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This report investigates the behavior, damage and restoration of each component in a neutron source station
of the Materials and Life Science Experimental Facility (MLF) of J-PARC at the time of the Great East Japan
Earthquake (M9.0) and verified the safety design for emergency accidents in the neutron source station.

The neutron source station of the MLF at the J-PARC generates neutrons by injecting proton beams into a
mercury target, and supplies to user experimental apparatuses. It consists of the mercury target, three
moderators filled with supercritical hydrogen, reflectors, water cooling shields, a vessel filled with helium gas,
neutron beam shutters, biological-shields and so on. In case of loss of their external electric power supply, a
control function for the source station is kept by an emergency power supply. According to interlock sequences
in an emergency, a signal for terminating the beam operation is transmitted, the circulators shut down
automatically, and the hydrogen gas is released out of the building.

On March 11 in 2011, strong shocks caused by the earthquake were observed all over Ibaraki prefecture. At
the date, a status of the source station was ready for the restart of beam operation. In the MLF, after strong
quakes were detected at the several instruments, the external power supply was lost, all of the circulators shut
down automatically, and the hydrogen gas was released. The leakages of mercury, hydrogen and
radio-activation gases did not occur. While, the quakes made gaps between the shield blocks and ruptured
external pipe lines for compressed air and water by subsidence around the building. But significant damages to
the components were not found though the pressure drop of compressed air lines influenced on the mercury
target trolley lock system and pneumatic operation values. These results substantiated the validity of the safety
design for emergency accidents in the neutron source station in the MLF, and suggested several points of

improvement.

Keywords : MLF, Neutron Source Station, Great East Japan Earthquake, Safety Design

¢ Collaborating Engineer

ii



JAEA-Technology 2011-039

Hik
Lo e 1
L1 HPETTEFERE OMEEL ....oooeeeeeeeeeeeeeee oo ss s eeessssssssesesssennnn 1
12 AR O KRS DB LA IHITOU N T eeesessssssssssssssmmsssssnsssssssssssse 5
2. FERRAFRIE DO RIESEDEEE LAFIIITOUN T ooreeeeeeeeeeeveeeessoeeeeeeeeessssssssssssssseesssssssssssssssesessssssssssssssssnseeees 14
2.1 HEREHEE © ST £ U T A e 14
DL BB oo ees s 14
2012 TR JHEIE oo 18
213 FEER BRI coovveoeeeeeeee e 20
204 T L BRIM oot 22
22 TRERZ 77 BRI covvvorersveieesssiessssises s sss s sss s sttt 25
D20 BB oo ee s 25
222 IKERZ 7 N E TR E oot 26
223 TRERFIEBR T AT In o 30
224 ZURBEIEMIIUETR «ooooooooooeeeeeeeeee oo ssseesesss s es s sssssssnsss e sesssennnnns 33
23 FBMERIEIKTEERIE covvvvoeeveeeee e enesons 36
231 BEEE et 36
232 HEIEAERFOMIRIKTE D AT IDZEH oo 37
233 BHEEIRIILIE coooooeoeeeeeee et 40
234 BIBDRIIETR oo 45
24 AP AR T 3 3 U ERR oo 47
24T BB oo 47
242 TET L e e 48
243 AU T IR BIL ¢ X BILPTERR oo 48
244 AT =3 T Y PNHERRIE oo 49
2.5 HPET E T A LR R et 52
251 BB oot 52
252 PN TIUZR e 52
253 BT B NI 0 0 Z s 54
254 BB ZTEHLIR coooooeeeoeeeeeeee et 61
2.6 P E TP ERIE coovevvvvveoeee e 64
261 B oo 64
2,62 BEFHFVS RO <ovvvveeeee oo ses e ss s es s ees s sssssseessssensseneee 66

iii



JAEA-Technology 2011-039

2,63 TIAE A ovveeeeesesssessee s ssss s 70
2.7 BB EIERR .ooo oot 74
D70 HEBEL oo 74
272 I B LB oo ssssssssssnsenen e ssssssssssne 76
273 JBOH I B BRI oot ssssessss s eesesennnnes 77
PR 25 S S e/ < T @7 Sl w7, U 77
275 BTGB ...ooooeeee s 79
27.6 7 RATHETRT ..o ses s 80
2.8 MLF BARHIEIT AT Iy et sssssss s 81
281 B oo 81
282 MLF-GCS DOHIFEIFODZETE........ooooeeoeeeeeeeeeeeeeeee e 83
283 FHEHIEL A 2 F 10 7 T eessssemnss e sessssssnnsss e ssesssssssnmns s sessssssennnnes 84
284 ANHYZERLRGET AT LN (PPS) oo 86
285 AT 3=t LAN * Z A T2 T R sssssss s 87
2.9 BNBT .ooooooooeeeeeeeeeeeeeessssssssssssssssssssssssss s esssssssssssssssssssssssssssss s sesesessesssssssssssssmsnmmnensnssssnns 90
291 HEEEL oo 90
202 FERHAT oo 95
293 BEZEFR oo 98
2.94  VRHIIKERIE ovvvvvveeeeeeeeeeeeeeeeeeesesssessssssssssssee s sssssssssssssssssssssssssss s eeessessssssssssssssensnnnnnns 100
2.0.5 B AT oo 103
29.6 THHEHL ¢ A 2 Z 0 T s 106
207 BT E T AZR oo 109
200 T T A AL P oo ssesessssssssssssemsssmsen e 111
2.10.1 J-PARC Z{RIZF1T 2 3NBT * MLF DT T A AL B evssssnessnnns 111
2102 MLE 7 T A A2 D ooooeeeeecesssesssssssseseeseeeeeseeeeeeeessssssssssssssssssssssssssssssssssssssssssesssessssssssssssssssssssnsnsnsnns 113
2103 3NBTHEZRT T A A L D oo 115

B W 118
B ettt 118
fiHi A MEADRRERE OTE I HTEE ORI oo seesseesss s sssssssssss s sssesssssssss e 119

v



JAEA-Technology 2011-039

Contents
Lo INEOQUCHION. ...ttt bbbt sttt bbbt sttt bbbttt bbb et nenes 1
1.1 Outline of Neutron SOUICE FACIILY .......ccvovuririieririiririieieisiseteeeetet sttt ettt s st sesanes 1
1.2 Influence of Great East Japan Earthquake and Restoration on Neutron Source Facility ...........ccccevrunneee. 5
2. Influence of the Earthquake and Restoration on each equipment in Neutron Source Facility........................ 14
2.1  Facility Building and ULLIEY .........ccoeueueuneineinininenenertenescineiseieesseaeeeesessessese e sessssse s ssessessesessessessees 14
211 OULHNE .ottt e bbb bbb 14
2.1.2 BUilding, ROAA .......cuovieeeiiieieiceee ettt ettt sttt sttt se s 18
2.1.3  Electric Power Supply,Water Supply, Air Conditioning, Compressed Air...........ccccereereerrrrereerreeneenns 20
214 CIANE ettt ettt ettt ettt sttt et e At a AR ARt ekt etttk et ettt et s asanne e aesenetesesetes 22
2.2 MEICUIY TarEt SYSIEIML.......cvieieeerererieerieieietetetesstssststeesesesssssssssssssssesesesasesasssssssssssssssssssssssssesesesesasasasesassnns 25
221 OULHNE ..ttt e ettt et 25
22.2 Mercury Target Vessel and Target TrolleY ........cccevirueirnieirinieieirieeeeeieteeeree ettt 26
223 Mercury CirCulation SYSIEIMN ........ceevrueurieeieireetetrissetetsessessessesstssssessssssssssssssessssssessssssssessssssesssssesenns 30
224 OFF GAS SYSIEIM .cvovuieieieieieieieetetsteietetses ettt et st sss e s st et et st et ess st stsssssessassesessssessssssssessssnsesanns 33
2.3 Cryogenic Hydrogen Circulation SYStEIM .........ccccvurererrrriersiseeietssesiessssessessssssesssssssssssssssessssssesessssessssssns 36
231 OULHNE ...ttt etae e et e ettt e bbbt 36
2.3.2  Behavior of Hydrogen Circulation System at the Earthquake............ccccccovrennnnnnesiiieessesnenens 37
2.3.3  Investigation Of DAMAZE .........ccccevriieeeririeieirieeie sttt st sttt ettt e s b s seseens 40
234  Safety Measures il FULIE ..ottt sttt bt s 45
24  Fundamental Components of Neutron SOUrce Station............ccceveeeeeuerrereeisenseinisesisssesessesssssessessesssssens 47
241 OULINE ...ttt ettt ettt sttt s e s s easssss e s s e b et sssssesebsnsssesensssesessnsssesssssnsassssnsesanas 47
242 MOAEIALOLS .....cvuvrmiiecriecnncieeeeieeeseeenereese st sesensessesesseae s ssessese st sse s sse s eae st s ssessesessesesacsesacssanssannis 48
24.3 Helium Vessel, INStruments 0F VESSEL.........oooiveiieiieeeeeeeeeeeeteeeeee oot sens s 48
244  Shields in NEUtron SOUICE STAtION .....cc.c.eveveeeriurreireeerrerereieeersesesseeenessesessesessessesessesessesesesssessesessesesnis 49
2.5 Neutron Beam Line Components in Neutron SOUIce Station............ccceeueererureereeisiseseesseseessssssesssssssssssenns 52
251 OULLNE .ottt ettt s bbbt sttt bbbttt 52
2.5.2  Neutron Beam Extraction Ports of Helium Vessel...........cccovivieieinieeiniiceeeesee s 52
2.5.3  Neutron Beam SHULET ..ot nsesensesseaesesessessesessessssessssesssacsnis 54
254 PLE-SHIEIA......cevieiiecce ettt et 61
2.6 Auxiliary Equipment for Neutron SOUICE StAtiON ..........eeveveeerereeiririerietreseetsiisieesessesseesssessessessessssssessnns 64
2.0.1 OULLNE <.ttt sttt ettt bbbttt bttt bbb bbbt 64
2.6.2  Auxiliary Cooling EQUIPIMENL..........cccceiririeiriieieiieieisesieietsssesstssetessesssessssssesessssssessssssssessssssessssssesnns 66



JAEA-Technology 2011-039

2.0.3  RECOMDINET ...ttt ese st s et ea st sse s sae e sassaenatanncs 70
2.7 Remote HandlNG SYSIEIM........ccvvueuriieeiriieieirieieisieeieesestet sttt sesse et se s s esstesassssesseassessnsenns 74
271 OULHNE .ottt sese et sese sttt sttt eaebaeseseaenncs 74
2.7.2  POWET MANIPUIALOT .......cveveieeieiriieeieiisteteieie ettt essessse s etssss et esssesssassssesssassessssssssssssssessssssesenns 76
2.7.3 Reflector-moderator Remote Handling SYSteIM ..........cceeveueirierrinieeieiieieireseiees et iessssseesessseesenns 77
2.74 Transfer Cask and FIOOT VALVE ........cccoueuriuriiinieiriieieire ettt saeeas 77
2.7.5  CUNG DEVICE ....cveveviiiiiriieisesesseeis sttt e sssss s ses s asssssssssssssssesesesesesesesasssssssssssssssssssssssssssssasesesesases 79
2.7.6  Target EXChanGe TTUCK .......c.cviiuririieieir ettt ettt ettt 80
2.8 MLF General Control System (IMLEF-GCS) .......ccovuoiririieiriririririeieieeesietsesiessisssesessesssessessessssssssssssnns 81
281 OULLNE ...ttt ettt bbbt sttt bt bbbt 81
2.8.2  Behavior of MLF-GCS at the EarthqUake ...........ccooveueieieeiniieeiceeeeesee et 83
2.8.3 Integral Control and INtErloCK SYSLEIM........ccccvurirreiriieririieieirsseieeee et esssstessss et s ssss s snns 84
2.8.4 Personnel Protection SYStemM (PPS).......cccoiiiiirneinieiiecessissse ettt sssssssssssssssesssssesanes 86
2.8.5 Server, LAN and Timing SYSEIM ........ccvuriueuririrereirireeeteisisietseseesstsesssessesssesstsssssessesssessssssssessssssessesssessens 87
2.9 BNBT ettt st ettt en 90
291 OULHNE .ottt ettt bbbt st sttt eee bbb 90
2.9.2  EleCtromMagnet SYSLEIM ......coccvvvirreieiieereiseeietsisesetssstessssssesesssssessssssessssssssessssssessssssssessssssessssesessssssesenns 95
2.9.3  VaCUUIM SYSLEIMI......cveveeiiieiieieeeieeieieietetete ettt st s ettt e s e ssssesesesesesesesesesesesssetsssestssasasasssassssesssesesasns 98
2.9.4  Water COOLANt SYSTEIM.......ceovirerrerieieiereieteieteistsestseesessssssssssssssesesesesesessssssssssssssssssssssssssssesesesesesesesassnns 100
2.9.5 Beam MONILOT SYSIEIML.......c.cueuiurieiririeeiriirietriteetetsessetseesetessesssessesesssessesssessesssssessesssessssssssessesssessessseses 103
2.9.6  Control and INtETIOCK SYSTEIML......c.cvuiuerriririeiriiieieirieietreeie ettt et seases st aesseassesseasssssensseees 106
2.9.7  Proton Beam WINAOW .........ccveureeureeiniieiiirieireieineisieiseie ittt ssess s sse s sssssessssesessessesesassesnssees 109
2,10 ANZIINENL.......cecieieiereeieiierieseiceeesseeseetesses et sssessesssesesssssessessssssessssssssessssssesassssssessssssesssssssessssssesssssesesaes 111
2.10.1  Alignment of MLF and 3NBT in J-PARC ........couiirieiieeiesierese ettt st ssessessnsnens 111
2.10.2  AlGNMENE OF IMLF ..ottt sttt et s sttt sesesesesesesnsanns 113
2.10.3  Alignment of Instruments in 3NBT.........ccoevioirriieniieieirieeieiesieesee ettt esssessessasees 115

B SUIMIMIATY .ttt bbbttt s sttt bbbt b ettt s et sttt et as 118
ACKNOWIEAGIMENL. ......vveerieiierieteitieieisesie ettt et ses sttt ssssss s ssssesessssssessssssessssssssessssssssssnssesesnssssesnsnssesasnes 118
Appendix Status of Neutron Source Facility before and after Restorations..............ccceveeeeeieeereereeeieeseenennns 119

vi



JAEA-Technology 2011-039

List of Authors

1.

Introduction

1.1

Outline of Neutron Source Facility

Kenji SAKAI, Masatoshi FUTAKAWA, Hiroshi TAKADA

1.2

Influence and Restoration of Great
East Japan Earthquake on Neutron

Source Facility

Kenji SAKAI

2. Influence and Restoration of the Earthquake on each equipment in Neutron Source Facility

2.1 Facility Building and Utility Shinichi SAKAMOTO, Hidetaka KINOSHITA, Masakazu SEKI
22 Mercury Target System Katsuhiro HAGA, Hiroyuki KOGAWA, Takashi WAKUI,
Takashi NAOE, Yoshimi KASUGAI
2.3 Cryogenic Hydrogen Circulation o o
Hideki TATSUMOTO, Tomokazu ASO, Shoichi HASEGAWA
System
2.4  Fundamental Components of .
) Fujio MAEKAWA
Neutron Source Station
2.5 Neutron Beam Line Components in

Neutron Source Station

Fujio MAEKAWA, Kenichi OIKAWA

2.6

Auxiliary Equipment for Neutron
Source Station

Hidetaka KINOSHITA, Yoshimi KASUGAI

2.7

Remote Handling System

Hidetaka KINOSHITA, Makoto TESHIGAWARA

2.8

MLF General Control System
(MLF-GCS)

Kenji SAKAI, Motoki OOI, Akihiko WATANABE

29

3NBT

Shin-ichiro MEIGO, Shinichi SAKAMOTO, Motoki OOI,
Kiyomi IKEZAKI, Atsushi AKUTSU

2.10 Alignment

Shin-ichiro MEIGO, Masahide HARADA

vii




This is a blank page.




JAEA-Technology 2011-039

1.

RAARBR I, ETAEI A 1L A 14846 27 I8 ICERRICREL, ZO%, Wi
(CREDEE | 15 W5 15 77 34 Pl KRR DS ISR TR A L 7o, MFROD~ 7 =F = — FiZ M9.0
Th Y REAOHLRRBEFILIBIHD & ALK H O KHPI K AT D, ZOHBIZ L0 | KIRE
B INdgsiig%  (Japan Proton Accelerator Research Complex ; J-PARC) Tld, MR T, SMATEIR
DWW, EEINES RV DO, OO, IR LR SICEEREC, 2
LOFERRITH LT, BWEESHEN ED L O REHZ R L, BRIEILEDLDWIIERTE 0%
FRAEL TR T L, AH%OUERE L THIMIIKMESE LI FETH D, AETIEH, £7
RHAAREIFEAERITE T 2 J-PARC/HE - A B EBR ¢ (Materials and Life Science
Experimental Facility ; MLF) o ffk 7-JE Rt nas i O B O AR RIc >V Tl 5 ', %
MR AR D HIEERF D258, gRERDL, EIBT1ERR & OFEMIC DWW T, 26 2 BICREHET 5,

L1 IR OB

J-PARC/MLF %, U =7 v 7 3GeV-RCS (Rapid-Cycling Synchrotron) THI# S 7= [ & — AL %
3GeV BB — Ak hEa (BGNBT) THJ 330m#ik L, BEBEANICRE L7 T 7 7 A MOKEH
— 7y MIAFTHZ T2k —2L (R a4y, FET) 24KL, TNHDO2RE—LE%
E— AT AV FICERE SN oA REEFEE IR T 5 2 & T WERT. MR AGR
\ZBET Dk & 7o FEBR - BFRAAT DO MRk Th B,

Fig.1.1-1 |{Z MLF O &K% 79, MLF &EIZRE S 146m, 1 70m, &S 30m & W09 HEZ 4
LR Y 781 EBRER—L, B2 FEBRK—LE WD 3DICKAITE D, @WoOETHINIC,
2 ODH =4y NEB LB TE— LW T A VBB Y ZOWmIBOEIICIE, BRI A
FEEERE, ImEIKMAS & PR O, #5250, HER O, BREOR v MU — 7 F OB,
RO KR SO L 2RO —T 4 VT 4 BPELESN TS (2.1 F),

Fig. .12 (ZHFMHTFIRAT — a VNOIE A, Figl1-3 32T —3 3 VINOHIK « T APEBR it
e AT LOEIRREZ R T2 THEFIRSAREEAR) Bif 279, MLF TlL, 3NBT Zi# U T
B R /L X —3GeV., BT 333uA. 25Hz O/ UL 2R E— L %2%1F 5, BFE—2L09 B
10%IF X 2 A RS —5 > F ROED FREBICALET 2 A7 L— 3 —TKkRbiv, £D5EY 213
FE—LBEEBm L, KEX—7 > MIAKNT D, B — 5 ASHT K DBEBEROGIT K - TH
UL, KRZ—7 Y b ETFICERE SN 3 BOBENKFZETT L—F TlESh, F
PEFE— LT A FiROA P HEFEBEE I SN D, 7 b— % OFEFICIIEHRLAK I
AR ZRE L, TROEANT VAT AZFHALERy AV RICRE SN D, Ny BLOSEIZIE
HPES > v v 2— EERERIR, T X—TF 0 — BiE SRR E OSSR S, ik
FIRAT—2a yEZBE L TWD (24, 2580), T2 —F—3FHI vy v ¥ —%2BRMT 5
LT, EREEAOPETE—LOMLE - FILET S, KBY =Sy NROET L— X ORER
BB L — T IARIC I > TR Y . BIFESIC L 0 BRAET 2B ERET LT, AT —v 3
VHMIITHH ST KRR R AKE R —EDOMBEEL R LN eI T\, FETFIRAT



JAEA-Technology 2011-039

— a3 YINEBIZIE, ARSI R 72 & D B VN RO IRIERUA S O A DT
HKRSH A (Y T A 225) B—EMRBETHEEL TV (Figl.1-3),

KL —5 ME, =5y MEIGREKBERRZ B OEHE LI L& B Th D, #
— 47y FERRIT. KBRENDTIEBROIMUZ " EORHERL THE I EET, T8 KENTRHE
L7z COIBYIER 2B IET 5, KIBBBRRIT Y —V X 7 BRRKIRR L 7, B L
IR EORISEESC VT TR S L, EARRTTR 41m’/h TREIRZ AT 5, FIC
IRERPEBR RITIE, BSOS K0 AR ST T R % A i mTRE 72 L~ AR S
D RARPEFEM AL BRI 23 Hafe S LT % (2.2 D),

FUEIR /K 51X, 18 K, 1.5MPa OBEGHEDIRIRAKFEL 3 KOET L—Z I L TF—F
v NTCHEALEFHEFOZR VX —2K T T, 22 CRAETHEEALIKIBEKFIZL VIR
FIESRGHT 572DV AT LT, ~Y U LARHEEOBHNGIIKBIGER > AT L3S %It
L CHE SV D —Jniiilih o 7 )V CRERL S LD, RFEIEBR S AT AT, Kifi & CLE 7 i il 5
ZEBT D570 OBEREEZ T ROBE LR 7R, Wikefl s v — L EHE IS X 5 R0 EHZEAL
xR T 7D —F =T X2 AL—F T AT LEZH LTS, ~U U LmlEgIE. 1
BOX—EUEEK L 3 B OB TR L TV 5, £ KRBT D80 & LTkE
BEEERTARCN) VLT AETHON—FTDHT7 77y MEEEZERH LTS (23 #i).

HPEFIR AT — 3 =3 DK R & a3 2 MR BRI, M- IR R 0 o &
RE L~ LHERR 2 I HI T2 | IRIEIKIEER R, AR — R & I H T 21K L~ LI ARG B R |
ANY T LRy BILREANMEE G HT DT A - SRR R . B HER E I L TR B HIROBE R
T2 2 RNEKFR, KUY T LT AMAE - PERR 7 & TR S D, | IRGHIKRDOY—
BTN R, BRI RIZ X 0 A LT KR L BRSR A /KIZIR L CREDJE NN % B < Il & 4%
NS TWD (2.6 fi),

=0y b BT =¥ BT E LB EORETIRAT — v a CNEERT. SIS
THHRETH D, Figl.ll-4 [THHEFFERAT — 3 v L EHERESR IR E Ry FEL) OBk
Mzrd, =7y NEZOKBAR L 7 EORBIERAHER L, Ay FEAVNTS LT L
— RN =7 =B o L—Z 7 EOEBERIEEES 2 TR - giisin g (2.7 8. RS/
T L2 EERIIKEE T T 7 ORI T S~ 7 ARy B ANICHRE S LTV D,
T L—Z BRI, REET S 7L B %Ex vy 27 2V THEFEAT—2 3 v
SR, REMEMEIREZREE LTy heEMIB®E SRS, KEZ—47 v MR Eoff
G OSBRI R 7 BB SR ORE = CT— IR E S D, TIEFIRA T —
VoA U ERARICHNR K EERT D 72902, MLF 13N L 72 K5l A7 & (MLF-GCS) £§5H,
TEERR DTS U7 s OB e, SRR # > 27 & (Machine Protection System; MPS) <24 —
7 MM AT L (Target Protection System; TPS) &9 7B — LB IO L A X —1 v
T SR R OV R R s 5 N B & AR89 5 72D OEFEME D W N 2 i# 2 A7 A (Personnel
Protection System; PPS) 72 KA iEH LT\ % (2.8 i),

MLF [ZF51 B — A &k d™ 5 3NBT (X, 5 1 Wm BLF &V D ik LB — A r 25 TG
ENTEY, FHEFE, R 24V EICKERE—A7 87 7 A MBI T 5 &E %o, B—A
TA U EWRT DEMA, BLERESE. E—AT =X —HOMKRIIMA 0.1 mm LY BWREET



JAEA-Technology 2011-039

BB S, RRMEE, MHAKRORE., EHF 7 MR T4 UARICEB ST\ 5, BEA Z
BT HERER, oy be—J— EEIGEHOEY 2 —VEHIZ, TXTHEORETHD
3NBT £, ¥ KO MLF #bfl GNBT FiiiB) ICRRE I TW5H, Z4uH D 3NBT H#iid, 3NBT
PR OV ANBT RSSO A HEI =103 & STl - 4 > 2 —a w7 3AHIC L 0 BRI E SRR
ENTWD (2.9 ),

[E===n
e
P & :  70m
£ & 146m
=< 30m
EER—IL&:22m

Fig.1.1-1: Bird’s-eye view of Materials and Life Science Experimental Facility (MLF)
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Fig.1.1-2: Inner structure of neutron source station
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Fig.1.1-3: Integral window of neutron source station for monitoring circulation systems
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Fig.1.1-4: Bird’s-eye view of neutron source station and hot cell
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Table 1.2-1 (1/3): List of behavior, damage and restoration of each component in the neutron target station
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Table 1.2-1 (2/3): List of behavior, damage and restoration of each component in the neutron target station
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Table 1.2-1 (3/3): List of behavior, damage and restoration of each component in the neutron target station
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Fig.1.2-1: Values of (A) air flow rate from controlled areas and (B) water level of surge tanks as a function

of passing time (sec) from the Earthquake
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Fig.1.2-2: Values measured by instruments of (A) mercury target, (B) cryogenic hydrogen circulation,

and (C) water and gas coolants as a function of passing time(sec) from the Earthquake
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Fig.1.2-3: Values measured by instruments on target trolley and helium vessel as a function of passing

time(sec) from the Earthquake; (A): 0to 2100 sec (B): 1756 to 1896 sec

ZE 3k

1-1) Monthly Report on Earthquakes and Volcanoes in Japan, March 2011, ISSN 1343-4977,
(2011) pp.57-148, (in Japanese)

1-2) Y. Ikeda, “Current Status of 1 MW pulse spallation neutron source (JSNS) of J-PARC”,
J. Nucl. Materials, 343 (2005) pp.7-13
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Fig. 2.1.1-1: Image of the Materials and Life Science Experimental Facility building
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Fig. 2.1.1-2: Layout of the Materials and Life Science Experimental Facility building (first floor)
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Fig. 2.1.1-3: A cutaway view of the central part of the target station and the target system in the irradiation

components handling room
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Fig. 2.1.1-4: A cutaway view of the 3-GeV proton beam transport facility (3NBT)
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Fig 2.1.1-5: Vertical cross sectional view of beam transport line around muon and neutron production

targets
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Building dimension

Width = 70m
Length = 446m
Hot-cell Height = 30m

[Irradiated components

handling room} Exp. Hall Height - 22m

Fig2.1.2-2: Photo of MLF western outside after earthquake
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Fig. 2.1.3-1: Time series of behaviors of power supply, compressor and air conditioner
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Table 2.1.4-2: 3NBT crane list
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Fig. 2.1.4-1: Reparation works of cranes
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2.1-1) Materials and Life Science Experimental Facility Construction Team: “High Intensity Proton
Accelerator Project (J-PARC) Technical Design Report, Materials and Life Science
Experimental Facility Construction Team”, JAERI-Rech 2001-001(2004) (in Japanese)

2.1-2) S. Sakamoto et al.: “Advanced design of high-intensity beam transport line in J-PARC”, Nucl
Instr. and Meth Phys Res. A 562 (2006) pp.638-641

2.1-3) S. Sakamoto et al.: “Design Report on the 3-GeV Proton Beam Transport Facility (3NBT) of
High Intensity Proton Accelerator Facility Project (J-PARC)”, JAERI-Tech 2004-020(2004)
(in Japanese).

2.1-4) S. Meigo: “A Study on a 3-GeV Proton Beam Transport Line at the NME Facility in the Joint
Project for High-Intensity Proton Accelerator”, JAERI-Tech 2000-088(2001) (in Japanese).

2.1-5) S. Sakamoto et al.: “Study of Technical Issues on Proton Beam Line Tunnel in Material/Life
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Fig. 2.2.1-1: Outline of mercury target system
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Fig. 2.2.1-2: Conceputual view of target vessel at helium vessel
during proton beam injection
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Fig. 2.2.2-1:  Structute of helium vessel seal
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Fig. 2.2.2-2:  Principle of locking system for trolley
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Fig. 2.2.2-4: Bellows of target vessel after the earthquake
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NTW5b, ), BAPAZ L THARER N LRI ONME - BIEFEDOFERPHEA LRV 4 BT
DWTHHPMAZ 4 A 19 BIZITW, BENRNWZ L 2R LT, XV O/NLTIZHO0NThH, 4
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- fickat

KR o 1 EBZIC, IREFITOEPERFE LR LT, T7hbb, KER LI TW
HDIRTEIZ & 23 b, B REN2MIC EH- L, 40m’h 2R Lz, 8 A 5 HIT/KER%E
FEH L, R T A o= E R a I S CREER AT > 72, KER%Z FH L2 H ST,
FEEOTENEIXO0 & 720 TR v TRRE RS A VN — 2 85 % 2 S & CRIE L7
BLEL HLE, Z0%, kifZ L L, B2 X 21To70 L 24, L 40m’/h %
R LT, RIEFHE, X TF a2V —0EEZRET 2514 T ThHDHM, ZEFA—I—DR
fiEClX, BEZ2RIETIE, ZEDBETHIZERODLLEORMTH-T-, LEDZ EMnb, K

SRICHEIHZIE, WREIT 0 &7, WEFOMEITIER Th 5 &k LT,

BT

«3 F 29 HAKERAR L TE )7 —T VB LT, THIB ORI 2 0 E L RE RN & &

R L7,

+3 H 29 HETOREROEREN, HERTOFRR EBLENT L 2L,

=T VA OB L ARER LT,

R ROE S

Table 2.2.3-1: Comparison of process values in the mercury circulation system between before and

after eqrthquake

i (KB A R
KERGE R (m¥h) 41.8 0.1
RNoT My (%) 41.8 0
RNe7HAaES (kPaG) 292 223
R 7 ANAET (kPaG) 180 189
X —% > NAOKES] (kPaG) 261 233
Z—25y MHOES] (kPaG) 242 240
13— F7 A+ 7] (kPaA) 205 207
F 38— AHET) (kPaG) 106 108
Y= X7 TEET) (kPaA) 356 358
Y= 7 AL (mm) 1034 1035
Z—7y MEARE (C) 24.8 24.9
22—y NARRE (C) 24.8 24.9
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Fig. 2.2.3-1: Time histories of Hg flow rate, pressures at punpu inlet, Pin, and outlet, Pout, and Hg level

in surge tank

224 SEBEFEMLER

AR AT A \7ka¢ B RN OIS DIHET AR OGS RE A KB S B 2 HEETH D,
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PRIEA~NVAREE SN TV D, HEAWKRIT, AT ARFIZERD A LB ARER L D lc2 =
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LB, R AT MIERKICE D B o TCHERAES T < FFITEEST 5 BT 20>
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WZNT T MERBNAFE —H DT ADY 7Y o TRIEEZATWRD B T ADEREE K & IEFHIC
ToTW5,

Table 2.2.4-1: Status and radioactive content for each tank when the earthquake occurred on March 11,

2011.
Zouk | HAZANH ZAF NI H A DFESE JES | HRE ¥"Xe [Bq]
[kPa]
TK3100 2010/6/29 B N—H R 24 | 6x10’
2009/10~2010/6 1 i (2010.6.9 HIE)
TK3200 2010/9/14 KERW A5~ K5 O 35 3x107
~29 fH R/ KL X 7 (2010.5.12 HI7E)
Ty TEOIEEIZH
WA
TK3300 2010/8/20 IKERIE BR R D JE ) FHGIE 65 7x10°
2N S R (2010.6.9 HI7E)
TK3400 0.4
3 TK3400 |, KEMEEEZDIRZ WM D H AR N X —2 ) — 7 BWHRAE LA, BAaIC

HAEZIFANDT2OD FEFHANVE—] THY | JE% ITFNCET CTEBLLELRH 5, 46l
KEMEER R D KL o Z24T 9128 7= > T TK3400 LIS D RN X —ing TIZH FE - T z72,

,smu%ﬁaﬁ TK3400 THNR—HAZZIFTANDZ LI LbDTHD, 7238 TK3400 (23%
AT T 8= 2%, TK3100 DA A%, 7TH 1 H (&) 12 TK3100 IZ&ik LT,
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Fig. 2.2.4-1: Time variations of gas pressures in the tanks from Feburary to April, 2011. The eartquake
happened on March 11, 2011. The data were not recoreded due to lost of electricical
power in MLF from March 11 to 29. The trensfer of the cover-gas from the surge tank on
April 21 gave the step-like change of TK3400 gas pressure.
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IREZEEZ 3K INICT 2 RENH - 72 22, 22T, Fig. 2.3.1-1 1TRT L 212, 18K DB
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RIRAK T X 0 SBHIEBRINEIT 5 -0 OIRIRAKSE S 2T L2 L 22,

RIRAKSE S AT DE A~ 7 A OB HGGZKEIGER AT AN 2 I L CHeke
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JEH) 18 K DB UEKFZE MG T D200, BT b —Z ~DO/KE UGB 1515 3 250
L. 99%LL B ST KRR AR 2 72 01T, AKER(LERARIE D AL > « X T IKEAEWARR % 7%
&Lz, &5, KitE (190 g/is LA b)) (2 Xk a2 L@EREHfERICL Y, T L—ZHADIE
3% 3K UFICT 57201, BIERAES: R om0 R > 7 2 B% Lz 27, KRRz R
VT TIERE R ANEE T D 7912, 30,000 rpm LA EDREEENLETH Y | @EIL,
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Fio, IR 1 REORCTMEIELERATH, b9 1 BORT, ERIRRE CiEliikiin i
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KB T AT M, HFEMEOE 263 2 BEENEKE (1.5MPa, 20K LLF) 23Rl
TEERT DL —THA L TEY | BB — A0 A, B IERFCITRIR 7 kW A — 2 OBV fif
TEENCPE D RE ARENEBZFFAME (100kPa) LLFICHIFIT 572010, B—x =323 L.
n0—EE AT AR LEEDT X 2 AL —Z 20 L2 e LISV E
HIREHE 2 RS L7z 227238239

1 MW BB+ B — ATEIERRC BT 5 KEFBR S AT LCH 2 b HEATRIL, 462 kW (£F
L— XIS DB 3.75kW, BUR A 0.87kW) & RFED . ~U U LB O G IRAE )
I —Y U B HAATGE kW (REE 17 K) EEDE 20 AU v ALK, 1 0¥ —t
VIR CE RS RS 2470 tps), 3 R OBRHERN ORI N TI Y, filh%En L L TURIRZE
FEFHLTWD, JEMEROW A, HHESIE, EE4, 03 MPa, 1.68 MPa THH | ~ VU
U LT ADPEERITRIL 260 g/s TH D, ~U U AERREIX, B —%— (8kW) (XY EH
WCEd, AN, KFE-NY T LABZHBNTREDECTEHATH, KFBRNLA~Y T LA
FRADOIREA R E LT, ~U 7 LZRDES (1.66 MPa) & /KF/—TDIES (Ko 7HHES -
1.56 MPa) L ¥ 0.1MPa iV IRREIZ L 7=,

AIAVECTH 2 KBITxIT 2L ERHK & LT, RIEAKFE S AT L%, KFE2NET 5 HEEE.
BCT Ty MEE LI D NEEDER T ABLONY VLT RAETES Z LI LT,
IR KRENRMLZE A THAFE L LEREDORAZEE ., BREFEAKEZES 20
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Fig. 2.3.1-1: Schematic view of the cryogenic hydrogen system
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JE A2 8 0D R o [ HRAS AR C o DB IR ST K /AR 71, [FHREU 2 i E 7 IR A%
B MIRECERMOLEGL R, ZO X572 K& MEIRERC W TH E R [l 5 5K
(40,000rpm) TZ E AR HRFES LTz, — 7 L BRERUATHS: T O Sl [BIRE Bk T Do~ L
WS DR RS — 1%, KFER 7 LRIBE, 2470rps D ERG LT, 22 72 R ke L T,
JEAGREIZ DWW, v—Z DEIEREZ2 E DT —ZIFFHHIL TRV | KRERFBENDRELT-SE
THH—E ORI 3 7L JEMBO I E ) (P11, WAJE T (P12)728— IR TET
WeZEDD, IEF I EMEIRS I TV e ZED MBI D, KR, NIV LR TAFE RO
IREE JFE/EBIT, ERRRBEHMERFL TUe,

HIFEFE DD 150 PR ITIEBRIAE L, TOMR., BI )R THL~I Y LJERMiM, kY —b
v BERRIEKER T b= —DOBIFNPER L0 KIBAE S AT AOA L Z—myy 271D
DIEFIAEBN L ARIR KRS AT AT HEME LUz, HIEFEC B 872 & Dol A7 41% UPS
ICEORESN CWelow | 7 —FIUE B L ORREENR TRE Ch o 7o, JTEMEHEIME L L2720 ~
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LI T C IMPa £ TREEISNTCN, A F—my 7 —r A8 B | JEMEO AT ARIRIL 100%
DFFBREE LU, BEY —E 1T, #—E 2 A B FR(VI0SNZ LD s - L0 1E f A5 1k
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Fig. 2.3.2-1: Behaviors of the cryogenic hydrogen system at the earthquake
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Fig. 2.3.3-1: Layout of the cryogenic hydrogen system at the MLF
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Fig. 2.3.3-2 Schedule of damage investigation of the cryogenic hydrogen system

Fig. 2.3.3-3: Damage situation of outside of MLF building

_44_




JAEA-Technology 2011-039

Fig. 2.3.3-4: Damage situation of supply pipes passing through MLF building wall
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Fig. 2.4.4-1: Pictures of the vessel top shield.

(upper left) Two pins are seen on the lower shield
block.

(upper right) The damaged pin.

(lower left) Scrach left on the vessel top ring shield
marked by slipping of the lower shield block.

Fig. 2.4.4-2: Pictures of the roof shield.

(upper left) Uneven gaps between the adjacent
shield blocks.

(upper right) Top view of the shield blocks. The
leftside shield block (G2) was moved to attach
the concrete wall.

(lower left) Concrete wall damaged by colisions of

shield blocks due to the quake.
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Fig. 2.5.1-1: A beam window of a He vessel and a neutron beam shutter in the target station and a

pre-shield at the experimental hall.
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Fig. 2.5.2-1: Neutron beam ports on the He vessel (left), and a vessel window for the beam port

(right).
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Fig. 2.5.2-3: Schematic diagram of the vacuum system of the vessel window.
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Fig. 2.5.3-2: Detail of the flange of the beam duct.
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Fig. 2.5.3-3: Schematic diagram of the vacuum system of the beam duct in the neutron beam shutter.

EREEICHED KERE—Hwk
BE- ryh— KEETL—4
BFE—L
= &

g 7
¥ i
o g
- 2
7
2
7 z
Y

Fig. 2.5.3-4: Layout of the 23 shutter gates.
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Fig. 2.5.3-5:  Pictures of a vacuum duct flange in a shutter cask. A metal O-ring was fastened by 8
bolts as shown in the left picture. Some bolts were loosened by the earthquake. The right

picture shows inside of a beam duct which contains a neutron guide tube.

Fig. 2.5.3-6:  Pictures of the inner side of a duct flange (left), and a bracket for the vacuum duct (right).
Impact scars of parallel keys as shown in the left picture were found in most of the
shutter insert. Bolts of the duct bracket were bent as shown in the right picture because

the torsional force was affected to them.
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Fig. 2.5.3-7: Result of the absorbed dose calculation for the O-ring part at the duct. Beam lines of
BLO1 and BL10 were selected for the calculation because of their high-dose rate.
Because an insert such as guide tube or steel collimator makes beam cross-section
smaller, absorbed dose of the O-ring will be saved by them. Maximum absorbed value

was estimated ca. 0.5 MGy after 1 MW x 10 years beam-operation.
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Fig. 2.5.3-8: Improvements of the duct flange and its surrounding.
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Fig. 2.5.4-1: Pictures of the pre-shield. (upper left & right) Gaps between adjacent shield blocks, of
which nominal value was 20 mm, were made uneven by slipping of the shield blocks by
the quake. (lower left) A shield block dropped by 20 mm at the arrow position in addition
to slipping. (lower right) One side of BL20 shield block dropped, but stopped just before
breaking the neutron guide tube.
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Fig. 2.5.4-2: Drawings to illustrate drop of the BL20 shield blocks: vertical view along the beam line
(right) and that perpendicular to the beam line (left).
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&R kR - R, ROEER S WO IECIE#£%Z 5 H 18 Hv D 20 H ORI TN L7z,

O B AR

MARBRMICBE L T, BANS SO R Lo FEH O 7 U EkiE (Fig. 2.6.2-1) LISMIKE
BT < HIERT & R THRICB RIZ R o T2, SO T LR TIE. b LT MR
DI FENf > THEGENE LT OREOTNEL, OB BRALNDLB, 7 1F
0 b OIRAVUIHER S 2o 72,

OERMAE (BiE - il

BRIINNE A B —55 THufF B OMER 21TV FBASEN 720 2 & 28 L CHilliER D& ﬁ
ERALZ, EXc2BE L THRHICRF I/ <, BT EFICEEL T\WD 2 L3RS
7

OFtanfEd (BERRF O FE, 7ot 2 EL1b)

ﬂ@ﬁ@@Ai%%Ebt% SN Aw7®hﬁ®% 54T o T2, 2L T ITON T,

AL OMERBIRFIIZ R EN LR L), BEESZICITREFIIRAEL T 6T, HlEkiE
ThoHru— ww/ia@h ECOIEFEMNETHDZ k%ﬁﬁbkoﬂﬁﬁ@ﬂﬂ ZEVHERL
TofE SR, BRIV T REOFZARM SN TWeD T, THEY OEfEEZ LT\ LE
ZHND, BRI OV T HIEIRO BEIIMR I ho Tz,

WIZK BHER O ERTHE OO AL 2T~ T, HERTOM &, MERL BRI 21% 0% R
DAL « JES) DEAEIZ DT Table 2.6.2-12 1278 T, ENCHOWTIRERMKE S, K MEMIZ
HHN, K TEICE L QOIHER OEIRREE TCOBLR L RI%ETH D, IWALITSR EELn 72 <
JEADETITE L TRR LR/ LTS, ZOREE, Rt e LIRS Z AU © MBS0
CHIBT LTz, B, R 77 nyu, FI-R LI o THBEMEF IR L TBLT, #1k
IRBE & 7o o TN,

OlElnfEs 25 O EBIR A - TR

6551, 6552, 6553 DR 7 TIE, F¥ o FRUVTEZEHLTNWEDOT, T—F—E K
VT ERINE IR T H D, SMEL L BLE N0 T T2 D R e SRR A LA SO L 7=, 6554,
6555, 6556 MDD RL TIIA D= TN =R T THY, R T LT—H—DPERHGDO T >
TV IOV TIIHBEOBESEICL D TN ECTENE I DERD=H, 5 A 18 0D
20 HORIZE 2 U VO ZAT o To, MERIEETIZ, Iy 7Y 7 ESOROT i, i
RO 7Y 7 ORBEARIE L, EEET I - EE:5100mm, BHE 3R EHEE]LSmm)
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WHUKERIZOW TR, 3 & L TORNEN W &, FBRMN R BE NN L &
WTETD, 5 20 BO R T OREREIT 572, UEEETIE, EERRFOIRE) L O v
TEmEZFHI L, REBSHFRMENTH D 2 &, £, BRALARIOM E RE BN &
ZHIEERE L U, EmEEOFICHEN VW2 L 2R L, £7o. EisE%, ST EOH)
TEMERS LB MO FEHRIR DL OMERR A ATV, LART & FERIEF IZEMES 2 2 L a8 L7,

& 7] A MG TR A

AU T AT ABHEEREOBMICEE L UL ET AT — RANLRE E TORBRREIT,
HAENN—ERERFFSND Z L 2R Liztk, 4 A 13 B DA ~T A 4G 2 Bigh L
Teo BRAEBE % . 71— ROV DETFIZERE IREALD R SR Do T To OIRauL 72w &fllkr L7z,

OHUFERF OB 2R OENE ST

MLF-GCS @ DB #—/N—{ZFlEk S 7o 7 — & & FH W CTHUE R O 5% 258 & bt L 7=, BB
Bkl (2.1.3 i) TR 7= X 2 ITEBMAIAEL TEB Y, 6551 ixfi OHIERFORIEIL, LT
DX ITHEBRMNEIE LTS EHEETE 5, 14 K48 2y DR g1k (FEAER  15%E) %12,
WEIFME T L, BRENBR LT, o, Y=V F o ZRADBR o AEIRIC XY ER L, JE
INTRER FIZHENORC LR/ LT anRKE 2 bidi o ivZevy (Fig. 2.6.2-2),
PIFIZoWTiE, TYVXNMEFORLFRE, DB — —ORENRFHEAE L T\ iz=d, (51
YD D7 —ZIIRE LTcigm 1T 9. MBI L X, WEIETIZfE-> T TPS. MPS 23
IFIZRIRFICHH L7z (Fig. 2.6.2-3), HEMRICELCX, Y7 MeETHLH720, FHEMIEX
T AR EE TRHCIEA L, BORBICEFE LTS, £72, MPSIZOWTIL, Bk 1~2 %
DOIRFFIZ—HIER LIRS, ZO%BIEMEMEE L T D, Ko 7 OIERR(E IR L TiL, EEim
BNHENTZEFEORETH Y BFRERICL VR TMEIE LI b b TR 7R
T L TR, 6551 g% f 1S DU Tl i O 45 1R FRERF & [FIRRIC AR o 71 IR R IR MK
TULRZELERETEIELEZLDEBEZLND, 72721, R TEIRBO LT OEMEZEIZE
LTINSV T OREENHTWZZ &b b ) HIERFOB) X 2B U TR IR e, FEEHRIC
B LT, BB ATEIR M L T b OB o 7272 O HIEERT Dk L TR L &
F2RVR B x ) EHIEZOWEK FRICHER L TWD Z &, flflle—r o AnbEx 5L
RETHD, SHIT, MPS OWifeoR o 7RI L TE, v — 7V AEDORGENLETH
HEEBEZOLND,

Table 2.6.2-1:  Water level and pressure transition of primary water cooling system tanks in electric

power outage

6551 6552 6553 6554 6555
Surge tank 2011/3/17| 2011/3/30] 2011/3/4] 2011/3/30 2011/3/4| 2011/3/30| 2011/2/24| 2011/3/30| 2011/2/24| 2011/3/30
level (mm) 618 626 757 768 732 732 1056 1056 1196 1199

Surge tank | 2011/3/7] 2011/3/30] 2011/3/4] 2011/3/30] 2011/3/4| 2011/3/30| 2011/2/24| 2011/3/30[ 2011/2/24] 2011/3/30

"E‘;,TFS,;‘;‘* 0.134 0.136 0.104 0.121 0.105 0.106 0.088 0.081 0.121 0.103
Drai 2011/3/11] 2011/3/30] 2011/3/11] 2011/3/30] 2011/3/11] 2011/3/30

rain tank

level (mm) 282 280 244 241 514 511
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Table 2.6.2-2:  Water level transition of secondary water cooling system tanks

in electric power outage

6556
Expansion tank level (mm)
2011/3/11| 2011/3/30

309 279

Secondary cooling system | 5 =R
main pipings

Secondary cooling sytem drain piping

Fig. 2.6.2-1: Flexible pipings at connection part of trench area

Pressure (MPa)

700 25 0.25
Reflector flow rate || I Surge tank level
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1 20 0.20
2 500
\g t Surge tank pressure g
< i i 157 | 0.15
> 400 =
~ W
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fE 200 Sfalfety hull *g
r ow rate
& 110 2 |o10
s o
n
200 |
1 5 0.05
100
0 0 0

1440 14:42 14:44 1446 14:48 14:50 1452 14:54 1456 14:58 15:00

Fig. 2.6.2-2: Trend of flow rate, pressure and water level in surge tank of the 6551 system
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Fig. 2.6.2-3: Trend of related alarm signals (Warning, MPS, TPS, Pump signal)
of the 6551 system
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RefE g DRER Y Z T, e —2AoiEisiE, 3 A7 H (A) 75 3 A 11 BRI 9 KEE TIT
PITW e, B E— AL 200kW Tho7-, B —20&Emtbict 72> T, 6551 LY

4 FEEY SONO/F I STV b,

5 INEIARMEIZ X 2 RS A UG E R T 72DIZIT ) b DO TH 5, EMOAMW)IEEARFZ X, il &
DAFRE 60°CITH LT, KFE-BEOMERISIZER T 2HEBU LD | HEEIX 80CIC
AL \—DXF!-I‘éjVLVCl/\

6 R T DR — ) 5D ) 1%, ZHETIZ 6551 R T 210E, 6552 2T 1 [HFEA LT,
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6552 R — V& L 7 TRV TR R L B JE N ER PR TE D L 210122 b,
FNERUCHTET 5 A wOEiEZ 1 B~3 A2 1 [E%E[ L Tvi® #ER4 GH 1A
1% 2 W46 53) DKL KRR £ 7 — X OFHH - REFA 2 SN TR Y . ZO#FHTIEAT
ADIA N, RERBENE Z o NI R S u7eu,

Fig.2.6.3-2 12, 3~4 A OMIH O K ZMOEN LA 7T, BMEkEND 3 AKDVIZHT TE
BILEDT—2ORARHDHHEDOD, EORME IEEPRFFESNTEY | RFITIZIFRERICHR
7T Z oD, 7272 L, 6551 KTN6553 2 C, 1 HH721 20 kPa FEEE D E J1KE T A3
RoNnb, ZOENETRIL2x107 Parm’/s DIFZWVRITHY T 5, Z OEZ R ARRO4R
THELERAVE (BT ELIIEEDHT-0 23107 Parm’/s) S HET S L, TRIFERE
V=7 &EITFAT. BT LBHRICEAELIIF A2, LLRRL, HEEROE
NEFFRSTND 6552 R LT 5L, AERBAVETHD, DD, ROE—LE
BARTIS, SRROH LI A21T ) FORIEEITH 2L LT 2,

W7 IMBERFE DM 2 DEEZHZ DWW TS BHRIC L DMER TRICEE N R b 2nZ & &
T ZNETITR L K ) ICREDOKENEICE T DN RN T2 Z &b RERAE
AIFELTHR2NBDEEZLND,

PLE, HEBIC X B HAE S8~ DORBIIFE L 72 <, 20O 5 OHHE 24T 2 1XR [\ D B — A
IR TR HHTE D Z EBHEGRTE 1,

7 6553 RIZHOWTIX, B — AEIERFOE S EADBRONRNZ E D, FiE SR OERRIIIT
S TR,
8 TR HREAIZHIENMET (-10kPa mit) & iR E FHF10°CRE) 2/ L T\ 5,
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Fig. 2.6.3-1: Trends of the pressures in recombiners from between March 5 to 11, 2011. The

symboles of “PI1100”, “PI1200” and “PI1300” correspond to the pressure gages of
the recombinres attached to the primary-water coolant systems of 6551, 6552 and
6553, respectively. The black arrows show the pressure drops by recombiner
operations. The beam operation was carried out untl 9:00 AM on May 11, 2011,
and the earthquake occured at 2:46 PM.
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Fig. 2.6.3-2:

Pressure at the Pump Outlets [kPa] (abs.)
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Earthquake on March; 11
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Trends of the pressures in recombiners between March and April, 2011. The
symboles of “PI1100”, “PI1200” and “PI1300” correspond to the pressure gages of
the 6551, 6552 and 6553 recombinres, respectively. The pressure decreases of
PI1100 and PI11300 after the eartquake correspond to the leak rates of 2x10™

3
Pa-m’/sec.
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2.7 EIFERIEBES

271 HE

MLF OERREIERGEIL, Y —~ = a =S VAT A b s a gk 7 &I
Ay bEAVEDICRESNTEY (Fig2.7.1-1), KiRY —F v MEGSET L — 2 B&HFOH
VIR R A 2 ST 2 7 DIZ IV BV D, LUTFIC MLF IZRRE ST 2% i b 1 B i
wEIET D,

X ST B
-1F H&y bl NU—<=ta2l—% (Fig.2.7.1-2)
WA iR R R (Fig. 2.7.1-3)
s (Fig.2.7.1-3)
Z—7y NRERASHE L (Fig. 2.7.1-4)
< 3F  KABEEREGRE ¥ 27 - R ElESUVLE (Fig. 2.7.1-5)

130 crane
= et
Large components handling room 1
(High bay) ’ ™. Transfer cask
[
.amxm:m
o 'i i - i'_ —
Irradlated-compunenls Fi=t -0t incellcrane

Handling room (Haot cell)

o 4 = Moderatar-reflector
Target maintenance area [ : Il mamtenan“ S
{HIR | Ui S
=

Fig. 2.7.1-1: Vertical cross section of target station and its related rooms
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Fig.2.7.1-2: Power manipulator in hot cell

Moderator exchange !

Outerplug ™
suppoitstan

Fig.2.7.1-3: Remote handling devices for moderator-reflector maintenance in hot cell
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Fig.2.7.1-5: Transefer cask and floor valves in large component handling room
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HBR O RRIL, D 0 BEMEGE, BRMREZITV., ST, BEROI AT MM L TR
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OHIFRR AT R
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O MR LR

HALSM T, Fig. 2.74-1 {ORT XY AT NI U v 855 Y 7 OEFRLIS, FRCRENR 5
Nighotz, By 7%, HEORN THEI., TADPRK CEREZ ISR Lz, 2R LI
INNZOWTHEWEIZ X D5 E4T 5, BMEMREZIT S T2AER, BEX v 27 NDO T U v RO H.
B, BIHAIC DWW CIERBEZR SEME L7223, BB S 2 F = — U U 2 BG83 4 5
A7z (Fig. 2.7.4-2,3), #9 8 b & OMERENHBRIZ L VT b, F=— U ITRE R AR R D
Y RFTHR DOEDERZRIEEZ L, IFR TAREGEEZ L, 72, 3IKRDIK L
WRIZONTH, F 2= OUIRHTIZE > T o 7o, MIEBEORBIZ L5 F = — 2 O
NEHHNTZ, T =— 2 OO R EEERIRIZOW T, F=— 2RO DT 5 7 st
ZhE L7,

Fig.2.7.4-1: Gripper connection jig for transfer cask. It can be seen that
some rods were transformed due to fallen down of earthquake.

Fig.2.7.4-2: Broken chaine of floor valve of transfer cask. It was occurred
in floor valve fisrt driving test after earthquake.
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Fig.2.7.4-3: Chaine slack of floor valve. It was occurred
by earthquake shaking of floor valve.
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Fig. 2.7.5-1: Broken Gear box of Cutting device
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Fig. 2.8.1-1: Structure of MLF-GCS
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Fig. 2.8.1-2: Structure of MLF integral control system
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Fig. 2.8.1-3: Structure of PPS PLC-link
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2.8.2 MLF-GCS DB D2E)
O HIFERED 25 Hh

Fig. 2.8.1-1~3 {278 L 72 MLF Hl##1Z8PN © MLF-GCS 2% (AR EME PC, A, (> % —
0y 7 EfY = o EY—— MLF-LAN = v P A4 v F 72 E) OFEFIL, I E
?%%ﬁ(m@- BHERICHEE SN TR0 . A OEER T b Hil#H =N O MLF-GCS ##

ITHERE S LD, E 72, HEEEHIESR & O PPS O KB HIEAE © UPS RAtICHEi S LTV b 7
0., %%)/7% L 7= BUGHE R DI~ DT — X R IEERE DHEFF S VD, 2 OFERENERY
FFEE R B ORAR (2008 411 A 21 H72 L) ITHERE L Tz,

HERFEAERED BARIE IH £ TO MLF-GCS O &1 7 2 AT LA OB ORER S % Fig. 2.8.2-1 127~
T, MLF TliE, %axfiit#as<> PPS Hi#s DI @A DB Hh—/3—X° PPS 7 — ¥ 1 Z T IRFEL V) JA
ATNDH DT, HEREFO BHER & GO CEEREOBIERNAHET 2 218 TE 5, AR
RHEFAM A (2011 423 A 11 H) . MLF (381 9 FF T+ £ — MEfR A5 1R L, ' — A JER
TUTNBEANTWIZLEO0, KR, KFE, WEK, 22HEER EORIGERRHIIE i L
ToIRAET 14 FF 46 43 18 PO KR ICHEE L, HIEER A% mm%&m@—mﬁ%% NSR
(BB DRI S NTH 150 PR ISR B EMNE Ui LI c& 5, L L, KEIZK 215E
TH =N O MLF-GCS #43HIX IEFIZBEE L T\ e, 20tk 17 FREIZ, BEEBMER PC X
HHY—N"—HPC DTy v &7 L&l DOBEIR OFF % F#) THlE L 7=,

Ot tEmER - 14 1H

MLF - GCS O HIZ, HHEHIE « PPS « MLF-LAN &\ 9 Jifi g% 2R O MR S L B 7224
T VAT LOREEVEMER B L, £O%, Bl AT - [FH DP 72 £ LAN Bihn R & A
UV EMERR A O - BRI EA #ERT S FIRCHED 7=, EIHTEEIX 2011 43 H 28 A D
Bt L, ETHREEO T L—I—%2 80 72035 BHIZ X D85 ORI DR & R O BB
REZITVO, RICE TSR OBRE ANRN D, B BE, =7 — T E R CEERO
IR AR DRV A MR LT, AT LT = CIEE BB E PC O — N—H PC 2325

EIF. PLC (Programmable Logic Controllers) U > 7, 3 NU—Z7 (5, #HAEEFREDK
P TV AT AOBEREERZBIGT D 2 & TR — T VIR 3 A U T D il
BTz, 4 A1 HETIZIE, HAEHIE - PPS « MLF-LAN O 2B+ 5 & & b, EiED
A7 - [§H DP 72 56 &0 LAN B AR O(E - BifEMEER E THEM L2, 250 5Ll L& 5l
B RR OB IEEZL | 2~3 £ OFIEHI Y A B TIT 9 Z LB TELD, THITHEROmAN
BaeXECYAMNCEH- LA L THENO BEREZITo TELRBRBRETNEEZ T
Do WEILIEIZ, %7 VAT AORBUZ OV TCREHT 5,
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SRR OMLFHEE IS0 | OMLFIER IS B OEE| OMLFIERMIBDEEL OMLFIERAMBEDEE:
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BIEMER BIERER HIEMHER
3A31H ONETH/E19, 20i@ {57 OP-PLC36:@E - @IEME] OMLF-LANSEAFA
OERBE OERARE OES1RN A, TEERDP, /\°|~54I~ﬁ
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Fig. 2.8.2-1: Time series of shutdown and restoration process by the earthquake of MLF-GCS

283 WIER@E - A X —m v IR

OB

EFEHIE - 4 v ¥ —v1 v 7 AT AT MLF-GCS OH0>C, MLF &K% ARERET 2 & &
bITA v H—n 7 ZHIET DR AR 25DV KRR AR PO, MEASHIEAE
UE— A (108) OLH572 83—V Frarta—% (PC) X
PLC THERL S hilEIBERR S, B — 7 Ok 2 FF>PLC Y 7 x>y U —7

(MELSECNET-H ; LN, NETH &529) 20 LT ST\ 5 (Fig. 2.8.1-2), NETH (%,
TSI B & BRI 2 B DR (NETHL) & SCIGHIEAE & BARME PC 2 ke
5% (NETH2) @ 2 SOfRK A9 %, NETHI % 2 L SN HHEHI#EEAN O PLC 2= v

N U1, 2) &, 3~34 EFTOREFELZFD31 HOPLC == h TR ST %, NETH2
ZITHFE AR IRAE PC4 B & PPS BEARIRIE PC2 BAERE SN TR Y . HHEHIEE) H NETHI

B B
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WZHEH L WO A BT U B — b 104 L CEIGHES 2 e B ET 5 2 &, Mk e
RO—FEEFHIE 2 EB L T 5, MLF EEDRRBIZIE, THERIRST ), [ e 2 R5F), T
sl KON TE—AZ AR O 4R G085 D50, ARICK HEEH - EHIZ L - T, 2k
BN FISE TR 5, ARIL, MPS <0 TPS 72 8 O AR #ET D0 D A v F—n v 7
HLEALTEY, FEMT EbSNHER —7 VTR SN TV 5, BLGHE Y MPS K&
ONTPS % L7t BIGHiAE 2/ L CRBRE T HEENO MPS = e —7F
— KON PPS il N D TPS BEH > — & TR S, B —AMFIRE 525 CCR IZIBIE S U
%o MLF TiZ, 5 >OBUGHIEEE ) 5 MPS 723, 3 D OBUGHI D TPS I S 415, MPS
J OV TPS R OFEAIL, NETHI %23 UC, MIEERBEPC it ranbd,

ORI D ZEH)

TEFEREARLERE PC, WG HI S . BI5HI S 7o & e RE i E % o = 2k as 2 B4~ % NETH 1%
W ZEN—TDIREREFFOR Yy NT—7 TERINV—T 0o 51O ALER TlfE R E
CTH, BFROFRAICTENOREDL— TP 0 R TREICEI D X 52 & T, BRERZRV
FH S AT DEHERTCTE D, 7272 L 2 24 VB OBSRIE UPS R D=, FERHIZIX
Fig. 2.8.1-2 D Jsj 26, 21, 30, 28, 25, 29, 32, 27, 24, 22 Z BRU 7= BLGHI AR 2 PR & X v 7= 1 C il i
VAT MIMERF SN D, ARIOMBEIC X DFERIT, JF 19,20 DT v v X —BUGHIEER 1,2
T 14 15 48 43 47 B I O 48 FVIZH@IE B 23 )1 & 41, Fig. 2.8.1-2 OREIR X = A4 VB R & &
19,20 ZERUNZH T NETHI BREIREEDHERF ST e, A o Z—r v Z7IZB LTk, MPS X
Bz ha—7 = CCR M 6 EHEEI STV 5 O TriskhEidid8 L A3, TPS 1% PPS 7
—Xn 7 X YMEERTE Iz, ZORE, TPS X, 14 FF 48 43 47 B2 1 IRIGEIRELE i TPS 233
WL, EH— U HIcENESN., BfE—2of5l A % —1 v/ [Target Status] 7% CCR (2
Rk ST, KEPEERERH TPS 1L D 9 BRRICHH LIc, #—77 > MEHBLGMEIT 14 IFF 48
53 4TI RO —BRIETIM L, mARE (15K 15534 7) BRICED TR E IR L
72 MPS }Of TPS HL OFHMIF RS HARRHERIE PC L CHRBF RSN TWIEZ &1, B
LI T — LB L VI TE TV D, BUE SEEESIE - A v F—m oy 7 RITIRFEE
Y OEEL LT,

O EmER - 18I

WERH O B UMEROR R, MIEHIE - 17— v 7 ZHEIROKE - EITEN o7, F
7o, I ICERE S L7 L OB TERAE PC OHIEEE N OMEHIE TRORE RMET N E D
R onen o7z, Fig. 2.8.1-2 @ NETHI 1L, 2011 4E 3 H 29 H %0 b EEARERE PC MG HI4E
MEeDBERR L LEE A M), 17 B E IS FERERE (5 3,2,1) & BIKIEAKSE R

(Jm 8) MITlEZBAME L7, 3 A 30 A2 61L& B HIEE O AR 223 EAEE D 3 A 30
HIZJ 5,6,8,31,13,17, 14,18, 10, 34, 4,12, 11, 15, 33,3 A 31 HIZIZ/E 19, 20 OiE(E akbk % Fhi
L. KHFERARO NETH] 5 REE TIRIERE TE, AROEAZEG L, 4 A4 HIZ
TR 22 D aF B ndEE A4 R< NETHL BEHBRE TR T L, KBEE TR W/ 20
WERBRA 4 A 12 BIZFEM L, KHERARERTO NETH] @EREECEE L=, 5SH27H
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\Z1Z, CCR & MLF [fJ CTMPS A ¥ —u v 7 Gk a2 5 L., EREELMR L=, £D
I, Kl oI « FIEER I A D T, EIEFEEBEEC L 514 ¥ —u v 7 R B %R
Ehg LT\ 5,

2.84 AHZL2{RET AT A (PPS)

O

PPS (X, MLF-PPS E5#l#efE PC, HEs%k PPS il iz, 2 k& — A7 A > PPS il iz 72 £ & PPS
AR TR EINTEBY . ZROEER7r—7 12z T, FAY V7 EMEEN DB O —
HLSNTZPLC U 7 Hxy NU— 27 THfES LTV D (Fig. 2.8.1-3), PPS I&, il ek
B NBZR#ET 72012, B — ARG C K D St E & 72 5 PPS Kt ~D A
IR AHIBR L, BERHI - E— %451k %, MLF TiX, Jaak (BRIRST) & EBRIEE O 2
FEE D PPS KIKIC KB S, ZaF—bAf v ¥ —n vy s TEHEHIND >,

MLF-PPS v — A5 ASEIL, KERZ —75 > MBS 5 [Target Status) . FEF1E 1L81IZBIT 5
[Emergency]. PPS = VU 7 NiBHkiZBI9 % [Safety] 9 3FIEDA X —n v 7 S 03M#
BNZRRNE L7214, [Status) BEHF—A A v F % FEMEMETAND Z & TE— A AL E
CCR I nx b, 723 [Safety) 1%, Hiigk PPS = U 7 TIIEEM - EREEMESE « 22 ¥ — LKA DAL
SEARPRIZ, FEBRIEE PPS =) 7 TRt —A vy v X —ATHDH T &, b LITEREM - EXSE
FEHE » 2242 20— K HN DS RANL ST 70 » T D, CCRIZERM AT & ffER8 L C . IMLF-Entry| , [Beam
mode MLF] A ¥ —n v 7 Z#/FL, MLF # B —A=x U 7 & — RICHAIATe,

O HIFERE D 25 H)

PPS TlE. 1 IR T PPS s DT U X NT — X DEBNH o 1= & X O HR%E PPS 7 — X
o 7N A e, 4[RO HEEFE A BT O MLF-PPS %, IMLF-Entry | (% PPS A7 7], [Beam mode
MLF] (ZE— AR U 7 LERAOIREETH - 7=, fligk PPS = U 7 (X 2ILEERA - habetk g
T, EBREEPPS =V TIHEMATOE—ALAT A > TRy y v X —HREETH 572720, PPS
= U 7 AIRIKIC %#54/& 2y 7 Thn [Safety] 1FFHHL TWRdoTe, HEREHD
14 15§ 48 43 48 FITIZ, 158EIC LY FA U > 7 ITHEpE S 417z PPS Bl o o C UPS ARHfi D >~
Yo Z—IREER AT HIGEAR 1,2 8B ERFE 2 H L (Fig. 2.8.1-3 2) . £ b ZBRiTIX PPS
DFA Y > 7 BERESHRF SN, ZOTOFEBRE—LOT ¥ v ¥ —REERITZ 7 HH
T L7,

HIEEFE A% D PPS — U 7R HE R U T TIEARICCREM - Mg MR STz, —
ﬁ\iﬁﬁﬁi)TTi§<@£ﬁ&p£Tﬁ% LeF—plRECThH o7z, Ak, BEkD
PPS— f[Safety] A % —w v 7 Efbl v, BB - ZaF—0lHRETY v v & — A
23 OFF |272 % & [Safety] 23T 5, L, BAITHERFO U ¥ v X —ONTZT TIEAR
BT PPS 3B L7V K 912, 2010 4 1 HIZHRRA - ZaF® —5lHkETH v v v ¥ — P8
JLOFF 73 S LA Bfe 7o i 4uiE TSafety) MM LR WE S ICKB AR 7o, ZD7=8H, 4A
DHIFETIX, ¥ ¥ v ¥ =RV THER A A »F ON/OFF 23E% LI b b 63, s LD E
BRAEE SR CAMEER [Safety] ZRETHZ ENenoTz, ZOZ LIFENLT HHIERKDZ
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DOKBENENIZ 722 L #ZRE LT, Me— BLOS 72U M KRE (ISEE15 3 34 F) %D
15 W5 23 73 LAREIZ [Safety] FEMAMEIE L=, ZTOEHMIIRETBLOS DY v v ¥ — L
WALy FOMERERI T, Vv v X2 —HBEEAA v F OFF 8 5 UL Efi< Ko 1c o7z
T EEZ TS, Lk, PPSIHIZIFAEEY OEEEL L Tz,

OfEEMEMER - 1E1H

?éﬁﬁfﬁ@ H R ORGSR, PPS B DIRIR - MUPRITEE) > 72, 2011 423 7 29 A5 30

Z/F T, PPS HilfE#E . PPS Bk, PPS #as D@ ERER, 7 L, R ONEAERER ATV, 2011
$ 3 A 31 B 11 KEH, PPS 7 — 4% 10 7 R OAR ORI /B ZBsh L=, 7272L CCR 5

MLF-Entry] A > % —1 v ZRENEIN TV 272812 MLF-PPS Xl ~D ARk 2325 1E X

TW=D T, MLF-Entry] % MLF Il C~ A2 L ChBHiEMHZBLA LT, sk 24 B 22
RN E S 721, 5 A 17—19 BISHT THERE PPS A > Z — 1 v 7 KA~ AGRIE & e
DR IR O A A ERIR A FIRICE SV THEM L IR OB X oM vz & &
i@ L7=, 11 A 21 HIZiX, CCR & MLF [l CTPPS A > & —nu v 7kl %z 3 L, MLF % & —
LT Y TE—RICHAIAD D Z L 2R Lc, TO%IT, ERIEEMOEIRIZEDE T, Ei)
HEE PPS A X —m 7 RBRZ W FEHE LT D,

285 FHAY—/N—LAN:* F¥A I TR
ORRAMMEE

MLF A% —/— 27 AL, Web —/3— 7 —F X— 24 —,X— EPICS (Experimental
Physics and Industrial Control System) —/N— KRBT A T AT A AFRT 4 A7 LA |
—fEH Web ¥ — "—THER &5 2%, Zh b0 —_"—ZZ 2R HMICE L TRAR S F
v MU =7 BICHR S TR Y | HMOER, (B, A, BER%EO%E 4 K73 (Fig. 2.8.1-1,
2 M), MLF-LAN %, MLF #l#IZ=NEH LAN (GCS—LAN)., #I#HI% « fiN% LAN, —fi%
# LAN (J-LAN) THEK S5, GCS-LAN (L, J-PARC 2Kl 7 N — 7 23 %EHE$ 5 LAN &
B S TR Y, T—HXWBEOAEND L L TIX EPICS —/3—& Web — " —|ZHIfR ST
W%, MLF % - #5N% LAN 1, VLAN & L CTXEIHTWAH A, CCR 40 L Cthfiigk
DHFFE R VLAN ICKS T 78 A TE D, BIREEHRTI ATV 2T I Web I AT % W T
MLF Jiix N DR ZAT O AT L Th D, fENFR LAN ZfH LT, 2 B5D0 A TP —/3—73
60 B D—fi% Web 1 A F &) 30 B DM AT HBAEL, ZOBEBEZ LR - 5i8kT 5,

MLF-GCS (X[ & — 2D AFEHNCR#E L= % A 2 U 7B 5285 T 5, J-PARC [ TfZ%E
AAIVT VAT LELTCCRTAERT D IZMHZ OEREE~ A X — v vy 7 UL LA
T a—NVEA I VAT LEFRHA LTS, MLF Tit, X (I 7155 L LT,
12MHz D~ A% —27 1 v 7 & 25MHz @ MLF 2%~ U 2B E L TW\W5, FEREY 4 I
TG HIZM AT, 3NBT-CT h U #, RCS ¥ W—HH N B R EDX A I U TEFHEUE L
Tn5,
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O HIFERED 25 &

DB — 13—, MIEERBEPCIZA VA NV ENTY T N =T 2T —H Y —AL L
C. NETH 7 HA5ik S 4L 2 @G 2 Bk 58 L T2, BUFE 7000 % 2 % MLF J&#HiET —
AEROP->TERY, BE, ik, ENEOT a7 T —2135 WEY T, BHER LT
BRGSO T O ENT — 2L 5 EMTHOBTDH -7 L TRV IAA TV, AR D H#H
BEBIRFD DB 7 — 2 RIEZ A LR R, 7 n T — 2 KOERIEROT X VT — 5 ORGA
IXIEFH 21208, BN DT VX NT —H DBGAMCAREANEEL TS Z ERbhoT,
% ZTHPEF Y v v # —X° MLF #iRRAEZ & NETH1 #H1 T PPS = 72V IAA TV 5 i
fix7 —4 (Fig. 2.8.1-3 /) %Afi> T DB & HLlGEMT L7oAE S, HIEORE L 3N, 3 A 7

HICBOAREAGNRAE L2 LR boro72, 3 A 29 HO DB H— "—FA7 ELIRE T IR I8
L CTW5D, 1o THRIOHERERFOT — X ENTICIX, 7ha 77— R OERREROT ¥
ANT —=ZDHEFEHTDHI I LT,

MLF-LAN /%, ffH=ENICRE SN Hl#R - fENR LAN O v P A4 v F e & F 2
1% UPS Rl EEf S TR W FERF L EIE L T 2D T, CCR 72 4NN & DiE(E AIREZR
WHEBITMER L CuNie, — 7, fagk W%%Lm%éﬂk;<LANX%y%%A?iFELtk
WIZ, Web I A TRNEHRT 4 A7 LA 72 EDRER N O LAN Bidn AR & O\iE 13l < 4.
ﬁ#~ﬂ~k@ﬁbtwf7—ﬁ-%%MFVXTA% iﬁmbko&4:/&ﬁ%ﬁ_
WTh, HHERSHREZREL TWD 3 508 (s, 51, 2 ERA—/1) 13 UPS RICHE
Méﬂf“é#\?4:/7%VJ—WiﬁﬁwdANi@ﬁ@bf“é@T\%@%%ﬁ@
BRICEIELZEEZOND,

O ERER - 15IR

AR O - HIFE, T EREEROREMERRICAR A R 2 F I ——&
MLF-LAN #2#:0 B - % - @ERREZ 3 H 29 H 31 BICEm L, EHEHHB LT, 20
%, BRI AT - fFHDP - /S h T A 7Y LAN Bl Ro X A 2 v 7 BERIE D BAH - @
e WERBRAZ 3 A3 H—4 A1 BIZFEmRL, W DP1 EOERT ¥ 7% —ikif & B HE
B AZ (HC-31) 2 AOERREMERRZ RO 72, RISk LUET7 X7 ¥ — %2 LWL, %
Fox U CiEM EOXBEIT 22 Sl L=, 5 A 30 HiZiX, CCR—MLF #ilf#E — S8R —
NETEA I TR OBERRA Tl U, 3% 0F O EFMEZ MR L%, EREETED -
D 12MHz ¥~ A X —7 v 7 25Hz FEH N T— 7OV R EO XA IV 7155 OlME ZBth L
72 Web, 16 DP, /X k74 b7 EOFREMEROEML, 4%, HEIZL U TEKRALK L
TV, 2BAEAE LT DB = "—DF VX )LT — X BOAREA O E L LT, 1 BEE
WITCIESI2NTInrs—42 LRERICT X NVET — X 20 IATeHRE & BN L 7=,
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2.9 3NBT

29.1 =

25Hz &) ARV IR LD 3 GeV v 7 1 b o UESs (3-GeV rapid-cycling synchrotron,
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D, FURANIZEANTH S 772D T L D N E I e hotz, £2 borprvo L%
V73 20em LLEILF L=, ZO8F% Fig-2.9.1-8 (TR T, B —XEIREEOZOICIE. Zhb
BEEYOBERANEE L2 5,
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Table: 2.9.1-1: Main parameters of 3NBT line

total length of beam line in 3NBT tunnel 258 m

typical internal dimension of 3NBT tunnel 5.0 m (W) x 4.5 m(H)
total length of beam line in MLF Building 57Tm

bend angle of 3NBT tunnel 30°

elevation of 3NBT tunnel 4.8 m with gradient of 7.5°
number of horizontal bending magnets 6

number of vertical bending magnets 3

number of quadrupole magnets 54

number of steering magnets 45

inner diameters of beam ducts 204, 242, 282 mm
number of vacuum pump units 7

= = Main Control S, =, =/ ]
= =& —= 3 Building 3NBT Buﬂdlr@ e
- = = % .:a:l;;?_]: [;EH; . / h
== i*]— T A /‘/ /
ﬁ'ﬁ"/}—--f% £ =4 - 50 GeV MR Materials and Life Science
& A= = = switching / tlﬂr,]”a neutrino Experimental Facility
{ STON - sanlian / beam line muon neutron
/ tunnel production %‘ production
\( ¥ target w\w target
¢ ﬂw A\ \h\ f ,’

‘I*‘-l

sec }En . JI TEH

1% horizonta

be{]d | [ T
section P

LAL,I M1 tunnel M2 tunnel
0 50 100m H

Fig. 2.9.1-1: Layout of the 3-GeV proton beam transport facility (3NBT)
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pulse bending magnet to 3-50BT line
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Fig. 2.9.1-2: Layout of beam line components (vertical cross section)

Fig 2.9.1-3: 3NBT line around straight section B and horizontal bend section. The proton beam is
transported from right to left.
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Fig.2.9.1-4: 3NBT building
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Fig.2.9.1-6: Tunnel wall was collapsed by the the earth quake around at the expantion joint in the
3NBT tunnel.

Fig.2.9.1-7: Bolts for the rail of the supspension crane were subjected to shear by the vivration due to

the earthquake. Eventually spacer plates for the crane were not fixed and dropped.
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Fig.2.9.1-8: Collaption of the embankment of top of 3NBT tunnel around at the upstream of the MLF
building.

29.2 ERA

3 GeV B E— LMk A7 A BNBT) OE—LAT A v b RUTIE, Bt E—LD#LE
ZHNTF D7D ORAIERA 9 H (Table 2.9.2-1) | B —ADENY ZUHR, &5 VITFHHS
B2 20D NUHRER AN 54 5 (Table 2.9.2-2) | Bt E— LADHLUED TN AAEET 272D OFf
IEfEWAN 45 F (Table2.9.2-3) | REINTWD, TNHODO/LEZ ., Fig. 2.9.1-2 [T~ 7,
3NBT b /b, M1 bRV TlE, BRAOEREBNRRIZT > 1—HR/v b CHEE S, B
AARERIL, ZREPDD3IARKDANL N TR INTND, BADKEET 74 A2 MIEX, 20
3ARDOHEFIEE L CTiThbihvd, THHAEEOMERFHL, MEE 025G OFFEILICK L TiTh
TN D, AEIORMEOFEIICK LT, 7 —R/L hOERA D, %@@@%wm@%
I, Vo SWEEIXR N o7, #EiRE LT 3NBT OEMA RGBT D MERGO
UM ERT DL RoT,

REDHBIRDSTbDD, bRV AFITIRESEHL T Flez s AR g v
VaA Ly MBI AEE 30mm LLESHY . F£70 12mm DLELET L2720, KiEIZ

A A2 b DETRENE Uz, MBS S T T4 A2 b EIT o 72208, OV mm &r;; 939
@ﬁl?%ot ’ﬁb\K%k&_iﬁﬁwﬁwiwﬁﬁ%ﬁﬁﬁgﬁiuto:@iﬁ&
FHHEEAT D T2 DIIEH DR ALE L SD 3, — Tl 22— —0 e —AFH OB A
61:“~A:$$B7Zr$é' CEBTHILEHEBETHD, FFCEITBRTZ LT, bRV OBEZA
BEL, EEHEIEL 2T bRV T, 774%/b~@ﬂﬁ#ﬁmﬁ%% SRV
TR TWN D, ETHRABOZE LT 2HAICH Y | B — NEIRF E TIZ, E0 X
=LAy v a = T ETO TSR RE L 72> TL 5,

—J7. M2 b RANOERA 7 O, B M X BRI - KO BICE R
EIINTWD, BRAO EEICIRER 7oy 7 288 L TRV, EMAARREZEERLD Z 21X
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TERWA, 20 o B LERY T RIEIC L 28E1T2 0w EBbi s,

M2 R RVDOEHADRBEHF XA ED X HITT H00%, BREHER ﬁmfk%ﬁ%ﬁf%o
Too WV - EMBVEEBRIEHREIN T R Y —FHS (NTAC) 22bik, BHA L EHTX
%Lf\Lﬂ?@?74%xkﬁf%éﬁﬁ%@ﬂf6;5:%ﬁéMtoL#L\L%i%

HFHEFROBE | AT X DIFFICEWVERAZ EVVECEET A2 IR 5D T, ME
%W®MTWET%6k$%L Bx ZBAEO X EBRH L2, EBIZM2 b > RV OERA

DAEF B ONLE X, RERICLDEEEIRLEZIT Ty (.10 ) OT, REFXEZBRL
ok i#éf%ot&%z%hé HORBBEO-EN K TH, K EHMOLEETRKE L 7
WEWH ZERTHITE S, (R TFICEALTE, FEEI R TR TEX 20N, KIEOLA
THYUWOBRFHEY , X—AT L — OEIXEZEFTHZLIZLY, +RIETE D,
BRIRERA OHFIRPLOWE Z1T -T2, T OREE, HRERPLOBE/L BRI S iz, FEL
SHRD L BWADaANERMZ ET 720D T I v 7 2RO kS ORI EL L
TWDZ Embrol, B ONMEABIIIT S &, RADIHNNMHEL T, ZHids
BWA DA MIANBINTWDE A T ORI OIS A L Mo % Lz & Bbh
%o ZOMEMITHERTTH ., BHKEELL LTV RIS, #3331 7 a4 LB
THZET, PRIk E 72D 2 L B HERR LT,

Table 2.9.2-1: Main parameters of bending magnets

unit D16150H/V D16150H_10 D16180C

bending angle deg 7.5 10.3 11.8
magnetic field T 1.11 1.53 1.46
pole gap mm 160 160 160
pole length mm 1,500 1,500 1,800
pole width mm 580 580 360
number of turns in coil | /coil 120 126 100
Current A 591 900 1,110
Voltage A" 162 180 125
Conductor hollow conductor of hollow conductor of ~ hollow conductor of]
oxygen-free copper oxygen-free copper oxygen-free copper

conductor size mm [J13-99 (116-®10 L17-® 11
Insulator polyimide polyimide polyimide
Cooling direct water cooling direct water cooling direct water cooling
total weight ton 14.0(H) / 15.7(V) 18.0 22.2
Quantity S5(H)/2(V) 1 1
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Table 2.9.2-2: Main parameters of quadrupole magnets

unit Q2260 Q3060 _Go6 Q3060 _G8 Q2690 Q2690MIC
Bore diameter mm 220 300 300 260 260
maximal magnetic
field gradient T/m 8.0 6.0 8.0 8.0 8.0
Pole length mm 600 600 600 900 900
Pole width mm 239 297 297 262 262
number of turns in- | 84 129 129 95 49
coil
Current A 458 416 605 630 1,200
Voltage A% 81 111 127 138 126
hollow hollow hollow hollow hollow|
Conduct conductor of conductor of conductor of conductor of conductor off
onductor oxygen-free oxygen-free oxygen-free oxygen-free oxygen-free
copper copper copper copper copper
conductor size mm 12—¢ 8 J12—¢ 8 J12—-¢ 8 O13—-¢7 [1J19.8-[17.3
Insulator polyimide polyimide polyimide polyimide MgO
. Direct water direct water direct water direct water direct water
Cooling . . . . .
cooling cooling cooling cooling cooling
Total weight ton 5.1 7.7-7.8 10.4 14.2 13.8
Quantity 30 14 4 3 3
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Table 2.9.2-3: Main parameters of steering magnets
unit S2240AC S2260AC S3060 S2630 S2640MIC
bending angle deg 0.172 0.172 0.172 0.172 0.172
magnetic field T 0.0638 0.0638 0.0638 0.1276 0.0957
Pole gap mm 220 220 300 260 260
Pole length mm 400 600 600 300 400
Pole width mm 230 229 340 270 270
number of tums | . ) 176 168 60 36 12
in coil
Current A 31.7 33.0 127 220 520
Voltage A% 14.3 17.1 18 7.74 5.33
hollow hollow hollow
rectangular rectangular  conductor of  conductor of  conductor of
Conductor . .
copper wire copper wire  oxygen-free oxygen-free oxygen-free
copper copper copper
conductor size mm 4.5x8 3.5x10 L19-¢ 6 012-¢ 8 [J19.8-[17.3
Insulator polyimide polyimide polyimide polyimide MgO
. qaturgl qaturgl direct water direct water direct water
Cooling convection air  convection air . . .
. . cooling cooling cooling
cooling cooling
Total weight ton 0.76-0.81 0.81 0.98 0.40 0.52
Quantity 24 6 11 2 2
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Fig.2.9.3-1: Schematic drawing of 3NBT vacuum system.
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Fig.2.9.3-2: Beam plug and broken bearing for the linear motion of the plug
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Fig. 2.9.4-1: Block diagram of 3NBT coolant facility

Fig. 2.9.4-2: Cooling tower on the 3NBT building was tilted by the earthquake.
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Fig. 2.9.5-1: 3NBT beam monitors (Left: Multi wire profile monitor, Right: Beam loss monitors placed

at center of magnets)
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Fig. 2.9.5-2: Outline of 3NBT beam monitor data acquisitions system

Fig. 2.9.5-3: Data acquisition instruments for 3NBT beam monitor system
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Fig. 2.9.5-5: Status of cable terminals for profile monitors before (left) and after (right) reparations
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Fig.2.9.6-1: Data flow of 3NBT control System
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Fig 2.10.1-1: Horizontal displacement vectors of standard points

in J-PARC facilities around the earthquake
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Fig 2.10.2-1: Horizontal displacement vector of standard points and markers in MLF building around
the earthquake Ellipses at each vectors display coordinate data errors obtained from the
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Scribe line on duct at biological shieldings in BL23 was used as the standard height.
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