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ABSTRACT

The US Nonproliferation and Export Control Policy
commits the US to placing under International Atomic
Energy Agency (IAGA) safeguards excess nuclear materi-
als no longer needad for the US nuclear deterrent, As of
January 1, 1996, the IALA hus completod Initial Physical
Inventory Verfication (IP1V) at the QOak Ridge Y-12
plant, the Hantord Plutonjum Pinishing Plant, and a plu-
tonium storuge vault at Roeky Flats. Two IPIVs were
pertormed af Hanford: one in December 1994 and one in
August 10V,

‘This puper reporta the results of thermal neutron multi
pheity assay of phitonium residues during the socond
(LY at Hanford.  Using the Three Ring Multiplicity
Gounter (SJRMC), measurements were performed on 69
ndividual cuns of plutonium residues, each containing
approximately 1 kg of materidd,  Of the 69 items. §7
passed the IALA seceptunce criteria and two were selevted
for destructive unalysis,

INTRODUCTION

I December 1994, the International  Atomic Buoergy
Agetey (JALA) perfortned inventory vertficution weuy.
uremems on an Inltind offering of ralmively pure plute.
nin oxide powders nnd serp residues 1t the Hanforl
Plutonium Kinishing Plant For pure plitontum powder,
the TABA usedd the standard Highad evel Neatton Coinets
derne Counter (HENCY' Bor vedfication of plutonium
aterial contninlng anknown impurity  concenteations,
the JABA uwd the Theee Ring Multiplicity  Counter

PR, ot e d

(3RMC) provided by Los Alamos., Measurement rosults
for 21 items representative of the initial otfering an
reported in Ref. 2. For both powder and scrup, the 1ALIA
used High-Resolutian Gamow Spectrometty (HROGS) to
verify plutonium isotopic abundances. It was determined
during this first lnitial Physical Inventory Veri{ication
{IP1V) that conventional neutron coincidence counting
sgsay using the HLNC, while prodweing acceptable
resuls for the pure powder, produced unacceptable results
for the scrap ltems. This is due to unknown levels of
(e,n) reactions in the scrap ltems that arse from
impurities.

‘The second offering, vertied m August 1998, included
over 600 ttems, all of which quahfied us scrup matenal,
‘I'hese ilems were packaged in three nusted matal cans, the
otter can typlcally 4 in, in diwneter ind 7 in. tall, Plu
tonlum muasses varied between 800 wxd 1 1U0 g per item,
The meururement methods chosen for inventory verifica.
tion included the JRMC, HRUS and destructive analysis
(DAY Occusional use wus made of tuellity calorimetens
und HRUS systema for comparisons, bhut not verifica.
tlony,  Sixty-nlne oms wen chosen for venfication in
the ARMC, The JAKA had never veritied this type ol
plutodun residue material befor.,

THE ASSAY SYSTEM

The neutron part of the sway system consisted of' the
IRMC, » Cunbieria 2180 multiplicity Nuclew Tostanent
Maudule (NIM), # poweral NTM bin, o NIM Ligh-voliage
powee supply 0 provide $1680 V fue the ‘He tubes,
IDM Thinkpad  computer, and a Hewlott:Packand 41,

"Ly work {5 supported by the US Departiment of Bnergy, Otfice of Nonproliteration and National Security, NN dd,



Laserjet printer.  The Canberra 2150 contains the multi-
plicity counting clectronics and provides the +5 V ta
power the Amptek preamplifiers, The software used for
data collection and analysis was the MULTT code, which
is 8 PDOS program written specifically for multiplicity
counting; the MULTI code is now obsolete and has heen
replaced by the general NCC cade, which s a Windows
program wriften (0 cover a wide variety of active and pas-
sive coincidence-counting applications, including muli-
plicity counting.

What is now called the 3RMC was originally built in the
19705 as an experimendal active well coincidence counter,
This counter was converted from an active counter to A
passive counter by removing the polyethylene ead plugs
that held the americiumelithium (Ambi) sources and by
replacing them with shorter graphite end plugs. The
counter was also upgrded by replacing the 6 original
preamplifier boards in the high-voltage juncdon bax with
12 Amptek bourds and a derandomizer. The derandomizer
aceepts the outputs of the 12 proamplifiers and combines
them into o single output pulse strewn,  If any pulses
from the 12 Amptak hoards overlap, the demndomiza
separites them in the output pulse stream, so that thers is
no dead tite in the system following the Amptek boards,

During the conversion and upgrading of this ative well
coineidence counter, the e wrose for w muliiplicity
counter o be used fov un TABA ingpection st Hanfonl,
Because thete were no nultiphicily counters available wxl
there was rot enugh time 10 build or purchinse one, the
conversion and upgriding of the active well counter wis
Istily completed; the counter was defined as 2 multiplic
ity counter and given the designation JRMC for the thiee
ringy of ‘He tuhes in the counter,

Because of e history of the JRMC, it perfinmance
specificationy wre not as good as those of 4 counter
deslgned specifically to be o multiplivity counter. First,
the neuteon detoction efficlency of the TIRMC i lower
than that of othes wultiplicity counters, The IRMC has
60 'He tubes, whereas other multipliclty counter have
RO o 130 He tubes, The officiency of the IRMC tor
My Dsyton soutrons 14 about 43% compared to oty picul
eificioney ol 5545 for other fultiplicity couiders,

Second, the vortical protile of the IRMC (Le., the vatia
ton af olticioncy with height in the samplo cavity) s not
ay constant au dot most other muliplicity  counters
because the *Ho tubes in the JKMU have 4 2010, astive
jength, whereas most other multiplicity counters have at
feunt 0 2840, active tength.  Nevertheless, £ & sixan .
hitph nesay cun v cemiered o the sangde cavity of the
MU, the avernge otficieney over the hatght of the eun

is only 0.5% less than the efficiency wl the conter of the
can.

Third, the efficiency of the ARMC as n function of the
NEULron ¢RIy is fot as constant as for most other mui-
tiplicity counters, When o counter is designed as a mul-
tiplicity counter, the lovations of the “He tubes wre cue-
fully selected to keep the efficlency varistion with neu.
tron energy as smail as prucricable. This considerution is
important because the multiplicity analysis assunies that
all noutrons are detected with the same efficiency, Unless

. # plutonium item contains o lot of modemting materinl,

the average cnergy of the spontaneous und fission no-
trons leaving the item chunges little from one item tw the
noxt, However, the energy of neutrons from (u,n) nue
tions in the plutonium ltems can vary over severul MeV,
depending on the item impuritles that produce the (L)
neutrons, Because maltiplicity counters we used primar
ily for the assay of impure plutonium items, thelr efth
ciencies should vary as Tittle uy pructicable as u function
of neutron encrgy.

MEASUREMENTS

The ARMC wax calibrated belfiie the Gest TABA inspec-
ton {n 1994, The parametens tweded for multiplicity
wssny we the eicctionic dasl time, the nouton detection
wlliciency, the doubles gata fraction, wwl the triples gate
fraction, The Qrst thiee of these pursmaters were obtained
(o the meassurement of referene MO0 sontees whose
ahaolute newtton yiolds we known,  The vidue e the
triples gate finction was obtadned from the neasement
of plutonium lems whose masses aind Isotopic compuni-
tons ware knowa,

Siaty-nine Hems were selocted for assuy with the malii
plicity countor, Por el dten the wltiplicity analyais
detemined the effective ™Pu mass from the awasual
singlea, doublen, and triples count sstes using the hnown
paratneters for dead time, officlency, doubles gate feaction,
and tiples gate fraction, Then the plutonium mass was
snlculated from the offective *Pu mass using the opran
toesdeclatud inotopic composition, which was ventiod by
nspector measureinents of e isetopie cotposition,

The measuromient procedure wiy as follows, The iten
were placed in the JKMO sample cavity, twdially cemorsd
ot top of an empty can (about 4 i, high) to wproxs
mately center the plutonium in the sunple cavity,  tach
Hem was mdasured tor 20 or M tinuter, 11 the dasay
result was within the soceptange eniterion tos thit tlem,
then the measurement way complew amd the eyl was
weepted, HOthe assiy tesolt win outdde the avespony
erterion—=usunlly becuuse the  mensureniemt bl poor



precision as a result of high impurity content—thon the
item was sclected for DA or a longer measurement was
made. If a long mcasurement was made and the assuy
result was still outside the acceptance criterion, then the
item was sclected for DA, Sikty-nine itoms were selected
for multiplicity assay and, of those, 67 passed the accep-
tance criterin and two were selected for destructive assay,

RESULTS

The results presented below are for the 67 items that
passed the ucceplance critetin,.  Commonts on the two
outliers are presented at the end of this section,

1t was aleeady known from the fiest inspecdon st Hanfoul
that conventional colncldence counting woukd not be wse-
{ul for the impure plutoniutn items in the offering. The
dat shown in Fig. 1, therefore, we presented only (0
illustrate the difflculty of applying conventiona! coinci-
dence counting to this type of materia), Fig, | shows the
doubles rate vs the declared effective Pu muss for the 67
ussuy items; the standard deviation of the doubles rates is
negligibly small compared to the seatter,  The straight
line shown is u least-squares fit (0 the duta,  Clewrly,
ussuy by the conventional calibration curve technique is
ot of the questlon for these items,  Neutrons prochaced
by () reactions with the impurities in the items induce
fissionx in the plutoniuny the resulting fission neutions
then proxduce colncidencs (douhles) counts, Therefiore, the
doubles e is dependent on the imparities In the item,
For the itemy in the Hunford offering, the impurities vay
wldely from item (o ilem,
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Frgute 2 shows the avsay tesulis fn the 67 Bomn usdng
maldplicity analyvy, the wasay effectuve *Pu mass 18
ploved vy the declwel etfective "Pa masa. To avokd

clutier, the standard deviations of the assay wasses from
COURting statistics are not shown on this plot, The assay
results arc presented in Fig, 3 as the percent diference
between the declared and assay values vs the doclanad
effective ““Pu masses. The etror bars in Fig. 3 indicate
one standad deviation from counting statistics; the errors
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of the uansay muasses  lrom  counting  statistion  we
dominated by the errors of the triples fates from ¢ounting
statistics.  ‘the seatter of the decled wd nefiy tusy
difterences 18 compuinble t0 the uveruge stndiund deviation
fiom coutting stutisties of the osiny nusses, indicating
that multiplicity sseuy removes at leust most of the assay
blas fonnd 0 conventiond colicldence waay of inpare
ploniumm iems wed thae mahipliony aasay s limited
privmeily by the v o the tples tate poadueed by



counting statistics. ‘there does not appear 10 be 4 comvia-
tion between the declared and assay mass difference ond
the declared mass, The £3% and 218% limits shown in
Fig. 3 are related to the acceptance criteria,

It is important and interesting to look for corrclations
hetween the declared/assay mass difference in percent and
two quantities: the alpha value and the neutron multipli-
cution,  The alpha value is the ratio of nestrons from
(cn) reactions to the neutrons from spontancous {is-
sions. The neutron multiplication (specifically, the leak-
age neutron multplication) is the ratio of the net number
of neutrons leaving the item to the number of npeutrons
produced by spontuneous fissions and (¢, n) resctions,

Figure 4 shows the percent difference beiween the declared
und usse y masses vs the alpha value; the error bars shown
indicue standard devintiona from counting statistics only,
A typical alpha value is three, meaning that there a
three timos as many neutrons produced {n the ltem from
() reactions ws from spontaneous fissions,  There is
fitthe, i any, comelation between the percent mass
difierence and the alpha vulue, indicating that the
vatintion in detection efficiency with neutron onergy is
not i mijor sourge of hins for the 3RMC and this set of
items.,

Bigure § shows the percent difference between the declared
il assay masses v the multiplication; the enwr bars
shiown indicate standied deviations from counting statis-
tics only, There is little, if any, convlation botweott the
percent mass difference and the multiplication, indicating
the moltiplicity analysis srdel used for theso assays 18
not o major source of blas for this Hem set. The nalti.
icity analysis model assumes that the neutron multipli-
cation ds the same for all neuttons; thik assumption
always produces an approximate solution hedause neu:
tons ariginating al the center of an e will-on aver
age--= have o higher neutron multiplication than aouteous
utiginating ot the surface of the item.

The groatest somrce of error for these asaays is the error of
the dripdes rale from counting statistics,  Figure O shows
e percent standasd devintion of the ussay midse trum
counting  stutistics ve the uipha  value for 12004
Hieusutginents, witch wus the nominal nieasurement time
t the saepegtion measurements,  The percent standand
deviation 15 the measured value wd wag obtained by the
MUL'TT code as the sample standurd devition of the fissay
MALses from repeat measurements ol the same item,
There are two rentan: for the seatter of the points abow
the curve tn Mg, o+ sty the sumple standaed deviution
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Fig, 4. Difference of deckued vnd assay effective 'Pu mass
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Fig. 5. Difference of decled wid assuy effeciive Py
effrcuve B mass ve multiplication fin 6} ARE samples

is itself uncertatn because 1t iy esumated tymeally from
six repeat messurements, Second, the sindurd devintion
of the assay muss depends on the plutoniom miass wd
density as well us on the uiphn vilue, 'The stundird deviw
ton mereaves eupldly us the nipha value increuves, s tha
for 4 given preciston much longer nensureneats tines
e twquied for hlgheadphn dema than for Jowsalplie
Homs Bor enwmple 3 the alplin value is R, the meas:
uretient e equited for o given standand deviation is
whout 40 vimes longer than for an e with the same
Putomiung sy and demsity, but with s alpha value of
2

OUthe 07 itema that passed e ssoptaice etitena, 28
assayed whihin £3% af the dealared imaeca and all asyed
within 218K of the declaied masses,
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Fig. 6. Percent sisndard deviation of the assay mass from
counting statistics for 1200.5 measuremeris vs alpha for 67
ARF samples,

The uvenye percent difference between the declared nxd
ussuy rmusses is 002+ 0.83%,

One of the items that failed the soceplance criterts and
tht was selected for destructive assay was moasured just
once for 1200 s, T had a plutonitm assay wass differ
enve of 22% relative to the declared mass and assay mass
stuxlard devintion of 13%. The alpha value wis 5.7 &
OR. The failure of this Hem to meet the acceptance crite-
tig is most Hikely the result of counting-stutistics ervar, in
which case a longer count time would have brought it
within the scceptance criterion, The DA gave poxd
agrecment with the declured plutoniom mass,

~
The other item that failed the acceptance criterla was
romeasured ovarnght (40 ropoat counts of 1100 s cach), it
lud a phutoniun axsny mass difference of 238% relative o
the declured mass and an assay mass standand deviation of
160, s it was selected for desuuctive unalysis, Howewver,
the inotopic componition of the item tmeasured by the
Jospreatons disagreed with the declured values: for oxample,
the dechoed Pu weight pervent was 4.94% and the
Inspector value was 5.81%.  The operator also verified
that the declared value was low; an operator measurcitient
wuve 5740 tor the Py welght percent,  The SRMC
e aminil data were i reanalysed with the inspeasior
Beotopie values and produced an assay mass thil would
have met the accepance criterfon for the neasurinent
cutegory for thit ttemn - -the plutonium assay muse differ.
enee wak 1O% relutive to the declured muss with un aay
mass stundand deviation of 19, Novertheloss, the agsay
OF thig item 8 blased and needs additional study, becagee

the mass difference is 10 standand deviations wd the
destructive snalysis agreed well with the declansd pluto-
nium mass,

COMMENTS AND CONCLUSIONS

The 3RMC played an essential role in the IARA verifica-
tion of plutonium residue items offered in both the first
and second IPIVs at the Hanford Plutonium Binishing
Plant. For the second IPIV in August 1995, the ARMC
was the primary system for mass verification,  For the
vast majority of items in the second offering, the IRMC
neasurements mel acceplance criteria, thereby  signili-
cantly reducing the number of samples taken for desing-
tive analysis, For items with high levels of (¢Ln) impu.
rities, the IRMC became peecision fimited for the sun-
dard measurement time of 20-30 minutes. The new Plu-
tonium  Sceap Multiplicity Counter {(PSMO)' has o
significantly higher counting efficiency (55% vs 43%)
than the IRMC, and will thus praduce better precision in
the same counting time.  Por very highly impure items,
¢.g., for a values above 10, the method of choice wald
bo calorimetry. Theso items will requite upproximately
6 hours of measurement time, The comblination of news
tron nultiplicity  counting  and  calotimouy  (hatly
combined with HRGS) will provide quite oftective wnd
efficient masa veritication for plutonivin residue items &t
Hanford, and will minimize the need for DA sampling
and analysis.
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