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Application of Particle Analysis for Verifying Nuclear
Activities
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Abstract

The environmental sample analysis for the IAEA’s strengthened safeguards
system was identified to be one of the powerful techniques for verification of
declared nuclear activities or monitoring the clandestine nuclear activities. The
effectiveness and the efficiency of the technique have been tested and proved
through the field trials. Among environmental sample analysis techniques, the
isotopic ratio measurement of a nuclear material particle in swipe sample has
been attracting many attentions due to its powerful effectiveness for verifying
nuclear activities which have been done in the facility. Baseline campaigns for
various types of nuclear facilities, especially enrichment plant and
reprocessing/or hot-cell facilities, were proceeded by the IAEA from early 1996.



In this paper, the technical characteristics of the environmental sample analysis
are introduced, and the analytical results of the Korean swipe samples at the
ITU are reported.
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Force Technical Applications Center)oll A 2= 5 Karlsruheodl U+ FHA
& A8} Transuranium Institute(ITU)oI A AF83Fa gt} B8 9&AE 10 g
olgtE FAY F v AP E AFEA 77 dastH([l], SIMSE o] &dt= A5
JA Z717F lem o] TIMSE ol &3t A5+ 94A Z717F 0.lpm BX = o
of gt} 12y SIMSE o] &ste 4 WHe A5 A8 WA 7 TIMSE ©l
£33l B4 Wil vl FR pdsterg BANES A7 FodE Aol o
S

= T
Azt A7) A ko= sla g8 Mawrl A oe <E 1> swipe Al

w4 o] &8¥ =,

I oY 7]

2

Rbol Brata 3= HAdr]Eolth



TADAE 7= g 571 AP AT Net-work Analytical Lab.(NWAL) Al <FS
WA A LA 7] "}é}?{r%ol AT swipe A RES 9 F st A8k T
ol dFixE ma TS AFTAC, DOE 4hst A&, 95 Fa4tkst
Aldermaston, # Ao} Microparticle Analysis Lab. 2 fHd3s 43l ITU 5

L

<¥E 1> Swipe A8 4 "9y 2@ EA[2]

Method Analyte Measurement
Cs-134, Cs137, Concentration (Bg/Sample) -
Ru~106 etc. DL- 1-5 mBq (10° 5
Low-Background mbd sec. coun
HRGS Am-241, Pu-238, ) ) .
Pu-239, Pu-240, ?er; riélliln/;?oféll ratio for age
Bulk Pu-241
Analysis Fissile materials .
DNAA Concentration DL= pg
(U-235, Pu-239)
U, Pu Concentration DL= pg
TIMS, ICP-MS . .
’ U isotopes Abundance (ratios)
Pu isotopes Abundance (ratios)
Concentration in particles
U, Pu with diameter > 1 um
SIMS
(with SEM) U isotopes Abundance (ratios) in particles
Particle Pu isotopes Abundance (ratios) in particles
Analysis — -
Presence of fissile isotopes in
U, Pu articles with diameter > 0.1 pm
TIMS L '
(with Lexan) U isotopes Abundance (ratios) in particles
Pu isotopes Abundance (ratios) in particles

xx  HRGS | High-Resolution Gamma Spectrometry
DNAA : Delayed Neutron Activation Analysis
TIMS : Thermal Ionization Mass Spectrometry
ICP-MS : Inductively Coupled Plasma MS
SIMS : Secondary Ion Mass Spectrometry
SEM : Scanning Electron Microscope
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<3 2> Pu s9€4 AEne dds 54[6]
Pu 5994 A8 (wt %)
=90 2 Very low Low High ’MOX .
Burn—up Burn—up Burn—up High BU
04 GWD/TU 3 GWD/TU 40 GWD/TU 40 GWD/TU

Pu-238 << 0.05 2.1 24
Pu-239 99.2 94.1 53.6 33.3
Pu-240 0.8 5,2 235 339
Pu-241 0.004 0.7 13.9 17.3
Pu-242 <0.001 0.02 6.9 13.1
U/Pu 4800 680 95 21

* Irradiation of 3.5% U-235 fuel in PWR

% MOX fuel with natural U and U/Pu = 16
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waste analysis room HFH), ‘02\d9] 44 (TCNC-17: PIEF chemical room &
equipment surface, TCNC-21: PIEF chemical waste tank & storage room
surface, TCNC-10: PIEF top hatch on lead cell, TCNC-32: IMEF top access on
cell M4)o] #2125 =t} '03do]l= TCNC =7} AbEato] 8o FAFFA Al
A g ZARRAIEAIA Y Zdd el AAT Als 44 (PIEF0301, PIEF0302,
IMEF0301, IMEF0302)°] 4] 5] 21t}
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n-Heptane] & w275 7|gd o] 3}A4S 109 3] WHE3lo] n-Heptan £
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Ax7F F-2H graphite plate SIMSO] &7 250um x 250um 7] U-2389]
th&] defocusing 3+ primary ion(O:") beam< FA}sle] ion image "2 © & mass
scanning< &to] F &3 $EtE YAE Zoldltl o] primary ion beam< A
o] focusingdle] WASI= secondary o]+ A FEATo TN FUAh HE =
g gttt
. A A5 2+ U YARXIEE ol &3
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A AxE As Abgsta v 2E QAN RS ZE AASAS FAIR A
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4. 4 23 2 HE
TCNC-08 A&EE A sle] A2 graphite plateo]l /] SEMS ©]&3te] A3 U

QA XS <a¥ 2>d et As dZ7o dRES Iem x lem 2= &)
A 27 3~4ME Aglete & ZJdE 1,00070 o]4e] U sl EAETS
o 4 At

<1¥ 2> U-Particle Distribution in TCNC-08

ol¢} zo] A ¥ graphite platex= SIMSE 274 U9 HHdA w7t =44
th ZF A2 Y U YRS digh U-235 5555 <& 3> YERYATE HFolA
He kel o] AukA o m ZALFAIFAEAgA QA AsEdA= FEve 4
FRAAM ALESL e AR THFEE HolUA ¥ v5E H1E A94E B
o]az 2t} Chemical waste ¥ WAls H7| &S HF/EE HAsteE AA0A A
A ANEEdAE 5% T HUA EL w5 YAtEC] HAEHA=H, o=
olnt: FEHE HAAE AT YT w52 EFAE AFEH o5 F el o
e 7 JAE 718t Aoz Bt TCNC-32 Al 8E ‘96 o] ZAAA|
A9l M4 cell top access F-wolAl AFHE ASZA GAZHA = o7 dZH



<3E 3> AEYE U-235 55 E(atom %) &3

TCNC-08|/TCNC-19| TCNC-17| TCNC-21| TCNC-10 | TCNC-32 | PIEF0301 | PIEF0302 |IMEF0301 [ IMEF0302
0.231 0228 |  0.698 0.243 0.700 none 0.203 0.199 | none
0.234 0.230 0.705 0.276 0.714 0.207 0.216
0.236 0.232 0.708 0.759 0.733 0.208 0.772
0.378 0.233 0.718 0.786 0.739 0.208 0.773
0.726 0.233 0.720 0.741 0.210
0.732 0.237 0.720 0.748 0.326
0.734 0.242 0.721 0.751 0.693
0.741 0244 | 0727 0.754 0.693

DUl 0742 0.247 0.732 0.757 0.706
0.757 0248 | 0735 0.758 0.716
or | 0776 0258 | 0737 0.761 0.724
0.783 0.262 0.738 0.768 0.732
0.786 0.270 0.739 0.769 0.738
NU 0.281 0.740 0.778 0.748
0.282 0.747 0.781 0.749
0305 | 0749 0.787 0.760
0.309 0.760 0.790
0.309 0.761 0.794
0.381 0.769 0.795
0398 | 0787
0.696 0.794
0.706
0.814 0.836 2.937 3.889 0.812 none 2610 0.969 0.820 | none
0.819 3.387 4132 0.817 2.790 0.950 0.840
0.850 3472 4.404 0.846 3.665 0.853
0.884 3565 4520 0.855 3.097
0.899 3565 4587 1.552 19.337
1.026 3575 4725 2733 20.842
2.703 3504 4732 3.492
2.759 3.640 4.869 3570
EUl 279 3761 5.057 3.622
2.816 3.798 5.086 3.678
2.835 5.092 3715
2.875 5.126 3.724
3.063 3.732
3.083 3.743
3.263 3793
3.552 3917
3.592 4.249
4492
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