s .~m.~ [imt, . [1$

esl,, hlish inr .,11,,1’ i,,ll:~l Col!,.1-ells [,) .. II.. L1,* 1 !..,:

ttm ~1’ducLs (I( L1l[S ,,h, [I..L-, ILIOI\ w,)uld 11,)1 I,,

C!iVt,I-CEd to mtli Lur V uses.

A major t’vbnc esrly-on In the Atoms fol”

Peace puogram was the first United Nations

Conference on the Ptlaccful Uses of Atomic

Ellt’rgy : this ,lllprt.ct.dented worldwitie collftirt,llce

U*S (?CInVeil L’d in September, 1955 in Geneva,
Swlczrrland. As proclaimed by the vir~

president of Llkt. Ceneva conference . Nobrl

Laure.lte 1.1. Rnll i , here for Lhe first time

scientists from the UCSC and Lhe East, and from

around the globr were fissemhlert to discuss Lhe

technical problems and c!ldllenges of th~

excit ltlg new nuclc.-rr agr. Insof.4r as pOssLhlc,

at the Geneva Conference all papers from va:ious

coullcrics in }* given subject area were grouped
t(,getheL in L1.,, same technical session or sc.rics

of se~sions. Thla format was used througtlouL

tha conference to facilitate detailed

lntel-national ir!tercomparison of new daLa nnd
!Ccl,niqucs. Thus the U.S. paper on delayed

lltiu:run mcasuremL,nts, which I W-S privileged to

put.st.llt, l)ilsL.(.l largvly on our recent work using

Li*dy Godiva at Los Alumos. was directly followed

Ln [he same session by a Russian ptiper, also on

rtelflyed nuutron mc.~!.tlremcnts that had rccenLly

}It,cli rnrried our in the Sovlct Union, Like all

\JdrLicip.lllls, 1 found this flrat Lruly

i~. L(!rn,ll icmnl Iluclrnr r-nntrrcncr , providing for

IIIIO. :In-IJIIP i!]tt!ractions mIIOIIg scienLi~Ls frnm
,11 (~,illd the globe working Lll lhc same field or

:;pcfli;IILy, to be cxlrt.mciy stlmulaLin~;,

Si~{lli fiL.;lllt, .III(l mcmnr; ih lr ‘~

[ reco~ll clenrlv that miil)y of us III the U.S.

lielep,.ltlon 10 Lhe flr!it GOIIVVU CoI)fCKPrLCe w~?rv
! illl.d wlLh n $;ot)sti of history, nnd snmc
.lm,]zt,m~,nt tori .-It t h(, upon ropurt in}; [) I

J,I’VVI(llISIV r(,strl~.tod ll)fnrm~flon on fl.;slmI
JIlll ml, f’u(,l-c:i(.ie ~Jln(.vsst,s, nlld plllllt
nl\(,r~lL ln[,.s Soitrlv l,v,!L.y d;iy, :iftt,r lute-lli@L

Int,r.tlllgs Of 111(J Us. delt,~;atlon at L h (!

‘1 To cltP hl OIIe (,x:lmplc In my specific! urra

of (Ii, l:Io{c,LInt.,11 r,)lls , h(l(:h IIlf t,rncl [nns provldt. d

Un 11.(”or,s[ ink ,III:irt,vv;!lln~, hlsLur[c,ll

~,t,i:,l,t.f.l [’:(,, Illlm(,ly 11),1! LIN* krv lmp[~rtiilluc 01

(1(, l;lv,. d tlc:tht rn,lnti [:1 t.,)!,! r(llllnp, Lll(- rnlv 1)1

f i,.,.1,)11 W.IS II1(,II,; II:. :1,(l ..II, I.j II; Irlv 1111, IIIJt II IIIV
:!! Ill,, X(,:,f \ 1,!1! .Il!; l] Ill tn., S(]v:vl 1:111011 111(.

11111 ,11 l!l. 181.,4 II 1111111.1)11!, Ill I’1.;ill, ll’ Klll(, t 11.s .111(!
a., ,1 : 1., ,1 T.,*,; ,,1! Illlf,l Ill .1 ~.’l.lv 1.:11 Iv 111’i)}:tl, )!, l.;

1>f rllv Ill ,I!!llt,l : ,. :1, [,,l!’tllll ;1,111 [Iltlvlwl!; l,) (11

11’1, ;l. ;11 7,,11(,1 P.,,, l), j e; I,,m,trkill,ly f(jrw;ltll

I,l,,Elll/,, If li(lr “l~r(,ld~(,l 1,’”,

I !! 1,4:,(1
l!,ll!~’1 Wils plli,l 1:,11(.,1

Ill: It” m~!rt, !}I,III ;l ;I,;lr (lfLcr ftII,

Il.! !,.,!,1 ,,, III f I,; SIIIII, iIIIIl m,,rt, tlIiIII IWO VI,:II.+
1)1.!,!1,, ;,0 I\[l,.@lllllll: 1,1 )111, !ll !.! !;(, lf. !)ll%l;llllflly,
,},1;1, !,, ,,, 1 !,, ,, iAl,~,tlJI)l I:I!I,I,I !!1! 11)1”1,(1 111, II

I , ,:.1 1,,..!. },l!.,,,; 1,1 :,,,,, , !,, al,l, i, .I1 11,,11 1:,111 lIIffi I
,,, ,,~,, II !1,, ,,, ,, 1; ,., ! 1;, .11,,, ,,1 II(,W 1!11/: 11 ,W!l,ll,l
,., ;, , L! !’ !;’,/ ,1) !!!.,.’ 1.1(!11 !1,1, .1, ,111!11 I, f,llt, )

ll(..l!lll,.l.lll..l . Ill,:!] (Ill Rtl,l[lt. . w,, ,.,,U II(,W fi,,,,ls (it

i. I I..:, -.,-..ti,)rl :1 [1,’ tission l)roce$s (litL.i
(!,. ( I,lh,,il I,. (I .111(I lt,lr.ised I(I (he ptlt>llc (I(]maill.

DUL ill~. [his Illstorlc coIIteL-t,IIct., 1 Cmld 11(11
Ilelp hut remember my earner dilys as G

University ut Chicago freshman wondering just
what that supersecrec “MeLal~ul-gical ProJect”
under the West Stands was all about. To me, the

unpt-ecednnted open spirit of iuLerllntional
couperetion that malk,,d the first Ccneva

Conference waa In stark ccntrnat LU the wartime

secrecy that had of neccaslty characterized

Fermi’s historic first “crltlcality experimerlLsn

leading to achicvemer,t of the world’s first

self-sust.ilining fission chain renction just
thlrtecn yc.ilrs cnrller in Chlctign.

Two years mfter the first ccncva Confet-ence

in 1955, tht, lntvrnatlnnal Atomic Energy Ag(ncy,

a cornerstone Of L h t, “Atoms for peacell
implt,mctlta:lon, was creiired (in Octobur 1957) to

focus (III, and carry out, t}le prrImoLlon and

colll-ro] u f tllc pracrtul uses of nuclear energy
ill l/\FA M(mber ScaLc countrlrs ilroumt the world.

Fostered in lnrgc part hy the Atoms for
Pe;tcc prng~-nm. thl”r)ughout t.tl(! 1960s peaceful

nuclear !!I:!,IEY pl”ngrnms flourished Ii) really
t-uuntrics I}t,clluxe .~upi’lier nntims, including

the Unlcctf States. offerert nn extremely

attKiiCLiV5 10KLg-tL+HII Sourro Of nuclear fuel, in

piirL to riiscournge thr development of other

supply suurccs Concurrently with Lhts peaceful

dcvt+lopmcllt. the 1960s AISO S:IW the mmbur of

IIuclcur we.+pons nations lnc~oasc from three to

tlve wiLh the ~tddlti(m of Fr.qllce in 1960 and Lhe

l’I,oIIle’s Rcpuh]ic of rhlnn [n l’thk T)Iesc nnd

otlwr events led to steadily inrrcasec! conccrna

nllout nuclcnr weapons proltferatlon --both the

further build up within nuclear.weapons nnLirme

and espaclally the possible acquisition by new

nntlon9. In the mid-1960s, lllLI=.,+LflLwi efforts

CO reduce LllQ risk of prullfvrution led
Ull Im,ltl,ly, in 19/n, Lo lmplomontation of’ the

Tr,. u!. y 01, (ho Nonproliferation of Nuclear
Uunpuns (NPT)

IIurlng LhIs very ncIlve pcrlod of ( he

mlrt-l”h(l.+. I }1.1(1 [he u]ilque (at t}lal Lime)

IIpp(lr!lllll ( ; ( [. ~,,rve trrr two yvnrs (l(lfJ !-1965)
wltll tilt. }I(,,l(l(lunrters stfil”t of the 11)1(.lllii( l(IIInl

AL,]mlc Knergy AgrIIcy Ill Vil!IIII;I, Auslrl~. TIN. re

I headed !}I,, Phv:,l,.s !+t,[,! 1o11 of tl)c l)lvl~lotl nl

kt~sr:ircll iIIIIl I.,lhor, ttnt [[, s, {IIM1 tlllr III ! vtll 101, W;IS

1111! I,lllv [()(,1 %s,.1 fill !11[, V1.1’v ;1( I IV(. ,,1,,:1s 01

I I$%l!lll ;111!1 I 1,,1,, 1(11. Illlv!; 11,.i; !,. p,.. W(- l): };;1111/.1,(1

;Iil.1 1,1)1,1111(1(.(1 1}11, I II!it Ill 111(, Illly,ollll: %1,1-11,+ (1I
IAEA (I II I! I. I.lll(lO:, 1111 ““III(. l’IIVSl (Ii 111(1 IRll,,ml!; n-y
1)1 tl ,, .,11,11” (’),117, },111 ),,, 1,1(,’,) ,,:; Will ;{s [1’ 11,1,

IAEA l“, ,,, f ,,, ,,l,,. ,!:; 1)11 “111{,1;1!!( 1( 5(.,11 1!,1 [l If., Ill

Nt,ilf Ir>lis” ( Ih,ml]oiv. Illlll!l, 1’)(,4), ,Illtl “I’:lls [,11

N,,llf Illfl Ul%l.oll (.11’” ~K,ll-l:, rlllll, , W1’,1 (;a, llnilllv,
1,}1,, ), , .11111111),, 111111,1Y

[)!,1 Ill,; In!; ,$ ,, ,, 1~, llll!llll I II ‘! 11.1111.1, I AKA
lJil,j1,41 I.111111”.11 ‘>1);,:,,1,1 },L I,,rl(l ,It,illl,,t,ll till m,,



11> !ll,,., [ with Xt-I-IIUI- H,.isel]hcrg who occasl LoII.llly

vi>i:cd ‘;i,.l]tl,l Al,(i ‘“[lid Ak., t,l:.’v “ ln the o.,,,se
(1t c)ur f.1-,..i[l,icil)g (F(lt md at li.i!st)discu~sic)ns

Uf pllvsics .il]d !nlt(.li 111(>1’t.- Helsenhcl-g

expvt=ssed intet-est and collrc.rn9 in 9evcral
areas, includtng tl,e problem of effective

“Collcrols” over sensitive nuclclr mat*ria19 to

unsure against their misusti (i.e., the g~neral

issue now called nucle.4r safeguards). A

prospective future rolt, for physics ❑easurement

instrumcntatton was implicit in our discussiane,

which lett a las:ing impressioil on ❑ e. Not only
were my discussions wlrh Heisellberg fascinating

and inspiring on Lhr tcchriical level, but the

same I“,eld true on the philosophical and personal

level.* It seemed that Hetsenherg (not unlike

many thinkers) inscinctivcly sought the larEer

connections between the various physical and

biological sciencee --and Indeed between all the

natural sciences and all other areas of human

thought and inquiry, including what he called

“tha wider regions of life. as embraced by

sociology, philosophy, and religlon. In
comtemplsting such a kind of epistemological

unity, he points up the need for “breadLh of

thought,- transcending narrow discipline

boundaries and categorlee in such a way as to
ultimately find a way back “to a natural balance

between the spiritual and material conditions of

life,” Heisanberg was indeed a physicist of

remarkable breadth and insight. After my return
to the U.S. from Vienna I looked forwdrd to

future follow-on interactions with Prof.
Heisenberg, particularly after 1 had become
active in the application of physics measurt~mrnt

technlquea to the burgeon[ni new field of
nuclanr safeguards Sndly, however, this was
not to be; !+lerner iielsenberg dle(i on Februury 1,

1976, He has bequeathed to us all hls

monumental contrlbuclone to physice as well as
hla wonderful, and for me lnsplring, essays and

monographs in arei~s of 9clenre, philosophy,
and even a kind of n~erlc sp~rltu~liity.

In July 1965, wllfle still iIt ‘1!! IAEA, I
had the opportunity to tour UIKI lcrtllre in Ll\ruc

major nuclear rese,it, cll ct, IIl(. rs iII ttle IJSSK, one

.. . ... . ..— . . ..____
“{ 1,1$1 ;1 (., ]llpl t, t) f example, [Ill 1.h(? p,sr:; ~IIIiIl

II,,.,(,1 ll(,isvl)t)(.r~, worI, ,411 .II),, (I II1(PIV 111)1(111(.
fii,l]lll II[s[llmlvillr, ,7 1,1,:11111 [111 ,li, im(, tl,l ,;l,illded

“h” !1)(, t.t,lvl)r.lfv[l lmtf!~.m,il I(ill ~,;;mlll)l (.)!lled
“1,1,,,1, “ kllllwll !(1 1,,.’1.1), I) II,; %II. 1%1 I he wl)l’l(i over
,,, ; Illt. f,ltl(l;hmt,llt;tl I.t III: t aIIt lu tl]l, t,,l,mr 11111 !(>r
!l, !, , I.!t,t)r;ll IJ(I “110 [ qrlll)l,rp, ,Lll,.,,trllill(,,: pI llI(. i-

I.11, “ ~111111 I I-Xi.iiIiInI,I1 mv ,l(lmI1.:i! iUII for the
,, .!,]., ,1111, 1!11, .;~llt;ltllli[v 1)1 f Ilril ~),ll,? I,ll]ar

‘II lit, 11)1 Ilim :IIIIIIV, H(,i+(,lll,l.ly. 111.:1111,.11WIIII
, .,.(,., !I.llk,l [l If,, ‘“!1.1!, I!, f ,,11, );I,., (I, I,IIP ~.’(,l, 1111,111,.11
,0, ,, 1! ::’ ,,l; !,’ Arlltlll}: oft,,.,. ,1(, l[},,lll! ,11 , f,)] me)
,,,,,,.,!, ,,ijl,.l )!,. 0,, ,~.,s !},l, ,11,,, ,l.,.(.l.:, ‘~!ll [t. 1),;
,, ,1,, ,!, ,? WI,’ I 1, f,!ll,ls ,,, ,,,, ;1 s,, , 1;,!,.;, 1),, ! II
,, ... !, !!, ,. ,1:11,111 I@.):tll#:.11’? “t’1111111,,1,, 11.1./, ”

.,, ;,: !~t.!,

;,ll:l{! s,, ,>t :1!,. lI\l:\-, .lIIIt I:.t)Ittl u!).. -.i., n ,. .,:, : ,)

ellcl, (il. .lyc. .111.1 },1 ,)l!lL.lt. [111’,,’ 1,.,11 [! 1,. ! I.l!lh. xtll-k SIl

tl,ti IAEA. iut rt,t.1 ilbru,[ll.ti[ il,lliil CEBIBI)*.1311il,Il ,Illd

ex[l),tllge i n ~.i.r[;iill u[i,.l,lshi!it.d areas u 1

nucle.lL- alld reactor physics data. Extensive

brlef:ngs and technical discussions wrre lleld

with pr-omincnr nuclear and reactor physicists,

inclu(iing L. N. Usachev and B. P. Maksiutenko,

chc ieading Soviet nuclear phySiclst in fissiOn

dcl~yed neutron research (see Fig. 4). I foLlnd

it iJcLh stlmulatillg and reassuring rh~t our

Soviet counterparts shared many of our same

c0nrrrn9 and problems in area9 of reacLor

klnetl,-s and control, as well as in criticality

safety, and eve:l the “coming” pL-oblum of

safeguards and tight controls on nuclear

materials.

Over the course of my two year asslgrunent in

Vienna”, the impact of many factors --world

nuclear rievelopmente, the new experience and

perspective gained at IAEA headquarters, and my
widening interest in international technical/

political issues- - all s(:emed to combine to

rciifflrm more forcefully than ever before, my

earlier convictions about Lhe growing importance

of achicvlng stringent safeguards and controls

over scnsltive nuclear materials, and thu global

challenge of nuclear nonproliferation

grlwrdlly. I also had felt for some Lime that

Lhe expanding capabilities of nuciear physics

measurement techniques might well be brought to
bear on this imporLant problem. In retrospect,

it seems abundantly clear that I mysulf had

grown and evolved concurrently wlLh the emerging

issue and discipline of nuclear s.-ifc~uards. In
aI}y c~se, by the Lime I returned to the Ullitcd

St~tes in the Fall of 1965, I wna firmly

convinced that a vigorous R&ll progrtam should be

H



Figure 5, This 1967 photo from the early days of
S~f~g,iards w ar LOS Akmo8 shows Carl knry ad cl~r~s
Hascers proparlng CO ❑ easure the delayed-neutron

response of ● uranlti sphere using a “zipper” pulsed
neutron generator (meca: cylinder ac left) as a source

d incerrogaclng n9utr0ns

launched to develop new techniques and
instruments chat would, in time, provide the

technical basis for meeting the increasingly

stringent safeguard requirements that eorse of
LIS saw as “lnevltable”.

I felt strongly that the United States
should cake the lead in this key area, and that

Los Alamos itself was actually quite unique in

having both the expertise and the Facilities
that would be essential for the required [:6D

efforr, im!luding tmclt!ar instrlurrentaLion and

me.=surement know.huw together with the full

range of macerlal.s proccs.+lng, fabrication, and

rec~very facilities [0: specidl nuclaar
materlalsl After some lnitlal concerns about

how an R&D program in an area such as safeguards

(particular’j international safeguards) would be

regarded ard supported at Los Alamos over the

long haul, I decided to take the whole mattar
-my tdeus, Convictions, concerns, and dl: --

directly to the boss, Lua Alamos Laboratory

Director Norris Bradbury. (There was never any
ctOubL, incidel]tally, that bradbu~y --who
ctlrectly s(lcceuded Lcrs Alunius’ Clrst Director,

J Robert Oppcllhelmer-- really wrrs the boas, in
the v~ry beat sense of tl~e word),

Af!er giving the mutLvr rtlle conaljeratlon,

Dr Br;+dbury ramc brick with a very positive
rcsl)~)tlne , .Inti procevded to ~rrnrrge for ❑ v to

nrakc present;itlotls, l)rleflngs, eLc. to Atomic

Hm,r%y (:omm[sslurl (Ju.rirrnnn ~lenn Seaborg, Gerry

Tlipr, Illlrtorht!r AEC C(mmtssimlnrs, as well as to
fippr{)llrl;lte stdftt~r () f !}IC f;oll~l.lIsMioIWli Joint
Cl)mm[! 1(, v on A’t. m[r kllrl’~,y, nm(]ng others, 1II
,111(J Ct)lll. s(. . fIIII~IIIIg W;IS svct,r~,d and the 1.OM

Alum~,s S; If Py~Im.(IS Il&l) Pro~, ram W;IS Iautlche(l 011

Dv((, ml)er 1, I ‘)06 Slx munt}ls Inter, the AM

Q,SI, II II I% II{, II t 110 I)tf Ice () f’ S.lteguilrd~ rrtid
MA II, I1al S M,lll,l):l,mvllf rit Ifs Wilslllllg!(]ll tit, nrl -
flll,lrlvl!i, ,’1!; WI*1I n% a I1l,W I)1VI!41011 (If
S.tl{, y,II,Ililx II, III!, At(: lh. ~,ul;llolv Hl”nlll.h (Ilow tile

Figure 6. “7’HENm amd “N@”--a span of nearly cwo
decades, The upper photo, taken in October 1968, shoua
Los Ai-s Lsbararoq Dlreetor Norris Dradbury and IAEA

Director General Slgvard Eklund shortly ●frer chmy had

been introduced for the first tha by Bob Keapin, L08
Alaiws Safegurds Group Leader. In cho lower (“W-)
photo, taken durlna tha recent 20th Anniversary
Safeguards S:!mposlum ●t Loa Alam@s, Bradbury. Eklu,zd,
●nd Keepin recall the early days of safeguard and
Eklund’a first visit co Le# AIWS two decades earner.

Aa already indicated, che selection of the

Ma Alamos Laboratory to spearhead United Statea

leadership in safeguards R6D (both domestically

and Internationally) wan due in large part to

the unique facilities and expertise that I-0a

Alamos already had in place. These included the

full gamut 0? materlala proceaalng, fabrication

and racovery facilitiuo for special nuclear

materlala, including plutonium and uranium of

all asbu enrlchmenta; it also had the

world’s leadlrrg (and orl~inal) axpertiae and

remoto-control facilities for experiments with,

manipulation, hnndllng and ~toraga of flaslon-

able materials of all compoaitlona, shapen, and

aizea in both subcritical and critical

configurations.a In sum, the Loa Alamoa

legticy of dlrr+ct “hande-on” experience with

flaslonable materl.ale (rat.glng from their

dvtrlilod “mlcro~copicn chnracterlstice to their

h
In conn(lc~= w!ih the Hpcclal relallonbhtp

between crltlcnl n~~cml)lles cxpurlmenta and
snfc~uirrds R&D, 1{ IM most upproprlata,
(*fflclPllt, and mutunlly ndvrrnta.guoua that these
‘WO professlonnl dl%rlpllnrrs are now closely

coupled hcth tecllnlrnlly and organizationally

within th~ samv technlc~ll dlvlslon at I.os Alamoa

(The Nuclo,lr I’orhnoloppy ntld Knfilnerr[ng (N)

I)lv[slnll),



overall “macroscopic” behavior in large critical

systems, to the nitty-grittv of etato.of-

tho.art processing technology) was anticipated

to be uniquely valuable to che nation’s

pioneering safeguards R&D effort. And indeed,

tho internationally-recognized leadership of

U.S. Safaguarda RfJ over the yeara bears out the

highly productive synergism that hae resulted

from combining tho special materials
capabilities noted above with topnotch

safeguards detection, ❑easurement, and ayatemc

design exportis~,

SAFEGUARDS TECHNOLOGY--PRESENT STATUS AND

CAPABILITIES

Beginning in the 1960s, aa nuclear

activities expanded in many countries around che

world, safeguard concerns increased

correspondingly , and steadily greater

requirements were placed on nuclear material

measurement capabllitiea (e.g. , with respect to

detection aenaiclvitv, timelineaa, accurncy, and

representative sampling) for the many fcvma and
configuratlona of ma~erlala found In the nuclear

fuel cycle. ThLa, in turn, h~a led to the

development and implementation of a new
measurement technology ta supplement, and

complement, the traditional d~structlve aaaay

methods uf sampllng and chemical aasay, This

new technology - - now commonly known as

nondestructive asaay, “NDA”-. is baaed on direct

phyeical meaaurwnents of unique ct.aracterihtict

of the fission process and of fissionable

materlala, As lndlcated earlier, there la a

special synergism in the juxtaposition of

nuclear fission and nuclear uafeguarda: i.e,,

the characteristic fission phenmoena (such ae
g.smma.ray and neutron emteeIon) that are so

busic to the fission process and tho releaae of
nuclear energy, pro”<ide at Lhe same Lltse ttw?ir

own unlqu9 “slgnaturea” that are essential to

effecLive measurement, accountahllity, and

control of aermitive nuclear materlnla, Thus

the development of modern ~afcguitrda tvchoolggy

has, by ita very nnture, .ntailcd a synergistic

combination of: (1) detailed kn~wledga of
certall, inherent c}laracterlstics of the firnaion

proc~s- and flaeionable materialc together with

(2) the pr~ctical appl[catlon of thrse
charsc!erlstlcs in the development of NDA
instruments and Lechnlques for s~feguardlng
thpse materials.

Nr)ntlcqrructlvp rr:;siry tpcllllltlurs fall In!o
lull maJor cnlr~,orl[~u, pilsmlve 4111(! Ilrtlve.

P.I..:IlvQ nssay uut,a t)nlurnllv wmlttrd fimmn.rily

and/(, r Ilr(ltl’orl rnt-tlntlons nrI dirt.ct slgnilturrsi

of fin~lnnnhlc mat.erlals, lo Acllve asan’j
ilwolvue lrradlfitlot~ wit4 nt.utr,,ns or pholunm to

Irlduce flrirnlons In tho snmple (n 1,~ na~ayrd,

The r~~llltlng neutron or g+rmmm.ray rtlgt\nLurws

fir? analyzed to determine qunn~ltatlvply the

nmotltlt of f19nlulI14hlII mmtorlnl pr~nolll,, For

mole than 20 ypnrs ltll\f)Jnt Iv- ~nfvp,llnrdn

ro,lr~lrrh aIId dmvplopmrlll prnf, rnms Ill 1}10 I:tllll,d

Statas, and more recently in several other
countrle9, have developed, tested, and

implemented a broad ran~e of paasive and active
NDA instruments and measurement/accountabi lity

syatema that are now widely employed in
safeguarding nuclear materiala in n~clear

facilities of all types. NDA Instruments range

in size and complexity from small portable units

(e.g., as small as a carry-on brief case) for

use by safeguards lnspectora in on-site
verification of nuclear material inventories,

to large in-situ NDA measurement systems

designed for routine in-plant uae not onlY for

safeguards nnd account~”>illty, but also for

process control, quality control, criticality

safety, and radiological prelection. In this

section, we survey briefly the major categories

of gamma-ray and neutron-based paaslve and

active assay techniq’~es, give ropresentatlve

examplea of NDA inatrumenta currently in use,

and cite soma notable instnnces of ongoing

state.of.the.art NDA technique development.

First, in the area of passive gamma-ray

asshy, many different inatrumenta have avolved

employing tha two well-known types of gamma-ray

detectors; i.e., 1 Ow resolution NaI(Tf)
scintillation detectors and tha high-resolution

germanium solid-stata detectors. Necessary

corrections for sample attenuation are carried

out using eliher an external gam-na ray source or

by suitable analyeis of the measured reeponse to

the sample’s own internal gmmna rays, Gmsrna.ray
measurements us lng the so-called “cnrLchment
meter” prlnrlple are based on the fact thnt for

fixed detecLor-sample geometry and for samples

that ara thick relatlve to thn penetration depth

of the 185. 7-keV 2JaU gmma rays, the count

rate due tn the 185,7.keV gamma rays ia directly

proportional to enrichment. When performed with
care, NDA enrichment mecsurementm cnn acllleve

0.1 to 0.29 precision at one relative standard

dcvlatlon.

In the case of pluto;lium 130t.oplc composl.

tion measuremcnta hy gwntma.ray specLroecopy,

achievable accurncles ● re bett~r than 14 for
261Pu and 3a0Pu, and better than 0.2t for alsPu.

The well.known and widsly used Portable Mlnl

t4CA, (Fig, 7) Ie a balLnry powerad 2K/4K

multichannel analyz~r that can acquire, display,

●nalyze, and rmcnrd gnmma.ray sp~ctra from
elth~r Nal or high.resolution germanium

rictectora, Using sul~ahle standarda nlld
calibration prrrcedures Ltw PflCA cmtl provide
ncrtlrnte 01). tht=. sprtl mcttsurt.mrtlte of U

vnrlchmcnt n% WI, 11 ns (lJIIII a~~ll r!olltrnt

(rind cnn aluo lJt, IISrIl Ior Homr pu vrrl[l(.’l(loll

mpplicmt lulls), A hecond lllslrum~tlt, th~
S@gmunLed Gfimmn Sc~nlll~rll, in uspd for
melnllrlng mnmplrn lip tn 2(X) Ilterm In voliwfIr; it

●mplrlyn rI !rnnsmlsnlon wourco thal Is vl~wed
t}lrmgh a ‘orlzonla] rolllm(ll,,r allL to aMeay

th~ Samplw AS a ~rrlon n! her-l )Ilttil negrnrnta,
and t 11011 mvnsur~rn ~:!mplr rphp~~~lfl~ atld ! he
t rnll:lmlnqlflll ,.,~rrt.~.! 1~111 N,,y,ml.llt Ijy H~,p,mollt I 11

Ill



A,/’ %.

Figure 7, The Portable fflnl. tfCA (PrfCA) 19 an

“lncelllgenc” battery-operated muitl-channml analyzer

(at left) thtt can disp~~y and record gairau. ray apoccra

obtained frrm ● NGI dococcor (cencor) or ● high rezolu -

clon Germanium J., octor (at riaht). Uwlng suitable

scandzrds ● nd calibration procmicrow the PHCA CM

provida accurace on.cho.spot measurement of u
enrich rrrenc ●s well as total 2$blJ content, and

can %Iso ba used for some Pu variflcaclon ●ppllcaclons.

the case of solid materials (e.g. scrap and

sclid waste) an in,portant source of bias can
arise when lumps are present in the sample to be

assayed; a r,lethod of detection and correction

for the presence of lumps is under development

that involves assaying the sample at different

gamma ray energies, ll

The second major category of NDA techniques

1s active gamma-ray aaaay, represented by thn

complementary techniques of gamma-ray
densitometry and x-ray fluorescence. In the

densitometer, a fwmnra-tay beam is paaeed through
an asaay sample and ~ gnmma.ray detector
measures the transmitted beam whose reduced

intensity 1s m function of the gnmma-ray energy

and the amount, or concentration, of nuclear

material between the source and detector. The

lsotoplc sources, O?co and ‘sSe-. with 122.O-keV

nnd 1211 .kcV gamma rays respectively.. nicely

(rind fortuitously) brcrcket the 121. 1.koV

K.at)sorption edge of plutonium, Those sources
are utilized 1,1 the so-called compnct K.edgtI

dt,nsltrtmeter ~eveloped for in.lll}e ronccntratinr)

monsurr.ments of Pu nolutlorls in ~love box iincs
wit tlout breaching nr aff..cting in csny way t}iv

~love box coltalruncnt, An lnsti-sllod ~7th).75$i~

K - etlge donsltnmeter system hna been used for

nearly 10 yeora for srsaay of product ssolutlon lrl

the aniilytival laboratory of the Iokrsl ttwl
reprncerrstng plcrnt rst Tok~lMurrs, Jnpari ‘~

Gcncrrtlly, the ticcurncy and prfirislotl nf K.vdflo
dr. t)s[tntrretcr m(,nsurcrn(, fjtq arn hot (or t}l~it} 18 at)(l

cnr~ npprnnch O It; Itl procf lc~ (lIIIy aWI* oftou
supplt, montcd with lsotoplr rt)mporrlfl(,tl
moastlromotlt rt Ill Ihm (.(tvn of {,tl~t,r ~,lvm(,r]t~
(O g,, urnnliltn, thot Itlm) !+11(’11 fol’ttlltl)lls

lsotopIc” nr)urcvs w!ttl fiilmmn.tny on(,rg[on l)Io\

happen to lie just above and just below a

desired absorption edge, generally do not exist,

so x-ray generators are often used as the

transmission source for dcnsiLom(!Lry

measurements

In the complementary technique of x-ray

fluorescence (KRF), again a gamma-ray beam is

passed through an assay sample, but here the

absorbed, rather than the transmitted, g~mma

rays 6re used to provide an assay signal, The

absorbing atoms are raised to excited stntes

from which they decay by emission of x-rays; the

energies cf these x-rays are uniquely

characteristic of the elements in the absorbing

material, and their intensities are proportional

to the amo~.xtts present. Gamma-ray densitometry

and x-ray fluorescence have been applied most
successfully to the measurement of uranium and

plutonium concentrations in solutions, The two
techniques are complementary; i.e., densitometry

is beat suited for SNM concentration above -10

g/t , whereas KRF is best suited for concen-

trations below this level, At ltrast two hybrid
assay systems have been built that combine
denaitometry and KRF. One is used to assay

uranium and plutonium in light-water-reactor

reprocessing solutions at Kernforschungzentrum

Karl sruhe in the Federal Republic of
Germanytls and the other is designed for
routine uae in the recovary section of the Los

Alamoa pluton~uar facility, it

Concerning advanced NDA technique develop.
ment in tho area of gamma-ray aaaay, two novel

methode for determination of Pu concentration

(and isotopic distribution) have recently been

developed that require no external radioac.

tive sources or x.ray generators, but rely only

on the natural tadiationa from Pu, The methods
are ideally suited to the assay of

reaaonnbly pure rl aolut.ions such as the product

solutiol)&’of a reprocessing plfrnL and the clunte

solutions from frnion exchtsnge column.q The
mGthodrs ccrn be applied to Ilgr?rt () r fr(~shly
separttted Pu arid can be used to m(,tlsure PU
{.oncellt rations In pipes or tanks. Tlw first
method uses the MGA2 isotopic program developed
nl l,owrence Llvermoro National I.nborrrtory, lb I n
this program a relative detection e[ficlerlcy

cr.rrvc Is fitt.eri from 59 keV to 708 keV lrwl{dln~

rl\rI d!~~on~lrluity at the Pu K-nb~~orpt ion rc!go,

I’nr fixed uamplci thickllws~, the nragrl!tud[, nf thv

!Iiscont ;Iluity Is propc)rtl,)rlnl to (lit! pII
,~nli{,ct]t rat lot) 1>f t}Ie solutlon, Applvlt~K IIIIs
In{, t }l[)d to PII sol(itl(jrl~ Wilt) v{]rl{,ctlt I.111 I{IIIN

I“llllplllfi fr,mr (II) p,/1 t<, )/() y,/\, It WIIS Ioilrl(l

tll;ll tllo l>!l rr)l~(~t,rlt l.nt IOIIM (~lrrl 1,{1 ,I,ll,llml),,,{l to

1,9$ with pruulslorls of .-1 ,’,%,

V(ly,l, !I()Ihlrt ttlo llt)!401pt 1o11
qlll)qt,lllt I(II

kt,v ~,(lmm,l
241p,l) [111

rotIl f It,l{lr]t x (IIVI) III,(,

Y (llf14, r(,11t ‘ }11, lull Vlllllll!i (II 1)11
flup,,) nll(i I \ I kvV X I(IV ((l k!,, !l’1) 111
,, , vlll)w( ;11111{11 y, qo t 111! 1/1110 Ill

II



these cwo lines is s strong f’-mction of Pu

concentration, and for a fixed solution

thickness the funccion can be used to determine
Pu concentration from a measurement of the

111/129 ratio. Apulying this ratio method to Pu

solutions with concentrations ranging from 10

?,/1 to 320 g/1, Pu concentrations were

determined to 0.26% with precision of -@.2%.

Calculations show that while the ratio methoc is

insensitive to the amount of low Z absorber (7. <

10) , for best results the medium Z matrix (Z <
LO) in the solution should be 1%ss than 6% of

the Pu concentration, and the high Z matrix

should be less than 5% of the Pu concentration.

Thus if the concentration of impurities in the

Pu solution 1s less than the amounts given

above, the method can be used to determine Pu

conct,ntrations from 10 gin/l to 300 gin/l with

less than 1/2% bias, Uhen the solution is very

thick, the ratio approaches a unique asymptotic

vtilue,with the very practical consequence that

t 1)c ratf.o method can therefore be used to
d~termine Pu concentrations in tanks or bottles

without drawing samples,

TurnLng now to neutron-based NDA techniques,

we address first paasive neutron methods, an

area where once again we. find close technical

coup] Ill& between basic chcracceristics of the

fission process and the development of

stare-of -t.he-arL NPA instrumetltatiotl, Ne,Jtrons

originutit]g in nt’ lear mfiterials are primarily
dllc to (1) spontaneous fission (largely in
Pu-?l i), 21+(], and 24?) and (?) (a,n) reac-

t ior.s in light elements (e.g., in the commonly
~ist,d (ompounds of” Urdflillttl nnd plutonium, notably

till, oxides, carbides, Inrf fluorides, or in B,

B( or l.i impuri, :ies) At~ a(iditional source of
Il(,ut ror, s cifn arise, especially in larger

samples , from lnduccd-flsslon multiplication in

( till s;lmpIe III goller~l, passive neutron

d(,tert ion provides n convenient assay
mc;lsuremt.rlt, esp[,L.ittllvfor plutonium snmplcs,
1)(, 1;111!;0 [) f hi?,h neutron yields, detector

~lml, licitv, ffnd neutron penotrabillty through

t Ill! snm~)lt, nmi storage or shipping cottt.alners
T!)(, In(lqt frrqui=tltlv us~d !Ieutron detector for
NI)A itlst.ruln~~tltatir~r] is th ‘HQI propvrtiottnl
,111111[ or, rt]osf,n fOr relatively high neut.ton
C\t, tP[, tl(l 1 Pfflc[enly, Insrllsitlvity to gamma
t ,IVK, tt,ll{ltjillfv ffnd If,ng. term r4t.lhility,

SI~~III~mIII{lIIS fi%s[t)n “roltlrident{’ nmutrc)nu .qYP
(Ii !,! Ill),,lli .;lll, {1 tr,om {fi, tl) “witly,le,q” ~ptttrf)tls

t): <<,1,,, 1,1,!,, (.,, (011111 illy, t Plhllifl(lt, s I)mlrri (1!1

ll!)’,tl 1!, ,.1,11!1 1!)11 (11111’/( fll!ll) “shifl r(y,isf~,r”

,(,I1111(11s11(8, *,lc,l’f t“,)tti(.li 17

major contributor, and it is convenient to define

the quantity:

Z+Opu(eff) - 2,52 2S8pU + 240pu ~ 1,68 I+zpu,

where the coefficients 2,52 zind 1.68 are

determined from fundamental measurements of

fission neutron emission from various fissionable

isotopes, and take account of the higher

spontaneous fissic-n decay rates as well as the

higher average number of neutions per fissjon

(v) in 2S8PU and 242Pu. Total plutonium can then

be calculated from plutonium isotop{.c

composition; e.g., as determined from

high-resolution gamma ray spectroscopy. AS

extensive field experience has demonstrated,

the combination of these two techniques can

be extremely effective .-as long as the

contribution from (a,n) neutrons and samPle

self-multiplication is not too large (cf discus-
sion of (a,n) and multiplicat:tm effects

below) .

For most applications the passive neutron

signal from uranihm is too small to provide a

reliable a~say signature. The major exception

is UF.4 where the h{gh cross section of the

(a,n) reaction on fluorlne provides a useful

araniuttt assay signature, that has been used to

mebsure highly enriched UFO cyltnders and
liquid UF6 at zhe product load-out point

of enrichment plants. la

By far the most widely wed pastiive neutron

counter is the High Level Neutron Coincidence

Counter, HLNCID (See F’fg. J) developod at

Los Alamos for the assay of bulk plutonium

samples rnnging from 10 g to several kilogrt+ms

of plutonium, nnd 240pu content from A fnw

per cent to - 30%. The HLJ4C has become one of

the real “workhorses” of IAEA safeguards
inspcctiort and verification operations world-

wide, It CRII as~ay samples contninlng !)00 g
or more of plutonlum in 300 ~ecoi.ds with n

prevision and accuracy of b~ttrr than 1*. The

ut.lllty of the basic HLNC SyRtMl hri!4 hocn

Rrratly extended by the development of a whol~

tnmily of IillJ(Y -like d~tectnrs with spoclalizet!

cietector heads, huC mll emplttying th f4nme bflslc

“~hlft. r~glstot-” Coif\citlftl (!@ Plrct.r’nnlcs. ”

individual [iotoctor hondtt vary gtcntly doponding

[111 Lhf. matrrinls nnd col~[ip,~lrnt.iof~s” (0 h

tnensllrod (Qpj. , t’nn?,lng rrt)m hrfttiH f’(~r *mnll
inventory sttmpl I*M to inry,c fast rcnrtnr I 110I

ft!?!lPmt)lirf4) ,
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I“(, as(lllal)ly W*, I 1 f l:t’ pt.ltv w] J mafvr{nls; I,(1W
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$4Ults Vith high (?l ,1,) y[eldfl,
!.lils

(I1O prnlvdllro
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t tlv Irl,lll (!OIIICI(IPII(,O ,tl\ll\l rt4te, N, I l)y,ol hot’
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~, b’. , II tlt,ll~ 14111 url! llltot,r,,y,~t 1411\ letlllllllkl, !

lot Jl%qliy ,1( ~)lljt,,tllfun III Illy,ll (!l ,11)
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Nrllwll ll!,l:lll!llllfi t he Ml$tllll!.ltlt I,l,,):ll,,t,l

~tlilt )1(4V ),t,l, tl m<4fhP Ill Ih!wsll)pl Ilfl I ,! 1’,! 1!11.11!1.
( ,,, ,1, t 11, ,( (Ii, tl, ,t I,)llbJ,!110 Inltltil /1I $,d IIf
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effects To state the problem briefly: in tiw
g-net-al case of passive neutron counting thero
are LIIree principal unknown vatLables: plutonium
I[liiss , sample self multlplictrLion, and (a)n)
ract~ ; however, there are only two measured

p{a~arneters in conventional coincidence counting

i.e., “real” neutron coincirtence count rate,

R, (coincidence neutrons that originated in

a common fission evenC) and total neutron

l.ou,. v rtite, T, Among a number of possible

approar!t, k,.., -J this basic problem of “one-

tocr-nrurry uriknowns” is currently being addressed

at I.os Alamos in two quite different ways,

although each tnvolvos the clev4rlopmtrnt of

fin innovative neutron counting system. One is a

fast neutron counter using liquid scintillator

rlecoctors, and gamma ray/neutron pulse shape

ctiscrimination.24 This detection syatern is
designed to measure all three of the ‘mknown
quantities noted above, end to minimize any

interference from gamma-ray response of th,”

scintillatorrr, Nigh-resolution coincidence

circuitry separater4 the amplified scintillatcr

pulses into single, douhla, and triple

coincidence ever.ts, just as neutrons are emitted

in pairs and higher multiplicities in the

fission process itself<

The second lnnovutlve noutrorr counting
sy~Lem 1s the “neutron multiplicity
countor”~h dosigrrod to investigate the use
of m?utrorr multli>licity cilstributlonri for NOA of’

plutnnium sampl(.s, Like other Nf)Amethods, tl]is
rww hpproach ro l)rutrf)n o.vr4tIy of plulolrlum is
alsrr bnsvd on ntl [I]lterentrll[lrilctoristicIIt
Iissiorl pliyslts --ntuncly that !ho {Ivorag,t ;Ilmrbrr

of IJrOOIPL rlotltrolts produced ill Lhe 240Pu

ti!{~iot! pr(w-ss irI higher for the Ile(lt r’oll -
inducod fissit,tl Jf ?aBpu than f’,lr
~i)~)nlillll’otlm fission nf Ztopu,

tha
ilrrsed on t.hls

9m~tll hut tt~lling ch44racterl~tlc ditfwretlrel l.he
dvtnl led tne~mut otnotlt ,ind 4rnr4iy.qIrI of rmutrorr
multlpilri[y dislrlbutlf)lla t,{irl 1)0 usrId to
(lot -rmitln t ho nvul rorl muitlplirnlion 1 n
;)llrlol~i(un SqIIIIN, ‘to ordlonvv lhr Orltltlpll.’lty
(’ullformrrl 11111, 1110 mtt!tiplir{ty Cnlilll l$r wf4N
(Iomip,n, With low domdtlmt, , fnnt Ilt.ut rorl
(Ilo.flway [ 10IP, (111(1 )Ily,h ofl Icirllt!y, ‘I’hll wt)rklnti
syrrfom (~)vertlii {llnrvnf410tlir .H(). i,nr (Iinnr by -111.cm

h 1gh ) ~U UiII)WII ill k’!fi, 1), ‘TIIII n{, \ltl>llllN ltl”M

dntvt!ted by a tvtai (It ]}0 111,1 dotvilo1-N
t,t)l~rigurcrd itl flw ,,,)nr,atltrte IIIIgY; fhP qnmpie

fdvlfy in I’1. (,m III rfl~mor~r, an(l rha body of th

({)llllt,!r Irn nllrroltll(lod hy ‘I ttn 0! lMIlyIItlIy]III14r
lvtl~ittrlr, A Il)lfll ()! !f, AMiJ’~~~ riI,IIl!U~o

II I ,, Illtad I () I’vtl(lt,e IIvllllt Illlo Nt,lrr 11111
Inl lit Ipl Ilnt 1{111 11(1*1 11111111Ih, tt, llllllll (1 t)~ dll{lly Nlll
III Inl, ll+llll 1, I 1111111I’1111 ll,lllt Ipl[tity tlft4t l’l~ltlt II)IIN
1111 ,,, IIOI)IIIM ~lt l}IIIIt lIIIIIIIt II IIIII I)MIIIII wI III v~~rylt~g

“’’1’11 Itll(t I(,IIK () jl)t), 11, t I,l,ll(,tll,,m I,Ni,lN

mlx~(l Wltll mdlttx Ill(ltlll lnl~ Il,lvlll}! vllll!l~llr

(,8,11) ylt. ldq, /111(1 f,)l Iltllll 1111{1 Implllv
111,11 ,)ttl,;;n mt,l,!l MIIM,I (Ilt,oltdltlt IOR Ir(jtn
, !}11!1111,fi ,Il(ltlullt I t,l IIV,ll Illlltl (r In It) I i Yp,
111111, 1111 tn{,l,tl l,, 1 /,* 1,,, I k’p, 111111$ 1’!10/
Wltll f,i, rl):”il l\l’!lt 1,,1, 1,11 1(1,, Ill, lllw 1,
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F)gure 9 The “neutron mulcipllcic,v Pouncer” in opera.

tlnn at .h# Lo# Al#no# safeguard# RAD laboratory. The

Ollt.r shield measuru -80 cm dianotor M -JO cm III
h.lgnt and the central $ampi* cavlt.v iJ 15 cm ill

dlwn,.a, ?’he neutron multipllcicy countac IS deaignod

for .lccurace nondestmctive aasay of Pu samples wirh
ultknown so If. multi plicst /on ●nd (a #n) yields,

(SF=Spontfineou9 Fission). Counting Statis-

tics errors rise rapidly for h~.gh (a,n)

samples (to,n)/SF > 3), and at high countitlg

rnteu. The most promi~ing applications of the

nrutron multiplicity counter tire assay of impure

metnl samples up to severul Kg and impure oxicie

samples Up to -1 Kg, both with (a,n)/SF

rntios < 2, Col\eertllng possibln complementarily

between tho !tquid qcintillator nnd ne(!tron

multiplicity methnda, for high (a,n) mate.

r(als the liquid #citltillator counter, when

fully d~velop~ci, may provide a useful uupplpment
to the dcimotl. trntrd capabilities of the neutron

multiplicity rounter

Mclvltlg flow from pnsslve tO NC( IVO t)cuLron

Ollsily, tlvrt! the fission proco~a Itself’ 18

vmployed dlrertiy to wt imtllnte (or “induce”) n

(Iv!,I red as~ny !4ign/ltul”e, m{} NDA Or JInu

Mnlvt Iiils provldt,~ N vtIry prdrllrtll r{i~t~ Iti
1,,,111! l)or.t\l%e ‘J~bll (I()(IN Il(lt tl(lvr (l pnNNlv(l

!1,,11! I (111 !41}{tlnlulo, Jl~ll I)o{lrilly, Snmpl[$!t n 1’41

Il”lll,lllltu(l Wittl llvlltr(lllN to IINIIICV f l~tilollw {11
t I)@ /14[), (11111 ttlc t’rwllll Il)fi vmltlr{l flsMIIIt.

1111~111111111 (pr{lnlpt mId/ur (Iolnvv(l) PI”(IVI(IV (I
WI I(IINf IIrP for rI\(,IIY/It P NI)A Kxq)llW nrv y,lvl,ll

Ilvltlu (If Nlillv l)f. tho.flrl n(’1 I t’!, IIII! II I,(III NI)A

ltl~t rlunotlls tlInl ut 1112? prompt Ilt,llt I’nll ns W($I I

J&Q (It. l,lyv(l t\l,llt l’ill\ t’(INp[}tl Hv mvit~ttt vmvnt N ( iltltl
,,1 ~,) {1PI {Iyt,d V,llmlnn t’ I roql)l)l)q t,) t (! (I 01(, II NIIIP

11,1%110 mtilvllnl t,t)lltf~llt Wltll (It t Illllilt)ll,
Jt,(lll’il!,lt,q IIf 11111,~11,11!,111 1)1’ Ill, ! t {,1

BULLE’I’lNaii&m ~1-

Figura ;0. lndlcatlve of ongoing U.S. technical
*upporc to the Internac Lonel Atomic Energy Agency, this

front co.~r of th~ [ASA Eul lecin show8 .4 top view

of the unlvers~l fast .breedsr. reactor ●ssembly councer
developed ● t Los Alwnos to measuro totai Pu conrent by

neutron coincidence councinr, The ●dvanced atld log

electronics can ●ccommodate neutron counting rarea

above ● million count #,/ second, thereby ●nabllng

●ccurata meanuremortr ●nd var Iflcatlon of Pu In fast.

breed@ r.raactor asaembllaa rontalnltlg ●s much &s /6 Kg
of r*ar. tor grade pltitotllltm (200 adopu)

rir!it UC Clt($ tllc Active Well Coi IIeidotIL!e

~OUOter (~,w~(:) U!4ed fOr ilNsIUy Of 23h U COntRllt 11)

(,tlrlchvd ur(inium mot(, rlalu, Two (a, n) Iieutron

sourtcs (Aml, i, enc}l -5 X104n/M) lncatod above and

I) I?1OW the saml)le WQ1l are used to interrogate

the uamplr, mKi the itIduced f iMfIlm I neutrons are

counted with titaldard shift ‘-ngi Htc*r l!Oitk7iden12e
oioctronlcs, C(~ltl(’idetlce counting discr Iminr4tns

agnlllst the r~ind(]m “Llinglo N” ((1,11) nrutrolls

frum the Aml, i sotlrcPN while clv!ectlng coln(!ldont.

lwutrnns from Ilcut roll. Itldllrcd flstliolis Ill 1till
!l~~l 1)1(,!4(,1)( Ill tllv !lOlllplv ‘tlIII AWC(: I!I
ll?41, (i i O mt,{lq~lrv lIIIlk llo~ X(lmploti , h I ~,tl

vttrl~fllmvllt urilllllim 11101;I Is, I,WK III(,1 , pPllvt!J,

J$~(I.’rII fttvl m/111,1 IIIIN II<IV IIIV, II I};II y,nnmm.r(ly
t),\(+ky,toilt\{lM, nti(i IIII)Ii I I’0(,11111 Iy Vvvll Iillxo(l(lxl(lu

t4/tmplW~~ A sIIro IIrl lml~ortnl}l (Ippl 11’(11 1011
of (1(,1 lvt* Ilvllt I’1)11 colt l(~ltlvll(,l, (~oiltlt Ill& IN Ill{,

~’Id II II IItI Ntltittt)tl (:{)ltItl{ltIIIt.tI [:{)llnr (( IN(:I,, M00

Fly,, Ii) ‘HIP tlNt:l. I’m I lIe II IIIIrm II(l III I)otl\ fho

(1{1 I \,v nl)(l 11)1, II; I%!41V0 111[1(lo to Illi, (l!Jlll’@ Ylho

/111(1 t )11, Jla(l tl)lllvl\t\ lt,!411t$(’tIvvl’f, of Ilt)tll

:’WN ,111(1 Ilwl{ I I }~,111 will !,1 1!, /111111’ II U,(4,11111I(W I 11

I 110 ,1,1 Ivll Ill flllt, :1 Itlw ll,lt,ll, illv (’1 x 1[)~

II\h) AIII[, I II I,IIt 11111 11,111111 1111111I! I}(:Itt\u tlIII 1111,1
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!’LgureJ1 ;,!l ~ Lfran IUm ?feutron c“oincidtince c“ollar

,:,s[:!.) IS shown here measuring a PUk ruel assrmblv

no<.ku p rh e 7,VI:L car> be operated in both the active

Jllcl the passive mode co mttttsura 21bu And 230/,/

.,or:” vnr respect lvelv. CIi both PWR ●rid BWR 1 ighr .wacer

Ie’i, :<~r assemb!le.v ?’he 718U response Senslrlvir$’

eIIab.’es ,!ptvrric?n @t the rrvnov~l or xubst Iruri,xt <~t I,4

ILI,!S IV a P!-’R :i.ssemblv and .)ne rod in a 8WR ussemhlv

dssl,mblv, Orld ttl(’It:duced prolllpi Ilellt rolls (! r’om

‘:)5(! tisslo II) are co(IIcide IIc I, counted. when

11(1 illt[, t’ro~,nt 1o11 Sotlrco !7 prf, scllt , Lhc pilssive

ll@Llt 10I1 coi Il(. [det)L’P rntv ([rum 238[J

!.p:llltutico~ts tlss{ott) ~(vt,s A nrei)sult. n! t I)(.

““~: ill tl)e !(101 The IJS[] rr{, )onse $4(,11

Sltivltv {,llatllvs[Iet(,(t 1o11 <)f tllr removnl or
SIll)!it It!lt 1011 of 3-[4 Vfld!+ 111 ;1 PWR Il%svm})lv iln(f

11!14, 1’()(1 III 41 Bk’i? Ilss{, mt)ly.

rtll$ ~(l. (al 1(,(1 ~$’J(:t !itlllffl(,r’J*Illu!itr:itt$!l
I 11(, ,Ip}lllr,il 1o11 II! al$t Ivt. tn. {lt roll Illterrur,il! ion
f IIy, (,t III, WI t II (It, la,?’l, tl 11(,(11I’lllt rrs KIIISV mI,okur~,i
{Ilt.!lt ~> ‘I’111, 110,11 t 1)1 ttlv J“~(:t !illllf f 1(,1’ Is ,1!1
,Ill+l!ll .11 Ill, tlt Iclll (It, tt$(, t{)l’ Illt(l Wtll(ll ttlo h;lmplo II)

11+, ,,,. ,,tvl, tl [< 1)10( 0(1, A Ial,:r

I :’:; :::t (s:;::; ;’!’ l:)!l[’:!,, 1o11” ,, ,,, (+, 11, pvllllvl$ly , , ,, ,,

l!l!, ) .ttlll Illlt (1! t Ill, IIt, t IS(, t(ll’ [!(l\, lt v 1(,)’,[oll t t)

11. tall.,!,, ‘ )11, ,, ,1111111!,{1!1!1 lll(llltl~ f 1~’il,~ll Ill 111~’
,., , 1’1 ,,,; I$III I!t, twl,l,ll .,11 !,t,$:t,l!,,~ :’, Jl’f 1,, !11! 1! ,11

it I .I(li.lt l, It I,, III(, 41,,t4*I tIII l,. ,:.ll (,(1 “(111” 10 l’1l! 1111
!1!, 1 ., ;,!,! Ill, llt 1,! 11,4 f rl,m tlII, Itlflll!l,(f ~’”11
11.1 !!!1, 1’1,111!,1 Iy (ill Il)r;l!l, fl, Illis [Ii, l,ly!, (f
1(, ,,lt,’tl ,.lr,ll ill t14*!l ~,11,~’i,ll,~ (1 mIS;l’llltl S ~Bl 111,1
,,111,dlll! +If /1,!, , 1!1 I 1,,! ,, 111111I t, ‘1’111, %tlllll 11,1
‘8 8 l(l) l!lll,. 1,. t,. II I,*, II Il,hll!t(,lt t II !Ilf t!, l{, tt III, *,I,L

‘Ill 1111 tl~ f’ 1111111111,, ,114’1 $ Il!lt ,11111.1 ,.l!,, (,,! f I’1)111 ,.11!!11I
1,1. f,, ,’(!11 r f’)’, ):(II 1,1111 Ill ,111,, };}111111,1

~,, !,,,,,, , ,Itt 1111.1.111 Illy,tll, l!l!llll. !! t 1/,1 ,!llll!l!, %

such as irradiated fuel and reprocessing waste,
Lecause the 252Cf source strength can be
incl-eased somewhat to override the background
radiation, Fig, 12 illustrates a 2s2Cf
shuffler system installed at the UK prototype
fz,st reactor reprocessing plant in Dounreay
Scotland under a joint evaluation project
between the U.S. and the U.K. The shuffler

system has been used nearly continuously over

the past five years for the assay of plutonium

in hot scrap and leached hulls (from spent fast

reactor fuel) in the head end of the
reprocessing plant. In several applications in
the U.S. as well as in Dounreay, the shuffler
has been built into an existing hot cell, and

the shielded source “storage position” is
located in the center of the existing cell

walls. Another large z~vcf shuffler system

htts been installed lit the Fluorinel and Fuel

Storage (“FAST”) Fac~lity in Idahc, where it is
in ruutinc use for ~issile assay of irradiated,
highly el\riched uranium fuel assemblies (with

assay precisiorJ of 2-39) ,20

The 2b2Cf shuffler systems just noted

provide yet another prnctical example of the
common technology “roots” of nuclear fission and

nuclear safeguards; i.e., the unique
characteristics of fission delayed neutrons
(deciiy group periods, abundances, and absolute

fission yields) that pace the fission ch~in

reaction and enable the precision control of
nuclear reactor kinetics are the very same
unique delayed neutron characteristics that

provide the inclslve “signnturcn” required for
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accurate delayed neutron assay of fiSSile

materials for safeguards.

Finally we cite an active neutron
interrogation systerrrthat utilizes not delayed

neutron but delayed gamma-ray response: the

automated 25zCf fuel rod scanner, developed

early in the Los Alamos Safeguards R&D

program, f.s used for quantitative assay of

both light-water-reactor and fast-breeder-

reactor fuel rods The fuel rods are irradiated

with a 252cf neur-ron source to induce

fission in the :issile fue1 (Z3SU or
23UPU) loading of the rock. Measurements on
the delayed gamma rays from induced fissions iII
the fue”l rods are” then used to determf.ne

pellet-to-pellet uniformity of loading, and
total fissile cor,tent; i.e., grams 236U or

~3QPu, to better than 0.5% accuracy. Fue 1
rod scanners are today widely used --for process

and quality cotltrol, as weli as material

accounting and control- - in commercial nuclear

fuel Manufacturing plants in many countries.

tlaTIv of the instruments described in this

paper exemplify an important trend in NCA

instrumentation development, namely
computerization and standardization of

m~esurement equipment and procedures for

safeguards inspection and verification. Insofar

as possible the new, “intelligent” NDA

instruments are equipped with software programs

for performnnco self-diagnostics, calibration

{i tl d measllrt~ment. quality control. Some

irlstrwne,l.:; !:uch as the Portable Mini-MCA, alao

featul”e [,t($rat:ti\~e.displ~ly pronm?lng of the

ust,r (cIg., safc~uards inspector) through the

proper detailed measurement procedure, and
perform all tjecessar,y calculations to give
[lir~,~t 011- the-spot meaauroment and verification

results, These “lntelllgellt” NDA instruments
(l ftt. r many important adv~]ntagcs in field
pt, rt{)rmonce (1. ,g, hy IAEA inspectors), in new
(Irlvlpmrllt ficcc,ptt3tIcc find inspt,ctor training, ns
%(,11 ,1 s slf,~li!icnntly rvcfucctt oq’~lpmont
maltltcl\mn(,e {{II(I flc,ld. ~ogistics prublems,

bias and precision for NDA techniques.
Noteworthy in this connection is the use of?

Monte Carlo simulationssl to determine cali-

bration parameters for neutron coirrcidence assay

of mixed oxide fuel elements, and the potential

for more effective, less costly inspector
verification of finished reactor fuel elements

by red~cing reliance on expensi~~e physical

standards.

In addition to transportable and in-plant

NDA systems for quantitative measurement of SNM,

there also is an active ongoing effort in the

development of rugged, hand-held instruments fo~

use by relatively untrained personnel for search

and detection of special nuclear materials, For

instance, two recently developed instruments

provide the ce~ability for direct, on-the-spot

verificl?ion Gf the presence or absence of
~pr~din s.snsitive nuclear materials.32 One

instrument uses a OIAI(EU) scintillator and
pulse-height analysis to verify the presence or

absence of plutonium by meaauring neutrons

emanating from a container surface, The other
instrument uses an LED-stabilized NaI(Tl)
scintillator and three single.channel analyzers

to measure and strip Compton background from a

gamma-ray peak or region of interest to verify

that certain isotopes of plutonium or particular

enrichments of uranium are present or absent,

These new instruments are lightweight, have low

pokfe r requirements, and are easily operated in
the field by nonspecialists.

The nation’s safeguards R&D program is
committed to the developmerlt and application of

state-of-the-art NDA instruments, techniques,

and systems to meet the requirements of
governmel~t and commercial nuclear facilities, as

well as the needs of safeguards inspection

tiuthoritles, both domestic and international. A
highly productive cooperative R&f) effort between

instrumerlt developers, safeguards systems
analysts, and materials processing experts is

actlve~y ongoing today with tho overall
objective of developing integrated
“near-realtime” material accounting and control

systems for demonstration, test and evaltl~tion

In various facility types, A timely caae in
point is the recently installed integrated
system of automated NDA instrumentation
(gnmmo-ruy spectrometers suppliotf by I,ivermore,
ncu~ron coincidence countf,r by Los Alamos, /111(1
talurltnrters hy Mt)und Lnboratorles) for nllrlvar
ni~ttvrinls account It}g and procesu cent r(,)! In ttlv

new plutonium scrap recovery f~cillty at t hP

U S, D~partmerlt of Enrrgy’a !+nvnntlah River Plnnt
it)south Carollnn (See Fig, 1“1), The entlrp

Itltrfirated NDA syst~m Is pri~~ot)tly utl\i~r~rtln~,
tull.r4r/rlet(~~t old rvnlunt lot) {It rllt, Sovnllnntl
Klv~r recovrry fnrlliry,

I“lnollv, WI! (lto 01)1* Itlr(tlvt’ l,xllmplr of

rltly,() I tIy, !1/1 f {, y,~l{l t’{hl tv[.hlll((ll !lIll)})ol’1 1111(1
,,ll(lp,, r;it iv,, il(,tlvlll{,s ii t t )11, Illtt, rll, tt Illllill

I 1>



lL,\,v 1. l![)dt t- a f(>rmal US-J.Ipan agteemeiit for
(,oo})~,racion in the pPact.ful uses OF nurlear

f,[lt!rgy, a ll~lmtJe u o f NDA instruments iil’e

CUL”t”c>l)tly !)~,ing d{>velopecf lIy Lhe [IS Safegua L-ds

R&D ilrogr,?m in coope rat ion with the .l, ~pan{>se FNC
(Power ,,nd N,icleal- F!iel Development

Cor~loratit~l)); Ih{se i;lstruments will he used for

in-line ll\i,tis.lt,~t!l(>t\L of mixe[l oxide (MOXJ fuel iII

ttle new, l,irgt. (5 ton MOX/,year out}~ut) Plut.{)l~ium

Fuel PFoducLIoII I;.icility (PFPk’) fit l’uk:iiMura,

Japan,33 Tilt,I’FPF f’acility will supply MOX
f’llelfor .JcII~,!ll’SfasL hl’ecder r(,il~t~rs,f.foNJu
and JOY(), a s well as future pltltollittln-rt:c:ycle
light Watt’1 Uc.ictors. NI)A instruments to he

lnstiilled i n the PFPF will mettsure feed
materials, process materials, fuel pellet
fiihricat ion, handllng dnd tral)sfer, fuel pins in

trays, complc,t~d MOX fuel assemblies, as well as

process-line holdup, scrap and wasLe. All
matel-ial han(ili[)g and processing operations are

carried out L1y autolnate (l, remote control so that

all the in-process MOX material is, in effect,
roilfined within a sealed “rontoinment envelope”
from the input of feed mnterlal to the final
OLltpllt ot’ finished MOX fuel ~sst.mhlles. The
i’tPF facility represents a Vpl-y sign{fi~at]t

.idvtanrcment in modern nuclear f’ut.l fabrication
tvrhnology and, rfs such, represents a
correspondingly sigr~iff.carlt. challenge ~llld

opportunity for the development, test, and
iml)lementtrtlun of state.of.the.art sofegllilrds
!ei.1)1.ologyin a State.of.the-ilrt high-tllruugilpu~
,lurlearproduction facility.

NotwithstnndiI\g the improsslv~, progress t}mt

lIiIS lIecn made in safeguards technology develop-
Imt,!lt and implementation, it 1s patently cle{ir
thnt the effectiveness 0[ [lUC!1 L3<lr sflfeguarcis
d(. pvnds rl[]t oIlly on technology and hardware,
Il{lt AISO 011 the pOOP~e [Ilvolwd .-both tlte
%tlfefiual’ds Illspoct(, t-s and thk! “itlsp(,~.t(,esti irl
IIIIC lenr fil(!iliti?s, As in al 1 humun
(,tl(lc<tv~]rs , thP nctllal Illli)l (,lllt.llt;lt loll of
t,ff(,ctivt! {Illd workable sat{~p,\lilr (l!; must he
(,llr’rit, d out by plulplt? . .illld Ifror’{,ov(!l’ by
,Ill;llitl(, (l pt, {)l)le wit}] t},[> rt,qtlls~[~ t[[ll!)it)g,

ktlowlcdgc , it 11d motlvat lmI, ‘reward this
.It)!iolutl,ly eusentlal go{tl of cf’fe,.tive
solv~llilr,l~ trninlng nll(i t ort]nolop,y ttallsf(, r, ttle
~Jllltt,[l stilt\!J11JI!4 led t}){> wily Ill (Itlv,.lopil,g fll,(f
(,(lllll\lct Illg <Ivor 8 [102(,11 SIlfrgtl. 1,19 (r.tll)illy,
[.0111.5, .,s (~lifll y(,til. t, , Itl+ipv((u l-w .In(i tiiltl, p,(lilr(l,+

I}ltjft’s:ii(lllalw from ltll[)u~,ilollttilt,Ullil(!(iS(,,(,lg
.1!1(11,)11111){,$s ,1~,,1,,,,{~],,,IW,)*1,{, Ill!li($oltIvl,Ilf
Ill,,imll[lrl:lll(u ,Itt;l!,l)l, (l !,) \,ilf,lv,,, i,l(ls I ,.;, {, II I,V,
,411,1 t (,, illlolo/!, y” t l;lll~; t(, l’, qill(’u I’)ti{) (,V,,IV ,,, !~
I A l’,P ( [tl~l,l’llil! i(,lllll AttIIIi( KIIUI V,Y A}; (, II(Y)
Itl.#i$t ( t(ll il!l!4 111,(,11 ll~l{!lil($(l l,) ,., )m~,l, )t, l tllr 1,(1%



.Alamos NIIA tcaintng course for IAEA inspectc)rs,

To date this has involved a total of some 400

IAEA peopie.

Effective operarion of the over~ll
international safeguards regime dcpen(ls not only

on a well trained IAE?.inspectorate, but also on
the effectiveness of the State (i.e., national)
safeguards systems whose performance the
internationfil system must inctepencicntlyverify,
It is therefore essential to have in place an

ongoing program of trail]ing and technology

transfer for key personnel in Member States who

-r-r responsible for the State’s safeguards

system (including, of course, safeguards at the

State’s nuclear facilities), and for the

interface between the State system and the

IAEA. The need for steadily improved State

Systems of Accounting ior and Co:ltrol of Nuclear

Material (“SSAC”) led to the series of IAEA

Basic SSAC Training Courses that were begun by

the Agency in 1976; in recent years these have

been stror,gly augmented by SSAC implementation

courses given alternately in the U.S. and in the

USSR , both in close collaboration with the

IAEA The 1988 SSAC course (focusinc on
discrete item facilities) was convened November

14-26, 1988, at Tashkent, Uzbekistan, in the

USSR It is followed in the USA by an advanced

SSAC course (focusing on bulk handllng

facilities) held in Los Alamos/Santa Fe, New

Mexico ~nd Richland, Washington, from May 1.19,
1989 (See Fig. 14), Course participants include

a Lotal of 24 course attendees (traineea) from

20 nations, al!d 32 lecturers from 7 nations, the
IAEA in Vienna, tind the EURATOM Safeguards

Directorate in Luxembourg. Many years of
~xpet’ience have shown that the SSAC and TAEA
inspector courses as well as other international

83n d domestic safeguards training courses
contribute not only to the technical
effect iveness, acceptance, and credibility of

safeguards , hut also help to build a spirit of
cooperation, mutual confidence, and a shared

sense of professional commitment among
safegual-ds professionals from around the world.

By its very nature and mission, the safeguards
profes.sian tends to engender a common dedication
to the challenge of nuclear safeguard and

nonproliferation in the nuclear age whose 50th

anniversary is commemorated in this historic
international conference.

Concerning the nuclear age and prospects for

the future, I would offer a general observation

that the IAEA’s unique world-wide safeguards

inspection and verification experience can

provide a useful guideline for development and

evaluation of possible future international
verification systems, as for example in the
sensitive and pivotal area of nuclear arms
control. As IAEA Director General Hans Blix has
pointed out in reference to IAEA safeguards, the

success of this first bold experiment in

institutionalized intertlational verification
could serve ‘as an inspiration and valuable
guideline for developing needed verification and
control measures in the context of nuclear
disarmament--or conversely, should international

safeguards be perceived to falter, this could be

a aigrriflcant srt.back in the prospects for
nuclear arms control, With US-USSR

F’lgtirc 14, The moat recant it? tha

ongoing 39rl*8 of Int*rrrat10n41

Training C0ur8ea on St#t* Syst*m9

of Accounting For ●nd Control of

Nuclear tlaterlal# WA8 held tlay
1.19, 1989 In the USA ● t l,oa
Alamc.s/Santa Fe. , N,t, and
Rlchldnd, Wash. Cours* part lc[.

p@llts, showtl 1 It thl# Nroup

phonograph, lncludo 24 ,-ours.

trainees from 20 natlofta,#/td !2

I.cturera from I tjatlona, rha

IAKA, aftd tho &tl/?ATOM S~fd@drd#

I)lroctorata II) l.unembnur#.
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implementation of the INF treatv already well
underway, and reasonable prJspects for further

productive arms control .lcgotiaLions, it seems

abundantly cleal- tha~ modern Safegual”ds
technology, suitabl\” addpted as necc.qsary, is
desLined LO play a-key role in the achievement
of effecLive verifii.3Lion of nuclctir arms
control agreeme:lts, of whatever Lypt! the futu~e
may bring.

The preparation] of this review naturally
involved extensi~e reflection on the history of
nuclear fission and the consequent emergence

of the issue and the discipline of nuclear
safeguards; in the coursr “f all this
reminiscing I could noL help but recall, with
lluSL:llgiaanti gratitu.ie, the many outstdtlding

fl-it=nds and associates who provided inspiration,

guid.it]ce, al]d support at various stages along

the way, AILhougb it would be impossible to

name all those Lo whom I am thus indebted over
the years, this unique SOtil At}niversary
~onferel)Ceaffords a very special oppOrt,uIliL> to

express my debt of gratitude to both nf our
[lis Llng Utsht. ci (:ollfcrence [:0-cl]airm~, rt. t o

t’to~+,ssor Emilio Se:rt.. mv postcioctor{ll advisor

.IIICI sponsor at Bi, rk., lIv iII t}lo e:frly 1’250s, aIIL!

:<) i’roft>ssor’ [;~eIIII S(~,!t)i,r~, w~~(), (I? AF,G (Ih:iil’!,,,tt),
11(,11){.(1 .,ll>, li r<, l.st. ihl i !. ’11111,;1! <)t t he I;ut, 1(,,11

$1.lt\,~;ucIu1~+ R&O PIOI,, I.I1II a! !,(, !; At,illlos o\,~.I (W{)
(1’.c:l, tc! JIP,(J It tlas he(. n il ~,reClt privilege for
lllt~ .Is for 111.IIIV of L:s in th(, pu(l(,~lr fi,, l<l, to
1)(. associated with both O! those p,rl-<l!
:,,i,,li! i,st .pi{, IIp(LI. S ~)f IIU(.ltl,lI f“!ssin[~.
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