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ABSTRACT

The US Nonproliferation and Export Control Policy
comnmuts the US to placing under International Atomic
Energy Agency (IALA) safeguards excess nuclear materi-
als no longer needad for the US nuclear deterrent, As of
January 1, 1996, the IALA hus completod Initial Physical
Invenory Verificadon (IP1V) at the Qak Ridge Y12
plant, the Hantord Plutonlum Finlshing Plant, and a plu-
wnium storuge vault a1 Roeky Flats, Two IPIVs were
pertanned af Hantord: ane in December 1994 and one in
August 1uys,

‘This puper reporta the results of thermal neutron multh
pheity assny ol pltoniuin residues during the sooond
(LY at Honfoed,  Using the Three Ring Mulipliciy
Caunter (ARMC), measurements were performed on 69
mdividual cuns of plutonlum residues, each containing
approvimately | kg of materidd.  Of the 69 itens. 97
passed the JALA scceptunce criterta and (wa were selevted
tar destructive unalysis,

INTRODUCTION

In December 19094, ahe Intemationdl Aramie Baergy
Apency (IALA) perforimed lovemary verificaion meuy.
areanems on an bl offering of ralotively pme plue.
nim pxtde powiders ad sep reshines moahie Hanfonl
Maumtam Fmishing Plac For pare planiom pawder,
e TARA nwd e simndard Highstevel Nomon Coinels
deree Conpmen (HENCYLY B veriemion off plasaninm
wnterinl amaining ankanwn fmpudty  concenvathais,
the IABA uad e Thiee Ring Mahiplicity  Counter

18 oo NIRRT YPRN

(3RMC) provided by Los Alamos, Measurement rosults
fur 21 ilems representative of the indtlal atfering arc
reparted in Ref. 2. For bath powder and serap, the 1AA
used High-Resolutian Gamua Spectriamnctry (HROS) 1
verify plutonlum isotopic abundances. It was determined
during this first Initial Physical Inventory Verificaion
{IP1V) that conventional neutron coincldence caunting
sgsay using the HLNC, while prodweing acceplable
results for the pure powder, produced unacceptable resulis
tor the scrap items. 'This is due to unknown levels of
((e,n) reactions In the scrap ltems that arse from
Impurities,

‘The second oltering, veritied 1 August 1998, included
aver 600 tems, all of which quahitied us scrup matenial,
‘These tems were packaged in three nusted matal cans, the
mtter can typically 4 In. in diwneter ind 7 o all, PMu
wnium masses varied between 800 wxd 1100 g per tiem.
The measurement methuds chosen fur Inventury verticu.
tlon included the JRMC, HRUS and destructive analysis
(DA}, Octumionul us¢ wus made ol tucility colorimetens
und HRAS systemn for comparisans, hut nat verilica.
tony,  Sixty nine ttems were chosen for venfication in
the ARMC. The JTAKA had never verltled thiy type ot
Mutgdum resldue matetial befan,

THE ASSAY SYSTEM

The wemam mar af il wssay systen consdsied of e
ARMC, » Cunbena 2180 mahipliciry Nuwlew Instimnem
Mudule (NIM), ¢ pawercad NTM lise, o NIM high-voltnge
powee supply to rovide ¢+ 1680 V foe the ‘He whes, w
IBM Thankpad  compner, ad a Hawloe Packad 41,

“Phag wark B supported hy the US BDeparnent ol Unegrgy, Othee of Nangalieraton and Natoual Security, NN,



Laseryet printer. The Canberra 2150 contains the mulii-
plicity counting clectronics and prevides the +5 V
power the Amptek preamplifiers. The software used for
data collection and analysis was the MULTT code, which
is 8 DOS program written specifically for multiplicity
counting; the MULTI code is now obsalete and has heen
weplaced by the general NCC code, which s a Windaws
progiam written 10 cover a wide vanety of active and pas-
sive colncldence-counting applications, including muli-
plicity counting.

What is now called 1he 3RMC was ariginally bulltin the
19705 as an experimental active well coincidence counter,
Thix coumer was counverted fram an active counter to A
pusslve coumer by remaving ihe polyeihylene oad plugs
it hekd the americiumslithium (Amk.i) sources ad hy
replacing them with shorter graphite end plugs. The
counter wins also upgrded by replacing the 6 original
preatplifier buards in the high-vollage juncdon bax with
12 Amplek bourds and a derandoraizer,  The derundoilzer
neeepts the outpais of the 12 prommplifiers amd camblues
them into o single ampu pulse sirewn,  If any pulses
tron the 12 Ampak hoards averlap, e derandomize
separates then in the ontput pulse siream, so that there ix
e dead 1ime i the gsysiem fudlawing the Ampek bomds,

Daring the ecarversion akd upgeading of thds nctive well
caincidence cotmter, the wed wose fin w multiplicity
coumer o be axed for an TABA lnspectinn at Hanfonl,
Becuuse then wers na nltiplichy comtes availahle wl
there wi i envagh time a0 il ar paichase one, the
coaverstun and upgrding af the aciive well counter wis
Imsiily completed, the counter was defined s a imnldplics
ity caunter and glven the designatian JRMEC for the thie
rings of 'He tubes in e connter,

Pecase of e hisiny of the IRMC, it perfimaimce
specilicationy. me no as good an those ol o conner
designed specifically o be o nltiplicity connter, ¥lem,
the nentiom derection elficlency of the TRMC s lower
than thin ol ialies wahiplicily coanters,  The ARMC has
60 ‘He wibes, whereas ather imlupliclty counters have
KO0 140 He mbns, Phe officiency af the ARMO b
0 Nssian aeuteans 15 abant 45% compated o a ypleal
chicianey al 55 fur ather niulitplicity cauiters.

Sccand, the vartien] attle al the JRMC (Le. e vanig
wun al slhiceney with Lielght in the sample caviry) is na
ng constant nw bor s ather mutuplicny  counters
Decause the "Ho wbes tn the JRMU huve o 20an, adive
length, whergas most ather muluplicny coumers have at
feant n 2800, nettve lengih,  Nevertheless, 1 & slvom
gt nesny con i cemtered moabie sample caviy af the
MU, the nverupe stlteicney aver the hinght of e cun

is only 0.5% less than the efficicncy m the coner of the
can.

Third, the efficiency of the ARMC av n Panction of ihe
NeUtron energy is 11 as constant as for must oilier mul-
tiplicity counters. When o conmer is designed ss a mul-
tiplicity counter, the locmtions of the "He tubes ure cue.
Mlly selected to keep the efficlency varistion with neu
won energy as siall as pracricabile. This considewion is
impartant because the mubiplicity analysis ussumines i
all weutrons are detected with the sume efficiency. Unless

L # phtanium hews comains v ot of moderming mmetial,

the averuge cuergy of the spomaneans und fisslon nou.
trans leaving the lemn changes little from ane item 10 e
noxt. Howover, the energy of neutrons fromn (u,n) e
tans in rhe plutonlum hems can vary over severul MeV,
depending on the liem impurities that produce the (o)
neutrons. Because multiplicity counters mie used primar
ily for the assay of impure plutanium items, thelr el
vciencies should vary as Hule as pructicalile gs o funciion
af nentron encegy.

MEASUREMENTS

The ARMC wak calibrned hefine e tist IABA nspec.
i in 1994, The paranetens aweded for anuliptlchly
wxsty wm the eicctionic doald thine, the nention deection
eliciency, the doubilos gute fracrion, wwd the wiphss ge
finction, The Gist three af these purnsters were abtiined
fiom the wewsuement of refewence 79 somres whose
abaoline ventian ylolds we known,  The vidue tor the
wiples yite fiscrion was obdained from e neasmen
ab platanium bems whase inasses aind isatapte cantiguni.
Huns wore known,

Sixty-nine s were selocted for nssay with the waahi.
plicity counter, T et e il mualtiplicity alysis
deteomined the elfecrive " mass fiam e neasnad
singlea, donhlen, nnd triples caunt rates asing the Anowa
parameters for daad dine, efficlency, doubites gate Fracting,
and wiples gate Bactton, Then ihe [dutontum mmas win
snlentated from the offective 1% wuws using e opraa
wedechint atopie composithan, whieh was veritud iy
nspectar ticasureents af e ielapie compasitim,

The mcaxuromen procedwre way us tllows,  Tha aitemn
were placed (e JRMC sanple caviy, adially contored
an tap ol nn @ty can whaut 4w ogly o gpproxae
miuely center the plutaniuiy i the smaple caviy,  Haen
vem was measured lor J0 ar 20 mduwen. 1 the ansay
result was wltlng the weceptance citenine la thi e,
then e wrensuremem way complens atd ihe esnh was
weeepted, ke msaay sesnlt was awidde e seerpome
eriterion—=usunlly hecuuse he mensmemem il ooy



precision as a result of high impurity content—thon the
item was selected for DA or a longer measurement was
made, If a long mcasurement was made and the assuy
resull was siill outside the acceptance crlterion, then the
item was selecied for DA, Sixty-nine items were selected
far multiplicity assay and, of those, 67 passed the accep-
tance criteris and two were selected for destructive assay.

RESULTS

The results presented below are for the 67 dons that
pussed the weceplance criterin,  Cuminents on the twn
autliers are presented a the end of ihis secion,

Tt was already known fram the first inspection st Hanfol
thut conventional colncidence counting wauld not be nse.
{ul for the impure pluoniutn items in the offering. The
data shown in Fig. 1, therofore, ure presonted only 1o
lusirate the difflculty of applying conventiona! coinci-
dence couming 10 this type of inaterial, Fig. | shaws the
daubles rme vs the declared effective “Pu muss for the 67
ussuy items; the simdund devimian of the doubles rates is
negligibly sinall compared 10 1he scatter,  The sttnight
line shawn s 4 lenstssquares At o the duta,  Cloarly,
ussay by the convemional calibration cmve ecliniyue is
out of the question for these hems,  Newrans ekl
ly (o) verctions witl tie bmpuarities in the tems induce
fisstang bn the plmaninm; the resuliing fission neutzons
then prodince colncidens (toables) counts, Therefine, tie
doubiles ame s dependent an the impurides (o the ltem,
Fanabe items inthe Hunfard alfeving, the impurities vay
widely from e w item,
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g the  ansay masses  lrom Counting  stalsties  we
dominated hy the crrors of he trpleg faes fram canting
statsngs,  The seaner of the declwn and nssay sy
difterences 18 comprinble 10 he nverngte stmtbond alevimion
fom countlng stusues at ihe nssny musses, divmmg
thin mealupiteiny nssay removes m lenst maa of dlie wssay
by fonnd (0 convenmonal cotichieme wssay nf anpane
it wems g hm mdidplicny assay is lonbed
ity by ahe vaor e the mples aate palied by



counting statistics, 'There does not appear to be a comvla-
tion bhetween the declared and assay mass difference and
the declared mass. The £3% and £18% limits shown in
Fig. 3 ure related o the acceptance criteria,

1 is tportant and intevesting to look for corrclations
hetwean the declared/assay mass difference in percent and
1w quantities: the alpha value and the neutron multipli-
cution,  The alpha value is the ratio of nestrons from
(@) reactiony to the neutrons from spontancous fis-
sions, The neutran inuitiplication {specifically, the leak-
age neutron muldplication) is the ratia of the net number
of neutrons leaving the item 10 the number of neutrons
produced by spontunenus fissions and (g, n) resctions,

Figure 4 shows the percent difference between the declared
und ussr y masses v the alpha valne, the error bars shown
indicute standard devintions from caunting statistics only,
A typleal alpha value is three, weuning that there arv
three thnes as inany neutrans prodiced in the liem fram
(,n) meactions w8 from sponanevus fissions,  There is
file, 40 any, cairclation batween the penient mass
difierence and the alpha vulne, Indicating that the
vatiation in detectlon efficiency with neutron energy is
nol o nigor somee nf bins for the 3RMC and this set of
o,

Fignre 8 shows the percen difference between the declared
wxl ussay masses va the muliplication; the enwr barg
shown indleate standied dovimions frenn counting statts-
nes only, There is linle, if any, convlation botwestt the
percery mass difference and the multiplication, Indicating
the moltiplicity analysis ndel used Fue theso nssays 18
e aanajor sanrce af blas for thds ditem set, The wmali-
plichy mualysis imodel assumes that the nenteon wahtipll.
cation is e same fae all nomrany, i assnmption
nlways pasduces an approximate solattan hecanse neu
wans griginating ul the comer af an e will-an nvers
ape-= luve n higher netutton multiplication than nouteang
utigivming ut the surface of e ltem.

The grearest sonver al errar for theas assays 18 the errar af
the arkples rare fram connting statisues,  Figuie O shows
the percent stmdard devitian oF the ussay mask trom
anunting  stitstics va the ulpha  value for 1300«
meistidimants, whitch way the nominal measurement e
ot the wapectan measutements.  The percent standan
deviation 15 the measured value wd wag obratned by ihe
MUL'TT code as the sample standurd devintton of 1ise nxsay
Maeses lroth repam meastwemems o e same hem,
There wre twe freasan: for thie sentter of ibie polns nbuan
the curve tn g, 190t the sumpie sianJund devimion
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is haeld uncertan because w iy esimued ymcally from
shy repeat measurements,  Secantd, the sdurd devivion
of the assay muss depends an the platontim s wd
density as well ng an the glpho vatue, 'The stundind deviw
tan mereaves eapldly s the alplm value incricues, s¢ i
far n given precston neh Jonger meaamenwns ilines
me tequived for Dhigh-udplar e than fin lowaalphia
temy  Fomaample, 10 e alpha value is 8, ahie imeas
wemem e ngeivd for o given siandind deviation is
ahong 40 thues langer than for an dtem with the s
phtonima mass and deusity, bt with g alpha vadue of

2

Of e 67 e i passed e asceptaiee entena, 8
ansaverd wilin L3R of the declared maaica und all wssiyed
within 2B % nl the declaied masses,
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Fig. 6. Percent swndard deviation of the assay mass from
counting siatistics for 12005 measuremeris vs alpha for 67
ARE samples.

The uvernuge percent difference boiween the declond nxd
ussay mnsses is 0.02 4 0.83%,

One of e items that fiiled the icceptance criterla mxl
that was selected for destractive assay was moasined just
onee Far 1200 s, T had a plutonium assay inass differ
ence ol 22% relaiive 10 the declared] mass and assay mass
snxhind devintion of 13%. The alpha value was 5.7 &
08 The (ailme of this et 10 meer ihe acceptance crite-
1in is most Hikely the result of countingssintistics erwm, in
which case a longer conm thime wonhl have hranghn i
within the weeeptance eriterion, The DA gave god
ngreement whh the doclased pliatonions ninss,

N
The other intn it Miled o acceptance criterin was
romeasared avarmgh (40 ropoar counts af 1100 s each), It
Tk plinoninn assay mass differonce of 28% relative 10
e dectared imnass und an assay ass standand deviation of
160, s it was selected for desunctive unalysis, However,
the inctapic companition af the ltem measired hy e
nspectuts disagreed whn the declured values Tor exanple,
the dechund #Pn weight percent was 4.94% and he
lspecior value was 5.81%,  The operwor alsa vaiifled
i the declared value Wi Jows i aperaior messurenent
gave S.THR ha the "™Pa weight pecemt,  The JRMC
seraiiiemiam data were then reanslysed whhy the inspeoe
uatopie values aml prduced an assay thass thit would
have mer the weoepanee enterian for the medsuraent
category Jar thit ten - the plutuniuim assay muse differ.
ence Wik 10'% relutive to the declwed muss with un asay
wiss dundard deviaton ol 1%, Novertheloss, the assay
O tig item 13 Biased and needs addutlonal study, becate

the mass difference is 10 stndard deviations wxd e
destructive snalysis agroed well with the declaned plutos
nium mass,

COMMENTS AND CONCLUSIONS

The 3RMC played an essential role in he IABA verifica-
tion of plutenium residue items offered in borh he first
and second IPTVs ar the Hanford Plooninmm Binishing
Plant. Forhe second IPIV in August 1995, the IRMC
was the primary system for insss verificatlon,  For the
vast thajority of items in the second offering, the IRMC
teasurements et acceplance criterin, thereby  siguifi-
cantly reducing the number of samples 1ahen for deste-
iive analysis, Far items with high levels of (@,n) impa.
rities, the IRMC became peecision fimhed for the stan-
dand measurement time of 20-30 minwes. The new Ph-
wniun Scrup Multipliciy Cammer (PSMC)' has o
significantly bigher counting efficiency (55% vs 45%)
than the IRMC, and will thus produce betier precisian in
the same ccming rime,  For vary highly impure ilems,
c.g. lor a valnes above 10, the mebod of chaice would
bo calorimetry,  These items will requiie approximaicly
6 hours of measurement time,  The cambinalion of neus
tran nultiplicity  counting  and  calarimony  (hatly
combined whh HRGS) will provide quite otfective wxd
cllicient mase veritication far plinoniain mesidise itens at
Hanlord, and will minimize the need for DA sampltag
and analysis.
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