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In the core and fuel design of sodium-cooled MOX fuel FR of the Feasibility Study on
Commercialized Fast Reactor Cycle System in Japan (FS), core designs with pellet fuel have
been mainly evaluated. However, vibro-packed fuel and sphere-pac fuel are also considered
one of the candidates as well as a pellet fuel in FS. Besides, in adopting vibro-packed fuel
and sphere-pac fuel, the design must be affected by difference of the fuel behavior, however,
the influence had not yet been evaluated adequately. Thus, authors concentrated on the fuel
thermal design model for vibro-packed fuel and sphere-pac fuel and evaluated the proper
model as far as our current knowledge. Then, by reflecting the model, the influences to the
core and fuel specifications and nuclear performance were evaluated quantitatively on the F'S
reference cores. The results of this study are summarized as follows :

+ In the fuel thermal design model, selection of restructuring conditions such as a
restructuring starting temperature and a restructuring region density was found to be
important. Proper values were evaluated for those conditions from the viewpoint to fit PIE
results. In applying those values and assuming a same fuel temperature rise condition as
that of pellet fuel at transient, limitation of the stationary linear heat rating was reduced to
390 W/cm. This is 10 % lower than the current limitation of the FS reference cores,
therefore, the core and fuel specifications have to be changed by adoption of those fuels.

+ For the FS phase-II reference cores, the influences to core and fuel specifications and nuclear
performances by adoption of vibro-packed fuel and sphere-pac fuel were evaluated. As a
result, though it is required to modify specifications such as the fuel pin diameter and core
configuration because of the decrease of linear heat rating, the influence to nuclear
performance is found to be benign. Therefore, the design that can meet the requirements
and targets of F'S is possible for those fuels.

Keywords @ Vibro-Packed Fuel, Sphere-Pac Fuel, Restructuring Model, Fuel Design, Core
Design, Fast Reactor, Feasibility Study, FS
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T, Xy MREIOBREHMERE « BINEGO RS, IREFTERBOMEL Y REIRD
M ZTR L TW5D, Zhid, 2Ly MREFCIE, XLy MBS X v v SRR
2 EOTROTHED SR, MENRE IR E < BEBT LItk 2D THD, '
I B ORERICRBWT, ERRRE A OMEIC L EEIRARHAIXERY . ZO%R:
- BRARHE )2 DR L7 fE & TEREFRRI O & B —8d 5 & Z AR ERRRERH I OHIER
EE&72%, #ZC, Fig. 4.34 R T X HIC, HEEFERRLA T —AOERENFETHZ &
W &0 BIRBED TERR BRI S HIRAE &2 SR D 72, Sl O RGO NIEE LUTFICRT,

s XA Ry T EREE : 393 W/em
A7 =Ty 7EREE ¢ 400 W/em
- RN Ly MERE ;409 W/cm
- FZEAR Ly B EREL : 519W/cm

BEHRE T & LT, EROEREREIHIRMEZ NS WICE 2052 & L, A
Ry ZBREE, A7 =7 % 7B S 8390 Wiem ERETHZ & & Lz, ZDXHIZ, #
BEETNOEREL L TRy MRBREZEATHEE. ANy 78 2727
2y 7 EREEE BRBEORERIIS & 72 0 | Z O, FERD FS ORIRSGEA: (430 Wiem) X
D 10 %R/ SSHIREND Z EBRbhoTz,
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4.3.2 RIAR E=F N — A

RIAR OMBEETAREELBER L, ASA Ry 7B 27 =27 %y 7 IR ORREHRH
F~DOFEBETET 5, FHEOFIEL, AiE @318 LRAKTH D,

(1) FRLRSBR S IRHM

RARy 7B, A7 =T %y 7)&*4 ZOWT, W H IR BB OR B ORI R A
Fig. 4.3-5. Fig. 4.3-6 [CZNEYR LTz, 77 71k, EBHERHRE T 400 W/em, 450 W/em,
500 Wiem D — A2 TR Lz, 2T, WHAROMRERRE E& & LTI, 4313
FRE. EEMICHESLy MRBIO LR —728ATAZ & & L, WRIRFRH S 0F
MZEAToTre 2SA Ny ZEREL A7 =7 % w7 R O VSRR FLAR 71 OFHEiRE R & LTI

Y,
400W/cm 74 450W/em 74 500W/cm r—2
« ANy 7 RE 603 W/cm 619 W/cm 634 W/cm
27 2T Ry 7B 584 Wiem 607 W/em 634 W/em

RIAR €T NVEMHTr—RA XLy MREIRG S —ZADREREHET D & Ay 78R
Bre 27 =7 Ry 78 L b RIAR E7VEMES —AD S5, ERIRASRHIZ1 % 30~50
Wiem BEKE SFHET DHER & R ole, ZORE E UTE RIAR £F /LM —2 T,
SISV B IRLEE DMK < B O VB LA S K & < 2D 2 b E1o. MRE(LHE
WHEENRE S HLBABRRRELRDZLILEDZBDTHD, YLD X )ic, MBEl
T NG OBERIRFBRE NI T HRRET, FEFICRENWZ LRRBD LN,

(2) FXFHIRHISIFFAM ,

Table 4.3-7, Table 4.3-8iZ, /ANy ZEREL 27 =T 8y 7 BEHIOWT, FEH K
B & — 2T YRR /), B REARH &, B AREE & B L7 W RERR
FIDFHIEE R LTz, Z 2T, BRBHMEER - B GMO TN EIZ oW T, SIMPLE-II =
— RIZ L BBHETH Y . ZONFRITOWTiL, Table 4.3-9, Table 4.3-10 iZB&R L=
(4.3.1 HFEHE, FOIREEFD—T1E, BHRNCNSA Sy TEEL A7 2T Ry 7 BREHE
F & LR R 2 FAViz),

A2y ZREE, AT = T %8y 7 REEO ERS R I HIBRIE L, 4.8.1 THE FEROFikE
AV, Fig. 4.3-TIORT XV I EEFRRE N7 —AOBRENFTHZ LIC KV RDT,
S DS REG DN EE LLTICRT,

C A R . 445 Wiem (393 W/cm)*
c AT = TNy 7B : 436 W/cm (400 W/em)*

* FEIMNIC B D T2 DR Ly MRBIRGET VORERE T LT,

REHRIEN & LTI, J:?B@fﬁ”%ﬂffﬁtﬁjﬁﬁﬂﬁﬁﬁ%d\ WRANZE B 8, 231 Ry 7 8RB
A7 =Ty 7B b 430 Wiem ICERETHZ & & Lz, D X5, RIAR &4EF
NEERTAHES, 2Ly MABEEFET VI Y 40 Wiem BERFHBRHEIBRE S BED
bNBRERERoTZ, ZDOZ L1, RIAR &7 NVE2EA L2GEIE, IRE F bkt
EERALTHN Ly MRBE FSORH AN ERTRERDZEEREEL, BREHEREEZE
B LTHIFL « BB FT~DOEEIIHET TSN LR T,
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4.4 FRERHITFHEOE &

IREN TR 2 A U725 OB G T VSt (AR LBRAATREE . AR (LI
BE) DEREHRHE I ~DEEZONT, XAy 7B 27 =7y 7k E b RIAR E7 )V
SAEZ AT D L 430 Wiem &Ly MRBIERE L 7220, Ny MREISEGZEH Lz%
4T, 890 Wiem ¥ TR SN ARERB LN, 0k 5ic, BEHRHAE, BkEte
FILOFFIIRERETHZ ERRO LN, M), e —ARAZ AT, RHERERGE
RZHT A HHEAEORRET o/ L T A, XUy MRBRET —ADFH R, REBRRR L D'
AW S THERBREME DN, T EMD, HRAOKRTN OB T, RESEREO
BRBHBGRFHET VM E LT, XUy MRBIGUZBIRT 52 L RRYEEZ LN, REIFE
WREL A BT 2456 REREIBIERO Ly MRELE Y 10 %REIKH S0 5 FIREMED R &
iz,

70, B SEREL 2 RA L2 5A ORBIEGREE EOREE LT, XLy MREEL 0 B
B OEBIRFSRE SR D BRENREVEAICH 5 Z LB bhrolz, TORKE LT,
MR BT D BVREEMENZ &, AITHEEMENZ LTk Y, EREERE O
MR ICH T AEEBRRENIEICEDbDEEXIOND, ZDd, REIFERE LA
THHE. SO FS BREHFLO X S ICEHIREAKEDICREINTWDHFEL TR, ER
BRI AMEL $1 2 i, RIS NI L VIR R EAZ R T RICEET A LNERD
%,
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5. IREFTEBEHRAIC L D FS 7 = — X NARRIF L~ DFE

4 BEOBRGHRHAI~OREFMOBR, REHREINTHEREB(LET NV OFRMEICRE K
F L., IREIFEERE 2B L2 35E121E 390 Wem & TR S D AlgEME S R Sz, FS
DIF L « PRBIERFHTIL, 1ERDFRE 2551 430 Wiem 2 E N BR & UTHREFHI 21T
5 TW5, ¥2C, FS KB 2 IREFHRE OB AMRHMIICE T 5720, REH#EAH L LT
390 Wem ZH8E L. S48y 7B, A7 =7y 7B N 28H LI Ec 20T
REFE 21TV, L« BREMIAR, BRI EORE DR EL L 2 5% EEMICHET 5
Lob U, IRENTEBMEIOBRBICAHMEL T, AITHEE, FPREARZFORMELAET O L
Lz,

5.1 FHfligH
(1) P - BREHEAREE DB 2 7

FHETIE. FS 72— X T ORBFLEN—RIC, BEHRED, AITHEESET LS
R IMT S, RERES. R I TEEDAORE S, FOERBEESEIC OV T, FS
DEAERERT ST L & LT, Table 5.1-112, FS ®F kU 7 AKH MOX BRBHFA LM IS
U BERESE, EL MR BAERETO— B2 RT,

REHAR DB EICBW T, FLEH IMREFEOSM CRHABRE I 2 EET 2546, BBy
DIBE (FNBREIE 5 x BREIE VB 2RI VM2 0ERH D, ZhElF
et FOE SBIEORMCERT 510, BB BRI ONW TR LI E 2 LB R D
Do £ T ABRFTE, L - BREMHEREE O AMEE LT, FS OXMEHILT HE
EETREECEZMMLT AL L L, 2, BAERH T2 OBREE o AREUTIHERM:
RERREE L, IFNREE RO INIREHE S BB A NS5 2 &L THIRNT S Z
&L,

(2) HHESFL
FS 7 =— X1 Cid, ABE, thBlE L & AERFL & L TRNTEBHRE 2 8E LT 58,
NI D Lk, R A 2 43 X MEROBLEDN S, 7T vy M EETAFLE
HASESIRBERE 22 B8 IN9- <, NENERHEL 2 B - DS TH 5, TD7, BREHE I
104 mm & XBECVERA LTS, Eio, BEMEAKRE LTk, HEAEROBAD LW
BNE S 7 VEAEREBRA LTS, ZOHEAKIE, @EONEY 7 MIEASK OSAN
WA P EEASEBRICEE) &R0, BEE, BERSIMOBAND, BERONESY
FNeRNAT v VEDa—F—ICRELEEEEHEAL TS,
AW OEEFLL L, ZOENTBRENFLEXG LT L e Le, REYFOF
DEER., FOBRBHMIRE, B4 E% Fig. 5.1-1, Table 5.1-2, Table 5.1-3 {2, HAUFDF
IE H % Fig. 5.1-2. Table 5.1-4. Table 5.1-5 IZ5R L7z,

(3) b Tk .
RRF OB O LI MRhT T8k, IVBHAIRL AR % BL F IR T,

< A EE . BB TS ADJ2000RMA

* BRBERTH : 2KJG RZ R T RESEBORSERH R
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- SOGEERREGIE ¢ 2 WRon RZ 5% 70 BHIEBOREERH S (BEGHR)

- BRBHRLOARERR © mEFZE Y Y 7V TRU RALARKE R
238Py / 239Py / 240Py / 241Py / 242Py / 23"Np / 24'Am / 243Am /
244C'm / 245Cm

= 1.1/54.1/32.1/43/3.9/0.5/2.0/1.0/1.0/0.0 wt%

5.2 NA %y ZEREHERIC X 5 AT

5.2.1 A%y 7 BREED EAMAR
NA Ry 7RELE LTCIZ B Y T 07 v Z 28N LUESE 7 O/M & %4 5 RIAR %l
DONRA Ny VRBI R TAZ L e L2, R I THEEICOWTIE, FELE LT T v
iry NERTCIE 82%TD &R G177 7y PER TR AR YV 2EAT 5 Z & ZHRIZ 856%TD
L Uz, BB D FPIBARIZOW T, B ELHEELZEHT 22 8005 2.0vol% & Lz,
Fe. BRUT Uy ZORMEIS E LTI, RIAR TORKEEND 7% & Lz,

©5.2.2  KREUFEIZH B RN
(1) FLELE & BB A AR ,

YR LA -, BEHRE ). AITEELZRBE LEZFLOREREZ1T Y, Kl
L ORI I1EH 400 Wiem & 5 Z &b B ARBR I 1% 890 W/em LR IZ 9 2121,
EEEYT Y OV UARBRAFORMETIX, BEHMESEEE 3% REREMS T NERD 5,
ZOH, FLEBORE T, 16 FEELZE L2 LT, BRBESIK 30 (A& X
HHZLe Uk, HlfEBREIC OWTIE, HEMICEEFELOLFERE T ZEE L, WA
IR & AMAFE D ORBIEIC DWW T b, EHEEL L FRE LT, BFINT T4y MESKIZS
Wik, 770y MEOA I TEER, EHEFLO 90%TD 226 85%TD ITIEH 415
e, MMSELIRERDD, TOD, BANENEAROFIRTHS Tm ZWET D
#iPHC 90 MRHEIN S ¥, HEFELL O BAEME 1.1 2R CERWIE, MihmT 7 vy bRE
ERETHZLETHIGTDHI L L Lz, 2 2 CLEAROBREBITIENER.L L 0 8INd 503,
TRUCR @ Y S BB L » F MBS 5 720 WA EAEMRIL 6.98 m & HIBRSH
iR LTV,

WIZ, BBHESEOHRRIZOW T, BB R, OB, FhES, E~ngst
BEARLRETAOMB S, e LT, £8ELO 104 mm 25 9.9 mm F TR
W B2 eBNbhol, EUVBEAOREIIIRE/NS WA, ZHIRRRIF LORKIRH T
Ny EH E 430 Wiem OFIRIZHRT LE 400 Wiem EBEWZ L2 X250 ThH D, BREE
DELH L FIZONTiE, AWK RVEEIK 0.2 MPa 2727 L5/ E L, 7>
NEORE, EEEEX vy v ik, HEMICEEFE.LD 5.0 mm, 4.4 mm E[E—& L,
FORER., BB Yy Fik, FEYEFEDLO 206.0 mm A5 198.0 mm F CEMINDLZ
L Ehrol, '

WO RS LN LEE S Fig. 5.2-1 1RT & & Hic, BEMIHE% Table 5.2-1 124%
RIFLEBLUTRLE,
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(2) EEokERiE

R OFE TS b B % Table 5.2-1 IREF L E B L ORLTE,

PRBEE L DRVARIC & % REREHATEIL DMK TIX 0.7 WERETh o7z, £z, Ny
7 REFCITSNEARZ BT A Z &6, FP IBAERD, EEFLO 0.2 vol%dr b 2.0
vol%IZ I %, ZhbDRIZE Y, PuB(LEIX Y T 1.6 wt%IEN GARHMET 8 %Iz
FEM) L. PIEBERHALLIX 0.05 K T4 BAER & e o7z, WNEREREELL OIK TIZEY Y, TR %
Wl d 570, 707y MNENEEZHEMISEDINERH 5, EA~WENEMEOFIRRIE
7.0 m BT HHE RGBT T 7y M 90 RHEEI L7203, BERELL D BARE 1.1 28
RCERPoTizth, Tl mT 7 vy ha 10em T2 8 & Lk, £k, e
FUSEZDWTIE, RO TICL Y | EEEFLO 2.3 %AK/KK D5 3.3 %Ak/Kk'E T
ML TRY., HIEBERSERCICET D 2 ERTREND,

WEERPE DEEBA X2 VIO T, BREHAELOKTIZ LY | FLETIE 6 %
BERTT 20, WLREEOT=D, BFWT T 7y b OXGERIL 80 %I 55
Blpol, ZTOH, BRE A 7 Vo X MIEET IEF LI EEREEE T, EIEF
DD 90 GWA/t 735 79 GWd/t £ T 12 %RREIRT 3523, Ao BEO 60 GWd/t 13 L
H% 2 ERRBD b, RIFELOFEMRESBA X2 b UIZOWTIX, Table5.2-2 2%
LT, £T2. FUSERMHIZOWT, T R UARA RRIGEIX 2 %EEREMLT54$&
RBHM, HIRSFMED 6 $IXHE L TW5E, Fy 7 IREICON TS, HET R/ E <
HERHE T 10 BIREDETICH E -T2,

Pl b, AUFE FS OFERRHEME. FOEREREELHE L TRY ., FS ORARKF
IMIAA 2Ry 7BV R L2 GE, Rt LR T2RBLERTAZ L bhoT,

(3) R RSB

AAF TR, FIEEELE I W TEEF.OORE 2 5777 L TV 2 25, WL DK T,
EEEBOBIMC LY | FIERRKIE BN L < 22 HcpBeR T 5, £2T, K
5D DR IS >N T, RO OR 2 5% & U TIISIETZ1T 5,

Table 5.2-3 |, ¥R L OHIEESKIGEIN K #7777, Table 5.2-1 OREFREDRER, BHBE
RS EEIT YT 05 B 1.0 %AK/KK BN LT\ B, 207, AR 1L % 00 B HH s
I, EHEE L OB - 0o RBIME D, —FF, BREHESEREIE 562 K25 592 &
WML TR Y. BIEEMEIME T2, ZoRICOWTIE, BERIC, EEFLOH
BIREAITE I . BOBHEA B O AR Y LTRUAZ L L L, ShODOHMRERER
U e RS B MRS FRATRS B3 Table 5.2-4 1, LI IR O BBELUSE
6.1 %AK/KK & 725 —F, U ay RAZ v 7 B RIS EAMER 7.5 %AKKK & 7219 |
FUSEEIEREIE 1.4 %AK/KK & RAED bhvie, £z, BEFELRICOWVWTS, MUSER
IERIE 1.2 %AKKK TH 572, BB, AFLOFRFFELERIE, BUROHIEEAL, BE
THRIORLEEFTH L IRENT,

5.2.3 HEE TR B BB
i) FPLEE & REHE A IR
EWFLEN—RZ, RERIEN. AIT7EEL RE LCFOORFRNET 5, P
FIZ OV TH, FOERE & REES MR EDEARN 2 FE#HT, KEFLFRRTH S,

—12—
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FEEE LT, MBESEIZ 245k, M7 T 47 v MI 72 B8ME iz, £4EES
vy FMERT B0, EAWEAEEARIL 5.42 m S HIRRGAD 5.5 m EEE LTV,
REMEAROHARIZ OV T, BREE U BRIE, EEFLO 104 mm 725 9.8 mm F TERBS
. EAHBERSIE Y FiZ, EHFELO 206.3 mm 55 196.4 mm ¥ TEMEND Z & &7
277, '

BB ORERE LN P LR E % Fig. 5.2-2 18T & & b, BEHMEREZ Table 5.2-5 124X
FIF L& I U TR LT,

e

RS OFE RS &7 FEE A EE % Table 5.2-5 ICRAEF.O & L TR LT,

K~ O FEBOME A b RKAF LA TH Y BB BN, FPIRAEOH MO
ZhEIC LY, Pu B LEIREH T 1.6 wt%iEIN FEXHME T 8 %IZHEM), WEbis#ithik 0.04
BT 3R E Rotz, NEEHLLIZE TS 2000, THEFRT 75 > e 4em B
M2 8T, WAWESEMREIR 5.5 m e 24T, #EEko BEE 1.1 2%
Bt 52 EBNbholr, RERISEIZOWTIL, EEFLO 2.8 %Ak/kk/)1 5 3.6 %Ak/KK’
ETHEMLTRY, FIEERKSENICEETHZ LATRIND, PP LESREA
YRy ROV, BT 5 WRERT T8, M7 7 7y FOERER
80 WIREWEINT DGR E R0, DT, BB A 7 a X MIRET 2 aF LERHAE
BIRBERE 1T, FYEIF L0 86 GWA/t 225 74 GWd/t T 14 BWIREK T4 228, Sl
o 60 GWA/t i3 EES Z EBRD b, KFLOFEMBREEREA X MV IZ2ONT
I, Table 5.2°6 1% & 7z, RUGERMEICOWTS, KEWFERER, BEIXHRA/NEWE
ERNbholz,

PLE, RIFDIE FS O EBERERFGME, FOMEREZELZHE L TRY . FS O PRARRKRF
DMZANA Ry 7 REV A Lcid, BEHERSTARBLEE T2 e bl ol

i) RS B

IR BN S 1%, KEYFERRE, B L < e B FEICHEBE 2T 570, HIEEESE
WA DWW TSI 21T 9 o

Table 5.2-7 {2, FEUEIF.L OIS EINK %777, Table 5.2-5 DEZRHEORER, BREE
FOSEITEIEFE LD 0.8 BARKKEEML TEB Y, £/-., REHESEEIT 286 225 310
BIZEM LTS, ZhbOZEEER L sl SIS OB S Hf5 £ 4 Table
5.2-8 TR T, I EIEROMBERIGEL 6.39 %Ak/kKk' &b, Viny RAX v
B D IR RO FEAAIE I 5.8 %Ak/KK & 72 1) | RIS ERMITAE L RoTe, —F ., %iE
JFE IR RITOWTIE, RIGEREERHIT 0.58 %AK/KK Th-o7z, ZD X iz, %“IiEFEE
RICOVWTIRRMIORBLEAET LN, FFELERICONTI, HIEBEERRE ST 55
FLipols, fEoT, Bk, WEMICEERL L AEOHBHBREBELZBELTVWAE, 4
%, SFLEREOEBICE UC, BB OBEMRS BiC AL O, &L iE, BBl
By FOWINC X 2 FEET A 7 VEOEMREDOHRILELELEZ BN D,
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5.3 A7 TNy 7 BREHEHIC X 5B
5.83.1 AT =Ty 7 BRENO AR AR
A7 =Ty 7B LTI, 2 Bk (KRR 800pm. /INEIEE 80um FREE) ZERH
THZEE L, AITHEEROWTUL, INETOERENPDL, FLE, 777y ML
¥ 80%TD & Uiz, £/, BREMHD FPIBRAR E LCIE, BFAMEZEHT A Z &b,
FHEFEL & FRED 0.2 vol% & L7z,

5.3.2 KREUFIZRI§ % BTN

(D FLEE & EE R
BEWIF LA, REGRED, AITEEZRE LFOORIRNEITS, X7
=Ty Z B ORRERR R, A Xy 7B [RIER, 390 Wiem TH 5, MRS
DESA I TEE R T D L. S A%y 7K 82 %TD THLHDIIKH LT, AT =T /8
v 7 BREHE 80 %TD THh D, Fio. FPIRARIL, NA 3y ZREFT 2.0 vol%, A7 =7
2y ZIREET 0.2 vol% & . /A Ry ZERENT FPIZEA SILTOVSREHATRIL, A7 =7
Ry ZEIEY 2 WREREWIEIZRD, 202D, MRBOFELHOECBEE
BRBEL 2570, BRELT, A7 =27y ZBREHFELOFELER. BLO, BB
— MERUSAOBREHERRE, A Ry 7R D LRk E e o T,
WEORRE NP LELE % Fig. 5.2-1 1R L7z, ZHd, NA Ny ZREHFL & F
—DbDTH D, Eio. BEHERRIZOW T, Table 5.3-1 IZRFFL L G L TR LT

(2) EERE

- RO RE b BRI % Table 5.3-1 I2fAERIF L & g LToR L7z,
KERFE~ OO X, A 2y ZBBHFL ERFEERTH Y . BB R L DOR)
B2 X Y, Pu B LEIREA T 1.3 wt%sh (FHXHMET 7 %IicH %), NHBE#iLiX 0.04 (K
TI2RERE RoTe, BBERIGEICOWTIE, FEEFLO 2.3 %Ak/kk'D> 5 3.2 %Ak/kk' &
THEMUT, 7272 L, A28y ZEREHFL & I3 5 &, FPIBRAZED 0.2 vol% & /J\iﬁb\ Jﬁ
BIZL 0, BEOSIEOBEIT/NENT ERFED bk, A 1.10 ZHE 451

EEh TR T T oy e Tem IEET AMERH Y | ZOfHEIX, S48y M&&ﬂbﬂiui ‘0 3
cm HUVMETH 5, 4R DB ESREEE 1L, FYEF 0,00 90 GWA/t 725 83 GWA/t =T 8%
BERTT 505, FOMERED 60 GWd/t 1 EES Z & BB b, AIFLOFEMR
FLBA X P VIZHOWTIL, Table 5.3-2 1% & b7z, RUSERHEICOWNTE, /34 %
v 7 BRBHELFRE, BEIIHRA/NS WERTH o7z, Ry 7 I7HREIC 20Tk, Ml
DIETA, SA 2y ZERBHFLD 10 %I L TR 7 =7 Ry Z7REHFLTIE 5 %L, FP
BAERD RN DEEBIIERH ST,

PA b, AHE T FS O F B &M, FOMEREAEZHR L TRY ., FS ORERRKF
DMZAT =27 Ry 7B A L7256 R ERIT2REBLEZET D2 & brol,

(3) BRSO BENL X

AR IS BE MR 3 O MR A% SR % Table 5.3-3 1R T, R & LT, /A /%y 7 BHF
O EIRBEROGEER 0.1 %AKKKR22LSMIRI U TH Y . THHE RO RIS EE IERRIT
1.5 %AK/KEK, AR 1R O SUGEF IERIE 1.2 %Ak/kk' L RETS bivie, AfF DO
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FAFE IR R, BUROBIEHEARK, BECHLRIORELEA TS L RREN,

5.3.8 HAUFRIC® 5 R

(D FLECE & B TRE
BWELER— R, BEHRL S, R I THBEL BE LFELORFREZTI, A
SRR, LR, B LN BB — ML OBRBHMERRIZ. XA 2%y 7 BRBHE O & RIER
&p o, BERtORERE D - E LEE % Fig. 5.2-2 1R Lin, F7. BREHMEREIZ OV T,
Table 5.3-4 I fAFIF D & B L TR LT,

(2) THE kRt

R OSSR b EE % Table 5.83-4 I2AAFEF L & BB L TR LTZ,

R~ DO EBOMERIL, KEUF L RETH Y . BB U BR(EDRIZL Y, PuFft
FEVESEHC 1.3 wt%BE N (FHXHME C 6 %A 24), NEnH b 0.04 IR T4 25 R & e o 7o,
PRBERUS FEIZ DU T, R LD 2.8 %AR/KK 2B 3.5 %Ak/KK E CHEAN L7, B85 L 1.10
PR T AR, MiFE Ty b2 2em EETAMERSH Y, ZOEIL, A7
BEHALEY 2 em EWETH D, EF0EUHTEREERE L, ERIEFLO 86 GWd/t 225
78 GWd/t F T 9 %REEIR T3 228 P OB HEED 60 GWA/t X EE D Z L 23§80 bhTz,
A LOFEMARELEBA X hUIZDOW T, Table 5.3-5 I0F & 70, RIGERHEIZD
Wb, KEUFERERE, BEITIBA/ NS N ERbhroT,

Pl ARIFTFS @zgr‘x B, FOMEREBAEETR L TRV, FS o RBIRENS
DMEAR T =T 2y 7B A LeG6, G LRI T2 /B LAEF T 5 Z LiibnoTs,

(3) RIS B 3T

M1 B i JEE IS 32 DA AT RS 5 & Table 5.3-6 1R, fER & LT, 23 28y 7 BREBHE
O ERBERUSED 0.1 %AK/KK B 72 5 LIAMIRE U Ch 0 | FIFE 1RO RGBS ERRIE—
0.49 %Ak/kK’, FAHIFE LR O SUSEE (ERMIX 0.53 %Ak/KK & AL bz, 20Xk 5
12, EFEIERICOWTIHEBMEA R R T HRERL 20, BUR, BEENICEREFL L
FIRROHIFEIHEELE 28 E LTV, 4%, FOLRFFOEBIE U T, fIERER oMM
<0 BaC IRFEHL OB, U < 1X, RBIASHR N v F OHEINIC X 2 5EER YA 7 VRO BRSO
XIRPNEELEZ BND,
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6. &0

CIREFHERELE LT, AN Ry ZREE AT = TRy TIREEERA L2 RE OBREIBGERE~
DOV M /T o1, ZOREFR. MR BRLAIRE, AARZ L &% OEMZE
{ELEFNEEORENEETH S Z EB3bnh, BUROM RO T, RNERRBERE O
A MDD IE R ERAEBE L, ZOFETFATHE, BHAEC Ly MR - RI%SOEE B
REMERAT 2546, REHRNT (ERRREHIR) 23 390 Wem BEE THREIND
TREMED B 5 2 & Wbho o, Z O AE. 2Ly MRBHIR$ 2 FS O#IREMAL Y 10%
BRERWMETHY, FL - BEHIRROEERBELRD,

ARBI TS 2R LT A ORVBHE S OIS L LT, Ly MRBHTHAT, EHR
B D OVERR AR I T D BES K EWVEmMBIRENT, D), WHIFRER K
&L, EREOBRHAMEHIREN D L5 RF LB TIL, BRERE IR & 0K HIBR
SNDBEMERT D EBpirol,
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fuel high conversion type core)
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high conversion type core)
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Comparison of figures of vibro-packed fuel and sphere-pac fuel
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Flow of this study

Influence to irradiation behavior by conditions of restructuring model
(Vibro-packed fuel)

Influence to irradiation behavior by conditions of restructuring model
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History of fuel central temperatures at over-power (Stationary LHR 400 W/cm)
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(Sphere-pac fuel; RIAR model condition case)

History of fuel central temperatures at over-power (Stationary LHR 500 W/cm)
(Sphere-pac fuel; RIAR model condition case)

Evaluation of limitation of stationary linear heat rating (Vibro-packed fuel;
RIAR model condition case)
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Table 4.3-1 Evaluations of power-to-melt linear heat rating and limitation

at the stationary operation (Vibro-packed fuel; Pellet fuel condition case)

is considered)

400W/em | 450W/em | 500W/em
Notes
case case case
PTM LHR (nominal) (W/cm) 549 569 592
Uncertainty of specifications 5 7 9 |Results by SIMPLE-I
and irradiation conditions , ‘
Calculation error of code 35 35 35 Based on JAEA experience
(tentative value) -
Error of PTM test 33 34 36 6 % (equivalent to 30)
Total (uncertainty and error) 48 49 51 Statlgtlcal handling for un-
certainty and error
Limitation of LHR for each Over-power coefficient :
stationary LHR case® (W/em) 409 425 443 1.223
Limitation of stationary LHR LHR in accgrd Wlt.h station
414 -nary LHR is applied as
(W/cm) L
the limitation.
Limitation of stationary LHR Uncertainty of vower :
(W/ecm) (Uncertainty of power 393 ertamnty of bower -

5 %

* ((Nominal) — (Uncertainty and error))/(Over-power coefficient)

Table 4.3-2 Evaluations of power-to-melt linear heat rating and limitation

at the stationary operation (Sphere-pac fuel; Pellet fuel condition case)

is considered)

400W/cm | 4560W/cm | 500W/cm
Notes
case case case
PTM LHR (nominal) (W/cm) 557 576 599
Uncertainty of specifications 11 13 14 |Results by SIMPLE-II
and irradiation conditions
Calculation error of code 35 35 35 Based on JAEA experience
(tentative value)
Error of PTM test 33 35 36 6 % (equivalent to 30)
Total (uncertainty and error) 50 51 52 Stat1§t1cal handling for un-
‘ certainty and error
Limitation of LHR for each ~ |Over-power coefficient :
stationary LHR case* (W/cm) 415 429 447 1.223
Limitation of stationary LHR LHR in accqrd Wlt.h statio®
421 nnary LHR is applied as
(W/em) A
the limitation.
Limitation of stationary LHR Uncertainty of 0o .
(W/ecm) (Uncertainty of power 400 certainty o° power -

5 %

* ((Nominal) — (Uncertainty and error))/(Over-power coefficient)




JAEA-Research 2006-087

Table 4.3-3 Evaluations of power-to-melt linear heat rating and limitation

at the stationary operation (Solid pellet fuel; Pellet fuel condition case)

|is considered)

400W/cm | 450W/cm | 500W/cm Notes
case case case
PTM LHR (nominal) (W/cm) 587 601 617
Uncertainty of specifications 47 48 49 8 % (this is referred to
and irradiation conditions previous studies)
Calculation error of code 35 35 35 Based on JAEA experience
v (tentative value)
Error of PTM test 35 36 37 6 % (equivalent to 30)
Total (uncertainty and error) 68 70 71 Stat1§tlcal handling for un-
certainty and error
Limitation of LHR for each Over-power coefficient :
stationary LHR case* (W/cm) 424 434 447 1.223
Limitation of stationary LHR LHR in accqrd Wlt.h statio®
(W/em) 430 nnary LHR is applied as
m the limitation.
Limitation of stationary LHR Uncertainty of vower
(W/cm) (Uncertainty of power 409 y O Power -

5 %

* ((Nominal) —(Uncertainty and error))/(Over-power coefficient)

Table 4.3-4 Evaluations of power-to-melt linear heat rating and limitation

at the stationary operation (Annular pellet fuel; Pellet fuel condition case)

is considered)

519

400W/cm | 450W/cm | 500W/cm
Notes
case case case
PTM LHR (nominal) (W/cm) 729 729 747
Uncertainty of specifications 10 % (this is referred to
. 7 o 73 73 75 . .
and irradiation conditions previous studies)
Calculation error of code 35 35 35 Based on JAEA experience
(tentative value)
Error of PTM test 44 44 45 6 % (equivalent to 30)
Total (uncertainty and error) 92 92 94 Statistical handling for un-
certainty and error
Limitation of LHR for each ' ' Over-power coefficient :
stationary LHR case* (W/cm) 521 521 534 1.223
‘|Limitation of stationary LHR LHR in accc?rd with statio-
546 nnary LHR is applied as
(W/em) L
the limitation.
Limitation of stationary LHR Uncertainty of or
(W/cm) (Uncertainty of power y 0 bower -

5 %

* ((Nominal) — (Uncertainty and error))/(Over-power coefficient)
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Table 4.3-5 Evaluations on uncertainty of specifications and irradiation conditions

to power-to-melt linear heat rating (Vibro-packed fuel; Pellet fuel condition case)

400 W/ecm
PTM Difference from
LHR nominal value Notes
(W/em) (W/em)
Nominal 527 - Results by SIMPLE-IT
; +0. 2
O/M ratio 0.02 530 4 |Results by SIMPLE-II
1.95 —0.02 523 —4
: +5 % —2
Smear density 0 525 3 |Results by SIMPLE-TT
82 % —5% 530 3
. Yy
Uncegtamty of | +8% 529 1 1 |Results by SIMPLE-II
ow —8% 527 -1
Statistical handling 5
450 W/em
PTM Difference from
LHR nominal value Notes
(Wiem) (W/cm)
Nominal 559 — Results by SIMPLE-II
. "y
O/M ratio 0.02 062 3 6 |Results by SIMPLE-IT
1.95 —0.02 554 -6
: +5 % 55 -
Smear density ° 6 3 4 |Results by SIMPLE-TI
82 % —5% 563 4
- Yy
Uncertainty of | +87% 560 1 2 |Results by SIMPLE-TI
flow —8% 558 —2
Statistical handling 7
500 W/em
PTM Difference from
LHR nominal value Notes
(W/em) - (W/em)
Nominal 587 - Results by SIMPLE-II
, my
O/M ratio +0.02 590 4 7 |Results by SIMPLE-TI
1.95 —0.02 579 —7
; +5 % —
Smear density ° 081 > 5  |Results by SIMPLEII
82 % —5% 591 5
, 5
Uncertainty of | +8% 587 1 2 |Results by SIMPLE-TI
flow —8% 585 —2
Statistical handling 9
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Table 4.3-6 Evaluations on uncertainty of specifications and irradiation conditions

to power-to-melt linear heat rating (Sphere-pac fuel; Pellet fuel condition case)

400 W/em
PTM Difference from
LHR nominal value Notes
(W/em) (W/ecm)
Nominal 571 - Results by SIMPLE-II
- Y
O/M ratio 0.02 576 5 9 |Results by SIMPLE-II
1.95 —0.02 562 —9
- +2 %
Smear density 0 577 6 6  |Results by SIMPLE-TI
80 % —2% 565 -6
- Yy
Unce]f“famty of | +8% 573 2 2 |Results by SIMPLE-TI
ow —8% 569 —2
Statistical handling 11
450 W/em
PTM Difference from
LHR nominal value Notes
(W/em) (W/ecm)
Nominal 594 - Results by SIMPLE-II
; +0.02 :
O/M ratio 0.0 600 5 11 |Results by SIMPLE-TI
1.95 —0.02 583 —-11
i +2 % 1
Smear density 0 60 ! 7 |Results by SIMPLE-TI
80 % —2% 588 —6
- vy
Uncertainty of | +8 % 596 1 9 |Results by SIMPLE-TI
flow —8% 592 -2
Statistical handling 13
500 W/cm
PTM Difference from
LHR nominal value Notes
(W/em) (W/cm)
Nominal 587 — Results by SIMPLE-IT
- .
O/M ratio 0.02 590 6 7 |Results by SIMPLE-II
1.95 —0.02 579 —12
i +2 % 581
Smear density 0 T 7 |Results by SIMPLE-II
80 % —2% 591 —7
- Y
Uncertainty of | +8% 587 ! 2 |Results by SIMPLE-TI
flow —8% 585 -2
Statistical handling 14
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Table 4.3-7 Evaluations of power-to-melt linear heat rating and limitation

at the stationary operation (Vibro-packed fuel; RIAR model condition case)

(W/ecm) (Uncertainty of power
is considered) :

400W/cm | 450W/cm | 500W/cm
Notes
case case case
PTM LHR (nominal) (W/cm) 603 619 634
Uncertainty of specifications 9 11 14  |Results by SIMPLE-I
and irradiation conditions
Calculation error of code 35 35 35 Based on JAEA. experience
(tentative value)
Error of PTM test 36 37 38 6 % (equivalent to 30)
Total (uncertainty and error) 51 52 54 Statlgtlcal handling for un-
certainty and error
Limitation of LHR for each Over-power coefficient :
stationary LHR case* (W/cm) 451 463 475 1.223
Limitation of stationary LHR LHR in accord with statio-
468 nnary LHR is applied as
(W/cm) AT
the limitation.
Limitation of stationary LHR 45 Uncertainty of power :

5 %

* ((Nominal) — (Uncertainty and error))/(Over-power coefficient)

Table 4.3-8 Evaluations of power-to-melt linear heat rating and limitation

at the stationary operation (Sphere-pac fuel; RIAR model condition case)

is considered)

400W/cm | 450W/em | 500W/cm
Notes
case case case
PTM LHR (nominal) (W/cm) 584 607 634
Uncertainty of apecifications 10 11 12 |Results by SIMPLE-TI
and irradiation conditions
Calculation ‘error of code 35 35 35 Based on JAEA experience
: (tentative value)
Error of PTM test 35 36 38 6 % (equivalent to 30)
Total (uncertainty and error) 51 52 53 Stat1§t1cal handling for un-
certainty and error
Limitation of LHR for each Over-power coefficient :
stationary LHR case* (W/em) 436 454 475 1.223
Limitation of stationary LHR LHR in accqrd Wlt.h statio®
459 nnary LHR is applied as
(W/cm) T
the limitation.
Limitation of stationary LHR Uncertainty of L
(W/ecm) (Uncertainty of power 436 1ty ot power -

5 %

* ((Nominal) —(Uncertainty and error))/(Over-power coefficient)
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Table 4.3-9 Evaluations on uncertainty of specifications and irradiation conditions

to power-to-melt linear heat rating (Vibro-packed fuel; RIAR model condition case)

400 W/cm
PTM Difference from
LHR nominal value Notes
(W/cm) (W/cm)
Nominal 547 - Results by SIMPLE-II
- +0. 4
O/M ratio 0.02 548 2 3 |Results by SIMPLE-IT
1.95 —0.02 544 -3 .
- +5 % 540 —7 '
Smear density | +6% 8  |Results by SIMPLE-TI
82 % —-5% 555 8
- =
Uncertainty of | +8% 048 L 1 |Results by SIMPLE-TI
flow —8% 546 -1
Statistical handling 9
450 W/cm
PTM Difference from
LHR nominal value ‘Notes
(W/em) (W/cm)
Nominal 583 — Results by SIMPLE-II
, 0.
O/M ratio 0.02 585 2 4 |Results by SIMPLE-I
1.95 —0.02 579 —4
, — —
Smear density |+ % 573 0 10 |Results by SIMPLE-TI
82 % —5% 593 10
, Y
Uncertainty of | +8 % 583 ! 1 |Results by SIMPLE-II
flow —8% | 581 -1
Statistical handling 11
500 W/em
PTM Difference from
LHR nominal value Notes
(W/em) (W/em)
Nominal 614 — Results by SIMPLE-II
’ i +0.
O/M ratio 02 616 3 5  |Results by SIMPLE-II
1.95 —0.02 609 —5
: +5 % 601 - —13
Smear density G , 13 |Results by SIMPLE-II
82 % —5% 626 13
; +8 % 14 ’
Uncertainty of | +8% 6 0 2 |Results by SIMPLE-TI
flow —8% 612 -2
Statistical handling 14
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Table 4.3-10 Evaluations on uncertainty of specifications and irradiation conditions

to power-to-melt linear heat rating (Sphere-pac fuel; RIAR model condition case)

400 W/em
PTM Difference from
LHR nominal value Notes
(W/em) (W/em)
Nominal 608 - Results by SIMPLE-II
; +0. 12
O/M ratio 0.02 6 4 8 |Results by SIMPLE-TI
1.95 —-0.02 600 -8
; ey
Smear density | +2 % 614 7 7 |Results by SIMPLE-TI
80 % —2% 602 -5
, Y
Uncertainty of | +8% 609 2 2 |Results by SIMPLE-TI
flow —8% 606 -2
Statistical handling 10
450 W/ecm
PTM Difference from
LHR nominal value Notes
(W/em) (W/em)
Nominal 634 - Results by SIMPLE-II
, "y
O/M ratio 0.02 638 4 9 |Results by SIMPLE-TI
1.95 —0.02 625 -9
- +90 41 '
Swmear density | +2 % 6 ! 7 |Results by SIMPLE-II
80 % —2% 629 -5
" : 0,
Uncertainty of | +8% 636 2 2 |Results by SIMPLE-TI
flow —8% 632 -2
Statistical handling 11
500 W/cm
’ PTM Difference from
LHR nominal value Notes
(W/em) (W/em)
Nominal 657 - Results by SIMPLE-II
O/Mratio | +0.02 662 5 10 |Results by SIMPLE-TI
1.95 —0.02 647 —10
s +929 4
Smear density | +2 % 66 6 6  |Results by SIMPLE-II
80 % —2% 652 -5
: 0,
Uncertainty of | +8 % 659 2 2 |Results by SIMPLE-TI
flow —8% 655 —2 ' |
Statistical handling 12
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Table 5.1-1 Main design conditions of sodium-cooled MOX fuel core in FS phase-II

Items Large-scale core Medium-scale core
Electric power 1,500 MWe 750 MWe
Thermal power 3,670 MWt 1,785 MWt
Primary specifications Reactor outlet / in
put 9
of plant temperature 560/3956 °C -
Coolant flow rate of 18,200 ks 9,083 ks
primary loop
Fuel type MOX —
Homogeneous
Core type 2 region —
R o Measure to avoid Advanced inner-duct
Primary specifications re-criticality assembly -
of core and fuel -
.. FBR multi-recycle
Fuel composition ) —
composition
Structural |Cladding 0DS* —
material | Dyet PNC-FMS* —
Sodium void reactivity Less or equal 6 § —
Safety Core height Less or equal 100 cm —
requirement - Less or equal
Core average specific power about 40 kW/kg-MOX —
. . . Less or equal
Limitations Maximum linear heat rating 430 W/cqm —
Fuel Fast neutron fluence™ gislso(;; r?/(il:jzl —
integrity - -
Maximum cladding Less or equal -
temperature™ 700°C
CDF (normal operation) Less or equal 0.5 —

Shielding circumscription

Less or equal

Less or equal

diameter about 7m 55 m
Plant conditions Arrangemeqt of control Response to shell-less -
rod assemblies column-type UIS
Pressure drop of fuel Less or equal -
bundle about 0.2 MPa
Breeding - Breeding core 1.1 —
ratio Break even core 1.03 —
e e s . Less or equal
Initial fissile Pu inventory about 7 /GWe —
Nuclear performance Greater or equal
targets Average Core about 150 GWd/t -
discharge Croat 1
burn-u - reater or equa
P Total about 60 GWd/t -
Operation cycle length Greater or equal —
p yele leng 18 months

*1 : FBR multi-recycle TRU composition (wt%)
238Pyy / 239Py / 240Py / 241Py / 242Py / 28"Np / 241Am / 243Am / 244Cm / 245Cm
= 1.1/54.1/32.1/4.3/89/0.5/2.0/1.0/1.0/0.0

*2 : Structural material composition [for core calculation] (wt%)

Fe/Cr/Ni/Mo/Mn/W=285.5/11.0/0.4/0.5/0.6/2.0
*4 : At mid-wall of cladding

*3: E> 0.1 MeV,

*5 : Average burn-up including blanket
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(Large-scale MOX fuel high conversion type core)

Table 5.1-2 Main fuel specifications of the F'S phase-1I reference core

Specifications
Ttems
Core Axial blanket | Radial blanket
Fuel tvpe (Pu,U)02 UO: U0
yp (Annular pellet) | (Solid pellet) (Solid pellet)
Cladding material ODS “—
Cladding outer diameter (mm) 10.4 11.7
Cladding inner diameter (mm) 8.98 10.86
Fuel Cladding thickness (mm) 0.71 0.42
ue
element |Total fuel pin length (mm) 2690 —
Fuel column length (mm) 1000 . 200/.200 1400
, (upper/lower)
Gas plenum length (upper/lower) 100/ 1100 -
J(mm) .
Bonded material He —
Smear density (%TD) 82 90 90
Total assembly length (mm) 4570 —
Number of pins per a assembly (-) 255 217
Fuel pin pitch (mm) 11.5 12.8
Pin pitch to diameter ratio (P/D) 1.11 1.10
Outer side length of inner duct
. 46.0 -
(mm)
Inner duct wall thickness of (mm) 2.0 —
Duct material PNC-FMS —
Outer flat to flat distance of outer
201.6 «
duct (mm)
Assembly | Inner flat to flat distance of outer 191.6 -
duct (mm)
Outer duct wall thickness (mm) 5.0 —
Gap between assemblies (mm) 4.4 —
Assembly pitch (mm) 206.0 —
Spacer wire diameter (mm) 1.03 1.07
Helical pitch of spacer wire (mm) 200.0 —
Fuel 43.9 43.9 54.8
Volume fraction | (effective) (36.0) (39.6) (49.3)
(%) Structure 25.8 - 18.5
Coolant 30.3 — 26.7

— 32—
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Table 5.1-3 Main nuclear performances of the FS phase-1I reference core
(Large-scale MOX fuel high conversion type core)

Items Performances
Operation cycle length 26.3 months (800days)
Refueling butch (core / radial blanket) 4/4
Pu enrichment* (inner core / outer core) 18.3/20.9 wt%

[ o e o i brake) 147/21/8 GWd/t
Total average discharge burn-up* 90 GWd/t
Burn-up reactivity 2.3 %Ak/kk’
Breeding ratio (Total) 1.10
(core / axial blanket / radial blanket) 0.84/0.19/0.07
Core average specific power 41 kW/kg-MOX
T 395368 Wi
Core average power density 145 W/em3
i’loav;il(; t;hare rate (core / axial blanket / radial 0.926/0.058 / 0.016
Maximum fast neutron flux* 1.8x10%5 n/cm? s
Maximum fast neutron fluence™ , 5.0x1023 n/cm?

Initial heavy metal inventories

(core / axial blanket / radial blanket) 71.8/31.6/235¢

Heavy metal inventory ratio of blanket to core About 0.77

Initial fissile Pu inventory 5.7 t/IGWe

Sodium void reactivity™ (EOEC) 5.3 $*°

Doppler coefficient [Tdk/dT]* (EOEC) -5.7x103
*] : Pu/HM

*2 : Average burn-up including blanket

*¥3: E>0.1 MeV

%4 : Heterogeneous effect in assembly is considered.

x5 : Effective delayed neutron fraction : 0.00342 (All parent nuclides are considered)
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Table 5.1-4 Main fuel specifications of the F'S phase-II reference core

(Medium-scale MOX fuel high conversion type core)

Specifications
Items :
Core Axial blanket | Radial blanket
Fuel type (Pu,U)02 U0O: UO:
P (Annlar pellet) | (Solid pellet) | (Solid pellet)
Cladding material ODS —
Cladding outer diameter (mm) 10.4 11.7
Cladding inner diameter (mm) 8.98 10.87
Fucl Cladding thickness (mm) 0.71 0.415
ue
element |Total fuel pin length (mm) 2630 —
Fuel column length (mm) 1000 2007200 1400
(upper/lower)
Gas plenum length (upper/lower) 100/ 990 -
(mm)
Bonded material He —
Smear density (%TD) 82 90 —
Total assembly length (mm) 4300 —
Number of pins per a assembly (-) 255 217
Fuel pin pitch (mm) 11.50 12.84
Pin pitch to diameter ratio (P/D) 1.11 1.10
Outer side length of inner duct
46.0 -
(mm)
Inner duct wall thickness of (mm) 2.0 -
Duct material PNC-FMS —
Outer flat to flat distance of outer 201.8 -
duct (mm)
Assembly |Inner flat to flat distance of outer 191.8 -

duct (mm)
Outer duct wall thickness (mm) 5.0 —
Gap between assemblies (mm) 4.5 —
Assembly pitch (mm) 206.3 «—
Spacer wire diameter (mm) 1.04 1.08
Helical pitch of spacer wire (mm) 200.0 200

Fuel 43.8 — 54.6
Volume fraction |\effective) (35.9) (39.4) (49.2)
(%) Structure 25.7 — 18.5

Coolant 30.4 — 26.9
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Table 5.1-5 Main nuclear performances of the FS phase-II reference core
(Medium-scale MOX fuel high conversion type core)

Ttems Performances
Operation cycle length 27.4 months (832 days)
Refueling butch (core / radial blanket) 4/4
Pu enrichment® (inner core / outer core) 18.8/23.7 wt%
(come e blanket | vadial blanke) 150/19.3/8.9 GWdt
Total average discharge burn-tip*2 86 GWd/t
Burn-up reactivity 2.8 %Ak/kK’
Breeding ratio (Total) 1.10
(core / axial blanket / radial blanket) 0.80/0.19/0.11
Core average specific power 40 kW/kg-MOX

Maximum linear heat rating

. 417/ 401 W/em
(inner core / outer core) ,

Core average power density 143 W/cms3

Power share rate (core / axial blanket / radial ' 0.924/0.052 / 0.024

blanket)
Maximum fast neutron flux™ 1.9x1015 n/cm? -s
Maximum fast neutron fluence® 5.4%1023 n/cm?

Initial heavy metal inventories

(core / axial blanket / radial blanket) 36.5/16.1/16.2¢

Heavy metal inventory ratio of blanket to core About 0.88

Initial fissile Pu inventory , 6.3 t/IGWe

Sodium void reactivity™ (EOEC) 5.1 $*

Doppler coefficient [Tdk/dT]* (EOEC) -5.83%1073
*1 : PwHM

*2 : Average burn-up including blanket

¥3 : E> 0.1 MeV )

#4 : Heterogeneous effect in assembly is considered.

*5 : Effective delayed neutron fraction : 0.00335 (All parent nuclides are considered)
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Table 5.2-2(1/2) Heavy metal inventories of the vibro-packed fuel core
(Large-scale MOX fuel high conversion type core)

Loading fuel inventory per 1 batch [kgl

Nuclides Inn. core Qut. core Total core Axi. blk Rad. blk. Total blk. Total
U235 20.2 19.0 39.2 25.7 32.0 57.7 96.9
U236 0.0 0.0 0.0 0.0 0.0 0.0 0.0
U238 6,710.2 6,320.4 13,030.6 8,542.1 10,624.3]. 19,166.3 32,196.9
Total U 6,730.3 6,339.4 13,069.8 8,567.8 10,656.3 19,224.0 32,293.8
Pu238 19.6 21.5 41.2 0.0 0.0 0.0 41.2
Pu239 964.9 1,058.6 2,023.4 0.0 0.0 0.0 2,023.4
Pu240 572.5 628.1] -~ 1,200.6 0.0 0.0 0.0 1,200.6
Pu241 76.7 84.1 160.8 0.0 0.0 0.0 160.8
Pu242 69.6 76.4 146.0 0.0 0.0 0.0 146.0
Total Pu 1,703.3 1,868.7 3,5672.0 0.0 0.0 0.0 3,5672.0
Np237 8.9 9.8 18.7 0.0 0.0 0.0 18.7
Total Np 8.9 9.8 18.7 0.0 0.0 0.0 18.7
Am?241 35.7 39.2 74.9 0.0 0.0 0.0 74.9
Am?242m 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Am?243 17.9 19.6 37.4 0.0 0.0 0.0 37.4
Total Am 53.6 58.7 112.3] 0.0 0.0 0.0 112.3
Cm242 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0
Cm243 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cm?244 17.9 19.6 37.4 0.0 0.0 0.0 37.4
Cm245 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Cm 17.9 19.6 37.4 0.0 0.0 0.0 37.4
Total HM 8,514.0 8,296.3 16,810.3 8,567.8 10,656.3 19,224.0 36,034.3
Fp* 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0
Fp* 112.1 109.1 221.2 0.0 0.0 0.0 221.2
Total FP 112.1 109.1 221.2 0.0 0.0 0.0 221.2

%1 FP formed by burn-up, *2 FP contained at reprocessing

: Discharge fuel inventory per 1 batch [kgl
Nuclides Inn. core Out. core Total core Axi. blk Rad. blk. Total blk. Total

U235 4.0 6.8 10.8 13.8 26.1 38.9 49.7
U236 2.8 2.3 . b.1 2.7 1.7 4.4 9.5
U238 5,355.5 5,451.7 10,807.2 7,923.6 10,330.5 18,254.1 29,061.3
Total U 5,362.4 5,460.7 10,823.1 7,940.1 10,357.2 18,297.4 29,120.5
Pu238 25.3 28.2 53.5 0.3 0.1 0.4 53.9
Pu239 776.6 837.0 1,613.6 422.0 242.2 664.2 2,277.7
Pu240 ~ 527.0 580.8] = 1,107.9 43.9 11.1 - 55.0 1,162.8
Pu241 84.7 83.7 168.5 2.9 0.4 3.3 171.7
Pu242 63.5 69.9 133.4 0.2 0.0 0.2 133.6
Total Pu - 1,477.1 1,5699.7 3,076.8 469.2 253.8 723.0 3,799.8
Np237 5.9 7.1 13.0 1.1 0.5 1.6 14.6
Total Np 5.9 7.1 13.0 1.1 0.5 1.6 14.6
Am241 28.2 39.9 68.1 0.3 0.0 0.3 68.5
Am242m 2.6 2.9 5.5 0.0 .00 0.0 5.5
Am243 18.6 20.1 38.7 0.0 0.0 0.0 38.7
Total Am 49.4 62.9 112.4 0.3 0.0 0.4 112.7
Cm242 1.9 1.7 3.6 0.0 0.0 0.0 3.6
Cm243 0.3 0.2 0.5 0.0 0.0 0.0 0.5
Cm244 22.2 22.6 44.8 0.0 0.0 0.0 44.8
Cm245 4.3 3.6 7.8 0.0 0.0 0.0 7.8
Total Cm - 28.6 28.1 56.7 0.0] 0.0 0.0 56.7
Total HM 6,923.5 7,158.5 14,082.0} .  8,410.8 10,611.6 19,022.3 33,104.3
Fp* 1,594.4 1,144.4 2,738.8 146.1 42.6 188.7 2,927.5
Fp* 1121 109.1 221.2 0.0 0.0 0.0 221.2
Total FP . 1,706.5 1,253.5 2,960.1 146.1 42.6 188.7 3,148.8

*#1 FP formed by burn-up, *2 FP contained at reprocessing

=37 -
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Table 5.2-2(2/2) Heavy metal inventories of the vibro-packed fuel core

(Large-scale MOX fuel high conversion type core)
Fuel inventory at BOEC [kg]

Nuclides Inn. core Out. core Total core Axi. blk Rad. blk. Total blk. Total
U235 48.2 - 53.5 101.7 82.4 116.9 199.3 301.0
U236 6.4 4.6 11.0 4.8 2.7 7.5 18.5
U238 24,701.6 23,940.6 48,642.2 33,223.1 42,056.2 75,279.3 123,921.5
Total U 24,756.2 23,998.6 48,754.8 33,310.3 42,175.8 75,486.1 124,240.9
Pu238 89.5 96.5 186.0 0.3 0.1 0.3 186.3
Pu239 3,563.4 3,862.4 7,425.9 737.2 386.5 1,123.8 8,549.6
Pu240 2,233.5 2,451.6 4,685.1 44.0 10.2 54.1 4,739.2
Pu241 330.2 340.0 670.3 2.0 0.2 2.2 672.5
Pu242 267.6 295.2 562.8 0.1 0.0 0.1 562.8
Total Pu 6,484.2 7,045.8 13,530.0 783.6 397.0 1,180.5 14,710.5
Np237 30.1 34.4 64.5 1.8 0.7 2.6 67.1
Total Np 30.1 34.4 64.5 1.8 0.7 2.6 67.1
Am?241 127.3 157.8 285.1 0.1 0.0 0.2 285.3
Am242m 6.2 5.8 12.0 0.0 0.0 0.0 12.0
Am?243 73.2 79.5 152.7 0.0 0.0 0.0 152.7
Total Am 206.7 243.1 449.8 0.1 0.0 0.2 449.9
Cm242 6.2 5.1 11.3 0.0 - 0.0 0.0 11.3
Cm243 0.6 0.4 0.9 0.0 0.0 0.0 0.9
Cm244 78.8 83.3 162.0 0.0 0.0 0.0 162.0
Cm245 8.4 6.6 15.0 0.0 0.0 0.0 15.0
Total Cm 94.0 95.3 189.2 0.0 0.0 0.0 189.2
Total HM 31,571.2 31,417.2 62,988.3 34,095.8 42,573.6 76,669.3 139,657.7
Fp* 2,494.7 1,781.2 4,275.8 156.2 48.1 204.4 4,480.2
FP*? 448.5 436.5 885.0 0.0 0.0 0.0 885.0
Total FP 2,943.1 2,217.7 5,160.8 156.2 48.1 204.4 5,365.2

*1 FP formed by burn-up, *2 FP contained at reprocessing
Fuel inventory at EQOEC [kg]

Nuclides Inn. core “Qut. core Total core Axi. blk Rad. blk. Total blk. Total
U235 32.0 41.0 73.0 70.2 109.6 179.8 252.8
U236 9.2 6.9 16.2 7.5 4.5 12.0 28.1
U238 23,338.3 23,057.3 46,395.6 32,5679.4 41,743.3 74,322.7 120,718.3
Total U 23,379.5 23,105.3 46,484.8 32,657.0 41,857.4 74,514.5 120,999.2
Pu238 95.1 103.3 198.4 0.6 0.1 0.8 199.2
Pu239 3,374.4 3,637.8 7,012.2 1,172.2 643.2 1,815.4 8,827.6
Pu240 2,187.6 2,404.1 4,591.8 89.1 21.9 111.0 4,702.8
Pu241 338.2 340.3 678.4 5.0 0.6 5.6 684.0
Pu242 261.5 288.6 550.1 0.2 0.0 0.2 550.3
Total Pu 6,256.8 6,774.1 13,031.0 1,267.1 665.8 1,932.9 14,963.9
Np237 27.1 31.6 58.7 3.1 1.3 4.4 63.1
Total Np 27.1 31.6 58.7 3.1 1.3 4.4 63.1
Am?241 119.7 158.1 277.8 0.4 0.1 0.5 278.3
Am242m 8.8 8.7 175 0.0 0.0 0.0 17.6
Am243 74.0 80.0 154.0 0.0 0.0 0.0 154.0
Total Am 202.5 246.9 449.3 0.5 0.1 0.5 449.8
Cm242 8.1 6.9 15.0 0.0 0.0 0.0 15.0
Cm243 0.9 0.6 1.4 0.0 0.0 0.0 1.4
Cm244 83.2 86.4 169.5 0.0 0.0 0.0 169.5
Cm245 12.7 10.2 22.9 0.0 0.0 0.0 22.9
Total Cm 104.8 104.0 208.8 0.0 0.0 0.0 208.8
Total HM 29,970.7 30,261.8 60,232.5 33,927.8 42,524.6 76,452.3 136,684.8
FpP* 4,099.0 2,943.2 7,042.3 312.4 94.7 407.1 7,449.4
Fp* 448.5 436.5 885.0 0.0 0.0 0.0 885.0
Total FP 4,547.5 3,379.8 7,927.2 312.4 94.7 407.1 8,334.4

*1 FP formed by burn-up, *2 FP contained at reprocessing



JAEA-Research 2006-087

Table 5.2-3 Control reactivity balance of the FS phase-II reference core

(Large-scale MOX fuel high conversion type core)

[Unit : %Ak/kk']

Backup system™

Ttems Primary system™*

I . Planned excess reactivity 4.2 0.6
(1) Power compensation 0.8 0.6
(2) Burn-up compensation® 3.2 =~
(3) Allowance for operation 0.2 —

II. Uncertainty (20) 0.5 0.2
(1) Criticality prediction 0.0 -
(2) Power compensation prediction - 0.12
(3) Fuel tolerance prediction 0.39 =
(4) Allowance for refueling 0.2 -

Il. Accidental reactivity - 0.2

IV. Requirement of reactivity (I + I +II) 5.1% 1.0

V. Control rod worth (one rod stuck) 7.9 2.3

VI. Allowance of reactivity (V-IV) 2.8 1.3

*1 : 10B enrichment 80 %

%2 : Considering change of fuel composition

*3 : Considering 1$ (0.4%Ak/kk’) as allowance for shutdown
*4 : Considering 11 % of correction factors (mesh effect, group collapsing effect, lumping

effect, transport effect, etc) and 9 % of design prediction error

Table 5.2-4 Control reactivity balance of the vibro-packed fuel core
(Large-scale MOX fuel high conversion type core)

[Unit : %Ak/kk']

Ttems Primary system Backup system
I. Planned excess reactivity 5.2 0.6
(1) Power compensation 0.8 0.6
(2) Burn-up compensation 4.2% —
(8) Allowance for operation 0.2 —
II. Uncertainty (20) 0.5 0.2
(1) Criticality prediction 0.0 -
(2) Power compensation prediction - 0.12
(8) Fuel tolerance prediction 0.39 —
(4) Allowance for refueling 0.2 —
Il. Accidental reactivity — 0.2
IV. Requirement of reactivity ( I + I +1I) 6.1 1.0
V. Control rod worth (one rod stuck) 7.5% 2.2%
VI. Allowance of reactivity (V-IV) 1.4 1.2

*1 : Adding increase of burn-up reactivity (1.0 %Ak/kk’) to the burn-up compensation of

the reference core

*2 . Multiplying 0.95 (= 562/592) to the control rod worth of the reference core as effect of

increase of total fuel assemblies
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Table 5.2-6(1/2) Heavy metal inventories of the vibro-packed fuel core

JAEA-Research 2006-087

(Medium-scale MOX fuel high conversion type core)

Loading fuel inventory per 1 batch [kg]

Nuclides Inn. core’ Out. core Total core Axi. blk Rad. blk. Total blk. Total
U235 11.1 8.7 19.8 11.6 22.3 33.9 53.7
U236 0.0 0.0 0.0 0.0 0.0 0.0 0.0
U238 3,694.1 2,884.3 6,5678.4 3,861.9 7,416.6 11,278.6 17,857.0
Total U 3,705.3 2,893.0 6,598.2 3,873.6 7,439.0 11,312.5 17,910.7
Pu238 11.0 11.5 22.5 0.0 0.0 0.0 22.5
Pu239 541.5 563.9 1,105.4 0.0 0.0 0.0 -1,105.4
Pu240 321.3 334.6 655.9 0.0 0.0 0.0 655.9
Pu241 43.0 44.8 87.9 0.0 0.0 0.0 87.9
Pu242 39.1 40.7 79.8 0.0 0.0 0.0 79.8
Total Pu 956.0 995.4 1,951.4 0.0 0.0 0.0 1,951.4
Np237 5.0 5.2 10.2 0.0 0.0 0.0 10.2
Total Np 5.0 5.2 10.2 0.0 0.0 0.0 10.2
Am241 20.0 20.9 40.9 0.0 0.0 0.0 40.9
Am242m 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Am243 10.0 10.4 20.5 0.0 0.0 0.0 20.5
Total Am 30.1 31.3 61.4 0.0 0.0 0.0 61.4
Cm242 0.0 0.0 0.0 0.0 0.0 0.0 0.0}
Cm243 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cm244 10.0 10.4 20.5 0.0 0.0 0.0 20.5
Cm245 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Cm 10.0 10.4 20.5 0.0 0.0 0.0 20.5
Total HM 4,706.3 3,935.3 8,641.6 3,873.6 7,439.0 11,312.5 19,954.1
FP*! 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FpP* 62.0 51.7 113.7 0.0 0.0 0.0 113.7
Total FP 62.0 51.7 113.7 0.0 0.0 0.0 113.7

*1 FP formed by burn-up, *2 FP contained at reprocessing

Discharge fuel inventory per 1 batch [kg]

Nuclides Inn. core Out. core Total core Axi. blk Rad. bik. Total blk. Total
U235 2.4 3.2 5.6 6.3 16.7 23.0 28.6
U236 1.5 1.0 2.6 1.2 1.3 2.5 5.1
U238 2,993.8 2,502.8 5,496.6 3,581.5 7,165.6 10,747.0 16,243.6
Total U 2,997.8 2,607.0 5,504.8 3,588.9 7,183.6 10,772.6 16,277.4
Pu238 14.5 15.0 29.4 0.1 0.1 0.2 29.7
Pu239 434.2 411.5 845.7 193.8 201.2 395.1 1,240.8
Pu240 295.4 302.9 598.2 19.2 10.6 29.7 627.91-
Pu241 46.5 42.9 89.4 1.2 0.4 1.6 91.0
Pu242 35.5 . 36.9 72.4 0.1 0.0 0.1 72.4
Total Pu 826.0 809.1 1,635.1 214.4 212.3 426.7 2,061.8
Np237 3.4 3.7 7.1 0.5 0.4 1.0 8.0
Total Np 3.4 3.7 7.1 0.5 0.4 1.0 8.0
Am241 16.9 21.9 38.7 0.1 0.0 0.2 38.9
Am242m 1.5 1.6 3.1 0.0 0.0 0.0 3.1
Am?243 10.4 10.6 21.0 0.0 0.0 0.0 21.0
Total Am 28.8 34.0 62.8 0.1 0.0 0.2 62.9
Cm242 1.0 0.9 1.9 0.0 0.0 0.0 1.9
Cm243 0.1 0.1 0.2 0.0 0.0 0.0 0.2
Cm244 12.3 11.8 24.1 0.0 0.0 0.0 24.1
Cm245 2.3 1.8 4.1 0.0 0.0 0.0 4.1
Total Cm 15.8 14.6 30.4 0.0 0.0 0.0 30.4
Total HM 3,871.7 3,368.5 7,240.2 3,804.0 7,396.4 11,200.4 18,440.6
FpP*! 839.8 573.8 1,413.5 65.1 40.7 105.8 1,519.3
Fp* 62.0 51.7 113.7 0.0 0.0 0.0 113.7
Total FP 901.7 625.5 1,5627.2 65.1 40.7 105.8 1,633.0

*#1 FP formed by burn-up,

*2 FP contained at reprocessing



JAEA-Research 2006-087

Table 5.2-6(2/2) Heavy metal inventories of the vibro-packed fuel core

(Medium-scale MOX fuel high conversion type core)

Fuel inventory

at BOEC [kg]

Nuclides Inn. core Out. core | Total core Axi. blk Rad. blk. Total blk. Total
U235 27.3 24.6 51.9 37.3 80.3 117.6 169.5
U236 3.4 2.0 5.4 2.1 2.2 4.3 9.7
U238 13,674.7 10,948.9 24,623.5 15,019.3 29,288.2 44,307.5 68,931.0
Total U 13,705.3 10,975.5 24,680.9 15,058.8 29,370.7 44,429.4 69,110.3
Pu238 50.4 51.2 101.6 0.1 0.1 0.2 101.8
Pu239 1,993.6 1,992.6 3,986.2 336.7 325.5 662.2 4,648.5
Pu240 1,252.4 1,297.0 2,549.4 19.1 9.8 29.0 2,578.4
Pu241 182.7| 178.0 360.7 0.9 0.2 1.1 361.8
Pu242 150.1 156.7 306.8 0.0 0.0 0.0 306.9
Total Pu 3,629.3 3,675.5 7,304.8 356.8 335.7 692.5 7,997.3
Np237 17.0 18.2 35.2 0.9 0.7 1.5 36.8
Total Np 17.0 18.2 35.2 0.9 0.7 1.5 36.8
Am241 73.6 85.4 159.0 0.1 0.0 0.1 159.1
Am242m 3.5 3.0 6.5 0.0 0.0 0.0 6.5
Am243 41.0 42.2 83.2 0.0 0.0 0.0 83.2
Total Am 118.1 130.6 248.7 0.1 0.0 0.1 248.8
Cm242 3.3 2.5 5.9 0.0 0.0 0.0 5.9
Cm243 0.3 0.2 0.5 0.0 0.0 0.0 0.5
Cm244 43.9 44.0 87.9 0.0 0.0 0.0 87.9
Cm?245 4.5 3.4 7.8 0.0 0.0 0.0 7.8
Total Cm 52.0 50.1 102.1 0.0 0.0 0.0 102.1
Total HM 17,521.7 14,849.9 32,371.6 15,416.5 29,707.1 45,123.6 77,495.2
FpP* 1,313.5 903.9 2,217.4 70.1 45.6 115.7 2,333.1
Fp* 247.9 206.8 454.7 0.0 0.0 0.0 454.7
Total FP 1,661.4 1,110.7 2,672.1 70.1 45.6 115.7 2,787.8

*1 FP formed by burn-up, #*2 FP contained at reprocessing

Fuel inventory

at EOEC [kg]

Nuclides Inn. core Out. core Total core Axi. blk Rad. blk. Total blk. Total
U235 18.5 19.1 37.5 31.9 74.5 106.4 143.9
U236 5.0 3.1 8.0 3.3 3.5 6.9 14.9
U238 12,963.3 10,562.8 23,5626.1 14,728.5 29,026.3 43,754.7 67,280.8
Total U 12,986.7 10,584.9 23,671.7 14,763.7 29,104.3 43,868.0 67,439.7
Pu238 53.9 54.8 108.6 0.3 0.1 0.4 109.0
Pu239 1,885.0 1,839.1 3,724.1 535.8 534.5 1,070.2 4,794.3
Pu240 1,226.0 1,265.6 2,491.6 38.8 20.7 59.5 2,551.1
Pu241 186.3 176.4 362.7 2.1 0.6 2.8 365.4
Pu242 146.5 152.9 299.4 0.1 0.0 0.1 299.5
Total Pu 3,497.6 3,488.8 6,986.4 577.0 555.9 1,133.0 8,119.4
Np237 15.4 16.6 32.0 1.5 1.2 2.6 34.6
Total Np 15.4 16.6 32.0 1.5 1.2 2.6 34.6
Am?241 70.3 86.2 156.5 0.2 0.1 0.3 156.7
Am?242m 5.0 4.6 9.6 0.0 0.0 0.0 9.6
Am243 41.4 42.4 83.7 0.0 0.0 0.0 83.7
Total Am 116.6 133.2 249.8 0.2 0.1 0.3 250.1
Cm242 4.3 3.4 7.8 0.0 0.0 0.0 7.8
Cm243 0.4 0.3 0.7 0.0 0.0 0.0 0.7
Cm244 46.2 45.5 91.7 0.0 0.0 0.0 91.7
Cm245 6.8 5.2 12.0 0.0 0.0 0.0 12.0
Total Cm 57.8 54.4 112.2 0.0 0.0 0.0 112.2
Total HM 16,674.2 14,277.9 30,952.1 15,342.4 29,661.5 45,003.9 75,956.0
FpP* 2,166.4 1,482.8 3,649.2 139.5 89.1 228.6 3,877.8
Fp* 247.9 206.8 454.7 0.0 0.0 0.0 454.7
Total FP 2,414.3 1,689.6 4,103.9 139.5 89.1 228.6 4,332.5

*1 P formed by burn-up, *2 FP contained at reprocessing
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Table 5.2-7 Control reactiirity balance'of the FS phase-1II reference core
(Medium-scale MOX fuel high conversion type core)

[Unit : %Ak/kk']
Ttems Primary system™ Backup system™
I . Planned excess reactivity 4.69 0.64
(1) Power compensation 0.81 0.64
(2) Burn-up compensation* 3.68 —
(3) Allowance for operation 0.20 -
II. Uncertainty (20) 0.50 0.13
(1) Criticality prediction 0.00 —
(2) Power compensation prediction - 0.13
(3) Fuel tolerance prediction 0.39 -
(4) Allowance for refueling 0.20 —
Il. Accidental reactivity - 0.3
IV. Requirement of reactivity (I + I +II) 5.59" 1.07
V. Control rod worth (one rod stuck) 6.2 1.7%
VI. Allowance of reactivity (V-IV) 0.61. 0.63

*1 ; 10B enrichment 90 %
*2 : Considering change of fuel composition

*3 : Considering 1$ (0.4%Ak/kk’) as allowance for shutdown :
x4 : Considering 11 % of correction factors (mesh effect, group collapsing effect, lumplng

effect, transport effect, etc) and 9 % of design prediction error

Table 5.2-8 Control reactivity balance of the vibro-packed fuel core

(Medium-scale MOX fuel high conversion type core)

[Unit : %Ak/kk']
Ttems Primary system Backup system

I . Planned excess reactivity 5.49 0.64

(1) Power compensation 0.81 0.64

(2) Burn-up compensation 4.48" —

(3) Allowance for operation 0.20 —
I . Uncertainty (20) 0.50 0.13

(1) Criticality prediction 0.00 -

(2) Power compensation prediction - 0.13

(3) Fuel tolerance prediction 0.39 —

(4) Allowance for refueling 0.20 —
Il. Accidental reactivity - 0.3
IV. Requirement of reactivity (I +IT+II) 6.39 1.07
V. Control rod worth (one rod stuck) 5.8 1.6"
VI. Allowance of reactivity (V-IV) —0.59 0.53

*]1 : Adding increase of burn-up reactivity (0.8 %Ak/kk’) to the burn-up compensation of

the reference core

*2 : Multiplying 0.92 (= 286/810) to the control rod worth of the reference core as effect of

increase of total fuel assemblies
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Table 5.3-2(1/2) Heavy metal inventories of the sphere-pac fuel core

(Large-scale MOX fuel high conversion type core)

Loading fuel inventory per 1 batch [kgl

Nuclides Inn. core Out. core Total core Axi. blk Rad. blk. Total blk. Total
U235 20.1 19.0 39.1 23.6 29.5 53.0 92.1
U236 0.0 0.0 0.0 0.0 0.0 0.0 0.0
U238 6,691.0 6,299.3 12,990.3 7,824.8 9,799.3 17,624.1 30,614.4
Total U 6,711.1] 6,318.2 13,029.4 7,848.4 9,828.8 17,677.1 30,706.5
Pu238 19.1 21.1 40.2 0.0 0.0 0.0 40.2
Pu239 939.5 1,035.3 1,974.8 0.0 0.0 0.0 1,974.8
Pu240 557.5 614.3 1,171.8 0.0 0.0 0.0 1,171.8
Pu241 74.7 82.3 157.0 0.0 0.0 0.0 157.0
Pu242 67.8 74.7 142.5 0.0 0.0 0.0 142.5
Total Pu 1,658.6 1,827.7 3,486.2 0.0 0.0 0.0 3,486.2
Np237 8.7 9.6 18.3 0.0 0.0 0.0 18.3
Total Np 8.7 9.6 18.3 0.0 0.0 0.0 18.3
Am241 34.8 38.3 73.1 0.0 0.0 0.0 73.1
Am242m 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Am?243 17.4 19.2 36.5 0.0 0.0 0.0 36.5
Total Am 52.1 57.5 109.6 0.0 0.0 0.0 109.6
Cm242 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cm243 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cm244 17.4 19.2 36.5 0.0 0.0 0.0 36.5
Cm245 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Cm 17.4 19.2 36.5 0.0 0.0 0.0 36.5
Total HM '8,447.9 8,232.1 16,680.0 7,848.4 9,828.8 17,677.1 34,357.1
Fp* 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fp* 10.9 10.6 21.6 0.0 - 0.0 0.0 21.6
Total FP 10.9 10.6 21.6 0.0 0.0 0.0 21.6

*1 FP formed by burn-up, *2 FP contained at reprocessing

Discharge fuel inventory per 1 batch [kg]

Inn. core

Nuclides Out. core Total core Axi. blk Rad. blk. Total blk. Total
U235 3.8 6.6 10.5 12.2 22.6 34.9 45.4
U236 2.8 . 2.3 5.2 2.5 1.7 4.2 9.3
U238 5,310.3 5,419.8 10,730.0 7,226.6 9,508.2 16,734.9 27,464.9
Total U 5,316.9 5,428.7 10,745.6 7,241.4 9,632.5 16,773.9 27,519.6
Pu238 24.6 27.7 52.3 0.3 0.1 0.4 52.6
Pu239 766.0 824.6 1,590.6 399.9 238.3 638.2 2,228.8
Pu240 516.0 569.4 1,085.4 44,1 11.5 55.6 1,141.0
Pu241 83.5 82.5 166.0 3.1 0.4 3.5 169.5
Pu242 62.0 68.4 130.4 0.2 0.0 0.2 130.6
Total Pu 1,452.0 1,572.6 3,024.6 447.6 250.3 697.9 3,722.6
Np237 5.8 6.9 12.7 1.1 0.5 1.6 14.3
Total Np 5.8 6.9 12.7 1.1 0.5 1.6 14.3
Am?241 27.1 38.8 65.8 0.3 0.0 0.4 66.2
Am242m 2.5 2.8 5.4 0.0 0.0 0.0/ 5.4
Am?243 18.2 19.7 37.9 0.0 0.0 0.0 37.9
Total Am 47.8 61.3 109.1 0.3 0.0 0.4 109.4
Cm242 . 1.9 1.7 3.6 0.0 0.0 0.0 3.6
Cm243 0.3 0.2 0.5 0.0 0.0 0.0 0.5
Cm244 21.8 22.2 44.0 0.0 0.0 0.0 44.0
Cm245 4.2 3.6 7.8 0.0 0.0]" 0.0 7.8
Total Cm 28.1 27.6 55.8 0.0 0.0 0.0 55.8
Total HM 6,850.6 7,097.2 13,947.8 7,690.5 9,783.4 17,473.8 31,421.6
FP* 1,599.9 1,141.0 2,740.9 146.7 43.3 190.0 2,930.9
Fp* 10.9 10.6 21.6 0.0 0.0 0.0 21.6
Total FP 1,610.8 1,151.7 2,762.5 146.7 43.3 190.0 2,952.5

"~ *1 FP formed by burn-up,

*2 FP contained at reprocessing
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Table 5.3-2(2/2) Heavy metal inventories of the sphere-pac fuel core

(Large-scale MOX fuel high conversion type core)
Fuel inventory at BOEC [kgl

Nuclides Inn. core Out. core Total core Axi. blk Rad. blk. Total blk. Total
U235 47.6 53.0 100.6 74.6 107.1 181.6 282.2
U236 6.5 4.6 11.1 4.6 2.7 7.3 18.3
U238 24,580.9 23,839.7| 48,420.6 30,384.2 38,760.5 69,144.7 117,565.3
Total U 24,635.0 23,897.3 48,532.3 30,463.3 38,870.3 69,333.6 117,865.8
Pu238 87.2 94.6 181.8 0.3 0.1 0.4 182.2
Pu239 3,492.8 3,789.6 7,282.4 704.6 381.2 1,085.8 8,368.2
Pu240 2,179.1 2,399.8 4,578.9 44.6 10.6 55.2 4,634.1
Pu241 323.6 333.8 657.4 2.2 0.3 2.4 659.9
Pu242 260.7 288.7 549.4 0.1 0.0 0.1 549.5
Total Pu 6,343.5 6,906.5 13,250.0 751.8 392.1 1,143.9 14,393.9
Np237 29.3 33.7 63.0 1.8 0.7 2.5 65.5
Total Np 29.3 33.7 63.0 1.8 0.7 2.5 65.5
Am?241 122.9 153.8 276.7 0.2 0.0 0.2 276.9
Am242m 6.1 5.7 11.8 0.0 0.0 0.0 11.8
Am?243 71.4 77.8 149.1 0.0 0.0 0.0 149.1
Total Am 200.3 237.3 437.7 0.2 0.0 0.2 437.8
Cm?242 6.2 5.0 11.2 0.0 0.0 0.0 11.2
Cm243 0.6 0.4 1.0 0.0 0.0 0.0 1.0
Cm244 77.0 81.6 158.5 0.0 0.0 0.0 158.5
Cm245 8.3 6.5 14.9 0.0 0.0 0.0 14.9
Total Cm 92.1 93.5 185.6 0.0 0.0 0.0 185.6
Total HM 31,300.2 31,168.3 62,468.4 31,217.0 39,263.1 70,480.1 132,948.6
Fp* 2,498.9 1,772.4 4,271.3 156.8]| 48.5 205.4 4,476.7
Fp* 43.7 42.5 86.2 0.0 0.0 0.0 86.2
Total FP 2,5642.6 1,814.9 4,357.6 156.8 48.5 205.4 4,562.9

#1 FP formed by burn-up, - *2 FP contained at reprocessing
Fuel inventory at EOEC [kg]

Nuclides Inn. core Out. core Total core Axi. blk Rad. blk. Total blk. Total
U235 31.3 40.5 71.8 63.0 99.9 162.9 234.6
U236 9.3 7.0 16.3 7.1 4.4 11.5 27.8
U238 23,192.8 22,946.9 46,139.7 29,764.3 38,451.7 68,215.9 114,355.6
Total U 23,233.4 22,994.4 46,227.7 29,834.4 38,556.0 68,390.4 114,618.1
Pu238 92.7 101.3 194.0 0.6 0.1 0.8 194.7
Pu239 3,318.8 3,576.2 6,895.0 1,115.1 632.8 1,747.9 8,642.9
Pu240 2,137.2 2,354.8 4,491.9 89.7 22.7 112.4 4,604.3
Pu241 332.2 334.7 666.9 5.3 0.7 6.0 672.9
Pu242 254.9 282.4 537.3 0.3 0.0 _ 0.3 537.5
Total Pu 6,135.7 6,649.3 12,785.0 1,211.1 656.3 1,867.4 14,652.4
Np237 26.4 30.9 57.3 3.1 1.3 4.3 61.6
Total Np 26.4 30.9 57.3 3.1 1.3 4.3 61.6
Am?241 115.2 153.8 269.0 0.5 0.1 0.5 269.5
Am242m 8.6 8.6 17.2 0.0 0.0 0.0 17.2
Am243 72.1 78.4 150.5 0.0 0.0 0.0 150.5
Total Am 195.9 240.7 436.7 0.5 0.1 0.6 437.2
Cm242 8.0 6.8 14.8 0.0 0.0 0.0 14.8
Cm243 0.9 0.6 1.4 0.0 0.0 0.0 1.4
Cm244 81.4 84.7 166.0 0.0 0.0 0.0 166.0
Cm245 12.6 10.2 22.7 0.0 0.0 0.0 22.7
Total Cm 102.8 102.2 205.0 0.0 0.0 0.0 205.0
Total HM 29,694.2 30,017.5 59,711.7 31,049.1 39,213.6 70,262.6 129,974.3
Fp* 4,107.5 2,929.3 7,036.8 312.9 95.6 408.5] 7,445.3
FpP*? 43.7 42.5 86.2 0.0 0.0 0.0 86.2
Total FP 4,151.2 2,971.9 7,123.1 312.9 95.6 408.5 7,631.5

*1 FP formed by burn-up,

#2 FP contained at reprocessing
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Table 5.3-3 Control reactivity balance of the sphere-pac fuel core
(Large-scale MOX fuel high conversion type core)

[Unit : %Ak/kk']

Ttems Primary system Backup system
I . Planned excess reactivity 5.1 0.6
(1) Power compensation 0.8 0.6
(2) Burn-up compensation 4.1% —
(3) Allowance for operation 0.2 -
I . Uncertainty (20) 0.5 0.2
(1) Criticality prediction 0.0 —
(2) Power compensation prediction - 0.12
(8) Fuel tolerance prediction 0.39 —
(4) Allowance for refueling 0.2 —
II. Accidental reactivity — 0.2
IV. Requirement of reactivity (I + I +II) 6.0 1.0
V. Control rod worth (one rod stuck) 7.5% 2.2
VI. Allowance of reactivity (V-IV) 1.5 1.2

*1 : Adding increase of burn-up reactivity (0.9 %Ak/kk’) to the burn-up compensation of

the reference core

*2 : Multiplying 0.95 (= 562/592) to the control rod worth of the reference core as effect of

increase of total fuel assemblies
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Table 5.3-5(1/2) Heavy metal.inventories of the sphere-pac fuel core

(Medium-scale MOX fuel high conversion type core)

Loading fuel inventory per 1 batch [kgl

Nuclides Inn. core Out. core Total core Axi. blk Rad. blk. Total blk. Total
U235 11.1 8.6 19.7 10.8 20.7 31.5 51.3
U236 0.0 0.0 0.0 0.0 0.0 0.0 0.0
U238 3,682.1 2,871.8 6,553.9 3,5692.1 6,888.0 10,480.2 17,034.1
Total U 3,693.2 2,880.5 6,573.7 .3,603.0 6,908.8 10,511.7 17,085.4
Pu238 10.7 11.3 22.0 0.0 0.0 0.0 22.0
Pu239 528.1 554.1 1,082.2 0.0 0.0 0.0 1,082.2
Pu240 313.4 328.8 642.1 0.0 0.0 0.0 642.1
Pu241 42.0 44.0 86.0 0.0 0.0 0.0 86.0
Pu242 38.1 40.0 78.1 0.0 0.0 0.0 78.1
Total Pu 932.3 978.1 1,910.4 0.0 0.0 0.0 1,910.4
Np237 4.9 5.1 10.0 0.0 0.0 0.0 10.0
Total Np 4.9 5.1 10.0 0.0 0.0 0.0 10.0
Am241 19.5 20.5 40.0 0.0 0.0 0.0 40.0
Am242m .0.0 0.0 0.0 0.0 0.0 0.0 0.0
Am243 9.8 10.3 20.0 0.0 0.0 0.0 20.0
Total Am 29.3 30.8 60.1 0.0 0.0 0.0 60.1
Cm242 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cm243 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cm244 9.8 10.3 20.0 0.0 0.0 0.0 20.0
Cm245 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Cm 9.8 10.3 ] 20.0 0.0 0.0 0.0 20.0
Total HM 4,669.5 3,904.7 8,574.2 3,603.0 6,908.8 10,511.7 19,085.9
Fp 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FP* 6.0 5.0 11.1 0.0 0.0 0.0 11.1
Total FP 6.0 5.0 11.1 0.0 0.0 0.0 11.1

*1 FP formed by burn-up,

*2 FP contained at reprocessing

Discharge fuel inventory per 1 batch [kg]

Nuclides Inn. core Out. core Total core Axi. blk Rad. blk. Total blk. Total
U235 2.3 3.1 5.4 5.7 15.2 20.9 26.4
U236 1.6 1.0 2.6 1.1 1.3 2.5 5.0
U238 2,970.2 2,486.1 5,456.3 3,320.6 6,639.8 9,960.3 15,416.7
Total U 2,974.1 2,490.2 5,464.4 3,327.4 6,656.3 9,983.7 15,448.1
Pu238 14.1 14.7 28.8 0.1 0.1 0.2 29.1
Pu239 428.4 405.4 833.8 184.6 197.4 382.0 1,215.8
Pu240 289.4 297.8 587.1 19.2 10.9 30.1 617.2
Pu241 45.8 42.4 88.3 1.3 0.4 1.7 90.0
Pu242 34.7 36.2 70.9 0.1 0.0 0.1 71.0
Total Pu 812.4 796.6 1,608.9 205.3 208.8 414.1 2,023.0
Np237 3.3 3.6 6.9 0.5 0.4 1.0 7.9
Total Np 3.3 3.6 6.9 0.5 0.4 1.0 7.9
Am241 16.2 21.3 37.5 0.1 0.0 0.2 37.7
Am242m 1.5 1.5 3.0 0.0 0.0 0.0 3.0
Am243 10.2 10.4 20.6 0.0 0.0 0.0 20.6
Total Am 27.9 33.3 61.1 0.1 0.0 0.2 61.3
Cm242 1.0 0.9 1.9 0.0 0.0 0.0 1.9
Cm243 0.1 0.1 0.2 0.0 0.0 0.0 0.2
Cm244 12.1 11.7 23.7 0.0 0.0 0.0 23.7
Cm245 2.3 1.8 4.1 0.0 0.0 0.0 4.1
Total Cm 15.5 14.4 29.9 0.0 0.0 0.0 29.9
Total HM 3,833.2 3,338.1 7,171.2 3,533.3 6,865.6 10,398.9 17,570.2
Fp* 840.9 573.4 1,414.4 65.2 41.2 106.3 1,520.7

| FP* 6.0 5.0 11.1 0.0 0.0 0.0 11.1
Total FP 847.0 578.4 1,425.4 65.2 41.2 106.3 1,531.7

*1 FP formed by burn-up,

*2 FP contained at reprocessing
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Table 5.3-5(2/2) Heavy metal inventories of the sphere-pac fuel core

(Medium-scale MOX fuel high conversion type core)

Fuel inventory at BOEC [kgl

Nuclides Inn. core Qut. core Total core Axi. blk Rad. blk. Total blk. Total
U235 26.9 24.4 51.3 34.4 74.0 108.5 159.8
U236 3.4 2.0 5.5 2.1 2.2 4.2 9.7
U238 13,607.2 10,892.5 24,499.7 13,953.3 27,178.2 41,131.5 65,631.3
Total U 13,637.6 10,919.0 24,556.6 13,989.8 27,254.4 41,244.2 65,800.7

| Pu238 49.2 50.4 99.6 0.1 0.1 0.2 99.8
Pu239 1,955.4 1,959.9 3,915.3 322.8 320.3 643.2 4,5658.5
Pu240 - 1,223.4 1,274.8 2,498.2 19.3 10.2 29.5 2,627.7
Pu241 179.2 175.4 354.7 0.9 0.3 1.2 355.8
Pu242 146.4 154.0 300.4 0.0 0.0 0.0 300.5
Total Pu 3,653.8 3,614.5 7,168.3 343.2 330.8 674.0 7,842.3
Np237 16.6 17.9 34.5 0.9 0.7 1.5 36.0
Total Np 16.6 17.9 34.5 0.9 0.7 1.5 36.0
Am241 71.3 83.6 154.9 0.1 0.0 0.1 155.0

[Am242m 3.4 3.0 6.4 0.0 0.0 0.0 6.4
Am243 40.0 41.5 81.5 0.0 0.0 0.0 81.5
Total Am 114.7 128.1 242.8 0.1 0.0 0.1 242.9
Cm242 3.3 2.5 5.8 0.0 0.0 0.0 5.8
Cm243 0.3 0.2 0.5 0.0 0.0 0.0 0.5
Cm244 42.9 43.3 86.2 0.0 0.0 0.0 86.2
Cm245 4.5 3.3 7.8 0.0 0.0 0.0 7.8
Total Cm 51.0 49.3 100.3 0.0 0.0 0.0 100.3
Total HM 17,373.7 14,728.8 32,102.4 14,333.9 27,685.9 41,919.8 74,022.2
FP*! 1,313.3 902.4 2,215.7 70.1 45.9 116.0 2,331.7
FpP* 24.2 20.2 44.3 0.0 0.0 0.0 44.3
Total FP 1,337.4 922.6 2,260.0 70.1 45.9 116.0 2,376.0

*1 FP formed by burn-up, *2 FP contained at reprocessing
Fuel inventory at EOEC [kg]

Nuclides Inn. core Out. core Total core Axi. blk Rad. blk. Total blk. Total
U235 18.1 18.8 36.9 29.2 68.4 97.6 134.5
U236 5.0 3.1 8.1 3.2 3.5 6.7 14.8
U238 12,884.5 10,502.8 23,387.3 13,672.6 26,920.2 40,592.8 63,980.0
Total U 12,907.5 10,524.7 23,432.2 13,705.0 26,992.0 40,697.1 64,129.3
Pu238 52.6 53.9 106.5 0.3 0.1 0.4 106.9
Pu239 1,854.4 1,810.4 3,664.8 511.8 524.5 1,036.4 4,701.1
Pu240 1,198.9 1,244.2 2,443.1 38.9 21.3 60.2 2,503.3
Pu241 183.1 174.1 357.3 2.2 0.7 2.9 360.2
Pu242 143.0 150.3 293.3 0.1 0.0 0.1 293.4
Total Pu 3,432.0 3,432.9 6,864.9 553.4 . 546.7 1,100.0 7,964.9
Np237 15.0 16.3 31.3 1.4 1.2 2.6 33.9
Total Np 15.0 16.3 31.3 1.4 1.2 2.6 33.9
Am241 67.8 84.3 152.1 0.2 0.1 0.3 152.4
Am242m 4.9 4.6 9.5 0.0 0.0 0.0 9.5
Am243 40.4 41.7 82.1 0.0 0.0 0.0 82.1
Total Am 113.1 130.5 243.6 0.2 0.1 0.3 243.9
Cm242 4.3 3.4 7.7 0.0 0.0 0.0 7.7
Cm243 0.4 0.3 0.7 0.0 0.0 0.0 0.7
Cm244 45.3 44.8 90.0 0.0 0.0 0.0 90.0
Cm245 6.8 5.2 12.0 0.0 0.0 0.0 12.0
Total Cm 56.8 53.6 110.4 0.0 0.0 0.0 110.4
Total HM 16,5624.4 14,158.0 30,682.4 14,260.0 27,639.9 41,799.9 72,482.4
FpH 2,167.3 1,480.0 3,647.2 139.2 89.8 229.0 3,876.2
Fp* 24.2 20.2 44.3 0.0 0.0 0.0 44.3
Total FP 2,191.4 1,500.1 3,691.5 139.2 89.8 229.0 3,920.5

*] FP formed by burn-up, *2 FP contained at reprocessing
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Table 5.3-6 Control reactivity balance of the sphere-pac fuel core
(Medium-scale MOX fuel high conversion type core)

[Unit : %Ak/kk']

Ttems Primary system Backup system
I . Planned excess reactivity 5.39 0.64
(1) Power compensation 0.81 0.64
(2) Burn-up compensation 4.38" -
(3) Allowance for operation 0.20 —
I . Uncertainty (20) 0.50 0.13
(1) Criticality prediction 0.00 -
(2) Power compensation prediction - 0.13
(3) Fuel tolerance prediction 0.39 -
(4) Allowance for refueling 0.20 ' —
Il. Accidental reactivity - 0.3
IV. Requirement of reactivity (I + I +II) 6.29 1.07
V. Control rod worth (one rod stuck) 5.8 1.6%
VI. Allowance of reactivity (V-IV) —0.49 ' 0.53

*1 : Adding increase of burn-up reactivity (0.7 %Ak/kk’) to the burn-up compensation of

the reference core
*2 : Multiplying 0.92 (= 286/310) to the control rod worth of the reference core as effect of

increase of total fuel assemblies
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To set cases of restructuring model conditions (i) Starting temperature, ii) Density)

- Pellet fuel condition case : 1) 1,400°C, ii) D/K model
- RIAR model condition case : i) 1,100°C, ii) 97%TD (Columnar grain region)

v

To compare validity of the both condition cases (pellet fuel condition and RIAR model
condition) by evaluating the results of post irradiation examinations

Over-power after saturation of
restructuring by stationary
irradiation is assumed.

v

Evaluation of limitation

Over-power coefficient and some
uncertainties are considered to
the above PTM LHR.

Pellet fuel RIAR model
condition case condition case
v A\ 4
Evaluation of PTM LHR Evaluation of PTM LHR

Over-power after saturation of
restructuring by stationary
irradiation is assumed.

!

Evaluation of limitation
Over-power coefficient and some
uncertainties are considered to
the above PTM LHR.

v

To examine influence to limitation of stationary LHR

v

To fix the limitation of stationary LHR due to the above validity

Other items by adopting vibro-packed
fuel and sphere-pac fuel are considered.
(e.g. smear density, FP content rate)

FS large-scale core E | FS medium-scale core E

Y

Evaluation of fuel specifications Evaluation of fuel specifications

1

1

1

1

1

1

1

1

1

1

1

1

i

I

| Fuel specifications to satisfy Fuel specifications to satisfy
1 design requirements and targets design requirements and targets
: of FS are investigated. of FS are investigated.
1
1
1
1
1
1
1
1
1
1
1
1
I
i
1

v v

Evaluation of nuclear
performances

Evaluation of nuclear
performances '

v

To examine influence to core and fuel design

Fig. 3-1 Flow of this study
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E Restructuring region density
—————————————————— ---{ @ Pellet fuel condition (DK model) |-

‘Analysis results (Relative value)

A RIAR model condition (97 %TD)
[ : T :
Measurement results (Relative value)

[Central void diameter]

| Restructuring start temperature
—————— f— ---——--——--—4-- @Pellet fuel condition (1,400°C) |-

Analysis results (Relative value)

mRIAR model condition (1,100°C)
1 ! I !
Measurement results (Relative value)

[Restructuring region diameter]

Fig. 4.1-1 Influence to irradiation behavior by conditions of restructuring model
(Vibro-packed fuel)
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Fig. 4.1-2 Influence to irradiation behavior by conditions of restructuring model
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Fig. 4.3-1(1) History of fuel central temperatures at over-power (Stationary LHR 400 W/cm)
(Vibro-packed fuel; Pellet fuel condition case)
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Fig. 4.3-1(2) History of fuel central temperatures at over-power (Stationary LHR 450 W/cm)
(Vibro-packed fuel; Pellet fuel condition case)
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Fig. 4.3-1(3) History of fuel central temperatures at over-power (Stationary LHR 500 W/cm)
(Vibro-packed fuel; Pellet fuel condition case)
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Fig. 4.3-2(1) History of fuel central temperatures at over-power (Stationary LHR 400 W/cm)
(Sphere-pac fuel; Pellet fuel condition case)
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Fig. 4.3-2(2) History of fuel central temperatures at over-power (Stationary LHR 450 W/cm)
(Sphere-pac fuel; Pellet fuel condition case)
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Fig. 4.3-2(3) History of fuel central temperatures at over-power (Stationary LHR 500 W/cm)
(Sphere-pac fuel; Pellet fuel condition case)
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Fig. 4.3-4(1) Evaluation of limitation of stationary linear heat rating

(Vibro-packed fuel; Pellet fuel condition case)
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Fig. 4.3-4(2) Evaluation of limitation of stationary linear heat rating

(Sphere-pac fuel; Pellet fuel condition case)
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Fig. 4.3-4(3) Evaluation of limitation of stationary linear heat rating
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Fig. 4.3-5(1) History of fuel central temperatures at over-power (Stationary LHR 400 W/cm)
(Vibro-packed fuel; RIAR model condition case)
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Fig. 4.3-5(2) History of fuel central temperatures at over-power (Stationary LHR 450 W/cm)
(Vibro-packed fuel; RIAR model condition case)



Fuel temperature (°C)

Fig. 4.3-5(3) History of fuel central temperatures at over-power (Stationary LHR 500 W/cm)

JAEA-Research 2006-087

Start of (iver—power

3500 T T T T T T T T T T T r T T T T T T T 1400
i I Inclination of solid pellet fuel is applied f(;r
r over-power temperature rise of vibro-packed fuel - i
1 A G e ee—————ESEL L LS + 1200
[ Melting point 2690°C 7 P
2500 [ R 7 i i R S cat > -------------------------- -1 1000
= -O— _— = - Linear hgat rating
[ Fuel central ..o i ]
2000 | tg;pegzgugg 800
! __63/en |
1500 IR " S <615%/on | 600
0T RS -1 400
Vibro-packed fuel ]
500 b — — — Solid pellet fuel - 200
1 Vibro-packed fuel ]
| (Corrected inclination) 1
0 L i L L L L i L L 1 1 i 1 1 i 0
10.00 10. 50 11.00 11.50 12.00

Time (days)

(Vibro-packed fuel; RIAR model condition case)

(wo/p) Butied jesy Jeauln



JAEA-Research 2006-087

Start of gver—power

3500 7- T T T T T T " T T T T T T T T T T 7 1400
i I Inclination of solid :pellet fuel is applied fo:r E
: over—power temperature rise of sphere-pac fue} i -
R R RRAMAIAL It : - bseeessssees e 1200
[ Melting point 2690 ' : ]
— 2500 ;*"~"~~'”~“~“>">~~~>4 ----------------------- - E E 1000 L
(&) L B P : H ] 3
< L Fuel central : 2
o | temperature : : P ) =
5 - N . : ; ! il =
2000 e e 8o 8
g [ : z . - =
g ! E : f ' g
+ I H y : 1 I
5 1800 e e = ; 60  ®
Z L : : : 584W/cm : §
A : : : 1 2
1000 i B Rt - 400
: —— Sphere-pac fuel |
BOO  oeemerememmmmmmm e — — — — Solid pellet fuel |- 200
I N I Sphere-pac fuel 1
i : : (Corrected inclination)
N S S H U H S
10.00 10.50 11.00 11.50 12.00

Time (days)

Fig. 4.3-6(1) History of fuel central temperatures at over-power (Stationary LHR 400 W/cm)
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Fig. 4.3-6(2) History of fuel central temperatures at over-power (Stationary LHR 450 W/cm)
(Sphere-pac fuel; RIAR model condition case)
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Fig. 5.1-1 Configuration of the FS phase-1I reference core
(Large-scale MOX fuel high conversion type core)
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Fig. 5.1-2 Configuration of the FS phase-II reference core
(Medium-scale MOX fuel high conversion type core)
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