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In the Feasibility Study on Commercialized Fast Reactor Cycle System in Japan (FS),
transmutation technology of Long-Lived Fission Products (LLFP) using commercial fast
reactors have been studied to reduce the environmental burden of radio-active waste. In this
report, the following contents, “loading type of LLFP target assembly”, “transmutation
performances of the cores designed in FS phase-II” and “capability of transmutation core with
high support factor (SF, that is defined as transmutation/ production ratio for LLFP nuclide)”,
were studied. Those results are summarized below.

- Design studies for two loading types of transmutation cores (in-core and ex-core loading type
cores) were conducted to give quantitative comparison of those performances. As a result,
in the in-core loading type core, LLFP inventories were found to be decreased to 1/7 for 99Tc
and 1/8 for 1291 compared with those of the ex-core loading core. The small inventory leads
fast introduction pace of transmutation cores, therefore, we selected the in-core loading
type as the reference of FS phase-II.

- LLFP transmutation performances were evaluated for typical 'S phase-II designed cores by
applying the above in-core loading method. As a result, every core was confirmed to have
the capability to attain SF > 1.0 in keeping design conditions of commercial fast reactor
(such as breeding ratio of over 1.03).

- In keeping the design conditions of commercial fast reactor, SF was found to be limited to
around 1.0. Thus, we carried out sensitivity evaluations to SF to examine how much SF
was improved by relaxation of some design conditions. As a result, since sensitivities of
every condition to SF were found to be very small, we concluded that large SF to transmute
LLFP amount generated in plural cores may be impossible for the commercial reactors.

Keywords @ Long-Lived Fission Products, LLFP, Technetium, lodine, Zirconium Hydride,
Transmutation, Fast Reactor, Feasibility Study, FS

This report is the outcome of collaborative study between JAEA and JAPC (tha-t’is the
representative of 9 electric utilities, Electric Power Development Company and JAPC) in the
accordance with “The Agreement About The Development of A Commercialized Fast Breeder
Reactor Cycle System”.
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LLFP A8 OskE &ML LT, BEHEoBRN6, LLFP Z—5"y b - BolEbHRE ., #
BERELZHIRTD L L BIC, FUBLUIONTL, BEBRIZEY Xe TABERIND
b, HANE - 7 V—7BEHEGNER LT, CDF) 28528 &Lk, £z,
BIEM B A OW T, ZrrH OKEMEEE - FRSHEERCEEL 5252 b, Hir
W% 1.58 BLEICHIRT 5 2 & & Uiz, LLFP 4 4HIREIC OV TIE, —</L R hT4
VT OBEDD, BT S R A NREMES R L OREAEEHIRT L L Lz, 22T
i, Emm;\MDmf#&Lf1mC%aﬁm&Lhoﬁéﬁwﬁﬁﬁkomf'mman
WCHIBRSA: - T2 F 0T,

3.3 fRATFIE OB
(1) BEtE

BREPEIC DWW T, LLFP AR & RBIE SR E BWE TR, 2 Wit RZ £7 AV CRHEERAT
5T k& Ui, BEESE v Mo Tid, JENDL-3.2 =AM 70 #HEA1FES ADI2000R
EARER LRV, _

BISBAEMEIC SV T, BRI, 2 WOE RZ EFVTHERIT) 2L & Lk, kEL,
DAEATF LTI, U ¥ 7 RICHR EMBEICE D & & CRAEITZ B 8%, AR LNERF
LTI, LLFP EAKEFLNICISEIC L CEIT 50T, 2 Kt RZ E7 L CHEE
B2 FHEAREECTH U . ARECIE, BRI AICE Nl SRR e RE LT, &
EEZiE, 2 T RZ BTV CIFHUMLEIC LLFP £A1F 1 FE2%6 LZ#EEZTV, &5
LRGN E COMBREL, FETOPHFBIEEICHET 5 LEE LT, FLeko
BERERFTMET D2 & & Lz, 2 Kt RZ 7 ABEFEFEOFEMIL. BROMEL %

BHE L LT, AMESGTHEFEL 3 RUdtEORBRMAZIT 7o, fFRE LT, WFE
DET10BRETH Y . KIS TEFIEO T HEEBRRE/NS S BBES 225, MLk
REBDHIEEHR L 43 1EHBR), )

BEMEOREIC BTk, LLFP £AKNOESENREERTH2 L L L, H9E
ﬁ%wﬁm%@&bfi TUXFU L 093, UK 1.00 ZEMA L, ZOMER, LI
SERFAF 000 LLFP A KICB LT, M k¥ —F L F a3 HE L= b DO Th
08, WERIC, LN  FOAETORFLIC OV TEAT 52 L & Lk,
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(2) LLFP £68 &0

LLFP £ 48K @AMz oW T, Table 3-1 OKIEHE 25 RICHMEITO > 2L & Lz, BT
. BT T A WO 2R,

BURPEIC DWW T, 8 RDBERICHENTLTF ¥ v FVEBE L. ZOF ¥ U RVZFKLT
HEBERPODOABREEBR LU MO EZIT o7, BEEESARERIREZEIZOWTIE, BERT
A NERBHEA RO H O IREE & 47 O DIEFE 550°C & e L CRMlE 24T 5 & LT,

WA E Y0 HiZe B oW T, ShETIRA—ATHA M, 7= T4 MAOKRE S
ROFUIRERS/MES N TBYE, 7= T4 MECIHAROZBRRELKE | Bl %
HEOHMETHD 2 ERMBNLTNABA, 2T, AR TR, REAFEI XY EBENE
WAKRBBBEEORNE 2 F A = 732 CORBELEM L, BEMIZ, KAEBRR
L LTA—ATF A MEO 110 DEL T2 2 & 24E LTe OKREHFBOEBST RO
OWTEE, B7E, PARBETOMRT THY . —#, RRBEE ST pha),

SUREORFERI T ZANE - CDF 22OV TlE, BEBRTRAETS Xe W RADOKHRE
LT, BEMIC 100 %E2A8E Lz, I3 URICLZNEERICOVTIE, BUR, BEe¥EcE
THRRARTH TRV L, BEMICEELRNI &L LE,

3.4 JF.LAMERTFE O O

3.4.1 LLFP & MERORE
JFOSNERTR D Cl, AR LOBAND, SURET 7 X F T AZONT, Bk
s =7y MESEICER L, WEMEIS - EUBEICEL, TREROEEETIHROR
WLEITH L L L, S vHF—4y hOiEE LTI, BlAEN b OO ToBK
HEEETS Cul ZMAT L L L, 2, F/RFULZ—Fy FOFREBICONTE
&RE L, BEMICOWTIE, ERRHICESE ZrH 2@AT2 2 L & Lk, |
A URESEROHARICONT, T, BEMEIRICONTIE, RO REICBE T
B DFER, 40 BITRE LT, £7o, EUVRICOWTIE, BWOHIR (3 vkF—F Y
NAR) (BT B A BAT o AR, BRI AT D RER DB Z LD, B
BEMBAET 2 2 L CHIET 52 & & Lis, 20720, BROBIEERBEOFKE TR LA 5.5
mm EREL, ZOLURCHEBARRT S L5, BAEEHIRT N AITHEZT0%E
L, Wi o e RIconTh, S UREVERSS mm & L, 39 7FFZ—F vy M, |

RS A APRBOIFLE S + FElEhs T 7 vy MERICERT 5228 & L, T 4R 110

cm & L7z, '

F 0 X2 F T AEAEOHBIC OV T S, BERBHEORBELY — 1 OFER, BEHEE&
B ABULBRE L, EURIEOVWTIE, TIZXFULLBIIRAE - BVMREENE L, BE&d
BB DD T LD BRI ) OERREENT S L) AT A L L. 842mm

ERE L, WM O BRIZOWNWTS, 77RXF VLAYV EF—D 842mm & L, 77
RFYURI—H v NI, RIARBOIFLE S + B - FHBTRT 527 v MEskicss
W¥szsel, HTLK150em & L7z,

BB, Y—~A OFERRE SN I TREAE. 77 XT Y MEAKROHAEE Table 3-2

WZaRT e LB, FESEROKERX%Z Fig. 3-2, Fig. 3-31TRL7,
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8.4.2 LLFP BZEHIF LORE ,

% Lic LLFP A1k (3 VREAK, 77 XF U 2EEH) (2o T, 9Tc & 1291
@ SF % 1.0 DL L& 95 LLFP £4 KO K & BB ORF #1772, LLFP £AKOERAL
BLLC, g vEEARIT FIVEO 1EH & 2 BEICETHIT5 28 & L, —4,
T RXF U LESETIE, WEMESPREL, 2 BEICENT 288, BEBENKIEIC
KF+52e0b, 1BEORCHEFTHZLE L, £/2, 1+ 2B ICENT D a vRE
BRI OVWTIE, BB AHBREH LSS50, BESIMFIC1ER L 2BE0ELAKE
BT HZ L& Uiz, AHMliORER.SF > 1.0 W27 5121k, 3 UREAKIZ OV T 70 &,
T I RF U DEAITONT 53 UE & R DRERDE b, LLFP B BIF.L OfF L
&% Fig. 3-4 [TR”T, '

3.4.3 BEIEHEHE DA
2 S 7 LLFP BB IR D DT, EE RS O PR 4 Table 3-3 [0 L
Too VA 7 NVYT= ) OERBERIL, 9Tc T 0.83 %, /1291 T1EH 1.87%. 2/EH 066 %Th
STz, BHBEREIC OWTit, LLFP SAKEAMFMORRE. iR RSNk ET
DB, T XF U LESEORAGIMIL 20 A 7T, MHEHE 154 %, I TRESK
DISFHRRIL 8 1 7 4T, BIHERE 10.7 % Th o7z, '

3.4.4 BHPEOIE

WIE STz LLFP B #IF NI DWW T, EERBEA M OFIFE R % Table 3-3 (7R LTz,
FRITREND L9, HFEIT 1.03 LEEER L TR Y | AFDINERFLIZBWT, FS
DREFRMETH S, SF>1.0 L HEIEEZR R T 5 Z L 3@ H bhiz,

BERFHEZ DWW T, JFLME LLFP 28K EM L2 Lk, BB/ ES<, Pu B
(LEE . PR T 21.8 wt.%., MU LT 25.4 wt. %, BREESUSEIZ DWW TS 3.6 % Jk/kK
L BEEELEEREIS Th o, 2L, RARBREICOWTE, BT T 0y B3

LLFP £4KICERIN, TOHORBEFLTHI ZL0b, 447 Wiem L EERLLY
Wind 2 mch o7z, : '

3.4.5 LLFP £& A0

LLFP#£46 (3 URESK - 727 X F UV L2EAN) OREMICET 2FHMEEITV, et
R 5 LLFP £A4RKE, BL O, BHEEMEZRET 5,

FP. FUBREASKICONVT, EANRRE L EHREOFNERE Fig. 3-5 15737, 2
T, 79 7%, Table 3-1 123 L7= B HIBRIEEE 12603 B HIRHE CR Uiz, FESD R & &8
DIREF EFET2EmMch Y, IUEL—Fy MEER, BICREbBELWI EBb2 5,
FORD, AVES—Fy MRERHRET S L O EAEROTIRKE 1.8ke/s BIRES, .
FEEZHT L, BRI A NEAERE O DREZEIENTHZ L1720, ZOHIR
5. LLFP A A ED LR 2.8kg/s BNIRED, 2D X H i, LLFP £4KDHE L LT,
ZOFPEPNCHIREN D Z L1225, WIT, 3 URESEO BN & BIREEOBR % Fig.
36 [TRT, 2T, FI7E, FLAVE 1 BE~OEREBELLLGAEDOERERLTE
V. TOEA, BEPEEZ, FARECLY SFICHIRBEND Z LBb2 5, REHHTO
EAAIEE, IER L 2 2 PR CEEMA DI LZ2HELTRY ., 2/E H 2RO R
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EHRBENMETTA9ESZETIE. (A—OHANETS) EEORNHEIL 12 ERE,
DFEY, 8HA I NED, RIFLOBRENL, THAATLFTAZEALTWDLZ b,
HBOERKEICE AT REE, Tihbb, TANE~OEEI/NEL, EAEKRTKED BRI
~OBEEIHED TNSV, E0k0, EAETRE LT, FRERED 1.8 ke/s KRET D
ZEE L, ' -

K2, 77X F U LEEGECONT, BEWIE & FHOWREOFERRZ Fig. 3-710m
T, TITH TIRFUALVOWBEREENBWICE BEL <, HIRBELZHET 2 X
FEAERDOTIRIGE 1.3 kg/s BIkED, —J, LLFP EA4HRED ERIX, 3 VRESKRE
B, FIANBRBMEASARE OHMOBEEICEIVIREY 4.2 kg/s Thol, T/ XF U LES
R MR AR & HIRGLEOBMR % Fig. 3-8 128d, Z2C, H/Zr ITEAKTE, 20,
WBEEEICLVEEEZTHZERNbND, €2 T, £E5EHEL LTLERD 4.2 kg/s i
REL, BAEHRZ 2004703528 LT,

BB, g vREAERICOVTE, EAERRE 1.8 kg/s, MRHIMS VA 270, TI7XF U
LEAEKIZOWTIE, EAKTE 4.2 kgls, BEHM 20 VA 7 VICRETHZ L & LT,

3.4.6 EFHEOFEMN

3.5

BRE SN 72 LLFP BE#F ICON T, 1 RELEREOBMFMZ1T 5>, 2T, Filb
WOBEREICOWTIEL, 2RICHEORERER—RIZ, E¥EFL & LLFP AT L0,
BEH DO NS, EEFLORREAELRESL S 2 & & Lie, LLFP £4K0ONEE
oW, B3R LLFP £&EREOFHER R4 HW e, £z, S oiE i -
WEAWEREIRS) & LTI, 1RRMED 3.7 %2 BE LT,

SHEORE R, A LLFP ZZ#IF.L0 1 RALERENT 100.6 % & AHES biv, P LIER
P Tt BURE~DOEEBII NSV LR SN, P L, AMEAERIECH Y |
WEER IR R 7 0IiE, 5%, B ORBEILRF 21T 5 & & bic, S e EH L
BURETHDHEEZLND,

§E D PRSET AT D DR

3.5.1 LLFP &&KIAEDRE

LLFP £6 K42 FLAICERT 256, Ei, UTO 2 SOMEREZLND, 120,
BEEET D R T A NBRBHES RO FDEE T, RFRHIe— BRETLIZ L 5 12
X, 2 URS =Sy FOBERICKHT HHIRTH D, ATE L. LLFP BadH OBGEM THRHE

 ENTRETOFRAC LY | BEEE R T A NRBES RO LT, RO Y —2 (B

BENEFHTF ORI HAE—2, LT, Y=< AL 7)) BREETLHLDTH

5. BEX. FONERTIE, IUVRECCARORBBRES 2D Lbic, fRIZTI VR

LAY DOBYREE - fEPENZ ENBELL 6D TH 5, _
BERE R T A NRBE S RO — < NV ARAL 7 ZRBT 57005 E LT, LLFP £&1(F

RO U EAZTE L B~ O BB IEIC R B 220 LU E CREMEIS 2K

Taz L e Lz, BEMESICET AT —1 & LT, BoEMEIS 30 % - 15 %D 27—
A DR R T A NREHEA RN 1070 % 7 il L7-/E R % Fig. 3-9mR L, ZORT, 4
filid, BERE BT A NRBHEA RN OB G AL E, L, BmER (R4 NBREHMEAE
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BT 2IEE) OHANAEDIERLTWS, IV, B v o8E1E 156 WREE T
& S AR, I —< VARSI ~ORBIIRIBIZHE SN TOD 2 EBDND, ZDTD,
LR LTI, BOEM IS L LT 18 %& A28 & L, KiZ, aUFESLy b
DOREZERET 2720 0FRE LTI, BAoBWI vRIEAYEEEATIZ e L,
BEREZiE, 997 CORREE TS Y 2 EEMICERMAT L& L, 7272L, 2D YIs
DA DWW T, TIBAMEIC K 2 BERR O S0, #TEM TH D ODS #i & D IrEE:
ICHRE R AT D EO/KRNMFARBIC L ) —HEO N TRV IL 4% WMoV TEE
HRFAEZITOLER D D,
© KiC, LLFP % —74 vy bOMECSWTRERIT I, FONERFL TR, Lio@Ey |
BOEM U EIE 1, LLFP BRI L O T KT A NEAER~OREBCHIREND Z L0 b,
AUHR - TIRTULOEEEESFTT, A—0EERCBELEI®ELZ L E L, PUEIZ
DNTIE, FIURELORBENEE L RATERERD S 2 b, FEISMNERFLO 5 v
EAEE AR EFME, OB 55 mm OBV ZEHTHII L, AITEHEES, F
DAERFLEFRIZ 50 % & L, #—F v b AT7LARELTL, FVER-TI/7XFUVLY
YEbh. RIA RO OE S & 50 80em & Lz, Bk, BE SN LLFP £451KD
4 % Table 3-4 [ZoR L7z, ‘

¥7o. LLFP £AUNDI U « 77 X F 7 A« BoEM EVEBICOVTIE, BEHRRE
DBLED D, B LT e G 21T o 72, BRI Y EBHEICERTL 7 —R &,
Fig. 3-10 D L 912, T2 X F U AU ERAEICER LBIEM &0 2 WACE PRI R E T
Bl —ADHBZAT o1z, HEFEHEOR E% Table 3-5 /8T, 22 C, W OLEIL,
WA B EIA 30 % CITV, BEM EVEIS 15 %D —AbBEL L GRLE, LV, W
A B ENNCERICEE T 5 7 — ADOF R, BN T, 9Tc T 10 %, 1291
T80 WEREBEBMENRELI 2D ENbrole, ZOI Lk, FLARERFO TR, B
WA ENANCERNICEBT A VERBERATLIZEE L,

3.5.2 LLFP KZEHIFLORE
WE &7z LLFP £AMICOWT, 9T & 1291 » SF % 1.0 Ll k& % LLFP F£&ED K
B EEEOMM LTV, LLFP AR LOFMEEIT o7z, FHIOFER, LLFP R840 KE
FIZoWT, SF > 1.0 %R T 5ICi% 40 KBNE L RDFERBF LNz, BRE SISO
BLE % Fig. 3-11 127”7,

3.5.3 EEEHRRFME ORI

BE STz LLFP BB MR SN DWW T, EEREE WA OFHmAS % Table 3-6 IZxL
Too A T NMIZ ) OEHERT, 9Tc T 6.2 %. 1291 TH.0 % &, FOLAERIF N,
FEICREWVERERL TS, 207, 1.0 M Lo SF 2HElR7 2729 LLFP A v
kU b KIBIER S dv, FOMNERFLE BT 2 &, 9T T U7, 1291 TIUB3REL LD
REThote, BUNBEEBRIZONWTIL, LLFP £6KEEMFE TRIE S 2 RS HRICK
FT AR, ERE LT, BB 3 I A 7 MICHIER S, BEBRIL, 9Tc T 17.5 %, 1291
T14.3%& ., FONERF LIV ETRELS RDB LIV THoTz, ThIE, EiLavERL
DHAT VT AEOHECL2bDEELLND, 2F Y, FOLAMERFLTIE, F—F
AT AL LT, Pt BESEH T T vy MEREEE LTV D OISR L, 4 OPER
FFLTH, POEROATHY, LEEiFm T 7 vy MEBRIET A VAL, [F—
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DHRIEFREICH LT O HANEMETFT 52 LIc kb L EXbNS,

3.5.4 IZREDFAM
BIE &7z LLFP A #IF DDV T, FERRrE OFHAAE R % Table 3-6 2R L7z,
R EIN5 L 91T, T 1.03 LA EZ =R L TR Y | RFLNERIFLIZBNT, FS
DOEFHEHFTH D, SF>1.0 &HHEELTR T 5 Z L0388 b,
Pu BIEEEIZOWTHL, JF.0MIC LLFP AL ER L2 RIC KV . RAIFELT 24.8
wt. %, SMAFLT 27.3 wt.% &, RO D 3 wt.% BERMT MR LR, DT
B, BREERGETT 4.1 % Ak/KK & | %@muibl%ff%Mthb %%‘Xv/%w
WA EE . #EkE ’%ﬁ%?é%@&%z%ﬂé

355 LLFP A KD MAHT

MEP%A¢®%A¢K%?é%ﬁ%ﬁWw@éﬁ%ﬁ%ﬁéumP%éWﬁ%waﬂ
A ERET 5,

HEP%A%FEk%%mW@%ﬁF%%Fg312hﬁ¢0;;T 7" 7%, Table 3-1
(R L7 A HIBRE B3 2 RHME TR Le, MEDD RN EEMOBEIX EF L, 727 %
F T L OHBEBERENIWICE LW B, Z0D, TIFFUAELD
WEERESHET DX 5 LLFPE£8KDO TIRIE 8.5 kg/s PIRE D, —FH, WMELZHENT
He, BERIANESRLEOHDEEZITEMTLZ L2720, ZOHIRM»5, LLFP 4
A%ﬁ%@iﬁi5&g&ﬁ%iéo:®i5K\UﬁP%%¢@ﬁ%&LTm\:@ﬁﬁw

WCHIRENA Z &2 5,

&_\MEPﬁAwmﬁﬁ%ﬁ&ﬁﬁxﬁwﬁﬁﬁﬁ%mg3wuﬁﬁ‘%%%Wi ol
ZREIC L VEIREN, NI A 2 SRERE O RKHIN @Y1 270 2ERT 52 L1, R
THDHZ ERbhoTo, RIFLOBEHE, FHIAT VT AERAL TSI LM, £6
KRR L AT RIBE, Thbb, TARNE~OEEI/NEL, EARKED R ~D
D RS, Z0id, RIS, 3 $A 7 MCHIRT 228 L L, TORET
H/Zr OB AR T 2 EAETEL LT80kg/s xRETHZ & L L,

Pk, LLFP 48k E% 8.0 ke/s, REMMEZ 3V A I/ NVICHRETDHZ L L LT,

3.5.6 EMREMEDFEM
BWE SN 7= LLFP BABURSICONWT, 1 RELEREOEKTE 21T, 22T, b
HOMBERBEIZOW T, 2RTEHEORREZN—X2, EHEFE.L L LLFP BE#F.LOLD,
RSO NS, BEFLOREZNMELRESG D L & L, LLFP £5EOUERE
ICOWT, B LLFP A4 ARREOTERERE AV, £io. ZhUSORE GlaE -
PRI b LTI, L IKRRED 3.7 %A ME L, \
MBI ORER. 1 RAMERENT 104.1 % & D biv, FOLRERFLTIE, BEE~0E
BIIRXWZ ERRD BN, TOERE LTIE, PuBEOHEIC X 5NEIE#RLEOKT
LY, BEEI R~y TFHREM L2720 eBEZOND, EL, AR TH Y |
L%, BERGEIOBELRETE1TS & L biC, FEMARRHFHMISLELE X bivd,
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3.6 LLFP E5KIER 1RO Hig :

PL RO - P DANERIP L OBREEMEIC K-S & WFIICRT B - B - IS
PEIC RIS % Kl % 4T 5 . Table 8-7 W MifF.L- O EF A2k - B » RS MURIE 2 JRMEIF L & iR L C
LW, g

BRIEMEIC D\ T L D PEERTFL T, LLFP SAMERIC L 2 BN A X < | Pu B/LE -
PRBESC R EE DI BEAIR S NI, TORE, B OV TH, BRIEI X< v FHENO
BRICEY, 1 RBLEREOEMEH R L Rot, —F, AR OVTIE, Pl
PUSHRA LG, YA 7 V%72 0 OBEMER KX <, LLFP A 2y b Uik, FLAERE
DTN, 99Te T 1/7, 1291 T U3 FREEE TIKIITTRE & 2 BRERMVE DiTn, BRI
WCHE, WS CEERMEIERL . FONEFFLOFRETRIVEBETH T, 20K
12, PR L TR, B - BRI OBBI N S Wb DD, LLFP A 22 b Y BEENL,
— 7. AFONEF LTI, LLFP o Xy b U IHMERARETH 22, 1 KR AHIA LB &
SEAIT B kRS h o T, | | |

FENCEERTT 5 LLFP A X2 b U RT3 Z & id, LLFP ZZE#F L O _ BT R AR
L7025 LLFP EXNT 52 & 2B L, LLFP BEBFLOBEAR—ZXZEXTFI®LH0E
EZx a6, 20X, LLFP A =y b Y OFfEZ, FBR EBAT T U A L, AEHIRR
HETh ) RIS AR CTH 52, —F, 1 RRAAMBERRIC OV TIE, RO LT
BAUT, HHE - BELLGORE LS LV KEINSE RADREZ BN,

bz b%ZEkEz2, FS 7 x2—XNMiIzRBIT 5. LLFP &6 E0IEREE L. LLFP A >
v b ) BB AR DR R RS RICRET A 2 L & L, L, LR
COWTIE, BRSO 3 vk (YI) OBASERTHY ., 5%, Z0OMAMEE R 5 0E
WirB, (3 URL—Fy FOBAMIC DN TIL, BUE, FARBIC & 53 & 2t ch v o,
12l 7 = — X BT 2 BRRILZE & ORJNI L fRe T BROMNEK 217, )

11—
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4. FFRNCIT 5 LLFP B U ORI

FS TR LTV AEFENZHONT, 7 = — R 11 CBRE LI REIF.L & £¥EE L E L C LLFP
EAEREIER LB BIF LDORFHRE 21T, £FEUCRT 5 LLFP BG4 557
%2479, ZZC, LLFP £&8K0MEmEE LTk, 3ED LLFP £4KEREICET 2R
FERICHES X, LLFP A >~y MY oERERER L ELRNERFR 28AT52L &4
B :

4.1 FHmSAE
4.1.1 LLFP % —/4 v b « WAt :
LLFP % —%' v b « Wbz o<, $9°, LLFP £ & LTk, 2 E TORFC LS
X HURLTFIRFULERELT B L L L, B E LTk, 9 UHizonT,
129] 73.4 %, 1271 26.6 %. T 7 X F T AITOW T, 9Tc 100% & L7z, LLFP #—%~ > b
ERFREE LG, 3 URICOWT, FORNERFLTIE, ¥ —F Y hOHD < RESRER
BV ENS, EBEEE (997C) AT YR EHEETDH &L, —F, WM& LT
R HEBRRESETH DT R U ABHE L - R XBEANFEIC OV T, ZrH 28
T5ZE L L BB E BT T AT ABAFICO NI YH 28A+T252 L & L,
BUER O AREEIZOWTIE, Zr-H Tk HZr e 1.65. Y'H Tik H/Y kb 1.8 & L7z,
LLFP £4EoEEE LT, 351 HORFHNCESE, BVBEHRELZERTEDHT &0
b, WEM E Y R NAICETRICREY 5 U REBEZRET 5 2 L & L (Fig. 3-10 ),

4.1.2 KPR OIEAEF

(1. b Y 7 ABEHEAKIE MOX BREHFE L
FS 7 = —AMORKIF L& LTid, BEMEDOBAND, 777y ME@blce&f Lo
HHSEISIIRBEE & i oD 7 TR PIERERHIR | L2 8E L7cs i, ARERIP.L TR, mNEREsk
RO, kLD KEOBRBIE L ZRAL TN D, Eie, BAEKE LT, B EEE
DOBLEND, WEWNEE 7 NUELSEKEZERH Lz, ZOELSEIX. 1EROWNEE 7 FNUES
i (REE 7 N R BEA P RICEE)E & B7p 0 | FICBEMS - SR IHEOBL SN D, #F
DRI 7 FERAT v NGO a—F —ICRE LG L 2o T D, BRREFLOFLE
B & B4 - % Fig. 4.1-1 1277, ‘

(2) 7 U v ABEIFA MOX BREHA G
ARz DN TS, KBEUF L RREOHAICL Y, FS 7=— XD ORFFLE LT, TEHN
EREAHATY ) JFLEBRE L, WERNEA 7 MUEAKEREH L2, ARFFELOFELEER
& R - F5EE Fig. 4.1-2 1R T, ;

(3 F b Y U NGEIREL G BIREHF L
FS 7 = — XU ORFIFL L UCE, MOX BRBHF & FRE OB nRE (550°C) ZiRIA L
7o, T mBER FLaBE Lizhd, ARFFLTE, FOLHOEE 550 CER D20,
o oA ORGRRY - 22T, B— Pu BRE, EEEE 2 ke LTWD, =
2T, BEREO 2 BB TR, BEIORA I THEE L Ir ERREHET L HRNERA

— 12—
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LTW5, AREFLOFOIER & AL - 8% Fig. 4.1-3 IR T,

(4) $h-B A~ ZWENFRYFEL

FS 7 = — X1 & & LU, BT O B R~ R PO EHE RO ERAE R 2 K L, #
FEHIRIBE D 650C 5 BT0CICAE SN, 7 o— XN HFE & DT, THAERE)
& TREIEERIL ] ORETEAT - COVeh, #EBEREGIRET IRV, FOHPRE BT
TOMERDY | BEORE LI ZIT > 7, £OFR, THRHAITERI 5.0k THRIERE)
SN AR T, PO~ DB/ N SORRP/ N Z L6, FS 7 =2 — XN OREKF
De LT, MREEERI ) S0 A8 E L7z, REFELOFLELER & FRR 4R - Fritk %
Fig. 4.1-4 {Zo"7, '

(B) ~Y ¥ B ABHKAYE
FS 7 o— XN HEE & O T, BHFMBEIa =X M) & TRET oy 78
DRFDBITON TV, TOBROKEFT, [KRATay 78 X, FPEOHCADMEICEL
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REHIZOWTEIHTHEDB, ATV VAR SHRERNE ShTHWBE I Enb, K
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4.3 LLFP &2 HIF L O
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oo Eio, BAKOE U REBAK 6314) L L, EVBEORE LT T, MRLLT, ¥
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Pk, F R U U ABEIKE MOX BREHF L, PO PMEERHIE - L LLFP B LIT
BT 52010k 0, 790 MRARHE (BT FASERE), FOMERER (%) 2
72 Lo, 1.0LLED SF 3R TX A AT 5 2 ERR SNz, 7277 L, Fb AR
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BRI BEEE 2560 EEI BN, .

© (6) LLFP vy - A kA TS
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4.3.3°1 IZHBEMEIE 15 %DHAEOEE: N7 A NRBHES RN I o meHER R 2 = Lz,
EORD AR S . T Y 7 AAHIKE MOX BREHF O & FIEE 631 4) & L. Sk e
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et BEEWEE L T9.2 kg/s L U7z,

(7) BVREME O FEAT

BE Sz LLFP BE#F MOV T, 1 RAVEREOMMEFMEIT 5>, T T, Fl
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 (3) LLFP AT L OFRIE _

{18 % 5% L7z LLFP 4120\, 9Tc & 1291 @ SF % 1.0 LA L &3 % LLFP 41K
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L7z, BEEEORR, 1A 782D OBE#RIT, 12914.3 %, 9Tc 5.0 % & 7S, B
HESZSHRERIT, 5 A 7 AT 1291 19.5 %, 9Tc 22.8% & HAETH 5 30 %% T Flal Bk E
Tholz, 2L, KT, 2 kot RZ ffGFHMET L2 HWNTEY, 4831 HED, 3
W E A LA, BERERIE 10 %REEMNT 2 Z LARERNTNDL T b,
AIFLNZDONT S 10 BRRERZEIND Z R TRISND,

(5) EAFIEDFT

R E S 472 LLFP BEHUR DI DWW T, FE R IEDO MR R % Table 4.3.4-4 ([ZE:HELF
DORERHE & B UOR Ule, Ah- B2~ ZAmAIFRE OB AMF.L T, M7 7 7
v PEER LT, MAFMT 707y bE 85 em &5 2 LT, Bk 1.1 ZEFR LT
W5, LinL, LLFP £E5EEZFLMCERT 256, NEERLMETT 2720, Sim
TSy MRS ABERD D LN ol, AT Ty FORES(FIE 35
cm 25 60 cm FTHIMS AL, HFEL 1.08 iR T 2#ERMB SN, £/, LLFP
EAHROIFONETC LY . PuBLEL 2~4 %REMINL, TRy, BIEI A~y T
HIML, BRI EEEZ2bDLBZLND,

(6) LLFP v « 48RO LM
LLFP £&ROHAMIC BT 2 M ATV et 22 T2 LLFP £46KE. B LU,
BREEERET S, ‘ : |
LLFP 54 E & A EHIEE OFMRE R % Fig. 4.3.44 R TH, 43.1THOT N U ARG
HIKT MOX #REHE 0 & R OB 2% L. LLFP 4K E & LTk, TIRFE 38.0 ks,
R 105.0 kg/s D#PFANICHIR SN DR Th o7, WIZ, LLFP &40 RAHIH & HlR
Sl DOFAHE R % Fig. 4.8.3-5 127708, BRHIMIZT 2ANEIC X VIR S, K54 0%
DOEFHIE (61 7)) OEMRIIR#BETCHALZ ERLND, 0D, BEHEIEZs A7
JCHIBT A2 & & L. 20BA. 62.7 kals DELSERHERZIEET 5 & HiZr lLOHIR G
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BB e, EEBHKEL L T62.7kgls & LT,

(7) BEEHEDFHAE : | |
| BESN LLFP BEHIFLICOWT, 1 KRLEREOBMIE 21T 5. =2 C, Bl
HOLEFRBIZONTIE, 2RTRHEDKREN—RIT, FEHEF.G L LLFP BEARYF L0
BSOS, EEELOWRRAIMELTREL S L & Lk, LLFP A0 %ER
BICoWCIE, Lo LLFP £ EHROFMERE MV, £y 2nSAORE (6
B - EASVRSESE) L LT, 1RBIRED 6.0 %ZA8E LTz, . '

FEORER, 1 WCRBLERRIT 104.6 %L REED S, BB L < 5 RB LIRS
oo 2L, AFHEAEIEMCH Y . 5%, BB OBEMRFLITY L L b, FHER
WEMEALETH B L EXBND,

® Tt
Pk, $h- v A~ 2R EMRARYFE L, P ONEREEZRA U LLFP AP OIICER TS 2
LICkY., Iy NBRAENE (B RRASERE), Fﬁﬁ%gﬁ(ﬁﬁm%)%%tboo
1.0 BLED SF 5B Cx MM EET B2 ERTRENE, HEL, FLRERFELT
niﬁ®3?m%(wa0@%#WFT%D\4&\%wﬁ%ﬁ%ﬁﬁWéﬁﬁﬂﬁéoG
YRS Sy FOBAMKICOWTIL, BIE, FARBIC L 2R EET ChH YL, T
— XTI B BARIR I 2 W58 & L R0 & BT, BR O fHk 2 107 T, )
F b U T AAEKE MOX BUEHFL & T 3 & . BRI SN T, ﬁét@wﬁ£
R ISR L bERF L~V Th B = &ﬁbmoto

4.3.5 ~U LT ABHKREFEL RAT 0y 7 7)
(1) BREHGAF - fRATFIE
FEARREAME - BTTRIEIC OV TR, 4.1 - 4.2 HiTHB L&l - FHEAHWE, BE
BROTHIZI W TiX, LLFP £4ENOIEEDHREEZERTHZ & & L. AEERFLE
N~xm\@ﬁi*w¥~%y%w»m%%f@ﬁbt#ﬁ%@ﬁ%ﬁ&ﬁmLtomme
4.3.5-1 1. AEIOHF TRV HEYEHEAEE YR, £7-. LLFP £&8fofamiciL
T, Table 4.3.5-2 1A, BLO, #HIBREHL2RT,

(2) LLFP £ A BATRRORE -

LLFP &£ AKIZ DV T, 4.3.1 DT F U 7 ABHIAT MOX MEHF L OME~— 212, (R
SASBREIOAAT By 7B L ERZBN) CLRMESKERAT AL LT, ZIT,
AT AT ABEFE, BELREERBZZ LN, =7y MY BEME OB &
LT, SiC/SICHEEMERET AL L L,

WA B BTN T, M@mme§@@b74n%ﬂksmm§%caimfmé
ZEnh, FOBELRRY | BEE R T A SRBEARA~DEE (F—< LA 7) FAE
BRI Th o, ZORD, BEMERICONTAT X — &#~N4%ﬁw\F%&L
THERIRETHZ L & Uiz, HERDZW, Fig. 4.8.5-1 12, HHEMEIE b %DHE DM R
T A PREHE AR S5 ﬁ%ﬁ@%%ﬁbtoit\a&%t/wﬁva%Akowf
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. RIANBEIBRARAET oy 7BITHRS L A OETE L o TN BT, BT
CTUhy MEBE, =Ty MTAREFLEIO 100 cm 22D L, EOEEE T R
FUFRACESTHMEL L, #—Fy MU F LARICOVTIE, BEBREL DT VAR
B 70 cm WWRE LT-, EAKRDO EAREKIZHOWTIE, F b U ™7 ABEIRTE MOX BREVFE L &
Ak 63174) &L, WM v 2NRICETRCERET 2 UV ERBEZRATI 2L & Lk,
DIk, B OREREE b LLFP £40H#E% Table 4.3.5-3 I0R§ & & bic, LLFP 4
AEDEiE % Fig. 4.3.5°2 IZ7R 7, '

- (3) LLFP BAS uF > DR E . '
R BT Lz LLFP AT ONT, 9T & 1291 0 SF % 1.0 Lk & 3% LLFP 414
DOFEF L RBEOM 21TV LLFP BEMF LORMEZAT o 72, FHliORER, LLFP £&4
DEFICOWT, SF > 1.0 ZRT 2121 36 RS NE L RS FHERNE LN, REShT
OB E % Fig. 4.83.5-3 IR,

(4) BB MEO RN 7 -

BRE SN LLFP BB LS DV T, BB B O PR £ % Table 4.3.5-4 1R
LTz BEEORER., 1A 7 V%70 OBEHREIT, 12912.6 %. 9Tc 3.3 % L LOFRILY
INESWRER L oz, TR, AP LOFHEFRBMOFRL L N SN IR DE DT
b5, Fle. BIEEEHREE, 3 URELOTRT VT AFEEB THICHETE T, o,
HANERIRES 6 MPa &/hSWZ &0, REHIHS 1 A4 7 VICHIREN D720, EEED
Y 3 R L KIRICHIIR SN B RER L 2o T,

(5) R DT

E SN Tz LLFP BZE#HF LDV T, FERZREOFNFE R % Table 4.3.5-4 [ZHEIER
D ORZE & Bl UOR LTz, LLFP BZEHF O Gk, LLFP Ak & 37 Lesy, A
BHEEORIEND) BFAT T 7y VEAKRBHIBREN A0, #iHAT Iy &
W3 MERH D ZERbholz, Wihm7 77y hOES (EFET) % 50 cm » 5
60 cm E CTHIN S EIE, HEGELE 1.08 2R T ARRSE bz, 72, LLFP £A4 K 0)F
DNERICE D, PuBLEEX 2~4 %REEBEML, ZRICEN, BEI Ay F ML,
BRI EEE XD bDEEZ LD,

(6) LLFP vy - A E DAl

LLFP 48K OEEMICE T 25HE 21TV et E T 5 LLFP £44HE, B LU,
A2 ET 5, (Z2C, SiC/SIC HAEM DKBBFBEEIZOWVWTiX, BUREEMIZRI T
BB, SiC MM OMRANS A —ZTFTF 4 MAD 105 L EHELE, )

AHiifGR & LT, LLFP £ 4R & £ HRE ORMEAR % Fig. 4.3.54 [T, END
RV EBIMOBEL LR U EEM YH OREPBPICR BELVI EBD0N5,EDD,
WoEM YHIEEZHE T 5 X 9 LLFP £A4 A0 TR E 0.58 kg/s BikE 5, —J5. EERHE

CBIZOWTIE, BEEEARIHDIRERE 150C L LIZEE. EIREEN 0.36kgls & 720, EFE
O FREEZ TED, BREFEELRVER L RoT, 22 TRIE LTV HBERESRHOE
FEZE 150°CHE, 7 b U v ABEFEOLM (1200) 2 _X—ACEELZETH Y, F g
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MIPNTEELROT RFOY —< VR b7 A B T X DHIREHCOWTIIRTORMAEH
TAHZEND, AR CHTIRITE 0.563 kg/s ZESHREL LTEELEZ (205HE, Wi
EAREIMREZET 230 CRE L REL bILd), LEORSRRELZEE LEE. VAN

WHIICEIR S AR Th oo, Zhud, LLFP &Y 07 A R EHIRASAE X ELO 5
ST L EMELTHY . RHE 6 MPa U FICHIBSh B Z &, BEC, RO
LLFP £AGMERIEE LA, 3 VELLOHAT LI MERS SRR CE RN
LIZEBbDTH D,

Pk, LLFP AR L LT 0.53kels, BRMME LTIHA 7 MCRET DI EEL
7o

(7) BREPEOFHAM

FE STz LLFP BEHF LDV T, 1 IRARLBEREOHIKFMI 21T 2, 22T, Fil
HOMLERBEIZOW T, 2EWICHEORREN—RC, EEF.LE LLFP BERF LOE
BB DD, BEFLOHEZMELCRMS 52 & & Lz, LLFP 4@ O LER
BicoWTiE, Lo LLFP £A4 KR EOFMERE A, 72, ThLBORE (i
B« BEAWEREEIRE) & LT, LIRRIED 2.0 %2 BE L, \

A DFE R, 1 RSB EREIL 105.2 % & RS v, BdrEds LS 22 RBLAVREh
oo 7272 L, AFHHIMERIME CHY . A%, BERFORBEIRNEITO & & bIiT, FlR
REEERVETH D L EZOND, '

® &

b, ~U T AHABEREF L, FOPNERELZEN U LLFP AR NCERT 5
T LWL, 7T MERASN (RTRRRBERS), JFOMERRER (EFEE) &z LoD,
1.OLLE®D SF 2 ER CE DA AT 5 Z LR SNz, 122 L, ARAT vy 7 BUFEL
Tk, fFERoFE.L & BREHIEARD CELHIREIND Z 00, BHBEE#RE X
IRICHIR S AR E p oz, LLFP A8 MEEIC OV BUR, BEMIC, MhofFm &
RIS B8y RABIRR LCO B8, ~U U AT ABRAIF T, 4%, LLFP S48
1 BRI T A RAN R AE LESDRNALEEZ X bhb, £, BiREHFTo=
ik (YIs) « BOEAS (YH) O@AME. BL O, KEBHZRFFMEL ST SiC/SIC EHEH O
PIZDONTH, 4. FHMRRERLELEZ LND,
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4.4 FIFENZIST D LLFP B BRI D Heik

B4R LLFP B BUF IO T, EER R, 8% - BUSiE, B L0 B4 Table
441 ICHBLTE LD, REYD . WTROFEITOWT S| HFEE 1.08 L EZRER LoD,
1.0 BLEo SF 2R LTHY . FS THE LTV AREREE « BEIC SV CEEO RiE L3S
Bz, 7272 L, LLFP A vy b Y (B4 0 (kg/GWY) % by % & bk
BEOHREIC K 0 FFRICER RS, T F U 7 ARARKESBBREHE L CRB/NS, Y
T AAEIKA MOX REHFL O 0.7 (R, FRHCRbRE VDL, ~U ¥ AH ABERAYS
T, F R U 7 AAEIRE MOX MBHELO 1.6 (B L 2o THNDZ L ibhs, £, Rl
BRI OV T, 13 & A EDFRIZOWTIE 16 %~20 % & FS O BEHZME 30 % & &+
TEARETH o728, ~U 7 AT ZEBEUFIC SOV TI, 8% & HZ&EE KIBIC FIE SR ThH
o7, ' :

DX, WTROFER G RE RN - BEGERT S b OO, BERERIZOWVWTIE, %
R CRRICENRD b5, TO70, BRI LT, THEATRIRYS 7 0 EHhE] & (5
HUZS R | (oo CL BRI I 72 LIS 24T 5

(1) BAAZHARIY 72V RZ A e

WA HAT M 7o 0 SRR b LT 4R 7 U DA% Table 4.4-1 1 HB L CRRAL LT
%, YT Y ORERRIL, FONEFFLOHE, B FLEE R ETR TR T,
HE DR SER A IRAS 2.9 X101 n/em2s & B bR E VT b U U ABHIRE S BIREHE LT
LAXL FIXFULTEL%, IUETAL2%ThH T, FOETEL T 2.0 X 1015
n/cm?s FREDF U 7 AGEIRT MOX BREHF L & $4- B A < AR PRUF O Cil, BEHBRR
T 7 RF 7 ALT35%, 3 URT 28 %RE L, T RIS LT\ D Z Eibhd,

—J7, T MY T AmATE MOX BREHFE &~V U AT AGHEFCIX, EEROBIEFE» G
ATEY, BEREZ, IMFEIV/hSWMEL 2> TS, ZOBEHEE LT, TrITA
WA R MOX #REHFIZ DV T, Fig. 4.3.2-3 IZFLEREZR LTV 503, HlEHERLE DR
¢, oER L W LLFP £A4ROERAE N S/ ERINC ALV, LLFP £ E O
FPETHRBIEL ol 2dThH D, ZORRIC, FARUFE T, LLFP A KON E I K
L VBRI, FOBENECIFREMEIIZEZ LN bOO, SR SNIZEERRDIL
Tik, KE - A OHHBEOMEIC L ARNENRZRBBETEH 2V EZB XD, ~Y TAT
AN D CREHEI NS WEE & LTI, AT, Bk & LT SiC 0EFEPAE
<y HHEF AR MBS L BIr % 72, LLFP EA KT OBEMEIAN 5 %&bl |
CHIREND =D THD, TOBMERROEKFIX, T uy s BEGKERA LY 72T
AWEYF LN & > T, MBOBIICERTT 50 RENRMEEEZE X bhd,

BRI 7 0 B BRI, LLFP o vy F U ICRE QBT AR THY . = OER
REWFEEIZ LY, LLFP A > _V b Y 2K C& 5, FBREAT TV 4 L, LLFP BE#IF
DEAR—Z DA TR, BTG 72 O ERROREWFLRFELTH Y, ZOBEADND
. 7 U U AREIRELS BABHELDREBERLTND VR D,

@) M

HU R R MR & Lol 9% &, BALHIRI S 7o D REERITIK BT, £ < OFFRIT~20 %FEEE
ThHDZENDND, Thid, BUHEERET, BRI Y2 BERRO LR b, B
MR ELKFT D720 ThH D, LLFP £EEOMMIIKIZ, AifiE TOFFRHICEBIT D
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BAMIROREN D, M3 vEOBERCERINDIFE ) U HAONETHRS LT
W5, ZOH, HAT LT AFEREIMERIC A7 REBIRSENAY 7 AT ZBRF
RF MY U ABREIRIIEBREHE CiE, BHBEERERI IR SN B RER & 2o T,

INHOFEMT, HAFLF ARRPHARIC AR B BB L LT, £, ~UTLH
ZBENFIZ N TCIE, RT A NRBIC (WA F LF AEREH LEV) AT ey 7 Bla
LTWADIZxt L, LLFP £6844k, (fofFi LR 0c) ey RUVBIZEA LTS
b ThD, BEEICIT, BUR, I TRODTARRFLESLVIERL, TONET RS
LA e UTHMRE L TWB A, 3 7HEY T AR 2 RIBICIERT % & LLFP A8 L.
EOHRITET T 7 v MERROEEIRY ML IR CE R 72D, ZOTD, P
DT, RIS 1A 2 AMTEIREND Z 212572, T b U U AGBHIKRTLE B BREHE
DTN T, B O B B R OB & . BUIR, THSEARIEEE 2% 100 MWd/t (IR
ENTBY., bEb o EUHELREEEDR 150 MWAL ©) FR LY T A7 LI AERE
SREENTVSZ LI B, - |
IS R ME 5 & LLFP % —7%'y L OFALEEIFIC, 1% & L CREIEMRAICHT
9% LLFP OEREMT 2 Z i v, BUR, 30 %RBELZHLMHEL LTWND, ~J UAHA
BEFIC OV TIE, BUHREHREN 3 %LBD TN BEN TRV LV TH S, 0
T, ~U LAY ZAHIFED LLFP A4 KEEICOWTIL, 4%, RAMRRE L2 E50%
HBRLEEEZ NS, '
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5. ¥iR— b7 7 7 Z ) BFELOFEBERT

AREAEIT BT B LLFP BAEBUR D ORE G, B s & LT SF 1.0 BUE & Sefhic et
i % S L C & 7203, RAMF & LCoREEE: (FF7 v NRESM: - P UHRBER) &f7 71
RS, FEEEX, SFIX LOEBICEEAMREThH o, SFLO LWIHI DL, BOAER LD
LLFP #EBRTE D Z L 2BHRT D2 b0 THY, FBREAT T U A ki, LLFP E#BOE
RIZEBICHHETE DL LD, SF % 1.0 05 REL AL LEEERFLICOERFAETHD Z &
DEEND, 2T, SF A EOWREM BT, BURO T T v MERA S - P OMERBE R
Do H, BONOEHOHIREBEMT S LT, EORE SF A R0 RIAD 2 2B E R %
1Toz & &L,

Ip¥, AMRFCIO T, LLFP EBAROERIEL LT, 3EOFRICEIE, FS7=—X
I ORFEEFFEIORE SN P LDNEREEZEAT A & L,

5.1 FHlgAt
5.1.1 LLFP #Z—/%" v b « Bk
LLFP & —% v b « oM icoOWT, LLFP ;t£ & LTCE, aUvRET I/ RXTFUVLENE
&Lkoﬁ&@ﬁﬁkbfm\H?%Kowf\MHBA%\WH%ﬁ%\??*?WAK
OWTIE, 9Tc100% & Lz, #—4 vy hOERBIEL L X, I 7R T EiuR (997°0)
ETAY, TIXRFILATIE, TI7XFULEGELZHE L, BEME LT, ZrH %
BHLE, '

5.1.2 FEHEFEL
A SF [\ EFELOBETIE, T F Y U AGE MOX BEHFZd5 s L CGHiziro 2 & &
L. E¥FLE LT 3ED LLFP £8KEFEOKRIFERR, FS 72— XN HHE LD
DRFIFLTH D Ty FNUED GEAR, ABLE BEAKEM)) 2@8HT528& 0L
715,17, :yﬂa%@ﬁb@ﬁbﬁﬁ@&é%&ﬁ%°%ﬁmFg3qﬁ%Ltﬁbﬁkéo

5.1.3 EXatsRft: - AR
(D) 77 v NEESEM - PO MEREERR

FF v NG SM - FLMERRESRIC OWT, BRERHMEEH DA O &M, REEFLORME
(EARESIE > T, HIEERE, S 2REFETZE L LK,

(2) BRIk

AR ED HEE L LT, 1291 - 9Te BRI DWW C, ERED T T v MIRA S - 4D ERE
TR &R T HHIPAT, FWRERIRY K& SF 2 492 & & Lk, %72, LLFP OB
BRI HOWTIE, 30 %2 B EMHERALEE L,

5.1.4 fRENTFIEOBNE

R « BRI DWW T, EDNERE O AICERE LT 2 ot RZ €7 VIl 5 FHEF
EEREATAZE L U (@S FEORML. 16 158, BEREOFHICB T,
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SRR OB ER L LCIL, 3 EOMTRE. 727 % F 7 4093, FvFK 1.00 & Liz,

YR— b7 7 7 ZA O 0 REEFR

52.1 REFHMEEEB ORE

INETORMNOFER, HEF L L TORGFHELF (77 v NG SR - FOMERER) 20
PGk, SFIX LOEEIC B E AR CTh o, €2 T, BROBEHEMHED S B, %5
DOEE ZBITSZ LT, CORE SE I ERRIAD S0, BREFMMEEZIT>, 22T,
REFMOER & LT SF~DRENPKRENVEEZONDUTOIEE ARG LTHE
L7,

@ FELBHT
@ B IR
® fbd 1 =

DT, FLBHADIETICR U TREHEA KRR EZ IS L, LLFP EAROERENE
RelRt 5L L bic, EREN5 LLFP £REL R TS, YORE SF CEERDHINRD
T T B, @TiE. BABHAEIROERIC A, BREHEA KM 72 ) DREEZ I S+
IREHE SRS A 52 & ¢, LLFP £8K0EH AR MMS S F8E B2 L LT3,
@ Tk, ITNETORMNIDL, BHEE 1.03 U EOHIRIC L A8 GFMT I oy MEAKRE
LLFP EAKOERMIENNEE THD EELBN, BV A XEBMLT T vy Mt
B0 LI BA D SF ~DOBEBERZZ L L5, 2T, ZREEFEEE 0/ X — X OIF
COWTIEL, FHENBENRBECRET &L L, '

5.2.2 JREEFHE

(D LB

LB IO T YR LD D 10 %REE ORI L 18E L, BREIE S K 52 k% LLFP
HARCERTHZE L Le (BRE LT, FOLEEIIE 8,570 MWL 225 3,260 MWt ((1
~52/594) x 3,570 MWt) = TIEIR), FIEFLOBRBHEAK 52 A% LLFP &I EH L
FIE CUF. AL BRI D) OFLELER % Fig. 5110, EERBISVE - I Hu i
% Table 5-1 12, FERF DR #*#%%ﬁthFlOﬁ%Q@u@SFT RE L7 AE L
PYEETT A M&H%T%D IR, SRERMERAEE O LIRS LB L TR LT,

FEE L LT, RHSEEEE O L, Fl - BiFR T T vy MER CTOMEHX
BETT208, BFAT T 7y MEABEIIEERL L AT, REEEREFLLY 40
K%< | EEOHFELIE 1.08 ZFEET 5 L-ULTH o T2, TS EOIFLEVE S ORI
%@mﬁxﬁéﬁfﬁé%é PEBHLE 1.03 FERROBLEANDEEEE ZEZ 51D, SF_om
T, BEFEAFREF O X W LLFP £8EREEDMEML T 5 Z & s, BHESH
wfé&&%K;%ﬂ%é%ﬁ@ﬁﬁmiD\MEPEﬁ%ﬁﬁT?éGTﬁﬂUGLM\
129] T 152 ECHEFRRETHAZ & B b oT,

PL b, JFLEBHINCOWTIHE, DOREREEZRET D56, 7 10 %R E DX R
ﬁT%D\%@%ﬁf%\SF@ﬁtilé&Ek%ié;kbbﬁoto
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Q) BIHRHIHIRR

(DTEE LI LEH 1% 3,260 MWt & TR L 72 D TEFR.OC DWW T, Fl
BBIXZFDOEE T BH A% 3,570 MWt &§ 5 £ CRARENOHBREREMTA L EL
oo TZC, MRHENIHEME W H0, BHESBRBEIIRE TS L & L, EiRY A 7L
EREMTAIZ ETHInTHI L & Lin, ZORKBREARIREEM UZFEL CLT, &
H D HIBRARFIF L) ORF LERE R DWW Tk, F O AEFIFO L FfRTH Y | Fig. 51
DEY Tl D, FEPEENE - BEBUEIEIC DUV TIL, Table 5-1 10, BREFSHRAFFE L &
bl U R LT, o

R ORER, AF ORI, %@Fu@4mﬁ%mﬁ%4mwwmi<40%&
FEHEING 5 2 LBy oTe, BV A 7 VRIZOW T, BN TR RFED =0, 548

H2v5 500 HIZEME STz, ARFLTHE, HIEEOBEIMIEO R RIEEMN$ 5 25,
R A 7 VR OB WBREBIMIZET T 50T, R E LT, SFI3FE.OHEmF
DEFERETHY, 129 - 9T & 6 L5 EBENR LR THLZ R oTe, E2, HIHIZD
WTCH, L ERF O EREISE L R AR ThH o T2,

PLE, RREHAHIRIZOWT, 480 Wiem 2 (10 %850 £ TREFfLTH, SFOR

FiI 15 BEICEEDLZ Lo T,

B LA X (FRBR/E)

BE SRR O ER— R, BFAT T 7y b e @A) 2 BOMRT 5%
fmmﬁ4x%%m#5_kabt(%ﬁm77/&/b%é¢%3gaiﬁ%ﬁﬁéﬂ
b EZ LB, BELE~DOFEXMET L, 77 7y hEELEERORHELREEE
DHEERETEZELOT, 2BEHETE LR, BFMT T 7y N 2 @oawER LTZFEL
(uTJ%u%JXﬁﬁmu)®FMM%I%Fgﬁ1h“£EEﬁ¥HE&E@%i%T@k
5-1 12, BESRMFREFE O LB L TRL,

BRLLT, BFET T vy MR, BESIEREFELO 158 (k55 210 KE T,
B2 RHIN LTV 5, O LOWFEELIE 1.061 & 1.03 1% LK HH DT, D5,
BHFET Ty MEAEEEB S U, LLFP £A4 %A HMNSE 52 L & Lk, Fig 52
W REFSRMRAFE IOV T, LLFP B4 5% /3T A —% (401K, 4618, 521K L L
T, BSELLZ R L=fERE 7 e > b L7z, 22 C, LLFP 4K L BEHEH O BRIR I8
BTHDZ D, T A XBERELNIOWVTS, FREOBREREND D EIE L T,
HWINTTEE7: LLFP A6 AE/ME LT, FORE, WAl 1.03 BE L /2% LLFP £41k
Bt 52 KRR & 725 2 L o Tz, LLFP £44k 52 hoiF b SF i3, (D@ DFEE &
V., 129 L 9Tec L H IS5 BREICHEHELRLDOEEZZ DN,

Pk, YA REBERT T,y MEAE 2 BN CHIN (EL+&FINT S
vy NEMERT 3 BEEOHEMIxE) LTh, SFOmMLIX 1L.5BEICEED Z LR
Hhhotz, ‘

53 P R—b 777 2\ EFELNCETHEED

SF [ LOFRetE 24T~ <, BRORFEHED S B, SF ~ORBERRENVEZZOND
HE (FLEHTT, BRI, JFtA X) ORIREEMT S ZE T, EORE SF ML
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DARIAD B INBRER 21T o 72, FERE LT, LT ONT, 177 10 %R E OB R
RTbhbv, FOHAETH, SFOM LT IS BECEEDL Z &, RRBRHIHIRIZOVLT, 480
Wiem BB (10 %80 % CHAILCTH.SF OF EiX LABEICEE L Z L b ol £k,
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Table 3-1 Criteria for LLFP target pin, moderator pin and assembly

Criteria
- Items .
Value Viewpoints
Te 2,170 C Melting point
'LLFP YIs 997 °C Melting point
Cul 605 °C Melting point
Temperature Moderator Zr-H 900 C Phase stability
Cladding - ODS 700 °C Structural integrity

Outlet temperature difference
of LLFP target assemblies and
the adjacent assemblies

120 °C (target)

Thermal striping

Hydrogen ratio of Zr-H (H/Zr) 1.53 Phase stability
CDF 0.5 . .
Structural integrity
Inner gas pressure 11.8 MPa

Table 3-2 Specifications of LLFP target assembly in ex-core loading type core

(Sodium-cooled large-scale MOX fuel core (compact type))

VItems Te targe’g assembly I target assembly
Te pin Moderator pin I pin Moderator pin

Material of element Tec (metal) ZrH1.65 YIs ZrHies
Number of pins in a assembly 172 159 379 252
Ratio of pin (%) 52.0 48.0 60.1 39.9
Material of claddihg ODS ODS ODS ODS
Pin outer diameter (mm) 8.42 8.42 5.5 5.5
Cladding thickness (mm) 0.33 0.33 0.33 0.33
Smear density (%TD) 80 90 70 90
Bond material He _ Na He Na
Pin pitch (mm) 9.2 6.6 9.2 6.6
Column height (cm) 150 150 110 110

Gao honm Lo T
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- Table 3-3 Nuclear and thermal characteristics and transmutation performances in ex-core

loading type core (Sodium-cooled large-scale MOX fuel core (compact type))

Transmutation core

Transmutation rate

Items Reference core (2 dimensional R-Z
simplified model)
Core column length (cm) 80 —
Number of driver assembly (inner/outer core) | 594 (316 /278) —
Number of radial blanket assembly 198 0
Number of LLFP target assembly - 53/170
Axial blanket length (cm) (upper/lower) 70 (30 / 40) «—
Core equivalent diameter (cm) 490 —
Pu enrichment (wt.%) (inner/outer core) 21.5/24.1 21.8/25.4
' Burn-up reactivity (%Ak/kk’) 3.2 3.6
Average discharge bur*n-up (GWd/t) 148/ 63 151/ 90
(core/total*1)
Breeding ratio (-) 1.16 1.03
Peak llr}ear heat rating (W/cm) 490/ 419 447 | 440%2
(inner/outer core)
Peak fast neutron fluence (E>0.1MeV) (n/cm?2) 4.6x1023 4.9x1028
Average neutron flux (average in cycle) 9. 4x1015 92 6x1015
(n/cm?2s)
Required total coolant flow rate*s (%) 100.0 100.5
- 99T 129]
' 1 - 20 8
Irradiation period (cycle)
B (year) - 30 12
. st
(% per cycle) 0.83 1.87(1 layer)

0.66(2nd Jayer)

(% at discharge) - 15.4 10.7
- (kg) - 5,983 1,093
LLFP inventory
(kg/GWt) - 1,676 306
Support factor () - 1.03 1.02
LLFP assembly coolant flow rate (kg/s) - 4.2 1.8

*1 : Average burn-up including blanket -

%2 : 3D correction is considered. LHR of 3D model to that of 2D model ratio in the reference core is

tentatively applied as the correction factor.

*3 : Ratio to potential primary coolant flow rate (in rough evaluatlon)
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Table 3-4 - Specifications of LLFP target assembly in in-core loading type core

(Sodium-cooled large-scale MOX fuel core (compact type))

Items v Te pin I pin Moderator pin
Material of element Te (metal) YIs ZrHji.es
Number of pins in a aésembly 154 378 99
Ratio of pin (%) 24.4 59.9 15.7
Material of cladding ODS ODS ODS
Pin outer diameter (mm) 5.5 5.5 5.5
Cladding thickness (mm) 0.33 0.33 0.33
Smear density (%TD) 80 50 90
Bond material He He Na
Pin pitch (mm) 6.6 6.6 6.6
Column height (cm) 80 80 80
Gas plenum length (upper/lower) (cm) - ' 55.5/185.0 -

Table 3-5 Effect of LLFP targét assembly specifications on transmutation performance

(In-core loading type core)
(Sodium-cooled large-scale MOX fuel-core (compact type))

Case 1 Case 2 Case 3
Arrangement of target and Te pms Te pins
: A surrounding surrounding
moderator pins in LLFP Homogeneous |
» (to concentrate | (to concentrate
target assembly . .
ST moderator pins) | moderator pins)
Ratio of moderator pin (%) 30 30 15
I pin to Tc pin ratio () 2.50 2.26 2.45
Te I Te 1 Te I
' LLFP inventory (kg) 16.66 | 6.89 | 17.87 6.69 20.85 8.48
LLFP transmutation rate 9.8 9.0 : ’
(% per cycle) 9.0 6.7 (1.09)1 | (1.34) w1 6.2
LLFP transmutation amount | 1 59 | 46 | 176 | 060 | 1.61 | 053
(kg per cycle)
ItoTe re}uo of LLF]i’ 0.31 0.34 0.33
transmutation amount’2 (-)

1 : Ratio to LLFP transmutation rate of case 1(homogeneous arrangement) o
*2  Ratio 291 to 99Tc¢ of yield is about 0.33. Thus, to attain SF > 1.0 for 291 and 9Tc
simultaneously, it is necessary for this ratio to approximate to 0.33.
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Table 3-6 Nuclear and thermal characteristics and transmutation performances in in-core

loading type core (Sodium-cooled large-scale MOX fuel core (compact type))

Items

Reference core

Transmutation core
(2 dimensional R-Z
simplified model)

Core column length (cm) 80 —
Number of driver assembly (inner/outer core) 594 (316 / 278) 594 (296 / 298)
Number of radial blanket assembly 198 158
Number of LLFP target assembly - 40
Axial blanket length (cm) (upper/lower) 70 (30 / 40) 70 (30 / 40)
Core equivalent diameter (cm) 490 505
Pu enrichment (wt.%) (inner/outer core) 21.5/24.1 24.8/27.3
Burn-up reactivity (%Ak/kk’) 3.2 4.1
Average discharge burn-up (GWd/t) (core/total*1) 148 /63 150/ 67
Breeding ratio (-) 1.16 1.05
Peak linear heat rating (W/cm) (inner/outer core) 420/ 419 441 ] 440*2
Peak fast neutron fluence (E>0.1MeV) (n/cm?) 4.6x1023 4.2x1023
Average neutron flux (average in cycle) (n/cm2s) 2.4x1015 2.4x1015
Required total coolant flow rate*s (%) 100.0 104.0
- 99T 129]
Irradiation period (eycle) - 3
(year) - 4.5
) (% per cycle) - 6.2 5.0
Transmutation rate
(% at discharge) - 17.5 14.3
LLFP inventory (kg) i 834 339
(kg/GWt) 234 95
Support factor () - 1.08 1.11
LLFP assembly coolant flow rate (kg/s) - 8.0

%1 : Average burn-up including blanket

%2 : 3D correction is considered. LHR of 3D model to that of 2D model ratio in the reference core is

tentatively applied as the correction factor.

*3 : Ratio to potential primary coolant flow rate (in rough evaluation)
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Table 4.3.1-1 Correction factors of heterogeneous effect inside LLFP target assembly to
transmutation rate '
(Sodium-cooled large-scale MOX fuel core (high inner conversion type))

LLFP tgrget agsgmbly 99T 120
loading position

Inner core 0.90 0.99

11tk layer 0.93 1.02

12th layer 0.91 1.00

Outer core

13tk layer 0.90 0.99

14tk layer 0.89 0.98

Table 4.3.1-2 Criteria for LLFP target pin, moderator pin and assembly
(Sodium-cooled large-scale MOX fuel core (high inner conversion type))

* Criteria
Items - -
Value Viewpoints
LLFP Te 2,170 °C Melt%ng po%nt
YIs 997 °C Melting point
Moderator Zr-H 900 °C Phase stability
Temperature Cladding 700 °C Structural integrity
Outlet temperature difference ‘ '
of LLFP target assembly and | 120 °C (target) Thermal striping
the adjacent assemblies

Hydrogen ratio of Zr-H (H/Zr) 1.53 Phase stability
CDF 0.5 . .
Structural integrity
Inner gas pressure 11.8 MPa

Table 4.3.1-3 Specifications of LLFP target assembly in in-core loading type core
(Sodium-cooled large-scale MOX fuel core (high inner conversion type))

Ttems Te pin I pin Moderator pin
Material of element Te (metal) YIs ZrHies

Number of pins in a assembly 154 378 99
Ratio of pin (%) 24.4 59.9 15.7

Material of cladding ODS ODS ODS

Pin outer diameter (mm) 6.23 6.23 6.23

Cladding thickness (mm) 0.375 0.375 0.375
Smear density (%TD) 80 50 90
Bond material ‘He He Na

Pin pitch (mm) 7.47 7.47 7.47
Column height (cm) 100 100 100

Gas plenum length (upper/lower) (cm) ' 37/143
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Table 4.3.2-1 Correction factors of heterogeneous effect inside LLLFP target assembly to
transmutation rate
(Sodium-cooled medium-scale MOX fuel core (high inner conversion type))

LLFP target assembly 99T 120]
loading position
Inner core 0.90 1.01
9th layer 0.94 1.05
- Quter core
10th layer 0.90 1.01.

Table 4.3.2-2 Criteria for LLFP target pin, moderator pin and assembly
(Sodium-cooled medium-scale MOX fuel core (high inner conversion type))

Criteria
Ttems - :
Value Viewpoints
LLFP Te 2,170 °C Melt%ng po%nt
» YIs 997 °C Melting point
Moderator Zr-H 900 °C Phase stability
Temperature Cladding oDS 700 °C Structural integrity
Outlet temperature difference
of LLFP target assembly and | 120 °C (target) Thermal striping
the adjacent assemblies

Hydrogen ratio of Zr-H (H/Zr) 1.53 Phase stability
CDF 0.5 . .
- Structural integrity
Inner gas pressure 11.8 MPa

Table 4.3.2-3 Specifications of LLFP target assembly in in-core loading type core
(Sodium-cooled medium-scale MOX fuel core (high inner conversion type))

Items Tc pin I pin Moderator pin
Material of element Tc (metal) YIs ZrHi.e5

Number of pins in a assembly 154 378 99

Ratio of pin (%) . 244 59.9 15.7

Material of cladding ODS ODS ODS

Pin outer diameter (mm) 6.23 6.23 6.23

Cladding thickness (mm) 0.38 0.38 0.38
Smear density (%TD) 80 50 90
Bond material He He Na

Pin pitch (mm) 7.47 7.47 7.47
Column height (cm) 100 100 100

Gas plenum length (upper/lower) (cm) - 45/139 -
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Table 4.3.2-4 Nuclear and thermal characteristics and traﬁsmutation performances in
in-core loading type core '
(Sodium-cooled medium-scale MOX fuel core (high inner conversion type))

Items

Reference core

Transmutation core
(2 dimensional R-Z
simplified model)

Core column length (cm) 100 —
Number of driver assembly (inner/outer core) 286 (157 /129) 286 (145 / 141)
‘Number of radial blanket assembly 66 45
Number of LLFP target assembly - 21
Axial blanket length (cm) (upper/lower) 40 (20 / 20) 75 (35 / 40)
Core equivalent diameter (cm) 383 396
Pu enrichment (wt.%) (inner/outer core) 18.8/23.7 21.9/27.5
Burn-up reactivity (%6Ak/kk’) 2.8 3.9
Average discharge burn-up (GWd/t) (core/total*1) 150/ 86 150 / 74
Breeding ratio () 1.10 1.03
Peak linear heat rating (W/cm) (inner/outer core) 409 / 402 427 [ 421*2
Peak fast neutron fluence (E>0.1MeV) (n/cm?2) 5.4x1023 5.0x1023
Average neutron flux (average in cycle) (n/cm?2s) 1.9x1015 1.7x1015
Required total coolant flow rate*s (%) 100.0 103.7
- 99T 129]
Irradiation period (cycle) - 3
. (year) - 6.9
(% per cycle) - 5.3 45
Transmutation rate (% per year) - 2.3 2.0
(% at discharge) - 15.1 12.9
. (kg) - 702 285
LLFP inventory
(kg/GWt) - 393 160
Support factor (-) - 1.04 1.12
LLFP assembly coolant flow rate (kg/s) - 9.3

*1 : Average burn-up including blanket

%2 : 3D correction is considered. LHR of 3D model to that of 2D model ratio in the reference core is

tentatively applied as the correction factor.

*3 : Ratio to potential primary coolant flow rate (in rough evaluatlon)
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Table 4.3.3-1 Correction factors of heterogeneous effect inside LILFP target assembly to
transmutation rate .
(Sodium-cooled large-scale metal fuel core (high outlet temperature type))

LLFP target assembly 99Te 120]
loading position
Inner core 0.91 1.00
’ 12tk Jayer ' 0.91 1.00
Outer core '
14th layer 0.92 1.01

Table 4.3.3-2- Criteria for LLFP target pin, moderator pin and assembly
(Sodium-cooled large-scale metal fuel core (high outlet temperature type))

‘ Criteria
Items - -
Value Viewpoints
LLFP Te 2,170 °C Melt%ng po%nt
YIs 997 °C Melting point
Moderator Zr-H 900 °C Phase stability
Temperature Cladding ODS 700 °C Structural integrity

Outlet temperature difference
of LLFP target assembly and | 120 °C (target) Thermal striping
the adjacent assemblies

Hydrogen ratio of Zr-H (H/Zr) 1.53 Phase stability
CDF 0.5
Inner gas pressure 11.8 MPa

Structural integrity

Table 4.3.3-3 Specifications of LLFP target assembly in in-core loading type core
(Sodium-cooled large-scale metal fuel core (high outlet temperature type))

Ttems : Te pin I pin Moderator pin
Material of element Tc (metal) YIs , ZrH1.6s

Number of pins in a assembly 154 378 99

Ratio of pin (%) 24.4 59.9 15.7

Material of cladding ODS ODS ODS

Pin outer diameter (mm) 5.05 5.05 5.05

Cladding thickness (mm) 0.30 0.30 0.30
Smear density (%TD) 80 50 90
Bond material He He Na

Pin pitch (mm) 6.18 6.18 6.18
Column height (cm) 95 95 95

Gas plenum length (upper/lower) (cm) - 192/0




JAEA-Research 2006-063

Table 4.3.3-4 Nuclear and thermal characteristics and transmutation performances in
in-core loading type core
(Sodium-cooled large-scale metal fuel core (high outlet temperature type))

Transmutation core
Items Reference core | (2 dimensional R-Z
simplified model)
Core column length (cm) 95 —
Number of driver assembly (inner/outer core) 645 (297 / 348) 645 (312/ 333)
Number of radial blanket assembly 0 -
Number of LLFP target assembly - 30
Axial blanket length (cm) (upper/lower) 0(©/0) 17(17/0)
Core equivalent diameter (cm) 470 480
Pu enrichment (wt.%) (inner/outer core) 12.4/12.4 13.9/13.9
Burn-ﬁp reactivity (%Ak/kk’) 0.55 1.5
Average discharge burn-up (GWd/t) (core/total*?) 99/99 98 /85
Breeding ratio (-) 1.03 1.03
Peak linear heat rating (W/cm) (inner/outer core) 265 /280 257/ 235%2
Peak fast neutron fluence (E>0.1MeV) (n/cm?) 5.3x1023 5.0x1023
Average neutron flux (average in cycle) (n/cm?2s) 3.1X1015 2.9x1015
Required total coolant flow rate*s (%) 100.0 104.3
- 99T 129]
Irradiation period (cycle) - 2
(year) - 3.6
(% per cycle) - 9.1 7.6
Transmutation rate (% per year) - 5.1 4.2
(% at discharge) - 17.4 14.6
. (k) - 629 256
LLFP inventory
(kg/GW1t) 176 72
Support factor (-) - 1.01 1.07
LLFP assembly coolant flow rate (kg/s) - 9.2

%1 : Average burn-up including blanket

%2 : 38D correction is considered. LHR of 8D model to that of 2D model ratio in the reference core is

tentatively applied as the correction factor.

3 : Ratio to potential primary coolant flow rate (in rough evaluation)




JAEA-Research 2006-063

Table 4.3.4-1 Correction factors of heterogeneous effect inside LLFP target assembly to
transmutation rate
(Lead-Bismuth-cooled medium-scale core (forced circulation type))

LLFP target assembly 99T 120]
loading position
Inner core 0.89 1.00
10th layer 0.89 1.00
Outer core
11tk layer 0.89 1.00

Table 4.3.4-2 Criteria for LLFP target pin, moderator pin and assembly
(Lead-Bismuth-cooled medium-scale core (forced circulation type))

Criteria
Items
Value Viewpoints
LLFP Te 2,170 °C Melt%ng po%nt
YIs 997 °C Melting point
Moderator Zr-H 900 °C Phase stability
Temperature Cladding ODS 570 °C Pb-Bi corrosion
Outlet temperature difference :
of LLFP target assembly and | 120 °C (target) Thermal striping
the adjacent assemblies
Hydrogen ratio of Zr-H (H/Zr) 1.53 Phase stability
’ CDF 0.5 v o
Structural integrity
Inner gas pressure 11.8 MPa

Table 4.3.4-3 Specifications of LLLFP target assembly in in-core loading type core
(Lead-Bismuth-cooled medium-scale core (forced circulation type))

Items Te pin 1 pin Moderator pin
Material of element Te (metal) YIs ZrHies
Number of pins in a assembly 154 378 99
~Ratio of pin (%) 24.4 59.9 15.7
Material of cladding ODS ODS ODS
Pin outer diameter (mm) 5.83 5.83 5.83
Cladding thickness (mm) 0.33 0.33 0.33
Smear density (%TD) 80 50 90
Bond material He He Pb-Bi
Pin pitch (mm) 7.10 7.10 7.10
Column height (cm) 70 70 70
Gas plenum length (upper/lower) (cm) 10/120 -
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Table 4.3.4-4 Nuclear and thermal characteristics and transmutation performances in
in-core loading type core
(Lead-Bismuth-cooled medium-scale core (forced circulation type))

. I Transmutation core
Ttems Reference core | (2 dimensional R-Z
simplified model)

Core column length (cm) 70 —
Number of driver assembly (inner/outer core) 444 (252 /192) 444 (231/213)
Number of radial blanket assembly 0 —
Number of LLFP target assembly - -27
Axial blanket length (cm) (upper/lower) 35(0/ 35) 60 (0/60)
Core equivalent diameter (cm) 443 456
Pu enrichment (wt.%) (inner/outer core) 17.5/19.9 21.7/22.0
Burn-up reactivity (%Ak/kk’) 1.51 2.7
Average discharge burn-up (GWd/t) (core/total*) 154 /105 156/ 83
Breeding ratio () 1.10 1.03
Peak linear heat rating (W/cm) (inner/outer core) 281 /248 286 / 2872
Peak fast neutron fluence (E>0.1MeV) (n/cm?) 6.4x1023 5.4x1023
Average neutron flux (average in cycle) (n/cm2s) 2.3x1015 1.9x1015
Required total coolant flow rate™ (%) 100.0 104.6
- 99T 129]
Irradiation period (eycle) - 5
(year) - , 7.5
(% per cycle) V - 5.0 4.3
Transmutation rate (% per year) : - 3.3 2.9
(% at discharge) - 22.8 19.5
s (kg - 562 229
LLFP inventory
(kg/GWt) - 284 115
Support factor () - 1.02 1.10
LLFP assembly coolant flow rate (kg/s) - 62.7

%1 : Average burn-up including blanket

%2 : 3D correction is considered. LHR of 3D model to that of 2D model ratio in the reference core is
tentatively applied as the correction factor.

*3 : Ratio to potential primary coolant flow rate (in rough evaluation)
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Table 4.3.5-1 Correction factors of heterogeneous effect inside LLFP target assembly to
transmutation rate
(Helium gas-cooled large-scale core (hexagonal block type))

LLFP target assembly 9T 120]
loading position , :
Inner core 0.95 1.02
10th layer 0.96 1.03
Outer core
11tk layer 0.92 0.98

Table 4.3.5-2 Criteria for LLFP target pin, moderator pin and assembly
(Helium gas-cooled large-scale core (hexagonal block type)) .

Criteria
Items . - -
~ Value Viewpoints

LLFP Te 2,170 °C Melt%ng po%nt

YIs 997 °C Melting point

Moderator Y-H 1,000 °C Phase stability

Temperature Cladding siC 2,200 °C Structural integrity
Outlet temperature difference
of LLFP target assembly and | 150 °C (target) Thermal striping
the adjacent assemblies

Hydrogen ratio of Zr-H (H/Zr) 1.67 Phase stability

Less than primary lo

op pressure (compress
Inngr gas pressure 5.9 MPa ed stress is retained

in SiC cladding)

Table 4.3.5-3 Specifications of LLFP target assembly in in-core loading type core
(Helium gas-cooled large-scale core (hexagonal block type))

Items Tec pin I pin Moderator pin
Material of element Te (metal) YIs YHis
Number of pins in a assembly ’ 125 472 31
Ratio of pin (%) 19.9 75.2 4.9
Material of cladding SiC/SiC SiC/SiC SiC/SiC
Pin outer diameter (mm) 7.5 7.5 7.5
Cladding thickness (mm) 1.0 1.0 1.0
Smear density (%TD) 80 50 90
Bond material : He He He
Pin pitch (mm) 9.10 9.10 9.10
Column height (cm) 100 70 100
Gas plenum length (upper/lower) (cm) - 45/45
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Table 4.3.5-4 Nuclear and thermal characteristics and transmutation performances in

in-core loading type core
(Helium gas-cooled large-scale core (hexagonal block type))

Transmutation core
Items Reference core | (2 dimensional R-Z
simplified model)
Core column length (cm) 100 —
Number of driver assembly (inner/outer core) 414 (2227 192) 414 (201/213)
Number of radial blanket assembly 84 48 ‘
Number of LLFP target assembly ' 0 36
© Axial blanket length (cm) (upper/lower) 50 (25 / 25) 60 (30 / 30)
Core equivalent diameter (cm) 543 564
Pu enrichment (wt.%) (inner/outer core) 22.2/24.0 . 26.8/26.1
Burn-up reactivity (%Ak/kk) ' 1.4 2.0
Average discharge burn-up (GWd/t) (core/total*1) 121769 120/ 70
Breeding ratio () 1.11 - 1.04
Peak power density (W/cm3) (inner/outer core) 166/ 161 167/ 161%2
Peak fast neutron fluence (E>0.1MeV) (n/cm?) 3x1023 2.7x1028
Average neutron flux (average in cycle) (n/cm?2s) 0.9x1015 0.9x1015
Required total coolant flow rate*s (%) 100.0 105.2
- 99T 129]
Irradiation period (cycle) - 1
(year) - 1.5
(% per cycle) - 3.3 2.6
Transmutation rate (% per year) - 2.2 1.7
(% at discharge) - 3.3 2.6
, (kg - 984 431
LLFP inventory
(kg/GWt) - 410 179
Support factor (-) - 1.05 1.11
LLFP assembly coolant flow rate (kg/s) - 0.53

%1 : Average burn-up including blanket

%2 : 3D correction is considered. Power density of 3D model to that of 2D model ratio in the
reference core is tentatively applied as the correction factor. .

*3 : Ratio to potential primary coolant flow rate (in rough evaluation)
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core loading type core)

‘Fig. 3-2 Configurations of iodine target assembly (ex

scale MOX fuel core (compact type))

(Sodium-cooled large

core loading type core)

Fig. 3-3 Configurations of technetium target assembly (ex

(Sodium-cooled large-scale MOX fuel core (compact type))
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(" lInner core assembly 316
{¥y Outer core assembly - 278
& LLFP target assembly (To) 53

{'g";; LLFP target assembly(l} 10
{ Control rod assembly(primary) 40
UF Control rod assembly (backup} 15
¢ Shielding assembly (3US) 183
Shielding assembly (Zr-H) 114

Total 1069

Fig. 3-4 Configuration of LLFP transmutation core (ex-core loading type core)
(Sodium-cooled large-scale MOX fuel core (compact type))
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Fig. 3-5 Relationships between assembly coolant flow rate and criteria of LLFP target pin,
moderator pin and assembly (ex-core loading type core, iodine target assembly)
(Sodium-cooled large-secale MOX fuel core (compact type))
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Fig. 3-6 Relationships between irradiation period and criteria for hydrogen ratio of Zr-H,
inner gas pressure and CDF (ex-core loading type core, iodine target assembly)
(Sodium-cooled large-scale MOX fuel core (compact type))
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Fig. 3-7 Relationships between assembly coolant flow rate and criteria of LLFP target pin,
moderator pin and assembly (ex-core loading type core, technetium target assembly)

(Sodium-cooled large-scale MOX fuel core (compact type))
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Fig. 3-8 Relationships between irradiation period and criteria for hydrogen ratio.
of Zr-H (ex-core loading type core, technetium target assembly)
(Sodium-cooled large-scale MOX fuel core (compact type))
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Fig. 3-9 Comparison of horizontal power distribution inside adjacent driver assembly
(Moderator pin ratio : 30 %, 15 %)
(Sodium-cooled large-scale MOX fuel core (compact type))

Fig. 3-10  Configuration of LLFP target assembly (in-core loading type core)
(Sodium-cooled large-scale MOX fuel core (compact type))
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Fig. 3-11 Configuration of LLFP transmutation core (in-core loading type core)
(Sodium-cooled large-scale MOX fuel core (compact type))
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Fig. 3-12 Relationships between assembly coolant flow rate and criteria of
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Fig. 4.3.1-1 Horizontal power distribution inside adjacent driver assembly

Sodium-cooled large-scale MOX fuel core (high inner conversion type)

Fig. 4.3.1-2 Configuration of LLFP target assembly (in-core loading type core)
(Sodium-cooled large-scale MOX fuel core (high inner conversion type))
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Fig. 4.83.1-3 Configuration of LLFP transmutation core (in-core loading type core)
(Sodium-cooled large-scale MOX fuel core (high inner conversion type))
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Fig. 4.3.2-1 Horizontal power distribution inside adjacent driver assembly

(Sodium-cooled medium-scale MOX fuel core (high inner conversion type))

Fig. 4.3.2-2 Configuration of LLFP target assembly (in-core loading type core)
(Sodium-cooled medium-scale MOX fuel core (high inner conversion type))

— 73—



JAEA-Research 2006-063

(" Inner core assembly - 145
{+) Outer core assembly 141
{} Radial blanket assembly 45

{ ) Shielding assembly(SUS) 72
Shielding assembiy(ZrH) 78
. Contrel rod sssembbfprimary) 21
{0 Control rod 335emb§yibac%u§}3 &
€5 LLFP target assembly 21
Total 528

Fig. 4.3.2-3 Configuration of LLFP transmutation core (in-core loading type core)
(Sodium-cooled medium-scale MOX fuel core (high inner conversion type))
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Fig. 4.3.3-1 Horizontal power distribution inside adjacent driver assembly
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Fig. 4.3.3-2 Configuration of LLFP target assembly (in-core loading type core)
(Sodium-cooled large-scale metal fuel core (high outlet temperature type))
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Fig. 4.3.4-3 Configuration of LLFP transmutation core (in-core loading type core)
(Lead-Bismuth-cooled medium-scale core (forced circulation type))
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Fig. Appendix 2-4 Hydrogen permeation barrier by calorizing on cladding materials (in
optimum condition)
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