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Japan Atomic Energy Agency (JAEA) has been performing the research,
development and design of blankets with water-cooled solid breeder for fusion power plant
as a leading institute in Japan, according to the long-term R&D program established by the
Fusion Council in 1999. For our design, pebbles of a ceramic tritium breeder (Li2TiO3) and
a beryllium neutron multiplier (Be) are packed in the constitutive layer structures of a test
blanket module (TBM) for ITER. These reports are results of one-dimensional nuclear and
thermal analyses on the TBM emphasizing on optimized configuration of the breeder and
multiplier layers. Taking into account increment of TBR, the radial widths of the breeder
and multiplier layers are optimized. The main results of our study are as follows:

(1) In multilayered structures of pebble beds, existence of the peak of the TBR was
revealed within the range of the volume ratio R = V(Be) / V(Li2TiO3) = 4 - 5.

(2) In the case of optimized layer structure for the single packing, a layer of Be was set to
be the two layers behind a layer of Li2TiOs. The R became available for staying in the
range of R = 4 - 5. Consequently, the TBR respectively increased by 2.0%, 3.2% and 4.0%
with 7.5%(nature), 40% and 90% of enrichment of 6Li compared to TBR of TBM in which
the layers of Be and Li2TiOs were interlaminated.

This database of TBR for optimized layer structure contributes to the estimation of
TBR at the design stage of the TBM and demonstration blanket aimed to strengthen the
commercial competitiveness and technical feasibility.
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1. F¢

2

ITER OEZEARIO—2IZ, EEEFAFEHEME T 7 7y MRAEICHT T A T T 07
vk« &Y 2 —/L (Test Blanket Module, TBM) @I?%ﬁ%ﬁﬁ&)é ITER I%., FEBEROEREA
BREL N C, AU T 7 oy N AT LORAEMERRRN TE 240 TOEE LR D,
Z Dl ITER Z vz TBM TERBRIL, BS I & 2 5E 2 AT 2 PR O 72
DEERPH AT 77"3:{1%1# 5, ITER it A2 LD oo, BIEE S JFUAFT Z

oy b EFEARMICIE UGS TBM 2% 725 2 ENEETH D,

TBM poJrT%*E@%kfxé*ﬁﬁﬁ/\ﬁﬁ”bj ZEWT, BEIOBAEEZMDIZIE, ZRE ST
HEIZHE S Y F U ADEAERELZRTIUZR L 20, G REFE OBEC & 2 KR ILE
KINBIZIFTERRICHED ZENARETH D, —H. M FULIIRROFERPIEF TR,
ZOH, FREF TR, 77y FORIZEEREIRIRED U F U AL LA E T L
T, TEFm) e Li O On6Li(n,a) T,7Li(n,n’,a) TZFHAL, MU FTLEEEITH,
Ealrc 2T 272010E, N FULDOAEREEEROHLTH L M) F U LHEGE

(Tritium Breeding Ratio, TBR) 7% 1.0 KL E TR T HIT R 6720, 612, ME~OWE - &
i, WGTERREE Sy OfFE, BPEAH - BEF~D Y F U AR EOBLE G, TBR X 1.05
DLERBEELE SNTWD, - T, FAMAIZS21 25 TBM 2% 2 554, TBR O-14y 7% R
HY, FHMENEECTH D, £, LiLAWOHBEMEIL, BREAGEK L 72 5720, MEOfE4
PEDHEFRF SN DIRE COREIMNERSIND, 6> T, TBM O%EhTik. MEESA & HEV A
DRBMHLYV bEHEL D,

AWFFETIZ, AARIRF A7 s (R J8kE) 23D Tnvd TBM ORxGEIFO—B & L
T, ANTHEAT % W\ C, — R Tk EVEAT % 5506 L 7=, ANTHEAT /%, 1 %ot SN =— K ANISN
K& OVJENDL-3.1V%& KL & LTeHEER T A 77 U —FUSION-402 % 8% & AT 21T, 1556
NI R OT o~ ART Fvint APPLE-39% 4 LT, B3R 9°° TBR HOYH &
HARDTCO O Y NN —=Th 5, FREMHRIZ, XV U T L (Be) ZFHEFHEEMELT, VF
Yot T Iy 7 A (LigTiOs) & b U F U A8 & L THWE, TPEFHEEM o SRHEIR, F
PJER 2lmm] O/ NER D A & FE1E 3 5 Single Packing & . FHEE 0.2[mm] & 2[mm] O/
ﬂ?’i’fa/‘\ L C# 9 % Binary Packing Z K€ L7z, F 72, 6Li OEMEEIT, 7.5% (KK), 40%,
90% D& & EE LT, TBR Oz i i 417 > 7=,

ﬁﬁﬁﬁk% . VETEAS 0D 6L JRAEEE . AR O FRHR BIEA M RIEE DR S ISR D
TBR OZALOMMAEIET 52 LIk | BEEHEIC X 28ELEIET 5 2 72 7=
TBM DGR L OHEHEICE T2 b0 TH 5,

2. TANT T Uy b BV 2 —WIZBIT 5 FEEE O
Jﬁi%ﬁ%%ﬁmﬁ% BTV 5H TBM O#ERS[X % Fig. 2-1() 27k, TBM Tl BREHE S

REDFEFEDT=OIZT T v MEEKROWEIC & U F U LEETEM & PP HEEH D H T
Wo, Wi%ﬁlﬁjiﬁ TBM Tid, K&l ~U 0 LT AGANZED S FRUNR (R70) Ko
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WHEM - BEM 2T 2 B & o TV D, 2D K5 T IVIMRIE, B G AR O E R DT
WZEBRWERIND Y U L% - EMEON~EL T 2/ a6+ 2, ~U v
DERICE > TE U DUHIEEEZEMT 2 Z EBNARETH 5720, MEIOBYRERLME DK
TEMHI L, 7707y NEGROWEEZ S Z ERWFIn5s, £, ARl NI F UL
DEULA, NTNWELEOZEFIZAAL =T HA (N T L) ZiESEL2 &Ik TalREE 72
Do — )i, NXTVROMENCIE, MR FHT I T EE AR B - R e M AL 7 b & B
DRNEREDNSE L 2%, o, M E & 5 E OAE DEIZ LY . TBR & BN
BT %, D720, BFEA7: TBR B & HEHEM - G5 O HIRFURE 2723 L 578, &
HIgHEDORELN RO BN D,

2.1 fENTS 3 L OV TBM RS b & B95EAL - B 156

TBM iZ. Fig. 2-1b) TRt L2200 % 7TV 22— LTSNS, 77 X~MnbE
1 8% (First Wall: FW) . 95 - BfEM O Feifg . N 27 -7 L — F(Back Plate: BP) DRk %
LD, mIREEKIZE DRV, FW CIBEICHE SN D HRE. REBEOREEL 2D A T
L > 3%/ (Membrane Panel: MP) & BP ICHNE SN2 HEIC K ViThbius, TBM O EEHE
&M% Table 2-1 127779, TBM SR I21%, BIRF AR Tl JMEM & 72> TO L IEESHE Y = F
4 MW (F82H) Z M, FW ZHIZIZ, 7—~—HM & L TBe Z&E LT,

YTV 2 — VHR OB & ARG DOfRNT R G2 % | Fig. 2-2(a) L IZENEHRT, B
KIZIRD TBM ZxfGe b L TWAH T2, [ERJEER CHRT 21T - 7o, HIBE & HEIX. —Roc
FRAT OO 72 80 AT AR TR LT, AT RO 7 7 X~ PR F I, FBIcBi 2HPE &M
BEOWHAKBHEBEORIE KT X 5ICEDT,

AIEHT T2 TBM 24§42 &8 O f & L C,6Li igHEE 7.5%(CK4%), Be Binary Packing
BT DK BONE, BlE, A v a%i% Table 2-2 [Z/Rk 7, RFEHEEE L, 47.5[cm] TH Y |
HASEA JE & B A g ONIZ I3 T MP 2% E Lo, HEM g% 2 g CALE T 258121,
MP TiHA<mHAEOARRET D52 &L L, xR, mAEOHRZ KBSz, T
BEREME LT, TBM (AT 27 7 v 7y bERFHALIE L, 77 X<~k &
NDPEFIIRE R E Ui, £70, BT R OREEITEZESMEE Lz, BWRERSREE L
T, FWIZ 0.25[MW/m2] O — B FINEG R 238 U, el 2 Wi Gk & L7,

2.1.1 b Y F U LHEEM

N U F U LHER Ot A Table 2-3 (27”9, b U F U LHTHA T, BERSHE 81% 0 Li2TiOs
ZERMA L. THEERZ 63%, MEIZELDERL L EMUE Lz, HARGREEZ 900[ClE Lz,
LisTiOs D A 0 BMrn =R % Fig. 2-3 _/T‘J" A el U= A MR E 3L, Tanigawa © YD K
BRCE ST T U AR 2 L7c, BUERRGE SN T2 TBM OB XA E O/, Afif
FrZHBNTH, MEE AR L TORWERBMRERE ORI 9% v iz, LiTiOs I & 4
% 6L1 DYRAEEE S K IET TBR ~DRE AT 2 72010, WML, 7.5%CREK), 40%, 90% D
3 o — A CIRHT & FEhe L7z,
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2.1.2 R

RIS DA Z Table 2-4 1237, HPEFIEMEM I, BERSEEE 100%D Be ZH8H L |
Single Packing TH ¥ % 62%. Binary Packing THIEE % 83%., W EICKLDEALR L &K
E L7, EHRBRREZ 600[ClE L7z, Be DA NBMRER A Fig. 2-3 I- T, FERNBRER
IZ. Single Packing T®» 5k 6 L Binary Packing TO3EER D CH L kR A2 Z 2 v
M L7,

Single packing (23 T, Reimann 23T o 72 RS LR O ZUUTO LB TH D,
FBRGAE - EHEIE, B 1.0[mm], Z%FAK He(0.1[MPal), FIH=E 63.5%,
K=1.81+0.0012XT -5X10 7XT 2 (1)
Binary packing (23 T Dalle Donne & 23T o 72 B SAF ERERX D ZLL T LB Th
BRARAE BRI, EAEE 2.0 - 0.2[mm], FRPHS He(0.1[MPal), 7 80.8%.
=7.31+1.01X10 4XT (2)
ZC. KIWmKNIADEMRER, TICHEIXT VTR OEERE TH 5,

(M O

3. KEEMAT DM IRAT &SR

AWPTED B EYIE, HIEL HEMTE OJEIE & BEOEFIZ LD TBR OO 24X,
REL SN BREEEZMET D2 LICh D, MITTEtOMBEK%Z Fig. 3-1 1287, FLHIC,
Bl L7z 2 J@d KO 3 @& ot L Clgg & 281k S B2 2170 TBR D& L O ) % B
B9 %, Wi, BI/E, TBM ORFHE& TERM S 2 T 2 B - B 541 & 22 BIC RIS 2 JE i e
DIFT 24TV EREOME LI L, SRz EET 5, SbI2, ZEMEORERKEL LR L
TR 2 0 L. TBR OZALOMa 2 BifF4 %5, &&IC, TBR OZALDBFIC ISV 7o HEbi
MRS E ORLE AR E 21T BATREME&IZIR T 5 TBM OfFT#E R & ik, Mt £17 9,

3.1 HGEAS. HAREHIE DOIEIC KT 5 TBR & FEEE P i sl i D 22k

JEIRMEE 2 FF ORI T 7 > v P TIE, RONTZHRAERICE N T, 77 A~vnbik
THHRMETEHERBESFAL, #Ul7e TBR OfREITOMLERDH D, £ T, BOAEZZE
B DEIBHE & LT, SRR OEECHRFBEE ICHIR 2537, Bk Sh o @iEicsnT
FRAT 24T 9, ZHUC & D M, HEME O L 2L S B2 5E6 O TBR & &miEEOEL
Dz RS 5,

3.1.1 5 1 JEHEAEA . 5 2 B ORE Z N E S 5 A
(1) ittt

% 1B L1 IR 40% D85S, 55 2 8 HIZ Single Packing OHIfE#f 2 FR L, Hifl
72 2 JEMEE DT 24T O o HAGEATE . HIRERSIE O WE A ERNCHEE S T TBR &g E D%
DB ZRRD ZE2HNET D, 22T, MP 25Tk & B %2 3 Do B
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O ERIE, BT TOARY, £, B B OBRILE R =V, 1V, 10 & Lo, BB
L BERE O FYE L 72 B, A8 OB RS IREE DS 900[°C1(LisTiOs), 600[°C] (Be) & 72 2 i 1= 7

B UTe, HHENRIC K5 M & HTIE N 72 0 OWRE V), o, Vi, & Lo SEUEE 72 5 AR

B R=V) IV} g0, & Lic. SIREIIE OB & F7E L7 5561, SRR 0 #0082 IRRELE R/ R

KL, HEMBEOWEZET LISa3, I EEOH#EZ ARt R/ R TE,

(2)  fRHTHER

(KRS IZ X9 5 TBR D434 & Fig. 3-2 13 ¥, FEMERRIXH A 502> b BG4 8 O R
B35 L, TBRIGRAICEA T 5, —J5, FEMEREED O WM E O RN B35 & TBR
TR TS, Lo T, B 1BRICET 2HMMED TBR ICHEHT S L, kiR
FE 900[CICRtE LI BOIEEWD S ¥5 2 L1k, TBROZFELWEFZHEL ZERNbnd, K
2, EWERBENDENTNO LB Z BN ST 2840 TBR 27Hlid 5, HEFHEME O8N
£ % TBR O~ M8 ORFEHEMIC X 5 TBR O#MARE VY, LR > T, H5H
M8 D% AIALE T DM B O¥EN . TBR OIS RNB 5 Z ERbo b,

(KR AT 2 e R IR D234 % Fig. 3-3 1" T, HHAM B ORI 2 &, BhEk e
OIRFEEIE EA UM E OREIIIR 2 I TET 5, L7eh - T 8BRS HRY Téd 5 TBM
IZRWT, HIEME DR AN ST 556, WMEMEOIRE FTRICEENPLETH D, —T,
WM ORBEEINT 5 & HEEMEORE X ES U, #MEORE ka2 AT 2,
L7emdo T, M ORESYENRIE S D i@ iREDNIFIET D720, HEH E OE A2 # N & &
L6, WM E OBEE ERICEBRRALETH D,

3.1.2 BB 1JEHAEM . B 2 JEIEATA . 5B 3 e A CHIME M B DR A B S e R A
(1) b St

WIZ, RS TICB VT, S E O R, TBR OZ(KIZE 2 5 BERD, £
7z, 3.2 HiTHINT B3, ZIEHEE CILE 1L H 3 EOMMMEL TBR OK2M 5, 22
T, F 1B HICHIEM . %2 8B, 53 ICHIEM AR E L. 3 EEEOMIRL L
T fRMT T G2 2 T A U 7, HEBEAA 1T 6L A 40%. B4/ 8 1T Single Packing Z#fH L7z, =
2T, MP Z & e iEbs & M 2 RIET 2RO O ERIE, 8T TWR0,

(2) iR E R
Fig. 3-4 IZ&BIZBIT D TBR L ZDOERMTHH¥ TBR Z~d, Z ZC, HisEhix., HEEH
J& LM B DO BT R =V, V), o, TH D HEM OB LY | 5 1 & H O TBR (33

mL., —EfEERS, —FH, B53EFHOTBRIZ, RPK3 TE—228L, ZO®%EBET S,
AL, EEIEAM B OREEIE L O RN L R o RICEk 2T, & 3R IC A
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THEHES NV T DO THD, £, RTBROEY—7 [, R=4~5ThbD, ZOVY
— V7 BIFAET D R=4~5 1%, —RICEEEINT 21T - 7= Yanagi b 9DFEFR & & —E 7 %, Yanagi
O O T, BERREKRGE S RO FRIF RN T, 1 DOBITHGM & EEM 2R
LTHEL, BREZHEBSESZLICL- T, E—=2HEZ RO TS, AT, ZEMKE
IZBWTH, R=4~5ICTBROE—7 N FET LT ENHL MR- T2,

BRI T D i O m % Fig. 3-5 27, HMEMEORMAHMNT 5 &, 8 1/EH O
FEA OIREEIL EH U, 2 3 @M ORI TS 5, 55 18 B OMIEM OEEZ TR &
DD, WM EOREZ D S50 8RS D, L, EEELRIET 2 BT, M LA
REZn e/ IMBCRTE, F 2.8[emD)MBFET S, L= > T, R% 4~5 (2L S 2 Jg i o5
RISV T, A O B IR & i L RTRE 728 D e/ MEIZ L - T, M8 D% AITArE
LHEM T ORI ET D Z LR D,

3.2 BUTORGMMEICBIT LT AT Ty F-EFY2—/LD TBR

BFED TBM OKFHEETIEL, BUSMRrERBRO B2 kRS h o5, HE6%
MO, Bt HERF S D @i E 900[°Cl. 600[ClIicZNZE R E S TWD, HfF
#1X Binary Packing Z£¢H L T\ 5 72® . Single Packing TOIATERFHIMFIE L2V, #E-
C. Single Packing Of#HT Tl BT FHERITHE W | MEF O RPED HERF S 2 Fe iR C.
WA, HEME AR EICRET 22 &8T5, ZOBTHRERICE S TBM 254812,
BEMENT 2 E M L~ Y U o AR AU L 5 FeESR & 6L JRAMEEE DOV A TBR I H 2 5 %8
ZRHEiT 5, ik o T, BATEREHMES O TBM @ TBR ##4& L, #ifi ©/&7= TBR OZ1L
O & O EZIT S, (BUTHREHEEICEHIT 5 TBM OWRESAA & BRBEE IR L CTiX, T8k
L2%5MH, )

(1) it

FeHEE ORLE A Table 3-1 12527, 77 A~ M0 bk bn W EICHEM B 258 E L, KICH
fEh. WM S 2 28 FACHLE LTz, BUEDORGClk, REEITHEMIE & 72> TV D, A
Hrcid, BAVhtE7 2 BER72 < MY F U LAERRICHER T 5720, RAEEICHEEMIEZ R L,
IRAREE DR B Z M3 2 72012, LieTiOs (273 £ 5 6Li OIRMiE 1L, 7.5%(CKMR), 40%, 90% D
3 & — ATHENT % FEHE U7z, BEFHA & A IS BT D KB OMEIX, MBI OREEMER R T D B
B D 900[Cl. 600[ClE 722 L OICRRE LIz, £, AT L33V & & oAk & 1
M & FRIET 2WOBFIL, TBM ORGHGEMFICHEDS & 47.5[emliIcRE L T\ 5,

(2)  fiRbTE R

M54 )& @ Binary Packing & Single Packing (237 5 TBR @453 4fi % Fig. 3-6 & Fig. 3-7
WZENENRT, BMEERNIC#EIEZT % &, Binary Packing T® TBR %, Single Packing ®%;
A &0 H KE\V, Binary Packing Tl REENEH W2 SN2 BVRE RN KX W72 D12(Fig.
2-3), WEMEOEZ A HRETHZENAEETHY , BT 2 ol Tna b
Th b,
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Fig. 3-8, 3-9 1A EICHBIT A HME S M7= 0 O TBR OS54 2w, Wi DRI ERT5 L,
EMEENRREWVZE T 25 0&E b7 2570, ilckd TBRI/NEL 5, LL,
i TO TBR X, 6Li 12 LD TBRIZHARTHE A — X —/hSWizd, Fig. 3-6,3-7 TR L= 2K
O TBRIZXf L CIHEH T 5fETH 5,

KREIZH1T D TBR % Table 3-2 12777, %/ CTBR ki35 L. H 1@ L% 3ED TBR
IZ. 42 TBR |(Zxf L T Binary Packing T 90%. Single Packing T 70% &> TW\5 Z &3
b, Eio. B 1EHEE 3B uﬁﬁéﬁﬁME@TBRﬂ B ICRE HKFELTY
5:kﬁb#50%®wﬁf%ﬁﬁ_ﬁmék o, H1EHO TBRICEHT % & 6Li
FE T.5% (RN xE L CTIEMEE 90% Tlid, Binary Packlng DA 3T%HE N, Single Packing
DEE 36%EM LT\ 5D, )i, & 3EHD TBRICEHT S &, 6Li JE#MEE 7.5%CRII &
L CIREAMEEE 90% TlL, Binary Packlng DA 11%H 0, Single Packing D356 13%HE 0 L

TWb, - T, 77 A<M WECE 1, 3 B, EiRMEE O 2 B3 25 2 &%
TBRIEMD ETHNTHD Z Lol

WIS, IRTREE R = Vi, 1V, g0, \COWTHRET 2, 2Tl R OWEICRACE ORI 2 &

DI, MOBETIM B IZ L, He#&JE D TBR OfEiX, 4 TBR OEIZHA_T/hE L, BRIk
THEN/NE WD TH D, Z 2T, Binary Packing Ti3% 1~4 &, Single Packing Tl
% 1~6 8 FE TOMWFEL R % Table 3-2 [Z757, Binary Packing ® Ri3# 4 TH Y, 3.1.2 i
T~ TBR O — 27 NFET D R=4~5 OFFAICNET 5729, Binary Packing ® TBR
TR KMERHTICFET H LWz b, —J7, Single Packing @ R 1% 1.2~1.4 TH Y. Binary
Packing 12t~ TBR OfEIZ/NE L, BEEOLRORMPH D Z bbb, £Z T, LI
TlZ. Single Packing T?» TBR #% EiR & L7z, FTEREEEOR#E/LIZE L TR 5,

3.3 HGEMS . HEEME ORLEZL EIZ X 5 TBR OE{LOEW
Single Packing ICB W THEW TBR 2B 57000 EZMmit T 5, 2FKFHEET

R=Vy IVigio WX LT, TBR O E =278 R=4~5 OFPIA(ET 52 L&, 312H TRL

7= —Ji. R=4~5 COWEHMEOETIL, REiRED 600[Clax BRI 5, ZOf%E. BifE
@ TBM &GS TEH ST W 2B E O AT HERF S 4L 5 el B C L Y5 - 5 g %
RHICECE T 5 EEE D Single Packing (2B Wik, Ho 72 MM E O EIE %2 MR TX 720
7% R=1.2~1.4 T; Y, Binary Packing (ZLXTBR B/hSWZ & & 32HiTRrL7z, £2
T, WM B OMEME OB A L, BEOREIRED, MEOMREMENHER S LD K
R @ 900[°C] (Li2Ti03), 600[°C] (Be) % iii 7= 3" J@ & & M3 5.

(1) fighr St

518 B IS A ECE L. A TR R O R O A X T 6 — ADRHT 21T o 72,
AT % FihE U 7= @M > — % & Table 3-3 [Z/8F, 6Li #HEHE 7.5% (KR O HEFEFS 2 &, Single
Packing OHAfEM 5 A =, Fi2. AL T L oSSR 2 S Te Gk & HEH & i3 2 18
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OFIE, 47.5[emlZZELTWD, (5B 18 B ICHEEM)E 2% E L= TBR OO w3+
bk 3 A5, )

(2) T s R
fERTHRE SR A . Table 3-4 10k LD TRd ., H 18 HOMIEMIE D% AIZ 3 8 DG E %k
%#é:&m;of\6&—%@$T%%%ﬁﬂ3R%%ko_mk%@%%ﬁékﬁﬁﬁgw

BB R =V, IV 10, 3K 5 TH Y BL2HI TR LI E—/ filiE —HT 5, ZHUC LD,

HIEAM I O¥EEM T OB AT 2 LI Lo T, M, M8 O K& E 900[Cl,
600[ClZ&iE7= Loo, TBR ARRICK L CHRERAELE N ARETH D Z ENbho T,

T, B E D% AITFIET DEEM B BEINT 2 Z Lok 0 HEFEME OFE AN D 3
Do ZAUE, 3.1.2 Hi TR ATz L5 T HEEM g D A mf9m[]%tLéﬁﬁmtwf%é
L7ed o T, i Li/MMEERTE, £ 2.8[emDZZET 5 &, & 18 E O IEO% A1
RK3BOWEMEAREFRETHD Z LR bhoT,

Z DfFNTAERIC X0 | HESEA T A KSR Li (L1 IEMEEE A 7.5%) D 2 J@Hkik & L. Be % Single
Packing & L7256, BUTH LS TH 2 M B OREEMESHERF S 2 femiiEE L A - VRS
M % —E3 ORAICEE L2 EEE (Case 3.5) & LT, TBR KT 13.4%LL EikE
TEHZ LML,

3.4 TBR OZALDBEFNZZESWIZHIER | HAEH 8 OBLIE O F&E L

WA LM ORTEL Z 4~5ICES 5 2 L ICE -~ T, KVRmWTBR AMfsbns Z L &
B12HI TR LI, £7o, HIMMBOHEEMBOKEZHEMESEL Z Lick- T, ﬁﬁﬁﬁﬁﬁ‘ﬁﬁ;}:

it L BE72 8 D&/ Mg & i 7= LoD, HESEM & BEREM ORFEE R %2 4~5 (238305 2 &3]
BETHDHZ L% 33H TR, Lt THET L7 TBR OZ{LOfEHH & %Eﬁé@iﬁﬁfﬂm B E
U7z 9 2 °C, HESHAS - BEfE 41 8 (Single Packing) OEEOHELEZIT Y, &5, BT AT

STHEMESATVLBERZHEICE &\ D EHEIEOMRITHER & i, *ﬁd’%é@ﬁm?é

(1) figbr St

JEHEE % Table 3-5 12”73, H1EH., F4EE., FEEEHEFMEL LT, HEMHEOY
M2, Single Packing OA{E JE % 2 J& 9" DBLE L 7=, HEFEA O 6Li #HEE 7.5%(K5R), 40%,
90%(ZFV T, Be % Single Packing (FeIE= 62%) & U CHEAT 2 350 L 7=, HEFEA & 154
BT LEEOMWEIL, MEORAVENIRIZI D RERE D 900[CCl. 600[ClE 7225 X 9 IZ%E
Lz, Fo. AT Ly vk G0k & BEM 2 RIET 2 ORI, 47.5cmliZ3 &
LTW5,

(2) TG A
JEfEE & e 5 BT MEBEOFIEZ LU TITRT,
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O % 1E B O8I E O &IEE Z 900 CHZ# &,

% 2 J8 B OHAEH 8 O fomii L 2 600 CHTRRE,

HmpE GE1ER) CHiEsE GE2/8HA) DOFREL R &R,
R=4~5 T7FhuX, % 3 /8 BIZHEEM 8 2 i iE.
%%HE(%lEE)@ﬁFﬁLﬁO

HATEAS JE OWE & ) S8, B EIEE 900[CCHCIRE M1,

® I TE OO A3 i T %%d%(ﬁ@ m2SMM)%k%<TE5FA
WA T i A 8D, AR T8 OO A i L AT Re e/ INIR IS 28 B B mr%9m[] (A 1E,
¥4 EH OWEME, 585, 6 8 H OHEMEHMEHO~O D FIETRIE,
BFHNE 47.5lemllCE#E L TR TR, Bk IS b % i

W 1~T B OB B E O i EiEE 2 900[°Cl. 600[Clic %M%mﬁm

® 0 O

® QO

T CRTIRRE RiT, 32 Hi TR L ICRKBE ARV TIRE INETH D, B
JBOEmIZ, WEMEEL 3BRETDIZLICL->T, RIZSICELICHITT S, UL, HiJE
ME i TR/MEICZELTLE S, o, BREE 47.5[cm]) BELATWDLD, K&HE
(AT A RE CE < 0D (REEOHHMIE D TBR ~O % 5131 3 2S5 H), 20 2
REBE LT, WM EONEmEIC, HEMELZ 2 8T ORE L,

fEHTAE R % Table 3-6 127 d, AliE & feii (b L 72 g4 45 F(Table 3-6) & BIATRXFHEE &I
W72 TBM O F(Table 3-2) % bl 3%, Single Packing OHEfGA @2\ TH 2 E@E%ﬁ”é
ZLIZEoT, RIZTBROE— 7L TH D 4~5 OHPHICHFIET D Z bbb, S5
TBR OZAbOEE % Rl fcii b L7 JEELE 12 X - T, SLi JEHEFE 7.5%(K5), 40%, 90%IZ %)
L. ZNZE1D TBR 5 2.0%, 3.2%, 4.4%EINSE25Z &Ik LTz,

FMUFULEERT DA T 7y NI BRAIFE OBREHEIA S 27 JMZBWTOETH
v, ITER TLERBRSND TBM (&, RS FIC L 58 ELELET HEAF O 7 7
v MZESTHELRDLDTHD, LI=N-> T, TBM BEREFIZHB W T, TBR & 2R
RO =D ORBESAAO TR, BERBRIEE O—2 (L@ I D, AFFETIE, AN ITER
TORBRZ TEL TV D EEEGEM 2 W EXRGBA GO T Z 7> MZoWT, —IKIG
EEMEAT 2 F2hi L 7o, FREEOE S LELEICKIT 2 TBR W ONTHFEA | H {54 Fe g o P
BEDT =2 _X—2%MEEL, SHROMBRICHFETHI LA HME L, I 6IZIE, TE
JEDJE X EELE ORKEIZ L D TBR O L et Lz,

FEFTICER LT, L F OS2 M Lz,

o T TVl y bORHATAL L TEEWEGIRZ TS 2 EilsERGHTT AL L,
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o BAFHMIC LieTiOs # A L. & £h 5 6Li OEMEE L, 7.5%(KKR), 40%, 90%D 3 77— A
CHRENT %2 395, F7-. Single Packing TOFRIEE L7,

o HAMEAIC Be A L. 83 5 UiL Single Packing & Binary Packing ® — > % @M L 7=,

o HATHAL . PEMEA R O eI 1T, fR e MREE S D iR o 900[°ClL 600[Cl & L7,

o AUT VU UNARNEEGTIEM & M & FRE T DR OB, 47.5lemIZERE LT,
AN L > THELATZIMEEZ L TIZRT,

(1) ZREHECSNTH, LR =V, [V, 0, = 4~5 |2 TBR ORKENFET 2 2 L 2
LM LT,

(2) BIED TBM #EFHEE CTERA STV DB OEEMESHERF S U2 fe @il E C, B3 -
HAEM B 2 2 BICELE T 5 B EIC BV CiE, BEHM 2 Binary Packing D4, R 4
~5Th V., TBR DB AL bITITRE(L SN EETHDZ L 2R Lz, —J7, HEH
7% Single Packing &1L R731.2~1.4 Th Y, BEEZHXETAHZ LICLY, LV E
WTBR #1505 RMinH 52 L &R LT,

(3) Single Packing |22\ T, HEHEIZHENE O A &3 A L TIENREOH A TS
ZIRFE LT, WM BEREME O s S 2w 72 LoD, TBR AR L Tl 7e R

MNA~E ER DM ENARETHD I a2,

(4) Z OfER. Bk JE 2 KA Li (BLi IEHEEE D 7.5%) @ 2 Ef#EE L L, Be % Single Packing
éﬂiJBMﬁﬁ BT, TBR AHEAT 13.4% L EBETE L Z L2 LM LT,

PLEIZX Y, ITER TL%aBAd % TBM 28T, Single Packing & Binary Packing ® i 78
HAFXNTCOREREMHEZH LN Lz, ST XS AR EST,

(56) FemiE 900[CITRE L7255 1 & H OBASEM |8 OmE 2 b S5 2 Lk, #:iZ, TBR ©
FELWETFZH Z &3 mhol,

6) 77 X~<MNZIEWECEE 1, 3 BEIZ, FIRMEE OWMM & £H I 5 2 i3, TBR #o k
THTHLZERNbhoT-,



JAEA-Technology 2007-067

() R% 4~5 |2 &1 2 @t O LR TR 38U T BE5A O e i i & e T 5 /) ig (BLAE
%9 2.8lemDIZ X o T T g D% AINALE T D EEMEOENRET D 2 LR ahoi,
S HIZ, F1JEHOHEEME DK AL, &K 3 EOMEEME (Single Packing) % 3%
ARETCH D Z L Bbnrol,

(8) HafF#17° Binary Packing. Single Packing W\ AL DAERIZEB TS, HIFH/MEEM & i m
FERREICE DY TS LT 556, 611 IBMENSEORIZK3 2 ENIEFIT/ I W
ZEERLT,

(9) TBR Ot mno T2 fENTHE R8T, 6L1 IEHEE 40% T Be Single Packing & Binary
Packing & # b4 % & | Single Packing CIZFHEFE A B [E L 7= Be Ol &S 21%0 72
MZHEI ST, TBR DK FIX B.9%RETHDH Z L &R LT,

LLbo &3 BEAREEKM AT X TBM @ ~ U F v LGB 9 % — IR OCEEEMIEAT D 5 R
ZHERT D E LB, BMEICHT D TBR OF —# N—2AOHH 2 % L7z, =512, TBR
ZHORDIR Y kT2 & WO AT, BREFIC L 2 RELEET 2 M F 2 B L7 TBM

ZREIT 5 BT, REEREOMETFIELZ R LTz, 5%, BREHEEOMRE 24 5 TBM &Rito
RS, WIERRREOMEMEEZA ST L, HHIERFEOERITRFTOAREMELZ S HIZIKT D &9
(2. TBMBHRE&F 2 ERSELBLEND D,
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E

AREEIL, Rk 19 FEICBE L, e =L X — T2 2E = = v N TBM W%t
2NZBWT, AR HEERZEW-, EHEMERIESHOEEZE£E LET, £, MFERIC
ZMLUEERERLZTEW 2 I oE R LET,
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Back Plate (BP)

4th Layer
(Multiplier Layer) |

1st Layer
{Breeder Layer)~=

Module # 1

Module # 2
Plasma side

(b) Cross-section, A-A

Neutron Multiplier
(Be, Single pebble 2mmé)
Be, Binary pebble 0.2 and 2mm¢)

Tritium Breeder
(Li,TiO;, 2mmg)

1 First Wall (FW)

Fig. 2-1 Configuration of the bird view and toroidal

cross-section of the proposed TBM.
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/E °
fg RS RN, 1 ¢/ ©
RN NG £ 2 W wn

coolant

Distance from the plasma axis

Fig. 2-2 (a) Ilustration of toroidal cross-section of the

sub-module in TBM. (b) Computational configuration.
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Be binary packing (M. Dalle Donne et al., 199 8)
K [W/mK]=731+1.01T[C]x10™*

— ~ Besingle packing (J. Reimann et al., 200 6)
K [W/mK]=181+0.001 2T [C] -5T > ['C* ] X 10 7

é - - — Li,TiO; single packing experimental data (H. Tanigawa etal., 2007)
S
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Temperature [C ]

Fig. 2-3 Effective thermal conductivities of Be and Li2TiOs
pebble bed in TBM.

* Increasing 1st Layer Width of Solid Breeder Pebble Bed and
2nd Layer Width of Neutron Multiplier one, respectively

* Increasing 2nd Layer Width of Neutron Multiplier Pebble Bed
between 1st and 3rd Layers of Solid Breeder one

v

Effect of Layer Width of Solid Breeder and Neutron Multiplier
Pebble Beds on TBR and Max Temperature in Pebble Beds

—

- o o o e o o ———1

| Thermal Nuclear Analyses for TBM on the
| Basis of Current Design Concept

Relocated Two Layers of Solid Breeder Pebble Beds
and Five Layers of Neutron Multiplier Pebble Beds

=
=

-_~

Effect of Relocated Layer of Solid Breeder and
Neutron Multiplier Pebble Beds on TBR

e
L TBR Database I

~~

Comparison,

Maodified Layer Layout of Solid Breeder and Neutron
Multiplier Pebble Beds on the Basis of Database of TBR

Fig. 3-1 Flow chart of present study on TBR for optimized layer
structure of tritium breeder and the neutron multiplier through

nuclear and thermal analyses.
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" T " T " T
I Thinline : Increasing2ndlayer widh of Be
Constant 1st layer widh of Li,TiO3=2.725[cm ]
Thick lire : Increasing 1stlayer width of L, TiO 3,
i Constant 2nd layer width of Be = 5.355[ em ]

0.5F Li,TiO3: 900[C],Be : 600[C] -

! . ! . ! .
0 A 2 4 6 8

Volumetric ratio R/ R ' at the increasing width of Be

Volumetric ratio R ' /R at theincreasing width of Li,TiO 3

Fig. 3-2 TBR as a function of the volumetric ratio of Li2TiOs
breeder layers and Be multiplier layer for Single pebble bed.

T T T T T T T
— rThinline : hcreasing2 nd layer width of Be 7
O L Comstant Ist layer width of Li,TiO; =2.725 [cm ] 4
?_. 4 Thickline : Increasing 1stlayer width of LpTiO;
© 1 O - Co rstant 2nd layer widh of Be =5.355 [cm]
w C
=
é L
L 3
E 10 = 7 E
R S E
g LS —mmmmme ]
% B |
r ! Solid lire : Max temp. of L TiO+
2 ! - —--Dashed line : M ax temp. of BE
102 . | . | . | .
0o A 2 4 6 8

Volumetric ratio R/ R "at the increasing width of Be
Volumetric ratio R '/ R at the increasing width of Li; TiO3

Fig. 3-3 Maximum temperature as a function of the volumetric
ratio of Li2TiOs breeder layers and Be multiplier layer for Single
pebble bed.
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TBR

Maximum temperature [ ‘C ]

2 T I T
O Ist layer (Li,TiO3), width : 2.97 [cm]
A 3rd layer (Li,TiO3), width : 4.04 [cm]
Ist + 3rd layers ]
1+ 0© -
,‘ o O
\
] Li,TiO5 : 900[°C], Be : 600[C]
L Moag, _
l A
! AA, A A
0~ s | s A
00.79 10 20
Volumetric ratio, R
Fig. 3-4 TBR as a function of the volumetric ratio of Li2TiOs
breeder layers and Be multiplier layer for Single pebble bed.
I T
104 L
o O 1st layer (Li,TiO;), width :2.97 [cm]-
B 2nd layer (Be), width : increasing
A 3rd layer (Li,TiO;), width: 4.04 [cm]-
103 00000 O O 000 O O o e
00 / ‘ SVAYN _
! AN _
00 | Abn A A A A
A
10 ! | L
00.79 10 20

Volumetric ratio, R

Fig. 3-5 Maximum temperature as a function of the volumetric

ratio of Li2TiOs breeder layers and Be multiplier layer for Single

pebble bed.
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Be: Birllary .

e ——— e — —— —— — — o]

j,: ;
0.5F | .
J — gLi enrichment 7.5% i
f -—- 6Li enrichment 40% |
—-—"Li enrichment 90% i
0 . ! . ! . ! . !
0 20 40 60 80

Distance from exterior of the first wall of the plasma side [ cm ]

1.5

0.5

Fig. 3-6 Distribution of the TBR in TBM for Binary
pebble bed of the Be multiplier layers.

' T
Be : Single A

——©Li enrichment 7.5%

-—- gLi enrichment 40% i
—-—"Li enrichment 90% J
0 | : | : | : |
0 20 40 60 80

Distance from exterior of the first wall of the plasma side [ cm |

Fig. 3-7 Distribution of the TBR in TBM for Single
pebble bed of the Be multiplier layers.
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‘Li 7L,
0 Li enrichment 7.5%
- —— 2 Lienrichment 40%
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Fig. 3-8 Distribution of the TBR per unit thickness in TBM for
Binary pebble bed of the Be multiplier layers.
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Fig. 3-9 Distribution of the TBR per unit thickness in TBM for
Single pebble bed of the Be multiplier layers.
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Table 2-1 The Major specification of TBM for nuclear analysis.

Items unit Water cooled solid breeder TBM
Structual material Primary _ F82H
Temperature limit °C <550
Armor material - Be ( 10 mm thickness )
Coolant - Pressurized water
Hight of first wall to the poloidal direction m 1.66
Width of first wall to the toroidal direction m 0.484
Thickness of TBM to the Radial direction m 0.6
Neutron wall load MW / m> 0.78
Surface heat flux MW / m> 0.3
Coolant pressure MPa 15.5
Coolant inlet temperature °C 280
Coolant outlet temperature °C 325
Coolant flow rate keg/s 6.15
Operation scenario for evaluation Continuous operation for
of induced-radioactivity 140 days is assumed.




Table 2-2 The composition for structure of TBM in the case of 6 Li enrichment (7.5%)

JAEA-Technology 2007-067

and Be (binary packing).

. Layer Distance from Pebble Back Back side
Material wisi/th[cm] FW surface[cm] FWlom] bed[cm] plate[cm] shield[cm] Mesh
PLASMA 160.00 0.00 1
BE (armor) 1.00 1.00 | 1.00 3
F82H 1.00 200 | 1.00 3
FWch 0.80 2.80 | 0.80 1
F82H 0.70 3.50| 0.70 3
1st layer (Li, TiO3) 3.00 6.50 3.00 50
F82H 0.12 6.62 0.12 2
Coolant 1 0.41 7.03 0.41 1
F82H 0.12 7.15 0.12 2
2nd layer (Be) 9.33 16.48 9.33 30
F82H 0.11 16.59 0.11 2
Coolant 2 0.27 16.86 0.27 1
F82H 0.11 16.97 0.11 2
3rd layer (Li,TiO;) 3.97 20.94 3.97 50
F82H 0.11 21.05 0.11 2
Coolant 3 0.27 21.32 0.27 1
F82H 0.11 21.43 0.11 2
4th layer (Be) 17.93 39.36 17.93 30
F82H 0.11 39.47 0.11 2
Coolant 4 0.27 39.74 0.27 1
F82H 0.11 39.85 0.11 2
5th layer (Li,TiO;) 11.15 51.00 11.15 50
F82H 3.12 5412 3.12 3
Coolant 0.36 54.48 0.36 1
F82H 5.52 60.00 5.52 5
VOID 5.00 65.00 5.00 1
SUS316LN 8.00 73.00 8.00 7
Coolant 4.80 77.80 4.80 3
SUS316LN 11.20 89.00 11.20 10
Total length[cm] 249.00 89.00 | 3.50 47.50 9.00 29.00 | 271
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Table 2-3 The Major specification of the ceramic tritium breeder for nuclear analysis.

Items unit Use condition of the ceramic tritium breeder
Primary - L TiO3
Temperature Limit °C <900
Packing fraction % 63 ( Single Packing )
°Li enrichment % 7.5, 40 or 90
Theoretical density g/m 3.435
Sintering density %TD 81

Table 2-4 The Major specification of beryllium neutron multiplier for nuclear

analysis.
Items unit Water cooled solid breeder TBM
Primary - Be
Temperature limit °C <600

62 ( Single Packing )
Packing fraction % or
83 ( Binary Packing )

Theoretical density g/m 1.793
Sintering density %TD 100
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Table 3-1 The structures and physical quantities per layer in TBMs based on the

existent design concept.

Li-6 Layer's structure: Li;TiO3; O, Be ; @
Case | enrichment Packing method Items of tables
®) of Be foreachlavers| 1t | 2nd | 3rd | 4th | 5th | 6th | 7th
Structure O (] O ] O - -
1.1 15 Binary packing Width (cm) 3.00( 9.33| 397| 17.93( 11.15 - -
Max Temp. (°C) | 899.9 | 600.2 | 899.3 | 599.9 | 865.4 - -
Structure O () O ] O - -
12 40 Binary packing Width (cm) 2.72 9.52 4.08 | 19.20 9.87 - -
Max Temp. (°C) | 901.5 | 600.1 | 901.1 | 600.0 | 704.6 - -
Structure O ( O [ O - -
1.3 90 Binary packing Width (cm) 2.54 9.59 4.01 | 19.61 9.63 - -
Max Temp. (°C) | 899.8 | 600.0 [ 900.5 | 599.9 | 674.2 - -
Structure O ] O [ O o O
2.1 15 Single packing Width (cm) 3.36 554 | 4.21 8.16 6.20 | 13.74| 3.19
Max Temp. (°C) | 899.1 | 599.1 [ 899.2 | 600.0 | 899.6 | 600.2 | 396.3
Structure O () O [ O ] O
22 40 Single packing Width (cm) 3.01 5.61 3.98 8.33 6.18 | 14.46 2.84
Max Temp.(°C) | 901.0 | 599.9 | 900.1 | 600.1 | 899.8 | 600.9 [ 378.0
Structure O ( O [ O ] O
23 90 Single packing Width (cm) 282 | 565| 386| 840 6.16 1470 | 2.83
Max Temp. (°C) | 900.3 | 600.7 [ 900.7 | 599.7 | 899.2 | 599.9 [ 376.9
Table 3-2 The TBR per layer in TBMs based on the existent design concept.
Li-6 TBR per Layer
Case | enrichment Packing method Vqur.netric TBR
%) of Be ratio, R 1st | 2nd | 3rd | 4th | 5th | 6th | 7th
1.1 15 Binary packing 3.91 1.26 0.53 - 0.55 - 0.18 - -
1.2 40 Binary packing 423 1.46 0.67 - 0.61 - 0.18 - -
1.3 90 Binary packing 445 1.51 0.72 - 0.61 - 0.17 - -
2.1 75 Single packing 1.81 1.18 0.41 - 0.40 - 0.30 - 0.08
22 40 Single packing 2.00 1.36 0.52 - 0.45 - 0.31 - 0.08
23 90 Single packing 210 1.40 0.56 - 0.45 - 0.30 - 0.08
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Table 3-3 The structures and physical quantities per layer in TBM constructed of tow

breeder layers.

Case enrilz_:ih_n(:ent Packing method of | Items of tables Layer's structure: Li>TiOs ; O, Be ; @

0 Be foreachlavers | {st | 2nd | 3rd | 4th | 5th | 6th | 7th

Structure @) ( [ o [ (] O
3.1 75 Single packing Width (cm) 2.52 512 6.00 7.10 8.60 9.10 7.38
Max Temp.(°C) | 901.0 | 599.1 | 599.1 [ 599.6 | 600.5 | 526.3 | 900.1

Structure O ] [ ] [ O [
32 15 Single packing Width (cm) 262 | b5.21 6.18 | 7.38( 9.07| 579| 9.21
Max Temp. (°C) 901.8 | 599.4 | 601.6 | 599.8 [ 600.1 | 900.2 | 445.2

Structure O ] [ (] O ] [
33 15 Single packing Width (cm) 2.79 5.32 6.33 7.66 466 | 11.66 7.04
Max Temp. (°C) 899.7 | 600.1 | 600.1 | 600.0 [ 899.9 | 600.8 | 392.6

Structure @) ( [ O [ (] [
34 15 Single packing Width (cm) 3.02 5.40 6.45 3.91 9.25 | 11.66 5.717
Max Temp. (°C) 899.1 | 600.1 | 599.9 | 900.3 [ 601.1 | 601.0 | 376.0

Structure @) ( O o [ (] [
35 15 Single packing Width (cm) 3.31 545 | 354| 755| 925 11.29| 5.07
Max Temp. (°C) 901.2 | 599.6 | 900.1 | 599.1 [ 601.6 | 600.0 | 373.0

Structure @) O [ o [ (] [
36 15 Single packing Width (cm) 366 | 3.26( 6.06| 7.17| 852| 10.18| 7.33
Max Temp. (°C) 901.4 | 900.2 | 601.7 | 601.2 [ 600.5 | 600.6 | 455.6

Table 3-4 The TBR per layer in TBM constructed of tow breeder layers.

Li-6 . . TBR per Layer
\ Packing method of | Volumetric
Case | enrichment B o R TBR

®) e ratio, st | 2nd | 3rd | 4th | 5th | 6th | 7th
3.1 75 Single packing 3.6 1.057 0.73 - - - - - 0.33
3.2 75 Single packing 44 1.109 0.69 - - - - 0.42 -
3.3 75 Single packing 5.1 1.112 0.61 - - - 0.50 - -
34 15 Single packing 5.6 1.073 0.52 - - 0.55 - - -
35 15 Single packing 5.6 0.980 0.41 - 0.57 - - - -
36 75 Single packing 57 0.845 0.29 | 0.56 - - - - -
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Table 3-5 The structures and physical quantities of the layers in TBM of the

optimized placement for TBR.

Case Li-6 Packing method of | Items of tables Layer's structure: LizTiOs; O, Be ; @
enrichment (%) Be for each layers 1st 2nd 3rd 4th 5th 6th 7th
Structure O [ | O (] [ O
41 15 Single packing Width (cm) 3.03 544 | 6.53 4.14 9.69 7.88 8.41
Max Temp.(°C) | 899.8 | 601.1 [ 600.4 | 899.8 | 599.3 | 429.6 | 785.9
Structure O [ (| O (] [ O
42 40 Single packing Width (cm) 274| 552 | 6.69| 4.16| 1020 | 7.88| 7.92
Max Temp. (°C) | 899.8 | 600.8 | 600.2 | 899.5 | 600.4 | 413.4 | 716.4
Structure O { (] O (] [ ] @)
43 90 Single packing Width (cm) 2.57 554 | 6.75 4.09 | 10.36 7.88 7.93
Max Temp. (°C) | 900.9 | 599.8 [ 599.7 | 900.3 | 600.2 | 408.5 | 712.9
Table 3-6 The TBR per layer in TBM of the optimized placement for TBR.
Case enriti;rient Packing method of Volur.netric TBR Layer's structure: LipTiO3; O, Be ; @
@) Be ratio, R Ist | 2nd | 3rd | 4th | S5th | 6th | T7th
4.1 715 Single packing 4.1 1.204 0.52 - - 0.51 - - 0.18
42 40 Single packing 44 1.403 0.66 - - 0.56 - - 0.18
43 90 Single packing 46 1.461 0.71 - - 0.57 - - 0.18
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Table A3-1 The structures and physical quantities per layer in TBM composed of the

top layer of the neutron multiplier.

) Layer's structure: Li»TiOz; O, Be ; @
Case ) Li-6 Packing method of Be ftems of tables

enrichment (%) for each layers 1st 2nd 3rd 4th 5th 6th

Structure [ ] O [ ] O [ ] O
51 40 Binary packing Width (cm) 7.26 292 | 13.29 7.03 | 11.60 2.80
Max Temp. (°C) 600.1 | 906.5 | 603.9 [ 911.6 | 357.4 | 351.8

Structure @ O [ O [ O
52 40 Binary packing Width (cm) 4.00 279 11.60 549 | 18.22 2.80
Max Temp. (°C) 409.6 | 901.2 | 600.3 | 899.7 | 469.1 | 358.1

Structure [ ] O [ ] O [ ] O
53 40 Binary packing Width (cm) 2.80 2.78 | 11.05 516 [ 20.31 2.80
Max Temp. (°C) 361.4| 901.6 | 600.0 | 911.7 | 523.7 | 360.2

Structure - O @ O [ O
54 40 Binary packing Width (cm) - 2.72 9.52 408 | 19.20 2.80
Max Temp. (°C) - 904.3 | 605.1 | 9151 | 605.0 | 396.7

Structure [ ] O [ ] O [ ] [ ]
55 40 Binary packing Width (cm) 2.80 2.78 | 11.05 5.04 | 20.78 2.80
Max Temp. (°C) 361.5| 9024 | 601.8 | 9024 | 553.7 | 315.1

Table A3-2 The TBR per layer in TBM composed of the top layer of the neutron

multiplier.
. . . TBR per layer
Case Li-6 Packing method of | Volumetric TBR

enrichment (%) Be ratio, R 1st 2nd 3rd 4th 5th 6th
51 40 Binary packing 25 1.231 - 0.84 - 0.34 - 0.05
52 40 Binary packing 3.1 1.327 - 0.80 - 0.45 - 0.08
53 40 Binary packing 3.2 1.355 - 0.77 - 0.49 - 0.10
54 40 Binary packing 3.1 1.446 - 0.67 - 0.62 - 0.16
55 40 Binary packing 48 1.273 - 0.77 - 0.50 - -
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