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RANDOMIZATION OF INSPECTIONS

J. T. Markin
Los Alamos National I.aboriitor-yt Los Alamos, New Mexico li75/J>, [USA

Abstract

As the numbers and complexity of nuclear

facilities increase, limitations on resources

for international safeguards may restrict

attainment of safeguards goals. one option for

improving the efficiency of limited resources

is to expand the current inspection regime to

include ran(iom al}()(’ati()n of tht” an]oll[)t ,in(i fre-
(~uf?Ilcy ()! inspect ion et tort to matcti,tl .<t r,tta
‘, to !{~(’il ities. This piillt’r idt:iltit i,.s tht:

changes i 1) safeguards poliry, administr;itivt)

procedures, and operation 1 Proi.t>dures Lhilt.

would be nt!cessary to accommodate ri~!]domizcd

inspect ioils and identifies those situations
wht~re raltdomization can improvv insptlrt ion ef f i-

cienry arid those situations where the current

l)~t,riil)dom it}spect ions should t)t~ maii]tiiit}ed.

,1 I ltI, ItlllIII III, ,{rt ~,ivl II



for international satcguards may reslt ict

attainment of safegtmrds goals. One option for
improving the efficiency of limited resources
is to expnd the current inspection regime to
include random allocation of the amount and fre-
quency of inspection effort to material strata

or to facilities. This pill)or identifies Lhe

changes in safeguards poli(.y, admillistr;ltive

procmlurt!s. and OpC1-:lt il)llill pl-o(”t?durt!s lhfil
WOUld he n@CeSSi+ry to nrr~mrn(}i!,tt~* r;illdomized

inspert i~~ns and idelltit ius Lhost, si Ltl;ltions

where randomization can irnprovt: inxpvrtio[l t}ffi-

c iency .+nd those situations where the current

nolirandorn inspections should be maintained.

!-. Introduction

%,1! 1,): 11,1!ll ...
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2. !humnary——.

Randomized inspections offer the potential
for increas ing inspection efficiency when re-

sources for verifying compliance with interna-
tior}al agreements governing the use of nur+lear

rn;iterials are limitrd, Wht!rt!il!i Ltit’ rlurnhers of

1111(.1+’:+r facilit ies to bt’ illsl)t’(’tt’d .ir-{: ;n(-reas-
illg. Adoptif)n of f;irl(itmliz:~t ior) ‘It vither th(,

str.ltum ~)r fa(’il ity lcIvrl wil 1 , tlowt~v(:r, requi f-t’

turldamt’rltdl Chiingt?S ir] s(lfegllar-ds policy as rep-

rt’st:nted by the Siifegllarcfs ImplemerlLation Report

(SIR) Criteriat in iidmlnistriitive procedures in-
(.luding a poshit)lt~ riced for con! iderltiality 0!

ir)sp(,ct ion pliifl[)ingt ii nd ir) Crperiitior)iil proce

durt; s sur-h as the appl if.iit iort of rurrcnt te(’tl -

r}t~logv for s(lrvf;i ] l;~rl[.t.,

Irt(lf~)(*tl(lf:rltly of tile 1*’VVI of ratl~j(mliziitiorl

(Str;itii or facilities) anri tl)p typt: ut ralltfom

ized insl]t’rti[)rl (physi (’al illvt:rlt(>ry (~r irltt:rirn),

ttltrt, ,~rf, s~,vc,r,~l Kf. rl,,l, il f’[}rl{lllsi[~rls ~ossitjl{

wtlt, rt, illl St filtil (fil(’iliti[}ti) ;Irf> insp4!ct(*d
fl{jt t tit’ ;ll) })]if, l{ ~~ffott is rari(i{mly vtirif’(1

.Inl(ll l}{ !I1l’111,

1,

! ,,,
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bndcmized inspections offer the pxential
for iacre-ing inspection efficiency when re-

sourca for verifying compliance with interna-
tional agremnts governing the use of nuclear
materials are limited, whereas the numbers of
nurlear facilities to be il~spt~(.ted are inrreas-
i[)g. Adoption of r;il~tllmlizat ion ut either the
stri~tum or facility lCVII1 will , howrvcr, requi-v

lIIIIdz’ntal changes in s:lfrgll:lrds ptll icy as rep
resentrd by the siif~~tliil-[l~ Implt!mt!lltalion Report

(SIR) Criteria, in adrninistrtitive procedures in-
cluding a possible need for confidentiality of

inspection planning. and in operational proce-
dures such as the application of current tech-

nology for surveillance.

Independently of the level of randomization

(strata or facilities) and the type of random-
ized inspection (physiriil illvel]tory or interim),
there are several grn~’ral conclusions pcmsihlt!

;ihout tht? utility ot ranrtl}mizatioll as a means

of i~ruving insertion etfirienry.

● The prot};thili[y i~l illl{llllilly {It!ttlf’1 ion I’iillll{)t

be increasud 101- ;lttf-illilLf:s vt:riliriitiull at

item tari]iti~”s by I’iiildl)illj%alil)i) sLratl!gibls
where all strata (Iaril ities) ;trv insperted

but the applied iIlfot-L is riii](!(]mly varied
amung them.

● Thr probability o! il!;(ml;l]y dutcrtion CMII bt!

inrrv;~scd for variabl~’s vt’rifil.i~ti{)n at bulk

!;l[.ilitirs by rall(ll)lllizi~tioil ~t~iitt’gi~s whvrv

;111 strrll;l (tilrilil its) :il~. illkp(”,.t,,l! hIIt
111(, Jpl)l i,’d (’tlort is rfill(l~lmly vill-ivd. This

rull(.lllsioll l, I~lds wtlt’11 Lolill illhlw!rl ion i:!
fot~ is Iimit{vt (<+()% ,)1 LIIV ltkltl.liitl S ;Irt’

v~’r i f it’d ) bul dt)t,s ilot ll{~ltt ;It Iligl)(,t- It’vt.ls

l)f illslli’t”t illtl (II tort .

● Thv nu)sl promi~i!. g I“illlllollli Zllt ii)ll slr;ll(!gi~’s

ilrf! ttlo};t! wtl(:rt! S01111” Sullsf ’t ot ttll! St I’iitil

(fiil-illli QOH) arc riil)dolnly Kc,lcrtild 101” Ill
14ptJI.L i[}ll. Th,!tit! strnlvglt”s Impl f)vI! lilt!
cf f Iriellry ()! Inspl.’(’t loll ro~ourl.u~ I)thl”illl$il’
indi 1~’(”t ruxourrcls suf.tl ilN tlmt’ t(ll tf”avt’1
ttl !;lf”iliti~,s, t)pt~ll!llg nn,~.t il~gs, AM I (I;tl i

I“lllnl”llt % ,11 s! fi!l; l {l;~lilitit!s~

.Ilt, I’, ,,lvc. f 1! ,11 !{) 1!,:,,11111 1,!. 1!11

I jr,!! 1,,11 111 m,lltri,tl ,It !11,.

I il ii,. ) f, II IIIOII Ii ll(l,.lll lIt III

AI I ,1~.:\c,.x,IIIIIIl (It ftI,, VII II II. III II I,, [AI,A ,)1

t,~ll,ll)mi /1 II 111!![,1 I I 11111’! Illll!.1 lti~.t illy,lli*tll Ii!, twl,lll

I Ill. ht ltl,, ti, ,tl 0.1 11. ( I Ivl,lll ,,1, Ill t Ilt, %ll,llly,y



as ~asured by the probability of detecting ●n
a~ly nnd tht} safeguards effectiveness a .s—— . ..—.
-asured by ~“onforrnity to the SIR Criteria. E%

tending the currt!nt nonrandorn inspection regime
LO include randomized strategies increiises tht’

possible inspection strategies and. Lherefure ,

generally provides opportunities for increasing

the anomaly detection probability. However,

these same randomized Lactics are generally in-

cmtpatible with the SIR Criteria and Safeguards
Approaches, which prescribe detailed procedures

to be carried out at each tacility and ins~ec-

tion type.

The principle of randcm sampling of a popu-

lation and extrapolation of a characteristic ,Jt

the sample to the total population is well

founded in statistical theory. Indeed, in cur-

rent IAEA inspertioi] pr:lctice, Lhi.i principlt’
is ;Ippl ied L(} ~iltll[~l illg ot iti!ms in A strittum to
VCI ify the inlcgr.ity of tlItJ c!ntiru popula[ ion

eV[!II though ill 1 ito:ms ;Ir(, not verified. III this

lnsliinre, one ~’iin (-;ilrilliitc ttle probahi I ity ttl;it

an anonwily in it single itt!m would have bevn dt:-

tected h.qso~d on LhP s~imp]ti size and verifictiti(}l~

muthod. AbsI*l~re ~)t an iinomaly ill the s.nmplr is

takrn as I,vidcncu !or the integrity of the en-
Lire striillun, rt!rognizillg thnt there is ij pr(]t~-

;~bil ity r.hiit this (.ont.lusi[)i] is wrong.

Ill prilll.ipl~”, Simililr f.~)[lsidt:r;iti[)ll:; ;irt,
;ippl ir;!h]e to any col lt!rt ion ot inspc!l.t~”tl I:llt i

t it!s il]t”lllftillg nmtl’rial sLl”iit:t, t;lrilitic”s, or
Stilt chh, ,Illd t t)!, (.(jli(. IIIS it)ll~ ,1?’1, ;1.s st,llis (i.

!“CIIIY v:t lid ,1S Illc, lJ1.!”Violl\ I.il Sts i)! ]It.m> ill ,!

Stl;ltllln.

Ev;iluii! il)ll (It LIIIS sl; lt ist iriil i!t tt![liv[:lio,ss

1)1 .1 t;ll)d~mli 76111 illsl){~t.t ii)ll st r~l~!gy is most

Iltitlll” ill Iy Jillilly Zt)ll ill d gnmt” lht:[)r~:t it i r;tm~,

w[~tk ill wtlit.tl tlll~ i!lspv(’t~)r :irld Stat C! arc: vi(!w~.d

.tfi (J[)[)III)IIIILS , ()! (“!)lll’s 11, this ;~ssumptit]ll I)! ,111

i;I{ ‘.”IIrs;I1 ill l-C.liI( i~]rltitlip is illl essullti;tl p~ift

I)t !iitlt’~llill”ll!i I)l,lllllillg to (lSS(ll”~- LI14! Illt!!fll.1

I illlli!l f’onmmllli ty {)t tilt:illt(, gt-ily (II silt!’~lI;llIls
,. 11111lll,~illtlst Wtll’tt’.l!i ttltl il(’tllill itnpifwll,llt;lt i,lll
,)! <,ltl, ,:,l,lr, l., i< ,1 I.I Ii ]; Il)IIt, Il ivt, 11,1. !1 I(lllulllll

lCI’b II II 1111, !.!. I! I .IIIII 1111 IA:A.

,!, ‘ Ill ,>, ,1,,<? Ill ):.1111{ tllll!!y, II,, Ill. ;,

-,,1 .,, ,,1 .t,a@. ,. 1 1. I,, ,vl ,, \# f ,,! 1,, ,.. .,1 1.. ,!!1 1’

,,.,l, ., , I !,, ;1 ,. 11, ,I 1,,1’!, tot ! .11.,):1,,,! 1! ,11,.1..1 ,,1 ,11 :

I ,,, .,. 11. i, W.lv, (11 .I!. ~. i}:II illl: ill~.~l!,, t 1,111 !,lll, fl

.Illll l!), Itl,llitl,,:,, .11111 t II!, $11,11 c.’:, ,,lt,ll,,~:i,,.

I’{1111, i ..1 ,11 .111 ~;I”~.11.11 ills lIIt ~;lil,ill~, 1111.111111111
izo ,! 11:,1, Ill ,1 ~;l~,llil i, ,, IIt {i II, IIIl ity III nImIIIOl ill] .

“1’11* ill!.lji,, t ,11 ,111,1 St, If I. ,.,tftl !;,. :l., I ,, s! l:lll.):v

I tl/11 , Wll!.11 1111111o,llll.lltl .11, Il)dt(l!, to it KIIC.I if ~1- I)tlt

f’t)nl~, . “1’tlc. lit I I Ily tlf Vtll.11 ,Itlli’(mwl Irn mc,nf~lll~,~l
by the IJEI)lImlIll Ity of deter tlou WILII th Innpnc.

tmr attempting tO maximize the probability dIId
the oper~tur mlnl,nlzlng It. In this formuli~-



Lo be Car f-ltid L)(I1 ,IL c~i’1, I .I, ; Ally .IIL,J ,.1>1,1

tion type.

The principle of random sampling of a popu-
lation and extrapolation of a characteristic of
the sample to the total population is well
founded in statistical theory. Indeed, in rur -

rent IAFA insl),’,-tiotl practice, this principle
is appl ied Lo S;IIIIIJI illg O! i t ems in d str;i turn Ltl
verify t tlr inlvgl”i Ly (If tlic t~nt i r{” popul iit il}ll
even though Al 1 i trms ;IKC 11(JL v~rif i~!d. in this

instan(. c, Ullt! 1-~111(-;~l . i I;IL(? LI1O prob;ih i I i t y thiit

an anomaly in a singlu i tern would have been di!
tec ted based On Ll~e s;~mple size and verif icatioi~

met hod . Absence of ;in anomaly in the sample is
taken as ,Ividence for the integrity of the en-
tire stratum, recognizing that there is a prob-

ability that this conclusion is wrong.

In principle, similar considerations art.

appl irable to any CO1 lection of inspected ent i-
ties inrl(lrting m;itrr ial Strati*, facilities, or
States, iind the c[]l]clusi,~[ls are as statist i-
ral Iy valid ;ts thv prt’vious rase of items in ;i
Striitunl.

111,? $.illl /1,11) $~11111}tilllll, . I

A I,,lsi, It, >llll ,)1 ):,11111 IIllll?y i,l,.tl! it ii. ,

‘ Ill )1:,, , It f.ill,l,,llli,’.lt il,ll II~:IIf ,1 ~l. lvl,l ‘ ,,11.1~

,’):> ..* ‘ l,. 11!.,.1 11:I !11111 ,,11180 ‘ I !11, l!! l!ll, !:

,11,,1,1. !1,1, I,lrt 1, i L. imll i ,1111111, ,1 Ilv ,1 11 11!1 I

.1!.,. 1):11111): ,1 ~ tIIll, Il i! ily ,)! ., II III, I 11111 1, f,, 11,111

!Ill,lll. ):y xl ,,, ) Illil :: lli I !11111 f .Illtlllllllv

\tI]COI t ill,; !,.11 II %1 1.11 );V wittl ii:, .~5.,i~:fl,,,l 1111111

.ll, ilil V.



Randomizat ion of inspections can be intro-

duced either i~t the individual facili Ly level by
randomly s~lecting the amount and frequency of

inspection effort applied LU the strata within

a facility or at the level of a group of facil-

ities by randomly selecting the ammnt and fre-

quency of inspection effort applied to individ-

ual facilities. In eiLher case, the randomiza--

tion could include the possibility that some

strata (facilities) receive no veriticaLion

effort. A further categ~rization of randomiza-

tion strategies depends on whether they are

applied LO physical inventory verification
inspections, interim inspections, or both.

Uhere rallrfomization is applied to strata
wiLhin a fiit-ility, Lhc insiwrtor would Iullow
ru~rellt ptll~-ti(-v ;~lld pr~piiI”~ a sampling plan
ior 15iiCtl str:ttum. t“or Lt)l>se sLrata Lo be vdri-
1 ied, a [.omprl?ht>nslvc set of inspection activ-

ities would be completed that are sufficient to

al low valid safeguards conclusions; however. the

intensity ot verifying records and sampl ing

maLerials for verification would be randomly de-

termir]rd by the sampling plan. Uhere a stratum
was not selected for verification, safeguards
rollrlusions rouIcI be hascd on a calculated dc-

(t?l’Lion prubabiliLy derived from the planned
iictivitivs if the? sLratum had been selected.

Rantl{)mizitLiol) could be implemented for ii

gr{)ull of fi+(.ilitiws wiLt)in tht: framuwi)rk of tlli’

h-mi)l)th si-ht,~iul~, I)! ills[)t:ctior)s for ii r-ull~(.Lio!l
()! f.lt-iliLit*s su(.11 ;Is Lhost inhpcc ted I)y iii]
opc’rnt il)lw s~’(.ti(ll). RaIIrforn sclectior) (.ould ht~

.tpl)lit~fl L 1) srt)t’dllic]d illspvt’L ions LO rft!L~:r-mirl~-

Ltl{i laf.i]iti~!s to l~f. visiLed ilnd Lhc: insp)rt iofl
~~f tort t(l bt! al Io(.:ltl:d. Ir] prinriplv. this

(.oul(f rr-su!t in ttw ~lxLrt*rrx,s ~?f Pittllir rl(l visit
to il fitri I i[y or f.(ml[)lt!t ion of al I rt:q’.lird iu -
sl)t,(.t iol) ,h(.livi(it,s iiL a fi+riliLy. Cltl;lrly, tht’

.i 11~ i(]f-i r;lll(itml illsl,,,i.”.iol) ] isL woU]t’f II;IVI, t{)

l),, m{){lif il,tl {)VI,I t ilm, L!) ilf.[’t]lltlrn)(l;!tt’ (.tI. II Ig*’:: ill

I,l,il ily 11111t.i[ ill}: SIII(,IIII1(,S :IIId :tv.li l;tl~i I ily l)!

:11, i,’$ II, !.. ‘rll,,!,, l~trti I i(..l! (.{Jll}.tI,tillt . WIIIIIIt

l,! !rliv Ill 111111 !111; ,Ill!illm 111 ,If ,1 ,,1,,

i“” iv 1,1:141 1111:,.I II ill..l,,! I it,!, ~,, 111,11111 ,

f.il !Ill!ll,:ll f .1111111111sI. iI, It i{,ll 01 !111 t, ftl,ll .11111

I 1,,,1 !111,1 v ,)1 irls,l)~, I iollk nkiy 1,, ,1111,1 i!,! 1,1 (Ill

.Iltllf. l?y )),l! 11111 l)t f;i(. i lit i,.:., fIII I,X;IIIIlll I, .I

1111% [If i t I,m .IIIII I)lilk I;i(.ilil i,.+, !III, I)lill, il,lt,s.
!)! ?;tilti~)mk;IIIIIIliil~ qIIgg4, sl Illilt !11{, v,t litlily 1)1
l,t;tlih!il,)l ‘.11111’ Illhi{lllfi ill}olll 1111, L,)till ~l,llllll;l

t itjtl IH rllluilli-l~cl wht,li llic. pt)l)lll~lr i[~ll ~~(ml,lt~ IK
hoaw~eneuua . For example , exlrap~]lmi IIIB t b

roaultm from ● ●ample of reactorm to ● Stmte’m

total reactor population ic preferable to sam-
olinm thm rmnlll-+{fim fir ta-t~dbl-- J- - c.-*-Q-



tion strategies depends on whether they are
applied to phys ica 1 inventory verification
inspections, interim inspections, or both.

Uhere randomization is applied to strata
within a facility, the inspector would follow
current prilrtice and prepare a sampling plan
for each str:~tlun. For those strata to be veri-

fied, a f-i>ln~)r(:t~i,:)~;ivc set of inspection activ-
ities would bt: complctcd that are Sufficient to

allow Viii id s;i!t:gllards conclusions; however, the

intensity ot verifyirig records and sampling

mterials for verification would be randomly de–

temined by thr saimpling plan. Uhere a stratum
was not selected for verification, safeguards

conclusions could be based on a calculated de–
tection probability derived from the planned
activities ir the stratum had been selected.

Randomization could be implemented for a
group of facilities within the framework of the

b-month schedule of inspections for a collection

of faciliti~’s such as those inspected by an
Olperatiulls scrti[~n. Random selection could he

ilppl ied Lu S(”tlt’(’flllt’(1 inspt!ctions to determine

the fa(-il ities L() be visited and the inspection

effort to ht’ ;illocated. In principle, this

could result in the exLrcmes of either i~o visit

to a facility or completion of all required il]-

spection activities at a faci]ity. Clearly, the

a priori riil~dom inspection list would have to

be motiificd over timu to accomsnodate changes ill

Iacility upc,riiting schedules and availability of

iusp(!(-tors. Th(~sc practical constraints woultl

prol);~bly pII,f.lI,I(l~! full atta~nmt!nt of a c(ln)-

pltBLI, ly r,ill(l(]miz~,(l illsl)vct ion schcdulr.

Alttlougtl r;ill~lnm s~’le(-lio:i of the effort aIl(l

t I“t. (]llo,lll’y 1)! il]sp~!(.tiolls may be appl i(!d to iill

;ir-l)it I;II~ gI 111111 t)! f:i(’iliticls, for ex;lmlIIII, n

mix (~t i 11’111;111(! I]lllli ti+(’i 1 it i~’s, thv prill(.il)l(’s

[) t rttl)lil)m SIIIIII II ill~ sIIgg I:st th;it th~! validiLy ~~1
st,itisti(.;i] ~“l)lll”ll!sil)lls ilt)(Jut Lhe tO~ill ~ollll]ii

L i(lil is t~IIIIiIIII.t!fl wt)c,li thv pnpuliit ion samplth is

Ilonlog,.l l(,(llls” . F’() r t! Xiilll\J 1!, , eXl rii~i)l:+t ill~ ttl{’

rvt+lilts trom ;I samllle ot rvartors to a Stiit(”s
tot.!] rc!:irtor popIll at i OII is prcferiiblr tO Siilll-

pl illg ttltj po~)lll;itioll” I)! Iil(’ilitit?s in i+ Statr’s

til~!] ~’y(’]~’ ;ii]il {.xtr;ipo]iitill~ tll{! r~’.su]ts t!] :i] ]
f;i(’il itic,s, t,sl)(.,.i;llly it till. $it;jt(,’s I)IIly II.
I,rt)i,,.s%irlg 11] ,1111 is 111)1 irl tlIII :;;jIlllI] II.

p,, r,,l I.1 ~111 II IIly fiII ilili~s III simil; ir ~yl)t’

I!l.11 .I ft. I ik, ~y tIJ ~’xi:i[ ill .t !;,iIIIIJlill): lII)\,IIl,I

!:, ’1, ,! !. .,1, ,1! 1,!! ], .,i;J1. ,Ilt 1,,, {1 1 (11.., llli~ r, III

1!(1[1 1,’!! t 1,,11 ’31 I.IltJ’,y is II II II I, IIIIV IINI:, I ,1111,1 i, .III III

((I tlIiIl tri,il!ly tylJI. llI)wI, vI I , WIIIO II, IIIIII! illil,

t;i,il it i,,~ IIt ottl,.t lyl IIos SII, II :IS t,il II i,lil i(,ll
l,i;j[lt~ ,Ir rt,lllo[.~,ssil)~ lIl;jII1.. ,111. ill 1111, S,IIIII.

h



f.

population, the efficiency of inspections at

these facilities may still be enhanced by ran-
domizat ion. Even though the number of these

bulk facilities is small, their inspections arc

much more resource intensive than reactor ir)-

spections so that resource savings at these

facilities are important.

Whether one is randomizing inspections over

a group of strata at a facility or over a group
of facilities, there are two general strategies

for the randomization procedure:
● inspecL all strata (facilities) but ran-

domly vary the inspection effort applied

and
● randomly choose a subset of the strata

(facilities) for inspection.

The strategy of inspecting all strata (facil-

ities) has the advantage of being consistent
with the current SIR criteria for timeliness;
however, it will be demonstrated that in most

instances this strategy is not better Lhan Lhe

current practice of applying the same effort

at each inspection. Indeed, it is the second

strategy in which some strata (facilities) are

not inspected that has the most promise for im-

proving inspection efficiency. This improvement
is based on the conversion of indirect resources

such as those for travel to facilities, health/

safety preparations, and instrument calibration
at facilities not visited to resource expendi-

ture for direct verification of material at the

inspected facilities. This conversion of il~-

direct to direct resources is the key to realiz-

ing the benefits of randomization.

All StraLa (~acjli~ieg) Inspected

The following example demonstrates that for

item facilities that are inspected with attri-

butes me;isurements, random iuspectiolls in wtii(:h

all facilities arc visited b!.t inspection effort
is varied car~uoL bt? more eftccLive tllii[l m;llra[i-

rlom sLriit(!givs ill whirh inspectiotl effort is

Ltll’ S;IIIIt! (it (?il(’tl illsp~![’t ion.
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and
● randomly

(facilit:
The strategy of
ities) has the

choose a subset of the strata
es) for inspection.
inspecting all strata (facil-
advantage of being consistent

with the current SIR criteriafor timeliness;
however, it will be demxwrstrated that i n mosl
instances this strategy is not better tharl the

current practice of applying the sanlt’ e!”fort
at each inspection. Indeed, It is *tic secol~(f

strategy in which some strata (fa.:i],~ies) are
not inspected that has the most promise fOr im-

proving inspection efficiency. This improvement

is based on the conversion of indirect resources
such as those for travel to facilities, health/

safety preparations, and instr~nt calibration

at facilities not visited to resource expendi–
ture for direct verification of ~terial at the

inspected facilities. This conversion of in-
direct to direct resources is the key to realiz-

ing the benefits of randomization.

All Stra~a (Facilitics~ Inspected

The following example demonstrates that for
item facilities that are inspected with attri–

butes measurements, random inspections in wllicll

all facilities are visited bl.t inspertiu:i effort

is varied cannot be more effective than nollran-

dom strategies in which inspection effort is
the same at each inspection.

Fximp 1c

Assume that two identical facilities earn
contain a single material strat~ that is to be

verified by the same attributes method. If Lilt:

State is e(luillly Iikcly to divert frnm eith(;r

stratum and ttlc inspector appl ies idc[lt ir;ll

effort e/2 to each facility, then the probal~il-
ity of detcctiol! is P(e/2), where e is the t~tiil

available effort.

Alternatively, under a randomization strat-
egy that varies the effort applied to each fn-
cility, assume the efforts 2e/3 and e/3 are ran-
domly assigned to the two facilities. This

leads to a detection p~i]bability of Y7P(2e/3) +

Y?P(e/3). Ilowcv!:r, be~iitl~(! tile curve P reprv-

scrlt.irlg Lhr (ictl!(”tioll prl)l);ihi] ity for ;4LtribllLl:s

Illt!;lslll 1:1114’11(s is I.lllll.; IV(:, il iS illw;ly~ Lr’11(’ t!IiIl

1’(,./:’) ,
1
,,1’(::/”{(.) t !)I’(lI/j) .

‘1’tlis rf,l;if iolwllil) is illllsl.t;iLlid irl Fig. 1.



Fig. 1. Dctccl ion probability for random
and nonrandorn strategies.

This exampl c demonstrates the princi[]le
that randomly assigning the inspection effnrt

among facilities with a concave probability
function while visiting all facilities Qlcllnt
increase overall detection probability Compiireri

with a nonrtindorn strategy of assigning the s;im(!

effort Lo each facility at each inspcctiol~. Tt~c

general validity of this conclusion for an arbi-
trury number of facilities is demot}strtitvd ill

tile Appendix. Further, hecuufie the dett?rli{)!l

proh;il)ility function for bulk facilities ill-

spucted by vari:lbles sampl ing is I!onvex fIIr 1(IW

levels of inspection effort und ronr;lvr t~)r

higher levels of inspul’tion eft’ort (fiuffi[-it!l)l

for verification of at least 50% of th{! milt{!-.

rials), we can conclude thtit notlrulldom illspl!r-

tion strategies nrc UISO tit li?:lxt as gomi :1X

random strategies dt i]~llk farilitit’s wh~~II il)-

spect ion effort lti sufl iciently high,

k-ouL-of-N Illtipcckl



Fig. 1. Detection probability for random

and nonrand~ strategies.

l“his ~’x;m’1) I t: deamlst rates thr ~lrill~.i;,lc.
tlliit rdftdt)ml y ass igning the inspt!(-til.>ll el t(II. L

anmllg tat. il i ties with a concavu prohilhilily

tunction wl]i:e visiting all facilitif~s Ciillllot

illcreasc overal 1 drtection probability rompart:d

with a Imnrtindom sL.rategy of assignil)g the samu

effort to each facility at each inspucciol]. Thv

gel]cr,al validity of this conclusion tor an arbi-

trary numhcr of facilities is demunstratud i II

the Appeidix. Further. because thv dctt”(.ti~)ll

probiibility function for bulk !aciliti,,~ ill-

sprctc’d by vari;lhlt’~ sampl ing is I-OIIVVX tt)t I ()-
IVwt!ls ot insl)i’rt ion effort anti [’[}ll(’; IV*. l~)r
tli~llt’r Ic.vt,ls of illspr!(”tiolh utforl (slltt i,-i,lll

t~}r vt!rif if”cttii]ll (II iit lt?tist $(IZ ,)! Lli,, IILI!O.

ri;tls). w!: 1“;111 roil(m]ud(” Lhat nl)l)i,illiti)m ill.,[j,.r

til)ll stliitc’~it’s art, ii]s Il aL Iua!it .Is gl)llll .1s

I“illltlonl stf.ilc’~i!.s at bulk tarilil its wlIt,:I ill

spi*cLioll tit It)rl is sutt irien Liy higtl.

,’,,. .111 ~~..lllll,li , ,111..i,l,,l ,1 f,, , : I 11~ Mlf!, tb!

ll,l~t.!i,,l .IF, Ii,, 111,11 ,111. l,, l,, s.IIItl~,l hi~!, .,!

,Iltllt’ 11, ,1,, 1,:,,11,,,1 I I 1!1 ‘t, f 1!1): .1 ,,, ,, !!,
!,, $ ill .l!. I !, .,11, )“i,. 11110 I 11., ! 1111 ,11,,!! Ill

Il:l,l)(i, -II , ,,, ,, 1, , ,,lll,li,lll,~ 1(1 it,ln~ , .Iti{l tlI, I?

*,,1, II il, nl $ Illlt, 11, l*, ,1 :,i):llit II, III! ‘111.lllt l!} .’1

‘Ihllc,ti,ll,

h



The inspector tum a total 0! h(l units of

t inte to romplet*! the inspections, :llid t=~irh it~:m
requires 5 units of time for its mt!a~llr!’mt!llt.

[n additiol], thwre is a fret-up cost ut 1(.I ul~its

associated with the inspecting of il sLr,ltum,

which includes health /satety prepardt iLJns ill

strument c:llihrat ion, and retrieval ()! ilems to

be measured. The inspector has the opt ions 1}!

verifying all of stratum A, all of str;itum l!,

or hO% of both A and B.

The interaction between the thrtie possible
inspect iull str:ttegies and LWO possible divursitln

scenarios for obtaining a significant quantity

is s ho~~ in Table I. Clearly, the il~spert~}r
cdn guarailtee a detection prohilbili Ly ot ;i~
least 0.4 by choosing strategy 2 und rtipeutil~g

this prorcdure dt ewh inspection.

TABI,I! I

KFFIWTIV!WFXS OF lNSPHCTI(.)N STHATFXIHS

P(.)R EXAMPLE PBOfll.FcM

State’s SLr;jtw&it;s

Divert onu Divert OIIG

Item from ]tum trl}m

lns~)ut.t ion Str;ll!!gy Strntum A StrJtLlml H

I Inspurt Str,~tum A 1.() ()

., Illxptcl”t SfrtiLil A b II (). 1, (),/,

J [Ilspl!rl :ilr, IL IIIII ~ [) l.O

lmlIIIIIII, IIt, If ion ,It 1,111111111i zi,tl ill,ollil I i,ltl,.

Wlllllll 1.,111%1, +! 1111{ , 11,111~l. !, II) :111, ,Illmltiis. t t 1 iv,

,11111 II IJI, I,Il i~)tl,ll Illllll,!llll l’!, rlllll’lllly !Wll,lllyl’il

Ily IIIC1 IAI.A. Itll%l’ I’tl:llltii’!. .ll~’ rI’lllllll III imlt

lily III ltII, 111,11111111~, ,11111 imlllc,ml,lll,ll iIIII III i!)
Nllccl’l II JIIM ilk I’ll 1 II*II 1)111 Ily 1111, (11)!, 1/1! Il)llti I)lvi

S {(JIIN .



can guaran Lee ● detec Liom probab i 1 i Ly ul AL

lea-t O.% by chcming strategy 2 and repeating
this procedure at ●ach inspection.

TABIJ? 1

tiFFlt(Y1’ I VKNWS OF INSPECT ION STNAIVIX: I M
FOR EXAMPIJ! MOFIIM

State’s Str;ilc~gi*,s

Divert t)nt! Div<rt OIIt?
Item from 1 turn ! r~>m

Stratum A Stratum R

1.0 ()

().4 0.4

() I.Ll

5. Adminitilr/i I Iw nnd Opcrnl Ionnl CoIIti idt’t

~t ionti Rclnt ml to Rnndomi wt 1011

lmIIII, IIIIOIIl ,It it)ll (~t rilll(ltlllli /1,11 ill:.111 I 1 i~lll~.

WI II II II 1’.111.%1’ }, (1111! t“h Nll~l’K tl) I Ill’ .Ilimitll:;t III! “ki

.11111 ,111.. I,Il i,]ll,ll lItI,{I,IIIIt~IN (“ill I’ttlll Iy I,llIIIIIIy II(l

Ily 11111 IA}A, rlll’hl’ f Il;llll;l’?+ ,11”0’ r* ’lllll,.l l)r ire.{

Ii I y l{) 1111, l)li~lll:itly, .Itltl im~.l~wl~’lllt~t illll III ill
Sllll(”tllllls ,1s I., Ir f ii’, ! 11111 I)y t II!, 1):1111ill iilll~: I)ivl

Slolls,

Collf Ifh’llt Inl [ t y

I’IIISIII itl,”ll,,~l I

11111111)1,11 ill!ill~., I II III! I

,Itlfl,llllli,llllv III I

,, .,,. l’, ,111,,1 111,11

l,fll~:m, 1111111,t ,1 t!~};imt’ III ;111

I !, .Ill ill, t 1,.1,*1011 111,1,11 1,11

,,, 111%1,1 t i~,ll 111,11111111): 1, III

b)lllhll,ll,:l Iv ,1 I,llllltv !,;1

!,,,t,l~,l t !l. !! ! II !!lll,, ! 111’. 1,1 8, .,,, h!!l, l I 1,,11

,11! 11!! ,,, ,1 ill’. .llll!,ll s,! II,, 111 1! 11,!,! !! 1,!,

,)111 Itll, lll 1,, ; ;Iv ,)f I 111. 111,111111,1 itl~.1,, I 111111. ,1.

1,,.!;I,II! 1,1! !,) I !1,,11!1. ! Ill, ‘.’.II irlilv III I., It I,}: II, II III



conclusions based on random izat ion. The opera-

t iontil impl~ntation of cent identlali ~-y in in-

spection planning conflict+ with Lht’ need t~r

an inspector Lo arrange Vi Sil S , Lravel , sh i pmcnt

(It equipment, and so forth b~’iorc i]n inspec t ion.

Pre*enre or absence of these act ivi L ies wnuld

disclorie the inten: with respect to the inspec-
tion. Alternatives for maintaining the deter-

rent element for inspections not carried out

are to cmplete all aspects of planni:lg as if
the inspection were to be done or to Iwep the

absence of plaIM~iIIg rent ident ial .

Opratoq fkclarat ion

At ~onm time before the diitt! of * ~liillll~d

{nspurt ion that is not to be imp I vmvntvd, i L

WOUI II L)*.. nece~xilry tn inform Llk fdr i 1 i Ly opO:r;h -

tol” ()! Lhnt fn(’t. TO rnsllr~” lt~i~t (1 i s(. I1)SIIIII 1)1

ttlw i nspert iOtl p] HI1 does nt)t invd 1 id;lt~’ 1 hi’

safegllilr~ls conr lusion~ b~asrd m ralldlml silmpl illg,

it is ti~~t!flt iiil that the! fil(’i 1 I Ly {)pf!l’; tlt)r l“onl-

mit to :1 physirul inventory 1 Ist ing describing

tho ~t~ltus Of rrratu” ‘ .Ils be forr Ltlr I]ot it iritt i~)[i
of i utwnt by t hw inspect ur~lttl. Ill prill”l ic(’,

thi~ rould be iicrnmpl isht!d by Ltil(!xil}g SIII’11 ;i

list :1 few driyri brforr thu pl:llll)tl(l Insp:rt iou

(mill I it,!l

III, six

pl, illll:”d

,Inl’lltl’11 ,

U{lmplt!
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inspection tlmt in not to be implemen~ed, it

would be necessary to inform the facility opera-
tor of that fact. To ●nsure that disclosure of
the inspection plan does not invalidate the

safeguards conclusions based on random samplings
it is essential that the facility operator rom-
mit to a physical inventory listing dcsrribing

the status of uwiterials before tht’ notification

o t int~nt by the inspectoriite. 111 priil’lil’i”,

this rnultl be accomplished by Lelvxillg x’1~’11 ;i

list a few days before the plnnnt-d illspt!cli(m

date.

Inspection randomization cou]d he rarri(’d
out by a priori random selection trom tlk six-
month schedule of somu fraction a of ttlc pl,’llllld

inspections that are to be artutilly in,piwrm~nLO~ll.

Where thtit fraction is n(}L ronfidellliiil, rompl~’

tion of Lhts fr:lrtil~ll a of planllt:d insl~t’i”ti(}lls

before the md ot lhc six-mnth pvri{)il dis(’l~)sc,s

the abst’nrr of ihsptwti(ms !(11” Lll~_ r~w~~iml~’t 01
thnt period. This det it’ivlli.y ix r,!mi.ilit:d IIy

keeping thv Irarti(nl a (’uiltic!i!liLiii] {)r l~y iullc’

pent.fen~]y deciding with prntt;lhil ity a wht’tl)t’r

to carry out a pltiIlnvd inspt!ctlol) 011 a riINII- hy
ratic b{t~is. Altho~lfih thu Iatlvr t~trt ir WUIII II

ca(tsc the total frartioli of in Mpt?ct ions rarrivd

out to t luctuate around a, i t avoids prtmut UrII

dlsrll)sllrr of intipcct ion pIali*.



b~cause tbe biggest resource expenditure, in-
apector travel to the clu~ter, would not be
saved. For ●xample, if there are several facil-
ities in ● cluster and a randomized inspection
plan selected only one facility for inspection,
traveling to the cluster for one inspertinn
wo,~]d redkr Lh~ efficiency gained by Lhc CIUS

tering principle.

A related facet of operational planning {s
the possibility of cnrrelntions betwc:t~l] illsp+’r

tionti t+t diltwrt’nt facilities. For exmpit!, thv

schedule for servicing film cameras at rlusters

of reactors is frequently on the same cycle so
that all film cameras can be serviced on u sin-

gle inspection tour of the cluster. K;indomiza-

tion would disrupt the coordination of these in-

spection activities.

Suryeillagce

Application of surveil ltitirv ~ls ~ill insper-
tioll ;~rtivity for vi:rii~illg ;I Miitt’riiil sLriiLiun

pus(’s Sp*9riiil i)ri)hlrms Il(lt t!lll’ollllit !r’t?(l tot otbr

verit ir.ltiotl m9~tt)l)ds. Sllrvt!i I l;il~t”v Ill :lit’ Iorm

of fiim ramc:l:~s or [!ll~st?~l-[.ir”[.llit trlt!visii~ll is

routinwly appliwd as n vt~rif iI”nL i[)ll Int’itsllf i’,

prinutrily in thr sptint fu~}i sLor;igt? iit I’t:ilt’1(11’k

or reprocessing pla~ts. Currul\t survui llanim~.
technology requires that thest’ dt:vicvs ht! scr -
vired ut about 3-mnllth inturv~ils to rtjtriuvu thl’

surveillance record and to rel~uw Lhu survcil-
ianrt? merhani~m.

llt~{frr Lhc: {-~ll~tri~il]ts of currvl~t tl)l-hllt)l

llEY ? rtilldollli ZiitiOll of Ltliri vurif icdtioll m(Itll(Jd

(’UIJ]tf bt! ilil~lUllt’HtVd by Llli” fl)ll[)wifl~ ~lo(”~

durt!s. m ~lltvc,ill;lll~”~h rt?(’ord is rc!~ric;vt’(f {)11

s(llt’dul~’, 1)111 [II!!dt’1-isitm to rt’vit’w tll~’ rt’lq~lr[l
is r;lllIlt1mixl,41. l’hiti nrlli~’v~!s s,ivill~s ill illhlJi’1

tot r(!sollrlch ,11 hv:~dll~ilirt~!t s, whil~I miiilll~iill
illg II dI:turr I:II[ I!fft!(”t tM!(’/lllst’ (1! tllc’ poksil)il

this
11!? id

must

1;1111.1.

I!iil’11
11111,1

t ioiI IIf timt, Ilt,totl,1111. Sllfvc,i I I.1111’1, 11,1’I)f Il 11111s1

III’ ?l’l~l*!lli*lll’llo AI IIIIIIIKII lhis .illIIw% f.ltlfllmli~l’(1

illlc,f iw illhll, -, f Illllh ui!ll 11(1 ]1)>!, i II slltv~,i I

l;lll, ”,,, 1110, , llilll)~l’!, ill I lmill~; 1111,, 1’. .,1 :11.IV f~’~lil( “

t Ill, 11111111,~f {It !,llmllilf i~)s 111;41 ,11s II, $,lc,l,

Iill,lily, 1111, illt+l)t,(ll~f 11)111,1 f,llltllwi~l ~11”

toll il,v,ll l)! I Ill’ HIIf Vlli I l; It It.1, Io, i’llfll !11 t Ill

IIk II:Il I IIIIIIIfl I illlcltvfil , AI IIIIIIIMII tl~ih III llil’.lo~.

KIMIIC, rt,~~)ilf {’t, s;lvill~, tlIII :Il~!hO,IIt’10 III ft’1 I itl~’lll

,4111! 11, vlllw Ill hIIfv!’lll;ItIII, lI)t 1111, llflvil~ll’. !



Incorporation of unanliounced inspections

into IAEA procedures requires a methnd for giv-

ing credit to the “surprise” etfe(’t and for de-

ciding how many dnnounred inspections could be
replaced by an unannounced visit.H

Correlations Amtg Facilities——_——_. ..—— . ... —.

Frequently, facilities to be inspcrLed are
divided into geographically close clusters with
facilitiefi in the same cluster inSpt?CLd during
the same inspection tour. ‘rhis proccdur~ rnighl
restrict the benefits of randomiztition of in-
spections at facilities within the same cluster
because the biggest resource expenditure. in-

spector travel to the cluster, would not be

saved. For exnmple, if there ;irc several facil-
ities in a clustwr itll(l ii r;ll]d[~miz(’cf insprrt ion
pl,lII srlt!rt~d UIl]y 01111 ftici]ity It}?’ illslwf”til)ll,

trilVUling to ttlu I“lllstt!r t () 1“ l)l)t’ illspt’(”t ion

wuultl redur!: thu ef t i(” irn(”y g;lillt”(l by tlI~! (-I US

turin~ principle.

A related facut ot l]peratiolta] plitnning is

the possibjlfty of (.orrelntluns L)utwuull infipui.-

Lions ilt difftirt:iit facilities. For tixmple, thu

schedule for servicing film CfilTWCilS at clu~t~’rs

oi rcxictors is fri:quunt]y ofl Ltw smnt! (:y~lt: ~~)

that all film (’illllcrilfi ciin he survic~ld t)ll il sill

glt! inspection tour of tilt! (’lustt!l . K;ildunl i ?.;l

Lion would dftirul~t th~: cuordil]atio[) of Lhuxc ill

spertiml ill.tlVitiPS.



months violates the Criteria requi remnts and

openly pretludes surcesstul surveill~iuc~’ for the

next 3 ~nths.
Appl icdc ion ot surveillance could be mdu

more consistent with randomized inspert ions it

the ~erhnology were available for exlt!nding Lh6
current ~xi~ interval between .scrvicing sur-

veillance units. For example, if a surveillance
unit could function unattended for a period of
time mch greater than 3 months, the inspector

could randomly choo~e to retrieve the surveil-
lance record at a spenL fuel pond during each

interim inspection. Ultimately this stratum

would be verified when the unit wns serviced,
but randomization ot tht, lime of retrieval would

save re60urc::s while mainlining a probability

of anoms 1y detuc!t{on. Extended sllrvei 1 lance

could be achieved with Currvllt LvI’hII()]oRy by

Chaining ralrlt!ril~ S(J Lll;it WIICIII (IIMJ {“iinhlra rf=ilchi’s

the end ot its fi Im, ;lni}tlli.r (-itmt!t.ii :1(’tiv~ltvs.

ThCorcm

ASSIIIW iI

th[, inspvrlor

zerI)-sIuII, Lw()-pt’l’sIJII giimr in wlli(.h

:IL L1’nlll( s to d{.’ tl’l’t i Ltsnl (11’fl’f”ts

(it 1 f,l(.iliti~!s ;illfl tl;is 1111, pll 1’

K

(n, ,11,), . . .. NK). : I)i = II
. . .

1=1

K

,(r, ,r,, ..m, rF): j Ii - r ,
.

il

‘tl$’fl’ I i is Ill! 11111111,!.! 11! i I I-III 111,1$,1 1+ ill I II!

i[t’ til(”illty, ,111,1 !11,, I,,!y,)tl 11111, I ill!) i:. III!

]It,,l,ill,ility (If ,I,tt,, t ill): ,111 ittlll ,l,t,,t I , l’1,, !,.,

t Ilt, ~ISSIIIIIII! il)[l 111.11 1 II{ Ili (;!11 l,, tljll~,ill! 1, tl ,1,,

,11IIt illll{)ll~ V;II iollll t:;, tll!. ill~l,,, 1111 11;1!! ,1 l,!!!

slt”;tt~,~y (i Ill I:if ’1 I it ill. ill!,l,,, II*II willl II I,, +, IIIIt

S; III III I 1, size. ,It l’ilI II itl:ilj!., I i~lll) Ill;ll i~. ,l! l!,,l ..1

il~ ~1)1)(1 il!i .Illy Iilllllllm !!! t,llc. ):y,



save resources while maintaining a probability
of ~ly detection. Iixtended surwill.’;nco

could be achieved with current technology by

chaining cameras so that when cme ciimera reaches

the end of its film, another camera activtites.

Append i x

Assume a zero-sum, two–person ganR! in whi(. h

the inspec Cor attempts to detect item defe: L*

in K identi,,al facilities and h:is the pure

strategies

K

(nl,n.,,. ..,l~K): ~ ni = II
i=l

(rl, r2, . . ..r K). jri=r ,

i=l

Proof

I.1’t N

Lhc K Iilrili
i Ltmi t (I hi!

r“ 1114’ tl)t;ll

t~’rmilh.,1 Ily

Fllr ;Itt fil~lill” S;llllpl illg, th{~ [Jr{ltMlt)i I i t y I)t
IjIIIIJI. t ill~ ,It 10.:Ist INI!. Ilt!f I.I’t ivl, ilt!m .Inlullg 1111’

K I;l(. il it i{+ i:+

l’1(!l, ,., , ,IIK); (?, ,.. .,tl, )l
,

Kti’ II

“1 II II I-N ‘j~ .
i.] j(l
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Because dF/tiibm ( 0 for 1 ( i, m c K. p iS a
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