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Study on Reactor Core and Fuel Design of Sodium Cooled Fast Reactor
(Mixed Oxide Fuel Core )
— Results in JEY2005 —
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Sodium cooled fast reactor with mixed oxide fueled core is one of the promising
candidates in “Feasibility Study'on Commercialized Fast Reactor Cycle System” in Japan.
The results of the study on the reactor core and fuel design in the JFY2005 are reported.
Toward the last stage of the feasibility study phase-II , the study was performed from the
various aspects on the feasibility of the design, especially, on the flexibility of the reference

core. The results of design study are summarized as follows:

(1) Design studies of high internal conversion (HIC) type core
() Influence of TRU composition variation ’

Influence of TRU composition variation on the HIC type core and fuel designs was
evaluated. Three kinds of TRU composition recovered from spent fuels of LWR, ALWR,
and LWR-MOX are applied.

In the core design study, nuclear characteristics and a decay heat of fresh fuel
bearing MA were evaluated. As a result, though the compositions of LWR and ALWR
are acceptable, that of LWR-MOX is not acceptable from the viewpoint of sodium void
reactivity. Thus, it is necessary to adjust MA content or modify core specifications.

Decay heat of the fresh fuel is shown to satisfy the design criterion.

This report is the outcome of collaborative study between JAEA and JAPC (that 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”.

* Cooperative Staff

* Tokyo Electric Power Company

+ Reactor Physics Analysis and Evaluation Group, FBR System Engineering Unit
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In the fuel design study, thermal and mechanical integrities of the fuel pin with
the ALWR composition were evaluated. As a result, the maximum linear heat rating
was shown to satisfy the design criterion. However, since the knowledge on MA bearing
fuel is insufficient at the present, the expansion of the data on material property and
irradiation behavior is necessary for improving the design accuracy. In CDF evaluation
of the fuel pin cladding, the effect of accumulation of helium gas due to mainly alpha
decay of MA was found to be remarkable concerning the design criterion. The
modification of the fuel design specifications is indispensable to meet the CDF criterion.
(ii) Study of the reactor core and fuel design with alternative cladding material

In adopting PNC-FMS steel as alternative cladding material of ODS steel, influence to
the reactor core and fuel design was evaluated for the large-scale HIC type core.
Specifically, we concentrated on deterioration of the reactor outlet temperature condition,
and tried to improve that by optimization of the fuel design specification (such as gas
plenum length and cladding thickness). As a result, the reactor outlet temperature
cannot help being limited to 503 degree C. By using the rationalized hot spot factor
based on the recent knowledge and design study, it was found that around 520 degree C
could be achievable for the reactor outlet temperature, however.

(iii) Shielding design

Shielding property of the large-scale mixed oxide fuel HIC type core was evaluated.
As a result, it was verified that the core design satisfied the criterion for the shielding
design. ,

(iv) Design study to extend the lifetime of control rod

Some measures to extend the lifetime of control rod were studied for the large-scale
mixed oxide fuel HIC type core. As a result, reduction of 1B enrichment and B4C pellet
diameter enable 4 cycle of lifetime for both of the primary and back-up control rod.
Expansion of irradiation behavior data of B4C pellet is necessary for improving thé

design accuracy.

(2) Design study on high breeding performance »

The core design corresponding to a requirement of high breeding peiformance was
studied based on the large-scale compact type core designed in the JFY2004. As a result,
the designed core has the following performances, breeding ratio is 1.2, initial fissile
plutoniﬁm inventory is 4.4 t/GWe, operation cycle length is 18 months, core average
discharge burn-up is 154 GWd/t and total discharge burn-up (including blankets) is 54
GWd/t.

Keywords: Commercialized Fast Reactor Cycle System, Sodium Cooled Fast Reactor,
Mixed Oxide Fuel Core, Core and Fuel Design '



JAEA-Research 2006-061

B ®
L P LMD «vvereeeeseeeem et ee ettt ettt 1
D . B PN EBHR TR Ia O - e e ev e e 9
2.1 TRU;%EJ?E'E@E] @%ﬁ{%@*ﬁgyj‘ .............................................. eeeseseieaeeer ot ieaaerenraneasisne 2
2.9 ODSEAIRA T L ODBEET -vvrereeerrrermmmemime e s 17
9.8 FEANEREHERSTHE DRRET -+ovvvrrrerrrn e T RPN 21
0.4 BB T AL DRRES <o eeeeerereemmeeeeeeeee TSRO PR IO PRRPPY 24
3. BT DN ORI - vvvvrereerer oo e e 39
A FBI0 1) [ ceereeremer ettt e, 35
E‘gjﬁg ........................................................................................................................ 37
FBRFE LR o ceee e et 38

6% - F R U T LB FEIFE DO S BEAREL D FRFETE TEIT DUNT srvrerrerrrrrren et 39



JAEA-Research 2006-061

CONTENTS
1. INTRODUCTION -+ -eererrrmnnrsseeememermmminiin e 1
2. Deésign studios of high intetnal CONYEESIOn bype COFe -rorssrsrrssrssrsivsssssssssssoense .
2.1 Influence of TRU cOMPOSIEION VATIAEION «+++w++ s srsrssessssessnmssttaistin 2
2.2 Study of the reactor core and fuel design with alternative cladding material ---+--+---17
9.3 Shielding design «------s-eeorereeeree et S—— o1
2.4 Design study to extend the lifetime of COntrol Fod «+- -+ +srrseesreeerrnriiarsisianns o4
Do st on bigh brooding porfonmanee s .
4. SUMMARY -vvveveereemresmmremmmnnnnns S PP ORI PP TPPION 35
ACKNOWLEDGMENT «-+-rvvvrrrrerneeeiereeresrmmmmaasaes. PP PP 37
REFERENGCE “++vreeeeessrsrrtetmtutteanaiirttaaiiit e STRUSRRUURRUORRNURURPRON 38
APPENDIX Error of the reactivity coefficients of sodium cooled reactor core -+--+-----+-+ 39



#2.1-1
#* 2.1-2
7% 2.1-3
# 2.1-4
#2.1-5

#* 2.1-6
#* 2.1-7
# 2.1-8
7 2.1-9

# 2.2-1
% 2.2-2
# 2.3-1
# 2.4-1
= 2.4-2
#* 3-1

JAEA-Research 2006-061

®J X b

KPR FASHEIL TRU 0 RS /A AR (5 L R AT )

I I B RSHIETIS, TRU 0D Mo 22 6L PR CHT MR A SRR AT < S AL 5 48)

K MOX HH PSS HRAF 0 0 S BB AR L)

T MOX k85 P R D D R A 47 0

KA MOX AEHE P ERIGHINE D31 5 TRU SLIRZSH (B S 72 ML) 00 B e b
DR

KL MOX JREHE NSRS AR L D BRI

I MOX SRS PN RIS RN 0 D TER I T2 S AR )

BB B IR ST Y T e AR

KA MOX SREHE NS IIAR 000 W BB 4y & B0 1 B (ALWR. 1 B RS HETX
TRU & fH) | '

FA MOX JREHE PSR HUR ODS SHREBHIF O O — 1 f5

F MOX #REHE PSR ODS SRR O 0 E BRI & UG

FA MOX BRI PSR I 0 00 TR0 8 it 7 PR

A MOX BREHE NSRS HRIE 0 00 o 5 G LIRS

FT MOX SR BRI 00 0 55 o (L A D FRLSH

KT MOX HABHE RIFIIF 0 D — A FHELRE R



X 2.1-1
X 2.1-2

X 2.1-3
X 2.1-4

X 2.3-1
X 2.4-1
X 2.4-2
X 2.4-3
2 3-1

JAEA-Research 2006-061

XU = bk

KT MOX HRBHE PIEBISHAIAR 0 00 47, 00 1B G AP L)
KT MOX #EHE PRSI 0T 51 5 TRU LR B st 7 8LA0) 0 iR
HREEEAA~ DR ‘

KT MOX BRBHE PR EEHTEAR L D 3t B BRI X 45 GRA S ) .
KT MOX SREHER P SR HRL IR 02 0> BB 157 VR TR PRE (ALWR 4 PR SRS HE U TR
324 FF)

FH MOX BRHHES PIEBIR MR L2 0D 1 S B

ST MOX WA PR SR 12 0> 108 I8 HE & S HE 00 RS

FE MOX #RBHE PSR 0 > s i (LA OB

KE MOX RBHE PIERHE SRR L O BRI S = 5 ™7 AR ORREFZSL,

KT MOX SASHE BIIIR L I L i B |



JAEA-Research 2006-061

1. iXT®IC

RACEISTRENIE (LLT, FS) 7= —XIICRIT 2ARFE (2005 &£E) OF MU U LK
HIF MOX REHE D B84 2 REHRECIL. 7 = — AN O F & HICHYT e REORE 1T o7,

FEAEE DR CIE. ARt bR S T B A FE R LR C b AL N & 7 |
BEME SR E TR LI LOBRIHRN 1TV 7 = — X T ORKI L & L TR NI 0%
W LT, '

REEE, 7 =— & L DI R L LT, SNIERIARE L RS e Lk
UF OBE 21T - 7, - |

- TRU #LARAB O EHRT (FBR HAT T U ABATHIIS T 2 BANFHEHFERE TRU O

FO 7SR 2 VA T 4 IR Dy - RIS b~ 0D BT AT

- YK & L C ODS SRV 12 PNC-FMS $fi % 8 L 72 R IF L O et

© HEANVTRE R DR

- BIEBEORHALHRE

Fie, BORAEEREERISHIST BIFLORA L LT, 2004 FEICHE L2008 M
e =R & LT AR D OB 2172 T,



JAEA-Research 2006-061

2. BNEBEREREF.LOKRE
2.1 TRU #MBREB OFER A ' ,
R MOX SRR P EBERHATL AR DA 68210 KSR O F IR B2 H BN L 72 TRU % i H
L7eBE O « BB FH~DEEIZ OV TRET LT,
(1) TRU #ARK .
REHZ AW 28R KPE H EAEHENY TRU &, FBR AT U A ORFTTHRONZH—IF
R BEIN &5 TRUIC DWW T, BEFER L OSREHREER OB 0 DR b B OR X olF
HAEER (RRRTREEICAE 5 MHERZE L) 2488 U CRRIE LB T 5,
BRE UK A S ORHELY TRU FLERIL ., AT IS TR A & 37808 A BE BTt
HOENFN37r—2ThHD, £21-1 BLOE 2121287 —AD TRU M ERT,

a. RS A (AR R Q)

- LWR (BWR,PWR : BUHEEIBABEREE 45~49GWd/t) : JRFFMRERT 110 45

- ALWR (ABWR,APWR : BUH T ¥BABERE 60GWA/t) : (FFMEFRE 40 4F

- It—=</ (BWR,PWR : BUHIEEABER 45~49GWd/t) : fFAMERRE 100 4

b. FURRHRREEEGHNE (AR R« MA+FLE =4 £ Pu lTE=1 1)

- LWR (BWR,PWR : BxH EHBREEEE 45~49GWd/t) : fF4MRERE 5 48

- ALWR (ABWR,APWR : B ERJBREEE 60GWd/t) : JFALEFRE 5 4R

« Fh—=s (BWR,PWR : BUHTEHIBREERE 45~49GWd/t) : $F41ERR] 5 4F

(2) BZfRE
KA MOX HRBHE PIEREEHE O ARIE D% 305 & LT, RITREOE AN PR BHEIIR
TRU MU 8 L7 B8 DRSS 1 O S 8~  S S 217 - e,
(i) FRMELLE
(a) R0 - BRBHARE |
% 2.1-3 B L O 2.1-4 12K MOX HREHE PSS HAE A RO 0 EBMRER L O
BHEEAR R L. [ 2.1-1 2 3m OB B % 53
() IR
RO R OB BB B0 BT B B I IR % L F ISR,
- B - 430 Wiem LLTF
CF R U T ARA RRIGE : 6§ BE UT
« BrRBHAREERL « 20W/kg-HM 2 DUF
(i) FPEFE
EE AU R & UL T IOR T,

- P ER . A EE ADJ2000R &
- BRBERT 2RIt RZ R IEHOREES

CRSEREGHE . MEEERE (Ry S IEK. F R Y ARA RRISE)

BB D B EEBAGEALICIE, ORIGEN =— FfIZ 4 7 F U TORLIBJ32] (245 < HuhiE



JAEA-Research 2006-061

A iz,

(iii ) %Wﬂﬁ%’i%
& 2.1-5 12, BKIFR A REHEIN TRU $ER 2 BV T2 554 ORI % 5% ﬁﬁ?i@ TRU #
K (m@EJ;F'%E) 4 2L TRU) OFEREPRTRT, £ 215 IRENB X510, B
HiTERIE S E Y Y1 70 TRU % AW 7254l UCHn, RBER B ir)ﬁfﬁﬁ”éo VA
FU 7 ARA FRIGEREEFSZEY 94 70 TRU 2 AW BA Il U CTHEmT 528,
LWR 3 X OV ALWR O A SREHEIN TRU (B L IR Z MR T 5, LOLRRL, 7
S —= U BRI TRU 2 W =B AR 28 5720, miEFELEY ¥4
7N TRUE L DRAEDNEL D, Ny M 7HRBITEMERED L, 7 M) 7 ARA FK
WS By RO SIS %,

F 7z TRERL D FHE OFBIE T H 5 B L EEE 1. 7/»4;‘»—7»{%%!%/%};%#4@& TRU
 (B—) AWEBEE2BRWTERIFZEY VA 7V TRU LRIZETH Y, REHRILO RE
LThD,

X 2.1-2 12, B H B REHEIN TRU ALk % AW 5BA O BB R ER G BRIF £ E
)#4&»4RU@%%&ﬁﬁTmfolzmz_kwf‘%%ﬂw%%%imﬁmgﬁj
B4 7 v TRU 2 AWEHAICHEBE L THEML, vy —< U HEREHEL TRU % v
BN E 72 B0, 20Wkg-HM 2 Th 0 BBHERE OB Y W2 RE LT
Do ' -

(3) MREME AN

AR O AT A > TALWR 5/ PRI 5 EIR L= TRU) % i ek JF & BT
TRU AL D EB DS EREHE S RIS T B OB RN 21T 5 72,

ABEL, TRU MR (MA SAR) OLEBNEEREEELRET L5 2 b D IARAHR
HiT) GBI ORRBHATRES IR D AR S HIRD) & BN RRVE & & 0 TR BHIEB A © CDF
ERGE U, 121, BUR Tk MA SHRBOREMITHR 5 PiER L ORS 287 — 4 28
HIRNZ LD, AROF —F G EEC LV B OND Th A ) SER2 MR X OFHE
ETFNEEEL THWE,

(i) FBEEIHHA ;

BAKFEERFEREGEIN L2 TRU 1%, SEHEHEE LW AEEFSZEY A 7 v
TRU (2t LT MA 8 RN E < JREBHIUE R L OBVREE MK T UIRRER AR 7 (B
F.PIM L0 5) BIETFT 2 & TSNS,

At CIE, ALWR B B0k B I U 72 TRU % VAR b S F S m Y 1 2
/v TRU & ANTZfF DS OV CRPE BRI &7l L. 1 O LB EAT o 72,

7. BUTOFL - BREERE CILER RO R 2 430Wiem BLF & LTVAAR,
ZHIEMASHROENEFIFLEY 94 7 L TRU 2V REHE SN TR ELZH D
THY, BRSO HEEEZZE L TRFUICEELEZLDTH D,

(a) FHMEFIE



JAEA-Research 2006-061

1 #piT— & 3 KO£ 7 Vv
BR, MA G ROEVRENIE 2 Wikl L OB ZEE 7 — 2 BD7anZ Linb,
AT TIE, SHROT —FZ TG - FHCLVELND Th 5 5 BEH R YMEMER L OFF
it 7 vz e L THWE,
R A2 MRS K OFHEE 7 L OB % U T ISR,

i) BRBHELR

BREHE ST, BRI AT LB EAR L LT, MA &F MOX BREOHIET — 4 4
EkE 2, AROT—F OBT - ERICHHFTAABENREEZEE L,
it\MAﬁﬁﬁK%5$%&LT\Pu&ﬁ%ﬁ%ﬂ&Vyhﬁfﬁ%ﬁb\*
RESOWER LA B2 ERM B TRV E, 02 & AREEUE S E F S5, &
FEAMCIIBREEICE S MA OF A%, Pu ERZEE LTHRYH- T, A
CBRBEICEE S FP OFFIC L ABSA~DEEZHONTL, THA L | OREEHMEIC
HSE 506Wd/t LU 7°C/10GWd/t DEIS TORSIE F2Z 5% L,

i) BBy N EMEE ‘

BB Ly FOBMSEER, TbA L] ORGFHFHEREZN—RIZMAEHIZLD
FEHE B U ERE AV BB Y BBV Y PO R V7 K DR
BELOE T2 E R L,

i) BBV y N —HEEMX y vy A X Z R
BB L N BBy v o E 7 Z A TR BT 5 PTM #B0
AN RS EEE L,

2) PTM Tl
R MOX JREHR NSRS TR D ORBHERR 2 Z0Z BB v b sl 2 78l L
PTM FHME (B @R 2SRRI E T 28 ) 2Rz, 7pks, BRI
EFEmAH (BOL) LUK (EOL) & L7z,

3) FAF IR T
ER B DT R B IR ILLTIORT PTM FHEEDO R HEeN X | @ /55 L O
KBTI DORHED S ZEWFHE LT, 723, PTM FRUED RN ST T, 4%
DOF — 5 i - TR LN B2 EE L,
[PTM FHHEDO RN S : 3 THH ZHaHs]
- RBHMERR - IR SRHORFEN S - 10%
« BREHEFE O T HIFRZ . 35W/em
- RBHARIEBRORRZ : 6%
RElasWales-d
1.22306 (MOX BABHFE. L DORKRI 72 H)



JAEA-Research 2006-061

[E AR D R & ]
5% (WG e B IR S ) T 202 2 R o 1 ) 53 A 8)

(b) FEMEAER

# 2.1-6 12, ALWR R ABHEIY TRU B L OmEFZE Y ¥ 7V TRU Z A7z
FFG O PIES & OSMUSF DS D@l R & 7”9

# 2.1-6 IZBWV T, ALWR f# JH 3 EHEI TRU SRR 2 BB L2 FliX Pu
EILER X O MA &4 R OB IMUF DERNEEDS AR OBREHE ELik L TR FE< . BOL
T 2590°C., EOL THI 2480°CTh 5, BHIFLE Y Y1 2L TRU MR b IRIESNE %
EE LRSI TAMUGT LRER S T < . BOL T8 2650°C, EOL T 2510°CTH 5,

EFo &3Y ALWR fF#RHEIR TRU BB ORI, BBIEZE Y %1 7 L TRU
BREHZ R LT, BOL T 60°C, EOL T 30°CEVMEZ R L T\,

% 2.1-7 1T HE, ERROPRERIUR £ FUT M L 72 ALWR 62 S #RRHENR TRU #hfkk K OF
EHFELEY Y1 20 TRU BELD PTM 3 L OVERBRFA B A8 7 % BRI D B K
HIIERFHE & O ORT, .

%2}7K%éﬂéi5J&WRﬁ%ﬁﬁ%ﬁmeU%ﬂ®E%ﬁ%§%ﬁ%ﬁﬁﬁ\
PR DR BLi U CAMIIF DR B M < . BOL THJ 470W/em, EOL T 410W/em
Thd, mABHT GREHME) BE&THERRBEHALTCH Y, WHKF.LRENO EOL
IR BB AR SRR B AN B B ITVMEAE R LTV A 28, 4TWiem ORBR S
B, '

EEFZE Y YA 7V TRU BB O ERS R A B BRI ) & N DIREHNT Bl L T4t
AIECREEME < . BOL T 500W/em, EOL TH 430W/em Th 5, mABRES G
FHE) IR THERKBHAUTTH Y, AAFE LRI BOL B 5 B BRI 233
BEAREINCERBEVMEZ R LTS, 82W/em ORBHRH HFER L R> T 5,

LIk, ARETIE. MA 8 RNK bwt% & 72 5 ALWR 1 % 2 80EHENX TRU #3062
WA T | ERRF OB BRI B R RN & R &R > T FES & D
FERE BT, 5%, MA SARENCHHT 20T — 2 BLOBHAT — ¥ 28T D2 LK
LY., WHEEBIOFHMEET AV ESBR L, PHBELZR ESEDILERD D,

(i) #REHEEE CDF

ALWR £ FHEBREHAIY TRU 1X, BREMEEL L WA EHEIEZEY 1 7 /L TRU IZkk
BLTMABEERNES, «a BEICRVEL LY U LT ZABEMT 5,

D ENSL, MAEEERDOEWTRU Z#H L2H&1E, BRI WED EAR
K& < 720 REHETEE O CDF S5 2 & 1072 5, Sz, BREEICEED HAZE b 5k
WFLEY YA 7L TRU 2B E LTl 2 1LER S 2 ENTH SN, HRES % RET
DERET B,

AFEATCid. ALWR B EREHEIR TRU % FiV o5 D O TR BAR 436 X OB /e aT
M (RESREERERE. Ny FEER) 2170, ROHEBEEREREL L CDF % -
Al LT, 7235, FFDOTRSEERK AT, A MOX BREH & PSS 0 A BIF L & 7
—r L., ERSOREEITo 1,



v JAEA-Research 2006-061

() FHBFIE - &AF
BGR SRR X OREHE SRR O F 2 FEB L OSKM 2 LTI RT, 28, MA K
H3kT ANV TAERBICOW UL MAEEEE T A —F & UTBMEEFBR L VR
Wi (FP FRAEREITHT 2HE) ZHV, BHEZ 100%E Lz,

LI RRTRE s reer ettt 18,200 kg/s

PRERI X A e rereerorecanecennreaaatnniennns 92.1-8f1l
BT RS R AT TR I e 3 2.1-8 (KREFREHIZ )
. Eﬁ@%gﬁ{ﬁiﬁ R R Cheng'Todreas Zlal

- B s ) — R ER (ODS 4 : FS 7 = — X I REHEHE A E &)
LMP = (T + 273.15) (21.94 + logio (3 tr))/1000
=45.93 — 9.943-log10(Sr)

T : EE (C)

tr : HEWTREERD (hr)

Sk : W7V —THMISSIHRE (MPa)

(St X—Z i, St=0.8XSR)

CNEB L IR R - cerereerrrereecacnaeness ODS SHE EIRHZRO
« CDF SRy cecvvvecencssnoeannces tereeees LR

(b) FHAmHKSSR

RTREQ)E TRO T 4F DI 454 & B TR ER D 7R E U, #0BE B s IRLEE & 304 L 72,

* 2.1-912, FLIRERD L HBEEREHBEOIE R LR, K219 7ENh5 X
I, FLBLORGAT 7 7y MRBNCED T 2HEDOARHT 1 WRFTED 95.2%
ThY, JFLCELS TR E (1 RRMEAMERD 95.5 %LLT) . BBE ki E D%k
i (TOOCLAT) &R LTS, /N FAEERDERIE 0.24MPa TH Y . a4
? 0.2MP BBELIT ¥ LT\ 5,

WA, TR OWTBE IR TS B & ZEIC IR X OSMIE DR B e &2 %5t
£ L U7z CDF #HEmGE W HIER) 21T -7, X 2.1-4 1. CDF Sl AW =l L Ot
SMENFE SR O B B IR BB EE IR OB E R IR E B & R T,

CDF i & 0 RIS & OSMANE DB O R BEE £ @ CDF 1% 15.8 B8 X TN 4.2
LR VIR TH D 0.6 LT &R L2V & OfRERT,

St%,. MAESEEOEWV TRU 2@ 2 0OMFHIIBWTIZ, MADLDANY T A
EFREIZ OV TEEMRRHEZ ATV, Z ORERICES RBIHUIEE © CDF #H & &REH G
DRFPMETH D,
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# 2.1-1  EARIFEEBEAORHEIR TRU OB 7afilak (R DR ERFA )
LB AL - wih]

i _LWR _ ALWR 7_")1#—7)1/

[k BRI 1104E] [{F S+ BEREI404E] (474} B5fE 1004F)
Pu-238 0.8 2.4 1.7
Pu-239 474 43.4 29.1
Pu-240 23.9 238 328
Pu-241 0.1 16 0.1
Pu-242 6.9 : 8.1 13.2
Np~-237 7.8 7.7 : 2.7
Am-241 11.7 10.9 . 163
Am-243 14 1.9 3.9
Cm-244 0.0 0.2 0.1
Cm—245 0.0 0.0 0.1
Pu-f&&t 475 ' 45.0 29.2
MAEEt 209 20.7 23.1

# 212 BRKFFEAERBHER TRU Ofipn sk COgeHmBaat i - JFohRem 6 4)
[gﬁi ‘I Wtoo]

i LWR ALWR TLY—=TIL
Pu-238 2.3 3.2 3.4
Pu-239 46.4 426 285
Pu-240 233 29.9 30.7
Pu-241 10.5 10.4 13.0
Pu—242 : 6.7 - 7.9 ' 129

" Np-237 5.7 7.0 0.5
Am-241 . 3.3 34 5.3
Am—243 1.4 19 3.8
Cm~244 0.4 | 07 | 18
Cm-245 00 . 0.0 0.1
Pu-f& &t 569 53.0 415
MAS &t 10.8 | 13.0 115
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# 2.1-3  KH MOX Bk P ER ARG O D AR CEARIF L)

HH HoAR

JFLE 3570 MWt
BRHS 1500 MWe
AR WENEE 7 NRBE 2 fEISRE L

1 YA 7 VR 26.3 » H (800 H)

A& | BB TR ORI 7 T/ ) 44 Ny F

T EmE & 100 cm

% W7 7y NE S (R TED) 20/20 cm

| L ER 538 cm

%%‘ BAVEAENEE 6.77 m

| FDEREHE SRS (NRISME/AFD 288/ 2741562 &
BIFIET Ty MEE 96 & (1/8)
A (5 R EER) 40/ 17 &
B~ (SUS i~ E) 102 & (1)

(ZrH JE~NE) 108 & (1/8)

BREHE B8 MOX (-1 v )
PR (BTBET v ) ODS #f/PNC-FMS 4
BB AR 10.4 mm
WBERARE 0.71 mm

I %gfg@ﬁb?ri{%ww@ﬁw 591) 82/90/90 %TD

o | AU A v 1.03 mm

| B e U ESIREL e MR (P/D) 1.15

g SEORM T2 0 R E A 255 A&
WEBA 7 MMEIO R X 46.0 mm
N & 7 h AR 2.0 mm
T 20 HL ek T R 201.6 mm
T o NERE 5.0 mm
EAERESIE T 206.0 mm
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L FR 2,144 KA MOX #REFE NIERHALF D O RREM TR CEABIF L)
HH . 5
YL w7 vy | BTy b
HT o vm | Lot -
WRBEE ODS —
WEEAE (mm) 10.4 11.7
PBENE (mm) 8.98 10.86
(e mm) 0.71 0.42
§ B EH 2 (mm) 2690 —
| 22> 27 & (mm) 1000 é’gﬁj%%(é) 1400
HAAS VT 5ES(ET) (mm) 100/ 1100 ‘ e
R R | He “
BB R 7K (%TD) 82 90 90
#£AH5KLEE (mm) 4570 —
BB o ARE (K) 255 217
BB VESIE S (mm) 11.5 12.8
BBHE VRS Yy /e R (P/D) 1.11 1.10
T v NERRE PNC-FMS 4 -
T v NG St BERE (mm) ~ 201.6 —
v 2 E N EERE (mm) 191.6 o=
£ |5y mmm (mm 5.0 —
ik |5 wmer > 7 44 -
H£AHEFF Y~ F (mm) 206.0 —
AR—P T A £ (mm) 1.03 1.07
A= P T A PEREMHTE YT (mm) 200.0 —
R 43.9 43.9 54.8
(5%h) (36.0) (39.6) (49.8)
R G & 25.8 — 18.5
HEBE 3b.3 — 26.7
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#* 2.1-5 KRB MOX BRBHE N ERHVRE.OIC I 1T 5 TRU MR A E)
(13555 72 L) DRZ R~ D 2B
o BKIFERF MR AEURTRU (48 5 # )
E B %fﬁi% R LR TLH—=IL
BH— Bal55%2]
LB 1 (MWE) 3570 - e — -
EEYAIILRS (FA) 26.3 - - - —
PRZZ I\ T v 4 - - — -
PuEtE [Pu/HM:REI/SMEID (witt) 18.3/21.0 | 17.6/20.2 | 18.2/206 | 21.9/27.0 | 19.7/22.4
MAZHZE [MA/HM:REI/54 BT (wt%) | 0.9/1.0 47/53 4.7/5.4 6.6/8.1 3.1/3.6
RIS E (% Ak/kK') 2.36 0.38 0.52 1.45 0.66
AIRHEA (W/om) 398 415 412 435 415
EFELE 1.1 1.13 1.15 1.26 1.17
PEFFORSBMPUER (1/GWe) 5.7 5.4 5.3 45 5.1
FRIDLRAFRIGE (§) 5.3 6.3 6.3 7.1 6.0
Ry TSR [ Tdk/dT] -5.7E-03 ~4.3E-03 -4.2E-03 -3.2E-03 -4.5E-03
FRY Y LRAR/ Ry FSE ( x 10%) 0.9 15 15 2.3 1.4
FkfcagH R’ 1.092 1.070 1.066 1.157 1.064

*1 BOEC, EOECEIEH h1/ P8t 1 (R ERBEDIBE, NSVHAFRERE LEF)

I —TIL BEIFEEYH AL

#2.1-6 KB MOX S PSSR SRR L O SRRHELA
TRUSARG =5 PRRIER D A3 SMELKR D R F
BOL EOL BOL EOL
' Puz 1t E[Pu/HM](wt%) 17.9 23.9%1 20.9 27.8%1
. %“%’;‘kﬂ MAZ  ZE[MA/HM](wt%) 4.7 3.7%2 55 4.4%2
B RLRCC) 2617 2502 2587 2476
=i PuE {b BE[Pu/HMI(wt%) 183 | 244%1 | 209 | 27.9%1
ZEH4IL MAE & E[MA/HM](wt%) 1.0 0.8%2 10 0.8%2
[EHRE] PRERRA(°C) 2664 | 2500 | 2647 | 2512

*T PRFIA UyF oA SRR, 550 2

*2 FREALyMRRE, MARBEB KUB S REE
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3 2.1-7 KRE MOX S8} PSR R L oD FE RS B AT A B KR 1 7T

TRUSERE 5 B PREITER O AR SHBIKR D R
BOL EOL BOL EOL
PR¥LEE R (°C) 2617 2502 2587 2476
|72+ 708 612 696 602
PR -BEEE | T 61 70 60
PTM(W/om) |REE M V#*Juﬂfs‘i%,ﬁuna% 35 35 35 35
PTMEERIRZE 43 37 42 36
ALWR B AT ] 20 - 79 88 78
e AR RN SEE 618 533 608 524
B R 1.223 — 1.223 -
HARMERE® 5.0 — 5.0 -
ERFFERARE I (W em) 482 415 473 408
EEFRARE 7 (W/om) 383 368 382 311
[R44] [99] [47] [91] [97]
PRAER R (°C) 2664 2529 2647 2512
lrz+n 744 637 736 | 630
AR - BT 74 64 74 63
PTMW/om) | RaEm = Iﬁkﬂ,ﬂfi%,ﬁuaﬁ 35 35 35 35
PTMEERERZE 45 38 44 38
B A & it ar ] 94 82 93 81
LEFAI , _
[EEEHE] THENSER 650 555 643 549
B HERE 1.223 — 1.223 -
HARHREN 5.0 - 5.0 -
EREEARABRE N (W om) 507 432 501 427
EREBFFRARE I (Wem) 398 350 396 301
[R#8] ‘ [109] [82] [105] [126]
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* 2.1-8 BB KSRENANNE LHLZ LMK

. . TR % AR
, ATNa ATt |. ATaad
H Ay oy ARz 1.05 1.05 1.05
LBV D RIERRZE 1.02 1.02
= NI ES 1.03
RO WERER S RRE 1.05
IR N IR EERR 2 1.02
A Y ary s MR 2.00
N R 4y RS 1.03
- Yot faRsE 1.02 1.30 1.03
BB EE AT 1.03 1.04 1.05
Ny MahEhR 1.16 1.20

(FEE) 22k 1.0

# 2.1-9 KA MOX #REE PIEER B IR L O YR B RL 43 & B 0 Rt

(ALWR £/ ¥R HENIX TRU 3 )

- = . HEE NI VER
ety SElE ;}kizﬁ_ $‘§Eﬁ KEHRE RERE BEagE Fi8
(kg/s) (kg/s) (°c) (MPa)
1 54 37.4 2019.6 682 0.24
AL 2 54 34.9 1884.6 682 0.22
3 88 32.4 2851.2 682 0.19
4 92 29.1 2677.2 690 0.16
5 40 32.3 1292.0 685 0.19
LR 6 66 29.9 1973.4 685 017
7 88 26.7 2349.6 695 0.14
8 80 20.7 1656.0 700 0.10
1 562 167036 [1RRREDI1.8%]
BEE 9 38 8.3 315.4 697 -
7379k 10 58 5.4 3132 695 -
- 96 o 6286 [1RFZFEMDI5%]
' 658 173322 [1RZRFREDI5.2% ]
1&%%% ......................... 18200 kg/s ’
*ﬁ,b[:gﬂﬁﬁ]‘ﬁg ’Ji"ig%—_ ................ 95.5 %

12—
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LWR ALWR

e E2 5K FR S ELINTRU

e Upr )

Y=l

4 2.1-2 KRB MOX JRFHE NETIR AL 0361 5 TRU MRAE)
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2.2 ODS SR IF L OBRES .
TR, TGRS ODS Mk, BEMRBEEOMMTHD, ZOZ b, %
U R BT Bl dic, ODS SO & LT PNC-FMS S04 8BEH & LR Lokst
%4772, PNC-FMS & ODS 4 & Ll LT 650°CEL EIcRITF 52 U —FHREDK TN A X
WHEFCH 0 . ODS SEIBEH & LTS LT2F0ic PNC-FMS $% BV 25410 i m O
IR Z KRIBIC T 5 Z & BBEERD, .
Atiatcid, KB MOX #REHE N SRR AE AR D% R4 & U C, 8% % PNC-FMS
MELTRBEOT AT LT ARISOMERS LOHEE OBERMLIC X 0 F.LH 0RE DK
T 2308 U7 (B EHE DI W TRE LT,

(D) Watsm
(1) JF0s - BRBHLAR - MERE

< JFD o KA MOX SREHE P ER R A HE O (BEYESFO)
JHKFFHADREZE - 155C : ,
CAEDREMA AR ¢ 6.1m BT GE~VEAMEMAR 8. 1m MRAZME 11m IR
CRERN L ROVERESR : 0.2MPa BREELLTF
- BB - 8.98mm BT (JF 0 b 1] IR = 40k W/kg-MOX)
- BREMEAKREE  5.4m BT
AL 1.1 RRRE

(ii) HIBRZEAE
+CDF: 05 LT
- HRE BRI (RIE L)« T00C BLF
* RGBT - 430 Wiem BLF
ST R DU RRA W 6§ BRE U

(i) 7 Y —7 e | A
- 7 U — 7R PNC-FMS 808 & REf=0 12
- B L USMEBRR : ODS F E Rl

(2) BT R

# 2.2-1 10, il - BEHERED F — o BB R 2R T, R L OB & ¥
PNC-FMS $icZH L2720 OBAIiE, FLFIFH mEER 488 CETET T2, ZhickiL
THREHEAKAES 5.1m & LFHBA A7 LF AR &% 1,480mm (CHIE L, @HET 54
v NES% EFZNZREELREL Y 10em B (T 30em) 1275 & L bic, fFLmESL
BHZL 5.8mic#iN L CHBEEZERM LI — 2 Tik, R FHORER 503°CER35,
272 Ly BB S RASERERETFEAR L, 75 07y MRE R & 7o 408 O BUH SE 2 B I9E
X 7TTGWAt IR 95, :

PP ORBHMEN % 6.1m & L. BBHEAKAEY 5.4m & Liesr— AT, BEFH AR
FED BOTC & 7n 203, HEFALLDS 1.007 & 72 0 BERMRR AR L, iFm 77 v 7y MRS

—17—"



JAEA-Research 2006-061

B ETENENEEMIRE Y 20em B (BT 40em) 5 2 & THEHELOBRERITRHZ T
BZH00, REHEAEEEN 5.8m, BRERY RAEEED 0.25MPa & 720 By A0VRik%x
R L7,

U EoREREL Y, #BEEMIZ PNC-FMS 812 8H LIREMIFLE LT, BEEERER
A 5.1m, S OERRMEM R % 5.8m & LI RFURH MIREE 508°C O L& RE LTz, % 2.2-2
W, FLOEBEMRL LORMEEZ RS, 2B, BHAMRE KB L 2 THER 2R % 56 A
FTAUXRFIFH IR Z 520CREL 52 LN AERREL TH D,
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60 G0 ) 0] ) — 40028
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01g L0S €05 00§ 88Y o} BB O RS mm
60°L 10’1 LLUL 90l oLl — HRiEr 5
6'99 L8 LL - 68 06 1/PMD (RERCLALLYINHNT =Hwy|
ovl 8yl vl 8L Ly 1/PMD _ Qi) GraHRXE|
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- : - - - 0LG°¢ IMN L Tt
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# 2.2-2 R MOX BREHE PEEEHS ODS SV 1.0 0 E BRI X OV

, R H FHl B
R EHE 1 (MW 3,570
RFFHO/AQRE (°C) 503 / 348
([IEMRE/RESEL(FEEERLEES] [ 520 / 365 ]
BEYAIILES (7 B) 26.3
BRI Z M SO FH 4
FihEE (em) 100
s RISy MBS S/ T (cm) 30 / 30
" R A IR SR B E 288 / 274 / 562
0|\ BRARISU IR E S AR 96
 |memEEnE o) 108
B |MHBEEARE (mm) 0.93
BHBRTHARTILFLES (mm) 1,480
BRHEERLE (mm) 3,270
BPEEARLE (mm) 5.1
SEHEFHIEYF (mm) 213.8
PR S MERE (m) 5.8
EAVMESERE (m) 7.0
PuE L EE[Pu/HM; I/ SMAIT (wtk) - 202 / 22.6
R GV Pl 149
2FELT VN EED] 77
PRBERIGEE (% A k/Kk) 3.0
. 1EhELE 1.11
i |RAHREARA/ T W/ em) " 415 / 415
fr“i BABEDEFESE " (x10° n/om) 45
NEFRSHNEPUER (t/GWe) 6.0
RARRIGE "2 [FHERE] () 5.3
BEEAETLREREKyIAKYME] (°C) 659 -
#EECDF 0.50
BRF U FILEESR (MPa) 0.23

*TE=0.1MeV
2 EMEDRERE
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2.3 WANWERE R ORET
KA MOX BABHE N SRR E AHF LUZ R & LT, FLEY O RBEEET RN &
(avt) ZFAMG L7z, AW, @FmE~MERE LT, EEIC BsC A~V 52 cm, Tz SUS
HEA~UY 85 cm, BFEBEA~WVELE LT, SUSHE~VWE 18 ZrH VMR 1BERELT
W5, B, RBHEA SR BNES 27 METHY . B BlC HEA~WRO—E % KR Ltfﬁ%L
ELTWDZEnDHETFDA Y — I IHREZE LICFHE 21T > 72,

u)ﬁﬁiﬁ-%ﬁ
e~ 0 T 2 FHER K O % BLFICR T,
CREBIED KT MOX BRBHE PSSR A 4O
CBHEETUL : 2 ST RZ ARk
- 5 —4% : JENDLE-3.2 2 HAERR & 72 JSSTDL 74 75 U 4l
WL JASPER HE~VEBIRHTIC S < E/C fE0S)
IEDREE RN, EERE GEEEY A 2 TR TR L oULNER)

) nﬂfﬂift%
, 2.3-1 ICEETHEF R (GHERT) OSEMEER L. % 2,31 (HE~\ B LA
PG OFORE. BEEOSCRRIR, T LIRS (< D B T R B O RS
REHIBRE L O TORT, B, F LB OMEREIT. £ BC BEAWEEHOX R Y —
IVTHREEE LI Ch D, £ 2.31 0BT, BREETYET R RO 19X
1020 n/em?2, _FERAFLICEHA 8.3 X 102in/cm2, JF_HEBEEREAS 5.0 X 1020 n/em2 TH Y, T
bl R 2 LT D, ' '
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#% 2.3-1 KA MOX BB N ARERHAR IR0 0 SRR T T U &

- : _ ' t e
. B TR B BEE | BIE | nvt BEHE | HIRME
e warts) | @ | & |FESME g | /e | /o
Fi 5.3x 101 9.3x102 | 2.0 | 1.9x100 | 2x102
EEMRIDIEAR | 8.1x107 60 93 | 1.4x10% | 2.3 | 3.3x102 | 5x10%
7 L ERHAE 2.3%10" 4.1x 10‘? 12.4 | 5.0x10% 1x10%
“E > 0.1 MeV : ’ ‘

*2 JASPER A LVEERRITICE S E/CHE

—22—
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e A
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(FAST E>0.1Me\

1.0E
1.0E

1.0E
1.0E

1.0E
1.0E

1.0E
1.0E

1.0E
1.0E
1.0E
1.0E
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“ - (n/cm?s)

FXG=IOMMUOW>»
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2.3-1

KA MOX BR¥k = PSTIR IR U oD e T IR s MR
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2.4 HHBEEFM{ILOKET ,
K MOX JREHS NEREMIENE L Z 5% & LT, SRR HERLO TREMEIC DU TN R
HNEfFotn,
(1) il EEAR AR ,
FIEE L REEEE (PCR) B X OSHIFE I RE4HE (BCR) 1k, WU (BsC <Ly b)
B IR U ISR & RN R AT B IR DR Y B TERNE & &b
IR O R LT B, | - |
BT, BC 2Ly h B0 He H AMHIC & B PIED EH- &[T 5 72 dic~y R
L L. BiC 2Ly OWE LR EIHT 00T U ARy REE Ui, £72. BaC -~
Ly bV ulr—ia  Wlonic 2E8Y =257 FEEEA L,

@) BHMEEBEORS

AR SO BEU S % i 2 9 B il D 10B SERTRA TR 5 Z L &k & LT HFmak ET
BRI~ b & B OMRIMEIEIER (ACMD 135 E Li-EHMMESIBLgEoR
HHEIT 57, |

(i) Wttt , :

BHER AL VT, BC BB L OB L L2 Y FELOX Y v P EHET S
EOIERIEE2 bA 19 EUERSIEE (54 +MAERS) & Lk, FHMENS L REY
DT =T AME Y v Fix. HEER 2 T AROBAEEZZE L, FReLlhs Lk,

«- PCR > Smm )

+BCR > 10mm -

HMIEL, FEEERBE LY 2T Y MEOX Yy v FNBI U (ACMI Bifh) M
EMTELIE DL Lz, '

(ii ) BREHRE R
(a) HEYEHIBERMAR . :
FIH MOX #RBHE PSSR DT 36 1) 2 il B 2 B0 (B4C AR, 9B ##
BE) I, AR CEEL THHIEBOHREERE Lz, & 2.4-1 1Y LT 5158
A% =T, ' - '

(b) WEEf/) 10B ST
R OB R BT, 10B PR R8T A — & b LI S E O E RO,
BRI A 5 72 DIC LB e 0B R A R,
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