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Development of burnup confirmation technique for spent fuel
- Numerical simulation on measurement of burnup indicator by FP gamma-ray
measurement -

Shunsuke SATO and Yasushi NAUCHI

Abstract

Numerical simulation on measurement of burnup indicator in assembly-wise geometry was carried out for burnup credit
application. Variation of measured value of burnup indicator was evaluated for asymmetric burnup distribution inside a fuel
assembly caused by loading patterns. Depletion calculation in multi assembly geometry, considering loading pattern in a typical
PWR equilibrium core, was carried out by the MVP-BURN code, and pin-wise distribution of burnup and nuclide composition
in the fuel assembly were evaluated to obtain pin-by-pin distribution of photon source. All types of fuel assembly in the
equilibrium core were evaluated. Photon transport calculation was also performed by the PHITS code to design measurement
system of burnup indicators, *’Cs activity, '34Cs/'¥’Cs activity ratio, **Eu/'3’Cs activity ratio, and '%Ru/'*Ce activity ratio in
assembly-wise geometry and detector response function was calculated for each fuel pin in fuel assembly. As a result, each
burnup indicator varied within 6% relative standard deviation for fuel assembly discharged in 4th-cycle even by measurement
from single direction of assembly and it is possible to estimate burnup of a target assembly within 6% accuracy by any burnup
indicator. By measurement from 4 symmetric directions, variety of measured burnup indicator was decreased for fuel

discharged in any cycle, and burnup could be estimated in 6% accuracy for fuel assembly in any cycle by any burnup indicator.
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NEBLTHRRTS 4%REDOZER LA LR
WZ Ebbnol,
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51.1150.7 [50.8 |51.2 51.7 |52.1 |52.0 |52.0 |52.2 |52.0 [52.0 (52.1 [51.7 [51.2 [50.8 [50.7 |51.1 52.8 [52.3 |52.4 |52.7 |53.0 |53.1 |53.3 |53.6 |53.8 (53.6 [53.3 [53.1 [53.0 [52.7 [52.4 [52.3 |52.8

50.7 |50.4 |50.8 [51.6 [52.6 |53.9 [52.8 [52.8 |53.9 |52.8 [52.8 |53.9 |52.6 |51.6 |50.8 |50.4 |50.7 52.3 151.8 [52.0 [52.9 |53.7 |44.2 [53.9 [54.2 |55.5 [54.2 |53.9 |44.2 |53.7 [52.9 |52.0 |51.8 [52.3
50.8 |50.8 |52.1 [54.2 [55.1 54.6 |54.5 54.5 |154.6 55.1 |154.2 |52.1 [50.8 |50.8 52.4 152.0 [42.5 |55.3 |56.4 55.6 [55.9 55.9 |55.6 56.4 |155.3 |42.5 [52.0 |52.4
51.2 |51.6 |54.2 55.8 |155.3 [53.7 [53.5 |54.7 |53.5 [53.7 |55.3 |55.8 54.2 |151.6 [51.2 52.7 |152.9 [55.3 57.2 [56.4 |43.9 |54.7 [56.2 |54.7 |43.9 [56.4 [57.2 55.3 152.9 [52.7
51.7 |52.6 |55.1 [55.8 |54.8 |55.3 [53.8 [53.7 |54.9 |53.7 [53.8 |55.3 |54.8 |55.8 |55.1 |52.6 |51.7 53.0 |153.7 [56.4 [57.2 |56.3 |56.6 [54.9 [55.0 |56.3 [55.0 |54.9 |56.6 |56.3 |57.2 |56.4 |53.7 [53.0
52.1 153.9 55.3 [55.3 55.0 |54.9 54.9 |155.0 55.3 155.3 53.9 |52.1 53.1 |44.2 56.4 156.6 56.1 [56.3 56.3 |56.1 56.6 |156.4 442 (531
52.0 |52.8 |54.6 [53.7 [53.8 |55.0 [53.7 [53.7 |54.9 |53.7 |53.7 |55.0 |53.8 |53.7 |54.6 |52.8 |52.0 53.3 |53.9 [55.6 [43.9 |54.9 |56.1 [44.0 [54.9 |56.4 [54.9 |44.0 |56.1 |54.9 |43.9 [55.6 |53.9 [53.3
52.0 |52.8 |54.5 [53.5 [53.7 |54.9 [53.7 [53.7 |54.9 |53.7 [53.7 |54.9 |53.7 [53.5 |54.5 |52.8 |52.0 53.6 |54.2 [55.9 [54.7 |55.0 |56.3 [54.9 [55.1 |56.5 [55.1 |54.9 |56.3 |55.0 [54.7 |55.9 |54.2 [53.6
52.2 |53.9 54.7 [54.9 54.9 [54.9 54.9 154.9 54.9 |154.7 53.9 |52.2 53.8 155.5 56.2 156.3 56.4 [56.5 56.5 |56.4 56.3 156.2 555 153.8
52.0 |52.8 |54.5 [53.5 [53.7 |54.9 [53.7 [53.7 |54.9 |53.7 [53.7 |54.9 |53.7 [53.5 |54.5 |52.8 |52.0 53.6 |54.2 [55.9 [54.7 |55.0 |56.3 [54.9 [55.1 |56.5 [55.1 |54.9 |56.3 |55.0 [54.7 |55.9 |54.2 [53.6
52.0 |52.8 |54.6 [53.7 [53.8 |55.0 [53.7 [53.7 |54.9 |53.7 |53.7 |55.0 |53.8 |53.7 |54.6 |52.8 |52.0 53.3 |53.9 [55.6 [43.9 |54.9 |56.1 [44.0 [54.9 |56.4 [54.9 |44.0 |56.1 |54.9 |43.9 [55.6 |53.9 [53.3
52.1 |53.9 55.3 [55.3 55.0 [54.9 54.9 155.0 55.3 155.3 53.9 |52.1 53.1 |44.2 56.4 156.6 56.1 [56.3 56.3 |56.1 56.6 |156.4 44.2 [53.1
51.7 |52.6 |55.1 [55.8 |54.8 |55.3 [53.8 [53.7 |54.9 |53.7 [53.8 |55.3 |54.8 |55.8 |55.1 |52.6 |51.7 53.0 |153.7 [56.4 [57.2 |56.3 |56.6 [54.9 [55.0 |56.3 [55.0 |54.9 |56.6 |56.3 |57.2 |56.4 |53.7 [53.0
51.2 |51.6 |54.2 55.8 155.3 [53.7 [53.5 |54.7 |53.5 [53.7 |55.3 |55.8 54.2 151.6 [51.2 52.7 152.9 [55.3 57.2 [56.4 |43.9 |54.7 [56.2 |54.7 |43.9 [56.4 [57.2 55.3 1529 52.7
50.8 |50.8 |52.1 [54.2 |55.1 54.6 |54.5 54.5 |154.6 55.1 154.2 |52.1 [50.8 |50.8 52.4 |52.0 |42.,5 |55.3 [56.4 55.6 [55.9 55.9 |55.6 56.4 |55.3 |42.5 [52.0 |52.4
50.7 |50.4 |50.8 [51.6 [52.6 |53.9 [52.8 [52.8 |53.9 |52.8 |52.8 |53.9 |52.6 |51.6 |50.8 |50.4 |50.7 52.3 151.8 [52.0 [52.9 |53.7 |44.2 [53.9 [54.2 |55.5 [54.2 |53.9 |44.2 |53.7 [52.9 |52.0 |51.8 [52.3
51.1 |50.7 |50.8 [51.2 [51.7 |52.1 [52.0 [52.0 |52.2 |52.0 [52.0 |52.1 |51.7 [51.2 [50.8 |50.7 [51.1 52.8 152.3 [52.4 [52.7 |53.0 |53.1 [53.3 [53.6 |53.8 [53.6 [53.3 |53.1 |53.0 [52.7 |52.4 |52.3 |52.8
) \ \ -
(@) B EARREER OB (@ AR OS5
53.1 |52.5 |52.5 [52.7 [52.9 |53.1 [52.8 [52.6 |52.5 |52.1 |52.0 |51.4 |50.6 |49.2 |49.8 |50.1 [51.2 51.6 |151.0 [50.8 [51.0 |51.0 |51.0 [51.2 [51.4 |51.6 [51.5 |53.1 |52.5 |52.6 |52.2 |53.2 |53.6 |53.2
50.2 |49.9 |150.3 [51.4 [52.7 |53.8 [52.3 [52.1 |53.4 |51.4 [51.2 |52.4 |50.1 |48.8 |48.1 |48.3 |49.7 49.8 149.3 (49.1 [48.7 |50.5 |43.1 [50.2 [51.2 |52.7 [51.2 |50.6 |43.1 |50.5 [50.4 |48.6 |50.1 [51.0
49.0 |50.4 [51.4 |53.6 |53.7 54.1153.6 52.9 152.6 52.9151.9 |49.3 [48.3 |50.1 49.2 |148.1 51.7 152.9 51.6 [51.4 52.2 |50.5 53.0 |152.0 47.9 [49.8
49.5 |50.1 [52.7 53.0 |55.7 52.1 [52.6 |53.4 |52.0 [51.6 |53.0 |53.7 51.9 149.2 [51.1 49.1 149.1 [51.9 54.2 [52.9 50.9 |51.7 [50.7 52.7 |54.6 52.4 149.8 (50.4
50.3 |52.0 |54.3 [55.1 [53.7 |54.5 [50.9 |51.0 |54.2 |52.2 |51.6 |53.4 |53.0 [53.6 |52.8 |50.8 [52.0 50.3 |49.6 [53.6 [54.0 |53.8 |52.7 [51.5 [51.8 |53.8 [52.1 [51.4 |52.9 |53.0 |54.6 |54.4 |50.1 |51.1
51.1 |53.1 54.7 [54.0 53.6 [53.2 53.4 152.2 52.2 150.7 53.3 153.2 50.5 |43.9 53.0 |153.5 53.6 [52.8 52.1 [53.9 55.3 |154.9 45.0 [50.5
51.2 |51.3 |53.5 [52.1 [52.0 |55.0 [51.6 [51.2 |52.3 |50.1 [49.3 |53.1 |52.6 |50.5 |51.8 |50.8 [54.6 51.6 |151.9 [53.8 [43.7 |52.6 |54.1 [43.6 [52.3 |54.3 [51.5 |44.2 |54.9 |52.8 |44.2 [53.9 |52.6 [53.0
49.6 |50.4 [54.6 |53.1 |53.3 [54.9 |52.9 |52.7 [54.0 [51.9 |52.4 [53.8 |51.1 |53.2 |54.4 [52.5 |54.8 52.9 |153.5 [54.9 [52.9 |52.8 |55.2 [52.7 [53.4 |55.1 [53.3 |53.6 |55.8 |54.4 [53.4 |56.0 |53.8 [53.2
51.3 |53.8 54.7 |54.5 54.8 [54.5 54.4 |153.8 53.2 |153.8 54.7 |54.5 53.5 |153.9 56.1 |155.7 55.6 [56.2 54.0 |56.0 55.9 156.5 56.8 155.0
51.4 |52.7 |54.8 [53.2 [53.0 |54.3 [52.7 [52.6 |53.8 |52.1 [51.9 |53.6 |52.0 [52.5 [54.7 |52.6 [57.1 54.6 |155.2 [54.3 [54.5 |54.9 |56.2 [54.6 [54.2 |56.6 [54.8 |54.3 |56.7 |53.7 |55.7 |55.5 |55.8 |55.2
51.1 |52.0 |54.0 [52.6 [52.0 |54.1 [52.4 [51.9 |54.5 |51.9 [51.9 |53.1 |51.8 [52.2 |53.9 |53.7 [55.9 55.0 |155.2 [56.8 [47.1 |53.5 |57.1 [46.7 [55.2 |57.3 [55.0 |46.7 |55.1 |55.6 |47.3 |57.8 |55.8 [55.0
49.8 |52.2 55.3 [54.0 53.4 (52.9 52.7 152.7 52.8 |153.4 54.0 |156.4 55.0 |148.7 57.9 159.0 57.6 [58.2 58.4 |57.9 58.9 |58.0 48.7 [55.7
.51.5 51.9 152.9 |51.8 [52.7 |50.7 |53.0 [54.7 [53.0 |53.4 [55.7 [55.6 |57.3 |56.4 [55.6 |59.3 56.0 |55.0 [59.7 |60.0 |59.3 [59.5 |56.2 |56.3 [58.5 |55.1 |56.2 |59.0 |58.5 [60.4 [59.2 |56.3 [56.4
49.9 |149.9 [52.5 55.7 155.1 [53.0 [53.0 |54.4 |53.3 [53.8 |56.3 |56.6 56.8 |55.1 [58.2 54.6 |55.4 [58.0 60.6 |58.6 [48.3 [56.3 |58.6 [56.6 [47.6 |59.5 |60.9 58.6 |55.8 [55.7
47.9 149.6 [51.6 |54.4 |55.3 55.3 155.1 55.1 155.6 57.2 |156.7 |54.3 [55.5 |59.5 55.4 |154.6 [46.2 [59.1 |59.5 58.8 [58.0 58.9 |58.3 60.0 |158.9 |48.4 [55.1 |55.6
50.4 |50.2 |50.8 [51.9 [52.8 |54.7 [54.5 [55.0 |56.6 |55.3 [56.1 |57.6 |56.4 [55.9 |55.0 |57.2 |60.1 55.8 |154.5 [54.9 [55.3 |56.9 |50.4 [56.7 [57.8 |59.6 [56.5 |56.0 |49.6 |56.5 [55.4 [55.2 |55.1 [54.8
54.1 |53.8 |54.4 [55.2 |56.1 [56.8 |56.9 |56.6 [58.7 [58.3 |60.8 [61.1 |60.8 [61.0 [61.0 |61.6 [62.9 56.2 |155.6 [56.0 [55.3 |55.3 |56.3 [56.5 [57.0 |56.4 [56.8 |56.7 |56.4 |56.3 [54.7 |[55.8 |55.6 [55.5

(b) IBEARBEHFEOLEAQ) (b) IBEAWREH R OGS
22()DFEET M K D EERER) (X 22(c)DFHETT IMAC X 5 EHHE AT
24 AV A 7 VRO Gd REHESIRICBIT

58.8 |56.5 [55.7 |55.4 [55.3 |55.0 |54.4 |53.8 |53.3 |52.6 [53.9 [52.9 [51.9 |50.5 [48.8 |48.8 |50.2

62.4 |57.4 [54.4 |54.5 [53.5 |55.5 [53.9 |53.7 [54.7 525 [52.0 |52.9 |50.5 [49.0° 48.7
o o [ N NYYTIa

62.1|55.8 [54.8 |56.2 [56.3 52.8 (533 53.1 [52.5 52.5 (50.1 [48.6 488 é@' \\»:*4%%%‘“5*}5)&0)@; j(@’ﬁ[‘ : GW d/tHM)

62.1 |56.7 [57.0 56.2 |152.8 [53.0 [51.4 |53.0 |50.8 [51.4 |52.7 |53.4 51.2 |48.3 [49.7

62.5 |57.1 [58.1 |57.7 [55.6 |54.6 |52.8 |51.4 |51.4 |51.0 [51.0 [53.1 [52.1 |53.1 [52.2 |50.0 |50.6

61.0 |59.1 56.8 |55.8 55.2 |54.9 53.3 [53.7 53.3 |52.1 48.8 (49.9

59.8 156.4 [56.4 |154.0 [53.6 |52.0 |53.1 |52.8 |54.1 |52.2 [51.7 [51.8 [50.3 |50.8 [52.2 |50.8 |50.0

60.2 |56.1 |55.8 [53.2 |153.1 [54.8 |52.8 |52.6 [54.1 |52.2 |50.8 [52.2 |50.6 [49.3 [51.5 |49.9 [51.1

59.1 |57.1 55.0 [54.6 53.1 [54.6 54.5 |154.0 53.2 |151.7 52.2 |51.6

57.3 |54.8 [55.5 |51.1 [52.9 |54.2 |52.9 |52.9 |54.3 |52.6 [52.5 [54.1 [52.4 |50.7 [51.2 |50.6 |50.8

58.1 155.4 [55.8 |53.9 [53.3 |54.9 |53.3 |53.1 [53.3 |53.1 [53.1 [54.3 [52.8 |52.8 [54.0 [50.9 |52.0

56.7 |56.1 54.8 155.8 55.6 |55.4 55.4 |155.4 55.2 |54.9 53.8 |52.4

57.1 |53.7 |56.0 [56.5 |55.3 [55.5 |53.3 |52.9 [54.7 [53.0 |53.2 [55.4 |54.0 [55.6 [54.9 |49.3 [51.9

55.7 |52.4 [53.7 54.1 [54.3 152.9 |52.9 |54.5 |52.9 |53.7 (55.8 |55.9 50.9 [50.1 |52.0

54.8 150.4 [51.9 |53.4 [54.5 54.4 154.6 54.2 |54.4 55.1 [54.1 [51.6 |47.9 |51.2

55.0 |51.4 [50.6 |50.4 [52.1 |53.7 |51.4 |52.3 [54.0 |52.4 52.8 |53.6 [51.8 |50.9 [50.0 51.1

(c) 3IBEAEIRBER R DLEQ2)
(X 22(b)DFEE T VIZ L DFHERR)
23 4V A 7 VIBEHO UBREHEARICRBIT S
PRBHERIABEE D534 (AL © GWd/tHM)
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—e—SingleAsy —e—MultiAsyl
MultiAsy2 MultiAsy3
—e— MultiAsy4 —e—MultiAsy5

—e— MultiAsy6

*— -

& —e

0 5 10 15 20 25 30 35 40 45 50 55 60

EARTHIRBEE (GWd/tHM)

(@) UBEIOLHA

TARRERE (%)

—eo—SingleAsy —e—MultiAsyl
MultiAsy2 MultiAsy3
—o— MultiAsy4 —e— MultiAsy5

—e— MultiAsy6

0 5 10 15 20 25 30 35 40 45 50 55

EBRFRBEE (GWd/tHM)
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(b) GdEEIOSEE

2.5 PREMEGIRPIZ IS T 2 IRBHEIRIE RS O FR e (R 72

2.3 A URRRS 0O

2.2 HilZ £ 015 BT BRI BLAL O RZFEAR A 5y
s, AEH ~IEE UCEY ) e E
RET D 196RY, 134Cs, 137Cs, 4Ce, Eu D HETRED 5y
a3l OB L7 T — 2 [16)%
#2277,

WIZ, EFEOFEHEI S B S T v~ i
B e DRk Tz, BRE S BERED D it &
HH RO TR F— L Z O R HEER[17]D 5
B RN R D K EWRERREEZE 23 12
AT, AU~ BRI EREOSERICR LTS5
LHER[I7IICHEFH SN TVWEETOZ LT —DA
YRBUTOWTRHI L7z, 7238, 3x3 LA MIAEE
FHETHLNIFHEMRZT TR B—HEAK
PRIEFT A TG DAV FHRRE R b [AARIC R L 72,
7272 L, AROBRF IO D, ZhETIC
Fefits U 7= A o~ B E FEBR[S5-9] D A L A TE A3 2
ENTE DL 10 FMmEAREIZ X% L35,

-
—

#22 ABEAEDNHI T — 2 [16]

%1 FiR

1060, 371.8(18) d
1340 2.0652(4) y
¥7cs 30.08(9) y
14466 284.91(5) d
154 8.593(4) y

y : year, d: day

% 23 HRHEOMIREEDR b BT v~ B
TR — &R 17)

%ig IRILE— (keV) TRHFEER (%)
106p,— 18R 2366.04(7) 0.0233(8)
184654 604.721(2) 97.62(11)
183754 661.657(3) 85.10(20)
1446 144p, 2185.662(7) 0.694(15)
154 | 1274.429(4) 34.8(3)

3. AUBAEDHIE S aL—3
>
3.1 BIEERRDERET

N
AxX

IRBHE BRI 2 BRBEEE FEAR DI EIR R &2
T oo DFEEZEh LT,

IRBHEGIR D T o~ 2 ET DB, M
FRMN 2 DAL FHICROHIRN D . BRHERIC AN
TN MO EHIRT 20 ERDHD, DT
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D, AEIORETTIE, KR LT DEHEAERD)E
PHZ SR(PH)DEE TR, BEIZa Y A—ZR— L%
BAUT. BEOSMAN IR AR A X E L T~ A& Eh
WF2nz el L, &E LZHERROBE SN %
B 3.1 127”9, Pb BEDOWNERZEMIL, X 32 (TRT
L9 ITIREHE SR O THI0 FE)F A 6 ORE & TH
J45 FYFF 6 ORIEITKIST D72, HIE
BOPREHES R E RIS EL Z LN TEDL LD,
bR 2 B E Lic, MIE SRS L IRk 7 — L 72
EOKRPTOREEZELTEY | SEIDOKERT
IR S B DR THAKFICEE L TWD, £0
72, BRI EOBNNG PO EEL I A—FK
—VIZIZAREIZE S Imm @ SUS 7 A ;2 iXiE
L7z,

FT. Pb BEIZ T Y A—H R — L EFHT TR
WERIET Pb BEDE S O 21T o 72, BARMIC
13, FEBRORIERE 28 L T e & BEDRIC
HOBREDOI VT T ABRT DD, b E
i 92 S OBEOSMUIE i 7> 5 Tem FEIV -7
TOREENTDINEL 2D LD IR X 6%
E LTz, ZOFETIE, H—EEHREEEHE <5
DNTHIRERERD T o~ B8R Dl b W o~ fij
SR D E B A RE L, T OREHEDS B H R
DOFHERN b @< 7D 45 FE S5 R E R f
PIEER R —T HICH D ERE L, R
REHHCRRE 21T o T2, OB, 5 O3
VX —D I < M B o T AR TR A
MvazATIE LTz, ZORMETT, B 76.2mm
TR X 76.2mm O BGO ¥ > F L—1 = U HERO
FHECRD Leps LA FIZ72 % K D W+ 7R BE R X & 5%
E LTz, TOREE, Pb BEDOE X% 350mm & 725
7

Iz,

BE\Z U CHREZRMEIR E L, B R oRIRIEH
B L, 2V A—ZDORIFEOREILFELT
D, POEEONEI N D 60cm B -NLEIC, =2
A —# LA CH O @M 7 LV~ =7 L(HP-

FRBERE S ORMET, 2 Y A—=Z O%E
FTRDLREEROBRG 2 E M LT, 2 A—=2I3,

Ge)f e 2 BliE L7z, MHHARALE 2 Pb BEN >
5 60cm DONLEICERE L0k, ek Biso
M OEREA 60cm fEfRT 2720 Th b, ZHIZX
D, KR LE—DH <R EHT L —DH
ViR & bl U RIS L. 10 FEmEIL
TEIRBHT R LT I OB 1Ry & 144Ce 2
ETESH[8, 9], HP-Ge HigRIX. Ge fidnthA X
NEFE 84.7mm THE X 107.6mm, Hm—/LDKE X
IXERE 5.45mm TR S 94mm TH D, H o ~HRIR
L LT, LT v BRED b @\ R &
LA RN ORI EICELE L, RPN 2R E
TR RO FH R 10keps FEEIC R D L5, =Y
A =L OO EE LIz, ZOBE, Eiio
BEEEHE &L [FRRIC R COZ R A —D T o~ D
FARIHRE 2R AT DAV TH 22, ZOREE, =
U A—Z B EOEAIL3.8mm & e 570, 7ds,
3 Y A—H O EEFLE LS 4 @ETRE L,
1 EAERIZRE LT 1 BEIOBPIET 4 Fih s ORIE
EAEFGHNDREERR L L,

ARGES O AT o~ BREF LRk F R = —
R PHITS(Ver. 2.88)[18]% FV > C i L 7=,

PhEE - SUSTAF:

E&350mm g E&1mm
AN . 600mm

A

s | =< gty = (B
B/ AR A%

KRR H FE3.8mm

A
B 3.1 BRBEREFEARHIE (SR DR
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OE AT ASFE A A
l@ ®
Q| ;| PRk
=2k | @ £ 81k
®
@T @

X 3.2 PREHEAMICK9 S HIETT 1A

3.2 WRUHHBISEDH

3.1 Hi TR L7 UL CRRE L 7o BRBEEE RS O
TEMRRIZENT, PHITS 22— RIZ X W RHZROIE
B L7,

HGEAROBIREHENDRIR L LT D=3
WX =D~ Efie LThHZ, Tr<in
BHZHZAS L, 232, BT R —2 RN
TROMFREZHE LI, OB, kEvY—27iK
DHERDD ZEIZEHEBL, 2 TR LY
—IGMEROBEFET DL L LT,

ZOFEIX, ENENOREMED R 5 & Rl
BT, 1 ROBREHEIZR LT 1 2O o~
FNX—F G2 -HREETV, ZhEESERNO
BT ORRBEIC K L CTLEZE X 2 b ERT D,
L, AlEELTWLEETHD Ry,
134Cs, 137Cs, 44Ce, BEu [T 4 =R NVF—D T
<A T 503, SRIORFTIER 23 ITRL
RN R b KRE VT RAX —D N o~ %
ZOBMORET o~ EZ, LD F—
DI < OIHILY P- 7=,

FRROFREAK 321CR LT 0 EJr M & 45 D7
[F17> B ORE DO KR L CTEREIFEM Lz,
OB, SWERINCEEEITO e, T~ gsA
AEDOK Y AR ZITo T, HFLE SO b A
T RAF—IL, EBHIT 1.0x10°MeV & L7z, F
7o ERA MU —EOREIL, Ny FHA X1y
FHT=0 OH o~ R EER)E 6.0x105, Ny T

Z 511 & L, MPLIZK 2 512 W8I CRHFE A 0 L
7

FIRBED D DT L X — A B R DL
L LT, PCs D 662keV H v~ HRUTK LT, [X3.2
R LIZEBIRD 0 FEJF MO AL BI@FE D J51E)H
HHIE L7eBROFH R IR & 45 Em o4 Bl
(@FDFH M BRIE LIZBEOREREZNEIX
33(a) & X 330N T, X 3.3 TIEATORREHE
2D DR HER A~ DR RV F— (1 5AE=R % 100 (2
BRib L. TN ENOREMEDEL 2R LTz, T
bbb, K331 D 662keV L~ R
OREMIxT 2 BB F5HE 2 KT, K
3.3 LJAIBRIZ, '9Ru O 2366keV H 2~ FBRIZKT D
RHRR R 2 34177, i, K33 L3410
BWTX, 2CORTHT—~ v T DA — Vi
M—LTW5D,

4 33 & 34 LY, ZRXLF—DEWT v
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