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The Neutron Beam Facility at JRR-4 enables us to carry out boron neutron capture therapy
with epithermal neutron beam. In order to make treatment plans for performing the
epithermal neutron beam BNCT, it is necessary to estimate radiation doses in a patient’s
head in advance. The JAERI Computational Dosimetry System (JCDS), which can estimate
distributions of radiation doses in a patient’s head by simulating in order to support the
treatment planning for epithermal neutron beam BNCT, was developed.

JCDS is a software that creates a 3-dimentional head model of a patient by using CT and
MRI images, and that generates a input data file automatically for calculation of neutron flux
and gamma-ray dose distributions in the brain with the Monte Carlo code MCNP, and that
displays these dose distributions on the head model for dosimetry by using the MCNP
calculation results. JCDS has any advantages as follows;

* By using CT data and MRI data which are medical images, a detail three-dimensional

model of patient’s head is able to be made easily.

This research was performed by cooperative research which with University of Tsukuba.
*1 University of Tsukuba
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*3 The University of Tokushima



JAERI-Tech 2003-002

* The three-dimensional head image is editable to simulate the state of a head after its
surgical processes such as skin flap opening and bone removal in the BNCT with
craniotomy that are being performed in Japan.

+ JCDS can provide information for the Patient Setting System which can support to set
the patient to an actual irradiation position swiftly and accurately.

This report describes basic design of JCDS and functions in several processing, calculation

methods, characteristics and performance of JCDS.

Keywords: BNCT, Epithermal Neutron Beam, Treatment Planning, JCDS, JRR-4, MCNP,
Computational Dosimetry, Patient Setting System, Malignant Glioma
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B ENAREEESTZ. ZD JRR4 FHTFE—LARIBEME ST, 1999 4 10 AL 5B HTFE—
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BTERLILD, BEORENRD D, ZOLDENATHTFE—L BNCT Tld. HFNHARZFAH]
DEHEIZEBIIal—a ilkoTiHmL., ZOFERRICE DL THER L ZB#EHEICHE
S>THRHNEETITHILERD.

AEWFFEIL, BAPHEFE—LICES BNCT DERBEXET S5 2B E L, BEFTEERIC
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(JAERI Computational Dosimetry System. LA T JCDS &#9) @M DDEEZEIT5 b D TH 5.
ICDS BB EOEHFE G SHEBETINEERL, COETINEECHEBNORESNEE ST
Jba s 32— R MCNPOTEHETBZODAN T 7 A WEHBERT 3. X512, ZOANT 7
ANV - TMCNP THELZHEREEZBEVICDS IZHHAA, BRETIN EICRBHMEERT
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2. BNCT OB RN OEREIH

AE T3, BNCT OB EHEICEET 2 EHFH, BESTEEREZE TS AT LADHFEIZ
ERINBHFHFIIDOWTHHAT S,

2.1 BNCT OREFMHICHT 2 EHFH
(1) "UERE

BNCT i3, EBMIGBROICEELZFURELEMEEZEIHREGEL. BcPHFE—LEZR
WNeszlicky, BEMBRORTYERME B ERFHTFLEORIBICE > THRHENS ‘He
BT (ef) &LiRNTEMAL TEEBMEOSEHET 2EFETH D, 85T BNCT O
BRHMEICBNTIE. "BORINRE (FURRBEERTD) OFENROEELLS,

HEBARTEBBIN TS ESKER NS S5BNCT T, S YRLEEWE L Tsodium
borocaptate (Na;'"B;;H;;SH. BSHEW D) AFERINTNROM, =~ pBSH%EME - ~BNCT T
12, BRI O B AL O EEMENICH30ppmEBEDO UBMEE D, EXNMRICIZZD1/20BED
PBRHEHEL TR EEZILNTWNS 19, T/, MENICHEBEMREFREEOBIEEL TV
. 5. > T. BNCTRHOMSR L2 SHEMBNENERUERORTEZREEZFMT 5720121,
BB T 2R RRBEMOEEMICHT 2R RRBETN TN T THERITS &
EINEREIN S,

@Nv TS50 RiEE

FHEFE—LDBRHIZL > THEUZEBFALOKERIT. FURREL T TRARSEFHEGO=
F.AKBZELORBICE> THE L SRRIRE, FONSOERE Y B, BERNTHEFEKRE
DRIGFIZELD 2 KITHRAET 2 v ROBIREFNE X 515, Table2.1 iIZ BNCT HHKO
FRRERDERT., INSFUERBLNOKRER. EEME. BEMBICEGLRZSRETS
BRETHD. N2 75 FERELERR, BNCT OKREBFHMETIZ. FURREBENY IV IF R
REZHABDOETHEMEZITD ZEMNERINS, Fig.2.1 TIOKREBFEOBIEZ/RT
(3) BEEB LY —7 y MEBL

BERERR E 2> TEMEBEOMM TH 5 LHR TS H2RREHEHEERT 5. BNCT
OB EZEHNESS. BEEMEIEERREIOESAMGNICHEBELTHD, Z0RH
LTWBEEMIT. HRTH2ZEHARMICURT S EBR#ETH S, Gasper S DHFFEE0
K& B & BB O 2cm OFFEN T 96%DEFHEADH D . 3cm LAN T 98%. 4cm LA T 100%
OEREND D LWEL TS, BNCT TREML TW2ESME S BHOMKRELS-D, BEE
HENREL TWAEEETEY—F vy MEREEERT 5 (¥F—F v MEEIL, BEEEEZSA
FHERTHS). Fig2 2 CHREFERIOBEEREY —7 v NEROEIEERT.

WfEHRE (Weighted Dose)

RURRBEMOBNEE Ny I 75T FHR) ZHSBORETEHEZITD 29I, 8
HOZENTNOILRIZHIE L EYER2h R (Relative Biological Effectiveness :RBE) %3
ChfmEHREE (Weighted Dose & 1YD) 2E L. ZOFNEFHND Weighted Dose ZEL T
=T,
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Table2.1 BNCT Sl D E /2R B AL

WER BN
R Z(BHRE 10B (n, @)7Li
KERRE H(n,n")p
LEHRE UN(n,p)C
Y #E core 7. 'H(n, 7)2H

BN 3
RnE

BRE

7 Dose

BB

EEMRE
Fig2.1 HKOBRRENy 2T T KER

2.2 B %> = BNCT

HATERL TW5 BNCT I, E—AZMAOXIDENRE TREI RS20, BHBEFIC
E-LREEBEOEK, BEBESERETHHBETFHNZ > TWa(Intraoperative BNCT.
IOBNCT &1 5)0000203, 3 517, RAIOIFMIC K > THREMR 2 #H L TTE2R
KELKOREM (RA1 REWD) 2EALTWS, F/, BEBOBHEIICIT. BEEFNADRE
BEMA 2B TRYIETFENVWVMTH DU FILADRGBYE TS ZAF v (JF T LN
WAy bEWNWD) ZROMTITNS, Fig.2.313. BEMICK> THEEEBZHOKRE, EE
FHEBICH A REHBAL, SSIREHAEDICUFILANVAY NEBRD 372 & &0t
PRI T ERLTWS, ZOBNERINEMREIRE7S IOBNCT ICH L THER
M TEDENBETH D,

Ny d59 R

R, I
BEL TV
B

&=y MR

S
\_ ERMIER

Fig.2.2 BEEREY—7» MEE
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FEBHEH fRs IOBNCTEFIZHRYBR hvh S R

JF9 LA AR
Fig.2.3 BsAMZ > /= BNCT

2.3 WMEHBEMROZTIE »

BEHRIEETIL SIRICK > TROSNZRIIRESTORRAEELL T, SHREHE. HE
HHEEARNTSA. AT Ly RO—F"BREMANLSNTVS 2V  ZHRBHHFEIERE G EFE > T
BHEALOME TERL., FOMEICBTSRIERDOAMEEFHREMBREL TERTHHOT
HO. Y=y MEBICKHESBEENEHINTVWE I - 2EEEZRTHHMCANWS., Fig.24
ICEHRBHBOBIZRT.

BEAEYE A N7 5 A(Dose Volume Histogram. DVH S WD), 5 3 KoM DBRES
CHEEHKRICHL T, ERORBROEEN EOREDOHRRERL TREMN, WS L2 HED
i (EARTSL) ELTERRTEHDTHD. Fig.2.5 12 DVH OERBIERT,

BNCT iZBWTH, EHREME, DVH, A 7Ly R — Mo TREFFMEZITO 20D, &%
BOFHEERZ NS DFEEMF > TRRT DI ENEKREINS,

50

I I T
-~ Target { Vascular Dose)

w P == Target {Tumor)

Peicent of Volume (%5)

. — el

) 1L 1
& 10 20 30 40 %4 60 % 80
g Dose (G}
Fig.2.4 HHREMHHF Fig.2.5 Dose Volume Histogram
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24 BEXREHT—5

BHEOHEHBNRIRBEFEICL > THET 2201013, BELBEOHEBETNEERT S
TENERING, ZOBERETINVOERICIZBEZEOEREGT ~FYEANS, EEEBHELT
—MHTHS CT Eifk & MRI BIRORBBUICDWTUTICHAT 5.

(1) CTE#%

Fig.2.6(a)i. B CT(Computerized Tomography(2 > ¥ 2 — ¥ Wi BREIR)) D A T 1 A B
THbH. CTT—FDEETEIICHDME (CTHE) 13, FDRDOMRED XHBRITH T 2 BIVRKIC
HBIL., BIZETFREEHDVIIMEEEICHATIETH S, CT F—YRIYEHEKRD
BN THD., TREBEADHT AN, 2T, BEHABORNERSZIITD I ENTE, B
FZEOHEBETFINEERTLEMTEL T3, Lol BEZKNORY FXEEEESEE
BHEGRE) 2EAICERTAILIIRETH S, £, BERICE,. 2BENSOT—FT7Y
b (BB THREBELRTNERS N,

(2) MRI Eif&

Fig.2.6(b)1Z. MRI(Magnetic Resonance Imaging(B&KLBBBIE)D A T1 AEZRTH 5.
MRI OEAFREIT BRIHKE EWSHRKEHANTNS, MRI BKRETFNSOES TER
LT 570, Tkl 22<E30NK FHZEOPHEMOBMBICENTNS, ILERICEEDCT
WH RS AMEBMR EOEFRERETDE, BBERERAL TRET 2 ENAETSH
5. INSORRICKY MRI ZIEFHAMEEBEERROEES O, SEFMEOM K LIRS0
IR (Region of Interest:ROI &V D) DEBHNIIEBITERTH S, LinrL. MRIEIZEHED
BEOMMETH B & BRESRLWEENS, KK B, TREAEZEETHI EEE LN,
/2. MRI 7~ IIEBRICEABEENTLEI EVIREBRE> TS,

Fig2.6 (a) CTEKHT—% (b) MRI Et&RT—%

2.5 BNCT TOHBREE
EBRBFHREMBIERBERICRU)D LR — hed@) T3, HBEEICHT DRGSR E
Z B%UNOBRZICHMZA D E2EBEL TS, ZNEREEX. BNCT OBEBFIMEETITZY
TR T ORBIIBNT, BEEBE 5%UTZERTHIEEEEET S, ZOHEEKERE
Y BB, MEASRIECEDCHHAHORELLBIT, TO&KEHRECERT S

__5__
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CEDNRETH D, BIZBEORSMIBRE (E— AT 2HERBNEE TOERE. AE. €
— LOMHSHEE) 1. BEOBIESR. EEHAE. MPERICH 2 BT B ORIE R % ¥
LUTHRET S/-%. BNCT BHEHEICZOMERG = EEICEHE LTI 50,

2.6 MEFHEV IRy

BNCT OEEFM#ETTZYV 7 bz 7. UTFIIRTHEENEREINS.

(1) BEOEEBEBRT —F DA HHEHE

(2) 2 Ry DERE R SEEOHERE 3 KLt TN 2R T 2 BRI AR

(3) HHETF. HFOHEEHEAE

(9 BRELEYV T b7 2EBRICHE AT 20508, EREEICEATSZ00NMAM
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3. JCDS DAt

HF2EDBNCT DEEFFMICERINZEEHEZEEZ, JICDS ORARS2F LD, xET
1. JCDS OEAREIZTONTIERS,

31 AT ALAORERRR

Fig3.11d, > I a2l — a3 VRE>THEFEZETITHAUHORNERLTNS, Z0D
B RT LD IREFNEEETTS ICDS &, KBIL T3 DOUEERMNSKD. Thbb. O
BEDOERERT —F ERIHEDERT—F. ROIT—IREEREL. ZNEHDTF—Fh5
BEOERIRTETNEERL TEAEI— RTHRESGHBEEZETTHRODANT—5 %
ERRT 3 “TUVAEED", Q7T VAEMMER L EANT—F 25t E I — RICHAAEHEE D
MEtEEEKET 2 “FHEAEES". TL QT VLB TERL ZMEDOHEBET IV E RO 57—
SR, HKEHEI— ROFEHEEENE L T, BNCT OB EERICHEREREZBBL TE
= HATE R NIERS” THRINS. QOFELERS TERICRES M EEET
THEREHEI—FR. AT ATFARREINTOARLE, “TUVNBE-BEEI— RICL5EES
TEtE >R A MLE” O—EOYEIZ X > T BNCT DR B ZERT 2 I ENIEER 5.,

~

r[ — I . (wmtmERcERENS
HBAS ERERT—5 BEREEREOHN
waF—y [T\ - SEEEE
MRS WF-5% | @R T A
~ 2Ly Ry—k

ANF -5 EHEE
O~ RIZHEBAD
BROMETEEET

HNAERS

BEtEI— R
ANT—F R

| FvaEss |

w\\ RA FOEBS

Fig.3.1 HEFEZETTHLEORN

3.2 BREFNMmEE

2.1 D BNCT OB EFMOLEFTHEZRE X, ICDS BT 2 HRHEBIZ., BATIRY
T EES, SRR E L. £ BEH L ESRIGREN S WERE (Weighted Dose)
EREHTAHELEDETRY.
(1) fEFE
- B TR (~0.53eV)
- B TR (0.53eV~10keV)
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- BEPHET (10keV~20MeV)
c A—Y—DERTBZTRNF—HEHOFHE TR
(2) BIURE
- FUEHRE R UERCB)EFHTFLORBICLDRIRE
- BRRE F EREPHTEORIBICK DRINGEE
- KERE D T EAKRBORBGTICK 2RI E
- T RRE DT BRTRIURER (FLhS OB BEEBNTRETE K BOKER)
* ZOMOL—Y—DEKRT DIEOWNHER
(3) MERE (Weighted Dose)
FURREBENY I T RREEERE. KFRR. v BB EHAADELE2RIGE
BOFEAHZIUTORGDEHNS,

WD10tal=Dp X W+ DNXWN+DaXWu+D, XW, (3.1

WDTota1 oy &Wﬁ%

Ds P RUERE Ws T RURBRBRICHT AW EM
Dn : BERR Wn  BERRBICH T AEME
Dn KRRE Wa D KFEREICHT S WEME
D, D TRE W, T RBRITHT S EME

33 PHEFREIGIEI—R

BNCT OB BRFMETS 20121, BVEIEEELEEERT, #HiM 3 Kok kicHind 5
STEHRENERI NS, INEEEZX ICDS OFFEI— RIZIE, #HF. HXTFO 3 RustBEMNT
BRI FEEAAE T O-2— K MCNP®ZERA L7z, MCNP 13, OF T, X TRUE
FOBEEST I LTI+—I3alb—2a>T5, QEFNF—DBMOBEWIELETH S, @
BAOHERBRSA T ST UNABRINRATAIENTES, @FHEARSRE R (—HIKR)
BRICTERL, FHAR3RTETNVOERNARETH S, FORBERD, XEBORAT SEAH
SETHEIN. BEHCOEVRRBREERSNZOI—RTHD., BFEREHEREICHTSE
BAREWI ENSETHIBHTESANSNTNS, MCNP I2 MIT THH - ZEHIh TV
BNCT DO#EEHEERY 7 F : NCTPlan®®IC b EA I N TH Y. BNCT OB EFHEFHEICHT
LEZEDHDH. MCNP IC X HBRBEICKRERET—¥ICId. ENDF/B-VI® K X, JENDL-3.2%"
BEERWAIENTES,

34 HEBUEY 7 hILY ‘
26 I CTHHALEBEIMEETTBAYV I MU TICERIN D HABEEZEEZ, ICDS DE
EEGEROPLWNILE, BEOBERY, 11— — - - A4 ¥ —T7 1 AT KE Avs &
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AVS/Express Developer®™ (LLF AVS &V D) & FIWTHIEL 72, AVS RS L NHBMNEZED
a—JUHtL., ZOEVa—)VEAIEDESZLICKD. BREICEGUET S r—a  EH
FTHILENTESLY T MTTTHD, £z, AVS I Unix. Windows, Linux ETEMEL.
NSDOSITHIEL 72T 0TS LERRTHIENTES,

AVS Lo TR L =70V 5 L0, BRRRENSYIDEEL. 525446 - TOT5A0EST
TI3V—=Tr7ANNEA AN TBHIEIZLD, MY LERETHERTZZENTES,

3.5 SEHEFIOME

MCNP Z AW THREREBE 2T Loicid, BEERET I
DR &7 DM E ZE ERICEE LRFudie 5720, £k (W vFvaabAvE)
MR T 2P TFRHEABEICEICHET B ARIKET
5. MIT ® Zamenhof © DI TIL, FEERAN O &K% =R
FOKEDEEEDEHEIINE <D, 2 TOMGZ KM |
BIcRELTHETF. ATFOREFIBEETTERZELT
W3, (> THEIEROMEIL. BELK BRUOEED 3 HEE
THRT2HDE L, BBEROMEISEARR IR
ERUMETH 24, BNCT B EITIERERIC T R o ’
Lemins< BEB LD, DHTREFFCENT B O s
pEOEEEL, BEOESIC °B 2 SUHHGOME & Fig3.2 MERHD VI
LT TERETEDDHDEL, _

EHEAOZD 3 DOREAMEICHA, BEREEMIOZ[ EBFFEALICROFIToNDUF
LN Ay NEMAE SEBEOMEATHREETINEHREL . MCNP TRESIETS HDELE,
MENZEIT 2 3HEE T OMBIE % Fig3.2 I0RT. '

HAAE. BEEROEBOMRIZIZNTN, ICRUA4ACODEA - IREBRTRA - BEBDT—F
EZRWD T & &Lz, Table3.1 IZ ICRU-46 TERBESNTVSERA - BB KETRA - BEEHOT
— & %K%, MCNP IZLBEIE TIZ. ICRU-46 DT — 4 % HIT Table3 2 ICRTRTDTTEDH %
HELUTEHEEITD. Table3.2 IZ. MCNP GHETHERATHEMBEDORS DR EFDEKEEE
RY. 7B, EEOMEITIE. B A 30ppm BENDHOLREL T B DEREEEZHREL T
W5,

Table 3.1 ICRU-46 IZ X BEERME DMK —&
BHEIE @)
H| C | N|O/|N| P | S || K |Mg| Ca

B4 - BEA 107 1145 |22 (712 102 |04 02 (03 |03

SEER - BRA | 50 (212 |40 |435 |01 |81 |03 02 |176
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Table 3.2 MCNP S BO-DDBZEMEDRETLE SHEEE

MCNP FE D EME DR &EF DEREE (atoms/cm’)
ME H L g L C N 0 P Cl
AL 6.649¢+22 7.591e+21 |9.838e+20 |2.787e+22
Jiaig)=a 6.649¢+22 1.878e+18 7.591e+21 [9.838e+20 |2.787¢+22
=1 3.2866+22 1.169¢+22 [1.892e+21 |1.801e+22 |1.732e+21 [2.909¢+21
ZER 3.909e+19 |1.043+19
Li NV AW R 4458422 |1.484¢422 7.811e+22 |2.360e+22 3.933e+21
3.6 ROI DFEE G- ~N

23 iITHWALZLDIC. MEBAKEERA M/ F LA(DVH).
ATy R— &l e RRFEIIHIET B2, ICDS
X HREBFME T, BEEECTEE T REMMED
i %17 WV 72 W AR A ROT(Region Of Interest) & U TERFEL .
MCNP i X Bt E#E R %Z ROIBICEEL THA, BRT5
BHDE L. BIZBNCT DR EBHEICEE “"EEHELE
E =5y MEE DWW T, FRENSTTROID e
REZITV, FHETELDDE L. Fig3 313, ROIHFE FEHBO ROI .
OB ZRL TN 5B, -

[Em A R

Fig.3.3 ROI OF&E

3.7 ERE&RT—5

24 HTHBALKZCT. MRIT—YORBEREEZ. JICDSIICTT—FEMRIT—Y Dl H%
BOHKW, ZNTHhOEHZMAL TEFOHEFTTIVEERT S, KHE. B, Z]OMED
EEEREICIE. CT F—FIEHKIN TS CT EZFHT 5, —F4 ROI DFREICIL. SHED
BRI TES MRIT—Y 2T 5.

38 EHEHKT +—< v b

bk < 7o EHEHERE, DFZEHEREE T JCDS 2 AT 5201213, SMFEHBEOEEE G T — 5 2T D
WO ZENERIND., LUFTO CT. MRI ZBICL > THIA TN B EHEGR T — 5 D& 7 +—
Ty MI, A—H—8, BLLEFEA—A—N—THoTHEREREICELKSTWAEENRHD. £
NENEBREOENVHBED 74—y FTREINTHY, NS TOEFEAKZROED Z
ERRETH-, LHUVAETIE, BEEGDT—4 7+ —< v M OEBRRREELAED S
NTHBY. DICOM®V7: & DIEHERRHNRB I N, T D DICOM BRI R L - EREGR T — 5 %
HATES CT. MRI ZENHA TEZ, 2O DICOM 74—y MI—RIZABRINTHD,



JAERI-Tech 2003-002

DICOM 7 #—<w MIHNUZEEBEREZROEDI YV 7 VT2 7HHATWS, T ERE X,
JCDS AW D> EFEE BT — BRI, DICOM3.0 7+—<w hZ2FEALE,

3.9 IOBNCT ~®xths

22 BITHHALZEBD, REHAETIIREMZ A > BNCT (IOBNCT) MEBEEINTWVWS,
Z @ I0BNCT Tid, BFEANICHNTFEAIOFEREEZFEZMORE, I 5ITRT REMRANICHE
AL TV, BaiciE L ZEEERT — 7 TIIHBERBEOHEBEFIN BIERTZ I ENT
Eig, £z, HRBAOKRBREMZA BN THEEFALICEOMFFI U FILNILAY FHER
E&T—FICREIN TR, Ko TICDS id. HOEHESHT—F (CT. MRIT—7%) %K
£L., BEE, BERORE, R RERETHIEDOTELIREER/R R IEELE, 2.
UFILNVAY FEBMLULTHRETESLZEELE.

3.10 JCDS DRAFRE

ICDS OEFERFE L L Tid, OMCNP ICK 2 BENWRETH S Z &, QAVS KL D EGUIE S
O SLNEFTEDZ L, OERICHEAT AR, MEAKETERANRTHLZE, &L
MERIND, NS EBE X JCDS 13, Table3.3 IR T EHREBIRE THRE 217> =, £/2. Table3 .4
ICBAR L7 ICDS # £ A B 5 =D OERE ERT

Table 3.3 JCDS OBFERIE

CPU UltraSPARCI 360MHz X2CPU
oS H #3& Solaris2.60
7574w H—R Elite3D m6 24bit Color Double Buffer

9.1GB 7200rpm UltraSCSI hard disk

HDD RAID5  4X9GB 7200rpm,Cache64MB
AT 2GB

Table 3.4 JCDS DOEHERSE
(o H4&E Solaris2.60
HDD Space 200Mbyte LA L (H#ESE 1Gbyte LA L)
System Memory 512Mbyte A L (HESE 1Gbyte £ L)




FETIE B3I BOEKRENCE DV THF L /= BNCT BE¥E > X 7 1 (JCDS) D& UHE,
B HAE.
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4. JCDS DOHfE &R

INHICHEALTWAFIERK, MCNP ICXBEEBFETEZICTDOWTHHAT %,

4.1 TR
TUMEERMT. BEOERBEGRT —F 0 5 FEE
DFHE 3 XTETIN GHERETIVEND) %

YERR L

. ZOFMETET IV E MCNP TatREwHE

BREFIN (RZ2BVIVETFIINEWVD) TEHBLT
MCNP AWTF—¥ 2ERTHUETH 5. ZOT L
MIBER S DE DTN OIS 2 Fig.4.1 IZ7R77,

@
2

3

@

6Y)

6

(D

E#EHTH S CT.MRIT—F ZH AT,
CT F—# &, BHE. & ZXOEM

HOERERET D, MEOEBRT—5D

YERR)

MRI F—% &ffi, BEEE. §—7 v K
BEHED ROI Z2RET D, £/2UFTLAN
WAy FOFEEBITI. RO T—F DIER)
CT ¥—4% & MRI 7—#% 2&EhAbE. MHE
D&, ROI OFEHREE E Y LIVESLTHD
HHERETINEERT .
FHEBETINOT— Y 2RIC, BIREME
DIERAE 10X10X10mmOD R 7 )L BALIZ
BEU R ENVETIVEERT .
MCNP TR EETT L5200 EEHE
(E—LDHHE. IV A—FE MET—F.
SHEIEE. SRRHE%E) ZHRET D,
MCNP AHT—F&{ERL. 77 1IN
T 5,

4.2 MEOEET —FEK

(1) CT. MRI E&RE®RT —F ik

(2) CT F—F T K2 BMEDEE

DRE
< =

(8) MRI &¥—# 2k % ROl D&E

= =

(9 EMEOEBRET —F &
ROIRET —F ZENREGD

¥, BMITESE T AR

(6) FHERETNERIIR &
IWVEALD R T IV E T IVIER

(6) SHEZHRE
E—LDRE. QYA—FE
BEOUERE (E—LIHTIHES)
84 oM EHLR
HEEBS

L

(7) MCNP AJ17— 5 1ERL

Figd.l 7LAEzk% MCNP A
117 7 1 MAERFIE

AH T EBNOEMEOEREZREL MEADOERT —F ZERT 2 HEITDONTENRD,

4.2.1 CT F—F 2 & 2B D HEHEERE

35 HTHHALEEBY, MCNP 2> TRESIE.2ERT 520 0EBETINOMEIT. &
Wik BE. B ZEERTUFILANNAY NOSEETH S, JCDS 1T, 24 HiTHHAL = CT
F—FOBHEFAL. BKEKEBO CT EHOBBERE TS EITLD. BHE. 7. EKO
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3 BEOMEADEREZMEICRETLIENTES (BEL)FILNVAY SOMEDERE
EICDNTIE 4.3 HITHIATS), Figd.2 3. &KHEMK. &, BKO CT EOHHRE OB %R
LT3, O CT OB AEIE. BO CTHEHORNMETH S, BREEIL. BHEEEE
BRW-EBANESNICREEINDS, 1RO CTDASA AT —FIZH LT, CT EOHBHEREZET
HSZERED, BTORASAAT—FIZH L THINICEMEOEBEEZEEMICERET DI EN
T&5, Fig4.313. 18D CT F—F I U T, BERVELOMBEOBEHEEZHEL. &K
TAARXKMUTEMEOBEBRERETDHNERL TS,

B, I HF—OBREICXL-> T CT T—¥2BHETERVEFHH D%, JCDS 13 MRI
F—FEFEo THEDEBREEZTO ZEBETH D, ZOHE. KK B, ER0EEZ
HENIZHT A ZENRARTHE720. BEATA RELFANTEMEOEBZHATRE %
75-

BHREROR/ME AR OB KE
B L BERG

BRSO R /ME
(HABOBR AR ERED L) BIRBED

BRAME

Fig.4.2 CT F—% 12k &ME DR

i 2ASA A~ EREAEE

Fig.4.3 CT 5F—#¥ X DMEBERST
422 MBOEET—F ORE
EHRNCHBE L2 CT 5F—¥ SIZEEHMIRD B2 5 IOBNCT OEH R 2T 5 /-9, JCDS

2. CT EZEICHT LT B EROSMEOEBICHL T, FAHNTEME DB,
HIBR (BQRUIBEBRZ) ZITOILDTELREREEZAL TIN5, Figd4.4ld. JOREHRESE
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L THREREOHEEERERET2HNERL TS, @FUIFIICT F—F05(0b) CT
EZRE L TRHEMR. 7. ZROBERSTETD, @QIZ0F—Ficw L CHEfMICE > TROK
PNLEREBOBEBEETICEEMA, DIOREINET—FE2EAERDZEICEH T,
PSR OB ET N ZHER L T2, ZOREMAEIZL D IOBNCT IS L 2R B % %
WY BIENTES,

() (b) (0 @
Fig.4.4 MEADOEET —FRWEHEAEICEL S IOBNCT ~Oxtit

4.3 ROI DFEE

FE T, BEHEE. ¥—5 v MEREFO ROL OFEHiEE RO ez > -EEE U F
LNV Ay b OMBEDEEREHEITDNTERNS,

4.3.1 MRI 7—# 12 & 5 ROI &

ROI OFE. BHEOERNHAMKICTES MRI T— Y DL DA T AF—FIZR LT,
ROI &L TRl L /=W E F AN TRET 5. Figd.5id. @1 KO MRI DX 51 AF—FIT
MLUT, AWK L. . MK B, BriRkEZ ROI ELTHELEZDDTHS. 20D
ROI DREEZEATA RICH LTIV, B TORATA ATF— Y EBAERDLZEICLED., QD&
572 ROI D 3RTLETIEERT DI ENTES, 2B ICDS L. CT F—4 T ROl DHFE
EITDZEMNUEETH 5.

(@MRIF —4 (b)1 RS54 ZRDROIDBE (©) ROIM3RFTETFIL
Fig.4.5 MRIFT—#Ii2&% ROI D%



JAERI-Tech 2003-002

4.3.2 > 7 ROI £<)LF ROI

JCDS REHRT—FIZE D Y TH AR Y LEOBEFEN S, 1 DOERITHLT1 DD ROI L
BETDHIENTERY CRETHHATS “Target” FEHD ROL IZHND AE Y % HD), £t
> T. Fig4.6@IIRT LS ROI 2R ETHHEE. TNFNO ROIMHAEIREL D &biwn
LT TRELRTNIIRS AN F O “ROI3” @ ROI 1213 “ROI4” OEBIZEENT
WRWY), ZOMSI L ROL 23 > 4L ROL EIER,

DVH., A7 Ly R—hE2F> THREFEZITOHS. SRIGEERMEIX ROI BALTEHMLT
FET D7, ROI OEBAEHBICRETELIENKRETHD., E-EED ROL £ DT
T I EDERIND., ZOFMBHEITHBT B0, JCDS 3D > > 7))V ROI A
EbHT1IDDROI &L THMT 2AEEALTVWS, ZOMBEHER ROI 2<)LF ROI &
W, FIZIE Fig4.6@D T > 7))L ROLIZKHLUTYILF ROI #AEEEF S Z Lick D, OXITR
9L 3512 ROI1 & ROI2 OA&HEHEE%E ROIN2 (ROI1+ROI2). ROI3 W% TDMEE%E
ROI34 (ROI3+ROI4) &L TEHET 2 EMNTES, VIV ROL #HINSBELTHE, F
HEMICEDETHELADOTIILF ROI ZRET S EICED., BN U-BRIEE LTS 2 &8
TE3,

-
TIFROI |
ROI12
< JLF ROL
ROI34
e
@I ROIICEK D ROIRTE (b)) F ROIBE

Fig.4.6 > Z)VROI &<)LF ROI DFRE

4.3.3 BEBERESY 7y MERORE
2.1 HiITHBALZEBY, BEEREY—Y v MEEIZ, BNCT OB EIGICBW TEE/RHE
HBTHAHD., JCDSIEZD 2 DOFEEZLLTD RO #EEZ > TEMIZHE S .
(1) [EEES
FEEHBEAO R RBEIIMOEFHMBHAGNOR Y RBEERL S0, BEEBOKRY
FHEEOFMIT. MOBEBEIZRB RV RBEEZRE L GHETEARTIER SRV, &
7z, BEEEBIIERATEY—5y MERORELLZERTH DS, ZOBEBEREZMOER
EXT T 5729, ROI OFEHEREIZ “Tumor” EWVWHHFITY —2RIT TS (BED
ROI It “Normal” 5T —IZ@REX43). ZD “Tumor” IFITU—IiTHE L7z ROI i,
FIMORZ MLEIZ X > THO “Normal” 173U —® ROl &13Bo/-F HBEERE
TBHIEWTES,
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(2)  #—%v MESR

& —4" MMEEIZ BNCT DBHOMRELZEH TH L0, FERAMCEELREHTDH 5.
&—4y MEBRNIZIE. FRURBEORLLSEEEE (ROCEEL ZEBEMEE) &IEEHaEN
BELTWARD, TNFNOREER (Fig2.l OEEMEOREEIEFEHEORE) # MM
Uit sizn BEL ChaEBMEZ ROI E L TEHL THET 3 Z &ITRAETH
7%, JCDS TI3& —4 v MEBZ 1 DO ROI (¥ —%» FROI £ 5) ELTEHL. &
DY —4y K ROLIZHTBZHRUHRBEZL. BEMBEOBEEE: EFEHKORBEBEICTOEX
THETHIEITLY, ThENORNBREERTEEELE,

¥ —4"y ks ROl OREFFEI. F—F v MEBE L TEHE L 72 WHEH 2 BSEE O &N 5
DOEEE (574 MZ 20mm) 2EETEIEICED. FIRO “Tumor” ROI O3LiEM S HE)
HICEREEHL, COESEY—4 v FROIELTRET DI ENTES, ZOY—F v |k
ROI iE. “Tumor” 751 —® ROI A SODEBLTH D, £/ “Tumor” @ ROI DI
WRELTWD )L ROl OEREELSA[REEND 2720, ¥—4 v b ROI OERITE
#HD /)L ROI L3RI A E Y ZERICEMNT 5., Zhuckb. > > 7)) ROI BERICY —
Fy hEBREZZERL TEBRETH2HEN2L, £5 -4y MEROZSRINRE % BT
T ENTES, ¥—4 v NROLIZ. HEWICHEHHZEINTLED 20, REFHMHITH
BEOIRWERNAOEZERCERESFTATLED alREENH 508, JCDS B3¥—4 v b
ROl ZEL T, dHMEICEUEBICEE T 8 EE25bERF-> T35,

Fig4.7 (@K, > > %L ROl £LT “Afi¥” ROL. “Zfi%” ROI. “HEE” ROI & L.
“EE” ROI % “Tumor” 53D —ICREL TS (AWM. £l “Normal” h531U—),
B, ()R THEE L “HEE” ROLICHL T, 04l 2cm 4 —4» F ROL £ L THE)
BELEBDOTH S, QRIL. HERELAZY—5 v ROI 2REL. ¥—7 v MEBOF
fiCE R, R R, EEHESZHBRLAEZHDOTHS. ¥—4 v  ROL 124D ROI &1
BDOAEYZEEICERINTWVWS D, BAIO “AiK°. “E°. "B @ ROI ER & I1ZXK 5]
INTNW3B,

S LROWES) “Target” ROl
“Tumor™hFT1j— ("B ROIONfl2cmE B EIRE)

L LROVCERE)

“Normal”" hFJ1)—

“Target” RO}

S LROICGERD)
“Normal” b5 1)~
(a) <> WROIEE (b)F—4F RIS D B MERE (O3 VMRABORE

Fig.4.7 BEESERES—5 v MEBORE
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4.3.4 VF I LNV A Y BAOREG

ROI ®# 57U —HEEIZIZ. #iE® “Tumor’. “Normal” 5153V —&BNT, “Lithium”
BFTY—hH 0. ZHEROI DR EEEEEMFAL TYF T LAY K EEIRETIVICRET
25D TH 5. Figd.813. @QFEXDMRIDATA ZAF—=ZIZH LT F T LN Ay BED
it naEiFEE ROI & LTERL, ZOROLZE “Lithium” #53U—iIZE&HL. GO)TDA
S4AF—FERAHPBERT, UFTLANAY FERD T gEE D 3 KT ETIEERLIZD
DTH5,

JF LAJLAYROROL (LithiumATI'—) YF ) LANILAYE

(@) YFILANILAYEDERTE (b) BMASERBET IV

Fig4.8 YUFTLNVAY bORE

4.3.5 BB & F ANV A Y NOMEOBEERE

35%T%btﬁ%%?wéﬁﬁ?é5ﬁﬁmﬁﬁtﬁbf‘%ﬁﬁ‘%‘§ﬁ®3ﬁﬁwﬁ
BHO@EBIzOW T CT F— ¥ o THRETHIENTED, KOO ‘Mg & CUFTLN
wab”@ME@%@@GTMWWﬁ%ju~t%ﬁth%®RM®ﬁﬁa“ummﬁ’
BET—E LTEELEYFI AN AY RO ROI DEEOEREFMT 2. 20220 ROL
@ﬁﬁ@%ﬁm\44%?%%?50T&Nmk?—ﬁGE@%bﬁﬂﬁtiaf\ME@@@?
~9t§m6mﬁ&5%T%Lt%h%h@ﬁ%@@&ﬁgﬁﬁ%éméoEguﬂicw¥f
% & MRI F— 4% DERADLEUEICE>TS BEOME THRINSEBRET —F Z1EKT
LEMEERL TS,
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DFH AL AYRDROI EHDOROI

CTF—AIc & 3848, B. MRIF— 4% fi>1-ROIERIZ LS SHEOHETHREIS
TEOHEOEET—8 B EUF Y LALAYDER HEOHEET—4

Fig49 ERGOVUHEICLD 5 BEOMEDHEE T — 4 OER

4.4 FHSEE T T DIER
AHTIX, FHEBETINVOERFEICDOWTHAT S,

44.1 CT 5¥—4# & MRI 7—¥% OEREOEIT X 5 FHISESE T T IVER
CTT—4%EMRIFT—¥2EREbE2ZLIC&D. Figd.10@IZ79 & 5 2MsERE )L
DEERDBATAAT—Y GHBERETINT—FE0WD) B2ERTS. ZOFMERETINT
— Y EREAEND T EIZED., Fig.d.100)D & 5 73585 3 KT DM E TN EERT 2. =
DERNEOLEIL. MRI DBBRICEENSEEZMZIE720. CTTF— ¥ 2> THELEMEDOHE
B7r—4% FICMRI 7 — ¥ 2o THELZROLI T—¥ 2EhREbE 3, Lo TE#EMETETII
OFRIE. MEOEEBT —5 OWRNERELR D, ZONBIZL > TERS N-Z#MEEE T
T RATA ADE T LIVEIIHMEEHR. ROL B1R. EROMBBREMBMEIN TN S,
Table4.1 2. FHIBEMETIN T —FDOE 7 BILNICHKMEINBREFTT.

HEOERT—4

(QFEETILT—4
ROIDH/EF—4 (D)FEER3 R T HMET L

Fig.4.10 FHEHIEEH T IV OIER
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Table4.l FEHIEEIETN T—F O 7 EILRNIZHMIN TN 515

ey | WEORE (K. B, B UFTLNLA Y b ERONTH
) EEOMEBEE

ot | © 7Y BOL & BRI BT RO £ /17— (Tumor.
Normal. Lithium ®WW§NHn). ¥—4 v k ROI 1H#H.

g | 0T AER ATTANOET EAME, E-AAICHTSE T
O B

SRR | SROTET R, SRNERERE. SRR,

* RS HRIZ. MCNP OFBE &R MUIZE > TREH SN 5.

442 BEREDOENE

HMEERET N T Y RERT 2729123, BAEELRS CT 77— I LU T, EMEIZ MRI 57—
Y EBEREORRITIUIR SR, ZO2D0EBT—F2BERALESHEIL. BEH. 3.
S48 BEOCT T EMRI T— YOl FOBR LICREINTWT, hDORI—ETH D LR
HTEDLE (ERADOEHEES. UTHESEWD) %2 CT & MRI OFNFNOEH EIC 3 &
PIEEEL. ZNFNORELAN BT 2LIICHEEREZERL TERESOEUEETS, 20
HELI 3 b NITEREOBUBIIETARETHZ,. RESNENVIEERSOEOHEEIX
HWET3, 2B, BEREOBUEOEGNS. IORESIINTEROA T ABERICELNS
EOIRFELARTNERS A, RELERICL TERADOTNE 21T BELHITIERD S
FHiEz L FIRT,
() BEREOEAESNIHAOHEG

BREODTRELAN I ALNEEINTHANES. MRI F— & CT F— ¥ RIDFNEFN
OHAESIL. 2O —HATHB I ENFHEELD, Figd.1l \TEELH A ETT 2 EBEROM
B8 %#7R9. MRIT—% OEIER%Z “MRI BER", MRIT—% LIZIEE L= 3 SOHEESITE-
TTELRESRE "AEEER1” &L, ARIZCTT—YDEERZ “CT BER”. CTTF—%
LEICHRELE 3 AOREERITE > TTELEERE "HREEZFER2" &35, BilEEFELT
MRI OREER & CT RIOHERT TN ENF —RTH B0, AEEER 1 EEBELEER 2
R UEESR CRERER” EIER) &785. MRI BERM S S EERNOE BT E K.
HESEERMNS CT BERNOEETHIE K T 5 E, ZOEBTH K. KeZ2RDBZ LT
£D. MRI BEER FLOR P (xy.2) KHIET 3 CTBESRLEOEBEP X.Y.2) #2RkD52&
MTEBH0, MRI BERNS CT BERNOEMTHEZ "K' &95 &, £HTH “K” 3.

K=Ki" K- (4.1)

E7B, MRIT—F ECTF—YICERLZ 3 HORMES DN S BIELSHTHI K 2:KD. MRI D
F—& % CTRlIIcEREDLE 5.
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2 iy v B ".P
[ — K % o
S °
Pa1 g N ﬁi—— P22
FHYERER 2
zr\@ﬁﬁu Ki 2 il l’}’{‘?ﬁéﬁﬁﬂ Ko
® Pi(X)Y,Z)
o Pix,y,2)
y -
> ; > x i
MRI FEAE % x CT k=% *
(a) MRI 7 — % Il D EEE % (b) CT HlD JEIEEHR

Fig4.11 MRIJT—% bt & CT 7 —% LD ERERO#HE

(2) EREOLEHEESAN4 JZU LSS

FERADOEHEESANA S LERETESHEE. 2D00EEROERELEIL. RIAZRIEICEK
D EEREEHITHIEER L TIT5. MRI 57— 9 OBEZR DS SO EEM : Pk CT 77— DR
FOEEME : PaKERTHTFIEK ET25E, K@M LD,

P21 I(Pll (42)

ZZT.
K, K, KK, X; X,

K = K, K, K, K, ‘ P, - Vi i P, - Y,
K, K;, K;; K, Z; Z,
0. 0. 0 1. 1 1

Y, _ Ky Ky Ky Ky ||y (4.3)
Z, K, K, Ky; Ky, | |2
1 0. 0. 0. 1. }|1.

PLEOMBIZEDE, MRI T—% & CT 7Y IZEE LU ZREESN S BEEHITHI K Z2KD T,
MRIfIDOF—4% % CTHICERREHLE S,



JAERI-Tech 2003-002

443 BERGbEEESHAY——

BHED CT 5 —% & MRI 7F— % OEREHOETWNE TIRET D EESL. CT. MRIF—% ED
FA—fzfEELadhdiasin, Lal. EBOCT. MRI T—41d. BlxDEEBETREIN
B0RBEORMOBEAE. X514 AMRBRERD., A—FHOA51 ABKRERE T2 L
IR TH B, 2 TCT. MRI ORERHIZEZ DEZDOEALIZ CT & MRI ORI HIZHE I6ER
EYIATENES—H—ELTROMITTREZTD., ZOX—h—%2EBEhRGbERERE
LTHRETHIEIZED. WHEICE—SE2EETHIENTES. BFIBOERGOELED
BN s, BERALEHEESILTEROATA RAITELNDL LI ITHE L RTNIE RSB
B, I—h—FWROMIFBMES I NEZRLIZMBICED T RTNIERS R0,

Fig.4.12 3. BEOWMBRNEBHIBICESY 2 AT OT—A—2E0 T THREZTTW,
IDV—H—%2ERELOEBHESLLTHEEL. BERAOENEEETL TEHEAEIET IV T —
SEERLEZHDTH S,

ERSbEBEARY—N—

- MRIT % J BMBERETILT—4

Fig4.12 CTF—¥&EMRIF— ¥ 2EREGbEL-DD07v—H—

4.5 R7RIVETIV

B CT ¥ —% & MRI 57— % %4> THER L 723 £ )L 2 212, MCNP TRESE
EIT500ETI (RTRIVETINEND) ZERT %, AETIIZOR T EIVETIVOERK
FEIZDWTHAT S,

451 R ENVEFINOERG &

PR E T )L ERICHETNORRIME ETT 520101, OFMERE T OBEREHE
IKRBU TRBAIENTE D2 &, OPERNLZHENTES I L. OMCNP OBREEZFAL T
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MCNP AN T — Y EERTE D Z EENEREIN D, MCNP 13, F@E. ERBIREDOERMER
REMAEDOE TEBRBROFHBEETINEEET DI ENETIIH DM, ABOHEBOL S i
BHLDIRTEREEFMNIREL THERNBHABEZETI A ZLIIRETH D, INSERE
% JCDS DERR T BEBRETIIIL. FHEEEETIVE 10X 10X 10mm DY AE (Rt &n
3) WKHEIL., HLx ORIV RICHEDSMEZEO L TEEBETIINEBE T HDE Lz,
ZDEFIINERIZEINETFIERLR, Figd. 1313, FHERET NSRBI ETIN 2ERT
HEREERL TS, £7/= Fig4.14 13, @FMBEBETNEZG)R I LIVEFTIVICERLEZD D
TH5. RZEINETFIE MCNP OHAEEF > TEHTH-HIC. MCNP ®55 1 A (LAT:
lattice Card) UHEREZFH WS, T7 4 X3, 6 HOEICL > THERINZEHFE Ry %
FILL card @2 &> TX., Y. ZARIEEDORZEAERD ZLIZEH> T, FEDOKEZIDE
HERORI VI ETINEERT HHEETH 5.

\

om

£

AN 4/
@FHETINOMED OMEDERT —F O OBV IETFIAER
T —4 10mm A v ¥ anE

Fig.4.13 SESISEERE FIL A & R 2 BV EF I OERA L

() BEHET) ) HrZEILETI
Figd.14 F#MIBERETINMN SR VIV ETFILADEH
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452 R7 EIHNOHE

R VINEFINEERT B20121E, B& DR7VIVNOME 2EOFMEREFIVICHIEL
EMEORBEEERELRTIUERES BN, CORZEINOMEORESEIX. 7 bIVEAL
THERINEMELETINE 10mm R EIICHEILZEE2D (Fig.3.130)&H), K7t
KHEETSEME @G BE. 8. UF 7 AN AY b, 2R OFKEEDORSEEZE 20%
#l& (0,20,40,60,80,100%) i3 EILEITWL. ZOR2EUL L EREEEZZNTNOR I 2IVIZ
RETDHHDEL2(Fig.4.13( M), HEME D EULD S % Tabled.2 IZRT,

Table 4.2 K27 VLN OME Dy ENLENE

B EE G (%) nEHE (%)
1 0 %K% 0%
1 0%LBLE3 0 %AW 20%
30%LAEDS 0 %A 40%
50%LAE7 0 %A% 6 0%
70%LLE9 0 %KG 80%
9 0%LLE 100%

453 BER7 IV ETIN

JCDS ORR X4 TId Fig.d.15 IR T XD IC. @ E—LAFLICH T 2B OMBLREFICEDE T
HHBERETIN AR EZEEZEIE, COFMETRET )N ERFO Y — LAFLEER (a-a) & Z iR S &,
b)EZICHEMERETINER 7 EVETIIVICERL T MCNP ANT—% 2ERT 5 FiEERH
LTWw/z, L, E—LFLEEE (aa) EHEHET IR EINVETINOAEIZL > TR, MCNP
FRFBFICAFOOZRMDEZTLEN, FFETERNWIS—ANH o7, E—LFLICHTHBEREHE
MOMECHEMPBEEIC RIS BNCT OREFMHZETT 57201003, EOXDREELEHEE
HE L TOEITETAHES MCNP ANT— Y EERT B ENERIND, T TFigd.l4 &
Fig.4.16 IZ;R TR DT, R EINEZE—LFLEER (aa) ITHLTHICEEL THE, HROAE
FALZICTHEA DR T EIVNOMBEMREZEC I B2 FEEZEA L. COFHICEVEHFED
MNAE, NMBNEEINTHHIZGHEEETTESD MCNP AN T 71 IVEERT 5 Z &0
et
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E— L fLBEH (a-a)

-

()FMZEEE T ) DRI K DKM BRE (b)Y EIVETIAER

Fig4.15 RNV EFINEEGIZLBET >V FiE

E—AfLEEHE (aa)

Fig.4.16 H7ENEFNEEEGEIERLNVWETY >V Fik
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4.6 MCNP A7 —5 OFR
RICINEFNICKEABFEREEREL. HBNORIEREE MCNP THETHEHO

MCNP A S5 —4% #ERT 5. 2E T MCNP ANT—¥ DERICEHAEN TS MCNP T
DRBIEORFEHEEFESGORFEEICDONTHIT 5,

4.6.1 MCNP ORI HERE \
32 HiTRUPHTFRESEIVEEZE MCNP TABETAHHELELT. RIZENVEFIOET
DRZEIZHLUTMCNP O F4 B —95REL THEEETT S, F4 B —
3 FHER RO EINICDNWTEIHE L 2FHFRO LA TFREEHTEZHDTH S, 2D F4
RV E 1) — 2> THRHEFREY. SRIGROBHFEEUTIRT.
(DHHEFR
ETORIENVIZHLTF4 ¥ —42EHZL. GHEMBHRTFZ “$#%F (mode n)” IZRE
UTCEtEZETTS, stEEREL T, "7 ENVEOEE{L L 294 T Eneutron/cm2] WE
Hahs,
2) r BRIRE
ETORIEMIZKHLTF4 ) —%2EHL. SHEMBRTZ “XF (nodep)” ELTEE
ZETTSH. ZOF4 5 —ICHL TRIRBEBRRRZGBENETRY 5%« (DEDFH
WWEHRE) 2L, R7ENED1 FHTHIZD O v REPUREME[Gy/meutron | VEH I N
3. .
@)BE (F7ECOB). BFE. KF) OERIRER
ETORIENVICHLT F4 FU—2EEL. stENEBRTZ “PHET" LU TEEEET
T35, ZOF45Y—iZxL T average heating number® 2R U 25 E (FMIHEIC “4”
EREW) 2T, ISR EIVHNOME 1 g 4720 I EMNBITEN 1x1024 EEFEET
HERELZBEOEREE FMIBEICHREL., X7V BEOFMMMBEITLED 1 FHFYUZOD
WA B [Gy/meutron] 2R T 5.
NS5O MCNP #HE#EEIX. BT 5K MUEHMICE > T, REFMISH D 2HHETR
. BRI RERET 3, |

41.6.2 SHEEHRE

RTZENEFNICHLTE—LADRE, 2 A BB EDFHEEHFOHREZEIT. MCNP A
N7 —H EERT 5. Table 4.3 ICERRTEHEEERY. SMEABBOELREE. BEARUVEE
BHBORTRBERL. T 74N MENREINTEBY., CNSEEETHRIEHARETH S,
Fig4.14{3. E—L - Y A—F%E : 10cm. E—LANSDI—5F v FEAFE TOER : 5em. E
— LT HBHEAE  KEHMIZ 45° ELTHRELZ MCNP OEFIVKTH 5.
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Table 4.3

AtRAMRERE

H H

REFER T 7+/VME

H &

SR AT

E— Lo DR

iy NECOIEBERR E

FEMEEHERE T VIS

S

ax &

) E—AIIXTTAEEDOAE | SEMEEEET VERC
ConficH Tt | ORI PR
AR E AR TE
) B X% MCNP
DREFHEETIV “Continue” Z1#4R > %¢+§Fﬁ
- U AR F—2VERk
HEETI T ——
E2HRRETIV “Start” %2R . - .
: F— 2 ERL
BABEX AB,CD EE{R T—RERLEB
E—LDHEE | hRITLV YT — On/Off EiR &, HEREINS
E—ALE—R 3E— KM 5ER
. BEOREIY A—F ¢10,12,15fm7)>6i‘3§9{ ‘ :
TNFY—TEAEIY A—H TR DB 22— P —ZLBRE
A A ICRU-46 %
DD
2 ICRU-46 BHZEFE zzfﬁ @j; &%@f&
7] »x L— ZHN :
FH K. p ICRU-46 f%+°B(30
MEHM [ i (30ppm) rese DB LI
2R ER+EEE e
ASAJEE
UF AN Ay B T ALY F T b+ BRARY 2T L
- T IR 2 B BEOIRE BAKE Y, BERHE
3 0 I v B,N,H 7Hi&IR BINR O, EE AR
MCNP St EARN) —#(NPS) 30,000,000 ZEE A RE
& B (ctme) 1000min ZHEalHe
4.7 MCNP &5

JCDS O LBz & > THER L7 MCNP A5 —4% ZRWT, MCNP i2&k5HHTFER
CEBIBREDIHEALETTS. MCNP OtE 1— REAIL JCDS AEicREIN TRV
®. MCNP AH5—# % MCNP DETREBICANLTETTEZI L ERS.

471 DI ¥FHE

Fig.4.18 13, JRR-4 DFELNSHHEOE—LILET 2.6m & 2T E— L RMNEREIT, H
ORI EVEFNEMASEDE MCNP SHREEFIOKERTSHS. JRR4 TERIND

BNCT O#HRFEZTIHE.

CORICRT XD ICEBRRNIERICKERBDERD, £LOD

AT LEERMASNESLE S, Figd.18 DEtEASRZ MCNP TETL /= & & OER)REREE
1%, #1000 /7 words. 95 XAEY EBIZKI 40MB THo =,
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K 0ZhZEE Iz MCNP §tEZFETT 5729, Figd. 19 ITRT LD REHRR7ENVEFINEDY
A— 5 D IS TS NS EFLOREHEEFINENS) &> THETLRREAN
B, FONS ) A—FFHETOBRMRBERIL. BEOHERBLEEICHES ARNGRIT
CEELEWED (F—AE— ROBEICEL TIIERT2), BHic2k%RO MCNP SHE 2%
fTLTHBE, FLhSORTREREZERL 7 7 IIVIRET S, ZOEFRLET—Y BET—
FEAEND) EDOREFHEETNEEDBWTRESIEZE T T A2FEEEHLE. Figd4.171

DR EHEDOFEIFETRT,

ey

@

FLPSBFAEETOL2AERD MCNP S REF I
(Fig.4.18 DR LIV ETNOEVETIN) 2FEH
L. ¥ HEFEHXFOEHE (mode n p) EEITT 5,
ZDEE MCNP OHBIEZ 7 A NV EeEEHTD
W9 % “Surface Source Write Card : SSW~ (9
ZHER L. DI EFRZ1T D HkiE (Fig.4.18 D A-A
H) QR TEBZEZERERL. 8FET— ¥ 2ERT 5,
BRYCINDEKBEIEZELEL, hRIDL
Ty ¥ —@ ON/OFF S®BZ k> THHETF
E—LDANRT Ry (E—LE—R) 28383
TEMNTES JRR-4 AT E—LRHETODHE,
HEE—LE—ROBRET—FEERL. 71TV
—{EL TWn562,
JCDS 12k o T, DAFFHEETILDO MCNP A
F—HEERT D, ZODREHEETIVORET
— & DiEkiE (Fig.4.19 ® B-B H) #HEHA7 )
EFINEROE—ALHOB TR, AU A—%
B EadFLTF D OEIREL TNSDI. E
—LERH L& EITHBM S OB AHELIC KSR
TOXEEEERBL TNWDEDTH 5.

(1) BEBHEOEEREFTIO
MCNP #E%E2ETTE. ZD&
& “SSW” BREEML . BEFET—
5 &ERT 5. JRR-4 FHEFE—
LERBOHR. E—LET—FEOD

RIET—5E 717 5T 2.

LT

(2) JCDS Itk D EEETE
FIVEERT 3,

(3) JCDS DERL =Dk &R
BEFIICHL “SSR” #EET
W, BIRT Y EERLTORE
SHEEETT 5. JRR-4 HHEFE
— LT U T, BYRRET —
YES3A4TS5Y—PERUHL
TR & ETY 5.

Fig.4.17 MCNP DD EEED
Fig

(3) JCDS BMER L =D EHEEF I D MCNP ANF—FIZHL T, SSW THEHEN/-&
BF—2F5/~H0D “Surface Source Read Card : SSR” ZHREL. FRHIC/ERL -8HE
T—& 2 EEmE(Fig.4.19 O B-B MiIC#EKEL T, ERNOKREFBEEETT 5.

JRR-4 PHFE—LZfF->7 BNCT OKREFETIL, BEOERORRIZEOE TRER
E—LE—REERL, TOE—LE— ROBRET—FEIA T T U—DSRRUIH LU TEHE
EETT . |
Fig.4.19 OFtEETILTMCNP tE2ETLZEE. BINEEERIZH 500 5 words, AFE
JEHAE 2SMBREE X THRILT LI ENTE .
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SSW/SSRIC K BEHE A-A
LY .
VeS|

RFWF BREYE

RICLETI

/

JRR-44FiH
M ‘ LT

Fig.4.18 JRR-4 D&HREHBETNIKAROR I LNVETFTNEMBGORLET IV

SEF—SORAE BB

B | foeLEFL

Fig.4.19 JCDS 2MERT 2 D7 X5HHEH MCNP tEET )L

4.8 R NMLE

AR MLERSE. TUVABETHERLZ MCNP AHWT—F0 771V (INP 771)L) &
MCNP 2 L Bt BR TRICER I NS HA 7 71V (MCTAL 7 71 )V) % JCDS IZH DA,
TUMIRERS TR L 23 HIERE TN O T — 4 2 AL T BNCT OBEGHEERICHERE
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WELNT S, Figd20id. MEFFEREREER, HNT5 - EHOUROBIEZRL T2,

( ==\
T
1, S — ( - BNCT # i 3¥
IR T% : : O
piEEm | (mEzR | | =5 @
sEETVER [T voenmuoesiee [T VED| [Ereim| |- shiiRES
HEMREN kosnrca| |- mesme -
i 5 " B [ = SR
ETENEFN %Tf?{ﬁatw%;»ﬁﬁkvaﬂa HHELE _\ﬁﬁ%éﬁEJ\ V5 hORRE
Rk koemes] \mmcEn] \ wa
Jvorsen [V ss ')/ C Ty R—
INP File TR
MCNP —— BICEH N B
: e
AN F— 5 R
. N\ FER :
(INP File) ; )
¥ MCAL J J J
| 7L REERS ) | MCNP AR ) | Fie | . RR PLEEBS .

4.9 WM .
46 HMTHHEAL LS IZ. MCNP AT 55 EERT. FHFRROSRREEZR 7 )V
BATREHLTWS, ZORTEIVEMOGEERETIE. FHRERSMICEIVZFMEZTD
ZEMRTERNWED, R ENVEIOFGFERREEZ T VAR TERL ZE3EBETINOE 7 )
B THOX I ICRERERZT . ZORBHEMOFEEUTIREHAT S,
ROENBMNOTF—F 2 E7 IV BAICHE T2 HEE LT, 1. REMZHB N TWS, Fig.4.21

ITRTEIIT,

i L TOMEIL. % MCNP

HES-E:

SHES 5 %
o RER—
/_. "
SRR 4
L
SHER1

FES 2

BEAT

FHEA 3

Fig.4.21 JCDS O#EF AKX

KBTHEIFARRICIDFME NS,

Fig.4.20 JCDS K& 2B BFMEEROER. HHOHN

HEL &S ETHHEZRMODBEE MCNP SIERICE > THESNDEHKRZRET 5.

: MCNP &&=
T A AR

AEACBILHBEEEZEANTLTRNIZ L > TRD S, ZOFHESR



JAERI-Tech 2003-002

V= ZV,. W, (4.4)

Vo FMEROFEE
Vi & MCNPEIEARCBITLEEME
Wi  BtBEEOEA

ZIZT. EH Wild, MCNP A ERICE > TTE 2EHHBAND. MCNP R RADFHliR 213 S A TH
AR OEEREANS, Figd.21 IKBWTEHES 1 OFEA W1 id, REIOMIR TE RN OEE
EABIORBTRRSNEELEDEROLTH S,

410 REE~NOEH

46 BITHBALZLDIZ, MCNP TEHT 55 EERIT. 1 PHFYULVORIBEEZREHL T
W57, BifiONBERICE > TEZ BIVEMICEHRIN TS EEZ2E B M ICE Y/ ME

(BLT) WWEHT B, UFICHETFR, v BRIEERTY, ELRORIBROBELEERT,
1) FHEFR :

MCNP O FROFERZRIT. 1PHTHE0OPHTEREZEHL TWW5/=%. BNCT £
BOBRTHEHAOICEDETE—LAOPHTREZERT 5. BORICK> TRAETSFHTII.
FITHR2MBETHD. . ZDO L ERET HHHTFORARIIK200MeV THBP, CNEBE X,
BT FEHACHT 208 FHREL. LTOAETERT .

watt DR KX D FLATEDYZDRETH5HHFOMEEIL. TFToXERS,

___RPx244 — =7.615x10" xRP 4.5)
200x1.602x10
N ERPYE0ORETLIPETFOMRK  (neutron/sec)
RP FEFFEHST (MW)
2.44 D 1 BIOBSRTHRAT 9% FOEEELK
200 D1 EN D OREBE MeV)
1.602X 1010 2 1eV s 1 NOBEMNBEEREE J/eV)

- T, FEOBEFFEMNCHT B HHTFERIT. RUA)ITFETLEDIZHA.5)I1C MCNP O hit
THEABERBEERUTRD S,

Neutron Flux = 7.615 X 1016 X RP X N 4.6

Neutron Flux : TR (neutron/cm?-sec)
No : MCNP #8fE (neutron/cm?)
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JRR-4 OFER /1 3.5MWODHAETIE. (4.5 LD N=2.665X1017 (neutron/sec)’® MCNP
HEREBICELSZEICLEDPHFENEHRENS, JCDS ORR MLE THHEFERZHMT
HEET. BFFEHAMERPZANTAIEICED, 7 EBEOBHFRENEHNEINS,

@ T HRRIEE |

7 BRI D MONP Ik B3 BRROHAIE. 1 TS0 0 r SRINE (Gy) AMEH

ENTWB, Ko TRA MUETIE. FFFUNCHT 5 BARA (h) %720 O 7 HRIE
Gy RELTHA TS,

Gamma Dose Rate =7.615X 1016 XRP X GoX 3600 4.7

Gamma Dose Rate : v BEB#E (Gy/h)

Go : MCNP &t5E1{# (Gy/neutron)
RP FHEFEHAS MW)

R FMLETIE, PRHFREAKCETFFHAEZRET D EICLD. E7 VB ¥ &
B%fE (Gyh) Z2EHT 5.

(3 FTUHRERELROBINER |
MCNP i2 &2+ %(°B). B2F, KRORIRBOGFEHERIT. MHE 1 g B/ ITFHEM SR

FTEEMNIX1024 FHERELEBESD 1T 420 ORIRE(Gy/neutron) NEHIN TN S,
#-oTRAMAETE., FHERETNT—YOE I BIIREIN TV AHEIREL T,
MHE1 g% 20 ICFEET MmN RIIROBEKEZRD, 1X102¢ BT 5 & > THRES!
BET5. stEHERBUTOEBYTH S, ZRELFTRICELTL. BOMBEMKICHFEL
BWEDHBEHENRED 0. KETHITTHAT 5.
BN EBIREINTOASHERR 1g B ORI ofKE. R@.8)k k5,

MN = EWX6.022X1028 / AW (4.8)
MN ME 1g P0IBT EOETFHEOMEL (atoms)
EW T HE1gHOFELEOEE (9
AW AT EOETFE (W
6.022X 1023 7 RA RO (1/mol)
MCNP OFHE# R, 1g 4720 IX10#EEL TFHEINTVE 720, FMaEORERME

RRUI)TEHENS.
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Element Dose Rate = (MN,1X102¢) X Eo X 7.615X1016XRPX3600 (4.9)

Element Dose Rate : FHfitHR &P FORINIC K 2 HPHRER (Gy/h)

Eo : MCNP #&Ef# (Gy/neutron)
RP . CEFFEHES MW)
@WFEUEROBRNGRR

FU# (B) ORIURERICEL T, EHFERICEFEET S HUE (B) ORBIKB LU TR
NSHBREEHT S, £k, BEEEREMOBERIFVRBENRES 2D, TNENDOFY
FRBREISCRRIGERREENT 5.

R MLBEIZBWT, BEFEEIMOEROTURBES ppm BAZAHAL., ZOEER
CHE 1g T ORI ESHEQ@ZEHL. R14.8). RUIZHICTIEGRZENT 5. #lx
EEBEERBEPICRUE 30ppm NEETHHE. XUDITBWVWTHE 1g POFIYRER
EW:3x10° g & U THEFEZTD.

4.11 BHROEER R O

32 HITHHALEFRIVEREBENY VT IU L RREBEEZHA GO R ERBEE(Weighted
Dose) & BT 22012, B4 DRIREMICH L TEEDEBDFHTE (Weight) ZZEL. €
NEFND Weighted Dose 2EHHT B2 ENTES, ISITHASDETEMZITW W TLEEZR
R, TOMBEDRORBENHEZEHTHIENTES,

412 FHERFRORREMHN

INFETIFEALZ—HOLARIZE > T, FHERETNT—FDL2TOE 7 2IVITHL T,
BEIEREREIBMINTVS., INSOEART—¥ ZREEEERICVDERBRICEREL T
Hh., BRETS. FETREFAEEROHN. BRAEBIIDODWTHEHAT 5,

4.12.1 2 XTHEE&K EAOFRBHBRER
B, & ROLICHT Z2HENMERENICHRT 20, FXXNF—HOPHETERS A,
b L <IZBRIGRED M OERBAIR Z R4 72 2 KT HEK LICERTRRTHIENTES,
1) BEREHLES FTHOEK
BRBO2RTHOHZEDNDEOLES THOBRIUTODOERIRTE S,

CT Ef.L (Fig.4.22-a &H8)

MRI @it (Fig.4.22-b 2HR)

MEDOEET—F DER L (Fig.4.22-c ZH)

ROI 7— ¥ OEi#&% E (Fig.4.22-d )
Fig.4.22-ab P55 B0V, CT.MRI A 71 A@EH LICEKRETD ZEICEK D, DM/,
B OB AZEERDZENTES, Figd22c ITRTEIIC. MEOHEET—F L2
ZERNEOLEDZEICED., EBRORMSEMICHEDHEEERICHL T, &ERK. &, HRIZHT 3
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BEATEIMET D I ENTES. F/z, Figd.22d O ROI F— Iz BAMERTE, &
ROI IZH T BHBAMEFIET 2 ENTE 2.

(a)CT (b) MRI (OMEDEET—% (AROI T—%
Fig.4.22 & T HIERIC O o SR T IR A

(2) ZEHBHMBORRIIE

Fivk o FHIEG LN 2SR BHRIL. LATO4 BEOHEICE> TERRTE S,
BEOWEEGRONE Lick® (Fig.4.22a~d)
gEoWE kT (Fig4.23 5H)
ATASA AEKRLE (Fig.4.24 Z8)

Fig.4.22a~d IR § &RAEE, CT. MR Fey LENEREICRELEMEOEET —5 . ROL
F—k FirEGRRE#H N TN, Fig4.23 R AR, BEERISEE TN T — 5 AT
5L EOWTE K L TERREREENEDELDOTHS, TORRICED, T—F N
FHLUTHEELZWEE. AIZEHRELTVD E— A TR WE LORBAMERRTHIE
MTES, Figd.2313. ROl 7F—¥ OEif& EITH LT v — LB FRICH - 72 2 DORE EIZ
b THROMAERZRIEZDDOTH D,

Fig.4.24 13, 4 TZTA AR ECERBHRERRLELBOTHD. ZOFTHEREIL. YU
2 THR L rE B LTl L 7= 0 it U TDAxial Hi (R E) . @Coronal i GEIRETHED .
®Sagittal i (KIRETH) D=FHEM S B 2 KR ERTHHDTH . (A FODITHRR
xnaSHmBMmEE. CEFNELOAHTHS.). Fig.4.24 T3, MRI 5¥—% O FHIEZRICH L
THRPHFROSHRENHRZ. EEER AR SEERIELKRTTH D, L. HT@DAE
SWE L — A BB TREOA M EER R L T2,
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B K
£3 FLUXRT]
Bi Reactor Power 2000

F1ELLX
Reacior Power 2000 kw
Seale Factor 156817

LT

Fig.4.24 4 WA 71 AEHE ENDHHER

4.12.2 3 XREETINAOERBERITR

BEOEHERACLE - LBFHOKRRSMEHENICEIMET 5720, 3 RoErINTNDH
MERETIVICH LT, SREMBEZERTERT S I ENTE S, Figd.25 3FMERETI
Eiedt U TBYHTFRMHEERLEDBOTH S, ARIE. E—LBHEAEMN S Bi-BEEO %
FHFRIAEERRLZDHDTH S,
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Fig.4.25 FEH 3 KTOFMBETEETIICHT 2EREMBRER

4123 WEBEAFHEALN/SA ,

23 HTHAL L DIZ BNCT OB EFHETIE. BEAEE ANV S L (DVH) %# - T ROI
BOWRIHREDFHMEZITD. JCDS 13, T DVH I L2REFMAEIIKIET 2720, H4 D
ROI ® DVH Z2BEH L TERT 5.

Fig.4.26 |3, MEHELDOEEEWA THERL 22 > 7))V ROI “IrraField” &EBEBO S >
7 )V ROI “Tumor” @ 2 D% &HHE/Z<IVF ROI “IrraField+Tumor” @ DVH &KL 7ZHD
T#H 5, “IrraField” ROI 13 Normal #5TU—, “Tumor  ROI I&. Tumor H5 I —& LT
RELTVWS, ZOEZDFETIE. Tumor A5 31U —0 ROLIZH L TidA T EEE % 30ppm.
Normal %151 —® ROI i21d 10ppm DY EWEEREL TS, FNOHE DS pfin

“Tumor” ROI Db A LT LTHY . EROKER/MA “IrraField” ROI DX 575 L
TH5,

JCDS Tid. BH D ROI (> 7ROl H L KIITILF RO @ DVH % —EIZKH| L THER
THIENTERN, TNEFHDD, @4 D ROI O DVH OF—4% CSVERDT 71 )ViT
MAT28EEEF-> TS, ZOHAENZDVH OF—F % PC DRFAEY 7 el %Efi->T
FRODVH 2EHRTERTHIEIELD ., ENEND ROI O EME % Lhik U sEfl s R B 571 %
152 ENTES, Figd.2713. “RBrain” (). “LBrain” (). “Cerebellum” (/1) .

“Target” (¥ —7%"y MMEED . “Tumor” (IR, Tumor 515 TV —)D ROI ZERK L . Tumor
F15 1) —IiZ 30ppm. Normal 7731 —IZ 10ppm DHETHRBEEZRELIZEED, TNEFN
D ROIDDVH ZENTERLIZDBDTH 5.
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o ROI DH&
DRAN. B/ME
ROEHE

Fig.4.26 JCDSIZ& %% ROl @ DVH £REmAM. B/ME. EHEFER

100 I [
o - = - R Brain
§ = = | Brain
= 80 ™| — —Cerebellum
g = = Brainstem
_g 60 Target (vascular)
> e TUMOY
Y
[s]
€
s 40
2 -
)
o |
o l -
k- . - l—J_l l
1 e
0 e
0.0 50 100 15.0 200 250 30.0 350

'°B+N Weighted Dose (Gy Eq)

Fig4.27 JCDS ODHN LA NI I LT —4 %HIZ¥ERL 7= DVH

4124 A7LwRI—Fh

BNCT O# &M I, fikD DVH Zf > 23l Hik & Ah BT, 4@ ROl EOHREE
BELEAT Ly Ro— MB35 ENR NSNS, JCDSIZA T Ly R —R&ffio =8
BAHICHIET 57290, ROI HBORIRERDORKME. B/IME. FHEZ2EHL. CSVERD T 7
ANELTHATHIENTES, /=, Figd.28 D DVH ZRxZ2L TWAERIZ. 2D ROI D
BAE. &/ME. FHEOHBERREERTEIEHTES, Table 4.4 13, JCDS 2> THA
N4 D ROI DEAME. B/IMA. FHEEEEIZ. PCOXFEY 7 h2FH>TAT Ly Ry
—hrEERLEBHDTH S,
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Table 4.4 JCDS D7 —F BRI L ZZAT Ly R — b

n lrradiath e Estimation
Boron Irradiation Dose rate (Qy/lY Boron Inadation Dose (Gy)
Tumor Doss Vascular Dose Tumor Dose Vascular Dose
Bose Estimation \(/:lg Tumor Boron Conat. 390 Tumor Boron Comst 380 Tumor Boron Congt. 390 Tumor Boron Const. 380
Nvma};s:;e Boron 290 mmaﬁg:;uf Boron 130 Nomﬂé':x Borgn 200 Normalg‘j:te Boron 130
n | Average | Minimum | WMadmum | go | Minimum
- a0 : ~_6g
000 14 [ 314
000 000 00 Co 28
o000 481 13 090 104
901 1483 238 191 34
[Tarier Tumor) 1218080 942 380 1483 343 127 1483 200 81 34 13 21 34
Targe(Tumor) BY0=38opm] 121E406] 942 380 1483 342 380 1483 200 81 314 200 81 34
[ TargetCTumor) B10=30ppm 314 127 494 200 8.1 314 67 21 105
Bone [e1e] (34 800 a0
Skin 030 Q00 482
R Brain 113 D08 480
i Brain 024 0.2 116
{Cerebeiium 057 00 293
Sk Larsinstom 04| 006 | i21
ROt
R.Eye Q18 o2 QA7
L Eve o002 000 006
iCaverousSinus o8 om o3
Target 239 013 491
Turmer, 131 9.0t 1483
Normal Tsus 047 000 482
Normat + Target 062 [$10.3] 441
i [Terget 289 073 441
RO [Target * Tumor 33 013 1483
Tumor 1341 30 g0 1483
[Total !.QGE@! 190 000 1453 055 000 1483

413 BEEY T4 2T ATFLANDOHID

25 HITHALZEBD, FBFFHAEICEDWTBNCT 2EBEd 57201013, BBEERBRENM
EDSHHLRBREHEORE L EDIZ, ZORHFOERLBERNERINSD, HICBEORS
frESH (E—AICHI2EMENEETOER. AE, E—L20HHEH) #EHRICEHL:
Hhidhka sk, ZOBREOBRFHMNEANDEKEy T4 > 7 EXET B0, JCDS OEREIC
HHOETEEL YT A VT ATLAERRELTNSGO6), ZOBREL Y T4 VTV AT LA
STHRELZBFMBENE 2DITIR. BFETRESNTNIBREONERRIDEELD,
JCDS 13, COBEOMNEFBMELNTHHEAELZAL TV5D, HEOFEMELETIVICHLTE
—LfALREOHLEHRES (0,0,00 L. FLrSE—LAORKEMEX, HEHMEY. KEH
MzZ&ELUEERNBREINTNS(Figd.28 M), CORERCBIIZ2EBRETIN ELOEE
RO 3 KuEEERNTAIENTES, ZOFESE “NMEADERERES" L THEALT,
BELYTA TV ATLEFES TEBOLY T4 > 7 %1TD. Figda.29 3. FMEEETI L
DEBAOMBEREZZRL TWAKFTHS. ZOMTIE. #HEEESIL LOBREK, £H
F. 6H. BREMEAGOEREESELLTHREL, ZNFNOEDIKRTHEELZHHITEEED
2 EE3ATETIN LICE—ADH LR, BREBRTEEZEIER. A8 SRS 24
SEFEEXRRL TN,
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+Y
=550 |
+X
Fity
v—ABE
+Z E-LR +Z £~ APWME (Z=0) =~ APEBY=0)
KEH@ y v
E—LRAMMS EWHEMS KEHFRMS
RE-E (Y-ZF®EER) R-B (X-ZF&EER) R

Fig.4.28 JCDS DO{kA8 3 KuZEf & BFEN O EIER

E—I
B

Fig4.29 BEtv741 > THOEET—¥ &R
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5. JCDS DB

JCDS OEMEAR Gt BEMREEZREET 57280, JRR4 FMEFE— ARMORERE & LU TER
L7772 hAEREICDSICE DY I ab—Ya VEREOKERE B L /200, AE T JCDS
DAREE ST E T DRERITDOV TN S,

5.1 77 bAER

JRR-4 M TF V¥ — ARBORMIED-DICHBEEAK T 7 > b LEE S EERET- /267, &
BRIIEEE 18.6cm X B X 24cm OMBEHKROK 7 7> RAZFERL,. 77 > N ANORP TR
MR BEBAMEBEL 2SO TH D, AFHETROBER. 77> FLARIZSREDRIY
LAN—TEB 2B EBEIRICERE L. BUHMEIEIC & - TEPH TR 2 KesfmE2RE Lz,
T, vHEELFOBEITE. PHTEZEO/NI L TLD-170LS % 7 7 > K ARICEE L.
TRBO 2R ERE L. INSOERSEMH% Table 5.1 IZ7R9

Table 5.1 JCDS DMGEICHWZMREAK T 7 > b LOEBREH

aY A—FEE ¢ 10cm XX ¢ 15c¢m

VA AVANNN 2N $18.6cmX24cm  FRIR

E—AFL S Ol EE lcm

HEEE BT R, vRE

Kt B BEBEEUIA RI AN 28
TRE TLD-170LS

52 JCDSIKLB>Ialb—rar

Ty hAEREZ JCDS ICLHEBEOREBHMEFRRUE T Ial—2a 5%, £
BTHERLEAMKT 7> hAZ MRIEB THRE L., EFEERT Y ERIELZ. 5mm DX 5
A AR THRZEL /= MRI 7—4% % JCDS IZFHAAER. 77 > M AOFMERET I EERL
7z. Fig5.11d. @AM 77> FADOMRI F—% &, W)ZFNERHICHERLET 7> b ADFFMEE
WETFINTHD, ZOFMERETINE Figh.2 ITRITEDCRIZ VI ETFIVICE#H L., EBRSE
HEFUEHDO MCNP ANT—5 2B LTz, BH @M., EfCHE3UA—FIZT7 N A
EEELAERTZELNSAERTHY. OB 77 > FAZERMNS RERTH S, JCDS Dk
FEICHRLIZE =L ARZ MV (E—LE—R) i BEEBIN TS BNCTIZEAEINT
W3 "B FE—-AE—F1” CAF. TNB-1 E— R &WD) EFRO M FHT E— L BNCT
ICERAMNEEIN TS "B FE—LAFE— R (LUF. ENBE—R&EWD) &L=, /2,
MHALDI) A—FERIZH10cm & ¢ 15cm DEBRT —F EH W /=,

Table52 ICZ D2 ab— a3 VO BLEHERT, COFERREEEREZ L.
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(@HBAT7 > RADOMRI AT 1 AEKT—Y  OHEFEKT 7> b LAOFMELET IV
Fig.5.1 HfEi/K7 7 > b LAOFEMEIRE T IR

1
l’—‘ e
1 i

(@) Z7rbLFEE. (b) Z7bLIEEE

Fig.5.2 HfEiAk7 7> SAORIBVILEFIL

Table 5.2 JCDS IZL BT 7 > FAERDI I a b —2 3 2 &H

MRI 7—% DA 51 Afik 5mm

ATA AR 36 1

aY A—%F%£ ¢ 10cm. ¢ 15cm

IV 8379 fiil (19X21X21)
ETERE PentiumIl 1.26GHz + RedHat 7.1 Linux
E—LAE—R #;pfTFE—R1 #ZoAHMETFE-R
BEE X YU —8(NPS) 2,500 Jj 3,500 /1
FHER 1 38 W5 #) 56 FEE
sHEIHE BAMTHR, v BRE

MCNP GtE#ZE BPMETHR  3~5%., v HE 4~7T%
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5.3 MR LER

Fig.5.31d. 77> hADRIZ VI EFTINEM > TMCNP TRFEFERMMESTELZERE
RICNBCERBAMMERLEZBDTH 5. Figs41ZTNB- 1 E—RTDT77 > hARE—A
LB EDES A IS T BB TRERAMICDONT. JCDS SHEMEERELZEBELZBOT
Hb, £ (a) &, 23U A—=FEd15cm. (b)Id P 10cm DM TH S, £7z. Figh.51d. ENB
E—-RTOEFNFNOMGZEREBE LD TH 5. ENB E— R TOERBEICHTL5HEMDOT
NIEE5%UT TH-o 72 (EEMEOTNIIDOWTIZAEART S). £/2. TNB-1 E— RIZBWTH.
FEE lem LD HFEONEETIE. EREICHTHHEMEOTNILA%UTTH D, TN 5 DEE
OE— AL EOFHEME S EBRBEIRSABR EHEE DI BRI TS, LML, TNB-1
E—RDT 7> FAREAMNSES lem TTOEBTIE. EBRMEITH L TH 5~10%REKNEZE
BHLTWS, 23, Fighs4iZRTEBO TNB- 1 E— RTid. 77> borOKmEAEHE (RE
M5 3mm) TRELZAFHTFROEL—7ZESLDIZH L. JCDS @ 10mm 7 VLS5
BFEETR. RIZVIVHRODHREELIND 2D, ZOE—7 2B T2 2 ENTETHE/NE
il TWn5dbDEEZ NS,

ENBE— KD 77 > bARED T (ERMEITH LU TEHEMENK 40%EESEW) LTS,
BAFHEFE—LADNARNTE 77y > PAERA T, BPEFRRBICENVRET Y T 95280,
10mm R7 BIVICEBEHERENZEL THEHDEEZOSNDS, £/, BuhEFEROERMEIDL.
BEBENRIVLAAIN—SBOKEENS N FILLE RO TRAPHETREBEHL THWHED.
A RILD/PNEVWENB E—RDOT7 7 b AKREBE (ERET 15cm AU A—F DA RFIH:
2.41, 10cm 3Y A—% :231) TiE. THENOLBRBEFLEORAIEREEI B FEEREIC
BEELTWAIEDEZOND, 772 FNARNDOA RItEAKRENVHEEE (ENB £— RTII®EE
2em IBETH RIHIE 10 BLEICAR3) 2BV TIE. @8O LROBEIEMSENBGH THE
BEICKESEELRVWEZD, INSOEBOBPEFRERBIIEY THEEH5X 5,

Y A—FEE H10cm. ¢ 15cm EXEEI B EZOFMEITDONTIE, TNB-1 £— K. ENB
T REDICRAMKABERZRLTRYD, QUA—FIBREBIZEDRIFHERENOEEIIEN
HbDEEZOLHND,

Fig.5.6 iZ. TNB-1 E—RFD 77 > FLANOEFHFRD 2 R M EHBELEZHDTH 5,
72, Fig5.T\ZENB E— RTORKTH D, ZNS5D#EENS, TNB-1 £~ R, ENB £—F
EBIT, ERMEMMEFRRR 2 KunmizBHL TWB I N0 5,

Fig.5.83. AU A= b15ecm TO 7 7 > b LAAND E— LAF Ll EDEE A RN T B 7 ##
BAMIIDNT, JCDS SIE#R L EREEZKZL DD THS. £K@)IdE TNB-1 £— R,
HEMOILENB E— RO MHTH S, TLD OERMEICKHT 2 JCDS FHEMEO TN, £5%LUTF
THo/. MCNP O v HREDFEBEEN 4~T%EEH ST L. TLD OREHEESEEETH &
JCDS OFBEIIERBRMEIZES — B L TWHEF A5, Figs.9. Fig5.10 13ZNZ4. TNB-1 £—
RERUENBE—RTOT 7> AN Y HE 2 KLHMOERE S JCDS HEMEEURLZHD
THD, TNSORERMNS JCDS BFERME SRRy BRESAOFMELETTE TSI ENS
ma,

INSDOMENS, JCDS 2> TT7 7 > FANORARPETRENL, v BESMEFIETSZ
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EMTEDZEEHRTE, FEBEICDOWTIE. REETH>REHERAICHL T, +4o7E
BREZALTVWASEEZONS, iz, BHHFLORISNETH DT UERE, ESERED
STEICHLTH, ASEOHBEREICL > TIHMEZITD ZENTEDEEZ OGNS, 5%, 1D
E—LFE—FK (ARZ ML) CEBLEHEEDL. YN FU—TR[EIY A4 6 ZHALLE
BRE, IEIFRFBFITHLUTEHEEZT., TOFEREICDODWTRIET A TFTETH D,

Fig.5.3 R ENETFINICLHBREHERER

6.0E+09 i i G.0E+09 T T
Ly -8 Expermment —4— Experunent
(Colli:15cm) (Colix 10cm)
e SOE+09 f ~a= Calculation B SOE+09 f. -, N
g \ (Colti L Sem) < ~+— Calculation
R L & g ; (Colli: 1 0cm)
& 4.0E+09 Tz 40B+09 Iy
2 :
£ £
5 30E+09 \ Z  3.0E+09
2 N Z
= 20E+09 S 20E+H09
g =] %
F LOE+09 ‘\ 1.OE+09 X"‘\*
0 0E+00 0.0E+0¢
0 20 40 GO 80 0 20 40 6o 80
Depth (sun) Depth (mm}
(@) 2JA—%15cm (b) 3 A—%10cm

Fig.5.4 TNB-1E— RTD7 7 > MARNE—LF.OENEDEFEFRROMD LB
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S.0EH9 1’ ”T 1 oo SOEHS -
—@- Expeniment
(Colti: 1 5em)

-4~ Experiment
(Colli:10em)

—ae Calculation 10EH®

{Colli: 1 5em) o~ (alculation

{Colli: 10cm)

AOE+H09

.
I0EH0S o %
{
s | )

. |

N : i 3
1OE+09 . 1OEH * s,

Themmal Neutron Flux (coiz sec™)
-
=
&
&
D
yal

Thermal Nentron Flux (cm']' sec™)

0.08+00 — 0.0E+00 —
0 7 " 60 50 o 0 w & 5
Depth (mm) : Depth (mun)
(@ aYJA—215cm (b) ) A—%10cm

FgasEmB%wFf®77>FAWEwA¢®mL®ﬁ¢ﬁ%iﬁﬁ®&ﬁ

Depth (mm)

~8¢ -60 ~4G -23 C 28 10 60 80

Radius (mm)

FgﬁG1NBl%wFT®77>FAW%¢%?§2K%%E®%&
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-80 ~60 ~40 —-20 0 20 40 60 80

Radius (mm)

Fig.5.7 ENBE—RTOD7 7 > s ANEHHETIR 2 KT O L

14.0 14.0
g; i?\\
120 Yﬁ ’\ 12.0
< 100
10.0 5
2
o
8.0 S 80 5
N Py N
o™
6.9 N £ 6o
. o g ¢
10 3 a0 N
-@- Experimental Value -@- Experimental Value
20 H 20
~~ JCDS Calculation e JCDS Calculation
00 l * l 00 l l [
0 0 40 60 $0 0 20 10 60 80
Depth (mm) Depth (mm)
(@ TNB-1E—F (b) ENBE—F

Fig58 77> hARE—LABLEED vy BEDHOLLLE
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JCDSEHEMR

[}
N
o
s
o
o
o
3

~80 ~60 ~40 -20
Radius (mm)

TNHI%*FT@777FAWY&%2KE%E@%%

T30@Gvh  JCDSEHERR
|~

LD ’
-80 -80 -40 -20 0 20 40 60
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Fig5.10 ENBE— RTOT 7> b AR T RE2KTHMOLK

80



JAERI-Tech 2003-002

6. £&¥

JRR-4 FHTE—LRBEME S ZHNFHETFE—LICLS BNCT OEREREEX. §HHEICK
> THREERNOREDZRD. BESTEEREXHET 5 BNCT REF#E X574 (JCDS)
OBFEET-> . AfAT 7> FAIKES JRR-4 OBHBIEER%Z JCDS OKES I 2L —
a &> THEL. JCDS OFtEHEEZRIEL 2. ZOMENSERE®RT —F % JCDSOT
VLB M 5 A A THERR L 72 MCNP A/ 7 —#% 24> T MCNP I L 2R E s R 2 E1T
L. ZOE#RZRANMBETER. HAIEHE0WDS —HEOUEIZ X > TREFMNETH
BEThdZLEMHRLZE. JCDS IF.

- BEHEEHRTHS CT & MRI OfF— ¥ &2#ATEILICk> T, EMABEERD 3 Xt

EFINEHEIERTEIENTES,

- BRI Z > BNCT ICHIR T B EMNTE S,

cBELYT4 VAT LAEEEL, BEEREMDERICEY T4 VT THIENTES,

BEDRHHMERL TN,

JCDS % BNCT IZEA T2 Z itk b, BEEFEIOFMTRRD MAEMICE DWW A%ESE
DYERAEIREE 72 0 . FRIFEICHE D= BNCT OEBN 4L 1D, SH%I13. B 7nlBH &4
&3 77 FAERBEEOHE:, BEETFINT 7> MNAWEF 5= BNCT BHEHITIANE
BRE DB EITLY. JCDS OFtEHEELTCOREICDODVWTRIEZENS L EDBIT, RI7EILD
Wb, YU —BEORBILEREEZRAT. LVERE. BIRBHEZ2EFTEIATLEH
RITHHDTH5.

A

JCDS DBEFICHIM S, VAT LAOBERRFHI BN TREMERNBHIE< BEMEEOLN
FHENERIZIZ MCNP OBREBFMHIEICONT. REVEBHFARY AVMABEORELAHK
IIE#EE® (CT. MRD 2RICLEETU VT AEIDODWTHEZEEELE. £, W7
4 F I F—)L OHEREKERKIZIZ. MCNP OB YGET— ¥ R HEER 7 BV ETINC
LBFHBIIOWTHEZHEEE L. 2. JATLARFICANEZERTF—FREITBNT, 7
7 > b AEBREIFETIT o LM EFFIRRORHIK, BEZK, RHEERRK, BHERK.
IME—K., 77> bPAEROZDIZ JRR-4 OFEAEEET> THW JRR-4 BEEFOERE
OHERZIHAhEBEEZELR. JZIELT, BEERAICE#RBL BWTET,

AEEFEDHTHEVEBET I > EHRFROIMBERRE., PERELKE. BB
HERUHFEFFAREOENHAFRRICIIZ ZICE#HOEREERLET.
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