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Table 1.  Input parameters for reactor simulation.
HeAl IR £ PRFE/GWd-tU !
PWR U0, 2%—4.5% 550
PWR MOX KRN, 4% 5% AR 30—50
CANDU U0, 0.711% 0.3,2—8
CANDU Uo, 1.2% 520
LMFBR MOX 80%IIFEALA (0.2% LA R ), 12%Pu-239, 8% Pu-240 50—100
MAGNOX (HTGR) U0, 0.711% 110
GCR (HTCR) U0, 1%—4% 1—20
HTGR Uo, 10%—30% 5—30
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Table 2. Input parameters for unknown spent nuc-
lear fuel.
. HS
TR — \
HEARY Wt JAHFE/GWd U
1 PWR U0, 3.2% 23
2 PWR MOX, 4.7% A48 38
3 HTGR UO0,, 18% 27
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Fig. 1. Visualization of database in three-dimensional space.
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#3  HWTaERL

Table 3. Result of identification by using factor analysis.
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A HIUGBER PFE/GWA-tU L MERD  PIRSORE  RFE/GWAtU L WIIR%ERE  RFE/GWdtU !
1 PWR UO,, 3.2% 23 3.197% 23.104 0.5% 2.08%
2 PWR  MOX, 4.7%%L5R 38 4.686% 38.324 2.78% 6.49%
3 HTGR U0,, 18% 27 HTGR 17.855% 27.328 2.91% 6.55%
Fa IHEERIFIMLS
Table 4.  Result for the determination of reactor type.
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Uk2 2 2 0 1 0 0 0 0
Uk3 7 7 0 0 0 0 0 1
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Fig. 3. The Polynomial fitting of the linear function values

of unknown sample 1.
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Table 5. The comparation of the results from discrimination analysis and factor analysis.

p— FAUZEL SRR ES LM 3 At R
[N GES S PRFE/GWd-tU L WIhEE  #FE/GWAtU! WIARRL  RFE/GWAt U
1 U0,, 3.2% 23 3.197% 23.104 3.201% 23.0361
2 MOX, 4.7%Z4A5ER 38 4.686% 38.324 4.703% 37.9312
3 U0,,18% 27 17.855% 27.328 18.003% 27.9196

6 FUHLMERIAD T TR RS SRR RSB BT 2

Table 6. Results for the determination of initial enrichment of uranium and burn-up by linear regression analysis.
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1 U0,, 3.2% 23 3.197% 23.104 3.201% 23.0361 3.2005% 23.022

2 MOX, 4.7%Z425 48 38 4.686% 38.324 4.703% 37.9312 4.6993% 38.019

3 U0,, 18% 27 17.855% 27.328 18.003% 27.9196 18.001% 26.991
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Abstract

In recent years, as the international situation about nuclear arms control changes, the multilateral
international arms control cooperation including non-proliferation, nuclear terrorism and nuclear security has
drawn more and more attention. As a key technology, nuclear forensics plays a significant role in the deterrence,
prevention and response to illegitimate nuclear activities, for which it needs studying in depth. At present, there
are plenty of researches into nuclear forensics, mostly focusing on the characterization of materials and the
interpretation of data. As one of the most important aspects of nuclear forensics research, the interpretation is
faced with a variety of different objects, including uranium ore, yellow cake, nuclear fuel, spent nuclear fuel and
so on, among which spent nuclear fuel has attracted more and more attention due to its potential threats. In
this paper, we primarily focus on the development of multivariate statistical analysis with an aim to interpret
the comparative signatures of spent nuclear fuel. A database is established with uranium and plutonium isotopic
compositions of spent nuclear fuel samples through simulation. These samples are of different reactor types,
initial fuel enrichments and burn-ups. Subsequently, multivariate analysis, including factor analysis,
discriminant analysis and regression analysis, are used to the database to validate the feasibility of the
identification work. First of all, dimension reduction and visualization work is carried out to determine the
possibility for classification by factor analysis. Afterwards, some known samples are assumed to be unknown to
further study the possible capabilities of quantitative attribution by conducting factor analysis, including the
determination of initial fuel enrichment and burn-up. To eliminate the errors in the identification work and to
achieve better outcomes, the discriminant analysis and regression analysis are used to the database to assist
with the identification of the reactor type, initial fuel enrichment and burn-up. As revealed by the study, factor
analysis is more suitable for the dimension reduction and visualization work, disciminant analysis is more
suitable for the identification of reactor type, and regression analysis is more suitable for the identification of
initial fuel enrichment and burn-up. Upon the comparison drawn of the three different multivariate analysis
methods, a framework for identification process is established to provide a theoretical basis and feasible scheme
for the possible identification work of spent nuclear fuel with database, and facilitate the related nuclear

forensics work.
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