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Development of Rapid and Sensitive Radionuclide Analysis Method by Simultaneous Analysis of
B, v, and X-rays
(Contract Research)
— FY2022 Nuclear Energy Science & Technology and Human Resource Development Project —

Collaborative Laboratories for Advanced Decommissioning Science,
Fukushima Research Institute, Sector of Fukushima Research and Development
Japan Atomic Energy Agency
Tomioka-machi, Futaba-gun, Fukushima-ken

Japan Chemical Analysis Center
(Received September 20, 2023)

The Collaborative Laboratories for Advanced Decommissioning Science (CLADS), Japan Atomic Energy
Agency (JAEA), had been conducting the Nuclear Energy Science & Technology and Human Resource
Development Project (hereafter referred to “the Project”) in FY2022.

The Project aims to contribute to solving problems in the nuclear energy field represented by the
decommissioning of the Fukushima Daiichi Nuclear Power Station, Tokyo Electric Power Company
Holdings, Inc. (TEPCO). For this purpose, intelligence was collected from all over the world, and basic
research and human resource development were promoted by closely integrating/collaborating knowledge
and experiences in various fields beyond the barrier of conventional organizations and research fields.

The sponsor of the Project was moved from the Ministry of Education, Culture, Sports, Science and
Technology to JAEA since the newly adopted proposals in FY2018. On this occasion, JAEA constructed a
new research system where JAEA-academia collaboration is reinforced and medium-to-long term
research/development and human resource development contributing to the decommissioning are stably and
consecutively implemented.

Among the adopted proposals in FY2020, this report summarizes the research results of the “Development
of rapid and sensitive radionuclide analysis method by simultaneous analysis of 8, v, and X- rays” conducted
from FY2020 to FY2022.

The present study aims to enable rapid analysis of radionuclides in fuel debris and waste, we have
established the latest measurement system, such as the multiple y-ray detection methods, and the Spectral
Determination Method (hereinafter referred to as “SDM”) was developed. In the research in 2022, we
developed a code that handles measurement data of LSC, singles Ge, and 2D spectra (multiple y). In addition,
to develop an integrated database, spectral data of 40 nuclides were obtained by actual measurements and
simulation calculations. In chemical separation development for SDM, it was finally found that quantification
of 39 nuclides is possible by separating into 10 fractions via 7 separation methods-12 steps. Since the SDM
method can be applied to spectrum analysis in general, it is expected to be applied to a wide range of
measurement fields in the future. In addition, to improve the accuracy of the SDM method, a multi-nuclides
identification method using a convolutional neural network (CNN) was applied to all gamma nuclide of the
target in this study.

Keywords: B, y, and X-rays Measurement, Liquid Scintillation Counter, Fuel Debris, Long-lived
Radionuclide

This work was performed by Japan Chemical Analysis Center under contract with Japan Atomic Energy
Agency.
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W2 EMD, K3 I-LITRT L I8h 7 v v 7 I BGO MR SR AU D, R — & T NRRIKE R T
2 U —Z8E LT, ZHUSHEERE LT- Ge i 254 BGO M ER T IcHRA LT,

U EDOERZEHANTHE LNy y2 IRITCARY MUVIKZER 3. 1-2 IC#HE D, B ERIR
JSACO731 ZfifH L7z, HHRDT=DIZ, 46e (KR Z AW TH LI v v 2 IRITTAXT MK %A
3. 1-3 2 %,

> ——

[XI3. 1-1 BGO-Gef& 2 D4AK[X

3.1-1
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120

170 175 180 165 190 195 200 205 210 215 220 120 125 130 135 190 145 150 155 160 165 170 175 180 165 190 195 200 205 200 245 20

X3.1-2 BGO-Gel&RIZ L H2RIL AT kL [X3.1-3 4GefSRIT L B2/ ALY FL

Channel-Energy ®fii i 0. 25 ch/keV 72D T, FRFEFIZE F D Cs—134 D 604. 7-795. 9 keV [A]
BREH e — 2713, X 3.1-3 THEEICH2 5 X 912, 151-199 ch (HFICEN S, XK 3. 1-2 Tl
B2 Ge MRHIZR. HEHh2Y BGO MHZHI XN 2720, BEODMEEDOIRI Z KM LT, Mtz v
— T RRNBND, TOWMEL E—I %Ny 7 7T 0 R EGHE LizfE R, 4Ge (KR D)5 &
NTWABZ ERbrolz, ZIUISMREDE N LY U F L—F i B IRICE N5 R
HBIHRBIZ LD D TH Y | HEAEHIIT BGO-Ge (A7 D SDM fEMT ~DOmEHIZRIED Z & & LTz,

WIZ, ZEHy SR HEEEOYOEZ 1T o 7o, £T EEERHUAIZ OV T, X 3. 1-4 DR ILHE Gy 25
i L, — At & 32 2 & T lEitERE 2 O Lz, £72. ¥ 3. 1-5 D[R U < ARHILFE 5> 2 i L,
T~ =0 MEHESOBEABOE S &Rz D 2 & TURKREZ DL EME 2SR L-, AbE T,
y BROD kS EEE 22 PRI L7z,

B4 3. 1-6 IZ5ERK L 72 2 y S HHAEE O 2R 2 #E 2,

3. 1-4  ZFH y M HAEE O _LETEK 3. 1-5  GefRtHigs D m HIHE

3.1-2
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XI3. 1-6 2% v #fR HHEEE O 2R

(3) &
ZH vy MR EEE OB 72 28R & LT, BGO fR RIS LU Ge MHHER & W (R A2 FEH L,

[FIRFE S & D MET 24T o 7228, BGO MR I ER T2y 7 7 I v v MEDE S
LRI ES D oTe, Sy BURIHEEEIZ OV T ERRMERE R L7 o O¥idEs LUK
RERIC L DB HAE ) OLZENDO - D OUEEZITV, ZH v MR E 2 58l S8z,
ZDHEEIL 6 B D Nal, 6 5D CeBrs, 4 5D Ge HHERD 3HEDERITHIETE, y DO T
IV A F K ONEIREE L D ok B E 2 FTRBIC 5,

3.1-3
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3.2 SDMIEIZRET oMF9E (N 2 4FEE~Fn 4 4R
3.2.1 % SDM VEBARE (BFn 2 R ~TFn 4 )

(1) SF03FHEE CTOFEMNER LR EE)

Mn-54 35 & OV Ru-106 FEY%E y SR AIEA L7=, Z4UT LY, BEfED Co-60, Ba-133, Cs—134,
Cs—137, Fu-152 #RIR & AT, #H7TROT 7V S S R~ 72, £72. TXLXF—K
EAMBRE LT, Na22 A LT, BEFRRIRE &b, vy RV VI NVA Sy BRHIEZLT
VY BRIEER RS h L L LTz,

HIE DR RZFRIZOWTIE, FERFEHILT, v Ial—ra VTR VEEZRANS K
NEAR L, &40 DAY NV T—H _R—= 2585 Uiz, BUERAT LT —H =2
LT O TR L7z,

(2) B4 FEFEBNES L OB
@D vy H SDM {EBH %

i B (+X) BOFEMERARY FLT —FX— 2O

B3 FEI Geantd Z WU R 2 b—va VXV ELNTZ AT R D LSC OHIE
AR "NVEFBT LA R a— 3 UYEETE Lo, ZHUC X0 EEERRIR O E H3 R e
RO ELUEZ T MLV OVERLAFIRE L 720 . SDM-B {E T4 % LSC 1281 HAH 3 40 k4
DB (+X) FEAEZ LT MLOF — 2 N— 2 E A LT,

BRAFEIZ AR a—Ya ECHWIEEChH L2 a R a—var Iy vay
Db EFER L, 7T —F X—RTHW DL EEARY ML OERELZR T,

AEECIIar R a—var 777 arb LTHRORK (1) TREND@EU T +—72
M3 (Pseudo—Voigt function) ZERA L Ty 7=,

fo
(c—x0 = f)? +f,°

exp {_ (x —x0— fh)z} (1)

}"‘(1—77) 2f2

1 1
g&)=ﬁ;n;{
,/2ﬂf02
f, =a+bE + cE?

fo =Vd +eE +fE?

B for fou lETF ¥ XN T L OFEGIR, R VF—0FRE, TR X — B A EE
L7eNTGA=Z Tz N¥— (E) O TH D, KEETITROKX (2) TrREND AT A
& 2 SMAEDETZEE (LT, Double Gaussian &9, ) ZHWTar R a—a v
EEFEm L, @7 +—7 NEBAERWTGE SRR LT,

gx) =fyn ! exp{_w 1 exp{— (x_xo_fh)z} )

=f, _ i
,’analz Zfol /27-[](622 Zfaz

f, =a+bE + cE?

fO'l = Vd+eE+fE2

foz = &fo1
fn =h+IiE +jE?

}+ﬂ—n)

728 fon fois fozs [RlET ¥ RN TE OFEGNE, =RV —0fEE, =RV —EARE
BB LI NTA—FZ T LX— (E) OB THD, avRVa—ar Iy riay

3.2.1-1
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\ZEREL 7 +— 27 FEA%ES KL OV Double Gaussian % F U CAEHERRIR O E 23 "l RE /R % FRIZ D
WCa R a—vaE2EL, ZNEFNLONEARY MLOFBE % reduced chi-
square x2 ZHAWTEFHMEi L7z, K3.2.1-1 226X 3.2. 13 Zav R a—var 7y o7
va NZEEL 7 +— 7 MEELE K O Double Gaussian & VM= & & OAYEIZ K A IEUERRIR
DOWPEART MVOBFBOFIZRT, £z, £ 3.2.1-1 12 x% 1T K DEEERIEOHE A~

7 NV OFELE O R —

47

1% 10%] Pseudo-Voigt function 1% 10°] Double Gaussian
—— Measurement —— Measurement
g = Simulation g = Simulation
s 1 %18 —— Convolution s 1 %18 —— Convolution
b} b}
£ £
S 1 x 10 S 1x10*
= =
& &
a a
5 1x10° 5 1x10°
5] 5]
1% 10° 1% 10°
1x 10" 4 ; ; . 1x 10" 4 ; ; .
0 250 500 750 1000 0 250 500 750 1000
Energy(keV) Energy(keV)
B43.2.1-1 AECKDHEEARY MAOFBL (FE : Mn-54)
(f£ : Bl 7 +—2 NB%&. £ : Double Gaussian)
1 x 1054 Pseudo-Voigt function 1 x 1054 Double Gaussian
—— Measurement —— Measurement
—— Simulation —— Simulation
= Ix 10* - —— Convolution = Ix 10* - —— Convolution
= =
= =
o o
o o
Z 1%10° Z 1%10°
= =
= =
=) =)
o o
1x10%1 1% 10%1
1% 10" . . ; 1% 10" . . ;
0 500 1000 1500 2000 0 500 1000 1500 2000
Energy(keV) Energy(keV)

X 3.2.1-2 AWEICLAHEARZ NLVOFEB (BfE : Co-60)
(£ 8l 7 +—27 FB9%EL. 4 : Double Gaussian)

3.2.1-2
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1 x 10°4 Pseudo-Voigt function — Measurement 1 x 10°4 Double Gaussian — Measurement
—— Simulation —— Simulation
Té 1 x10° —— Convolution Té 1 % 10° —— Convolution
= =
2 2
%1“04- %1“04-
5 5
5] 5]
o o
1% 10° 1 1% 10° 1
1% 1071 . : i 1% 1071 . : .
0 400 800 1200 1600 0 400 800 1200 1600
Energy(keV) Energy(keV)
3.2.1-3 ANEIZLDWEART bOFIL (BEHE : Cs-134)
(F 87 +—7 MBS, 4 : Double Gaussian)
% 3.2. 1-1 EHERIFOHE AT LD FFELE O FFifl
FZAE A AR (keV) x5 (Bl7 +—27 NBEIED x2 (Double Gaussian)
Cl1-36 20 ~ 950 593. 59 547. 04
Ca—-41 10 ~ 40 14644. 57 30656. 23
Mn—-54 20 ~ 1000 7.68 7.31
Fe—-55 20 ~ 80 344. 35 1318. 35
Co—60 20 ~ 2000 2. 30 1. 89
Ni-63 20 ~ 170 52.92 172. 38
Sr-90 20 ~ 2000 5.74 4.09
Y -90 20 ~ 2000 2. 77 2.65
Tce—99 20 ~ 500 1287. 45 984. 02
Ru-106 20 ~ 2000 7. 64 4. 48
Sb—125 20 ~ 800 8.33 11. 13
I -129 20 ~ 300 869. b5 1214. 40
Cs—134 20 ~ 1700 25.41 21.61
Cs—137 20 ~ 1200 54. 00 53. 07
Ba-133 20 ~ 600 100. 43 152. 03
Eu-152 20 ~ 1800 10. 90 16. 19

% 0~20 keV [FZHIEME & Geantd OFHEAEDO XU KX = (LSC D LLD ICEKET A L& %
HIv5) . PHitEIE A 20 keV (Ca—41 1% 10 keV) 2256 & L7,

HEEOFENS, 2R a— a7 77 ¥ adDouble Gaussian ZE6fH L7z, 72
B. C1-36, Ca—41, Fe-55, Tc-99, 1-129 3 L O Cs—137T 1T FHBENMRWFER L 2o 72, Z DOk
RIZBAL T, Ca41 BE W Fe-55 [ZOWWTiFH keV OFE X BOAZBIHT 2B THY . £
DT F VX —FEIK TIE LSC @ LLD & ORIRM HAREE WV THIE AT MLV E BT 5 OXR
THDH, 72, C1-36, Tc-99, 1-129 B LW Cs-137 IZOWTIX B AREDOEBRE DT I 2 L
— aRERT D E LD EHEIEN D, K 3.2, 1-4 225X 3. 2. 1-10 (ZHEHERRIR O MIE A A

3.2.1-3
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IO I 2 b—3 3 AT FL% Double Gaussian & VN TARYEIZ L 0 ALEE L 7-41 %
R,

x 107 1 LSC_Ag-110m

—— Simulation
—— Convolution

1 x10°

x ]05.

1 x 10%

% 103 ) T T T
0 500 1000 1500 2000
Energy(keV)

3.2.1-4 AEIC T VPR U7 2227 ML (B4F&E : Ag—110m)

«10’{  LsC cd-113m

—— Simulation

—— Convolution

xloﬁ-

1% 10° 1

0 250 500 750 1000
Energy(keV)

3.2.1-5 AVEICLVAER L 7= A7 FL (B5FE : Cd-113m)

1% 10% LSC Sn-119m

—— Simulation

—— Convolution
1x 107

1 x 10*

1% 10° - T
0 100 200 300
Energy(keV)

3.2.1-6 AJEICE WAFR LU7- 227 L (BZFE : Sn—119m)

3.2.1-4
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1 x 10° 1

LSC_Pm-146

—— Simulation

— Convolution

250 500 750 1000 1250
Energy(keV)

3.2.1-7 AYEIC L VAR L= A7 hL (Bff : Pm—146)

1 x 10°1

1x10°

1 x 10*

1% 10°

1x10°

LSC Eu-154 ) )
- —— Simulation

— Convolution

500 1000 1500 2000
Energy(keV)

%] 3.2.1-8 AJEICL VAP L 7= A7 "L (B4 : Eu-154)

1 x 1071

1 x10°

1 % 10°

1 % 10%1

1x10°

LSC Eu-155 ) )
- —— Simulation

— Convolution

100 200 300 400
Energy(keV)

3.2.1-9 ARiEICE VAFR L 7m A7 ~)L (K%FE : Eu-155)

3.2.1-5
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1 x 10° 1 LSC_Gd-153 . ,
- —— Simulation

— Convolution
1% 1071

1 % 10%1
1x10° 1

1% 10"

I x 10°1 , A al 1A
0 100 200 300
Energy(keV)

3.2.1-10 ARIEICE VPR L7 A7 hL (BEFE @ Gd-153)

ii SDME=— ROB%E

LSCIHIE 25 Al HE 72 544 fE (C1-36, Sr-90, Sb-125, Cs—137, Ba-133) Ic >\ T, (k)
fEHF~DOAFTEIC LY SEEO 7 = F o 7 V_LORAERZFA L, B, v . X
AR NVT—2ERG L, 2L, MEEETIZEHBLEBEREZE D, £
I6EFEDLSCHEZ Y7 N ORIET — % 2B L1,

ASBEI OO G T 5D, 1IFO BB FEAGIZ 31T 2 FH % 104 TRV 70 540
BHIIUTTHL, ZNODOKET 28, v, XBMOMEEE = %L F — JREIIE
TEIeETERY, ZFALEFUTOLIIICKRIIEND,

O B (B, 137)
H-3, C1-36, Ni-63, Kr-85, Sr-90, Y-90, Zr-93, Tc-99, Ru-106,
Cd-113m, Sn—121, Pm-147, Sm-151

O ECEZAE (X#Hii2fE)
Ca—-41, Fe—-bb5

O B-vy M (B-v#iH, 19%)
Co—60, Rh-106, Ag-110,Ag-110m, Sn-126+Sb-126m, Sb-126, Sb-125,
1-129, Cs—-134, Cs—137+Ba—137m, Ce—144+Pr—144m, Pr—144, Pm—-146,
Eu-152, Eu—-154, Eu-155

O yEfE (X, y#AH., 6F)
Mn-54, Sn—-119m, Sn—-121m, Te—-125m, Ba—-133, Gd-153

K RAEFE DO P IZITLL T D6t v FOES{AEEE N FET 5, PHERED FMmIC
X0, UTFToXoicmoEks> 2T %,
O €s-137 (30.1 vy) = Ba-137m (2.55 m)
— WAXZ FLERELTCs-137E9 5,
O  Ce-144 (285 d) = Pr-144 (17 m), Pr-144m (7.2 m)
— 3AXRTZ MAERELEDE S,
O Sr-90 (28.8 vy) =  Y-90 (2.67 d)
— ST O,
O  Ru-106 (1.02 vy) = Rh-106 (30.1 s)
— ST O,

3.2.1-6
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O Sn-126 (2.3X10° y) = Sbh-126m (19 m) = Sb-126 (12.4 d)
- 3FERLEDED,
O Sb-125 (2.76 y) = Te-125m (57.4 d)
—  MANTIZH D,
PLEORE LICEY, A7 FVEIZ405E 2 5 36 FE IZHE /N T & 7=,

g LI RERA T MV ZLLTFICHRIT T 5,
a. LSC ¥R ~L7 L ([M3.2.1-11)
168ZFEIZ DWW CiE, Parkin Elmerh# Tri-Carb 3110TRMULSCHEE & & v
TEHEL., TNUUAND24FEIZ DU TlL, Geant simulation FHEHE CHriE K
FOBERK) B X RConvolutiondt® (AARSH ¥ — #HAK) Ik D3
BEEZMERA LA, LSCIX B, v XBICET D720, Li40 - R CTITIG%
Nnd D,

b, vy REEZX7 M (K3.2.1-12)

TEEFEIZ SOV Tld, AMETEKAL BLGMX4020H et B 2 W TEHM L., Fh
VA D30 FEIZ DU T L, Geant simulation % (CHIB KT HBIEEK) I
FAHEMAEFERA L . GeHE T T A By v FIZBEDLRLTVAE D,
BEZRNALFX— B, vyRICEERDH Y, K 2L X — B, XKBITITIEE N
AR

v spectra for 40 nuclides

LSC spectra for 40 nuclides

Counts per channel

Energy (keV)

[43.2.1-11 LSCHEHER~7 L X3.2.1-12 vy fRIEHERT Fv

c. y oy EUEZRLT b (H3.2.1-13)

LREREIZOWTIX, ZEy MBRHEEELZ AN TERUL, L0288
FEIZ DWW TIE, Geant simulation FHE (BB A% REEK) ICX D5 HEME
ZEMA L, £®Ey BHHEE L LT, 6Nal, 6CeBrs, 4GeD3FEDIAFR %
Nz, FRTCOBRMBIIT VIR v v TICHDRA TS0, BT
INFXF— B, yRRICEER S 20, KT XL F— B, XBIZITISE N2
A

3.2.1-7
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¥y spectra for 40 nuclides

,.
n
T
2

-
m
é

pes
-
.
o
~

1 2 3 T . || BEE AR A S 250

&

Counts per channel
-
m

o 2500 2500 2500 250 LA B A o 250
X (ch)

X3.2.1-13 vy y FEHEZT f L

d. HEAEANT ML F—2_— 2 ([¥3.2.1-14)

W E ot B EZFEAOFR I DWW T, LSC, Gev v 7L, y vy 2%kt (4Ge, 6Nal,
6CeBrs) AT M TF —H 2T RTCEFFEL T, DT FANLRIME
AR NIVT —H R— 2 EAMERR LT, FEHEREEIXLSCIZ X LT, 100f% 58 o
y T —Z RN, vy EREICXT S BEEOKEM Eon, 5RIX
6 B8 FE 2 2 oD 7=,

LSC, y and yy spectra for 40 nuclides

Counts per channel
- P
m n
T
] S

-
E
w

o 1000 2000 64500
Channel number

XI3. 2. 1-14 L EHKEAT ML

AR IZE i L 72SDM-BGG =t — R D File SizelZHI1GBTH 5. FtiA I
SrASKY  ALBRERR] 17 168 Ch o 7o, T HITIE A FI34FE I8 i L 72 TEGARA Y —
JAT—a AR LEN, L RELE O - D2, RayTrek~ o 238 i L
oo 3.2, 12IF DK EZRT, ZNICEKY, EFE7 7 A VOFIAHIZ25720
B, AERFRI32E L R2fEmEitT 52 &N TE L,

3.2.1-8
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#3.2.1-2 SMAEEICEE L 7ZRayTrek~ > v DAy 7 —&

EERU 700 W [8OPLUS BRONZE #ZFE] / ATX FEJR
CPU A T/ Core i9-13900KF 7w o H—
[5.80 GHz (P3. 00 GHz-5.40 GHz/E2.20 GHz—4.30 GHz)/24 =27
(P8+E16) /32 AL v K/36 MB & v v 3 = /TDP 125 W-253 W]
KIEAEY 64 GB(32 GBX2) [DDR5-4800 / F = 7 /LF ¥ » /L]

AR A R L— 1TB SSD / NVMe M. 2 [PCle 4.0X4]
Ty NT—7 10 GB X 2 (on board)
T 749 0T 7T L —H— NVIDIA GeForce RTX 3060 12 GB GDDR6

0S
V7

Windows 11 Pro (DSP)
r7 =7 Microsoft Office Professional 2021

BA%E L 72SDM-BGG =2 — ROREERAZ L TDO L 9 iiT o772, AN AT R L
L LT, 361@0)%4@1“\7 ML Tz 2 L/\bﬂi“( SDMAEHT % 1T - 7= 5 5 23
#3.2.1-3Th b, EEMENTTL.0000, EFEBRENIXIOLLT R0 F£H
WREETHD 2:75>ab75>o7‘_o

#3.2.1-3  SDM-BGG= — K O ¥ BE

Output/Input o Nuclide Output/Input o Nuclide
1.0000 1.27E-07 H-3 1.0000 5.49E-08 Sn-121m
1.0000 6.17E-08 Cl-36 1.0000 7.56E-08 Sn-121
1.0000 3.32E-08 Ca-41 1.0000 6.54E-10 Sn-126+Sb
1.0000 9.00E-10 Mn-54 1.0000 3.89E-10 Sb-126
1.0000 2.46E-07 Fe-55 1.0000 6.85E-10 Sb-125
1.0000 4.24E-10 Co-60 1.0000 1.02E-09 Te-125m
1.0000 2.89E-08 Ni-63 1.0000 5.52E-09 1-129
1.0000 8.93E-08 Kr-85 1.0000 3.91E-10 Cs-134
1.0000 3.99E-08 Sr-90 1.0000 2.98E-08 Cs-137+Ba
1.0000 4.26E-08 Y-90 1.0000 2.26E-10 Ba-133
1.0000 1.06E-08 Zr-93 1.0000 2.33E-09 Ce-144+Pr
1.0000 2.71E-08 Te-99 1.0000 4.45E-10 Pm-146
1.0000 4.59E-08 Ru-106 1.0000 9.08E-06 Pm-147
1.0000 1.91E-09 Rh-106 1.0000 2.02E-04 Sm-151
1.0000 3.85E-10 Ag-110m 1.0000 3.77E-10 Eu-152
1.0000 1.85E-08 Ag-110 1.0000 5.22E-10 Eu-154
1.0000 7.13E-08 Cd-113m 1.0000 1.14E-09 Eu-155
1.0000 4.34E-09 Sn-119m 1.0000 2.85E-10 Gd-153

FERTHERLEFEGART bV T =2 X—=2 2 H W T, HEOERENIRIET
DAY MV EGRH L, SDMENT 24T 5 2 & T, MTE ORI 21T > 72, £7.
40K% T4~ T10° decays@ B DLLT D45 D SDMIE D Ll 2 4T - 7=, SDM-BGIE
[ZLSC, Ge singles, v 2DA T NIVERT DRI TH DD, L HE y Sk
BEOSHEDOEKRRIZEY . vy y2DAXRZ MLOEWAD DO, LLFOEmIcE W
TlE, TRtamzHWLsZ L LT,

SDM-BG : LSC, Ge singles

SDM-BGCC : LSC, Ge singles, vy vy 2D with 6CeBr;
SDM-BGNN : LSC, Ge singles, vy y 2D with 6Nal
SDM-BGGG : LSC, Ge singles, vy vy 2D with 4Ge

O00O

3.2.1-9
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PLED4S> DN 2 — FOMAETL., SR, KA., JAEAO SRS IC B W
THEEINTZ, T HOWVW TS 3FHIZHERINTWDIN, TN TR 5 510
EARE L., a2 — FORKGEE ., EEMEN = — ROk - 3702 5EhE L 7=,

HERKZF, UTOMESRETER LAY ML E B 7225 F35 (BGNN, BGC
C,BGGGYE) THEMT Lo/ R % i L 7=,

O Totally 10® decays, 1% for 40 nuclides except Cs—-137 (60%)

O 10" Bqo#EtZ10* secllET 5 Z & T, MEEKIOCCD AT L&A
L& ERAWT, EROMOMELZNZD Z & T, ZHICEW (EEbh %)
AR MV EASE LT,

4ORZEREIZ DWW T, &K & FAEESL10° decays (1%98E) & L., Fo & LT, Cs
137236 X107 decaysNEZEFN DI EHHE LT,

EPEREIX. BRI 2 =B L7ESIMEa— RiZoWnWT, BEFEOT —
AE ANNEZLEEICLY, EFRICEET 22 2MiB LIz, y BB IS
EREIZoOWT, WS ODOBENSMEBEL TCANANZ bV EERL., fLE
ZHAWT, ERHSMOBRELZMZ S Z & T, ERITHWVEHE AT hvE AR
Lic, HAOBENANBEZHRT 22 2R L,

REEZRITRE T 7 Vo y EHERICOWT, 28y BRHEEZ B0
T TN APEEATV, vy BOER AL b L LSCHIE Z1T\V B RO
AR MVEERL, B AT hLEEB]OSDM-BEE ., SDM-GEE R L OVHE
A L 72SDM-BGYE T & 2 fi# b1 % 32 hi L 7=,

Z OFEF . SDM-BYE F 721X SDM-GHE I X A E BIUMEHT & Lo L T, SDM-BGIkIZ &
LB OIT N EIVBEORWERMEZEG LI, 2 ORE N SDU-BCIE D f
IMENR RS NTZ, T, vy BEBEEEZRNGZDO AR ML EET, 200 FIEITLD
EETRAZRMAE LR, WEREICHE L CSDMEREA 2R TH - 72,

JAEAIZ, U FOBIESRMECTER LAY M & R7p 5 T (B, G, GGG, BG,
BGGGIE) THEMNT L 7o/ R 2 i L7z,

O Totally 10% decays, 1 for 40 nuclides except Cs—137 (60%)

O 10" BqO Bt & 10" seclll BT HZ & T, FAEKICO AT ML &EGHHE
LB EZHWC, EROMOBMEEZNZ D Z LT, EZHIZEWN (EEDRD)
AT MV EARK LT,

i HAEZ0 B A & — A OfRE
(1) Sf03FEE O

SDM VETiE, HIERBH OZFEM O L~ L DZENKE WG KRR O E RN
BB ENDhoTnD, TDd, FFSHEEIL, 77V R ORIESSREEREE SDM ki
K 2DWEITHE LT JRE LT 72D DI F A X — L OG22 is L7z, X 3.2.1-15
\CHEAEM LA X — DDA A—TERT,

77V HRERGEFED 5 b, BETRE AT AR E XIS E L, 8 DL S
ECOBIEG % [CP-ABS F 721X ICP-MS IEIC LV k-, £, ZOREEN AL HEA
F—ALERELL,

3.2.1-10
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(2) AFn 4 FREFERANE S L ORECER

B3 FREICIRELIALF AT —20EE BV E L CER L2 BARNARNER L O
RIZ, UTDEBY,

O (LSBT E OB
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Determination limit

Nuclide Fraction (Bq)

PL3E TPA SDM
H-3 G 1.82 2.25
Ca—41 F2 0. 22 0. 39
Mn-54 F2 0.73 0.09
Fe-55 B2 2.48 2.12
Co—60 0. 23 0.01
Ni-63 0.57 4.62
Kr-85 A0 0. 35 3.35
Sr-90 F1 2.16 0. 17
Y-90 E 0.35 2.04
Zr—93 C 3.42 1. 18
Nb—-93 C 3.42 1.18
Te—-99 D 0. 40 1.87
Ru-106 D 0.18 0. 25
Rh—106 D 0.18 0. 25
Ag—110m Al 0. 20 0.16
Ag-110 Al 0. 20 0.16
Cd—113m E 0.33 3.47
Sn—119m D 0.35 0.42
Sn—121m D 0. 26 2.14
Sn-121 D 0. 26 2.14
Sn—126 D 0.41 0.01
Sb—126m D 0.41 0.01
Sb-126 D 0.41 0.01
Sb-125 D 0. 27 0. 20
Te—125m D 0.35 0.38
1-129 Al 0.43 0.38
Cs—134 G 0. 22 0. 05
Cs—137 0. 26 0. 28
Ba—137m 0.26 0.28
Ba-133 F2 0.25 0. 06
Ce—144 F2 0. 29 0.15
Pr—144m F2 0. 29 0.15
Pr-144 F2 0.29 0. 15
Pm—146 Bl 0.26 0.01
Pm—147 Bl 0. 31 0.16
Sm-151 B2 0. 45 23.33
Eu-152 B2 0.27 0. 06
Eu-154 B2 0.23 0.18
Eu-155 B2 0. 31 0.23

Gd-153 Bl - -
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Cs-134 0. 62 0.12
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