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PR - Rl S 72 i 7 7 e O « FEEIINI TCAR S AT - TR S D I EORIMOERITEE T 2
TERE OB S N HEEE R R <, 20 X9 2B T H RN Z IE RS FEOBREN RO N TND. 22 TR
A SUCITIT AR BRE DO HETe UEHL A D Y138 A 25 18 2 FI A U 7o FERIE [ KL AN T B O SR B Y - BRGEZR & 24T o 7o, RFEIR
S =7y Mk L THEED AR VT % B LT RO RS SR O A B RIN AR A HEET 5. £ 3ROSR ORUIC K
SWTRNAKRRR D JFREEZE I U, FfEMITIC X0 FEURGEEIT - 7. I, FRFFHEEEZE LU ERIEO B R,
T — B R S BRI AT\, IRETIEIC K 0 EBRICEN AR Z JE CE 2 FREEN S D FEH LN L.

AT 8 E LR SN D, LTI REOME LIRS,

1 ETIIAFEOERE LT, Btxa )T o REEEEHENA~OZROEE 0 o Titdy, ik - BRE Sz @Ry
T U E, PERIETITBRAAHE LW IR NDA Hl OFRREIC AN Tl 72, I, RSSO B R 2 3 L7z
B, YOG % AV C NDA Hiflf O R DR RE & fR SR 2 FTREME A 3R U, YERERUE % O 7 RN RHRLRRHE & THE OB D 5 B, i
FAESL - JEFTHEMEICBE T 23 DWW THRET 21T 5 L0 ) KXo B E 7R LTz,

%2 WCITRET 2 M ZIE 2RI U7 RN AR E FHE O JFBBE H 21T o 72, SR IE O SOGFEORZ HIE R
2, BHEDOAFT T R —2BT DN EIERORE A DY, BE SN E FBO AR R F =27 MUCE
FOREGEIEREOMRMEEL AV S ET, ME SN OIEHOBEELLATIT 248N L, XnoENNRMEE R LT,

FIWETITH 2 mCHMN LAEFIBICESHTES Im ORMEER Y 724 —5 > Mo LIZFEBMGEEZ{To7c. 20L& E, A
=R =27 SRR HEERERIC G2 DB Z DA =X L HE Lz, BTy —7 y bt
THEANFSE, TOBCH =57y PR TRAET HEDHROISEL A RO, R, EUECHEINLIF 2T P UHGgLO=
FNE =AY FLE Y BIEIED 6 =0.5MeV DA 7 A5G AT SV TdH > T 3athLh F OFEEE TRNLAHLE & HE E Hisk 5 ]
BEMEZ R LT, 20L&, TRAX—ZENRREDARZ LT —OFPUC LY, HEEFE RS o N MEEZE SR EZH SN LT,

B ARETII Ny YTETIHIBRMENUCS WEWEDO—2 & LT, IBfFr 7 (235U-238U &) DIEMZ Th-U(232Th-233U) 5203
T OND. ARETIEE 3 B CRM Y 7 NSk L ORRGE S N7z BN IAHLAAHEE FHE O AN W CEEFR IR E O B A Rt L
7o, BEHZIES—7y ME L LT 232Th-2330 # iV, #—Fy NEIZHE3FEEF L Inm & L THE 3 7 & RO 217 -
7o BEFERICIEHEKRFERIIRAO AW L 2R LTz

HHE TN 3H, HABIIBITAMFNI LRV, HEOX —Fy MNIALRBEIOLONREZ LNHT-D,
RETFED, ¥—Fy NESEREEEZBRTF L7-. JEE 10mm O X —4 v ML TH 3T L REEOKRGT 21T - 725G
B FNLAAHEERSEE D 2. 2at%)> S 10atWfRE~E(L LTz, ZORKE X —47 v NRIZBIT AR TFT7 T v 7 ADE
LN D & DIEIZFED N TR R IO TWINH R EXEZE M L, #iEE2{To7c s 25, 10athiE
ETHoT-HENK 2athE CUHETIHF LR L.

F6 W CIHRMNFHEEEAFEE L2V I a2 b—va 2 FE L, BEFEICLIFZNERRESEZRIE L. 3
B~ S RICBITORHTIE, BOHKEEL LTH—5 Yy N TRALESESHDOEEZH VT, Ll
NG, FEORETIEFET Z2MNT 2 ETEARERMT HLEND 5. REFIE TSRO E
2, L Z AT 2 F2BE L TWAD. RRFHEBIETHE LN RS E T DO E WSS, 7
FFIRIC X DHEEME & EBEORAAHEORIC 30athll EOZERN RSN, ZOERICOWTIMIEF KL v |
WZFEDNWTZ R T A= L O E ST 2FE T, Sathll FORSE CRNSHEZ Tk 2 F 2 iR L.

B 7 T CIIWrE R A ME D S DRIV IASHLAR RS SR 5 2 B BRI 21T o 72, ARG SUT R 2 EHIeE S
Wi FIZ S DT T TV A, Loy LR b, S I3 105 EDORENSEZH/ L TWL2®, [
PRI AS A 5- 2 D AREME DN B D . BT — ¥ RHen> S8 % 51l U7 /5 5L, BLIROEET — Z REEnr S 10%
WSS, RN LHEERE R IO RN S B RO E Ny noTo. Fio, BEWERMOZHEIRH
W3R B DFEE batha BRI T 2 BIIIMTREAHEN S Z S T E TR T 20 ERH L FEH LT L.
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The importance of the nondestructive assay (NDA) technique for quantifying special nuclear materials
(SNMs) has been increasing. Therefore, various NDA techniques have been developed. However, these
methodologies have some technical difficulties to apply for concealed and shielded highly enriched uranium
due to few self-generated neutron or photon emissions of uranium.

Incidentally, compact and quasi-monochromatic photon source generators have been developed recently
which is expected to help realize a portable photon generator device with higher photon energy than the
photonuclear threshold energy. This high energy photon has high permeability to shielding material, thus,
photonuclear-reaction—based NDA technique is expected to apply to the NDA technique

Current photonuclear-reaction—based NDA technique use the absolute value of the neutron production,
however, this method have difficulty to quantifying of isotope composition due to large measurement
uncertainty.

For these backgrounds, the present paper thus aims at proposing a new NDA technique principle which based
on the only relative counts and validating this principle through case studies involving numerical
simulations.

In the chapter 1, these backgrounds were described

In the chapter 2, the principle of present methodology was derived from equation of reaction rate. The
present methodology utilize plural spectrum of photon beam and photofission reaction rate.

In the chapter 3, the principle of present methodology was validated by MCNP simulation with simple
geometry, additionally, dependency to incident photon energy spectrum was confirmed

In the chapter 4, the dependency to the nuclide-system of present method was evaluated. In this
evaluation, 232Th—-233U system was used as a different system from 235U-238U system.

In the chapter 5, the dependency to the target thickness of present method was evaluated. In this
evaluation, the dependency to the target thickness was occurred by attenuation of photon flux. Furthermore,
this dependency could be corrected by considering of photon flux attenuation.

In the chapter 6, the measurement possibility of the present method was evaluated by numerical
simulations. In this chapter, coincidence counting method was assumed as a measurement method. The
predicted enrichment based on the coincidence counting method had a large difference of 30% from theoretical
value, therefore, we provided a correction method based on the v value. As a results, precision of predicted
enrichment was improved from 30% to less than 5%.

In the chapter 7, the effect of nuclear data uncertainty to isotope composition prediction results were
evaluated. Furthermore, uncertainty of the predicted isotope composition was realized that 3% nuclear

data uncertainty is required to improve the uncertainty of the predicted isotope composition to 5at%.

In the chapter 8, conclusion of each chapters were summarized and conclusion of this thesis was described.
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