PNC-TN9410 87-190

Rapsodie PNC-5(1) (2) (3) DHa4T %
PRI B3R DR A SR

R S e T T AT X

Lo iR — P No.

N9410 87-190

—oRB BEERFAMTT
MECRAEREEHEEFRETYT

@Jﬁ])ﬁ #%ﬂﬁ%ﬁ@%ﬁﬂiﬁl&t v —HINE Eﬁ

@‘Jﬁkf‘ F%ﬂﬁﬁ%%%lﬂ
X v I %2 v v 4 -

(1)



BRUIZOREDAFIZOWTEL, FTRIZBEAWADELIEEN,
T311-13  FRRFRBER A YEET X FH ET4002
B 147 - AR BR R ¥
KT #— VAT ABRMEED - BT EEE

Enquires about copyright and reproduction should be addressed to: Technology
Management Section O-arai Engineering Center, Power Reactor and Nuclear Fuel
Development Corporation 4002 Narita—cho, O-arai-machi, Higashi-Ibaraki,

Ibaraki—-ken, 311-13, Japan

B 1P BRI B B 3 (Power Reactor and Nuclear Fuel Development

Corporation)




PNC-TN9410 87-190
1 9 8 7 % 2 H

Rapsodie PNC-5(1)(2) (3) DHESt #%588% (1)
BRBHEL 3K DB AR

EmEEEY bl B
W& 5 wmnEk, MNH OB, KRE BKL

RREKR, ZKREXK, SMNEBY
Bk W, & #E, @k—2
316 R

= =]

Rapsodie PNC-5(IH2M3), [HA L » | BEEEROBE O BIEE O B 284 10
BEALDICBHENILEDTHY, [HA L] FPLOBERSMREERICILHET 5125000
MWD /M TMOBEETH %, (AE X DEESNIC T ROBE &y A WRICBRHERZFZRM L
to BRI EHEN LSRR (&8, SETES, wREEERCBIESAE DKL)
AT OfER %",

(1) #4813, Rapsodie PNC—4(128,000MWD/ MTM) & L TRFREOMERZL
{LERLTOEY, EREEHEAOEEROKRE ST Y F5R 54, RPUHTHIDIE R A KA
EHELET Bo

(2) 4KEYDOEBHMHEE CREMOEARY 7 » 7PHEINRTED, TNHBBREY 7 L RIE
KOBERERE -1 EEZ 5N B,

B8} 4K vHEBEBEAEZ@I, 7 v FILEDZb0EBESNE 7V y 71 v IEBFED G

(4) FCCIDEK@EING 6 pm ([REFBEBNABER ) TH-71,

(5) tEEEMHEE HEERENOFERAEROWR RS CR{EHE Tt LTl b, Sigdbh:
HEATWEEELZLN S,

(6) WEESHEXEE, £2TEERLHELTHW, BSEIBHEEORZRE, 550 CETR
BEDO AL EHICHSHEPAREETTEH, ThLLETEs: 0B LTV EEREL L

) WEEEEE, KM, SHEBRY L)Y IHE N, BEELOBAME 25 5 %TH -1
FRSHEB KB IESTR CPSEFRRETOR 9 2 ) ¥ IEREh -1,

(8) MREERREDOER EAEOMEEHEEEIBO—EELTEY, ((EREENIEETHS
A

*  PAEHPEBARES  HRETAREARE



PNC-TN9410 87-190

4.1 %*‘Efﬁt%ﬁ ................................................................................................

4.2 BEEETESGISESEER  corvereeorereeseonoe s e
4.2.1 BUEHHE -oeeemeeneeen LS P TP PP PR R T
42,2 JUSEEEEL oo s

4.3 BEEETRERIEIIER  -----erreerereess s s
4.3, 1 GHIGETGEE  cveeremevrerereremmrrtrnia ettt st e
4.3.2 FTESTE  coerereerrerme e
4.3.3 BUFEBEEL eeevreerinenie i

4.4 PREISRIITESRER  --ooeerrrerrrerr et
4. 4.1 GEEEHBITTHEE  crrererrreerrrrie i e e
44,2 FUTBEEEL ---vrvrsermearrmmoeiiittin s st

B fE B reeeereresneci e e e bt



PNC-TN9410 87-190

Rapsodie PNC—5 3, [HALwl 94 7l TERRBRHET TO £ BEUKRTHR
DEﬁﬁ%%%E%&LT,%%%ETKBH5%%%@%Eﬁﬁ%twgmﬁmﬁﬁ%ﬁﬁ?&5
Rapsodie Fortissimo fFCHEEIN,

ARFRICH LB e v, 7Yy FAR—FFLA TFO 3 ARy Ny FLEEGE(PNC-5(1))
BE ) &, 7V FRAR—$ 54 TV S CHBRENLI ALY (PNC -52RUFPNC—
53 ) L oRkb,

Rapsodie PNC—5 OREBRMRE 1365, 85, 155, 4K, 22K, 27TKKU32K T
by, BerofEigBEERELITICEEY,

6S @ PNC-—5(1885

88 ER

4K =1 I

22K: i

158 PNC—5{LEFPNC - 5(3FCR
27K:PNC—5{1),PNC—52KkU'PNC— 53 TRH
32K: T

Ffo, Bl U CHBEER - 2 BEECLUT 0L S 5,

6.443atom%
59,54 0MWD, MTM
9.465atom%
87,46 0OMWD/MTM

PNC—5(1):{

PNC—5{2): {

13.570atom%
125309 0MWD,/MTM

BisEARE, AERCBRICESTITY, AETIIEESR (HR2 ey B 7H) RUTHESA
BR(HFEYE22K)ARER LI, 61T, ZhooBHEe R THAL ol ORSHREEREICIT
BT BIMEEAET 5 bOEEY, BREEICEIS [HALs] # 4 7HE Y ORHEH R
BT A0 HEETHREE LTV EEL, K OFMLEEARLITS T Lic L, BIHEHAER
& LUTHIER 7T EOBRE © v ik ob Uale R (MBHEEEER, FCC 1 8% RUBHEEHEH
2, (b WEEE S WE, (cHEEIEEERE, BIUdRBERRESEEL 7.

ik, BUERAIELEB LD, COERic->0TIR, BICEGEShTH3 [EiEFERSHSRE oW
MR (S3W) ] PNC SNo41l 86-95(1986%4108) leamisahtwao
THRLTH 5,

PNC—5(3): {



PNC-TN9410 87-190

2.0 & E v

Rapsodie PNC—5 BHEFBIcH SN Yy OH#EE Table 1 R Fig. 1 KR,
WEEFEBERCEE SN 2 0 BT (BB 4 7THEERMEM ) 2HWTH 5,



PNC-TN9410 87-190

3. B & £ #

PNC—5(1DBSIE, 57V 74 T4H942 v (Run Nod 1, 43, 44, 45) @bt -»<T
FNAEL (04, 15)—=>(04, 07)—(03, 15) JTREENI(Fig.2 B/ ),
$f, LOLEOESEAC VAETAEFig 3ITRT,
PNC—52)DfEsE, 24427 (Run Nod9, 50)iChlic-THFRE (02, 02)K
TS Ehic (Fig. 28R ),
7z, TOEEDTY oy ¥RAR—B 547N FRACVEFZFig 4 ITRY,
PNC—5(3)0MEEL, 244740 (Run M52, 53)ichic-THEAME(02, 06)ic
THREIhf(Fig.2&B),
Fh, TOEEDTY 9 FAR—F 94 7)) FREVEFIEFig. 5 RT,
EUF e & s D fagT 45 AHeE 2 509
1) PNC—5icoWT
E—27 7MW YR D 56X10% 0, of
RAPRIERE ©59540MWD,/MTM
BRI © 499.5W ¢cn
ESEEEE C 24588EFPD
ik, BFRNE TOEMBH AL TOED TH 5,

04—15 ©  1.54EFPD
04—07 . 56.85
03-15 © 18749

2) PNC-5{2)T21T
E—770TvZ: 1.03%10%%n o
AR . 87,46 0OMWD./MTM
BRI P 235W/
HKYEHAE 840EFPD

3) PNC-53lic2T
E—77nxrZ 1.25%10%%n /o
BARBERE © 125390MWD/MTM
BRI I 239W./ cm
HEEEHHE ©  111L3EFPD



PNC-TN9410 87-190
4. B 5 #® A B

4.1 £HEHER
4.1.1 FEFssE
SERBRTEEFig 6 ILRT, TEBRROKBNEE Table 2 KR,
4.1.2 HENER
4K, 6S, 85, 22K, 158, 27KKU3 2K DRENSEHEEEZPhoto [~
3 6IRT, TNLOEHETELY UTOFEENEON, (Table 4 — LIKEZER O
B RUBHEREART, )
1) BREHRRREE
(1) 4Ker (-7 BBEES7600MWD/MTM) < Photol, 8~1 058>
PAEERIREE, WimrthRIfk Ol Z=Fl, FERBEE, TR T VEEE, SRR
18, FEEALAIR D b AR AL LT i, HREEREFSREMOKRESIC T Yy $48
Roh. RPN R4 FESHELEL T 30830 5Nt i, s EEiT
M HERE IR AT T LT, #rmEREHcBOTE, i~ r .y FillFEO 7 5
w IWEHREIEL, £707 5 v JRIEbARZ WD, 4Ky OBl 5 2 EAEE
FTWeDTREWAEEZONS (Table 3R ), By 5 o AR T FH OH
HERNmICE, WAKEAE (Photo2 38R ) RULEMEA (Photo 24BM) HHE S
N, BRKIBEEE, THENHNE 6 e BRU 1 2 pm Th - fo, WREAT TR
NXCO04A1(D.F.C.B. 277Tm) &7V v FERYEOHEERATEC I &HEEX
NB7 Ly T4 ¥ JICLBEPBESNI, (Photo21, 22881)
(20 6SEY (-7 IEES 7.1 0 0MWD./MTM)<Photo 2, 11, 12&BMH>
BREHEZS, LT - BIRSEER « AN T VR - SR LR - HE Y o /8 .
REACHAED 6 SR S THY, RS T AAEERD & REA SR I T 0 0
pme OFA FREHHH L TOIONHREBEINIL, Fv v 7HITE, BEDH5 L LT
F.P. RUBEERGHSER L TOEBEEENTIF CC I BED ohiih o1, HE
A5 LTHICBVWTHAs polished RETHEEAREICF CC I IEBEIhE, -1
B, 44y BREREREICHABENZED S AEEEHHI8 0 pm TH -7, (Photo 28
ZH )
(3) 88y (K- MRS 8.100MWD/MTM) <Photo 35B>
BRI, 4Ky ERRIC S D O - TH D, HRBAROBENOAESIC
685 Y £ DRSIRE 5 & HEORTARSAI @O 4 ¥ 7y b (Photo
1 9B ) MM ONT, Fv v 7HITE, LETEP. RUBEERMHFERELTHY
HAENHICEEBERESED SNRABEREN 1 3 pm TH-1ehy 14 v EREE R

-4 —



PNC-TN9410 87-190

BRE(RAEERN4 0 pm ) BEDH SN, (Photo2 92 )

4) 22KEY (E—7 859,00 0MWD,/ MTM) <Photo4, 13, 145>

AL YEPNC-5{1)( Rund 1~Rund 5 ) 0AMBE &hi 4K, 6S, 85, 22K

ErOPTREREECY THEH, 6 Sy tEBOMBIREEEL T, HIKRE
BT A el isZHaE L TED, Fv v 7HIRIE, FP.RUBALERY
DB LN BB ENE BT DD 5hiEh -7,

(5) 15SEY (E—7BHEES 7,00 0MWD, MTM) <Photo5 £E>

EOREHRRRL, SREEAbARE & A BRI & ORIICER Y v SHRENEELTHEES, 22

K &' ERIBRIC 6 il A SRl > Tk, kA 5 4 Eific BT, ERBMERORKERIC
RESD/NT Y FHERLN, HANTVRED, SAECBERICHAT TR 30 pmed DRE

TDRA FHRO v ITEREFMEEL T B DHER SN, /1 LHROEBENT

KEREAEAEN1 6 pmOLRBANBRESNIL, 65, BSEVERBRCA+ Y ER

%, WARRE (BXEREH 35 pm ) 050D S,

) 27TKEY (E— IR 12480 0MWD,/MTM) <Photo6, 15, 168E>
Aevid, 32Kev &3kt PNC—5(1)(2(3)(Rund 1~Run 53 ) OLLifEE X

h, PNC— 5D TRESMBEEE Y Th s, MEHERIL 4K, 8S v Lpkics
B SR> THD, X, FRBEROERBED T Y + ENANOBNI RS K DEFEE

bR SN, B BRI SR SEBNRSHLUTEY, By 54 LBOLZE

LRicARITHSO 1 > Ty + (Photo 20 2B ) 5380 ohic, LROBEHEEANT

{CAs polished THELNEI D -Tchs, 14 v EEER NAER (EXEREHN15

pm) BEDHLNT, (Photo308R)

(7) 32KEY (E—2 #5412 4,40 0MWD./MTM) <Photo7, 17, 18&R>
BEHEE, 2 TKEY SEMRTHRED OS> T3, #E A 7 £ EiF, TEDOUO:

—PuQ:ly FOEBREIBNT, U 757 v by MCHBE(EBED LN

fzo LEOHEENEIKELERESHEINEAEERIEIN1 2 pm ThH-72 (Photo

278R),
LTT &vr ORIEARHCD X EHBEEE, £+ 78 vy MARRUHES

P, AROHEFMAEEZTICE DAE LER% Table 4 —21TRY, £, Fig7

~ QTR L b OBHBEGREE (HEIMED. /Do, Do 2L v AR ) DEIHHKE

[

PLEk D, BREHA#IC VTS EBBEPNC—4 (128,000MWD/MTM) 2 ikt
~NTPNC—5{, HRIFASN OERMOKSIT I Y +HRLN, RPN £
1 FHREBHEEL THb, 4KEYORRSL 7 L ERRET BOETHIFERIE, AR
BAEBZELLERSVY VEARODZ 7 v 7 BEHFELELTEY, £ 77 v 7 ORES

— 5K —



PNC-TN9410 87-190

REVWIDHTRAVWLEEL OGN D, HHEMAKE, PNC-4 LELERERLTBOH
40 0W./ call { DRBATZ OMERF I BREBICH - TV BEEL LGNS, 4KE VL,
7Yy FEEYMEOHEBEFHTELLEMESNRE T Ly 7 4 v 7ICX BEHED S,
2) FCCIDHE

R - EEOAFMHEEA(FCCI )IE, 4K, 88, 15SRU3 2K itE
HIN, TOREBHNAER 2TEARUVESEATE -, RAFABR4IKEYTH
66 pm (HABE) TH-7, BEFHNME, SHEBSEATEDAF VEARE, 65,
85, 15SRUZ2TKDIADE ¥IChRFEABD LI, RKBAERRIE6 S THED
pmMTH 7245, P->TRapsodie PNC—2 ICHONAL S/ 100 pm A B3 K&
WFCCIREEMo7, Table 5 RAIEMHEAERL, TOMBNEEAPhoto23~30 i
Reo Fin [EEHIC, BEDOF—5 5 HEOALFCC T MR YemuTHB LA
FCCI Tl (&ABER ) 28l FCCIDFRIRICH\TE, 2EHELIHES
RECOWTRER 7 v b = v & BEERTHERERAEHERE LTvad, HAEERKR
DT, FETHRERN L BEMHBERTAE SREBEXE LTHR - TWADT, HIR
Baic-0TR, Co2lick 23HEEEH L 1o '

FHEELFHEZ S LTSS L, 2EBEIROVTE, ElF— 9 RETFHRELTO
ETHY, FHADZIUHFER SHio HABRICOVTE, FHRELFABEOESKE L,
S AR OBUR WA S TSERI LT LEHBH 3,

3) WEEHMERER
Photo 3 1~3 6iCE BV ER UV EMEAKRDOLEERE R T,
(1) S#¥(6S, 88, 158K )< Photo32~348R>
SEVITBI 2 A 7 £ LETTHE, SRERROWEERCE O HERRS i,

i, FHOWAENEN RO HAE < RSP #A TN S E L o3,

BEL S 5 4 FEHT bSERANRIITHSR S his
20 KM (4K, 27K, 32Kr > )<Photo31, 35 363BE>

R 5 £ FETRE, RIMIEEZ SR AMAMKLTh5< b ) v 7 AUCIREBL TV 343

BLAND R D0 Shli o 1o, B A 5 2 TR TR, HBRERERCRRITRL

T RoN 5, £/ S MEEREREANTANCREISEHH L TOSEY, SHE

HATHIED 512,

4.2 WEETESAEAR

4.2.1 WEHE
MEE, L —2 e rNREOCEBRRIEREBVMNESH (w10 Cwh—2E) LD EE
L7z Table 6 ICRIESAERGRIELAE %R T

_6_



PNC-TN9410 87-190

AERRHTE, K#ME SHMAD D IsHNTERCRNTIEXEIIKMA 17.6%, Hv2903,
SHH2 0%, Hv272Th3,
4.2.2 BIERR

By OWHEERSER, Table?, 8IURT LI KLTHBHBMOESEL T LA ->TH
2 (KAL) o COPALEBAWMBAETMAMICOVTASE, S & SMETIRA (EER )
& D BREL B CHER ) OFBRILOEEIIAEL, 28 v EE L TRETIRAITRAHY
(05) 14, B LSITRAHY(0s) 36HKIEL TIN5, &Y OB MBS BE &HE
Fig.1 0~16{TRd,

¥, Table 9~15IKRTHAESOE»SIE 22K, 27K, 32KKRU 158 O
AERAAREICH (05) 14~31 O S {EF(LABTH oM, BICE7 - 7viD 4K 22
K, 27K, 32K, 6 SRUSS Y O#F Tl 0B ERIE S FICHv (053 10~20D
B S EZ (AL DARIOHE B ) HEED S,

iz, Fig. 17 sEECEBHANBROMKRERT, HEDBHEEES 00 (C)LEETE
KMRUSHEBZBEEHEOEM( 3~TX10* n/cd) KEFOCHESEBSETLTOS, L
»L, 600 (C)LTOME T MEOHBIZEHRETIIN L, £/, Fig 18 KRTES
WEAL L BEHREOBGE, ©, HSERBHRE480~530 (C) OHBNTRED LA
CEDETL, BHEEEST70~6 40 (T) ofHLETREEEREEEIRD RN,

4.3 BEEREMNEAER
4.3.1 WMEHE
FBENERBROTEEFig 1 9CRY, U, MECHEELLETFRE (Mettler
ME22 ) ORSMOEER] #g THY, BEELOERTFRIZ0.2HTH 5,
4.3.2  RIEHE _
wEAEICHENSFRNE, 4K, 6S, 85, 15S, 22K, 27TKRU 32K £ rD&R
BehDRRAE%Fig. 2 0 IRY, ChoORMEhETRAR3.3~12.7 X1 0% n ./,
MBEMN44 0~64 0 COBRERESET 5,
4.3.3  HIEHER
EAROWHEFEEMERE A Table 1 6 KU Table 1 7iCRY, $HBEEEMRY 34D
SDERE LU fEREFig. 2 1~Fig. 2 6 IR,
FBEECOBRAE2TKE»T255%(122%X10% n/cd, 540C) THh-7z, 34D
/DEFEEAS—HLEORY ) - THCLBERHMHNI 4D/ DItEENTHEL itk
BEELON S,
KM RO SHomETRER X 2 BEL{LE ThEhFig 2 TRUFig 2 8itmd,
K#Hid, SBHEM (9~12x10% n/of) THRAMZKRIILE ED-TW3, SR, &

-1 =



PNC-TN9410 87-190

BHBNO 7 — 5 BRI HEMERERITEE 0D, KAl » ERETY S 145D,
IREHBIC T B IR AIR & 1

4.4 BREEERRESER

18 Nd ZHEEHE & LT R GRREC LD IRER LR 1,

4.4.1 HEMHRDFE

AROERMAMEEFig. 2 91C, N0 AFERVEREZFig. 3 0IKRT,

4.4.2 AIEFEE

SEBONIAET - %2E LDIERE Table 1 8 ILTRd, MIERFTECHE LA N,

" Nd, '*°Nd DEMMEHTINEOHERE Table 1 9ITRd, MIER (atom% ) — Mk

E(MWD,/MTM ) 5 E% Table 2 0 IR d . SRIOEMN EFRR AT FICHN 7204

7 EDRERVHMKEDT— 2 (EEME) 2 Table 2 1 iKRd, $LEREMH»LEL

NI R AR RO EE RIS SBoNcSEAMGEORTY, soikihons— 5%

BCBoNRBEREOHEERE Table 2 2~2 5 ITR7,

P EOERYITOT E2REEL I,

1. Rapsodie PNC- 5%t ¥ O@EHIARPLNETOMERIL, 4KEr 6.2 7atom
% (58100MWD/MTM),6StE>621atom%(57500MWDMTM), 158
v 9.22atom% (85300MWD/MTM), 27KE>1320atom% (122,000
MWD,/ MTM ) DFEERME LN,

2. MMERREMER, BEA 5 L00RBTHIEY Y ORIRERGETH 2, BoHT
TEREMAEMFEED v — 7 MR IRIT - LT, AEROREEMZLTHET &
T U o



PNC-TN9410 87-190

b

5. #&

Rapsodie PNC—5 {3, {AEE#HEFRapsodie FortissimoFizkp N> Ko
(PNC—S5(IMERFIVI/BH(PNC-52), 3) & LTREINLEDOTHYD, AL
BB e LT [BAL o ) L OREHRBEE ICILHT 2 ANEE (RS 1 25,39 0MWD,/
MTM, ©—Z7{E)%2HTE56DTHS,

AGSTE, 6S, 88, 153, 4K, 22K, 2 TKRU32KDTHEDEE v E0RIC
B L, RBIEEE, (aliBslB (EHIMEEE, FCC 182, HETHREE),
(DMREIERE S AT, (A EFEAERNARERAELZEEL o, HROHRE, LUTORE LR
AR |
(1) @SR

BEREL, FC TdALe ] Bk E Y ®Rapsodie PNC—4(128000MWD,
MTM ) iche~T, EREREAOERNORE ZiTy7 vy +PR 6N, KPRITRByNMIR A
F S ERIFAE L TV 3 OSSR TH o

¢ AKEOBEN 7 L REEEHNUTHRERNE, ZHOBAMODZ 5 » 7 OEFICLS
T LM EERED, S HE I 5,

© BHESECOREEE, PNC—-4 FECHERZRLTHEDI4 0 0 W cwilt < DRI THR
WREOHAEEINL T3,

+ AKEVHEEARIIIC, 70 v FREZBDEHEEINL T Ly 714 ¥ JEHSRD Oh,

FCCIlO&EARE, 4Krv>r (Ave BU 52280MWD/MTM) TH6 6 #m THDH,
BEMERNAEA T i, BRBEECr>02 7TKRU3 2Ky (Ave. BU
112,00 0MWD/MTM) THEAT12mOLABAETHY, 100pxm E2BTL5HA
EUFRBASHIIL T

o WEESHAL HRENEANOSRMARUOTEER TRREIE R Sh 5 iR O&EES
Rof, S{bBHEATHSEEZ SNE, IRHORER SHOFBKICETEh 1,

(2) WEAEESAEHR

© BECOBEBIEESE, 2THEERIXOELTEY, HETERES 0 0 CL Lo TA,
BSRMERTHICONTHSESE TN 54056 0 0 CULT TRAEDBFRIEIHMETI D,

o BHERICHBRICESE L HIEEOMBESSE, 55 0 CEEFITREED LR ICLD
EEENRECETT 20, 55 0 CLULTRBEOE#LSIDZUL{LAAEMBRON
FAN

(3) HEEFENEER
K#, SHELERRMTIEIZR Y =Y v FOBRIIEZRL TEEEMEE LTV 5, BEEL
DERKIZ2TKEYT2.25%Th-fo, SHMBKMIZHNTERSATEL I LMD, BHE

_9_



PNC-TN9410 87-190

X HHELE(LORAE S KE N,
(4) HREERRAER R

AGS TR ONMERNEMN AR EERRE-H LT, (AEROREEE RS b
BHTHDHT EEHEL I



PNC-TN9410 87-190

1)

2)
3)

ol

PNC

PNC

PNC

PNC

PNC

6.

SN9410 86—-095

19410
ZN9 41
SN241

NB41

86—005
80—-115
83-13

7T7—-33

2 £ X #

ERPEARR OISR (F 3 W) — AMREERY
ARRIE —

Rapsodie PNC—4 (1)/2)(3)DRBE R
EEMEC it 3 F CC 1 iKBEd 25T

mE — WETAEEE (FCCI ) RiTeRBHEsE
~— FCCI FlIXDfERR —

Rapsodie PNC—5RIHERMAMEORE (2
T)



PNC-TN9410 87-190



PNC-TN9410 87-190

Table 1

Summary of fuel

designs

Enrichment

Fuel Type

Pellet Densiiy ( $T.D.)
Smeared Density ( #T.D.)

Pellet O.D. (am)
Diametral gap (mm)

Stoichiometry

Length of each Pellet (mm)
Total Length of Mixed Oxide

Fuel Column (mm)
Fuel Volume (c.c.)
Fuel Weight (g/Pin)
Cladding
Clad O.D. (mm)

Clad I.D.(m)
Clad thickness (mm)

20%

851L2
79.0
540=x0.05
0.20
1.96-200
10

320+3
7.32

6886
AIST 316
6.560%0030
56 010025
0.45+0.030

PuQ:~80% UQ:
(75% E.U )
Pellet ( sintered)

Table 2 Metallographic examination in AGF

As polished etched
f+: Bk £ 5] * Ed H i
e WA X200 H9EH | KIHEAE
s b o THEHE
X105 2HEEE x10.5 £HEE
pras SR i
" - x75 # Bl RS X756 # ol
i x100 HBAFE | F4 FohRlE X100 HHEE
} FERRPA R R
x400 " " X400 "
x200~750 FCCI X200 HAEH HE D[EE
i & HaEH x400 " peTg vkl
X750 " AL
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Table 3 Fuel stack length change of Rapsodie PNC-5(1) fuel pins™

PIN NEUT RONOGRAPHY ASPECT
ELONGA TION OBSERVED DEFECT
(Reference) Fissite Column
(in em) Fracture Peilet Space Peilet
31 K - 0.69 - -
28 S + 096 - -
32 K - (082 - -
29 S + 079 - -
26 S + 008 - -
12 K + 0.32 - -
16 S + 1.39 - -
36 K - 005 - =1
27 K - 022 - -
15 8 + 246 - -
7 K + 551 many -
6 S + 1.90 — -
17 S + 178 - -
33 S - 003 - -
25 S - 014 - -
5 8 + 635 few -
1 K +1429 many -
g K + 4.15 few -
13 K 000 - -
40 K + 048 - -
23 K - 1.586 - -
10 S + 4.14 many -
4 K +1287 many -
3 S + 175 many -
19 8 + 3.78 - =2
37 S + 1.78 -
24 S + 076 = =
11 K + 424 many -
8 S + 1.02 many -
38 S + 421 many -
22 K + 046 few -
21 S - 0.51 few -
14 K - 078 - -
20 S - 072 - -

* {AMilORIET -
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Table 4 =1 Irradiation and fabrication parameters of all specimen for ceramography
Location Burnup Local Linear Fluence Clad. Inner Pellet Gap Carbon Clad. Grain
Pellet
Pin Fa Section N (D.F.C.B.) (MWD, MTM) Heat Rate E=01MeV Temp. Density Size in clad. Size
oM

= Local |Pin Ave. (Woen) (10%n/ed) (c) (ST.D.) (pm) (W 0) {pm)
XCo443 93 52530 461 5.2 528
XCo482 214 52150 448 4.8 618

4K 52280 85 198 200 co4d4 156
XC04Aa1 277 37380 367 a7 6486
XC04A3 316 28290 303 2.8 656
XC0643 98 55270 447 5.4 524

65 51010 85 L9909 200 0057 224
XC06r2 315 26590 295 2.5 622
XC0854 140 58080 484 5.4 568

85 52730 B5 1.99 200 0.057 224
XC0871 314 20550 310 2.9 532

22K YC2418 127 53550 53750 407 5.0 5386 Ba 1.9% 200 0.044 156
XC15652 103 78670 455 8.2 506

158 78090 a5 199 200 0057 224
XC15G2 315 450990 297 4.7 628
XC2752 51 103960 415 115 470

27K XC21754 96 112090 (111980 453 124 498 85 1.99 200 0044 15.6
XAC27G2 315 58760 331 6.5 622
XC3253 140 114300 446 125 516

32K 111710 85 1.99 200 0.044 156
XC3281 313 68580 290 7.5 600
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Table 4 —2 Summary data from ceramographs (Rapsodie PNC—-5)
Distance Restructured Region Dia. {m) Residual |[Fuel Outer| Clad. Dia. Linear
Pin Na Section Na f;o::&;re Central Columnar Gas Bubble Densified Dark Ring DGi::;tir:el Dia. (um ) Heat Rate Burnup
(am ) Void Region Region Region Region - (pm) (m) Outer| Inner (W) (MWD, /MTM}

XC0443 93 1436 4353 5.279‘ 5470 l 80 5659 6521 | 5639 461 52530

4K XC04A1 277 1.741 1648 5341 5486 46 5593 6528 | 5639 367 37,380
XC04A3 318 1.233 4164 50986 5422 44 5603 65351 5647 3c3 28290

XC0643 98 1613 3695 4211 4668 5037 26 5614 B5H2B| 5640 447 55270

o8 XCO06F2 316 0644 3353 3976 4.644 4908 52 5587 6527| 5639 296 25590
XC0854 140 1585 43212 4760 5260 96 5665 6544 | 5661 486 58080

o8 XCoB71 314 0,635 3941 4799 5340 49 55886 6520 | 5635 310 29550
22K YC2418 127 1.895 3983 4335 4797 5117 31 5.580 6508 | 5611 497 53550
XC1552 103 1894 3.580 4233 4730 5088 11 5.642 6547 ) 65653 4565 78670

tes XC15GE2 313 0.771 3369 45641 4875 5192 97 5552 6541 | 5649 297 450090
XC2752 51 1.697 4184 4769 5360 62 5601 6563 | 5663 415 103960

2TK Xc2T754 96 1705 4278 4878 5358 88 56584 6573| 5682 453 112,090
XC27G2 315 1462 3407 4578 5211 163 5518 6564 | 5681 331 58760

XC3253 140 1.819 41889 4891 5371 101 5604 6.587) 57056 446 114300

2ee XC3z281 313 1.235 3.499 4379 5160 163 5524 6550 5687 2%0 68580

061-L8 OTV6NL-ONd
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Table 5 FCCI data sheet
: 4}
N Average Max. Predicted Max. Attack
. . Attack (pm)
Pin No. [ Section No Tvoe Attack Attack Comment ey 2
P (#m) (#m) #em R | ABSK | B
XCO04A1 M 6 12 32 — —
4K
XC0482 i 66 - 81 49
6S XC0643 (1) (80) z%gﬁg‘igfﬁ&ﬁﬁﬁgmm - 32 14
85 XCog71 M (C) 9 13(40) " 21 — —
158 XC15G2 M (C) 10 16(35) " 42 - —
27K XC27G2 {1) (15) - 124 58
32K XC3281 M 3 12 58 — -

( INEA 4 YERBEOEARELEAEER,
* M:Matrix Attack

J

Intergrnular Attack

C:. Conbined Attack

061-L8 OTV6NL-ONd



PNC-TN9410 87-190

Table 6 Measurement condition and indentation position

(1) Measurement Condition

syl 45
g ErmE (g | REEE (D)
E W OB ox Al E 500 30

(2l Indentation Position

fuel

View from Top

LLLLLLES 11112

75 T

e 225

Location: A,B, C,D
Quter o1
Middle

2,3
Inner c 4
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Table T Summary of Cladding microhardness measurememt of Rapsodie
PNC—-5{1)(3) --- (1)
. Unirrad.Hardness=Hv 2093
Pin Ko 4K KM | cold Work =175
Specimen No XC0443 XCO4A1 XC04A3
D.F.C.B. Com ) g2.6 27867 3186.0
Hardness® Hv o5 286 260 268
AHv** Hyv t0.5) -7 -33 -25
AHvy Hv*** (%) -2.9 —-11.3 —8.5
. Unirrad.Hardness=Hv 293
Pin Yo 22K KM cold Work =17.5
Specimen No YC2418 YC243
D.F.C.B. Ctm ) 138.0 313.0
Hardness™ Hv (0.5 280 259
A0y *¥* Hv 10.9) -13 —-34
4Hv  Hy *** (%) —4.4 ~11.3
. : Unirrad.Hardness=Hv 293
FPin No 27K KM | Co1d Work =17.5 ]
Specimen No XC2757 XC27G2
D.F.C.B. (nm ) 9 5.7 3145
Hardness™ Hvio.5 2749 260
IV Hyos -14 | -33
AHv. Hy *** (%) —~4.8 -11.3
. Unirrad.Hardness=Hv 29 3]
Pin Ro 32K KM | cold work =175 |
Specimen No XC3253 XCc3zsgl
D.F.C.B. Coay ) 1395 31279
Hardness® Hvios) 274 257
4dHvy ** Hv (0.5 ~19 -36
AHv/Hv*** (%) -65 | T | -123

#* MR 1 6 B SE

*% 4Hv=Hardness—Unirrad, Hardness

#%+% dHv/Hv=4Hv, Unirrad. Hardness
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Table 8 Summary of cladding microhardness measarement of Rapsodie
PNC—5(1)(3) -+ {2} '

Unirrad.Hardness=Hv 272

Pin bo 65 S# Cold Work =2 0{%)
Specimen No XC0643 XC06r2
D.F.C.B. Com ) 984 31560
Hardness® Hvios) 272 257
dHy ** Hv (0.5) 0 -36
AHv Hv**¥ (%) 0 -12.3

o5 s g B 2]
Specimen No XC0B54 XC08171
D.F.C.B. Cam) 1395 | T 313.5
Hardness® Hvios) 260 248
AHvy ** Hvie.s) -12 -24
AHv/HVRRY O (g) | T~ | ~44 -8.8

Pin No 158 SHt ggigr‘%ﬂﬁ”d“”sj‘éaz
Specimen No XCl552 XC15G2
D.F.C.B. (om ) 1026 3151
Hardness® Hve.s 272 240
4Hv** Hv(o.5) 0 *ﬁ““ﬁﬁﬁxﬁﬁ -32
AHv Hy *** (%) 0 | ~11.8

* TR 1 6 EvDFEHEE

¥*H

* XK

4Hv =Hardness—Unirrad.Hardness
4Hv /Hv=4Hv.” Unirrad. Hardness

_20.._
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Table 9 Microhardness of Rapsodie PNC—5(1) fuel cladding (No 4K Pin)

S/A NAME !Rapsodie PNC—5|PIN Mo ! 4K
SPECIMEN No!XCO0443
D. F. C. B. 92.6 (m){D. F. P. B. L4446 Cem)
OUTER MIDDLE INNER
LOCATION : AVERAGE
] 2 13 4
A 291 282 1 285 278 283
B 296 282 1 285 276 285
] .
c 298 280 1 290 278 287
T
D 309 280 | 285 278 288
RING !

AVBRAGE | 299 281 | 285 278 286
S/A NAME |Rapscdie PNC-5/ PIN o { 1K
SPECIMEN NoiXCO04A1l
D.F.C.B. |276.7 (m) | D. F. P. B. | 628.7 Cmm)

OUTER MIDDLE INNER| -
LOCATION — ; AVERAGE
1 R 4
A 255 258 | 266 | 276 264
B 251 262 i 960 266 260
1
C 249 251 i 266 278 261
|
D 255 951 | 249 262 254
RING .

AVERAGE | 253 256 | 260 271 260
S/A NAME ERapscdie PNC—-5|PIN Mo ! 4K
SPECIMEN NoiXCO04A3
D.F.C.B. 13160 (m) | D. F. P. B. 6680 (um)

OUTER MIDDLE INNER
LOCATION : AVERAGE
1 2 : 3 4
|
A 258 260 | 273 271 268
]
B 262 276 | 264 273 269
C 958 271 | 269 278 269
D 962 264 | 269 262 264
RING i
AVERAGE | 260 270 | 269 271 268
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Table 10 Microhardness of Rapsodie PNC—5(1) fuel cladding (No22K Pin)

S/A NAME !Rapsodie PNC-5|PIN Mo i 22K
SPECIMEN No.1YC2418
D. F. C. B. 138.0 (m)|D. F. P. B. 1 49 0.0 Cam)
OUTER MIDDLE INNER
LOCATION : AVERAGE
1 2 1 3 4
A 301 291 i 987 276 289
B 307 291 E 293 282 293
T
C 276 266 1 266 2686 269
]
)
D 282 | 268 ! 266 262 270
RING .

AVERAGE 292 279 | 278 272 280
S/A NAME ERapmﬁiePM}ﬁ PIN No i 22K
SPECIMEN NojYC243
D.F.C.B. 13130 (m) | D. F. P. B. | 6650 (mm )

OUTER MIDDLE INNER
LOCATION . AVERAGE
1 2 3 4
A 264 2565 | 2585 264 260
B 258 259 j 259 271 262
[|
C 249 258 | 253 259 255
I
D 262 266 ! 256 258 260
Réﬁ%RAGE 258 260 | 256 263 2509

_22_
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Table 11 Microhardness of Rapsodie PNC—5(3) fuel cladding (No.27K Pin)

S/A NAME !Rapsodie PNC—5[PIN Mo ! 27K
SPECIMEN No.iXC2754
D. F. C. B. 9 5.7 (m)|D. F. P. B. 14477 Cm)
OUTER MIDDLE INNER
LOCATION . AVERAGE
1 2 3 4
A 273 262 1 262 262 965
B 293 285 | 285 266 282
I
C 301 296 i 296 285 295
I
D 282 271 | 273 2171 274
RING '

AVERAGE | 287 2790 | 270 271 279
S/A NAME !Rapscdie PNC-5| PIN Mo i 27K
SPECIMEN No|XC27G2
D. F. C. B. 13145 (m) | D. F. P. B. 1666.5 (om )

OUTER MIDDLE INNER
LOCATION . AVERAGE
1 2 13 4

A 253 253 | 251 258 954

B 260 271 2609 271 268

C 955 264 266 269 264

D 253 255 | 249 251 959
RING '
AVBRAGE | 255 261 | 258 262 260
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Table 12 Microhardness of Rapsodie PNC~5(3) fuel cladding 32K Pin)

S/A NAME !Rapsodie PNC—5|PIN Mo i 3 2K
SPECIMEN No!XCB3253
D.F.C.B. [1395 (m)|D.F.P.B. {4915 Cam)
OUTER MIDDLE INNER
LOCATION : AVERAGE
1 2 3 4
A 293 280 1 288 280 285
B 255 251 | 258 253 254
C 278 269 | 276 260 271
]
T
D 290 288 | 285 278 285
RING ;

AVBRAGE | 279 272 4 277 268 274
S/A NAME !Rapscdic PNC-5| PIN Mo : 32K
SPECIMEN No|XC3281
D.F.C.B. {3127 (w|D.F.P.B. 16647  (m)

OQUTER MIDDLE INNER
LOCATION . AVERAGE
1 2 1 3 4
|
A 249 255 | 247 251 951
B 253 260 | 258 262 258
)
C 260 271 f 269 273 268
]
D 241 251 | 251 251 249
|
R Ve eace | 251 | 259 | 256 | 259 257

-2

4_.
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Table 13 Microhardness of Rapsodie PNC-5(1) fuel cladding (No. 6S Pin)

S/A NAME |Rapsodie PNC-5[PIN M ! 65
SPECIMEN No{XC0643
D. F. C. B. 984 (m)|D. F. P. B. 1 450.4 Cam)
QUTER MIDDLE INNER
LOCATION : AVERAGE
1 2 1 3 4
A 278 276 ! 269 264 272
B 283 278 } 271 258 273
T
C 280 260 ¢ 262 260 266
il
]
D 288 2973 1 278 266 276
RING '

AVERAGE | 282 272 ! 270 262 272
S, A NAME |Rapscdie PNC-5[ PIN Mo : 6S
SPECIMEN No}XCOG6F2
D.F.C.B. 3150 (m) | D. F. P. B. } 667.0 (mm)

OUTER MIDDLE INNER
LOCATION . AVERAGE
1 2 3 4
A 239 | 247 1 241 | 249 244
B 245 245 i 245 241 244
|
C 245 247 ; 243 239 244
|
D 255 958 | 245 251 251
RING age | 246 | 248 | 244 | 245 246

95—
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Table 14 Microhardness of Rapsodie PNC—5{(1} fuel cladding (No 85 Pin)

S/A NAME !Rapsodie PNC—5[ PIN Mo i 8S
SPECIMEN No|XCO085 4
D.F.C.B. 11395  (m)|D.F.P.B. 4915 ()
OUTER MIDDLE INNER
LOCATION : AVERAGE
1 2 3 4
A 255 260 | 264 251 258
B 276 264 E 264 255 265
C 269 264 | 253 251 259
i
T
D 249 269 | 255 249 2586
RING '

AVERAGE | 262 264 | 259 252 260
S/A NAME !Rapscdic PNC-5| PIN Mo : 8S
SPECIMEN No|XC087 1
D.F.C.B. 3135 () |D.F.P.B. |66565  (m)

OUTER MIDDLE INNER
LOCATION ; AVERAGE
1 2 1 3 4
A 249 | 255 | 245 | 251 250
B 247 251 1 247 245 248
i
C 245 245 | 253 239 246
|
D 243 243 1 247 249 246
RING !

._26_..
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Table 15 Microhardness of Rapsodie PNC—5(3) fuel cladding (No.15S Pin)

S/A NAME !Rapsodie PNC—5[P [N Mo | 158
SPECIMEN No{XC1562
D. F. C. B. 10 2.6 (m)|D. F. P. B. 1546 (o)
OUTER MIDDLE INNER
LOCATION : AVERAGE
1 2 1 3 4
A 276 278 1 280 270 276
B 264 255 | 260 258 2509
T
C 278 278 i 266 276 2175
I
D 285 280 | 278 273 279
RING '

AVERAGE | 276 273 1 271 269 279
S/A NAME iRapmﬂiePM}ﬁ PIN Mo § 155
SPECIMEN No|XC15G?2
D.F.C.B. 3151 (m) | D. F. P. B. 1667.1 (m)

OUTER MIDDLE INNER
LOCATION ; AVERAGE
1 2 1 3 1
A 237 230 | 234 235 234
B 237 237 E 239 241 239
[}
C 241 245 | 243 243 243
]
D 243 243 | 245 241 243
RING .
AVRRAGE | 240 230 | 240 240 240

_.27_
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Table 16 Summary of density measurement
Distance From Pin‘ Fast Fluence| Cladding Mid-Wall Density Density Change
Pin No | Specimen No 4o
Bottom (m) |(n/ef=X10%2)| Temp. (C)| (grcc) |~ o (%)
XC0422 2020~2295 - - 7.960 Base
XC0442 4075~4355 5.0 486 7.956 0.05
XCo04 XC0444 4449~4678 5.3 512 7.951 0.11
(4K) XC0481 517.5~545.1 5.2 570 7.951 0.11
XCc0483 566.4~596.5 4.5 602 7.950 0.12
XC04A2 626.0~6582 3.3 636 7.944 0.20
XCo622 2020~2295 - - 7974 Base
XC0642 4108~4402 5.0 480 7.969 0.06
XCo6 XC0644 450.7~479.2 5.3 502 7959 0.18
(6S) XC0638 5175~546.5. 5.1 547 7937 0.46
XC06B 567.5~5986.5 4.4 575 7.930 0.5 5
XCO06F1 6275~6586.7 3.2 597 7.944 0.37
XCo08 XCo0g22 197.0~229.5 - - 79617 Base
(8S8) XC0853 453.1~482.0 5.5 516 7.953 0.17
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Table 17

Summary of density measurement

Distance From Pin Fast Fluence Cladding Mid-Wall Density Density Change
Pin No Specimen No ' _dp
Bottom Cum) (n/ce X1022) | Temp. (C)H (g/cc) o (%)

XCls22 199.8~2248 - - 7.966 Base

XC1551 4125~444.1 8.1 474 7902 0.80
XC1s5 xXC1553 4549~486.5 8.4 500 7.827 1.74
(158) XC159 517.5~546.5 8.2 546 7.800 2.08

XC15C 5675~5985 7.2 580 7.848 1.4 8

XC15G1 6275~6558 5.4 610 7.903 0.7 9

XC2722 201.1~229.5 - - 7955 Base

XC27581 3725~394.6 104 442 7.895 0.75

XC2753 4032~436.8 11.8 465 7846 1.37
XC217

XC2755 4480~4815 12.79 498 7.814 1.77
(27K)

XC279 517.56~546.5 i22 540 7.756 2 2.65

XC27C 5675~5986.5 10.7 574 1.797 1.99

XC217G1 6275~656.9 8.0 604 7.8717 0.98
xC32 XC3222 199.56~2295 - - 7955 Base
(32K) XC3252 4483~4799 12.3 482 7.809 1.8 4

061-L8 OIV6NL-ONd
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Table 18 Summary of burnup measurement by Nd-method

Distance fromfl Burnup(atom%)(z“’
Pin No Sample No core fuel
bottom (mm) Calculated® | Measurea® | MwD, MM
4K XC046 1455~154.5 6.26 6.2 7 58100
65 XC066 1455~ 1545 6.12 6.2 1 57500
158 XC157 14556~ 1545 9.47 9.2 2 85300
27K XC277 1456~ 154.5 1353 1320 -122,000

(1) Distance from fuel bottom; +1 Om
Distance from pin bottom :+35 2mm

{2) Burnup=atom percent fissions

P/FY

= x100
H+P/FY

P=atom concentration of fission product burnup monitor
FY=effectivd fission yield value
H=atom concentration of heavy nuclides
(3) A7 —% (e—214E)
(4) Measured by '""®Nd monitor method
{5 1.08atom%=10,000MWDMTM

._30...
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Table 19 Calculation of effective fission yield for Rapsodie PNC—5(XC046) example
Abundances (wi%) ™ Nd148 Nd14sg Nd145
Fission™
Nuclide | py - Equiv-***} Rate Fission{Fractional | Fission |Fractional] Fission |Fractional
U and Pu| Fuel (f/s*g) ) ) .
(Pu+U) alent Yield@| FY @ |Yield®@ | FY (% | Yield@| FY @&
U234 05011 04109 - - - - — - - -
U235 715391 |586563 | 586563 |1.171x10%® 1.6 8 1.248 294 2.184 3.76 2.79 3
81992
U236 1.3734 11261 - - - - - - - -
U238 265863 121.7986 | 241634 |0.081x10*? 2.08 0.044 3.4 0 0.072 3.50 0.074
Pu238 0.7324 01319 - — - - - - - -
Pu239 772061 1138031 160054 [1.363x10" 1.6 5 0.3849 2.46 0.5680 301 0.710
Pu240 18008 | 16.1847 29145 - - - - - - - -
Pu2dl 42996 07743 - - - - - - - -
Puz2d?2 15782 02842 - - - - - - - -
Effective Effective Effective
Total 100 200 100 - - FY @) 168 FY &) 2.84 FY &) 3.58

Note : Fractional FY=(Equivalent Abundance)(Fission Rate)(Fission Yield)/z{(Equivslent Abundance) {Fission Rate)}
Effective FY =2(Fractional FY)

*

*¥

#* ¥

FISIERRA T — 4

5T UF 4 —IFBEE®HT—4% DRNR.SEER NTIRR 725

(1972)
mBeq=m8+2.1m6, mfegq=m9+0.36m0+1.36ml(mb:U236, m8:U238, m3:Pu239, mO0:PuZ240, ml.:Pu24d1l)

“Neutron Fluxes and Fission Rates in Rapsodie Core”

061-L8 OIV6NL-IONd



Table 20 Calculation of atom% BU-MWD. MIM RBU Conversion at PNC-5

1 atom $BU | HIT{H
* ] Twt. %BUR ATGHAETH| 1A% K
BoRH N Il IR it atnml nonang |HIOTRE | atons
! n i g T3 -
w OB mmu TAIPIRHM| 1 ton (2B )| /issiony | , HABLARTH g — SRR vs
- I — (w?— D OHHAR oBlE Tt - oD
, : -
atom®% wi. % wi. % lgl (atom%) (MeV) ( )
MTM MTM
u 234 23404
U 235 23504 60349 59978 59978 L171x10% | 72545x10° | 1.8587x10%5 1942
U 236 23606
U, 238 23805 19862 199593 19993 0.081x10" | 0.I672x10° | 0.0423x10%5[26505x10% 10016 1925 9249 1.08
Pu238 | 23805 | 0141 | 0142 zaeds| | 25054
Puz3g 23905 15068 15231 18314 1.363x10% | 25783x10* | 0.56495%x1 0% 201
Pu240 24005 2853 2896
Pny241 24106 1472 1500
Pu242 24206 0254 0260

* TSR ORI T~ &

#* SN841-73-05, 57V 4 — 4 BEHERE 0BT
*+ &b UZ38eq=U238+ 210236, P239e¢q=Pu230+036Pu240+136Pu241

HRE

U234, Pu238and Pu242are to be neglected

061-L.8 OTV6NL-ONd



Table 21

PNC-TN9410 87-190

Composition of spike solution and natural Neodymium

U 233 43914x1018
Z ¥4 7 i h D TR
Pu24?2 7.9674x107
{atoms./m&)
Nd150 7.1740x10'°
Nd142.”Nd150 4824980
Nd145,/Nd150 1.472180
R rAVLORR &L
Nd146,/Nd150 3050830
Nd148./Nd150 1.021325
Nd142./Nd150 0.008937
A T LANL I D Nd145./Nd150 0.004336
B & & It Ndi46./Nd150 0.009122
Nd148./Nd150 0007046
U 234U 233 0014108
S v AN A T D
U 2350 233 0.000401
[&] £ & |74
U 238U 233 0.006410
Pu239,/Pu24?2 0.001309
T LR D
Pu240/Pu24? 0.013696
[&] i 1% e '
Pu241,/Pu242 0000859
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Table 22 Result of

PNC—5 XC046 sample

isotope analysis and burnup calculation for

S/A MO.<FAB>
SAMPLE NO.

PNC-3
HCB46

FIH MO.CFIEZ

SAMFLE POSITION

®ced  (4K)
145.5%154.5 Cmm»#*

VOLUME RATIC OF SPIKE SOLUTION TO SRMPLE SOLUTION

: 1.860

ISOTOPIC RATIO OF U,Pu,Hd IH (a)SAMPLE AWD (b>SAMPLE-SPIKE MIXTURE }

[ U233-238]1 [ U234-238]

[ U235-,2381 [ U238-2381

nd B.819171 2.725158 B.832095 -Ca)
B.152445 G.826981 2.721994 B.631918 -C(bo>
[PU238/,239] [Pu24B8-239]1 [Pu24i-2391 [PuZ2d42-2391
g.889525 G.zA87eH 2.855229 B.0z0188 -(al
H.869525 A.28935& 8.855257 6.863561 -ib>
[Md14Z-158]1 [Nd143-158]1 [Nd144-156] {Nd145-156]1 [Hd146-158] [Md148-1581]
nd B.7rS1428 6.119277 4.523241 2.59817324 2.141338
nd 6.115935 5.543156 4.893479 3.248286 1.942689
ISOTORPIC COMPOSITION OF U,Pu,Nd IN SAMFLE (atom¥%) ;
£ U2331 [ U2341] L Uz3s51 L U23s1 [ U2381]
nd @.5854 ¥l.7gz22 1.3722 26.34486
EPu232a1] [Puz239] [Pu24&1 [Pu2411] [Fuzd4z]
8.7363 Tr.2975 16.1366 4,2691 1.56485
EHd1421 [Hd143] [Hd1441 [Nd145] [Nd145]1 [Hd148] [Hd158]
nd 27.9944 25,3723 13.7554 14,8515 g8.8794a 4.14653
Pu CONTENT Catom%)/CweightX) ; 17.864 ~ 18,0885
HUMEER OF TOTAL HEAYY ELEMENT <(atoms-sample) ; 3.9985E+21
[LHd1481 [Mdi461] LNHd1435]
HUMEBER OF HWd WUCLIDE Catoms~<sample) ! 4.4867VE+18 7.4874E+13 9. 272DE+1B
EFFECTIVE FISSION YIELD v 1.68E-@2 2.84E-82 3.98E-82
HUMBER OF FISSICNS (fizsionsssampled*#; 2,6706E+28 2.6364E+28 2,.6179E+28
BURHUP catomx)# H .27 5.28 E.16
SPECIFIC EURNUP (MWD-/MTM)#% H 58166 574008 5760E

HOTE ; nd=not detected

# Distance from care fuel

bottom

#% FISSIDNS=HUMBER OF Nd/EFFECTIYE FISSION YIELD
# EBURNUP=1B88#FISSIONS-C(TOTAL HEAVY ELEMENT+FISSIONS?

#% 1.68

atom% BU=16068 MWD -MTM BU

-Cal
-{bJ
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Table 23 Result of isotope analysis and burnup calculation for
PNC—-5 XC066 sample

57A MO.<FABY ; PHC-S FIM NO.<PIE> ; ®Cee (6S)
SAMPLE HNO. : ACBe& SAMPLE POSITION ; 145.5%154.5 (mn2#

YOLUME RATIO OF SPIKE SOLUTIOW TO SAMPLE SOLUTION ;3 1.8688

ISOTOPIC RATIO OF U,Pu,Nd IH ¢a>SAMPLE AND ¢brSAMPLE-SPIKE MIKTURE -

[ U233-238] [ U234-238]1 [ U235-238]1 [ U236-238]

nd 8.6819362 2.761771 B.851838 -Cal
@.1558772 B.821248 2.75453¢ 8.851777 -<b?
[Pu232-239]1 [Fu2dB-,23%] [Fu241,2239]1 [Pu242-2397
B.889526 G.283343 B.a55287 B.6zE1684 -(a’
B,083526 B.283916 8, 855347 B.96249%0 -(b2
[Nd142-158]1 [Hd143-1581 INd144-15@]1 [Nd145-152] (Nd146-1581 [Ndid48-1501]
rd E. 786623 6.118682 4,528947 3.986921 2.143701 -<a
nd £. 189394 J.52608508 4.891353 3.241127 1.938832 -C(bo

ISO0TORIC COMPOGSITION OF U,Pu,Nd IN SAMPLE Catomxd ;

[ Uz3z] [ Uzz4] [ uzasl [ 2351 [ uzasl
nd 8.58351 7Z2.8526 1.352% 26.03893

[Pu23a] [Puz2391] [Puzd8] [Puz2411] [Fuz4z]
H.7366 Fr. 3288 15.118% 4.2691 1.554%5

CHdi421] {Hd1431 [CHdi441 [Md143] [Hdide] [Hd148] [Hd158]
rid 28.8231 25.3415 18.7574 14.8358 §.8ves 4,1417

Pu COHTEMT {atom¥)~C{weight¥%) ; 18.66& ~ 18.3815

HUMBER 0OF TOTAL HEAYY ELEMENT (atoms-ssampled ; 3.9864E+21

[Hd148&1 ENdide] fNd145]1
HUMBER OF Wd HUCLIDE f(atoms-~samplel ; 4.3419E+18 7.2145E+18 2.1867E+18

EFFECTIVYE FISSION YIELE : ;. 1.68E-82 2.83E-82 3.57E-82

MUMEER OF FISSIONS (fissions/sample)s#; 2.5845E+20 2.5493E+20 2.50599E+20

EURHUP <atom%)# ; 6.21 £.13 .13

SPECIFIC BURHUP <HMWD-/MTH) 44 H 37598 56708 Sé368

HOTE ; nd=nhot detected
# Distance from core fusl bottom
%% FISSIONS=NUMBER OF WA~ EFFECTIVE FISSION YIELD
# BURNUP=18G=FISSIONS-/¢(TOTAL HEAYY ELEMENT+FISSIONS)
## 1.88 atomx EBU=16666 MWD MTH BU
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Table 24 Result of isotope analysis and burnup calculation for
PNC—5 XC157 sample

S#A MND.C(FABY ; PHC-5 FIH ND.<{PIE> ; ¥C15 (158)
SAMPLE HO. ;y HC15°7 SAMPLE POSITIOH ; 145.5%154.5 (mm>#%

YOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTIOH 3 1.9888

ISOTOPIC RATIO OF U,Pu,Nd IH ¢(a>SAMPLE AND (bJSAMPLE-SPIKE MIXTURE ;

[ U233-238]1 [ U234-2381 [ U235-2381 [ Uz3s-/2381

nd 8.818951 2.689438 6.9569916 ={a»
- B.149556 8,020706 2.6892923 B.A69772 ~<ba
[Pu238-232] [Fu240-229]1 [PuZ241-2391 [Pu242-2391
8.8182543 6.21777@ #.855711 B.821113 -Cal
@.6816250 B.21335382 ©,855868 B6.865136 -(b2
[(Md142-1568] (Hd4143-158]1 [Hdi44-158]1 [Nd145-1561 [Md1456-158]1 ENd148-1361]
nd 6.751320 &.B823160 4.518444 3.589896 2.148395 -Ca’
0.887275 6. 385833 5.629462 4.227185 3.357511 2.862929 —Cb2

ISOTORPIC COMPOSITION OF U,Pu,Nd IH SAMPLE (atomX) ;

[ U2331] [ L2341 [ U233] L U236] [ Uz331
hd 8.5124 vg.3577 1.89835 27.8394

[Pu23i] [Puzi9] [Puz48] [Puz41] CPuz42]
8.v833 FE.E6375 16,6894 4.2696 1.6131

[Hdi142] [Hd1431] [(HNd144] [Hd1431] [Hd1461 [Hd142] [Hdi341]
nd 28. 1848 23.8717 12.86823 14,2431 8.9823 4.1626

Pu CONTENT datom¥%)~{weight®k> ; 17.87¢7 ~ i8.8B18

MUMEER OF TOTAL HEAYY ELEMEHNT fatems-sample) ; 3.9632E+21

[Hd142] [Hd14&] [Hd145]

HUMBER OF Md HUCLIDE {atcoms/samnple)d ; B.FEALE+18  1.1154E+1% 1,43BBE+19

EFFECTIVE FISSION YIELD 3 1.6BE-&Z2 2.84E-82 3.58E-B82

NUMEER OF FISSIONS (fissions-sampled+#; 4,.8238E+2¢ 3.9276E+20 3.9945E+20

BURNUP cCatom%)# : 9.22 9.682 9.16

SPECIFIC BURNUP {MWD/MTH) #4 : 85306 835408 848608

HOTE ; hd=not detected
# Distanhce from core fusl bottonm
#% FISSIONS=NUMBER OF HNd-EFFECTIVYE FISSIOH YIELD
# PBURNUP=106+#FISSIONS-{TOTARL HERYY ELEMEHT+FIS$SIOHNS)
## 1.8 atom¥ BU=168600 MWD MTHM BU
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Table 25

PNC—5 XC277 sample

Result of isotope analysis and burnup calculation for

S-A WO, CFRB?
SAMPLE MOD.

FPNC-5
KC2F7

e uw

PIN MO.C(PIE>

SAMPLE POSITION

woee?  (27K)
145,5%154, 3 Cmm)*

YOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTION

s 1.G668

ISOTOPIC RATIO OF U,Pu,Md IN Ca>SAMPLE AND (b)SANPLE-SPIKE MIKTURE 3

[ U233-238] [ U234-238]

£ U235-2381 [ U2356-238]

nd B.018128 2.379311 B.0892724 -(al
B.158414 B.819207 Z.376814 B.892535 -(b?
[PLu233-,239]1 [PU246-2391 I[Fu241-/239] L[Fu242-239].
B.8113588 B,231118 B.655218 B.62242% =-{a)
B.811328 B,231748 B.6855220 B.a71852 -ib)
[Hd142-158]1 [Md143-156]1 [Hdl44-156]1 [Nd145-,15681 [Md145-156] [Nd145-138]
nd 6.732154 £,B47E6E8 4,513374 2.599035 2.137183
6.81i467 &.40€994 S.752771 4,291857 2.4274350 2.836228
IS0TOPIC COMPOSITION OF U,Pu,Hd IH SAMPLE (atomX} ;
[ 2331 [ U2341] [ Uz2331] { U236] [ uUz381
rd @.5192 68,1721 2.6367 28,6520
[Pu2381] [Pu2391 [Fu246] [Puz41l [Puz42]
B.2614 75.6920 17.4938 4,2553 1.6976
ENg1421] [Hd143] CHd144] [Hd145] [Nd14&] LHd1421] [Nd15@]
nd 28.0162 25.1678 18.7827 14,9775 2.8940 4, 16186
Pu COHTEHT (atomX)-<{weight%) ; 17.535 ~ 17.678
MUMEER OF TOTAL HEARYY ELEMEMNT catoms~-sample) i 3.7B33E+21
[Hd148] [Hd146]1 [Hd1451
MUMEER OF HWd HUCLIDE (atomsssample) i 9.4746E+18  1.5514E+19 1.9320E+19
EFFECTIVE FISSION ¥IELD i 1.68E-B2 2.84E-B2 3.568E-82
MUMEER OF FISSIONS (fiszzionzszamplel**; 5.6396E+20 5.4627E+28 5, 3966E+28
BURHUP (atom%)# ' : 13.20 12.9@ 12,70
SFECIFIC BURNUP <{HMMWD-MTH## ;122080 1128688 112084
NOTE ; nd=not detected
# Distance from core fuel bottom

%% FISSIOMS=MUMBER 0OF Hd-/EFFECTIVE FISSION YIELD
# BURNUP=1@0%FISSIONS/¢TOTAL HEAYY ELEMENMT+FISSIONS)

## 1.68

atom% EU=

16680 MWD-MTHM BU

-ial
-ib2
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TRRADIATICN PNC5—2

(Rig o’ 3081)

3 Pins: 12K —~27K — 32K

Tie rod

U

32K 27K

/
=)
<))

Pin

(Top view)

Fig.4 Fuel pin arrangement in the capsule
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Micro Vickers Hardness Number Hv (o5

Rapsodie PNC—5(1) K04 Pin
| Symbol '
——=-— | Fluence
— | Tempature
— 640
—~ —# IMAX Hardness
70 ™
J —
N
300 4 % 6.0 L 600
g ~=—Unirrad.Hardness — ———
1 = (Hv293) _ &~ -
v 50 — -~
= - ~
e — S
= e ! >~ n
Al -~ ~
1 m 40 v ~
(5]
Q
{ & \
3 3.0 4 ~
250 4 m - 500
=
{1 & 20 1
5
0]
=
1.0 + R
i 09 -
200 — - 400
" | ) | ! ]
0 100 200 300

Distance from Core Bottom (mm)

Fig. 10 Relation between hardness, clad. temperature and {luence at various

positions for Rapsodie PNC —5(1) fuel pin (o K04 Pin)

Cladding Midwall Temperature {(C)
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Micro Vickers Hardness Number Hv(o.5)

Rapsodie PNC-5(1) K22 pin
Symbol
———— |Fluence
—— [Temperature
— |MAX Hardness
—= | AVE "
—= | MIN I
,// \"“-.__\ 1600
“—7Unirrad.-Hardness—
(Hv293)
500
- 400
L 1 | i 1

“B
4 N
=
300 4 &
Z
==
[(}]
1 2
=)
1 A
=
<l
- [
=
w
250 4 2
=
] =]
g
1 =
[13]
=
200 -
Fig. 11

Relation between hardness, clad.

L
100 200

Distance from Core Bottom (m)

temperature and fluence

positions for Rapsodie PNC—5{1} fuel pin (No. K22 Pin)

300

at various

Cladding Midwall Temperature (C)
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Micro Vickers Hardness Number Hv(o.5)

Rapsodie PNC—-5(3) K27 pin
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Fig.12 Relation between hardness, clad. temperature and fluence at various

positions for Rapsodie PNC—5(3) fuel pin (No K27 Pin)
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Micro Vickers Hardness Number Hv(e.5)

300

250

200

Rapsodie PNC-53 K32 pin
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Fig. 13 Relation between hardness, clad. temperature and fluence at various

positions for Rapsodie PNC—5(3}) fuel pin (No. K32 Pin)

Cladding Midwall Temperture (TC)
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Fig. 14 Relation between hardness, clad. temperature and fluence at various

positions for Rapsodie PNC—5(1) fuel pin (No S06 Pin)
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Micro Vickers Handness Number Hv (0.5,

Rapsodie PNC—5(1) S08 pin
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Fig.15 Relation between hardness, clad. temperature and fluence at various

positions for Rapsodie PNC—5(1) fuel pin (No S08 Pin)

Cladding Midwall Temperature (C)
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Micro Vickers Handness Number Hvio.s)
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Fig. 16 Relation between hardness, clad. temperature and fluence at various

positions for Rapsodie PNC—5(3) fuel pin (No §15 Pin)
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Hardness change Rate 4Hv Hv (%)
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Fig. 17 Relation between hardness and fluence for
Rapsodie PNC—5(143) fuel Pin
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Fig. 20 Pin cutting diagram for density measurement

of Rapsodie PNC—5
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Fig. 25 Cladding density distribution of Rapsodie PNC—5 27 pin
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Examined Pin

(DFCB) — 0 320 .
. |
(DFFB) - flJ— 10 330-340
(DFPB) — ?—3I7 342-352 67|2 —slsz ———062-985
| | | |
Pin No 4K i j
XC046
(1455~1545)
Pin No 6S 5 E
XC0686
(1455~1545)
Pin Ne 15K 5 i
XC157
(1455~1545)
Pin No 27K i i
1

XC277
(1455~16545)

Fig. 29 Cutting diagram of PNC—5 for burnup measurement
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Fig. 30 Sample treatment procedure for burnup measurement in A(_}S
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S/A  No. RAPSODIE PNC-5b

Pin No. 4K

S/A Peak Burn up 57600MWD/MTM

As polished
Distance from '
Core Bottom (mm 93 2]4 257 316
)) g é 4 4 /)

Bottom 0 320 - Top

XC0443

*;iﬂr.-:ﬁ’. IR
Xcoag2

Photo 1 Macrography of Rapsodie core fuel

XCO04A1 XCO04A3

(4K pin)



Distance from
Core Bottom

{mm]

S/A  No. RAPSODIE PNC-5
Pin No. 63
S/A Peak Burn up 57100MWD/MTM

As polished

(=]

315

s D

2

AR

Baitoin

320 Top

% 3

XC0643 XCOGF2

Photo 2 Macrography of Rapsodie core fuel (6S pin)
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S/A_ No. RAPSODIE_PNC-5

Pin" ~ No. 83 '

S/A Peak Burn up H8100MWD/MTM

As polished
Distance from
Core Bnttcﬁ):mm} lil-ﬂ 3}4 ))
Bottom 2 2 0 Top
XC0854 ~ xcosnt

Photo 3 Macrography of Rapsodie core fuel

(8S pin)
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Distance from
Core Bottom (um)

S/A No. RAPSODIE PNC-5
" Pin  No. K22
53000MWD/MTM

-
L |

S/A Peak Burn up

As polished

LLRRLRAN N

.

Bottom

YC2418

Photo 4 Macrography of Rapsodie core fuel

(K22 pin)

32

Top
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S/A  No. RAPSODIE PNC-5
Pin No. 158
S/A Peak Burn up 87000MWD/MTM
As polished
Distance from
Core Bottom (mm) 103 315

ALY

RSN Y

2

Bottom

o A

XC1552

Photo 5 Macrography of Rapsodie

[
B
=

XC1562

core fuetl

(158 pin)

Top
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S/A No. RAPSODIE PNC-5
Pin No. 27K
S/A Peak Burn up 124800MWD/MTM
x As polished
Distance from
Core Bettom (mm) bi 96

AR
ALLERNS

Bottom {

XC2752 X€2754

Photo 6§ Macrography of Rapsodie

XC27G2

core fuel (27K pin)

Top
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Distance from
Gore  Bottom mm)

XC3252

S/A  No. RAPSODIE PNC-5
Pin No. 32K
S/A Peak Burn up 124400MWD/MTM
As polished

10

14

XC3282

=l

313 332

7

RN

Bottom 0

Photo 7 Macrography of Rapsodie core fuel (32K pin)

320

XC3281

Top
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“S/A Name I+ RAPSODIE PNC_%E : .
Section No. | . XCO4A1 -

Distance from bottom of corecolumn | 277mm|.

As pollshed .

Photo 8 Postirradiation ceramography of Rapsodie core fuel
(Sample XC04A1)

Distance from bottomof pin- . . | szamml




S/A Name RAPSODIE PNC-5
Pin No. 4K )
Section No. XCO4A1

Distance from bottom of pin

629MimM

As pO.Ii_shéd:_-.._

Distance from bottom of corecolumn | 277mm

Tmm

Photo 9 Postirradiation ceramography of Rapsodie core fuel (Sample XCO04Al)
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As polished.

Photo 10

Peostirradiation ceramography of

Rapsodie core fuel

(Sample XC0482)

S/ Mame RAPSODIE PNC-5

Pin No. &K

Section No. Xco482

Distance fram bottom of pin 556MM

Distance from bolfom of corecolumn | 21amm
1ram
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" RAPSODIE PNC5__|
PhNo. | 68

-Section No. - .j:-- 0 XC0643

- Distance from bOtfo‘m- of pin. . 4’50rhm

- Distance from bottom of corecolumn | semm

~ Aspolished o

Photo 11 Postirradiation cera:ﬁography of Rapsodie core fuel
(Sample XC0643)

_78_



S/A Name

Pin No.

RAPSODIE PNC-5

63 R

Section No.

XC0643

Distance from bottom of pin

Distance from bottom of core column

As polished

e

Photo 12 Postirradiation ceramography of Rapsodie core fuel (Sample

XC0643)
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S/A Name - - RAPSODIE PNC-5

Pin No. K22

Section No. YC2418 |
Distance from bottom of pin 479mm
Distance from bottom of core column | 127mm

As polished

1mr’h’_'

Photo 13

Postirradiation ceramography of Rapsodie core fuel

(Sample YC2418)



~S/A Name _RAPSODIE PNC 5
Pin No.. o TK22
“Section No. B _YC2418
“Distance from bottom of pin 479mMm
: Dlstance from bottom of core column _12imm|

As pollshed

Photo 14 Postirradiation ceramography of Rapsodie core fuel (Sample YC2418)
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S/A Name RAPSODIE PNC-5

Pin No. 27K |

Section No. XC2754 o
Distance from bottom of pin .| aasmm
Distance from hottom of core column | ssmm

As polished

tmm

Photo 15 Postirradiation ceramography of Rapsodie core fuel
(Sample XC2754)

_82*,



S/A Name | RAPSODIE PNC-5
Pin No. -~ | 271k
Section No. |  XC2754

Distance from bottom of pin

- 448mm

- Aspolished

Distance from bottom of core column..

Photo 16 Postirradiation ceramography of Rapsodie core fuel (Sample XC2754)
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As polished

Photo 17

Postirradiation ceramography of Rapsodie core fuel

(Sample XC3242)

S/A Name RAPSODIE PNC-5

Pin #o. 32K

Section No. YC3242

Distance from botiom of pin 3g2mm

DCistance rom botlom of corecolumn 1omim
1mim
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As polished

Photo 18 Postirradiation ceramography of Rapsodie core fuel

(Sample XC3282)

S/A Mame RAPSODIE PNC-5

Pin Mao. 32y

Section Mo. XC3282

Distance from bottom of pin - §82MM

Distance from botlom of corecolumn { 3z2mm
imm
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Photo 19

- S/A Name o} RAPSUDIE PNC 5

“Pin No. 88
;Semkw1N0f-~v-'*xc9871

_Distance from bottom of pin- 666MM
Dsstance from bottom of core column 314mm

Postirradiation metallography of the metallic

incrusion in fuel (Sample XC0871)

As polished




PNC-TN9410 87-190

S/A Name RAPSQDIE PNC-5

Pin No. 27K

Section No. XC27G2

Distance from bottom of pin . 667MM
Distance from bottom of core column | 315mm

As polished

O1mm

Photo 20 Postirradiation metallography of the metallic
incrusion in fuel (Sample XC27G2)

—87—



S/A Name RAPSODIE PNC-5 -
Pin No. 4K
Section No. XCO04A1

Distance from boitom of pin

g29mMm

Distance from bottom of corecolumn | 277mm

As polished

Photo 21

Postirradiation metallography of Rapsodie cladding (Sample XCO04A1)
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PNC-TN9410 87-190

S/A Name RAPSODIE PNC-5 -
Pin No. aKk oo
Section No. XCO4AT - -
Distance from bottomof pin. .~ . | g2smm
Distance from bottom of corecolumn | zz7mm

As polished

Tmm

lem

Phote 22 Postirradiation metallography of Rapsodie cladding
(Sample XC04A1)



S/A Name RAPSODIE PNC-5

Pin No. 4K

Section No. XC0482

Distance from bottom of pin 566MmM
Distance from bottom of core column 214mm

~ 01mm As polished

Olmm

Photo 23 Postirradiation metallography of Rapsodie cladding (Sample XC0482, FCCI)
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S/A Name |- RAPSODIE PNC-5
TR T T
Secton No. | xcoaal
“Distance from bottomof pin | s29mm
Distance from bottom of core column | 277mm

0.1 mm

As polished

O1lmm-

Photo 24 Postirradiation metallography of Rapsodie cladding (Sample XC04Al, FCCI)
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Photo 25

S/A Name RAPSODIE PNC-5

Pin No. 8%

Section No. XCO0871

Distance from bottom of pin 866Mm
Distance irom bottom of core column | 31amm

Tmm

As polished

Gimm

Postirradiation metallography of Rapsodie cladding

(Sample XC0871, FCCIL)
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S/A Name RAPSODIE PNC-5
Pin No. 158
Section No. XCi5G2

Distance from hottom of pin

667MM

Distance from bottom of core column | 315mm

As polished

Photo 26 Postirradiation metallography of Rapsodie cladding

(Sample XC15G2, FCCI)



S/A Name RAPSODIE PNC-5 -

Pin No. 2K
Section No. © o XC3281

Distance from hottom of pin-~ T gssmm
Distance from bottom of corecolumn |- 313mm

As polished

o oamm

01mm

/ O1mm

Photo 27 Postirradiation metallography of Rapsodie cladding (Sample XC3281, FCCI)
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as p_n_l_i_sh_gd.::f_-f'..-.'

Photo 2 8

~as polished

Postirradiation meiallography of Rapsodie cladding

Sdmm  etched

(Sample NoXC0643, FCCI)
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No

Photo 29 Postirradiation metallography of Rapsodie cladding
(Sample NoXC0871, FCCI)
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Photo 30 Postirradiation metallography of Rapsodie cladding
(Sample NoXC27G2, FCCI)



PNC-TN9410 87-190

Pin  No. 1K
Distance from
Care Bottom (mm 93 316
& ]
Z 2
’ ]
Bottom- 0 320 1op
XC0443 ‘L XC04A3

g pm

Irra Temp ( C)
Fluence ( x 1022 n/ced )

528
5.2

Irra Temp (T ) :

Fluence { x 10% n /ed )

656
2.8

Photo 31 Optical microstructures of the cladding {(4Kpin, etched)
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Pin No.

65

Distance from

Core Bottom (mm) 98 315
- R e
2 7
b /]

Bottom- 0 320 Top
XC0643 XCO6F2

10 yum 10 ym
Irra Temp (C) : 594 Irra Temp (T ) : 622
Fluence ( x10% n /e ): 5.4 Fluence { X 10% njed }: 75

Photo 32 Optical microstructures of the cladding (6Spin etched)




PNC-TN9410 87-190

Pin  No. 88

Distance from

Core Bottom jmm 140 315
= .
7 7
] Py
-~
Z 7 j

Bottom 0 320 1op
X_C0854 XC0871

10 um 0

g P 10 pm
Irra Temp (T} . 558 Irra Temp (T ) : 632
Fluence ( X 10% n /of): 5.4 | Fluence ( X10% n /et ): 2.9

N\,
Photo 33 Optical microstructures of the cladding (8Spin, etched)
-100— |




PNC-TN9410 87-190

Pin No. 158

Distance from
Core Bottom (mm)

103 315
E 4
. 3
=~ 4
Battom: 0 320 g
XC1552 v . XC15G2

o P
Irra Temp ( T ) : 506 IrraTemp(‘C)_ oo 628
Fluence ( x 10 n/ed ): 82 Fluence { X 10%q fef ) 4.7

Photo 34 Optical microstructures of the cladding (15Spin, etched)
-101—
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Pin No. 27K

Distance from
Caore Bottom (mm

{ar)
(o)
—
o

BOARTAVANY D

AN AANRAY

Bottom- O 20

o«

XC2754 v _ XC21G2

1

fwm | {0 pm
Irra Temp ( C) : 498 . Irra Temp (T ) : 622
Fluence ( % 10% n /od): 12.4 ' Fluence ( x 10% p foif ) 6.5

Photo 35 Optical microstructures of the cladding (27Kpin, etched)
~102—
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Pin  No. 32K
Distance from '
Care Bottom (mm) 140 313
o~ iy
e
e
Battom- @ 320
XC3253 XC3281

18 pm 10

L1 B L pm
Irra Temp ( C) : 516 Irra Temp (C ) : 600
Fluence ( X 10% n /ed ) ! 12,5 Fluence ( X 10% n /i) 7.5

Photo 36 -Optical microstructures of the cladding (32Kpin, etched)
—-103—





