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Study on Bulk Shileding for a Spallation Neutron Source Facility
in the High-Intensity Proton Accelerator Project

Fujio MAEKAWA, Makoto TESHIGAWARA, Hiroshi TAKADA,
Michihiro FURUSAKA* and Noboru WATANABE

Center for Neutron Science
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 31, 2002)

Under the JAERI-KEK High-Intensity Proton Accelerator Project, a spallation
neutron source driven by a 3 GeV-1 MW proton beam is planed to be constructed in a
main part of the Materials and Life Science Facility. This report describes results of a
study on bulk shielding performance of a biological shield for the spallation neutron
source by means of a Monte Carlo calculation method, that is important in terms of
radiation safety and cost reduction. A shielding configuration was determined as a
reference case by considering preliminary studies and interaction with other compo-
nents, then shielding thickness that was required to achieve a target dose rate of 1
uSv/h was derived. Effects of calculation conditions such as shielding materials and
dimensions on the shielding performance was investigated by changing those param-
eters. By taking all the results and design margins into account, a shielding configura-
tion that was identified as the most appropriate was finally determined as follows. An
iron shield region extends up to 4.8 m from the center of the source, and it is sur-
rounded by a magnetite concrete shield. For regions at backward angles larger than
105 degrees with respect the proton beam direction, the magnetite concrete shield
extends up to 6.4 m from the center. The thickness increases as the angle decreases
from 105 degrees to 0 degrees (forward angle), where the magnetite concrete shield
reaches to 8.0 m from the center.

Keywords : High-intensity Proton Accelerator Project, Materials and Life Science
Facility, Spallation Neutron Source, Biological Shield, Monte Carlo Cal-
culation, Bulk Shielding, Iron, Concrete
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1. BL®IT

AARERTAMER CAF. B SEIRIF—MESTEsntFTcED TH 5 AR
BERRTFINEBRATE VI BN T, BB PHETFREERE S 27 VEBRERTHRI NI ME -
EMBFERBROEZIMVGTEINTVS, Z035, FLR— b TIIEBERPEFIRREBR
DEY—T v hATF—aZWMOHS. Fig. 1.1 CHEROBMEZ T, JOBF TR
3GeV IMW DB FE—LZKBY—F v MZARL. ¥—5y FRTRT L AKEOBER
RS &> TERT 2HFETFEARERET L —F TRPRTFHL0WIEBRPUTFICETHET 5.
B-BHAEFRET V- ERADIDICRELRE 20 FUEOHRHTE—L S 2ITKD
SIEML. PHETFHEACIOIVAORERTZICDETIRLABRERIIAN OGNS,

3GeV IMW OBFE—LAR 1 BRI 2X10° BOBFARICHEL, BT 1ED

720D 100 BEOFHETFEERT S LS. BH 10V EHZ LESZROFHTIKES —
7y bRRUEDEETERT 5. ZNS0FHTFOFITIE, RROEKDPHCEMS R T
BRNSZEDRhok, MESTOERATIERIZEY 100MeV L EodmT RV F—dE
FREREEND, =T NP TERLZINSOFHEFEAFICTRWRL ENEDIZTS
e, =5y MESHRERVBOL D CERERENRBENDS. Z0D. EEERE
DIV Y EREREICEE T SRl BT TREROBMAREERFOP TROERR
FEEED 1 DTH 5,

BLRNF—FRFENRNIERL., DORMETHLEANLBHEE L TEHIRDE
HTHB. IMW 7 5 ZAOBBRSHETFETIE. BIXNF— i FEREICERL. &k
ERANOEBRENTHEERTOEREOHEREZESNASD, #5000 FIiZdbER
AEBOBBENVETHEEEZLNTVNS, ZORD., AIRERBRD REEEEHR LS8
B/ NV EROFE 2TV, ERES ZLER/NRICHA S Z EMARHRIA MER OB
NoRDEND, HIHE - EMRFERBERTE, kBF¥—ry MEBOETL—Fh
SEBEBREEERL TRARBOABANEZROPHEFE—LS I OARBESINS. PHETF
Y—AT1 HiZid, 7SV AhHFE2ERIGE L ZREEEICBE TS -00EKOFH T
FayNN—NREIN, ZhS50PIFI—Fy MCHERZFFIEDTTRE LRI NIIR
SlanbNbH D, EHERENES NG, SO EBIZFayNN—ERETERNWE—
LIAUMEL, FOE—LT7A L 2HATIERMTARVWRRIZES. ZOEM5 b
WEE 2 PER/NRICHZ 28 HMERRNEREI NS,

ZLR— ML, BHE - ANBFEEREROEEEREDNIL 7 EREERICETIRAER
RELDEBOTH S, B 2 BT, F#MEOAHRERZ2LEE2ED D, B 3 BETIREHERS
HBIZDOWTRN, 8 4 TREOHERIIDVWTHERBL, BUEYUELELA SN EREE %12
T35, B 5 BETRERIZBV ONDOHKRHZ DD, EEREBEIZILHIEHTES
AREHICIDOVTERTS. B6ETRAIRNTEALLE FHINOGREOSBUERFIEIC
DNTHRRE, BREKXETETHELR—b2EEDHDEHfIT, SHOBEIIDODNTHRRS,
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2. MERH

2.1 #EEHME

BRI F—MEBMEROERE TIE, 100MeV LLEDOBEIT XIILF —d k7O TG REN
BOR<, EREIORECHEEEMITIFERERS. “RIIBFEORZVWHEIZIEDHE
HICHI RN F—FHFEREI DN, ETHEEREND ZERNZEEDOKEWER
MELE U Tid, SNIZIEH—ORIRB E 425, 20 HO2EEMIZ I 10~%K 100keV
DOIR|I RN F—EHBICHEEOBNMINFEL., BEREIOMMEFKICE 100keV T
DOFHEFNERT S, ZOK 100keV LU FOPHTZ2BOPREMICERT 2 DS KEM
BTh, a2 YU—b, RUIFL, NFT74 2. KEREXOSNS, 25O TER
M THBEREOH ZEANRMBEVNS AT, 27U - RBENTVWS, FIT. &
BT, S#MEa - FE2ERKOESBRMEEL TEXS,

EEELE L THEAEEZ D, TOHREELETS2DREELEEN TSI RMYMTH
B, BHOHKHMEIOEER 7.86g/cm® TH DM, HHTI 7.2¢/cm® BEILESES. &
o SSHRERBEL THERAZBELLEY, GERT Oy V72850 LT8R E, B
THHBEMSL T Oy VEMCHHBEORBMNEC TL X, EHWEEIX 7.86g/cm?
K0 hE<2D, TEITHEBRATIE, FECERATLIHERAOEE L L T 7.86g/cm®
LDBHEN 7.2g/cm® ZHAT S, BEOBVSERMEREICSADIEIZDONTIR. BIZE
HABEOHTRENRD, —7,. BES—EOR., EEMPTOTHYNHZZI1ZEN1MeV AT
DEIFIF-—PHFIINTIEZEEIM LTS, . GOSHEROK 10~%
100keV BBICH D BNMEZ A OBMERVEDLINSTH D, UTORNTIIL2MD
KREELT, FME2<IERVMKEEZLD, FHYOZEIIOVWTHER, HOEBH
FFROETRND,

222U —MENETEKPENENVIZEKRICEID2FHTFOREDRICED kev
TENRKIBIT D20, BNIERHEREEZRT, £ LR EFERNIL. IR
KHESTHEINS 2 Ry BEERTI AN, RNMEEROKREVWEEOEHE, ET&
BORERATROEEGCEREEMNERMEEICE<SEDS, TZTERFTIE, B3 3H#
DA Y— E2EZBIEETS, B 112, BB —F (Ordinary Concrete)
THd. TOMRITERKRDOEFHEBROERFITE TR ANWSNTE/ZXKE ANS FH0D
2 E2HAL,. FEICEXBER TNERSIEROERAETHE —NICAWSETHS
22g/cm® & T5, 8 2 1T, MHEILEEZEMELTHERTSEI 7)) — b (Magnetite
Concrete) %2 5%, k. BE (3.483g/cm®) WDOWTIRXR ® 0iEZ2ERATS., £ 3
2. SO/NFEMAZED ) — b (Steel Added Magnetite Concrete) ## 2 5., #
AR, BE (4.64g/cm?®) IZDWTHEYXR Y0E2ERATS., CO3/OHT, BEa 7Y —
NERES—20OMEELTEZLS,



JAERI-Tech 2002-035

2.2 EETH

REBA SN TV AIEERFHFROBESHEEE Fig. 1.1 IZRY, PLIEBTFE—L%E
ARTEIKEBY -7y FRHD, TOETIZETFL—IYNEBINTVWS, ¥—5 v h&E
TL—F3RHEETHENTEO, 5135y —7 vy b-EF L —¥-R§HEE S (TMRA)
ZERL TS, TMRA OTEIZER 120cm. &S 120cm TH S, TMRA (F¥%E 1.5m
DRA Ry 2N ERENDZIAN) DLAFHKOEDBRBOFIZIMHI N, TMRA &K1 R
Ny VO ERAETHD SN, R KRRy EILOAIZIE, FE—LF1 > BIcHH
FE-L Yy —DREINTNVD, Py v ¥ —FETICEEL. 4T E— L O on/off
EHETS, Py v F¥—ORARMOLEIRX2.0m T, 005 2.3~4.3m OBICHES
N3, GERIIPONS 48M ETTHD., FONMUZI 7)) — MEBRBERODBNTNS,
INSOTKI, BEOKERTHEFEBRMNSDORr—1) 2, S HMERIC X 5 HE .
FLHR— P TRREETFANDER LS FHROBHEILOVREDINIZHDTH 5,

Flg. 1.1 692 h5LD51. SEBRIIERZEOREEA LIFAH0TIIAEL, ¥y v
HY— NI HEERBEZF OBBRERZ25DBOTHS. 20D, HEKROBEIZHEME
BS5ZEETZEDHHOD, Fig., 1.1 OTEMSEVEIHLZEBE LY., FITERHT
3. M5 48m STESHERETOIHEZERr—XELTREL . SEROES %
ERULEBEIIOVTIR., BRI 2BHHEOY—AD 1 DEL TR K-, a2 —
MEBORESICEL TREERDO XD ICH L WHIKEEIRRLS, FBIIEETEIEREL
TEZ],

2.3 HERRE

WHE - ENRZEEBRERIIEN - RBHOBHANICEREINDITFETHD, ERERES
EPER EOEMIIBET 350m LEW, Z0kD, EEEREAROREREORTEIC
BWTR, EEERENOEBRE—IVATERZT D INBIEEREFEIIHTI2HELD
b, DUARBFOERTEFICBIDANA v 1 VL LB ROHBEISXEN LS,

WHE - ERFEEBRER. EERPETREOACERERVTINTOFHETE—LS T
EED. =7y NEHRLETEHEE 30m OEBENUOEEDOREN 1Sv/h OB,
Stapleton OX Y ICLHWHAMICL D&, BEFMBERIIBIZANI I v 1 TR BR
WER 7uSy THS, — AT, KBREBTFMERFEBERNSOF S5 2L - FER
BRICBIDANA v A IR ERDOBEEIIER 50uSy UTIMASZZEEHEEL
TNnd, MOBERNS OFELEEEZ S L. BBERPEFROFS M 7/50 THEHOIHE
HEZURBFLEEEZOND, £IT, WHEHAEMNERBRED, B ETHEO £ EER
AR BT ARBORFBEMEZ. FRFATIX 1uSv/h ERELT,
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3. HEHE

3.1 HEFHEOBR

PERDOE T R IV F —INEBHEER DI 7 ERGEREI D E <1E. Moyer OR ¥ ZHNWTITD
NTE. Moyer ORid, a7 ) — MEREPICBITIA2BIINF—hHETHROM
FEREENIA—F LU AEBBHERATHD, BEIERAKESI 2RETESD, Moyer @
RIZE 2T BTN QBB INEROE— LA M RIVED OEKREEZICIIREED
THDHW, BEHERREFREROEFEROFMICITRO 2 RIZBWTEFOFANHL W,
& 112, Moyer ORIIEFNICBEFE—-LAFNARICHL T 90 EHMOBEIL R F—dhH
FROBFEZRJAT2HOTHY. BTFE—LAFHRICNT 2/ EKE TELT EHER
PHFREEROLEGERERIZ2FMITBICRAMETHS. F 2 12, BELgEREDOHN
fICa> 2V —bENH DL BREBREBEDCES. TONAIZHNT Moyer OR THAM X
NHEZB/BIXNF—FHFIRALTLHEHRBICH L THREMNIZEZST, fDDIC IMeV UTF
DEIFNF—FHETORTFRZENIIRD I ENH S,

FITHERMATIR. EXFHANOBRTHRZHECIONVIBEROFMETS. 27
ANOETIR, 3 RTNICEELRBEESAKZETIVETE, SS5IBTFE—LARAHREK
ETHMT - A FORBEFEETIIENTEL LD, ERFERIOAEKGELZRTS
ZENTED, £, PERITRTOIRNF—HBEAOHFETRUONXFIINT 2EEFEN
fTZ2%. COMICE FHN OB FHEGEEEA L =B H & LT RIED NMTC/JAMS?
% MCNPX® CRZFSINDIEIRXNF—HRTHEIEI— ROBRKIZELD. MCNP-4C° &
DRRDELRINF—O— REOEGHENBRIITABXDIIRD., £REHEREENKIE
KRELZZERHIToNSD, =612, WHEHBIKREZINIEEOEBEETL WETEHEES
OFEH, EFANOEEZBRLUEZEHO 1 DTH S,

3.2 HEOEN

R FIROKES —5 v FEZIZIER. BEAKERETL -4, XUUDLPHTT
ElRHE, NS Z2mATHIEK BKEZTOEE. BTE—LY Y bodTFE—LAL
EORA REFENEFET S. ik, 3GeV BFICKOEBEBRRIETERT S HFHETFROL SR
WFE—ARY MV, BOWARKEFELEZFED, Z0kD, FRTESY -7y FEAZOKE%
SRTEMICET ML T B ERIC. ¥y—Fy NADTREL PR TFOAFEKEREEERT S
BENHD, —HT. =5y NELTREL =PHTFREORBEOEREICAHL., Ekk
EPIZBOWTHRITEET S, ZOXSICHETROBEVNIEECKEVHEEZE > THI
ML TR R T84, HENZHERMTHRRZGLI O BEREEZRET ZHEND
D, ZOEDICIFEMATIRBBITRITIR S0,

UED2DOD&EE2HBRIELD,. 2KOEZ 2 DOBEEIIA T TITo7/7=. £ 1R
T, B 120cm. &3 120cm ORHERA OB Z 3 X TMiZETIVIEL., §—5 v
MIBFE—LZARLT. REGEEENSKERRTI2HETFEREZHFEL -, tEI NP
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THRWRKDOB2BEBEORF LD, ZOE1BREOHEL HEEHNE LBRZEE
T5, B2ERETEAMBEDRLD L ATRERETINVERAW, B1EETHEIN PHTR
T SHREL TEBRAEHICB TP TROPEFRIBICEDERT S 2R r ROBEZEG
Bll. COB2EEZ REEEHE] EERILETD, MAEOHMCOVTIR, £
NEN 3.3, 34 HTRNRS,

SEIOFHBRINN V7 EEBEERETZ-DObDTH D0, EEMOMK. BE.
HBEBEIFIENTA—ITHSD, ZOMIZHKBFEMEPHBICHWEET -5 77 1 )V%,
STERRICEEERIFIINITIA—INNSONEEL. INSDNT A=Y DHEAEDORIX
BRLEICR?D, 2T, 21 DO0HDONTA-F28EL. Ih2E Ry —2 L L1,
RiZ, MRS —ZADNFGA=IDENN 1 DEEIBLFGFREZTWL. FENTA—YOE
PRI REITEELHAN, BEOHELZBHFELERILIZT S, Table 3.1 i
BRES—ZX(5r—201) & 1S OBEFHE (5—202 ~ 42) D—K %R T, £/~ Table 3.2
ik, BEZAAR THAVWEMHORETFREEO B2 RY. F¥sr— A TR, Ri&EEL
TEXAGHOH,. REFEOHAUTHLNS 4.8m ETHREE 7.2g/cm® ORgER, F.0H0
5 4.8m DABEDSEEE 3.483g/cm* OE I 7 ) — MERT. BT — 41213 LA-150 2H W
2. BEFEBEICDOWTIE. 3.5 HTHMERRS,

3.3 B1BEE: REHEHNX
KREFFETHAWEFETT I % Fig. 3.1 II77, BB BHETFRO LRSS,
=45y h-FF L —¥-REFEESHE (TMRA) OBIZ2HKEHLIEZHOTH S, X-Z2 F
EI3KEET, Y BOEHAAB I AEICHYST S, 2403 120cm ¢ X120cm O PEEBIR
T, Y BP0 h.08zdi-5,. Fig. 3.1 (a) 13 Y=0 OKEMERT, B0 kEsy —
Fybhd, TNZROIBUED KRR UARIRFENEBINTWS, By — A Tl
REGRICEKGHRTH D, 3GeV IMW OB TFE—AIIEE 5cm. 18 13cm OER T,
Z-Eizim > T —4 v MZART S, Fig. 3.1 (b) 3¥—4 v bk DH 15cm LI
(Y=15) OKEMER T, BEKEOESRET L —INEOHFLIZHSE, EFL—FH
SEERVCETHAROZARMITHEFE-L 23 EHT-ODRS RERTH 5. Fig.
3.1 (&) B¥—% v rPL&DD 15cm FE (Y=-15) OKEHEN T, HEKERVE
KOFEHEEHMET L —INIBTOREINTVS, PHFE—LEFIEHTZDORT K
B3 FMIZEN TS, Fig. 3.1 (d) B¥—%v bhL&DdH 25cm EE (Y=25)
OKREWER T, REEDOHNRZI TS, Fig. 3.1 (e) BEEKEKN (Z=0) T. i
8=y b, FOLETRET LY EFHTFE—LBIZHLIL. TS5 EZBMOBEODELDIZ
WRIR VAR S ENEREBES TNV,

REEMEIZDOWTIE, B —ATRERFHE (Pb) & LN ARIKEESXY 1
D ALTHKFENHORKFE (Be/Pb). RUBRKNEN=Z Y X INVESETHB 1 I%
I-600 B KEE (Inconel) OHFEDOHE BT, NS DORFFIITRTEAGHT
HO. BHEEI0%DEKE 90%D Kt kME 285BI L THBEEZTo k.
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TMRA DS RBRTA2HFMETEDOBTFE— LI T HHEREEEERE T 5/-9, Fig. 3.2
DL HIZ 0-15, 15-30, 30-45, ..., 165-180 EBEWWH K SIT 15 BT 12 HFIL /- AEH
HAERELE, TLT. TMRA BNEERRBED LS RTHICKER (ERICITEE 1 km)
REZ2EFEZX. CORAZBBTL2PETFROIFINF—ARY MIVZ2RABGHEICGHEL
7z

StEIO— KK 150MeV U FOBT—% 7 7 1 MiZid. FNEH MCNPX®, LA-150') %
AWz, BT, BHTFOMIC. 3GeV DBETARICE > THRET B nHMF® d, t, *He,
MFPEHLEELE RV )ILA-MRAEOBEDOANT—F & —FlE L THE 1. IR7,
EtEIZ 0w 7% 784MHz @ Pentium-1II 7Ot w YWk, Linux 2 OS &35/ 1>
ETfTn, FHERRIZ1 Y —ZIZDX 900 #TH 5,

SHEORNEMEEZH WS TMRA 50, 2MNBATHEI LEFEFOIRIILF—ANXR
7 v V% Flg. 3.3 1279, Pb REEOBEDARY bV, 10MeV L TFRIRIILVF—IC
FTETBHEEIRINF—FHTENETERD THS—FT. 10MeV ULORFIT R F—hK
5H3K) 3GeV ICETHU TS, Pb R§HEE B L T Be/Pb REHETIE, Be DERFEHE
2K Pb EDBHEVEDIZELRNF—PHTORBRMNERL T3, #Sh~1MeV OHET
HiZ Be/Pb AN Pb 0 1/2 LEL, HCARIFIINF—-TR2HEEL IR, TWS,
Inconel REFEHENS DREPHTFERIZ, 100MeV LTI EIFIIEABETH SN, ThLL
FTOIINF—TH 2 DOORFNEMB LD BNE<B->TWVS, Table 3.3 FEAFBTF1
BH-0D TMRA S ORBIPUEFEEZELEDEBOTHZ, BTEROAERILZMED
L8 TId. Pb, Be/Pb, Inconel RFEFHIZDONT 2T XN F—hETHRAENEN 57, 39, 8.3
BTHD., Pb REBOBSITIIKBERRISTERLEZBT 1EHZ0D 100 BiEWHETFO
REBSHITMRA D SRR T 25t EIC/R D, — 4 10MeV A EOB/IT RIIVF—hHTFH T,
REEMEOERNVIZLDEREEN/NE L, Be/Pb REBOBENBATHF1BEHZD
# 1.2, Inconel RIHEDBENHR/NTHO0.7TEELZ>TNS,

Fig. 3.413 3O TMRAN S DRBAMUFARY MV OAEKFEEERLEZDBOTH S,
TRTOBRBFIIBNT, AEWNIVWITHFOABEALDOBNHEFRIIZ >TSS, H
THEERZON, ERERIIBIT2ERBNOENE 100MeV LA EOFHEFROAEKEFNE
ThHb, EORMNEDOBETHHAHD 100MeV LLEOHEFRIIBAEID MR DEL,
INMBEOEBERFEICBVWTERESINETE — A8 L TABKEELZFDORER L
725,

3.4 W2EME: BNEGBMHN

FEEBFETIE. Flg. 3.5 WRT L RARERET N &AL RERZAMU» S
TMRA fH#, SERER. J2> 7Y — bERBERIZ3AE TN TS, TMRA SUIZHEE
0.687m OMWHIES T, TOEMA 1.2mo X1.2m OFERR TMRA ERUIZARB XD
EERDE. TMRA BEOMEHIZ. ERICISY—Y v b, EF V-5, REGHFELO
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BEREREBMENSRE0, ZZTRFEOEDIZEBABOKEVRFEME TREZ .
B — 2 0ERERIZ. P ONS¥E 4.8m FTDOHE T, FOREIE 4.113m. ME
W3EE 7.2¢/cm® OMSBTHD, TONROI 7Y — BT, &% 8.0m FTTEOEEX
1T 3.2m. MBRBELGE2BMETHEE 3.483g/cm®* DEI 7)) — b (Magnetite
Concrete) TH5, A7) —rDOEE 3.2m REBRICEEINIESLDBMRDKE
<. fHEHERFII 7)) - FMEBAMIZE TIIHEGRZTES., IXTOHERIZDO >
V) — R NREXTITW, BERBEERTEZLI27 - FMERIERDE,

HBREHETIE. BFE—LAANARICHL T 12 OA/ERBEET TMRA 225 DORR
FHTFERARYT MVERDEN, 1 RTBRERTRIODAEKESEEZTOEETIIEET S
ZEMTERWN, ZITHS 1 DOAEHHE. ST 0-156 EOAE@EBEICH L THEIN
EREFETFRARY PIVEREE L TROPLENSZFMICETTRESE. 3E2
195, §5&. 0~15 EOAEGHOKRBEICHTIEREIR2RETDHIENTES, Zh
12 OAEGBBOBEZIERAS, 2H5LTIHRICDE 12 0ORABRICK55EZ
0, BRFY—LAANSFREKESE TERESZ2REL . BFEEX TMRA AS5RRTZ HD
ELTEHEZNTWS D, TMRA EEESEREREOERA TRES 2, PHETOH
M T RTHRBPONSERDEE AN (0=0, p=cosf=1) L. ERICIIERBICS
TR EFOAERMIO=0 OFVICHIBEDLND ZF>THD., FITBEIZ I F—
FHFTIIESFHITET<. EOD =0 ODFREIIX> TRELFHHETIZ. =0 LISND
HRD O ARICRELEEDOINTFLD DEVEM CERBNNETICEET S0, =0
DIREIZBEHE L VWREERZOTVWS,

6 ETIRD D BUERE & OE T, SERBEBIIES 20cm. 227 ) — MERERIS
JBX 10cm OBRBENVIZHEIL /2. 20cm OFERR X 13BBH DO 100 MeV HEDE
IRNF—hHTFO | BISHERE (FHETEN 1/e IC/ASER) CIFIEHYT3, a2rY
— MEETIE. BTN F—FHTICNTS I BBEERISOEID D BREL, BIXIF
—hFOALEEINTENOEXIE 50cm BEICRETESN, 2220 — MNERFTT
BB TFROBENREARY, 22220 EIT 10cmBa &L,

SHHEI— KRR 150MeV AFOET—4% 7 71 MiZid, Fheh MCNPX, LA-150 2
Wiz, HEOMRELEZOE. PHFRUHHETFIILIBERETERTZ 2R YR TH 5,
By —2Z0OBREOANT—FE2—-FELTHE 2. ITRT., FEBEROY ) I3, 28
EROEDITRELERBEEZMALE. PHETFEHATFIRDE, ITRIVF—AXRT MLEA
iz T EHRBERD . RERBEERICISE XM O ofzRAnk. dER IOy M
784MHz @ Pentium-III 7Ot w3 Ak, Linux Z OS &£§5/3Y 32> LT, B
L1 EtEICDE S0 TH S,

FEZBHAE TR TEMAMCO RSP FROMBREHFTEIILENHD, T FH)LOG
BZBWTRABMERFEOBREEONIA-IRENBOTEETH D AR THNIE.
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SENER LA BERFEZFHICBNTRRERETH S, LML, FHIERNATA—F
DREIHERERNDL2BESI N> THILENRHD, TORALGFHEHKRZRLZNSD
A0 BW, £I T, HHERFEICETSERIIEOETITI Z&IZT S,

3.5 EMHX
BEHHBETIE. BT A0HENTIA-YOFENS5H B 1 D2F{LE /=, Table 3.1
IS —Z (5F—2Z01) KU 18 OBEIFE (5—202~42) ODIATA—F2F LD,

3.5.1 REE&EOHE

RIFEEHEOE ZATHRAN - REGME ZB(L I ETT > ERBEFABRORREEZ AW,
B — 2 TIRAE - AMRIRSERIZRTH DR, F—R 02 TREMAXRY D) DT LGN
#$. — X 03 TIEAM - S IF£IC Inconel-600 TH 5.

3.5.2 a2y 7V—LrEBROHE

r—2Z 11~16 Tid, 2> 7)) —NEZROMEI 2R 8, By —2ANEI V1) —
b (B 0=3.483g/cm® THBDIZHL, ¥—Z 11 TREFI> ) —hk (p=2.2g/cm?).
r—A 12 TRGAVEIL U —b (p=4.64g/cm?®) TH5., £EEHREDOI V1) —
R, EOBEMEZARNSHBEELZHER T SEDIT. MRDOHKFOLHHNS
FhaEEZOSNS, £IC, ¥BI V7 U—MRUEIC VU — MIERBET 10%D8
NEFTNIFEEEEL, ThFNFy—2Z 13, 14 &Lz, —RBIEAKAERTFEEORVWI LY
D—MEE keV UTOEI RN F—fHFIIHT 2EERERESBNTHBRH, 3200 —
FHRIZEENSKPBICIDIBEOEND D, TITHr—2R 15 TIREEy—ZADKKE
21/21CwWC, £ —A 16 T 3/2128L 7=,

3.5.3 B DM E .

SEROMEIE LT, By — A TIREBEMN 7.2 g/cm® O#igkE L. ¥—2 21 T3,
A1 BRI AOKESEREZRBEL., & 1.4m DNOHBEICE> TERELS %Dk %
Mma. GEZTEEN—EOR., SLUNOFRMMITREOEENAKENIZE keV LLFOH
HTFEREREAE Y. Z3UL. keV FEHBLO S OB O B/ME % F R T3 O Wik B ATE
B, WhwE T RUAMN)—I D/ HRE2FDENSTH B, TITHr—R 22 Tid.
HX 5cm DATF 2 LV ABBAAL Ry IV E2EE L, ZELHEETILOEIVIE 20cm
BETH5-D, R KRRy bIVICHYTD LD 3/4 24k, 1/4 2AT7 >V A#EL
THFEERELE. ¥—X 23, 24 Ti2. ThEh 05 EBXO®EFE. I H Rz
iz, BES — A TIRGERETORT REEEZEZERLTEEZR 7.2g/cm®* L LTV,
r—2 25 TREENT.7g/cm®* DHEEDEHEEITH .

3.5.4 BF—%
By — 2 T3 150MeV UTO I RIIVF—#EAICH L, LA-150"Y ZH W, T Ok,
ERELXI)IF—IT 150MeV TH 3., Tiabb 150MeV LA ETIE MCNPX ORI A r—
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RETEMfTbH. 150MeV LT T LAIS0 DT —F Iz DW= h TRkt ENTTDON
5. MMT—F T 7 M NDBNIEDEROENERD -0, SRS DT —4 % JENDL
Fusion File!® kT JENDL-3.3%® {ZEA-3tEEZ4 4 —2Z 31, 32 &L TfHol. EB5OD
JENDL & 20MeV LA FTLONT—F 25X TWRWED, BELRILE—IT 20MeV TH
5, IHICEBEIRNF—DBEVERSD, B —XEFL LA 2FHTHIHOD
ERIRNF—% 20MeV IZEAGE. ¥—X 33 21707/, BB, HEZTHEBAT
IX JENDL-3.3 BEXERHEINTH ST, FHEIERLASOT Y IIKERIHICYEN
ABEEINEbDTH S,

3.5.5 HZEBOMX
EES — 2T, SGERIIFLNS 48m FTTHD. BIRNF—dETIo04T 2K
HREZ L DRI 5720, SEKREPONS 5.0m R 5.2m ICETHMEEA5EE T —
A41, 42 L THo 7k,
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4. MRLERK

4.1 WMBr—-20OKR

Fig. 4.1.1 ZBTFE—LAAHEIINT HARMMA 30-45. 75-90. 135-150 EITHIET
LSEBEFORETFRUOATFARY MV ERT. £/ Fig. 4.1.2 12, RU 3AEHHEICN
T5 1MW BERORBOMEZ, IMeV LEOBI RN F T, 0.4eV~1MeV O{E
TXNF—itr. BAET. ATFO4RFITHITRY.

IMeV BLEOFEIZ R F—hHFRIT, $ERNTIIERE 1m H720128 2.5 HREL
TV, ERFEMNENVI S V) — MEBRNTIIERE 1m 720 1B LMEEL TW
BV, 10MeV BLED AR MIVBERIZH EF D K ERBLIBARNWR, ElET OB BERD
& HITH 100MeV ELEDARY MLIZHEBEL. 100~200MeV fHiEiZizZ sz —
DEBEOEEARY MVIZEHET 5. ZHid IMeV LI RIVF—FHBRIIBWT., Zh
S5EMAMEIERRTA2EBOEEEMEO 100~200MeV HEICHB/NMENEETSEOTH
%5, BXE 100~200MeV OFHFINEREFERETERL. ThS5OFHFNHEL T
100MeV LAF 1MeV A EDHFHEFARY MV EERL T3,

BT ER< 04 eV~1IMeV DEZFRIIF—PHFRICONT, KERET TIIRE
AEL BT AN TH~6HIOBEICE X > TV 5, 2L O 2WmEE D 24, 140, 180, 300
keV fiEiZ# 100mb BEOB/MENEREL., INSDIRINF—EHEIZHDHHETISE
BAETZERDTEALPTL, WDWS T RIA M-I VB OROTH S,
Fig. 4.1.2 ZHNWT, SBERETORPHETREVATFROBMEMERA, 0.4 eV~1MeV
DEZXNF—HETHROBEHREFETLTHIH, CHRINSOKFROPTH 10
~¥ 100keV FHEFRROGEBAET2ERL LT <. FHRFZTEBL7=K 10~3K 100keV
FHFIHEATHI LKV EOBTORPHETONTEZERTH2EERL TS,

a7 U—bERERICEIAZERFNE<EETNTNS, BAKRRIBEE keV TRINF
—LAFT 10~20mb &WSEFHICKERHEMBEMERF DD, Fig. 4.1.1 259 had k&
SIEIRINF—FHEFERBD THRBBH#, BT, BftIndhEFiE. a>r)
—hrHO&HZEITE > TRNENG, 2O . TMRANSSERAEFZFERBL TE 1IMeV
DTN F—FHEFRIIA> ) - b ERKOTHD Im (Fig. 4.1.1 TiT 4.8~
5.8m) TIFIFHEL. TO®IIa> V) —MERABETERBL TE-RmIRNF—hitT
DEELIC L > TERLZEBZBIFIE I/E AR ML ER>TW3,

Fig. 4.1.1 OXFAXRZ bV TR, TXTIZBVTHK 8MeV IcF—2 2D &, kU
BaAI)—bHOTEORNMEEORZIEEZGTDOES &, &ICXDPHETFHENKIG
NEER rBERRETHDZ NGNS, ZHIIMA. 2P TRICHTIEIRINF—
FHFROFEDORZWREF, DX D TMRA IZHEL T35 R=0.8m OHs®. KR
F—hEFERSTFICEBELEZEOD > 7 ) — MERYF (R=6.8, 7.8m) Tid. #-56 O3k
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MUBELRINIZ K DHE LR L NS D v BE—T 51 0.847keV IZHN TS, 51T,

A EHE 30-45 ED 6.8m KU 7.8m METOHXFARY MLZIE, ¥ 10MeV IZET5H
IXNF—HFROTHATRBLINHENTVS., Zhid. 135MeV Lo HEFIZLD A&
U PRFORBITHED v B RO 2 RIZERT D2HRBXRALOERERTH 5.
ZD2DDHNBOHFTr’ ODBRBry BARNTVSOIE, 2HEFRICHT 5 n° PRFEE
Y % 135MeV Lo EFROBGHROH WD TH 5.

Fig. 4.1.2 13, IHETIZHRAL T - XTFROBREMERSEHL TS, &
BEPTIE IMeV UEOBILRILF—HHEFRIEIRSBETSHOD, 1MeV LLFOET
FNE—hHTFHROBBEIIECNTH S, EI 7Y - FBIADEBREERNZIZET S,
IMeV U TR FRIZBEICHEL., BRPlFREA-> T, BRNEIND, ZOBRMHE-S
T2RyBMNERL., ROMHSOER 5~6m H-0TIE., ERBICHL THTFIXENIC
2%, FOMNSOERM Tm DB TRAETERODEEL, IXTORSOBERMIIE T XIVF
— T ORBEMIIES L5125,

DLEOFBHMEZBEZL, 1uSv/h 2HERBLLU TREE —ADHECOLEERE S
EEZDHE, BTFE—LBICHT A ERE 30-45 ETREZ XN F—HEFREHATFA
ERFERPERSTHRONSOERT 6.2m. AEEHE 75-90 ERU 135-150 ETIHE
FOBMERTFTERD LB > THLDSDOEMICL T6.0m HYEDEREENLETH D,

4.2 EBHOHR

AZH TR, BEFBEOKRICDOWTRNS, Figs. 4.2.1~4.2.7 IZi3. Fig. 4.1.2 &
F#RIC, 75-90 EOAEHBICDOWT., ERESI OBINIEDS AN FRESOBEEZRT,
Figs. 4.2.8~4.2.14 13, £¥Er— A THEREZ 0.1uSv/h L LI EZOHEK
GLERREBEI2REL. EREIZEEy — A LRI LABEOENENOEHHEY
—2DBERZE, AR BIIERLELBOTHS, £7/=. Figs. 4.2.15, 4.2.16 FHERER
% 1uSv/h i L7-#$4. Figs. 4.2.17, 4.2.18 ZBERERZ 0.14Sv/h KLEHEEDH
EEREEZ2EEDEHDOTH S,

Fig. 4.2.8~4.2.14 TR £EMzEMEL T, E¥ T —ATHRNEXDIZ, BIHEHT
BB F—FETFRBRRBICH L TXENTHIDIIHML., BHFATIIHFRIENTH
%5, Table 3.3. Flg. 3.4 LRS5NBLDIT TMRA TERTH BRI F—PHEFICE
B —AEICHT2MNAEKGEEND DD, Figs. 4.2.15~4.2.18 OLDITHT
INF—hHEFRXEMNZH A TRLEERREICOAEKESEMNAE SN, fIHAZERN
EEBVETHD, —H T, BHATIE TMRA fHETER LB RN F—FHEFIZER
T5H2RyBIVBRICHLUTEZENTSH D, Table 3.3. Fig. 3.4 DL D TMRA THE
R AEI XN E—REFICIIBR T Y — L8 T 2 AEEKEENIZEAE WD, Figs.
4.2.15~4.2.18 DL D ITHEERRICIZE A CABEKREENER NN,
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4.2.1 RE&OHE

By —20HKEEELEN, ¥—Z 02 OXRY UY LA-MRKEHETIE TMRA D HRRT
5BIFNF-—ROIMEIRNF—FHTFRENEFNEVENEVRDTIICEBER D, 4
EEREII 10cm BEULMEDSRWL, ¥—X 03 D1 > AR TIZ. Fig. 3.3
WRLIEEDIZEES — AL ENTEIRNF - FIRIBEAEEDSRVNHODEI X
NF—FETFOREN LFHE<HA SN DD, Figs. 4.2.15(a), 4.2.17(@KH5 &S
IERAAICHBT D ERE S A% 20cm D T,

4.2.2 a7 —bEBROME

ZIZTRY—R 11~16 KT HERE2ERT S, BES—AOEI 7)) —MEEED
SHU—NIEZAERE (—2Z 11). Fig. 4.2.15()IXRT &I, HEEREIIATH
MSEAIZHED 60cm BEMMT S, Fig. 4.2.90)0 5305 K512, fiAATIEa
JUV—rOEENETLAELEDICEIRXNF—FHFNBRLRL TR EDTHS. 4
EFEICAWEEI 7 U —bHOKERIZEI 7Y —MhOED 1.55 ETHE0H.
Figs. 4.2.2(a), (DIZRT LD HEIL V) — bPCB I IBERBOBRK LRI F—
HFORBRIZEI 7V —MEXDBBREN, LOLEIZU—MERBELT, S@EI
) — MARNEEEOKRZVGKOSEEN NS NI EOSRTHFORBENEL. F-ER
FBEBNENWIENSHAFORELEL AR, TOHKRLEEBEENKE<HMTS. h
ERRMICHBADEI U - ERAWEES, Figs. 4.2.15(b), 4.2.17()IZRT LS
IZ. BIAANSEBAMICO > THEEREIX 20~40cm BEDR < THED.

Figs. 4.2.15(b), 4.2.17(MD)ICRTLIIT, ¥WMIAL 7 ) — MNIAHER T 10%0O&H%
EAEHBE (5F—2 13) BE&HELOEFI Y- EEAY 7Y — OPREOERKE
I, BEO7Y—PMBEHET 10%0KFHE2EAHREG (F—X 14) BHEHELOED >
JU—bFEGADEI V) —FOPEOERREE LS,

BEa U—bOKFERZ 05 RN 1.5 FICLAEBE (FhEFhy—X 15, ¥—X
16) D#ERIL. Figs. 4.2.15(c), 4.2.17(c)IZRTEHY, FEyr—AQEI V)~ K
DR EERTEREICLT 10cm UTFL2AEDRV., BIXNE—hHFEROBRIIA
FROMBICIIZEAERENZVED, BIRNF—FHETFICLDERENRE IR A
TIHHEROERTH D, —H T, BAATIIEIRNVF—FHEFIIED 2Ry BUEREZ
BrH5H, —MiZ, A2V rHOKERBIIEIRINF—HIHRFROBBICHEEICKELE
BEEXDHELENTVAN, SEHOBRRIO—BRREFIFETARLIICELS, DD,
KEOESERICHDODSTLEERESIZIZZ—ETHS. ZORMBAIL. Fig. 4.2.3 2R
NP T2, DEDKESHEROEMIE-T, ¥—ZX 15. ¥—Z 01. ¥—X 16 DJF
WEIRINF—FHEFROBRRIRMICE>TWS, 2L 3 y—Z3kic, gEg»S5a
) — MERICB EEETHRERTICERL 2BV F—2Na#ic#b, RXEhT2
RrBEERLTVS, TOXSIZ2RrBBERL TWAMNEN I r—A#kICSIZEERD
BNED. 2Ry RBXEMNBEGICILEERESZI U - POKBROELITIE
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HEVBENENWEEZISND,

4.2.3 #HEBROME

FERMOMEB EEL IR —A21~25 2Bl — X L i U 7= 5 . Figs. 4.2.16(a),
4.2.18@N5AMNBHEI . BIFNF—FHFPEREEZRD TVUEHAAITBNTYS
EEREZOERDENDHDIIY—R 25 OHOBERFELZ DL VRBEOATH S,
EERFEZIFILALELIETINHHKCTMMBELTLS LT OEOMD Y — XTI,
DEERREIERES—ADOFELEFIEAEETDLRV., —H, BIF)ILF—FHHEFERD 2
Ky BUEREEZRDTWAEHFATIE. 71 BRIV AOBRAKEERLZBE (F—
2 21) RO 0.5 BERXODSHERERZEBLEHE (Xr—2 23) 12, E55b8L% 25cm
DEBEYBHENH D, BHAICKHL TR, FOMOEE, DFDHR1 BEXy L% SS304
ELBE (F—2A 22), 05 BEBUYOEEXVHOR2EEBLERE (F—R 24). RUE
BEELZ 7.7¢/cm® ELEHE (F—2Z 25). WINHLEERRIINES B2 5MIIHB
M, FOREIL 10cm ITi= i,

4.2.4 BT—¥

FEBRICRTIHT —FICDONWT, FU LA-150 THHMNERIT I F—4 150MeV &
20MeV TRz 2HE (FhEFNST—2 01, 33). Figs. 4.2.13(d), 4.2.16(b), 4.2.18(b)
IRTEBD, FEKRICELAEBVERS NN, —F. 20MeV UTOBT—F &L
T JENDL Fusion File $%Wid JENDL-3.3 ZRWeHE (5 —X 31, 32) OLEERE
23, RS —ALHBLTRIAATREZRSNRWA, BAKBICENWTH 15cm P
W, ZOKR, Fig. 4.2.19 ITRTHEEAZBREOFHTARY ML EMBRL TS,
DED, IMeV UEOBIXNF—BERTII3EOKT —FICLBHRBRERICILALEER
Rongndt, Et~KEkeV UTORBTRIRATIHOENA SN S,

Fig. 4.2.20 1% Fig. 4.2.19 ®OXAXRZ b D keV FROHEARTHEH, EHAL B
F—FDBENVIEIDPREFROBMEDAR ST, E—VBEFTRREOTWA I ENGM
%, Flg. 4.2.21 BEALAESHOBET— ¥ 771N OHEOLHHEEELEBRLEZBDTH
%, REITxR L7 Fig. 4.2.20 DAY FIVOE¥—2i3, AU < KEITxR LU= Fig. 4.2.21
OEMEHOB/MIIZHIEL T3, FOM/NMECHS T 2EmEIL. BIZE3ET—5ickD
2EULEDENR SN, BNEEKEEZZBL-HD keV TXNF—BEOFHFROE
EBSTENTWVWS, TNTR, EOBET 7 771 IIVOERNBELEMIGEWNABEEIIC
755, Fig. 4.2.22 13 14-MeV $HEFERAVWTITONZ&ICHT 2 EKRERME @ L5t
BEOKBTHSD, MPHD ENDF/B-VI 1. LA-150 »* 20MeV LA FIZEAL TWEF—
Y TH5, EBTIHEKESD 8lcm THD. SHOEBEAEDK 4m LU THWED
BTF—% 771 VOEZEETIIRV, 200~300keV IZNITTDARY MILOE—Zi2D
WTRSE, EBiEr—ZAHETHNWE LA-150 3O —27 %22 BKIZEX. #IZ2D
@ JENDL IZ X A3HEBEIIZDNEDICEATVWS, ZOTENSBOENS L DWHEER
EXi3. LA-150 £ 2D® JENDL KK BEEMOMICH D, D LA-150 3EFEDIZHF
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fﬂﬁb’ct/\é &%i%’o

4.2.5 #EBROKE

Figs. 4.2.16(c), 4.2.18(c)IZRT LBV, HFEWMDE X% 4.8m, 5.0m, 5.2m EE{L
SHE3E. LEEREIFAATEY. BAFATHEMT S, Zhid. Fig. 4.2.7 »59h
5510 ERBEIORMMZIIDEIRINF—hEFIINT 2 EREENM ET 2 -4,
MIza 27— bMERBEIVNRAD TR ECEIVEI RN F—hETFRER2 R BRICHT S
ERHENETT220TH S,

4.3 HLEEEXIORE

4.1, 4.2 HIIBWT, BESr—AFERUVBEFEOERERRZ, a2 U—FOHEH
WWOWT, ¥@Ba ) —h, EACVV—-PFMRUOKGAVEI 7Y - ERLESEZFHE
2TV, FORBRLEERBRENAKELSEDLSIEERLEN, ZITRERFr—XOEIL
7N — b EEATZIEETD, ZOHEBIEF, BEa V) —-FoFERICKDEEI V) —
FEHBLT2EOEREE % 60cm EMRDERTZESZ &, RUNIVZER TS
FHEFE—LSA VERNSCDEFLELTEIC V) —FOFERANEELNIE, O28T
Hd, BEOEHFLL, HTE—LII L E2ETL—INSHEL THNBANETHRANS
Bkd/= & (Fig. 1.1()83R). £AEREOSGEERE P TE —L 51 > OSFERK
R ENEBICEREEDS DT 7 — MNEROEENEET D I EIIRE20. E#
MHER L D DI EA S 7 ) — FTRA<KEIAD 7V —FOHERANEELNWI ETH 5,

BEa /7 )—beBRLELE, BIRNF—ETRIENICHFS T L0154 OERE
X3, BEEREOERE (Figs. 4.2.15-4.2.18) KD a2 7 U—rHOKBOER. BE
DM, RUSKEREDOREEOHMIL> TOAERICENLT S, &KHIIFEES— A TIIE
HLTWEN, ZOBRBENEOEEIRLINEZBEBIBVWTHRERTEARN, REF—
ATRELZGEOEEIL 7.2¢/cm® THHA, ER IOy VEORMEZERT S EHEEN
COEMNSHRIZHEMT S EFEA SN, DX, SERAOEIZEEL L&,
By —ATREBLUIBRA BN AT DR TELZMOEE &L THRAD S HDITRN,

—H T, KBEBFNERBLEOHHEL T, EOFHINOHEOKRIZII-BIZIREHK
¥22EADMLENSD D, Fix. 2001 F£1~2 HIZKE BNL O AGS nE#z2AWTTD
NEOEREROTHMBITHER Y 5. MCNPX O— Ri3g28 89528 T x ) F—oit
FEDODINTRPAIMNE/NEMTHEERNRHZENRINTVNS, UEOHEFE2ERT S
L, BEGRTHD 1uSv/h #HEEIZERT 57201213, SHRERIZ 0.54Sv/h LT TH
BEHERDD, TITHENE. AIAAICHLTIE 0.14Sv/h 2ERT 5DICLELERE
I ERREIRIRT 5,

KIZ, EIRNF—PRFRE2 Ky VKRN EEST RS AOERES ICONTE
A5, BAHATIR, By -2 LB L TREKOER, 327U — PO, K1 KX
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vEIFOGBHK, GFORMY. LA-150 OFHE. BEREIZBRIML THHEEX
SNZBERNEEZLHD, ZORD, ECTHINOHEKERIC-RIZCERAT2LeHR%K2 %
EZRLTH, FEHERMN 1uSv/h ILRLERESHHGNETSTHLHELEZLSNDS, LD
LHEBEZS 14Sv/h 5 0.1 uSv/h IZBIETIFTHEBEIIX 25cm BELMEML
Wz e, ¥R ALOEREENS, ZITREFACHLTS 0.1uSv/h ZERT S
DIZHELERES 2 BRIMIZEBIRT 5,

BB, ERATIIHRONSOERE 8Sm FTOEKEKRTHEZITL., BEIHERB LS
LB EIEZ®RELE. ZOFMHER. BERESZBRFMT 2. #5THE HEBEHE
ROEBREZRELEBRIETR/NALTHEZTD & BEREANEZETIIEEREL TE
3, MFOHRTRLEEREL D BRDBERELZ DI LERTHD., ZORGITHERS
IRERENSOBRRED DFHFETHEICAD>TLEINASTH . HHNII, FiFEOE
BTRERREICBI IR TORKEZEL FMHERNWEDTHS. #lZIL Fig. 4.1.2
WWHBWT, LS OER 7.0~7.9m O#HBETIFHEFROHAFROBEMRIIIZIZ—FE
DEETH DM, 7.9~8.0m OEBRAEXREIETHRENENETIOBHBRESBILLTY
5, ERIZIIARBRBICBT SR FORBRIRIIEEIZRADLZDT. F.006 DFER 7.0
~7.9m OFEMEZ 8.0m T THELBOKRELEKIZ 8.0m ONETHEIN-RE
DO, SEOFMHEZEREZBRICEAD I LIRS, BIRINF T &N
FIZDOWTIE 2~5 BFREOKRBOBAFMNH2HDEEILND, LELEIRILF—
FHEFICOVNTIR. BEDES L GARKEMOBENNI WD, SEIOFMAEITIZIER
LUTHAD.

P EORSRICED X BRIYICRE L - ERHEE % Figs. 4.3.1, 4.3.2 IR 7. Fig.
4.3.1 BSEREX2AEICLSTHRLNS 4.8m FTE—ERLAEBET. 2EOERE
X IHAAT6.4m. BIHATIE 6.4m H 5 KRBIZHEML TRAT 8.0m Ic7/2 %, Fig. 4.3.2
i1, BHAOERESERSTADICHKEREZMAAICHL THRLAEBEETHS, RIS
£4Ti2EERE 40cm WEL ., TORELADEIH 30cm WP LT3, Fig. 4.3.2 @
HENEEOEBEIVNI WA, BEa2 /U — &0 bBERSERIEMT 52 &, RUSE
BONAEMNEMATIIRL, Fig. 4.3.1 OBEX 0 HLAERNE B LE2EX S L, Fig.
4.3.1 OFMNIDVBEENTH B LEZ SN S, )
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5. MM S HIM O e

FETIE., 4BFETTORMIZEN > TiTo . BERERESEBO 2 DO IEEHEORIHER
OWTRS, 2B, ZEOKRFTICBIIHFBEHERZEEANIZIIETRREDBDOERL
THHM, HNBHMITHSONRRDIHANEFEET S, FIAIKEBZERIED 1 KoRER
EFIINT TMRA O¥&E# 0.687m Tid#< 0.6m L0, EO227Y—MTI3A< %8
A2 Y—bZ2AVTWEDTEETHS, ZEL. ITNSOHERGOHBREAEDER
2175 ETHAEHN TR WO T, T2 TIIERT 5, '

A ETRREBRTIE, BFE—LARAMICHL THAHATRE IR F —hHFITH
THEBNEFOERESZHEL Tz, TNICHLEBAFATIE. BREEREZERTIE
SOEBBREICBVWTEIRINF—PHFICERT S 2Ky @R RIIH L TXENT
Holz, LOL. BEXRNF—dtFerBEBIRNF—dETFEERL TEENES T
H5D. BIFINF—FETLUN DR TR 5 EREE S WD DIREE TR,
MEICEBZEE TS Z EICX D ERBEDRBILET O ZENARETH DL LEASND.
LFICRZ2DORBZOBANS, BN F—hEFLENIIES 2Ry REERET
ZHRICDVWTREZIT> DO TH 5.

5.1 ®UREmMa>rU—F

BAHFATHRICH L THENZ y BOIRNF—ZART MLE, Fig. 4.1.1 ITRLEX
SIZ 8MeV fHEICE— 27 %25, 8MeV LAF# 0.1MeV ETOHETIZIZ 1/E B TH 5,
BRARHEPITBNT, 8SMeV O 7 BICHNT5HAEERANERIIZNUTOIRNF—Dr
BICHTHIHEBELD /NI NED, ZOARY MIVEREEZSE, &7 —FD
BRAAETERLE 8MeV Oy &M 27U —bhZ2EBL. EREREICETELED
DEEZOND, T BROLFNF—PERBMEL TEDNTVWLLEORNY EH#ZEE
Z5E. H8MeV O T HIBSOFHTFRHERINICE > TEIZERLEZEZEZA SN S,

IOk, vROBBREEBIED 1 D0HELLT, KUFREHFEMLAELI 7Y —ho
FRANEZSND, FURBMOE 1 OREER., FUELRLOBEICEICKICHRN TN TN
FRAMTFERYENMRNL, ERTI 2R ROBREZKBIZERTSEMNHITFoNS,
$-56 M 1 BOBRBHFEZWNL BE. *Feln, 7 ) Fe RIEDQEIZIFIZFE L 11 7646keV
ODIFRNF-NrBELTHREEND, —F, FUHR-10 " 1 BORPHTFEZRNL 2HE,
D%V B(n,a)Li RIGMEI o2& &, ¥ 93%DHERT 478keV D r BN 1 BRI
5, DD, $-56 ERTUFE-10 BBPETEZRPL 2HFICHRHI NS r BRI F—I13,
¥ 17 % (7646/(478X0.93) = 17) GOAHMKEWI &IT/2 5, FRUREFMOE 2 DEhEE
ELT.ERTE r BIXNF—DBVWEH TSNS, OB ITIIE R DOEN 7646keV
NENITENIRINF—Dr BRHRE S NLBERNF NN, FTUE-10 5D 478keV D
TRBREHNSOIFNF—OBV r BEABRL TERAMM VTV, RURFMOE3I D
hEEE LT, BHHEFERNTIMNBEBORLNEZ NS, RUYRDOHEMZELD, a7
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— N THEEI N R TORNINAMENGEE I 2 Y - FOBRIGET D, 22X
TRITE DEREORTERL., EXICERENBL ST &ICHNT 3,

ROBREMIA S 7)—FOAEDREZRARDB LD, 25r—ADHEE2F>7/7. TMRA AD
28 5m (BE 7.2¢/cm® EYEILZU—b 1lm (FBE 2.2g/cm® DEKEEX-BR
r—X (Xr—RA) & RALCEFEIAZ2)—-—FOEEER 0.95 FICLTERRRMNMEOFRD
FE SWiBIMA R TERMIL 2V -y —RA (y—AB) TH%. Figs. 5.1, 5.2
Kl —ADHERERERT., TRENOROT T, QIXAEGEHE 45~60 HEH MO ERRE
FIZBIT 224 RERRDICNTIREOBE. ORLEREBEOREOBETE— LHIZHNT
BEEKEYE. ORERETOREFIAARY ML, @QHBOLH5OERE 6.6m DERKESN
RIEEICBTHRBOAEKGFEERLEZDOTH S,

BEIA ) —FERAWERSOHREFARY ML (Fig. 5.1(c)) Tid, $iE&AE+F T
EHRL7Z IMeV UTFOEBEIRNF—FHEEFNIL ) - bETRERBLLINTVLERT
Boanhsd, LOLEEI 7 —b2BRTATFORNEEENNE WED, BhiTFR
BImoar 7Y —MERSARBEVWETH 5. —HRURENI > V) — bOFEEIZII,
Fig. 5.2(0)iCR 5N 35 L3512, IMeV UTOED RN F—dhieFidds & Hic R Ficl
REh, BBHFRIFEASEELAY, RIZ2Ky#IcEL T, Figs. 5.1, 5.2 (a0
HLaAL - OERTORBERSE . BB 7 —-MOBRMN4.2X10°1Sv/h T,
RUREMI 7V —FOBE (7.6X10%14Sv/h) @ 1/5.5 £ix->TED, RURHMD
ENEATE D,

Bi#%IC Figs. 5.1, 5.2 (D OEKENAHUEXE IR T2ABKFORBREZRS L, L8O
VU —hDOBEENK 1004Sv/h, FURFEMIA> I U—bOBENKuSv/h T, KV
FEM2 22U - FOBHTE2RENK 1/30 ERRoTWd, ULMLERELTrRizk>
BEALHEBOKBLZLHDDIRVIIEDLOARL, SEOHETEZILBEORYRRMNT
BHacBBEbanERBEA RN, £ RUREMIC 2 U—-FOMEIZARNL, £
REHEICHEKFET S, HFEIA VY —FD 10 BREICIRDEHBEDNTED. Mz
DX MEERBLRTNITRS 2N,

5.2 ZFMEBME

Fig. 5.1 O&SC&ERGKOAEZI 7Y - METRYHUERBETIE, &HicHE
BLEEIXNVF—dtEF2I 7)) —FETHE TREE5. LML, 322 U—}h%
BRI BARORNEEEN BN VWD ETFEH LT VRNEY, XLEEFES
AWHhINEDIZr RITHTIEBREEDR L, INVERREZBMEETNWLIERTH
o/, —HT. MEEZRXIRPHTO  ROEBIIBHTHS. ERfEEDOAZEINET
BAMTFOERICHRITL, v ROERICHEZEES ZLHEXSNDN, BERESLIR
FOBETHEDFATII R, —H T, ARIVAPREETIRAWILTS, 327 —
FERBLTHOBRPHTRE y BICHT 2 EREEIEN TS, £EITIAI)—-MEZ
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2HBILTED—S2HERPICHVAZE, ECT-BEI RN F—pHETZHEL, R
LU BPHTFO r RIZTTONROBHGERTERNT IR (BBHEE) HEALSND.

2D —AEBF L, ImEOI /Y- b2 05mIZ2%FFL. TDO—FZREE bm
DHEROPRIZEALIZONT—Z C. HKEBROHMUIKREETD 4m OMBEITHEALIZON
=2 D THb, EBL5DT—AbLBOERBRIFEELLRDZ—AX A LRILTH BN,
BOERMEORBEEZEAETTH S,

—2R C, D DFHE#HREFNTN Figs. 5.3, 5.4 IZRT. EE5505—2%, L
BOOPHRVPBNTWS, SBEHREPICHEALZIBRDI 27U — MNEET. TMRA »
SEBNTERE, HO2VEEEREFTERIXINFTF—FHEFLSERLE IMeV U TOET
INFE—FRFRBLIN TS BPEETIIIBEOI 7Y — 25 2BEEET DM,
AR OSERAER T SITRNIN, TORRRETL r BOLEMNDRMITERL TW5,
r—Z C & D DQEBETIE, 7—A D OFNERENIRATEDEVWRELZ>TWS,
Zhid, ¥— A C TR$EMOa> 7 ) —FET-BEIFNF—FHHEFREBRETHHD
D, BX 25m OAROSHKETERELRIILF—PHEFHERL, BIAEDOI 71U —ME
BN DEIRNF—hHETFICERT S r REERT AT ARESEZBELRVWEZDTH
5, %R, Y—A D OESITHEREKITHRD O 7 — N EREER AN QIFREICE WAL
BICRBLEBEMBRBRNVWEEZSNS, Fig. 5.4IZRTELDIZ. ¥—A D ITERK
EAXREICBWTOENSEFAZTTHRVEVARGHEICOE > THEI X F—FHTFIC
LHBBNZENT, FEBREEREEATRNY, £/, ¥—2 A TIE&ENBIZBG
5AEEKEOBRBEN 40~150Sv/h THo 720N, ¥—A D TIIERMAETH 0.41Sv/h.
BHEV 135-150 EH D THE 0.00054Sv/h &, —Z A EOHBIZBWTED TE<
mMzoshTnha,

CITRML-ZBERBEDENTVS AR BHERTHOEBROEHZEEL TV
BRI V- OREBEZEZEAEETT, BABMEZBEERAATHWRVWATH S, K
L. EBOEBRPHEFRERRERICZOLSEEGBEEZBEATOICIKRELMEANH S, £
Nz Flg. 1.1MITRTEDIT, KEKEIPHEFE—L I v o7 —THLM S BHRIZ
STEANTED, SSEEBERBE2FEADEMABAAMICOMEOERENEAZINS
o, BEBREOETHRIMLEVNIETHS, ZOXIIKLENCEBEEREEE2HATS
ZERELWY, EREREEDEASTIRIMICIERTSILNEEKS. 1DV E
SEER T Oy JEICKLARMICECTLUERBICEIN YN FZREL., BTV F—F#
FREGERTTOLTHORESIET. B0 7 — MEROABREZESTEEZT
Hd, HBI 1D, BHEESEDOERARICIES v v ¥ —DX D i3/ < BERMITITER
BEHETAETROT. GERERICI 7Y - NBERBRITB I LR THICARETH S,
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6. MUEMRFHE

FEEAFETIE 10 BHICHLRIFHTFROREEFETILENHD. E>FH)NDO
HEEGS LTHRERFREORREZDNSA—IRENEO TEETH 5. SEOHE
TiX. MCNPX I— ROYIA b4 Y RO BMTFHEABEEEALE. COFER
MCNP I—RKDO<=a7)l ® CHELIBREINTVWSH, M THEMILL THRATS &
Tok3ichs. HONCDEREOES FEIC L ENHLTEHEL. ThThotlE
Y IA FEREEED D, O, BREIAEUNTEIRET LIRS T, Ik
BRIEMNISBDEEDICHET S, BEINBHTRSDIIA MEH>TUBN, 20
BFOUILTA MRFORFOFEETH EINOI LA MaEFUEZ LRI 286, TORT%2
DIHEITHEERIC, YIA % 1/2 KRU3, ZOBECED. EREORES T
BITFMEEL. T2 T AL OETHIEEIEONEREICHT 2 ENTREIC A S,

ZZTHEBICRDE, VI MEREERET S ICEFRNICEREFICBIT DR TFERD
BEOEMZHA > THESHENHHN, KTROBBEOHEBZIZNINNSHEBEL LI ET
LBTHBIETHD, DD, FEZHADIANCEYN RV IA MERBEERETZ0OMN
BOTHL WV, MERMTREHBELTIOREZRRTIFEHEBRBINTVIN, FEOD
IORBIRNF—PUFEROBADIET Y2 MAHEPEFRAR AT LIINVE
EHESILTWaRW, £ZTHEIZ. RN FETIERWD, RFAEEROVRLENSKRL
WO IA MERMEZRBE{LL TWS HikEE- -,

UL MERER, ZREIRXNF—D2RETHTEASLEND D, ZEEDOZEICD
Tt 3.4 HTHIZRNM, SGERAETTREIRIIF—FHTO 1 BEREBICIZEFELL
20cm iz, A2V — hhTRAFHFROBRRICEDET 10cm #i2. FORREL 2
BELE, ITXNF—0HENE. ERETIIBV TR ABEHREMZRTIRIIVF—HE
HEOEEEDIZLTITD, Fig. 4.1.1 OFHEFARY MIVOGEREREM SHBL T,
0.6eV LLF (#$#F), 0.6eV~0.4MeV. 0.4MeV~1MeV. 1MeV~7MeV. 7MeV LA
FO5DIEREILE, vRIIDODVTREEOIRINF—KEENDEIDRSNZWED, £
IxNF-2VDEEEDELE,

ZR-TXINF—D2RTTIILA NEREEGA B2, HIDICHETDOHDEGFET
IXNVF—hy L T7% TMeV &L, MeV U ELOBEZXNF—hHEFIIHTEIVOIA B
HREZZELE. BIXNF—FETFROKAOEEERIT. HENRIFNIEOHMEI
T 2 RER, S LA SIC RO SN, ZOHRIEVWTY I MEREERE L=,
BRI, BLOBEREFERHBE L THFEFREZRD., (THEFRXREOEHMR OfF
MFF—FICRDEEIIILE. REOHEEZRECS2D1E. 1 RERER TRLHARORE 2
OBRHETH DD, HEES L-PHEFRIT. BNE#RSZD TERINLIHREFRD
EOCHERBMOE_RTRETLIENARVEDTHS, L. 10 BHFOFHEFROBE
ZHETAHHEAIC. BLHBERBIHESINIFHFROBELO OV LA MEREOHEDE
NARZEVHESITE. EREPOBBEROBMIZE> THETFENARXIERITHEML, &
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BABROSIR<ARSTLES, OB, ERETOZBEMARNEZ 25 LR TEIMNR
Fiohla<izn, BRIZ0IZZ-TLESD, 0D, H5tEZB0DEL. X1 MERE
DA ETH .

RICHAHFOIRINF—Hy bFT7% IMeV L. IMeV~7MeV D IR F—HED
VI MEREZRBEOERETRE L, TXNF—hy hFT7ETFTITFLNS 0K
BOEL, BRIy BOHEETEDTHWL., ZE-ZXNVF—0 2 XTFHICHTH T
1 MNERBEEEDZ, (18 2.OANT—FD wwe, wwn h— ROEMN,. T5LTRDSN
729 TA MDA RIONTA—FTH5, Fig. 6.1 ITNTA—FDE{LD%RTERT,

SREIOFGE T, 12 53‘%11bf:%ﬂ%h@ﬂif&iﬁﬁ@%‘fﬁt:ﬁmf\ Table 3.3 [Z/;RL &
B SIERASHZDDO TMRA 5 ORBHIERIC 4an 2R UK (Pb REEOHET 51~
74) %, BEIHETFONVMITIA RELE, ZOEDY I bOYIHE. DED Fig. 6.1
OHBOERDEIX 51~74 BEEDEER> TS, INS5OMBHEIEL. ThEFhoT R
F—EBICHIETEHEF AR MVOHBEROKHRENELRMEIZRDEDITREL
oo HMOIFRNF—FEREOHMUEBRTHE2IRNF—HROMABEEZRS LIZWEAIC
i3, FOIRNF—EHBIHET29EE T, BICHHEEE2ZVBALIETHHEDA
WIBEIZIIREE BT,

Fig. 6.1 iZBWNT, FHTD 1MeV~7MeV., TMeV LAED 2 DD TRV F—EEICHE
LT, ka2 U= hRIZBIBENTA-YOBERIZIEZ—ETHS. Lol,
IMeV TR HFEr BIIDOVWTIE. 327U —FHIZBWTEERN—ETIZ2 W, F
ZiL 0.6eV~0.4MeV DIRNF—IZDODVWTRTHB L, LS OER 4.8m 5 5.5m
FTRBENZETHHOIIH L, 5.6m URBITBROHITR>TNVWD, FBHPHEFTIEN
I A—FHRBERABOET, SEHEMNS I~ FEBICAS R EIATEREARD,
FOHREM. TLUT 5.5mURBRIIBONZBELER>TWS, ZOXIBNITA—FDELL
i3, X Fig. 4.1.2 iR L LI BEHFEREROEN LMo TORUIFRIFIRETH 52,
INT A—FREZTOHEMIT Fig. 4.1.2 0L RPHTFEROENLIIRATHD. Th
NAMEREZH L L TVWEIBRRKOERTH 5.
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7. ¥LHESBORE

FLAR—PTIE, KEBEBTNEBABTRRTI2ME - EMBRFEEBEROZBFBRP
FROEMEZRED /NI I EREEICDODWT, ECFHANOHEBEFEZBO TR 2T
BRIIDODVWTRN, RARBRHERGEELIB-GEE2BHHABEEL TITW. B T
ENERERRICEAZREBIIDODVWTHANE, THS50REBORGIBELZEL. RHEET
H5 1uSv/h L TFTORBEZEREN TPV TERTEIERESZRELE., BHEY
EEZONDHERBET Fig., 4.3.1 IZRLEDBDTHD, BROPLMS 4.8m T
Bk L., TOEBSEI 7 U —MERTHEHD, Ea 70— ME&KIS. BTE—LASH
I L TEFIIHRONS 6.4m FTT. 105 ENSHIAICAT TR 2% 4 1IN &,
BEiATIAHF.OMNS5 8.0m TH 3.

1)1

SEORFTIIREZOBRNWEELERKEZREL. 3tE2Tok. SFHEZRINIIE
BOEEXTEERETL2HDOTH DN, EROEREBSIIEMT. SERHLETNITR
S5RVEENWS D EREINTWS,

BT E—LI v v Y —D LT HROBEIZHENE U D282 & 58 /R I8
NV EBREEES HHETE—LT A IS B RIE
CEETOy IRy v -y YR EOBRMEICAEC BHLIRA MY —3
SRR K BIEREERT
- BB FIRO 3R EE 2 SEICBEW A ERSEORE L
ISR FRE2AEZEZNE. NV EREN SBERICER G HTE—LT T
CADOERDEELSRNEEHDO 1 DTHD BAENITL TRNZ2EDTNEEIATHS.

a B

FHEFBERICHLD, NEZFMICKRL TR ERHICEERIA D bW,
MR B PETRERRE S — PHRTFRERRS N T —F - CEH 2L ET,
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Fig. 1.1 Schematic drawing of the spallation neutron source facility.
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Fig. 3.1 Calculation model for the source term calculation.
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Fig. 3.3 Angle-integrated neutron flux spectra from the three types of TMRA.
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Fig. 3.5 Illustration of a quarter section of the one-dimensional spherical calculation model for the deep
penetration calculation.
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Fig. 4.1.1 Neutron and photon energy spectra in the bulk shield for the reference case (Case-01) for angle
ranges of (a) 30-45, (b) 75-90 and (c) 135-150 degrees with respect to the proton beam direction.
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Case-1: Reference Case-02: Be-Pb Reflector
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Fig.4.2.8 Radiation dose for the Case-01, -02 and -03 for the shield thickness that is determined to
achieve 0.1 uSv/h for the reference case (Case-01).
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Case-1: Reference

Case-11: Ordinary Concrete (p=2.2g/cc)
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Fig. 4.2.9 Radiation dose for the Case-01, -11, -12 and -13 for the shield thickness that is determined
to achieve 0.1 uSv/h for the reference case (Case-01).
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Case-01: Reference

10' T l T 1 LI IR S N B N
| BN
10° ! | i .
107 | 3
£ s P
-2 - : :
g w0} N
104 E \ E
| Mhema) Y
10° I L 1 PR T I
$33gsgeenags
AALERTRRRY
@) Angle with Respect to the Proton Beam Direction
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Fig. 4.2.10 Radiation dose for the Case-01, -14, -15 and -16 for the shield thickness that is determined
to achieve 0.1 uSv/h for the reference case (Case-01).
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. Case-01: Reference . Case-21: 5 vol% Water in Iron (R<1.4m)
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Fig. 4.2.11 Radiation dose for the Case-01, -21, -22 and -23 for the shield thickness that is determined
to achieve 0.1 uSv/h for the reference case (Case-01).
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Case-01: Reference Case-24: 0.5 wt% Manganese in Iron
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Fig. 4.2.12 Radiation dose for the Case-01, -24 and -25 for the shield thickness that is determined to
achieve 0.1 uSv/h for the reference case (Case-01).
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Case-01: Reference . Case-31: JENDL Fusion File for Iron below 20 MeV
101 E 1 T T T T T T T T T T T 10 3 ! I l T 1 I T [ 1 1 l
F I E
o L | - wlk oo
3 Neutron . C 3 ; ~ Neutron o ;
(> 1 MeV) P - . |
[ : Total [,
10" 4 / owf ’ H‘: 10-1 o 3
E | “ | ' | Photon | ] E
g I " ] =
> ‘ 2 g
ot | § |
10-3 . ! 10'3 - I ‘Neutron —
2 S | F .AeV-1MeV)'
10 . l 10* | . | .
i . . o
10% 1 1 L1 0 L 10°% [ N D S N N B | [ -
£§§$$§888838 £8§§£8888888
AL EETETEY PEY8R 3224858
@) Angle with Respect to the Proton Beam Direction ) Angle with Respect to the Proton Beam Direction
. Case-32: JENDL-3.3 for iron below 20 MeV , Case-33: LA-150 for iron below 20 MeV
10 E- 1 1 1 1 T 1 11 T 1 3 10 E 1. 1. 1 1 T 1 171 1
i Neutron 3 g Neutron - ]
_ : (>1MeV) : 1 - (> 1 MeV).
| iTow | o | o Total | | ' ]
10 | S e E 07 - =
E : ] E : Photon P
— — | : 4
£ ——0—yg . I ' : o
& 102 b Photon ' | g 102 b . ; -
g : or—o—4 g i ’ ‘
F Neutron
(0.48V-1MeV)
10 | 10* | | T
3 > ]
- B !
10-5 10-5 i 1 1 1 1 | L L 1 1 i
c5ygrgssEEss
ALY
© Angle with Respect to the Proton Beam Direction ) Angle with Respect to the Proton Beam Direction

Fig. 4.2.13 Radiation dose for the Case-01, -31, -32 and -33 for the shield thickness that is determined
to achieve 0.1 uSv/h for the reference case (Case-01).
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Case-01: Reference Case-41: Iron Shield up to 5.0 m
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Fig. 4.2.14 Radiation dose for the Case-01, -41 and -42 for the shield thickness that is determined to
achieve 0.1 pSv/h for the reference case (Case-01).
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Fig. 4.2.19 Neutron energy spectra calcurated with the three nuclear data files, LA-150, JENDL Fu-
sion File and JENDL-3.3.
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Fig. 4.2.21 Total cross section of iron in LA-150, JENDL Fusion File and JENDL-3.3.
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Fig. 4.2.22 Neutron spectra at a 81 cm depth in an iron shield assembly impinged by 14-MeV neutrons
measured and calculated with the three nuclear data files, ENDF/B-VI, JENDL Fusion File
and JENDL-3.3.
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Fig. 6.1 Weight window parameters for the reference case (Case-01).
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4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
fi & 1Pa-s(N-s/m?)=10P(#7 X)(g/(cm-s)) 1.33322 x 107* | 1.35951 x 107* | 1.31579 x 10°* 1 1.93368 x 1072
BT 1 mYs=10'S1(R } — 7 ) (em¥/s) 6.89476 x 107 | 7.03070 x 1072 | 6.80460 x 102 51,7149 1
x| J(=10"erg) kgfem kWs+h cal GtE#H) Btu ft « Ibf eV 1 cal = 4.18605 J (Gt&#:)
S
; 1 0.101972 | 277778 x 107" |  0.238889 | 9.47813 x 10~ 0.737562 | 6.24150 x 10'® =4.184J (MIL%)
1 9.80665 1 272407 x 107 | 2.34270 9.20487 x 107 7.23301 6.12082x 10" =4.1855J (15°C)
{% 36x10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10%* =4.1868 J (HBE K E)
M 4.18605 0.426858 | 1.16279 x 107 1 3.96759 x 10°? 3.08747 261272x10” (- ER | PS LEH)
[ 1055.06 107.586 2.93072x 107 | 252042 1 778.172 6.58515 x 10?' =175 kgl-m/s
1.35582 0.138255 | 3766161077 | 0323800 | 1.28506 x 10~ 1 8.46233 x 10'® = 735.499 W
1.60218 x 107" | 1.63377 x 10-2°| 4.45050 x 1072°| 382743 x 10" | 1.51857= 10°22] 1.18171 x 10°*° ]
b4 Bq Ci ;IILXE Gy rad ;:Ej C/kg R g Sv rem
& 1 270270 x 107! % 1 100 @ 1 3876 ¥ 1 100
HE & 7 [
3.7 x 10 1 0.01 1 2.58 x 1074 1 0.01 1

(86 % 12 A 26 HRE)
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