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8 Fig. 1.
Installation of the monitoring system in the ZPPR vault. The neutron
dklrrtors, SLl~pC’ndPd from the cei)ing, arc identified by MIS]e and position from

!he frr.mt 01 the vault, Tt,e data mmlysis equimnent is ins~alled ou~side the
Wflult.
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Each !ti]ogram of plutonium In

contributing to the total count
tcta] count rate are indicative

ztoraqe can be thought of

ra Le. Thus, changes in the

of chamycs in tl,e mass of

Plutonium in storage. The total coun~ rate CR can be
expressed as

n
-

CR ‘L””i ,
1=1

whereas the total number of counts observed is CT ❑ CR% ,

w~lere tc is the counting time. An uncertainty ir ‘r exists
end its st~ndarddeviaticm is defined by (C T)’”~. - total
count rate has I-u bracketa as follow=

Consider the case of 25 detectors with a total count rate
of 50000Hz produced by 2500kg of Btored plutonium. Each

kilogram of plutonium would account for approximately 20Hz

of the rate, OI_I the average. If the array of 25 de[ectors were
allowed to count for 200 s, the total colmt rate would be

50000 t 15.f3 Hz, At the I-o level, the statistical uncertainty
in the total count rate is the same as that count rate .hanqe

caused by rurnov~l of I kg of plutonium. Clearlyr ehtended
roun~ing times ❑rid highly stoble electronics in thr= detectors
are required to defect Lhe removal of l-kg nmwnts uf

plutonium.

A LcCroy 3500 data acquisl! ion system processes data

frum [he 25 rwutrnn detpctnrs (Fig, 2), lne LeCruy

interfaces with scientific experiments by means of an 8-slot

CAMAC minicrate. The minicrate accommodates standard

CAMAC modules and, thus, can both acquire data from a
scientific experiment as well as control the experiment. For
the ZPPR ●xperiments, we used six Kinetic Systems 3610 hex

scalers and one Kinetic Systems 306 I input gate/output

register (IGOR) as the interface between the LeCroy and the

experiment.

rata acquisition and processing took place as follows.

Original ‘He(n,p) reaction pulses from tw+rh detector passed
through a set of separate signal-conditioning ●lectronics that

converted thcm to standard TTI. pulses. Theee logic pulses
were fed to the 25 separate count ?rs, hOU~ed i!l five Kinetic

Systems 3610 hex scalers, whose rounti~g times were
controlled by a single input gaLe/output req,:!er. The LvCroy

controlled the scalers via an ●iqht-slot CAMHC rninicrate that
inter fsscccf with the system bus, the Multibus, A 1.000-kHz

crystal-controlled signel WFSSdirected LO an additional counter
to provide accura:e timing for processing the rwutron signals.

Information pertaining to neutron counts and counl rales could
then be acquired and analyzed by application programs written

for lhe LeCroy.

Two such ~pplications progr~ms were written to arquire
and process count data from th~ 2: I,eul rrm detectors. The
VA LJLT program processed da[a fron, rerrrovhl eaperirnent~

the VLONG proqram processed data from stability
experiments. Aoditio;lal appllc’atlcm prou[ams wer~ cfevcloperl

10 process previwsly acqwred crcita, PI nctr~m VALJI T
+rcquired data for renc]v[]l expcrlrr]l,rlls In which crrtain

s+rnounts of p]ulunimn were rrlrw~l,d fr[m, k!)rrwr, Ioca!lc-ms in
the \ault. I.lf. tisurempnts of III- r,,.~ltr[)r; flp]d w(. re IrlH~~

bt, fnrt and afler l!,F rrf,lov{l]s. lI:OqI i,q, VI f’IrJI; ij,:qi,lr(,d

dato for slahility rkr,rri,nrn~s, wl,lrt, ran o.pr lcv Iq pcrlnr-fs of

lirrle wt>en no Hrtlvltv crccurr~d Irl Itle \HUlt. Tt,cse

enprrlrlltints idrntlfl~ci Inr!g-t[, rrr, rfrlf Is (jr :,liIt IIli(> of lrw

cqulpmcnl usrcl !U r.,llrrt arlti ~)r[rcr:. II!ro t]+rtk.
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COLLECTION AND ANALYSIS OF

NEUTRO N COIJNT RATE DATA

The ZPPR measurement~ included 82 stability ersperi-
mentc, a few of wnich ran for more than a week, end 16
removal experiments.

The results of one such st~bilii,y ●xperiment, which ran

overnight on December I -2, 1980, ❑re shown in Fig. 3. Total

count rate adjusted to remove the effects of one unstable
delrclor, is plolled versus time. Because no nctivity occurred
in tne vault during the time of these measurements, tf%?

fluctu~t ions in count rate were ●xpe:ted to be statistical in
l,ature if all systematic causes havl! been eliminated. The

figure shows an aversqe count rate o“ 49030 counts/s with a
flurfuation from average of about s20 counts/s, This is a
;OU,IL rate ~ts+bility of $0.04%, a clolie approximation to the
P, ~,..I n[i fll,c~uation pattern for plJrely statistical fluctu-

‘,.’. 111,. low V:IIUI-.S at the beginn’ng end end of the figure

, , aused hy rwutrorls escaping from the vault when the door
....1:, open. Tt, is stnr, ilily study began shortly before the vBult

~;.r rlost=d for lhe night tmd ended the next day after it was
ri, )prned.

~illl,l,r, iilrert rll(, asurements of plutonium removal were

,,rr!orv,vd dllrlnn the ~ WICIIU’IS the monitoring SySte177 was

),,r.::,ll~d in ths’ ZI>PR vault. We discovered that Emall

,I!s:cr!lm!s In tne neutron field could be detecled. Such

,,;:.!or:innf. wcri. CBIISI:C hy persons moving in thr vaIJlu the
!;.J]I l! LILIT !) Pln C) ~fl(>n; or removed material being too close,

If.:$ 111:1”11 ::1, 10 the vl(ult wnLranre. Thus, all measurements
v,f.rr r,::+(w wi!h 110 orif, in ltIF kHul I, the dnor closed, and all
!,,,181 ,1, r-j r,: ,I!f,rlal str, rrd about 10 m aw~~ #nd shielded by
, ;I,,:.rl.l,. f: ;rl!,[? rl,,,;l!~lrs.nlt.,)tof [he m=ulrun field.

fvleasurements of typical canister6 of 26% ‘*” Pu and 11 ~.

“’”Pu indicate that the 26% material emits 2.5 as mhny
neu~rona as the 11 % material. Thus, the change in count rate

ACR per kilogram of 1 I % 2’opu can be computed from the 26%
?*Opu data. A field distortion parameter

K = X1/ACR

that indicates a change ir. the shape of the [Ieutron field is

also tabulated in Table II, K appears to be approximately 6 at
the top storage cell and less than 3 ❑t other levels.

CONCLUSIONS ANO SUMMARY

The neutron monitoring experiments conducted at ZPPR

successfully demonstrated the feasibility of using ‘He
proportional counters to measure the neutron field in a
plutonium storage vault. During the experiments, count rate
stability at the ?0.04 to ?0.05% level was maintained for

exteaded periods of time. A remcwal aensilivity of about 1 kg
of plutonium from a nominal vault inventory of 2500 kg was
achieved. This sensitivity applies to removal fro, n any
storage cell ir, the vaull and is based on I!JOOO-O counti!~g

periods. 51atisLicallv, for this situation, we had predicted a
false-alarm rate with a l-kg trip level to result ic me false

❑larm per 2 years of continuous mor. itorinq. The S-month
vault monitoring ●xperience at ZPPR indicates that, with
only modest hardware improvements, this level can be
achieved.

Our firldinas indirnte [hat the removal sensi[ivi[:. fcr the

top cells diffrrs \iqnifirantly from the rrrnovfil sswmtivity for
sill ottier CFIIS. Tt, is is to be expected for spatially peaked

dlctrihulirms btcause lh~ correspm~dinq ~z val,~es weight the

inrflvidu~l detsctor ekrursior,s as the square of the ●xcursion,
which lcarls to B nlurh Iurqcr x ~ for a given change in Iotal

roun[ rate if thnt rhangr ocmwfi primaril~ in n few detectors

inslefid of in many,

Thr pri.icti~al ;r!~porl of Itw fors=r. oinq nlms. rvntion is thsst

n {. flar IQr ir. sys:l. rn c[lunt r~tr rHn br’ a[trihut~d to F r~nl~val

fr[], n ~ qiven CFII It VP I in tt,r cul, ir]r, usirlq lhe nhservcd flrld

dlsl[!rli(Jrl ptironwlvr, WIlh lhIB in f[wmatlnn, orw mHy thl,r)

Mrrljratcly inlcrprt.1 ~+ rjivrll rh;ln,~r In rn,,rl[ rfi;c In [ernls ~f

II llIls*ll}q plulljrllum mass.
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For example, a change in count rate of 40 counls/s monitoring for vault inventory p~rposes. Based on our
correspond to a removal of 2 ky of plutonium if K 1s about 3, measurements, we predict that the vau:? monitoring system

qJt corresponds to a removal of J kg of plutonium if K > 6. can provide surveillance of a 2500-kg pluto). ium inventory ir,
The ability to interpret count rate changes in terme oflthe real time at a sensitivity Ie*el oftl kgof plutonltim.
field distortion parameter makes it possible to use neutron

TABLE II

REMOVAL EXPERIMENT Of DECEMBER 2a

Field
Change in

Storage
Total Count

Distortion
Cm.mt Rflle

Crll Level Action
Rate CR(H7)

PerametPrb
A CR(HZ)

— —.. . .— ——— L –—– —.—

middlec removed 48628 -.. .-. . . .

t Op inserted 49214 3585 6.12 586

lop inserled 49227 3597 6.01 !J99

middle inserted 4B971 h~l) 2.02 243

mir!rllr inserted b8?22 6A9 2.31! 294

hot tom insbr[ed 4REh3 bbll 2.25 2!5

l~Dt tmn jnsertrd 4FIE153 55J 2.4!) 2;5

‘Crwf,:inq far !I~~ s earh rul’, tIHS n t-o urlrcrl[iinly nf$][] 1+7.

bFi(.ldinrHnlrlorK ❑ ~2/A~R.

CTWO rrin:,lrll. rs c(jrl[l,irlirlu 6 br] r,f i’t.,% zb~f,,, ~,,r[. ~tmrT,OVI.C frrJrrl Ilw$r C1’lls. TM?
rpmo~rd rrll,lrrinl WHS Ir]!, i.rf!, (j Il)io 1111. olllf.r CI, IIS, wfIIrl I wl. rv !IIIII>I) ;II tf]r, 11::1- of I)W

Total Count RaLeC.’han~efJjg.——..— —.—. — .. ..-. —

26% ~’oPu I 1 % 2’OPU-——— .-. .—— .-

. . . . . .

97.7 39.1

99.0 do.o

&o.5 16.2

&?mo 19.6

~~,.e 14.3

J7.5 I 5.0
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