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Figure 5 Breakdown of uncertainty of C/E by reaction

Energy regions were decomposed based on capture cross-section covariance matrix so as to clarify the
contribution of each energy range to the uncertainty of C/E. Figure 6 shows the sensitivity coefficient of
worth by capture reaction, capture cross-section. Table 2 show the contribution to the uncertainty of C/E by
the capture cross-section decomposed into several energy ranges. The main contribution to the uncertainty
comes from 0.0542 eV—0.532 eV and 22.6 eV—4.31 keV where one standard deviation of capture reaction

covers the underestimation shown in Figure 2.

Figure 6 Sensitivity coefficient of worth by capture reaction, capture cross-section

Table 2 Uncertainty of C/E by energy range

energy range[eV]
core H/U 100E-5~ 147E-3~ 542E-2~ 5.32E-1~ 226E+1~ 4.31E+3~

147E-3 5.42E-2 5.32E-1 2.26E+1 431E+3  1.00E+7 total
210 0.012 0.021 0.086 0.033 0.059 0014 0.108
140 0.015 0.022 0.089 0.037 0.075 0.018 0.116
50 0.021 0.024 0.065 0.042 0.087 0.024 0.106
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Figure 7 shows C/E for the case of changing capture cross-section at certain energy range so as to be
unity of C/E at H/U=50 core. About 26 % of capture cross-section at energy range of 0.0542 eV—0.532 eV
and about 20 % of capture cross-section at energy range of 22.6 eV—4.31 keV are changed in Figure 7.This
figure reveals that C/E for the case of changing capture cross-section at energy range of 22.6 eV—4.31 keV
is smaller effect on the difference between neutron spectrum of each core than C/E for the case of changing
capture cross-section at energy range of 22.6 eV—4.31keV. It is concluded that Thorium capture
cross-section at energy range of 22.6 eV-4.31 keV is more likely to be underestimation than that of 0.0542
eV-0.532 eV.
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Figure 7 C/E of worth after changing capture cross-section at each energy range

4. Conclusion

The validity Thorium cross-section in JENDL-4.0 was evaluated through the experimental analysis
and the sensitivity analysis of Thorium replacement worth. The analysis results show that Thorium
cross-section is likely to be underestimation of about 20 % at energy region of 0.0542 ¢V-0.532 eV and
22.6 eV-4.31 keV. Considering the difference between neutron spectrum of each core, Thorium capture
cross-section at energy range of 22.6 eV—4.31 keV is more likely to be underestimation than that of 0.0542
eV-0.532 eV.

Acknowledgements
The authors send gratitude of Prof. Takaki of Tokyo City University, and Prof. Unesaki of Kyoto

University Research Reactor Institute for their helpful support of the experiment and advice of the analysis.

References

[1]K. Shibata, O. Iwamoto, T. Nakagawa, N. Iwamoto, A. Ichihara, S. Kunieda, S. Chiba, K. Furutaka, N.
Otuka, T. Ohsawa, T. Murata, H. Matsunobu, A. Zukeran, S. Kamada, and J. Katakura: "JENDL-4.0: A
New Library for Nuclear Science and Engineering," J. Nucl. Sci. Technol. 48(1), 1-30 (2011).

[2]Y. Nagaya, K. Okumura, T. Mori et al., MVP/GMVP Version 2 : General Purpose Monte Carlo Codes
for Neutron and Photon Transport Calculations based on Continuous Energy and Multigroup Methods,

- 208 -



JAEA-Conf 2014-002

JAERI 1348 (2005).

[3]A. Hara, T. Takeda, Y. Kikuchi, “SAGEP : Two-dimensional sensitivity analysis code based on
generalized perturbation theory,” JAERI-M 84-027, Japan Atomic Energy Research Institute (JAERI)
(1984).

[4]R. E. MacFarlane, D. W. Muir, R. M. Boicourt, “The NJOY nuclear data processing system, Volume I:
User’s manual”, LA-9303-M (ENDF-324) (1982).

- 209 -



This 1s a blank page.




EBREAL R (SI)

# 1. ST HEAHL # 2. FARWALZ VTR SN S ST HALOF # 5. SI HiUHGE
e ST HAHAL S SI EAHAL _ B BEUHRE | i | B BRUERE | 5
T am [ms — e P w0 (2 4 ¥ [0 [F o 4
[ s[x=+rn m e ! - 102 |2 & z 102 [ v F| ¢
" 1% BSzig A — bv m " o |s
=3 ¥ v s 7L kg WX, | A— bR -~ 108 |= 7 ¥#| E 10‘. g Ul m
53 wml ® s i b | A — SRR m/s’ 10° [~ ¥ P 10° [vA7m| p
£ w7 =7 A b3 $a| A — hov m’ 10" |7 Il T 10° |7 7| n
BmAERE S v E | K WL, WREEXRST LS A— Y| kgm® 100 | # o |12l = p
BB = | mol HoOB E EFe/IMETlA— | kem® 108 |2 # M | 10 |7=sk f
ot Bl v 7 | ed 24 % FE[S2h A= FvEx e 7 F 5 | mPkg 108 | vl ok 108 |7 k a
B W B ETTEREA-MV Am 102 |~27 K h | 107 |8 7 K 2
B R oo B I TUoXTEA— Y A/m 0 |= o 0% |2 2 ¢
B EY, B EleAmA— by mol/m? 2 g
BB’ ¥ ExarismiEi— i | kgm®
i | F Il A= | edim® .
W5 w0 Gero) 1 i #6. SICEEZVA, SIE RSB HifE
o#E B ok Y GrFo) 1 1 45 e ST Hifiziz k% fi
(a) 2 (amount concentration) (ERIAAL D) EF Tl ETR L 53 min |1 min=60s
(substance concentration) & & Li¥h 5, - -
®) hb Tekin B UEKIE 1 2 bORTHHMN, TOTE B b [1h =60 min=3600 s
B FT N T A EF O 1 IRiEE IR R L7, ] d |1 d=24 h=86 400 s
i > |1°=(a/180) rad
%3, EHEOHE G5 TE SN ST N N
SIFHLS ) 1'=(1/60)°=(11/10800) rad
$ANT B p e MDSIEALIC & 5 | STEARALC L 5 » ” |17=(1/60)=(n/648000) rad
i #L) #LH ~T B = ha |1ha=1hm?=10'm>
o ?; 2 So7 A o ra(d) EZ) m/;n2 U b L, 1 [1L=11=1dm’=10°cm®=10m®
A AT TIT ¢ 1 53 —10"
Al W oy (9 He g b t [16=10"kg
7 SEa=|p¥ N m kg s?
E 5 , S| A 02 Pa N/m?* m’ kg s?
T RAE—, ftH, ARV J Nm m’kg s KT, SITE SRV, SIEOFA S B BALT, SIHALT
HEE, TE. HH ATk W e m?kg o FEN D HIEA TR B OND b O
B B &5 BEr—nyr C sA Ei) %2 SI {7 TR I N5 5E
AL e (BIE) , K E AL v WIA m?’kg s?A? B T A A b eV [1eV=1.602 176 53(14)x107°J
o (5 P B775 8 F CIV m2kg!ls A % v kb | Da |1Da=1.660 538 86(28)x10*'kg
& £ FiiS A —2 Q VIA m’kg s?A? R E A u |1u=1Da
ERIN N A SR DA S S ANV mZkg' s A? KX H ] ua [1ua=1.495 978 706 91(6)x10"'m
I3 W7 =— Wb Vs m’kg s?A?
03 R # i1 b T Wh/m* kgs?A?
A4 v Xy H v K~ U— H Wh/A m?kg s2A?
t L v oy 2 R OEerywzEe| C K #8. SITES 7w, SIE P S D Z Do HAL
b/ F— R Im cd sr© cd B0 A ST HfZ CH S 25 Hifil
i o fl)ﬁ /371 o Ix Im/m* nfcd N = V| bar |1bar=0.1MPa=100kPa=10°Pa
TS R D J A RE 7L Bq s KEUEI U A — ML |mmHg 1mmHg=133.322Pa
DITNE S W= VIV S R R . .
— Az Gy Jlkg m?s? Arv 7 Abrv—24 A [1A=0.1nm=100pm=10""m
AL RS 7| | g " ) i g M |1M=1852m
MR mARRYR | v g w8 ~ = > b |1b=100fm’=(10"%cm)2=10"m?
1% # i e[ Z— kat s mol J e M kn |1kn=(1852/3600)m/s
() SRR I [EA D44 i & 5 % B M B & M A b8 T I TS 5, L LBSHAES F LI AT b 1550 * = 4 Np o
SE—L hTIRAN, . STHANT & OBUAIEHI 22 BALR 1T,
O)F VT > ERT T IT L EMED 1K B B ORI LT, BIcoWTOflE S 2 B DIHib ., ~ M B SR D E IR
FEBRIE, AT SRHCITRE Srad X CsrV AV 5523, B L L THIZEL L L TORES THHHFT0 1138 = v <X 2l daB
RERB,
@FHFETIIAT FOT v VD AL i FsrZ PLOE LT OHIC, TOEEHREL TS,
DY BRI NTOR, 7 LR OM GBI S T OBRMHH S 15,
(N T AT N E Y DRRIZRATIT, AV AREEZRTOICERSND, BV REL S LELYD - g g
HR Ok E SR~ Chd, LEs->T, BIEECREMIEZTRIGEE S 5 OHA R LT bR L Th s, £9. Wif ”jﬁmm‘?ﬁ}ﬁfﬁﬂﬁ“ _
ORFHEZREDHUHE (activity referred to a radionuclide) (%, LiE LiEif - 7= 5k CTradioactivity” & it S5, GEL AL SI HAL TR S %l
(QHfL > —~L b (PV,2002,70,205) (22 TiXCIPMAIS2 (CI-2002) % &M, ) v 7| erg |1 erg:10'7J
» A | dyn |1 dyn=10°N
=X (VA Z LEEEL IRV XA ° ] <
e LR A S L # 7 x| P |1Pe1dynsem®0.1Pas
i — _ 2 A_qn4,.2 1
HELNL AR . e SI EABNIC L 5 Ak 7 A St |1 St=lem®s'=10"m"s
. i #1LJ 2 F A 7| sb |1sb=lcdcm?=10%d m?
i A A % Pas m'kgs’ 7 *+ M ph |1 ph=lcd srem™ 10%1x
oo — A v KMMea—trx—tn Nm m?kg s 7 /W Gal |1 Gal=lcm s°=10%ms?
# i i Sl=2—hrmA—FL  |Nm kg s ~ 7 A U z | Mx |1Mx=1Gcm?>=10°Wb
14 W BT T R rad/s mm'sl=s? B 7 A G |1G=1Mxcem?=10"T
£ n b |7 T v El rad/s? mm’s?=g? x5y R ()| Oe |10es (10¥4m)A m™
gz +BR S 2 — 2 -3 =
ot 00 B B L 9T istpA= o uilger © 3 EADCGSIR & STCHIHIECE v, 55 [ & |
ARE, = br b —|YPa— Iy JIK m?kg s2K! FHISBIRE RS b DO ThH B,
EA R, ke ho E—|va—nmxosssmrrey [JikeK)  [m2s?K!
K = % A ¥ —|Ya—rEmEFusIa Jlkg m®s?
#h & i H| vy MEA— b EZAEY (W/(mK)  |mkgs?K?! #10. SR S 72\ 2 Ofth o> BAL O fil
M = x L X —|Ya—nAmilA— ML [Jm? m’kgs? EAA Eviea SI HLALTH S5 5l
E R o B S[EAMEA—bA Vim mkgs?AT * = U = Ci |1Ci=8.7x10""Bq
G i # BE| 7 — v S A— RV |C/m® m”® sA L v % | R |1R=258x10"C/kg
# i} B |7 —a A A— RV |Cm? m” sA S F| rad |1 rad=1cGy=10%Gy
R EE, BRAEMIs—erEmEFA— Y (C/m? m?sA L 2 _ 102
i & |7 7T RgEA— LV F/m m™® kg’l st A2 N e ||l werl =0y
% [ #~y—mA—bAL  |Hm |mkgs?A? 77] TN 1;:1}222_110;9:0_15
£ L T X L F —|Va—iEEL J/mol m*kg s mol _ }\1]/ BS A - \7_ ,m_ _ o _
E)VT Y b a B VAR Y 2 — AV BEAES AV E Y (I mol K) |m?kg s2K ! mol?® 4 ART b v I‘il/;ﬁjj 7 ¢~ 800 me =20
WA R (XEE Oy 8) |7 —ndrnssa Clkg ke oA k \ Jv| Torr |1 Torr = (101 325/760) Pa
7 0 @ B |7 LA 455D Gyls m2s? Bo# K & JE[ atm |1 atm =101 325 Pa
T il 58 E\D Y MEATTPT Y |Wisr m*m*kg s’=m’kg s 2 om U | a1 [leal=41858) (T15C;H=Y ), 41868
b 7e it ¥ JE|7 o e A= b2 7797 |WimE st) |m?m? ke s3=ke s (MM e Y —) 4.184d (MBE IR Y —)
B # E M B EhEZ—LEHA— L |kat/m® m® s mol I 7 =t S e 1 p=1pm=10"m

(358, 20064E8ET)






