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Design of 1MW Spallation Neutron Source
under the High-intensity Proton Accelerator Project

— Design of Helium Vessel —

Shiro HONMURA*!, Takuji TERAOI_{UXZ, Katsuhiko YOSHIDA*3, Hiroshi TAKADA, Fujio MAEKAWA,
Yoshimi KASUGAI, Ryutaro HINO, Noboru WATANABE** and Michihiro FURUSAKA

Center for Proton Accelerator Facilities
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received April 14, 2003)

The Japa_n Atomic Energy Research Institute (JAERI) and the High Energy Accelerator
Research Organization (KEK) are jointly on the way of constructing facilities under the
High-Intensity Proton Accelerator Project (J-PARC). The Materials and Life Science Facility
is one of major facilities comprising a 1MW pulsed neutron source (JSNS). A pulsed proton
beam of 1 MW provided by a high-intensity proton accelerator is to be impinged to a mercury
target to produce high-intensity neutrons via spallation reactions. The neutrons are to be
utilized for advanced researches in fields of materials and life science, and so on. A
helium-vessel is located at the center of the neutron source. Since the helium-vessel
functions as a boundary for multiple protections, it is important to assure structural
integrity of the helium-vessel against earthquakes. It is also important to manufacture
accurately neutron view ports because the helium-vessel is a structure to define origins and
angles of neﬁtron beam lines. The helium-vessel contains the target, moderators and a
reflector, and a proton beam window is assembied to the helium-vessel. These in-vessel
components need to be replaced by remote handling after a certain period of operation due to
radiation damages. To make the replacement steadily and easily, the helium-vessel has to
provide suitable support, positioning and sealing structures.

This report describes bases and conditions for deigning the helium-vessel, and summarizes
basic structural specifications of the helium-vessel which are determined with structure
strength and temperature analyses.

Keywords:
J-PARC, Spallation Neutron Source, Materials and Life Science Facility, Helium Vessel,

Neutron Beam Port
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KBBY L TH I TICHT S, RL 51 IS > TH 20 FRICREARHEER AU ™ 2
BREBRT DBHAERET S, R /S FIHBEAEICEMT FERAO PRI 5 A Uikt
T 5.

6. 3 TR a>

I RIVES T a kmiEREENET S 2 EMABOBEBETH D, I RIVEr I alkE
BEBFE—LSA LRV EHLICES 1.45m Q&EE L. E&FIZ0.9m 75 1.5m O&EFE &
Lz WHVKERERAR Y IVABSROHMTESEEZEL. NV UARy EIAEICHOET
BERITDHDEL. Fig6-6 kBB EOBARERT. AEEHRIISNE 3m. HE 1.8m. B
1.45m DFEFBONMIZ, 5mm B OREF v v TE2RITI T8 BOAT Y VAT uw I 2E3H
FICEEL., BKZTHS EANEEFFRICHDBRLANSHTEZTHD. HABEDRIHE
ONTIRSBROFHRHAIEINTNS, |

Fig6-7iZ¥—7 v b ERIFHFE—LA T 2 2ESDKEMNER %, Fig.6-8 12y —4 v N Tl
FHRHTFE—LS S CEEOKEMERERT, AABEEESBL THFETE—L28MT 520
2 BREZKEBRFHRICEEL 2, BEOBEY—F vy FEANC 124, ¥—5w FFHIIZ 11 &
DEEH 238 TH B, FHFE—LTA( 2 28 FDA. No.16 FHETE— LT U IE/KER K5 R
ST BT 14> THD., THE 222 ERUNET1ED 2 KOFEFE—LSA > 2EBHT 3,
Z DD, No.16 HE L IFIINETE 125mm X224 4mm OBEEEHERIRE L. AU T ARy
AN SEENICOY A—FZHALMBMTEHEE L. Fig6-9ica) A—¥&xR7. &
D 22 ZOFHTFE—LSA D OBRER. WTINBIEETETE 112mm X 112mm QAR Y 7
ZANY T LRy IAEIE DEBRIEICLZOANY T ARy ZIVHLN S L 1500mm DOHLEF
THATZ0, BHEBERVEMEELZZEL. ARSY 7 NIBAINBHEFORENEE
1% 124mm X 124mm & U7z, No.1~No.6 i&. NE 1800mm DEEFEFTIZBNTHED &S5 T E
| — LT OB ED, NIETE 124mm X 124mm OBE 2B TSI ENTER N, &
D7z, KEFIIEERE Uz 104mm AN EZERE T Oy 7#EE S L TKRHOEE 21
RLU, 2oT70y 7 ICEmBORELBETIHEE L, £/2 No.7~No.11 DFHEFE—LAS
1 > OBERT No.18~No.20 DHHEFE—LTA OEEIL. BiIZED&SSHHFE—LS T
> DEBRIIRN 2, KA TBILEEMTER KL ONE 26mm ORBRELAFR 7Oy VBB L
L. 2070y 7 IZ5RBOKRE 10mm OEEZBETIHEE Lz, TOMD No.12~No.15

_9_
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KU No.21~No.23 OHFHEFE—LAT A VKBS EH THETHE 124mm X 124mm. HE
10mm DA ML — MEEEENTNICEB L /-, '

BEEEIANY T AR I LN S HE 2070mm DB E TEEIHL ., FOERICIZARSY 7
FRAVRICKE 7 5> D% R. AR 7 MREANUY T ARy ERLETEERE 1.5m H
S5¥%E 2.3m £TO 0.8m KEICEBL. FHROY v v ¥ —ICHRABRDOFHFE—LR— M &I
20mm DZEMZ S > THERT 2, . TETFL—IDSHE BT 5HFHETFO S5 TRELRD O EHER
Wz, 530WEHTHEFEZEREERICE > TELS T TER =D, AR Y MOIXEBREMICHE
BLEIVA=FHLEBHA RENNEINS Fig.6-101Z No. 16 SN OEE T 5> &R L.
Fig.6-11 iZ No.16 OET 5 > P&RY. AMY I MIKET > VD 2 X E VR XD BHRD
L. 75 VREBDRICEVAMY 7 FORBERD, 4 ZDRXY v REI ML VEET 5.
Z DR EREEEEBRICE > TiTbh s,

Fig.6- 12 KB TE—ALAANBEOY —Fy MEAROBEZEZRT. BTE—LABRTHRATD
V. BEROBICEIEADSBTE-LABZBITHALLBRIRYD TS, Z0&E. BTFE—LE
ZEDORIRS 7 HA FTHMBRD Z L. BRI 629mm D S RICTHEBMEBERD 217
. BFE—LBR TS ICH U THELRIC T O—F 4 > 7T 5BEEE>TWADT, 75
TEBEBNEFE—LABZRRAMING Z L3R, TS5V 2EELER. BFE—ABOYO
== ENY T AH AR L VIEMEL. BFE—LAAR TS O PHICBLMT SN, BF
E—LABEANUTARy I EN—VEND, BTE—LADRIRAFENEVED, BTFE
— ALY XHUER 130mmE) X50mmE)IZH L T, BFE—ALAAR 75> PHEI ¢ 360mm
ERESESTHRA REMELE. S RV a3 ABEBICDODWTHBRFE—LDTLTICE
LRAEERL. BTE—AFLIZER 250mm X 120mm 31 LEREL Eo 7,

- =Ty MEALRSY -7y MBHARBICROBIREL., ¥—F v MEMAREDIUT S5

A 10mm ZHRL7Z. =5y MEAT IV DHEIZY—F v MERBRSBITEEO I — )L EHL Y
TBHIEREDI—Fy FBREME OFRTERERR TS, ¥4y NEAT SRy —F
» NEERINVNEDT U T S5 R 10mm ZHESELUAE 1050mm & Uiz,

BBRESEOEZSY D TRUKEEREET—YOBREZ2BNEL T, RAKEDOSWREEH
KABXNEZRETSIEE L, BENHEEINE 12B8FEL 1 HICDOE 2 d0RAEN2REBE
IT5bDELz, HEEMIBTFE—LAAR TS > OEBRNMICAEBTSI RVt v a RS
AEDOLETERAERE 23AB5EBFOHD8EDEED T S5 JHIED 8 &E L,

6. 4 LR
EEIRE—BEREOMEARTHD., THS LITMMSBRHPTEREZ—BAEILTWS, Zh
EHRIEDD 5 DRI U ANy )L & FFEE#A S OMR (50mm) 2/%A & U TEREKT
TN ZEEBSTEEZBNEL TS, IR 50mm X L. BEZEEEET 150mm &Lz, A
U ARy EIVRNITIBGFE—LTA1 205 3m EOLXJVETAY T ARy B )LNEES A RE
L. ZOLN)UpSs EOEBPEREEZRDEITAR—A L5, BERDEIL, ROELEDM
ADEEAR—2%2ZEL EHIRBEEZE ¢ 2400mm. ZEHE I % 1480mm & L7z, Fig6-13 ic
FLEBR R %K"Y, Table 6-2 IZRT LI AU TAFHIDAY 7 AN EILHMN SR
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2SI ERKOEEREA 29 ZOEEHEEZWM D HT, Fig.6-14. Fig.6-15 IR T X3, BEERII L
BRICRELRZ 5 BRIO7S > PREBELZBELEZEEZR)I NEETS I EICK DD T,
K - EKEELHIKOBRILICKEZBMNRERAENED, P —IHMIITEAAEREERL
£BOY > EHA L7z, Table 6-3 ICEEBOEEEFEDEIV T ERT.

6. 5 Lt

FHFEFL—IRH UL ITROBICERT 2RERH D, F£IC 2 BRERBEKRT S
HEDETHDT, LEBEI-NHREITRBRETEIENTES, LB I OBPREITER
0.1MGyl/year EHEEX N5, HEBEHEDHITMENNEI S TIOAZILHZE0OY > F, LI
ILBEHAT v SBREBB LD, AFNHEOD D 7IRBMNEREI ML <ERINS
&, EEBRMNEBRNSMIRD. TLAEHA Yy Nl T5 &L,

ILEHAr Y b TROEBEERECEN-ZF L 70V d. (EPDM) 8 (s
Bk soMGy [1D) OV ZEFERLE.

6. 6 EEROHE

BEICELTIE. PHETFE—AS( U EERZVACERT BAVMRLEETHD. ORER
RS NBRMATT 514 A2 MEEICK > TREMT 5N 5. Table 6-4 ICATSY 7 FEYAHTE
RIEEE R T |

AR FEATTTY 514 A MREERANUTAXRy CIVEBTEERVCARSY 7 N B E DR
EREICE > TRED, EROERBEZHZT L Table 6-5 IR TEABERVEEREESE
#FELU. UTICRERREZRT.

BET7S O OREL U NBRAEZERUEE Y 5 0 VBRKBERZEITITNTA Table 6-6 KX
Table 6-7 IZRIME LD, BE 7S O VREEY NMBITEREE 2mm DNICH L., BA#ZE
dmm ERV ZOFETIRERZHBELAVWDE, ARSYY ROEAREURIINRE, BET S
CUEMBIIEAIRTY 7 NI TREXVEZHETS2HDET S, DD, LIHRIERR

THEL O MBONT—F EWEL. EREMAROMBIL ZFHIL. ARSY Y FOREHTT
A= RN ITBEBOLT B, BAS T MAETERILKICRT EBY 3.9mm THY.

BENE 124mm— AE S 7 ME 112mm) +~2— BE FT7E 2mm=3.9mm
BEBOMBZLLIZ 0.1mm Amm—3.9mm) &R0, §E ISV PHETOARY 7 FOMNER
EEREE L 2mm INEHRTES. —F. BRXVIERIIRT EBD 25mm THYD,

MRS NMEEEL VO0.1+ARSY Y MEZ2A T 2070X 1.2mrad =2.5mm
ARY 7 ROESEXL 3mm ZHET 5.

PALEX D, Table 6-5 IZ3%F U/~ E R BB EL Table 6-4 IR LAY 7 NEUHT
BEREEEZWHETE S,
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SROBFBREEUTIIRT.
(1 X RIbks > a kA REROSEMRE
CRREFOREBERERIL. A AR TEER bSO KABEORM 2RA T TH S,
@) NYTLRYENRAICHET 2K EREOZROBET R, RORHT 5880
WorE
- RABESNERENEIRELANEEZSNDN, T— JENRELESNE S
BEMHEL. RBTESZLFUFTERITTH 3,
B BKEISOOAFy BRIV rOADYREE
* Ny IV BERRIERBORRAOP T, BKET S IWMOBIESEEEL. Rk -
Ty b ORNRRETNY, T THOVOREZTOIFETH S, /2. B REFy R
OHEERZZZEERANELT, BEMHOREEHE S FETH 5.
FREPRELEHENOMA LU T, Ry IV BRBRERBOBEREOT T, HEY
SOPRORI NEBREREEET B AR ERFTIFETH S,
@ TV RA—-YERETZABY T N DORRE
c ABEDOMBTRRID, FRFE—AR—MIERICEATIARSY 7 FRICERD Y
A—F2RETHHE, REAGICHERD S Z ENHBE LA, YiEE. HERTRay A
—FBERELIEVWAHELT, FETFE—AST O OBBOR 2HED 5,
“ AT T NCA—N—I5 %D/ REZEETIHAN2, 3AOFRFE—ATA
JEOWTHEEINTWS, H1 REEAIL 10mm BET, AU A—¥LDbHEHATD
DT, RABREIP2VDN, ZOBERTHHEIRVWIARETEITFETH S,
TAUVDLARYEIVDI By a EICIAEME2RMNT. BEE2E-Y—FT3HET
HHDT. BHRICBZOMERLREEZEI, MRNICIU A—F QBANTEEN & S M
BRNBREET — Y 2WMETHTFETH 5.
(5) IR IE ¥R DR EE Tl
- RERFHEB IS EE AR UIBE 2 BERATSFETHD., TOFTHENILEDRED
BETHEEET 5FETH 5.

SEHR

[1] Gleen Lee : “Radiation Resistance of Elastomers” , IEEE Transactions on Nuclear Science.
Vol.NS-32, No.5, October 1985
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Table4-1 HHTREFOREREHFE

fi]

85 f53 fict R #%  FHERBERERRE
(Wt/MW) (cc) (Wt/MW) | (W/ oo/ MWL (WE/ ce/MW)]
A—Fyk JKER . 498,885 [k$8 66,962 475843 |  7.106119
KEAEE 14,394 21,326 | 1481570
BE—LHT 5298 1,716 |  0.323845
HEAKWHEIK 30,891 {4—4 v AElk 15,844 5627| 0355167
=TI+ HHKEE 57,326 25264 0440705
EEKEIK 438 fa—Y—SE WIS 36,695 0.004405
/ﬁfn—'/—isﬁﬂﬂﬁﬁﬁ 1,190,100 0003338
£ 7V COREE —— B r g HRAR 16518
\ t—IF 4 EAR 232,904
FO—U—SEEERBHEKRER, 2007690 205  oooor02
R4 BSHEREIK 207452 |4k ESE 163,792 31,758 | 0.193898
REERHEIK 36,843 8388 | 0227681
Be 434k (L) 73118 18265 0.249797
Befk () 10,584 4808 | 0454300
Be 5tk (TF) 81,313 18,345 | 0.225612
SUSE S () 172,765 43535 0.251991 25
SUSE Sk () 58,112 19620 | 0.337623
SUSE S (TF) 168,032 43,103} 0256518 25
SLF—1(RAZXUE) 1,986 3872 1.949684
7 - - 1 A1 —2(FEEEE) 2233 4744 2124150
BIET IV TOREME ;_3 AR5 2372727 aas6 | oooreez
‘ ’ AR TSY 1923448 8645 | 0003403
biedes IR 94,232 OB 5,075,060 94,232 | 0018568 08
SKNLBSLaVRHN 28,124 RSV aY 4,832,300 28,124 | 0005820 02
Elipr 103 131,866,640 10,791 0.000082
BFE—LE | BaRK 323 BFE—LE 267 2341 8766822
BFE—LB K 338 3591 1.057153
BFE—LBE 2,962 423 0.142809
RA K kKR 1,111 BRI 1027 495] 0481462
R 46 153 3.305210
EFL—4EH51 385 463 | 1203526
EFL—%HIK 5381 | ThyT5-1 . 452 2339 5.179186
ETL—4{EBe U {1 3979 1033 | 0259637
WK 1,317 704 | 0534474
He+ R 2253541 300 327 | 1.092442
HeZE &% +HilkE 251 1,125 979 | 0.869663
HEXoySt 747
=g Bk 1,059 |iefkk g2 1,057 523 | 0.494535
EFL AR 375 536 | 1431078
EFL—2HK 5965 | Thyf5-2 446 2460 | 5510805
ETFL 2 EBe M 4T #2 3,949 (240} 0313928
AR 2 1,291 743| 0575665
He+ U222 852 298 379 | 1.269467
He B3R+ 530k 382 1,148 1,144 0996807
HE¥ev2 727
mER BRI 2,306 | kKIS 1898 1058 | 0558296
EFL—4ER3 783 1246 | 1591219
ETFL—SHHK 7491 | ETFL—4{1t BB R4TH{E2 5,722 1,245 0217509
K3 4,353 39721 0912423
He+HLZEE 423 481 605 | 1.257856
He B8+ 447k 5583 1514 1670 | 1102833
HZEXvyT3 1039
BFE—LA BFE LA 39,233
hEFE—LA T~ L 505,623
FvS FovS 2,869,745
(EEEES 901,150
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Nuclear heat distribution (1.0- W/cc/MW) (NMTC/JAM)
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Table 4-2 HHEFE—ALATA AR EHNA

E—LA EFL—F" E—LT1 VAR HhLF 0+

1 > No (x, v, 2) "2 [mm] [deg]
1 CM ( 11.5,22.2,-163.0) 38.5
2 CM ( 11.5,22.2,-163.0) 47.5
3 CM ( 11.5,22.2,-163.0) 56.5
4 CM ( 11.5,22.2,-163.0) 65.5
5 CM ( 11.5,22.2,-163.0) 74.5
6 CM ( 11.5,22.2,-163.0) 83.5
7 PM ( -99.4, -27.5, 158.0) 90.8
8 PM ( -99.4, -27.5, 158.0) 97.5
9 PM ( -99.4, -27.5, 158.0) 104.2
10 DM ( 88.3,54.2, 158.0) 116.2
11 - DM ( 88.3, 54.2, 158.0) 123.7
12 DM ( 88.3,54.2; 158.0) 134.0
13 CM ( -13.4,-21.1, -163.0) -149.0
14 CM ( -13.4,-21.1, -163.0) -136.3
i5 CM (-134,-21.1,-163.0) -123.6
16 CM ( -13.4,-21.1, -163.0) -110.9
17 CM ( -13.4,-21.1, -163.0) -98.2
18 PM ( -95.5,-57.2, 158.0) -89.3
19 PM ( -95.5, -57.2, 158.0) -82.5
20 PM ( -95.5, -57.2, 158.0) -75.7
21 DM ( 106.6, 30.4, 158.0) -64.6
22 DM ( 106.6, 30.4, 158.0) -52.4
23 DM ( 106.6, 30.4, 158.0) -40.2

*1) PM : EHEERBRRA XA RETL—%
DM : ¥#ESBETL—F
CM :#ABETL—%

*2) BEEEIL, AU T ARy VL EBTFE-LABMORRERSREL, AE LM
BEZE BFE—ALAANAMEZX#METHIAFEREERICLS,

*3) X#i& Odeg &L, B HETFE—ATA 2V EXBORTAEEZ O T3,
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Fig.4-2 HHETFE—LTAL VEEBN
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