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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

Kyoto University

(Received November 21, 2022)

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 FY2020.

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 FY2018, this report summarizes the research results of the “Development
of thin SiC neutron detector with high radiation resistance” conducted from FY2018 to FY2021 (this contract
was extended to FY2021). Since the final year of this proposal was FY2021, the results for four fiscal years
were summarized.

In the works for debris retrieval, it is required to install subcritical surveillance radiation monitors that can
surely work for long time under extremely high gamma-ray radiation environment. However, there have been
problems such as remote control of conventional neutron detectors is difficult because heavy radiation shields
are needed. In the present study, we will develop a neutron detector using thin, light-weight and radiation-
resistive silicon carbide (SiC) that has low sensitivity to gamma-rays as well as the neutron detection signal
transfer and data analysis system to monitor subcriticality of debris in collaboration with the U.K. Using this
system, the performance tests will be conducted supposing the real debris retrieval at critical assembly
including the irradiation tests. Based on the results, we will conduct research and development aiming to
make the system ready for use in real decommissioning works.

Keywords: Thin SiC Neutron Detector, Debris, High Radiation Resistance, Decommissioning, Subcritical
Surveillance

This work was performed by Kyoto University under contract with Japan Atomic Energy Agency.
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ELTWe, ZALE TO FPGA 13HE Gy FRE CTHEH TE < 72 % & OMFFEACR b S
TWVDHDOT, REBICOVWTHIREFRBEORETHD Z ERNboTz,

REFT 7 U BD H UALE COMERIZOWTEEZ L < Do TV WA, RICAZEE
Z 1 kGy/h OFEERGITIBNT 100 Fefd] (1 B 4 KefEREFS 7 ViR FHIZERE L CF 7 U B
D LAERICERT S L9 hud 25 AR FIATEX5X9123 5 &3, hilihtic &
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D 0.313/100=3.13X10° £ TH U ~vHAHMR S ELLENH Y . ZDIZDITHERERE
X (5.5 cm) NBRDERAOEREIIN T kg L7225 (X 3. 4.9 18T X I ICAIHIR—
R (8180 g) % 8 cmX5.5 cmX2 em DJEAPHZETHTe), 72k, AR — RiciZh e~
FRERSHZMEDS 72 FPGA JEBHIZENERII 2 BMTE D LI T 2EE L TV 5, Ri&RE
BE#ISH2EEOMEEZICOVWTIELRE > TRV, ZOEETHILITKE 72AH
i binkExohb,

BREFT 7 U ELYD ) LNLE TOMERIZOWVWTEE T L < oo TW R, Bl Tho
STNDZ &L LT, 2 5HANOBRET 7 U BETIFENREGNICE HERE L TN D Z &
NRT AL VIETIZE BIRDS  THERE L72BRERT 77 ) Db, i & 20 em OHLR O &R
DEELZERKT.6 Gy/h ThHDH EHRESNTWSI[1],

Z 2T, ENOFZEBHSE AN A AR ORFSERRFEMEAE  (JAEA) DM EATAFFE THIVW TV D 2
SHEOIREHLROIF DA, BRI (£3.4.1) ZH0F— 225 LU2], BREERIHE o —
N ORIGEN 2.2[3] &MY % 2 & THREEOBIL TON < #REEZ RO 5, 7ok, AHEO
FEMT CIIMR B — 2 BN O RT 2 2 VIETICHERE L7287 7 ) 255 8 35720,
£E270 cmy, @& 30 em OHFEDIRTH 5 L RE LTz,

MRZEFR 3 A 28T, ZOH U ~ROT—2 2 HWTHEANED & 2 e 0BREHT 7Y ©
SN D E S 20 cm OHSOMERTH HH 7.6 Gy/h LT 5 LR VEN R > T
e ZOFRKRD1 2L LTIE, TV FDEI VL (Cs) DENPBRAHEETHD ZENEZ
bd, T7rbbh, ANV KT URE I 7B Cs X5 L THMBIZ 72 0 D&
TN TWVDD, IEfERFRENRD IR0, Cs OFEEZ LS THFT R —HIC
BUIDLZH o ~BOKD I, Cs OH U ~BOER ST Z L1 X > THIENE TOFEH
LA XOITifE L (X3.4.8),

ZORER, Cs OFEENBEE 9. 7%D & & LMREN KT MR LR -T2, ZOEREN
EDL BWIEHETH D0 OMEREIZ /RO, T OFEREH WD & 270 cm ORENT 7Y
DOHFLNZIENTITE S 20 cm OHUSOBERNIB L E 14.2 Gy/h THDHZ LR broTz,
Tbb, ZOEPROMEENELS RoTLLEDMETHDL EEZXLILD,

Z OISR ER T — X IREEE OSR THERR L7 & & (M 3.4.9), SaDE S 22k E
B RO AFREICE D £ TORMZRD =R R EZ X 3. 4.10 (TR d, MARRIZE DL
BVITT D RENTDWTUTREFEIKAFT 253, B2, BT 7Y OBy H LIEE
DN PR e 2 S C 10 S RIE 21TV B0 ULIEERICIET 7 U B
NIAEICEB S (1R &), BUEBZ O TWHHIE EEZ MWL 564%5
2% T 7T VDOHEENTNLE TON o~ B EIRET 7 VEfED 1/10 ThDH EUEL
7ol & 100 BIOWPEZIT O L 5T AU, 14. 2 Gy/h OFFEFE T O HRFRHIE,
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(10 43 +60 4y X 1/10) X 100=26 FEfL]

LD, B AEAT 100 BRI A2 Z ENTE D L )iz VWb 2 L2525
&L R ENERUADIE SN 1.35 em 72 d, BIEOT — X 5EH (K3.2.1) oA X
13 5.56X8.0X2.5 em THDHDT, TOMAZ Z DJE S DA THTe & §h o> H&ITHKY
4kg LD, B, EEWTH U~ REHIHESS 722 FPGA A (K1 cm ) IZIZBEMOSH
WA HETEHLIICHETEREBE L TBY ., TOHZEML THEEOBIMIZIZ
EREL o, RSB SIRYWERTSBR LE-AER/ I e Ry ik, FEREMED 20
ke ThDHLEMREINTEIY ., Mg, i &7 — X E5GEH, L7 7 A =2 &bt
HEIT 20 kg KO FI/hES0no T, ZOREH/NMEeR Y N TERT S Z L ICEITA
CRWeEZXbND, ERUZMERIKOTREZM 3. 4. 11 1TR T,
AHFFECTITRRHZROBFE BIE L LT 1000 Gy/h DA ~GIZB W CTHEAFETH S &
RE LTz, —J, IRID THEET L TV 2 B8Rk AR (S1 4 A A — R, IERREIIT
~H) OBHFBEREE L TERAEL P28 1 nSv/h~1000 Sv/h, £7-. 7 7 A N—Hl&
FFHOBF HEEIL 5 MGy (Co) L72o TS, ZNETOFERICEY, WEEBIIZOE
E T OBBEDO N o~ AR ERG TR I L < . 7 — % EEB O HEHRIERE D 5 A
THARBETHL Moy ETHHATIZ LT LVEEZ LN, L L ERROBKRG O
DIEYIRE S OFME~NMEAEZERATE 2 L2k, AEE LEZEON o~ R EREIC
BOWTHERM CTHIVTHEHATEETH Y, S HITEEFE —ORET 7 VIR0 H LIEEICE
WTIEEMR R OB CRIATE 5 Z L2V 572,

T — HEREEEE O P & T~ R OIRAESS T O RS ERII KE S OB D 12
T2 KUCA IZIBWTHENE L7z (ZOEBRNFICOWNTIE 3.3 7 — X UEIEE ORI O
WA THRAT2) o OO PHIH DEE A RE L, ORISR L7z PP Htds
D DIE S Z M JHEBICATI L, 2 ROIT 7 A S —THENVTALEITGRE L 7o S5 2
(2350 | USB 77— )L C PC 128 L CIE 5 ORFZIE s 2 5idk L 7o, %9 1AM 0 £ & FhE
L=y GEERH DAMIE SR B 250 TR OIS HPEFIRZ AN CTHIE) . Z OHIMN
7 — X REHEEICRE IR E L R olz, UL, 2D KUCA TOEBRTON o ~fiL
kA2 Ao mEIL, ERRO T o~ RS HIER TORESRRED 0. 313 kGy (ZH~
T2HIU BN ERECTH T2l B2 HND,

E DITHMETC K D MG B IERE & a8 T 5 7o 012, B HHAUIMERRIZ BV TRE T A
T AOHFVET G ER AT o 72, BT HAINEREH T 2 RO THRAINHE ChiE S /=&
FE—LEH HNIR EOEEREY 7y MR L, (y,n)MGERITZEICk-T
NNV AROFET- 245 2 ENTEXHEBETHD (X3.4.5),
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FREE ORE 2K 3. 4. 6 (TR, HAMUEEE A 2 — 7y FMEFHIHRE L, HANEEE
ZANER SV =35 D3V A5 75 (BEH: 40 mV, JAPE%EL 1000 Hz) % 2 2D F ¥ > /L (chl
& och2) IZFFFHZATI L, 2 RDOIT 7 43— (130 m) ZBEOTREE CHEIXL T, 22
IZRRE L 72 Z 5 E CE 52 %), USB 7/ —7 /L C PC (28t L CIE 5 OBFZIE#H & 0
§k9 5 & AR2, BNC 4 — T N TRIEEBEN OO T Fu S ESOWEE AT v 2 a—7 T
Sz (K3.4.7), BHLEETZ 7 A4 A= Bk Liza 0 b 60 7>~ MBS EEE CTo
FERTHWE b O LR U SHE7 27 /OB BRED > v T — RHET 7 A4 N
— (SMF-RRSMFB) T& %, AENLZDNT 7 A W= 2 mm DR Y =F L o BoF
2—7IANTHER L BES— CHEAT BTN T 7 A S—DOIMANTIR S #j i D
BIORERM (B 21X, SEMMELR Y NE) CEOILERDLDL EEXOND), i, K7
7 A N TR IELEE T D T OIS WIS ER Y AT 5 LC =k 7 Z 13FRK 30 4R (A
LIch 7 7 A N—8ExX v NEZ AW TRIEL 7=,

T HHREEEE OFRENE TO R RITEROEEHEIEIC L IEETT > 72, ZHud
WFFE R 4R D HIIRZIEZAT 9 BRIEEERICH VW BN TV D HIETH D,

FBRIZIBW T, IR BRAAIREZI 2N b 7 — X EE M iR~ 5 £ TITRaE L7 el 21 W
2343 32 CThH 70, BRIV HE L2 OMIFH 1.5X10° (1/cm?/s) Th o
72DT, TNETOBBEOPHFHRITF 1.2X10" (1/em?) ERDBZ ENTE T,

PRELT 7 V) SR COHRPETRIZ 102 (1/cm/s) LT THDHEEZOLNHD T, T—H ik
EHE 2R LCHEA LU I s TERD LDEIIBEWEE Z 55,

BR2HEI ARSI 3ES HIZHE DT AL —REOERIZSINT 5 TETH-
e, EMBHEORETSINT LN TERPSTETLDA—NVEZHBETOSIME L,
FRRERIZ OV T OIS B2
BAARERICOW TIPSR A, RV EWRETF IV ZARG N5 E
ARARLIER BRHERL 00 PP T 362 S0 DI C PR T OB 270, 2 DRI T OMERE DR
EfTote, Eho, HrwHIBHEEIC LY G HEER O MOV TORMEREIT,
FRMTHE S & BF g THELEERIC O W T DO H o~ F Ak D 7= O O SRR IR D% 3 & BUE %
1To7,

(a) BRI24E9 A T h AZ—REZLICBIT D ERGE R
T A= RIPITITERER A V& W T BREER R 23 5 0 | e TR Es O
BERHAmIC VT WD, SFIICEEIZ T v A X — KRS & 76 U7 BRIC 2 O Hk 7 PRE 3% fi
W R EBRIZSIN L TW e e D EBRFIEIZOW T3 L T\ b, O
fifi & AW TR IS BUYE L7 ST MHER OMERERER FEBR 21T o 72, Z O EBROFINTHRHERD
PERRICOWTE VT ANAMBEHAE I —RMNP IZ LDV 2 b—y g VBT 21T > Tz
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720, TORREDLEEZIT) ZELFEBREMTH -T2, TOME, FHETHRESERIC
DONWT, TSR M —H L= L3RR T & T,

(b) FFIS4E3 A T h A —REZLICBIT D EBRRE R
Bl EREE, T B AL —RKFO P BRI 2 TRz I 84E L7z sic ik
TR (PPET 23— 2123 BC ) OVERERHm SR 21T > 72, Si Mrtids & [
ROV 7 T RERNTEREZITD, FROGEFEREESD ZENTEDHZ L 2R

L7,

3.4.1 =z hH o~ IR S E

AEE g T

FAY P

o

4 3.4.2 7~ FZEBROEERE
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3.4.3 MEHEDREY

3.4.4 Z{EMIHEA
H : chl OZEMIE 1, R ch2 OZERIES
el a5, AE 94k, £TF 145%. AF 1945%
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R=dry b

3.4.5 BRI DO X — 7w FE

BEE R—F v +E £F=E

[Eggr — 7 KT g ri—

3.4.6 FE RIS T oMU TR O LEE AL E
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3.4.7 Ay mrRa—7TOEBKE

H5.4.1 BEE— 2 BRI
gaon | mmeT | memm |Eeces| TR mea
EEAY
25 2010/9/16 2010/11/18 63 113 116
2010/6/17 2010/7/19 32 59
24 2009/4/22 2009/7/21 90 331 116
23 2008/3/12 2008/5/21 70 336 120
2007/10/12 2007/10/21 9 143
22 2006/9/4 2007/1/28 146 257 120
2006/3/20 2006/5/20 61 107
2005/10/10 | 2005/11/12 33 128
21 2005/4/18 2005/7/4 77 98 76
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#3.4.2 BET 7 UMD SN DT <#, (photons/s)

FHI XWX — | TO2F /4 FBE | ZOEERYBEE et
[(MeV] [photons/s] [photons/s] [photons/s]
1.00E-02 1.46E+15 1.69E+17 1.70E+17
2.50E-02 8.04E+13 3.61E+16 3.62E+16
3.75E-02 8.43E+12 3.99E+16 3.99E+16
5.75E-02 1.17E+15 3.22E+16 3.34E+16
8.50E-02 8.29E+12 1.97E+16 1.97E+16
1.25E-01 8.02E+12 1.48E+16 1.48E+16
2.25E-01 491E+12 1.63E+16 1.63E+16
3.75E-01 6.82E+11 7.61E+15 71.61E+15
5.75E-01 6.51E+10 2.52E+17 2.52E+17
8.50E-01 6.36E+10 9.10E+15 9.10E+15
1.25E+00 3.46E+10 3.70E+15 3.70E+15
1.75E+00 3.13E+09 1.20E+14 1.20E+14
2.25E+00 1.83E+08 3.78E+12 3.78E+12
2.75E+00 6.45E+09 1.60E+11 1.66E+11
3.50E+00 9.51E+07 2.05E+10 2.06E+10
5.00E+00 4.05E+07 5.67E-03 4.05E+07
7.00E+00 4.65E+06 3.68E-04 4.65E+06
9.50E+00 5.33E+05 2.33E-05 5.33E+05

2021 4 3 H D5

COEELTLI LR L ZDOREXRDOEL
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SiCHR i 28
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B 3.4.9 frHas & A E 2 E ORE OB
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3.5 WFIEHEME
B OFETIERETOITEEEZITV, FERIDSEEBR PR L TR TEREZITS Z &
ZEHEI LTV, an T RO ERT L ENTERNoT, L LB, MFRAEE
DFT, BEEHT o AZ—RKRFPOAPFROMYEE LA, KEEOREGREAEA — 7 DY
FH LT OARIAOMYE & OEHEE B LT, 5B 2R LS 5| Web &
W, A—VTCORERRBE LT > TR EMF B A HEET 5 2 L T&E T,

SR24E8 A 28 H (Web)

HETO Si MRHEROEBRAERIZ OV TOEFRREZITV, BREEBROFERICOWTiEim L
77

TM3FELH 26 H (X—)
P[E T SiC MR DO EBRAERIZ OV TOIF M Z T T2,

SF345 H 21 H (Web)
WK CEMET AEBRICHOWNWT O AT EITo T,

SMBAMETH3IA~E A (K, A—/L)

KBS O KUCA TOREEFMEEERIC, sz E L =R EOS (IPL ) O AKX
HOPBENRSIMNM L CHFETEREER LT, TOFTT —HEEVAT AMIOWTOHRKRE
1To7,
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4. 55

A AR FI RS0 BR T 0O B0 2 A 4R U T2 IR IRV « AWM B RCHEE S ZE TR o
BV S1C MR OBASE ] (2RI D, B 2 EEOIEE T2 ET H 1 H~5 349
H 30 HOMIMCTHEM L7z, oFn2 FEIL, FEFHEO 5 6, () Mtgbis (Sic, 7'V 7 > 7E
). @UEAREROBIE, Q) 7 — X IAELEE DOBATE, (4) BB, KO @) F7EHEED 2T
FFEBHRE B IZ DWW T, YWD TELRBVICEET D Z LN TET,

3 AEROFFEORRFEL LT, YWOHKE LTWBET 7V B0 H Lo RERE=% L L
TREMHT 27201T, SiC 2= L7 LW E R NSO MRE A MG L, S E N O c
DRI D DIEBEHEXET D0 DH LW AT LA L, RERLEHRTELIE=2L L
THEHTED L IRV AT LERRET D2 LN TET, SiC OFEFRHEHT, SR DOETHFTO
JRFIF B OEFI 2 LOWERICHLAWD Z N TE D EEZ LN, £, BRBEEV AT A
[ZDOWTIE, @ERE T CTOMYRIEBRED KD B 2D R 8 00 E 55 <05 T F O ik i
BebATEs L) REEE LTRATE D EEZLND,

At ORI IRESCR O — R~ v FIZOWTUILA TO L H1IZE 2TV 5,

SEIOHFRONFRIIREL ST T3 DOHEERHDH EEZX TS, £T, SiC FHETHHEGED
FAFIZOWT TH D, BRER TIX SIC MMM BEERIFFIHATED L ZAEFTRTVNDL EEZX TS
2. MO AL SiC T NTHHERE TV T U TR AR AT HERITEAR O 2 2T b R
HZEThoTe, VT TORFFETITHEATZLOD, VT T EHMirl ZAFTIHEREL
TWRWD, ZNERYET 52 L THBRBGHIENTE L B2 T0DH, 2 2L, HffE FTO
FBHRABEV AT AOBFETH Y | SEIMBIHMEDN 7 7 A =% T U AT K& FEHBT L,
FEEEOJR IFCE g s COEBRTHH L T OMREEZMERTH 2 N TE, +oCBE TfF
ATZ5LDIZH>T0HE b0 EEZD, 3 DHIF. WET —Z 0 OREFREZER TSR
TALTHYD, ZHIZOWTH KUICA TOEERZE L THOICFIHTE LB LB TN 5,
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(1] FRE NIRRT 4 7 ARAEAE, 15 X2 2% b L= 3 U9 b ORGSR
A, RPN A SR ORIEIC OV T, 201942 H 28 H,
https://www. tepco. co. jp/decommission/information/committee/roadmap_progress/pdf/2
019/d190228_08-j. pdf (ZM : 2020 47 A 30 H) .

(2] KGEEMEEZAM, &7 7 7 o7 MEOBRRAFHNFEOEEICET 20178 GLRREDFE)
JAEA-Research 2013-046, 2014, b53p.

[3] A. G. Croff, A User’s Manual for the ORIGEN2 Computer Code, ORNL/TM-7175, 1980,
183p.

[4] A. L. Giudice et al., Performances of 4H-SiC Schottky Diodes as Neutron
Detectors, Nuclear Instruments and Methods in Physics Research Section A:
Accelerators, Spectrometers, Detectors and Associated Equipment, vol.583, no. 1,

2007, pp. 177-180.

68
7907


https://www.meti.go.jp/earthquake/nuclear/pdf/20191227.pdf
https://www.tepco.co.jp/decommission/information/committee/roadmap_progress/pdf/2019/d190228_08-j.pdf









