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Abstract

Active NIOA neutron  meagsurement  method  hes been developed o use n
deterrnination of fissile confents for fuel megerials This method con be applied o
fuel desicm, Fbrodion and s sfegunrd dmplementcfion. The change o neutron
count befween the induced and non-induced fission by nedtron source in fuel
materitl wets eprdyeed FKesults from MONF onlevlation model for the singles eand
doubles rafes are compeared with NDA experimentsd] mecsurements of KAEFRD It
shows thet the measured neufron count refio versus gquantity of UOy enrichment is
recsonably well goreed with the rloulefed values.

1. Introduction

There are several methods to examine the fissile material contents, homogenity
arrd characteristics of fuel materials, The neutron messurement methods have been
investigated to measwe the contents of special nuclear material of TJ-235 and Pu-235
under safeguard techrnology development [1-5], Howvever, the existing NDA method is
fct available to determine the unknowrn fissile contents of fuel material contained
specially in mixed U-235 and Pu-239 nmuclear material

In order to determnine the fissile contents of fuel material, the NDA  neutron
mmeaswrermnent method has kbeen studied by applving a neutron count ratio, The fissile
cantent of fusl material is measured by neutron counting ratio due to induced fission
dependent on the contents of warious fusl meaterials, The primary difficulty = o



determnine the fissile material contents in the presence of T-235 and Pu-239 contained
in the fuel The MCHNP codelf] was used to design the fissile material measurernent
model for examination of fissile contents in fuel materiall The effects of neutron
count ratio wersus the fissile contents of fuel material are investigated by using the

MCHP roodel,

2 Theoretical Concept of NDA Measurement Method

The neutron sources are mere irmportant in active nondestructive assay(NDA)D
measuremnents, The neutron sources originate from the spontaneous fission as well as
some Lo n) reaction neutrons for the fusl materials, The spontanescus fission and
(&,n) neutron source terms are dependent on kind of isotope and decay time, The
energy of the neutron emitted in an (2,0 reaction depends on the energy that the
alpha particle has at the tirmme of the reaction and on the Q@-wvalue of the reaction in
the isotope An irmportant characteristic of neutrons from (2 .n) reactions is that only
ot neutron iz ernitted in each reaction These events constitute a neutron source
that iz randomn in time with a madtiplicity of v =1, The Amli source iz a typical
{&,n) reaction neutron source for active NDA rmeasurements,

The dominant source tertmn of neutrons is spontaneous fission from Cf-252 for
active MDA measwements, Fig, 1 shows an energy spectrun of the neutrons ernitted
during the spontanecus fission of Cf-252 The mean erergy i= 214 MeVW, The
spectrun depends on many wvariables such as fission fragment excitation energy and

average total fission ernergy release, but can ke approxmated by oa Masowellian
distribution N(E),

ME=V E expl— Ef1.43M21) (13

This spectrum is proporticnal to E' . it then falls exponentially at high energies,
Table 1 sumnmarizes some of properties of Cf-253% For active NDA applications it is
important to remember that CE252 neutrons are ermitted with an average multiplicity
of ¥=375%Y Thus thev are strongly correlated in titne and will generate coincidence
evErts,

Howrever, there are an additional neutron source produced from the multiplication
process from fusl materials, This multiplication is significantly increased when the
fuel materials is measwed under moderator material such as water, graphite and
olyvethylene, The Amli (@.n) reaction and Cf-252 spontaneous fission neutrons will
ke used as active rneutron driving tertn, The U-235 and Pu-239 fissile contents
determnine the amount of neutron multiplication The change of neutron count ratio
called as the neutron multiplication is measured as induced fission neutrons of fissile
material in fuel materials with Amli (@ .n) neutron sowrce and CE-252 spontaneous



fizsion sourece,

The Bohnel point model equations[2] provide a means of predicting an observed
neutron count rate fram fuel material, The point equations for the real coincidence
countt rate(doubles rate), and total count rate(singles rate) are swnrnarized below, The
singles count rate 9 and the doubles count rate [ are given by

S=eM; Fu {1+ o) (2}
2 2 ML -1
D= M;"fF vy +F Vabigh 1 +al] (3}
wiliere,

S=Sfugler oot vole

D= doubler count ratfe

e=defector efficiency
M; = leakoge muliiplicaton of fuel material

Ly = 15t sposfaneous fisston seoment (wfspor, fiso,)
by = 15t induced fisston soment (nfind, Focion)
a=rafio of {(alpha, vy emicion fo sponimeous fvsion
F= fraction in the doubles gafe

g =end shonfaneous Fssion moseent, | w/s, fiss))
Ly = 2nd nduced Fosion momeent (wfind, fivs,)

The corcept theory for fissile content measwement is to use a neutron counting
ratio in terms of the Cadniwn(Cd) ratios to separate the pritmary ernission neutrons
froon secondary fission neutrons  induced in the fissile material, Therefore, fissile
mmaterial content measurement was based on the leakage multiplication theory in the
fuel materiallZ]l, One of the initial asswmptions in the point model is that all of the
neutrons under consideration are born at the same point in time,

The change of Cd ratio due to induced fizsion dependent on the contents of various
fuel materials was proposed to determine the fissile content of fuel material The Cd
ratios means to measure neutron count for fuel material with retmovable Cd shutter
letwreen the fusl rods and moderator, and then to measure total neutrons without Cd
shutter, The effects of Cd ratics wvaried with fuel fissile material The relationship
between neutron count rate with and writhout Cd could be expressed as follows,

_ 5 _
SCR=—5L. DCR=—p_ (4)

where, 3CH and DCH are the Cd ratio for =ingles and doubles neutron count rate
measured in al detectors, The Cd ratiolSCH and DCH) depends on the size, mass,
density, Pu—239 and U-235 enriclunent,



Table 1 Characteristics of Cf-252 neutron source

Total half-life
Alpha half-life
Spontaneous fizsion half-life

Meutron yield
Garnmma-ray vield
Alpha—particle visld

Average neution erergy
AVETage ZArmma—ray enersy
Average alpha—particle enersy

Meutron activity
Meutron dose rate
Garnma dose rate

Average spontaneous fssion
neutron roultiplicity

205 vr
2731 vr
8050 vr

234 = 1[_]1z rfs—g
13 = 107 7/s-g
19 x 107 efs-g

214 MeW
1.0 MeW
F11 MeW

44 x 107 n/s-Ci

2300 rernfh—g at lm
140 rem/h—g at 1lm

3757




3. Test Model for Fissile Content

The test modelling was to develop the MCHE code simulation capable to measure
the neutron counting ratio due to the induced fissions, Some simplications of the
geornetry in the Monte Carlo model were used for fissile content measwement using
the MCZHWP code Fig 2 shows a horizontsl and wvertical view of the fissile content
test model,

For comparison with the Monte Carle caloulations, a series of UQe powder can
were measured with DSPCIODUPLC Safeguard Fissile Counter) which was developed
at KAEHL The fuel material in the cavity are composed of UCe powder can with 13
crn in length and with 38 cm in dismeter, These are made by selecting a series of
errichrnent from 071 to 41 %0 and then placed into encapsulated o stainless steel
can, The polvethylens reflector is placed between powder can and inner stainless
steel shell The neutron rmultiplication in the fuel UD: powder is caused by thermal
neutron which the fast neutrens due to primary spontaneous  fission and (2, o)
ermmision are moderated in poly reflector,

The Cd shutter between the UDr can and poly iz placed and remnoved  for
measuring Cd ratios, The thick lead laver gives gamma-—ray shielding of the detector
tubes for protecting from garmma emission of Amll source, Alr gap is outside lead
shield The poly encased with stainless steel shell has 32 holes for He—3 detector
tubes which can detect neutrons by (n p) reaction The test model [ for Amli (2,
n) neutron source has 16 He-3 detector tukes, The neutron detector tubes have
approwimately 50 cm long enough to get the constant response for all long fusl Poly
reflector is also placed at the bottormn of the neutron source,

The experitnental tests are carried out by Test model T with 16 He—tukes using
Amli neutron source, Total neutrons were messwred from empty can to 41 26
powder using 16 He—3 tubes,

4 Hesults and Discussions

The fissile content for fusl material has been studied by the comparison of the
experitnent measwrement between the MCMNE calculations, And this method would be
utilized in determining the total fissile content in a given sample, The change of Cd
ratio due to induced fission of fissile material was suggested to determine the fissile
content of fuel material sample,

Fizg, 3 shows a comperison of the measwed and calculated Cd ratio wersus UQDe
powder enrichrnent by using Amli neutron source, Two sets of curves are shown
The upper set of two curves are represertative with the caloculated and experimental
Zd ratios, The Cd ratio iz waried from 3 to 5 20 constant difference. The lower set
of two curves s shown with the normalized Cd ratio. Here the plot iz in good



agreernent within statistical errors  (standsrd deviation) 3 %% for the experirmental
value, Fig 4 shows plots of both singles and doubles rate wersus UQz powder
errichrment in fissile content test model The Cd ratio for singles rate is slightly
itcreased as powder enrichment, The plots clearly show the difference in singles and
doubles rate, The doubles rate show better sensitivity to fissile content changes,

5 Conclusion

A significant effort was required to prepare the fissile content measurement test
model at HKAERL A MCHEP modelling for fissile content test was  successfully
accormplished with DSFC The difference between the measwred and the calculated
values in singles rate could be resclved by incressing the messwed time To
determine the fissile contents in fuel material, the Cd ratio by NDA neutron count is
considered to be an appropriate method, Te enhance accuracy of the method for
predicting  the fissile content, the passive and active measwrement method  is
contitmally developed b further new toodel
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Fig. 1 Prompt neutron spectrum from the
spontaneous fission of Cf-252 source
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Fig. 3 Cd ratios versus UO2 powder enrichment
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Fig. 4 Cd ratio curve for single and double rate versus
UO2 enrich. by Cf-252 source
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