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Vie inveslicaled a method for moratoring & lypical large
storage vaull for uowsathorized removal of plutonium. The
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vuelt procuced by a pariicular geormnetric cunfiguratior. of bulk
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The detectors munilored the neutron
field 11 the vault before and after kiown quantities aof
plutonium were rvlocited. The data collected by  each
detector were procetsrrd in an affiliated date scauisition
system, which helped wus determine  whether  statistically
sigraficant changes hic orcurred in the nevtron fiela.
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L Fig. I.
Installation of the moniioring system in the ZPPR vault, The neutron
delrctors, suspended from the ceiling, are identified by waisle and position frorn
the front o1 the vault, The Juta analysis equipinent is installed outside the
vault,
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Eech zilogram of plutonium In storage cen be thought of
contiibuting to the total count rate, Thus, changes in the
tetal count rate are indicative of changes in the mass of
plutonium in storage, The total count rate CRr can be
expressed as

Izl

whereas the total number of counts observed is CT = CRrte
where t. is the counting time, An uncertainty ir “r exists
and its standard deviation is defined by (CT)"?. » total
count rate has |- g brackets as follows:

Cr ‘Z”l

n %

t u. t '
cZn c

Consider the case of 25 detectors with a total count rate
of 50 000 Hz produced by 2500 kg of stored plutonium, Each
kilogram of plutonium would account for approximately 20 Hz
of the rate, or the average, If the array of 25 detectors were
allowed to count for 2005, the total count rate would be
50 000 = 15,8 Hz. At the |-o level, the statistical uncertainty
in the total count rate is the same as that count rate . hange
caused by rctnoval of | kg of plutonium, Clearly, extended
counting times arid highly staoble electronics in the detectors
are required to detect the removel of I-kg amuunts uf
plutonjum,

DATA ACQUISITION EQUIPMENT AND SOF TWARE

A LeCroy 3500 data acquisilion svstem processes dala

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 experiments, we used six Kinetic Systems 3610 bex
scalers and one Kinetic Systems 3061 input gate/output
register (IGOR) as the interface between the LeCroy and the
experiment,

[3ta acquisilion and processing took place as follows,
Origlnal ’He(n.p) reaction pulses from carh detector passed
through a set of separate signal-conditioning electronics that
converted them to standard TTI. pulses, These logic pulses
were fed to the 25 separate counters, housced in five Kinelic
Systems 3610 hex scaelers, whose countirg times were
controlled by a single input gate/output reg.ier. The LuCroy
~ontrolled the scalers via an eight-slot CAMAC minjcrate that
interfoced with the system bus, the Multibus. A 1.000-kHz
crystal-controlled signal was directed to an additional counter
to provide sccurai timing for processing the ni:utron signals,
Information pertaining to neutron counts and count rates could
then be acquired and analyzed by application programs written
for the LeCroy.

Two such applications prograins were wrilten 10 acquire
and procees count data from the 22 neutron detectors, The
VAULT program processed data frow. removal experinents;
the VLONG program processed dusta from  stabjlity
expetiments. Aoditional application progiaims were developed
to process previously acquired aata, Program  VAWUIT
acquired data for renoval eapernncents 10N which  certain
winounts of plutunium were revmvird frune knowse Jocations in
the vault, feasurcments of the reatror field were thinde
buefore and after the removals, I'ragriem VIO eequired
diate for stability experitnen's, wlucl ran over long periods of
time when no activity occurred 1o the  vault.,  Tlese
experiments jdentified long-terme drifts or stolinty of tne
rquipment used to collect and process the data,
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COLLECTION AND ANALYSIS OF
NEUTRON COUNT RATE DATA

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

The results of one such stebility experiment, which ran
overnight on December |-2, 1980, are shown in Fig. 3. Total
count rate adjusted to remove the effects of one unstable
deteclor, is plotted versus time, Because no octivity occurred
in tne vault during the time of these measurements, the
fluctuations in count rate were expe-ted to be statistical in
v.ature if all systematic causes havi: been elimjnated, The
fiqure shows an averege count rate o” 49 030 counts/s with a
flucluation froin average of about #20 counts/s, This is a
sounl rate stability of *0.04%, a cloie approximation to the
erpe-irt fluctuation pattern for purely statistical fluctu-

“. . T low values at the beginn‘ng and end of the figure

« viaused hy neulrons escaping from the vault when the door
« % open, This statility study began shortly before the vault
wint closed for the might snd ended the next day after it was
rieupened,

Sinterne direct nwcasurements of plutonium removal were
perfored during the 8 maonths the monitoring system was
rweetalled in the ZPPR vault, We discovered that small
distertions in the neutron field could be detected, Such
sintorfions were cansec by persons moving in the vauly the
viedll dnor heing open; or removed mater;al being too close,
Ires tham Vst to the viwlt entrance. Thus, all measurements
wire 1ea0e with 1o one in the vaull, the door closed, and all
tesvesed aterial stored about 10 mm away and shielded by

conerrele 2 rrar nadisurement of the neutron field.

Besultr « * the Dwecembier 2 removal experiment apipear in
T.the Il Uus experpsent, we removed 6 kg of 26% 7*°Pu
frien two aniddle level storage cells and measured the
leomgrrpnd,  Then we  mserted these 6 kg of  plutonium

sarcetspvrely o the b oaadhile, atdd bo'tmn cells and 1inde
caate e nend s fiabtde 1Y, The count rate for removiia 6 kg of
Vit e chiamges I adoawest (GG e when the plutoniun, s
pesneont frace the tape cells, whereas only 0 20142 ddfference
e st O vaderad resraoved fronn thie Lnftonn eells, Count
Sates et kihogram of 2% 20 vary from 98 147 for the top
cedb b Y for the hotbin cell,

fveasurements of typical canisters of 26% 2*°Pu and |1*.
%Py indicate that the 26% material emlits 2.5 as many
neut~ons as the | 1% material, Thus, the change in count rate
ACR per kilogram of 1% ?*°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 1ieutron fisld is

also tabulated in Table Il. K appears to be approximately § 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 *0.04 Io £0.05% level was maintained for
extended periods of time. A remuval sensitivity 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 |-kg trip level to result ir one falce
alarm per 2 years of continunus mor.itoring. The B-month
vaull monitoring experience at ZPPR indicates that, with
only modest hardware improveiments, this |evel can be
achieved,

Our findings indicate that the removal sensitivity for the
top cells differs significantly from the removal sensitivity for
all other cells. This is to be expected for spatially peaked
distributions because the corresponding x? values weight the
individual det=ctor excursions as the square of the excursion,
which leads to s much larger x? for a given change in total
count rate if that rbiange occurs primarily in a few detectors
instend of in many,

The practical imiporf of thie forecointg otiservatjon is that
A change ir. systein ciwunt rate can be attribuled to a removal
from u given cell It vel in the culiicle, using the observud field
disturtion parameler, With this information, one may thyn
nccorately interpret o qiveon chinge in count raie in terms of
nmassing plutonium mass,
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For example, a 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 a removal of | kg of plutonium if K > 6,
The ability to interpret count rate changes in terme of the
field distortion parameter makes it possible to use neutron

TAB

monitoring for vault

inventory purposes,

Based on our

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

LE Il

REMOVAL EXPERIMENT OF DECEMBER 28

Field Change in
Storage ;‘;i?goﬁﬂ:) Distortion LAUUCM ?l-:zt)e
Cell Level Action R y? Parameter_ R
middle® removed 48628 -
top inserted 49214 3585 6.12 586
top inserted 49227 3597 6.0l 599
middle inserted 48871 490 2,02 3
middle inserted 48922 668 2.3 294
bottom inserted 4RB43 4bt 2.25 2:5
totLoin inserted 4R853 553 2.45 245
ACuunting for %00 & each rui ks & 1-a uncertainty of #1014z,
PEjuld parameter ¥ = 3 /ACR.
CTwo conasters cuntuining 6 by of 76% 2**Pu were removed from these cells,  The
remosved minterinl was mserted ndo Ut other cells, wlach were oty at the 1= of the

experunent,

Tota] Count Rate C'hange/l'g

265 *°Pu 1% ***py
97.7 39.1
99.8 40.0
40.5 16.2
49.0 19.6
1.8 14.3
37.% 15.0



