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S. W, France, R. D. Hastings, J, C. Pratt, E. R, 5hunk
Los Alamos National Laboratory
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R. W. Goin
Arqonne National Laboratory
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Ve investicatrd a method for moratoring & typical large
storage vaull for unauthorized removal of plutonium. The
methos is basec or the assumption that the neutron field in &
vhult proguced by 8 particular qeomnetric cunfiguration of bulk
f:lutoruun. remains conttant 1n Lime and spuCe &t 1ong &8s the
configuration 1t undisturbed. To observe such a neutron field,
we Inetellee wn o array of 25 YiHe proportionsl counters In the

croilirn of b oplutanies slorage vaull st Argodne Natior al
| ertzatory West,  Mata coilected by eoch rounter  were
Proternee 10 celernngne whether  statisticalh 510 aficant
ctarc; : corurred n the negtron field,.  Continuoas

Clrervaliof exper ents measured the Joog-term sttty of
the tvetern, el expeniments were performead in which
kerwn quisntities of platiraam weere rerieved from the saualt,
[« typer of experments cecwattrated that the neutren
ontonng System can artect removal ca we9ton of btula
lutenrar, (1i% AT G whese maest s e sroall s i 0Ah of the
utal iInventory.
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prtevices a ren oble ane nespetsive method for mgnitoring
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reflect plutonmn. has been poded Lo or
e eve e ftorn the vault, panpaant the Jocetion, and indicete
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ol wn place poimarih depends on the mast snd spotial
wistration of Py, Addinion or remosal of - plutoruom
tnen e changes to the oegtron field that can be upeasured

usine 0 geemaettically ngp propriste werny of neatron detertors,
Vot ] = cwe the potopae content tor five types of plotontum
ieostoreqge e n bypacael foacihity,

Te vmafy the effect of plutomum temovnl on a neatron
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The detectors monitored the neutron
field 10 the vault before and after krown quantities of
plutonium were rclocuted. The data collected by each
detector were processed 1n an affilated datea scguisition
systerm, which helped us determine  whether  statistically
sigruficant changes hacd orcurred in the neutron field.

data acquisilion sysiermn,

Using the vault momtorine svstem, vee ;erformed two
types of experiments at i ROoover an Eoeonth penod to
cecermane the syvstern characteristics for measuring neu'ron
ficlas associaled with the plutonromoan storaoe, looone type of
expcerirnent, known guantities of plulnnmm wilre
frea the vaull, caurig observable changes n the
firlg, In the second tvpe of experiment, the vt negtron
field was moentered  continuously  over estenoed  periods
(M erave Lo T oveeks) when neoactivaly occuarree o the vioult,
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in the ZPPR vault. The neutron
detectors, suspended from the ceiling, are identified by wisle and position frorn
the front o1 the vault, The Juta aAnalysis equipment is installed outside the
vault.

The exapression pn_y(y?) is alsc called the probability density
function of the y2 distribution with (n-1) degrees of freedom,
Y. is & constant that causes the integral of £q.(2) 1o be unity
when hinuts of sero and infiraty are -m=ed, By selecting
probabylity  thresholds, one can alate that certain small
differences are statistically significant, or insignificant, at a
cortain contuience level bused on the value -ulculnted for
x:. Thus, if

0.001 < b (y! ¢ y? )< 0,999 (%)

is chosen as the probability window required for a valid
campinisan where changes o frequencies wre  statistically
nsigficant, only two companisons per thousand will produce
a fulse aloarm, A& Jow folwe-alarm rate is an important
operational caunstrant,

Bechure it was desirable 1o compure two observed sets of
peutron count duta that were collec »d over unequal counting
tutt- peniods, b {5 enn be modified ay follews, such that X:
is erleulited in terms of count rates and counting times:

n
- H ; “l U-)
: _ . o 2 (%)
X, L (o, = ) 7 t J
-

where Ul - {ue oy e Uy Y nd U, (g iy e, U,y ) Are
two aets of negtron count rates obaerved over counting times
t,und U, All dnta sets of neatron count rates were
sbpected 1 y? rompanisons with other dota selg n the
rerno il eaprtinests we performed,

Thee totul count rate necamulated to all the detectors i
wlee an indication of  plutotaom removal,  although  the
parameler s not gy sergtive ns the )-’ ctitern hecuuse L
does not meazure the dintortion o the shape of the neatron
ficld, Consider ooset of obeerved count pates from o detectors
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Esch Rilogram of plutonium In storage can be thought of
contributing to the total count rate. Thus, changes in the
tctal count rate are indicative of changes in the mass of
plutonium in storsge. The total count rate CR cen be
expressed as

n
Cr = E U

i=1
whereas the total number of counts observed is CT = CRtc
where t. is the counting time. An uncer lalnly |r “r exists
end its standard deviation is defined by (CT) 2, » total

count rate has - g brackets as follows:

n n Y%

CR=ZUl * lcz ui tl‘.‘ N

Consider the case of 25 detectors with s total count rate
of 50 000 Hz produced by 2500 kg of stored plutonium. Each
kilogram of plutonium would sccount for approximately 20 Hz
of the rate, on the average. If the array of 25 detectors were
allowed to count for 200 s, the total count rate would be
50 D00 = 15.8 Hz. At the l-0 level, the statistical uncertainty
in the total count rate is the same as that count rate hange
caused by rermoval of | kg of plutonium, Clearly, extended
counting times and highly stable electronics in the detectors
are required to detect the removal of |-kg amuunts of
plutonium.

CATA ACQUISITION EQUIPMENT AND SOF TWARE

A LeCroy 3500 data acquisition system processes data

interfaces with scientific experiments by means of an 8-slot
CAMAC minicrate., The minicrate accommodates standard
CAMAC modules and, thus, csn both scquire data from a
scientific experiment as well as control the experiment. For
the ZPPR experiments, we used six Kinetic Systems 3610 hex
scalers and one Kinetic Systems 3061 input gate/output
register (IGOR) as the interface between the LeCroy and the
experiment,

Pata acquisition and processing took place as follows.
Original *He(n,p) reaction pulses from cach detector passed
through a set of separate signal-conditioning electronics that
converted them to standard TTL pultes. These logic pulses
were fed to the 25 separate counters, hou<ed in five Kinetic
Systems 3610 hex scelers, whose countirg times were
controlled by a single input gate/output reg.ster. The LueCroy
~ontrolled the scalers via an eight-slot CAMAC minicrate that
interfuced with the system bus, the Multibus., A 1.000-kHz
crystal-controlled signal was directed to an additional counter
to provide sccura:e timing for processing the neutron signals.
Information pertaining to neutron counts and count rales could
then be acquired and analyzed by application progrems written
for the LeCroy.

Two such applications prograins were written to acquire

and process count data from the 27 ineulron detectors. The
VAULT program processed data frorm. removal experiments;
the VLONG  progream  processed duta from stability

experiments. Aaditional application programs were developed
lo process previously acquired aata, Piogram VAU T
acquired data for removal eaperiments 10 which  certain
arnounts of plutunium were remeved frone known locations in
the vault, Measurements of the neutrorn field were mude
before and after the removals. Program VI COMNG acquired
date for stability experiments, which ran over long periods of
time when no wctivity occurred in the  vault.  These
experiments identified long-term drifts or stabinty of tne

froom the 25 neutron detectors (Fig. 2). Tne LeCroy equipment used to collect and process the data,
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COLLECTION AND ANALYSIS OF
NEUTRON COLNT RATE DATA

The ZPPR measurements included 82 stability experi-
ments, a few of wnich ran for more than a week, snd |6
removal experiments.

The results of one such stebijlity experiment, which ran
overnight on December 1-2, 1980, are shown in Fig. 3. Total
count rate adjusted to remove the effects of one unstable
detector, is plotted versus time. Bscause no activity occurred
in tne vault during the time of these measurements, the
fluctuations in count rate were expe:ted to be statistical in
t.ature if all systematic causes have been eliminated. The
fiqure shows an average count rate o’ 49 030 counts/s with a
fluctuation fromm sverage of about 220 counts/s, This is a
cnunt rate stability of 20.04%, a closie aspproximation to the
vape-ted fluctuation pattern for purely statistical fluctu-

‘. -. Tne low values at the beginn‘ng and end of the figure

« viused hy neutrons escaping from the vault when the door
«~as open, This statility study began shortly before the vault
wint closed for the night end ended the next day after it was
reupened.

Sinteen direct measurements of plutonium removal were
performed during the B8 months the monitoring system was
iretalled in the ZPPR vault. We discovered that small
distertions in the neutron field could be detected. Such
cistortions were causec by persons moving in the vault the
viealt door being open; or removed material being too close,
lees than Vi, 1o the vuult entrance. Thus, all measurements
weTe made with no one in the vault, the door closed, and all
teenesved reaterial stored about 10m awasy and shielded by
rarerete doning measurement of the neutron field.

Kesulte * the December 2 removal experiment appedr in
Totde )l I+ this experunent, we removed 6 kg of 26% 2*°Py
frorm two iniddle  level storaqge cells and measured  the
Lermround, Then we ansertea  these 6 kg of plutonium
succetsively an the top, maddle, and bottomn cells and made
ot et s (Tabde 1N, The count rate for removing 6 kg of
piotoroees changes by almost 600 11 when the plutoniun, s
teesaeid fromn the top cells, whereas only o 218z difference
troncted for matenial remoeved from the Lottom cells. Count
pates el bilocram of 26% 2*Yu vary from 98 14z for the top

cedl e Y for the bhottorn cell,

Measurements of typical canisters of 26% 2"°Pu and 11
Py indicate that the 26% material emlts 2.5 as many
neutrons as the 11% material, Thus, the change in count rate
ACp per kilogram of 11% ?*°Pu can be computed from the 26%
0Py data. A field distortion parameter

K= X’/ACR
that indicates a change ir. the shape of the neutron field is

elso tabuleted in Table Il. K sppears to be approximately 6 at
the top storage cell and less than 3 at other levels.

CONCLUSIONS AND 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 20.04 to ¢0.05% level was maintained for
extended periods of time. A remuval sensilivity of about | kg
of plutonium from a nominal vault inventory of 2500 kg was
Achieved. This sensitivity applies to removal froin any
storage cell in the vault and is based on 4000-s counting
periods. Statistically, for this situation, we had predicted a
false-alarm rate with a l-kg trip level to result ir ane falre
alarm per 2 years of continunus mor.itoring. The B8-month
vault monitoring experience at ZPPR indicates that, with
only modest hurdware improvements, this level can be
achieved.

Our findings indicate that the removal sensitivity for the
top cells differe significantly from the removal sensitivity for
all other cells. This is to be expected for spatially peaked
distributions because the corresponding y? values weight the
individual detactor excursions as the square of the exéursion,
which leads to 8 much larger x’ for a given change in lolal
count rate if that change occurs primarily in a few detectors
instead of in many,

The practical ;mport of the forecoing obiservation is that
A change ir. systemn count rate can be attributed to 8 removal
from w given cell level in the cubicle, using the nbserved field
distortion parameter,  With this informatjon, one may then
necurately interpret w qiven change in count reie in terms of
I tssing plutonium mass,

RCAN sl St SRR St RS Aau st St Sl s Sl Wl SR Sy Smaa
—~ 4%08N|- p
w
T awoeo I 70 M I\
z LS /‘\ —
O . e - .
4 au000). — e L e
w
'y
: 'Y TR0
b
“ ARN2 Oy
s
[N
J lnuo’
]
]
(8
' apmao}-
PYTT-T20a] SR UV TR [UUS TUDRDY WU N SR S Coodg b A
Rl R e Y R R I R TR S T Ry T
LLAPSED TIMZ (min)
iy V.
Pount pate teccid for atalahty exprrrnent candon ted on December 1-7, with
etector (A 2 pemoved, for HHOC oo, Hesolts fall wittyn o 20-p s error
L G ountinng timen nre 1000 5,

4



For example, @ change in count rate of 40 counts/s
corresponds to a removal of 2 kg of plutonium if K Is about 3,
but corresponds to a8 remaval of | kg of plutonium if K > 6.
The ability to interpret count rate changes in terme of the
field distortion parsmeter makes it possible to use neutron

TAB

monitoring for vault

inventory purposes.

Based on our

measurements, we predict that the vault monitoring system
can provide surveiilance of a 2500-kg plutoi:ium inventory in
real time at a sensitivity level of 21 kg of plutonium.

LE Il

REMOVAL EXPERIMENT OF DECEMBER 28

Storage _ ;Zi:' g o(u'_?:) 2 Di':llz:-?ionb
Cell Leve! Action R ¥ Perameter_

middle® removed 48628

top inserted 49214 3585 6.12

top inserted 49227 3597 6.0l

middle inserted 48871 4s0 2.02

middie inserted 48922 688 2.3¢4

bottom inserted 4RBuL3 4bd 2.2%

bottom inserted 4R853 553 2.45

BCounting for 400 & each run has a 1-a uncertainty of ¢ 10 Kz,

PEigld jarameter ¥ = x’/AC_‘R.

586
599
r{8)
294
2:5

225

CTwo can:uslers conthining 6 kg of 6% "Dy were removed from these cells.
remoyed manterial was inserted into the other cells, which were vmpty ot the tine of the

experiment,

Change in
Count Rale
8 Cp(H2)

The

Total Count Rate Change/l'g

265 *'Pu 1% **°Pu
97.7 39.1
99.8 40.0
40.5 16.2
49.0 19.6
LEN 14.3
37,5 15.0



