PNC-TN9410 89-185

19894F- 8 B

By Jrar - AR R F R
kT % k¥ F —




BRI OBEBIDOAFIZONTIE, FTRICBEWEHhELIEIN,
T311-13  RER K IER R BEET A FH BT 4002
B UF - R B R E
KRBT FEELF— VAT LBFEHEELR ST 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 JF 2R R BA S E 3 (Power Reactor and Nuclear Fuel Development

Corporation)




PNC-TN9410 89-185
1989%8H

Ffﬁ 1MK- IIB*"?—ﬁﬂﬁtﬂ%/\ﬂi(PFBOZO)@.ﬁﬁﬁT R
AR ZE R 0 AR 5 R UM AR 0T

WG s EE
M — g BERE K
Frmy ma ¥

G2 =]

BRSEMEIESE (Fab.% PFB020) &, [EE] MK-THLOEHRMULEIC2 KEBW
TI100MW, B3 44 20810742 vE TRE SN, RESFHMEERE 48, 300 MWA/t
Th b, EREROBEMNIE, SHEBEBEEREAE (A Le ) OFLEBREZLREE —EHkO I
WEBBHEREAL (A Le | ORREACEVBHEHTORBERRORATORSE
S BN BB EIRET AL THE, AMEF TR, AFERERE, EEHRE FHBRE
(SEM) It X 28SBHE, ERBEXE A 2707+ 74+ (SXMA) Kk AmBEAHFILTIC
Adv=ed42a0F7+534F (IMA) REZBEAREREZR-
ARBREOUTOREMNE O NI,

1) #mEsge, By ssHARDLBTRLEL (W L2mB) LEREFEEIN,
¥+wfﬁ,%%LT%D%%¢K&WWEEW%(Fﬂﬂ)#&brmk&%ﬂéné
BEHEE VR, BR2TH-T, kk, § 7 AHAOHRIC L SMBMBIRETREE,
HEAEBOWENM SN, BB, HATAERAERR, KR4 m GEHENHEIEE 600
C) TH 1o

2) BE/EFICLDRDEBE <Ly rOEEBMED, BEL 5 4hLHETLIRBETHY
BHROHOREE L0 RELOBBIRELHLIBHOR Y ¥ 7T XL EBBEBHHBED ©
Nie

3) BMERIKEHESATY S Xe, Cs id, FEFBTRE—ECRESH T 285 H& AR
KBV THBABBEBIN TSI BRSO, £/, [ &, BREALBLTEE—E
CRFEShTHAT ESER I NI,

H BMEH S LHAEPOEORLEIL TPuRBESRERD 26.60 % 5 5 30.47 KM

ok KRBT v 5 — BRI B R AR AR BB R E




PNC-TN9410 89-185

LTH0, chicfbodhEBRE TH TOMBERMSED S i,
5 #HEATNAZEOERE, EEK (385°C) THHMM+F b VY athhbDNFEYLEHR

BHoENELODRIBHIRELXREZEL TS, —F, SR (58CLLE) THH, EXTHKOD
B, Mtk THERSHAZZTOMRLEESHIED N,




PNC-TN9410 89-185

LT B 2 - S T T T LT P TP P 1
A = - o 7. P LT L T T T P p T 2
2.1 BREE DR e 2
2.2 HEEIEDHAE e PR OPPIPOPPUO 2
2.8 BRBLOMEFE e 2
3 FBEITEBHE - c-ereereeere e i s e s st e s e e 3
4, BRER L ceererrerr i e e e e e e e e 4
4.1 FEEEFFHEE e e 4
4.3 EEREFFEREIC L BEIE o 5
4. 4 X%i..\,,{a-ﬂ?_j_i,f_;f‘ (SXMA) ac;%iﬁﬁﬁ ....................................... 5
4.5 Adv=A470TFFF4F (IMA) ITEBBEBDIT oo, 5
B, FEEL L ZBEE crrrrrrrrr e e e e 6
5.1 EEEEMSEIC L BEREHHEEIEE i e e 6
5,2 MBI Y2 T LICEDZLw bRIY FTFREMI corverrereemermirniinieee 7
53 SXMAKRKEBMBAFPRYU, PudBERIE e 8
5. 4. IMAIT & BERBEEEHIGE  crovererrrrrrree et et s e s s e 10
5.5, SEMITHAMEBENETEDEIBL ettt 10
B, T & B crerereerree e e e e e s s s e st 12
7. BB e e e e eat e e s 13
B, BRI STHR  cereeeerererreer e e e b e e 14



PNC-TN941 89-185

LIST OF TABLES

Table 1 Specification of Fuel Pin ......... ceraeaa Cearennanan svees 15
Table 2 Chemical Composition of Cladding Material ............... 15
Table 3 Characteristic of Fuel Pellet ..... Cetrearea et . 16
Table 4 Irradiation Condition of PFB020 Subassembly from Three

to Ten Cycle of "Joyo" MK-II ........ O )
Table 5 Summary Data from Ceramography (Fab.No.PFBOZO) ...... .... 18

Table 6 Volume Change of Each Sample from Ceramography .......... 19
Table 7 Calculational Results Conversion Coefficient from

Xe-Lo Intensity to Xe~Concentration (S/A No.P¥D003) ..... 19
Table 8 Results of Calculation on Fission Gas Release Rate in

Unrestructured Region and Restructured Region Based

O SXMA MEASULEMENTS  wvvvnennsnnsnnsnnsenennennsns ceesas 20
Table 9 Results of Radial Burnup Measurement by IMA ...... crenan 21
Table 10 Irradiation Condition of Cladding Outer Surface

Examination Samples ..ceieveeescssosnsssnnsanes e 22



PNC-TN941 89-185

LIST OF FIGURES

Fig. 1 Structure of II-Type Fuel Pin (with Tag Gas Capsule)

of B-Type Uninstrumented Irradiation Subassembly ....... ceva. 23
Fig. 2 Structure of II-Type Fuel Pin (with Tag Gas Capsule)

of B-Type Uninstrumented Irradiation Subassembly ........... 24
Fig. 3 Location of the Driver Fuel Subassembly

(Fab.No.PFB020) in "Joyo" MR=IL ...eveuvuvevnnn. Ceraeens ceee 25
Fig. 4 Location of the Fuel Pin (Pin No.Al02, Pin No.Al04)

in the Uninstrumented Fuel Pin II-Type ........ e rearaaa 26
Fig. 5 Axial Profile of Fluence and Cladding Temperature

(Pin No.A102) ..... et eetreraane et ieaeaea Ceerannes veeee. 27
Fig. 6 Axial Profile of Burn up (Pin No.A102) ...vvvvreennn. vevee.. 28
Fig. 7 Axial Profile of Linear Heat Rate (Pin No,A102) ............ 29
Fig. 8 Axial Profile of Fluence and Cladding Temperature

(Pin No.Al04) e aean s e R 1o
Fig. 9 Axial Profile of Burn up (Pin No. AlLO4) ....... cesereenaas e.. 31
Fig. 10  Axial Profile of Linear Heat Rate (Pin No.A104) ..e.e.... vent 32
Fig. 11  Axial Profile of Fluence and Cladding Temperature

(Pin No.AIO3)  tiiiiinivterernnenannnnnnnnnnnns Ceereeneaas . 33
Fig. 12  Axial Profile of Fluence and Cladding Temperature

(Pin No.ALO6) .vuievruenvenanannn Ceearietesaeaaa. chreasaas co-. 34
Fig. 13 Cutting Position of Specimen from the Core Fuel Pin ........ 35
Fig. 14 Cutting Position of Specimen from the Core Fuel Pin ........ 36
Fig. 15 Axial Profile of the Fuel SCIUCLULE +.vevevrooeeenennnnn.n .. 37
Fig. 16 Axial Profile of the Gap .uevvvrevurnenenneeronnneannnn cova.. 37
Fig. 17 Pellet Volume Change as a Function of Burnup ...... feeaeas .. 38
Fig. 18 Relative Radial Profile of Retaind Xe Measured by SXMA ...... 39
Fig. 19 Relative Radial Profile of Retaind Xe Measured by SXMA ...... 40
Fig. 20 Relative Radial Profile of Retaind Cg,I,Xe Measured by SXMA . 41
Fig. 21 Relative Radial Profile of Retaind Cg,I,Xe Measured by SXMA . 42
Fig. 22  Burnup Dependency of Xenon Release Rate in Restructured

and Unrestructured Region ....vvierieinnerseroneecnnnns arees 43
Fig. 23 Radial Distribution of Uranium and Plutonium Measured

by SXMA ,.iiciiiieninnn, e e ts et s sttt anrrannrrraesasa b4



PNC-TN941 89-185

Fig. 24  Axial Distribution of Measured Burnup of PFB020

(Pin No.,Al104) ...eveen.. e e e resteee et et et aaeaan, 45
Fig. 25 Radial Burnup Distribution Measured by the IMA

(Specimen No. ALCG441) o vierrineieeneenrsensnnonosnsnoeanens 46



PNC-TN941 89-185

Photo.

Photo.

Photo.

Photo.

Photo,

Photo,

Photo.

Photo.

Photo.

Photo.0-10 "

0-1

0-2

0-6

0-7

0-8

0-9

Photo, 0-11

Photo. 0-12

Photo. 0-13

Photo.0-14

Photo. 0-15

Photo. 0-16

LIST OF PHOTOGRAPHS

Optical Macrographs of the Metallographic Specimen
Cutted from the Core Fuel Pin (Pin No. A102) ..........
Optical Macrographs of the Metallographic Specimen
Cutted from the Core Fuel Pin (Pin No. Al04) ....... ces
Optical Micrograph of the Transverse Section of

the Core Fuel Pin (Specimen No., Al10251) As—-Polished ...
Optical Microstructure of the Core Fuel

(Specimen No. Al0251) As-Polished ...eevvevenvenennnnnn
Optical Micrograph of the Tranverse Section of the

Core Fuel Pin (Specimen No. A10251) As-Etched ,........
Optical Microstructure of the Core Fuel

{Specimen No. Al10251) As—Etched ...veviveeennnn. et
Optical Micrograph of the Transverse Section of the
Core Fuel Pin (Specimen No. A10282) As~Polished .......
Optical Microstructure of the Core Fuel

(Specimen No. A10282) As-Polished ....vvevnewninennns ..
Optical Micrograph of the Transverse Section of the
Core Fuel Pin (Specimen No. Al02B2Z) As-Polished .......
Optical Microstructure of the Core Fuel

(Specimen No. A102B2) As—-Polished .....ieevennn.. ceeeann
Optical Micrograph of the Transverse Section of the
Core Fuel Pin (Specimen No. Al02B2) As-Etched .........
Optical Microstructure of the Core Fuel

(Specimen No. Al02B2) As-Etched ............ Cereaanas .o
Optical Micrograph of the Transverse Section of the
Core Fuel Pin (Specimen No. A10441) As-Polished .......
Optical Microstructure of the Core Fuel |

(Specimen No. Al0441) As—Polished ......covievennnnrnnnn
Optical Micrograph of the Transverse Section of the
Core Fuel Pin (Specimen No. Al0441) As-Etched ........
Optical Microstructure of the Core Fuel

(Specimen No. AlD441) AS-~Etched .vvevieeesrenananen . e

47

48

49

50

51

52

53

54

535

56

57

58

59

60

61

62



PNC-TN941

Photao.

Photo.

Photo.

Photo,

Photo.

Photo.

Photo.

89-185

0-17

0-18

0-19

0-20

0-21

0-22

Optical Micrograph of the Transverse Section of the
Core Fuel Pin (Specimen No., Al0472) As-Polished ......
Optical Microstructure of the Core Fuel

(Specimen No. Al0472) As-Polished .....cicevencecnnnns
Optical Micrograph of the Transverse Section of the
Core Fuel Pin (Specimen No. A104A2) As-Polished ......
Optical Microgtructure of the Core Fuel

(Specimen No. Al04A2) As-Polished ...cveenicvnervennnns
Optical Micrograph of the Transverse Section of the
Core Fuel Pin (Specimen No. A10442) As-Btched ........
Optical Microstructure of the Core Fuel

(Specimen No. Al04A2) As-Etched .....cevvverenoecanne, .
Secondary Electron Micrographs of the Cladding

Outer Surface (Pin No. Al03, AlO6) .v.veerivennennenns

63

64

65

66

67

68

69



PNC-TN941 89-185

1. F 27 &

FAERE, BEGHMBHEEAKPFB0O2 (B2M) ELTlIbAL» ] OFLBHEL L 1ZT
F—Ho#mEEZ (EHB) FHERMUE (3C2) CTRBHLALOTH 5,

B2MBRHMERE, TERABHART &y bXE o FEENE T AL w] EBKEITEL
SHTREIN, FEEKTEBREE L L TR 48.300MWI/t TH 5, BEBRE ESE AR EY
(FMF) CBOWTEBEHBRENEBSNLER, 77V 20BROENZ 25088 v~
K OeMHARE2HER L,

FRETE, BRERVEETORNEHZEE T2 -0 A EMEEE, £ENE FHE KRS
BZE, X~A 707574 FIRLXBLRD, BORKAF vy~ 4707+ 54 L ZHEERE
SFEEEML Ik, ABEBER, ADSLMEELEBE W TERL: LERBEREZ L0k b
Thd,



PNC-TN941 89-185

2. £ W &

2.1 BEEroiH

Bk ey Otk % Table.l KRT, BEECYO2ERURY v 7 ER 5B B ofly
o TbALel KEXTEVWH, € Vg AE, ¥+vv7@8E, [bALel HiEksb
EThHB, BEE VESI FHROATNBEY EA-THHENEYHED, T75DOIE
B B % Fig.l EFig 2 ILFRYT, SESHARBRET -7 A102 €Y (B2M21) i35 r a2 piA
S THEY, A0 EY (BIM2T) CHZDF § —MEHIINTV B, 7L+ 28EE, @
ELH10.2ccTH3B,

2.2 WHEBEEOHLH
BHER, TALe ] ERBUO SEEAFRB SUS3IEMTHD, TONEHER
CEAES G FIALFE R EE Table.2 ZRT,

2.3 BEOHE

A102 EVEAINL EYRERSATO 3BB Ly hD oy b No. H, ZhEh TBM-
04, TBM=-05TH%, CnboDBERERKR%Z Table.3 LR T,

Ny b EER, [8ALw]) LEAMKBETDOEEE~vy b THD, O/MEIETBM
—05 Tl MdALw ) tiko/M 107+ 002 DFIRICENE L5 T 5,

*PIE No. (85No.)




PNC-TN941 89-185

3. DR & @R

WERMBE AU PFBO20 3, (%] MK —I 7 NEAHAE [3C2 1 i©T100MW3 + 4
7l 51094 7 VORRE SN, EEEFEMBERE 48 300 MW/t TH 3, LK OF R
ERMESFig.3 IKTRT,

AEGHE, FARET v 2 TR—17) IC6OEM (S.61.6.27~9.3) BEHEE SN BFA
~NMODHBENFEEIAIB IR+ 2 2ICED, FPMFIREBA shi,

SHARCHLLMBE V@, AL02EY (577 2B KH) RTANLEY (5742
LK) THD, HEENREREE, A0S EY (KH), ALBEY (SH) itox =l
L7,

RRICYELIBBE Y ORSENMLE % Figd LRT, RESEDOBHEHA Table. 4 12 5

T E, SEMBRIKHLAAL ©YE AL CYORBET T VT VR SEEEERE, M
E, RIBANOMARISHEZNENFig.5~T7 RU Fig.8~10icmt, /4, WESAZHE
BAEMT >/ AI08 €Y LAL06 EYDRWTFT v x v 2 & B EEEOHHS M7 % Pigll &
Rig. 12iT/R T,



PNC-TN941 89-185

4. W EBR T IR

4.1 HHAE

SHABRBRBRE Y A102 £ A104 3, BHBEESEABESR (FMF) it 81 TFig.13
ERTE DKBRHAARPLE, S ImE, PRS- L8mE, RUEETA v —4
&va%ﬁﬁwmmﬁﬁﬁsﬁwﬂﬁbk%.Chéﬁﬁﬁﬁm¢0ﬁmtwmﬁkén
oo 7, HBEAEZHBRERSEE, AI03 LA ¥ Yo Pig UIERTLICBRE L
YOTigE LTS 2 yORBEZNETNHMIL 2,

&HEer TR, BEBSAZEREAZARC> W TR Yoy Y2 BBHLELTS4+E K
FA—-nhod—EZHCTUKL, EERETHERERAH 2ER LA, —F, &8N EE
HARK G, HEEENTI RS VRIEZEAL, ¥+ 97077 v 7 NETARISEEE
SEHARETUN LR, 27 YV RABEAAL Y Y7 (AB21m ¢ X 10mH) ITHALHE
Lo

MEEE, EBEGWEREA Ty oy vEH T LAKOMAMEBRIC X 2MHER, 4
FOHBLELTITy E A ANVERBBRELTISAFEVYFR—I VR LXBHEEZT 57,
MEOKT LARBE, F YL ryE2AOWTHISHESR LK, +OEESHE As—Polished
R L ZBHELRSKCAF 2T o BERUCEABOT y Fr 314 VERAEELHEA
L, T®D#% As—Etched RIEDHBEBE LT~ /oo Bk, XBEMINIFRUBRAKFZTS
FOEPEREEMNER, 1A VEAEBELHVWAECRU AL 0—F 4 ¥ FIL 0T 20

4.2 RFEUBILELIER

B, SERERE (FAROM) K &L 3658260 vy £ - 2BEHEE, 130 EHE
BRI VER-XEHFRE, 0¥ RPRovEA-XBERY, SoRFFE8 rHond
E1304%, ¥+ v 7B 5205 TOEERE % As—Polished, As—Etched REILBVTIT -
fro MEEEFEEER, 7V b FUSAFERVWKLABE VB OEr2— FTPINA
TD ] R OBEBBTEAERL I, BB, TLLTHBavyFT-—XBELB L,

H&RTEE G, TLOBED TH 3, |

1) dLELoEZE, @#

(2) mﬂ&vﬁbmﬁﬁ,ﬁﬁ

(3) WABEOHNE, A& AE

4) <Ly VRADZ 7 v 708, EHE, ~5-— v

(5] KR, SMESREROARRUER

_4_



PNC-TN941 89-185

4.3 EERETFERBICLSIEBE
A103 © v (K#) BRUPALI06 £ (SH) oA RAEOERE BAEFHEOEREEEET

e (JSM—50A) CLXOBHEL:, HERGFRITHOBOITH %,
ol & &| K : 2BKv
o o —7@EM: 1x107°~1%x10"A
o 8 & & : “KREBEFH (SEI)
o BE B & #£ : X240 ~ x 8000

4.4 X#BIA4I9OFFSAY (SXMA) CXBTENH
EBEMAXBE<170T+5 144 ({h, CAMECA%#, CAMEBAX-R®E) AV TITES

E2RELL, BERFTE, ~vy rBEHARFKEXe, CSRU I OAKRAE LU, Puogsh
HTHd. ANEHREUTRRTLEDTH 3,

o m & | [E : 25Kv

O B — &4 EH o B0 nA(Xe, I OO 1 #A)

o v = & B : ¢1mPlT (Xe 5Hr¥ ¢ 50 #m)

o H UV EF — 1 HART7o-—LhPIHKE

o 4 & #% & : LiF, PET

45 AF224907FS4¥ (IMA) CXBBRSH
 EWEAA 24707+ 54 (HITACHI, IMA—-2RIE) AH T, MEE AT
ZERE L, MIEEHZLITIRRT,

. MERE | ey 1 B | BB L o L ESFIONE
® B & Oz «—

-4 VIMBEEE 15 Ky —
—FmAF s AEY PR ¢ 600 a#m ¢ 250 #m
TRAF vMEBE | 3 Kv -

2R W ® fE M/Z1 ~ 300 —

Hov — FE R Ni #v—F —

F &AM E B 10 = 5 [




PNC-TN941 89-185

5. FERLEE

5.1 RPEMBECIIBRELERE

Photo.0—1 & Photo. 0—2 ICA102 €Y (# F/# ZBY) LA EY (5 FHAEL) D
o~ 7 nERERT, BENOBRRUTOLED TS 2o |
(1) H¥No. A10251 (ERt1D, FLMEAHRE X/L=05)

KB, FLRBDRFEOEBTHY, %O As—Polished IRIEEK U As—Etched IR
iZ 81 248 % Photo. 0—3, 0—4 & ¥ Photo. 0~5, 0—6 iZ/R¥ . MEHREITH,
MEE R FEFPARADRLEADR A — 7K & » THES L RS & BLELLR
Hoh, TOEHLOCZHENPEING, ZHER, RRKCFPHINTVBRELT
NWBH R AT VEREERER ORI - —HICFP ¥ XARE VR LTV BEHE
EMﬁﬁﬁﬁﬁBnéo&VVbﬂﬁﬁwxﬁﬁﬁmdwmﬂﬁﬁwﬁmﬁﬁ%én,c
NBEFPARREEELZOND, COLIBARRIY ¥ 7L LB <Ly b OFEEHED
CEo-T, BE-HATOF, v 7RAEL TH O, BEDICIBE CHET ORMENMN
HEBMBEEL T LbOLHEESIN S,
(2) ZH¥No. A10282 (&¥IH X/L=10.76)

Photo. 0—7, 0—8 i€ As—Polished KB B 2 RBEEEE T 7. MPAHIRE, K No.
A10251 S BIZEETH BH, DLEABRKNEL, 27.6mOD ¥ v v 7'iE GEE) DR
Hehd, £f, BRABEERR, MamTH 7o

(3) =¥ No. A102B2 (#tTh X/L=10)

ARBZ, LA vval-9 Ly b EOBEREEEOEMTHD, £ DAs—Polished
kBT 0 As—Etched 1k HE O M5 % Photo. 0—9, 0—10 &R T Photo. 0—11, 0—12K/RT,
R R I R E SN RNDF P A ANTVORHBICL - TTE A RN T WGEES
MBI 5y, BLEARERIATOEL, BABOEEF+ v 78E, 587mTH
D, ¥r o 7HICRFPLORGERYMRESN S, HBATREICE, 2EFEEFPEL
TBYBEARAERGE, UumThH-7.

(4} ¥ No. A10441 (BT o  FlgEdRE X/L=1055)

AFEE, FLOBBhRBORBTHO, As—Polished IREK U As—Etched REIL B
i} 2 JEF 5 &H % Photo. 0— 13, 0—14 & Photo. 0—15, 0—16 iR ¥, MBHRAME, 5H# No.
A10251 LRIETHY, BHFAOX+» » 7HGAEL T2, T/, ¥+ v 7HEE, F
PLORGARMMAEEZEsh, BEETHARSERAFHE s, RAKARI 3 2m
THaTo



PNC-TN941 89-185

(5) BElNo.Ai0472 (#H¥IV X/L=0.76)

Photo. 0—17, 0—18 i€ As—Polished IREEOXFEEE 2 R¥, MEMHEMIET, A104412F
BTh5B, £/, BHAOF v v 7IEH, 1441mT£+ o 7HICE FP LOKKBERY
AL OBEEBABEESI L., BHAEATHER, 2ERasBESh, EAER
Bi26umTHh-7,

(6) ¥ No.A104A2 (BEID X/L=10)

FERR, LA v vav—s Ly FEOBRIGEEORKE TH O As—Polished R
HER: U As—Etched IRFE DN ¥E T H % Photo. 0—19, 0—20 & Photo. 0—21, 0—22 iT/Rd, M
BRI, HHNo. A102B2 LRMETH S, 7z, BARAOEHF v » 7B}, 62.6 um
THOF v » 7HICEFP LORBEBRMPBREING, (HEENEE, 2HBFBANEL
T, BABAER NI tmTH -7,

W, SRABC 20 THE LadLELE, SHItER SREEREERUVEBEEF +
v 7IEER%Z Table b ITRd, T/, Tho DB H 7 athHM4%H% FiglsRU Fig. 16

1o i

5.2 BEBBIRVAFAILKBRLy ATV THH
FT7 vy bFIFAFERHOTHRERE~AVy rORBERETZCLiTED, <Ly b
2L YA EFEM L T,
1) by bRITY VYIOEHE ,
BHAZKNE Y OGEHEEEEEERZ S Tvy P F IS4 FRLIVBRTE I EITED,
TRERT LRI 5y 7 2By &R (FLEAZESL) 2Kk,

St B, 27 » 7 5&t=L v b 40H

iaZE A

Scr V77 v T

—%, BEFO~Ly VERE (S°) RBHERT— 4 (~Ly FEZRNEE) cE-38
HLA, 2o F— 900 BRICEIZ~L .y FEBELOBERRE TORIKLDFT » 720



PNC-TN941 89-185

(2)

5.3

S—5°

_3
AV /4 =— x gs X 100 (%)
AV /W crevneeniens ERBEL
82 cererenanens ﬂiﬁ_ﬂ%’\“]/-y [‘ﬁ% (k)
8 ceeeereneen B&E -~y PEE (o)
S = Sfc — Ser
& 2

Table.6 K ZERBORER <L VABERUBHEBE~<LV v PHE, 77 v 7 BEERS

B BRUIHLOBEEBWTEB LAV P EHEELERT, SEAROAFETERD I
MK -1 F 5 4 »~—, ##, Phenix P—3, MK— | BB OHEBEZLLA0 T THREE LY
BLT7oy FLAEREFiglTtRT,

BRICEB vy PRI, —BESLIODCIDETLAR, HENFERLBTHE

ERESS, BECHEVEIILTY S, MEEE 35 000 MWd/t OB ALIOB2 TR, H3L
TOMRTY vy (BE+FP) 2LEh TV BARE, 2FLLTRERERD (~0.60%)
BEUTOVS, BB 50000 MWd/t LETR, Xz ) v (EE+FP) itk 24
MATEETH D, WREEE 62,000 MWd/t ORK A10261 TR 12ZDERBEMAED SN
7o

SXMAICKBBEARFPRUU, PudBERE

531 Ly AR Xe ¥ 2RU I, Cs DHIE

(1)

#ll € 75 #:

Xela DR XERE» SR P OXe BEZHEM 3 5103, BESBENOFERAM b
PETHD, BMEF2at BLTD [HEB] MK -1 BH F 54 ~—#¥% (PFD003) @
Ay FRARBO Xele OFIHMEL L OB OERRE (£ /o) OFEMDP S Xe
DEMEE XeLa OB EXFBEOMFRRZR S W L (7.507x107°) + (3.5539X 107°) x
(Count) & /cfi%BF, Table. 7 i L BESKBOBRIE, Xe ERBAE, Xela
MEEERT,

EEOMERKTHSPFB20 DEHBFBH S, SXMA OREEFEZR—K LT,
L TROELAROPEBEREZR O T HE» S Xe BE (/) KEH LA, TOX
AL TERKD A Xe BERIBMAKEBR LT 3XeicflE T, BV Yy 7 F v —
KEDRBIERLy P HSRBEEFHOT, XeOxVvy FARBERZFML 2, A5
ErHiDDXe BERERD (SXMA), ZhAE YNV I F 4+ - LOKRDIEBRE




PNC-TN941 89-185

POoERFBIETHEE A/ RASEGEHM Lz, Al2 €Y iIRBWVTE, SXMATERD
el 0DXe REFRIT 15126 X 107° TH B, £/, € vdi-h OXe £EE (586
X107 EN) EEYNRVIFr—LOKRDEF PHRIHE (5L.75%) hoRHELE Y
SV ORXeAFREI282T X 107° EVTH B, > TSKMAR X 0 KDFXe RS
K 1.860° 2|/L BT LILEY

5.86 X 107* (1 — 0.5175) )

#
( 1.869 = 1.5196 % 10-¢

MABREBEONLVy PASHERD B EMHEEEL 1 3,

—%, Al04 EVIRENTIE, SXMATRK®HEEY B OXe BHRIE 17128 x
107° EVTH B, $/, EVBhDDOXe HRE (5635 107 ) vy F
r—REORDIKe BUHE (49.93%) DoRBAEEVH 70 O Ke RIBE L 2 821
X107 ELTHB, o TSXMAR KO R Xe BRI 1L64T 2R LS LI LY

=1 -3
! 5635 x 107 (1—0.4993)
( 1.647 1.7128 X 10-? )

BERFEREONL Y PASHERD 2,

2, I, CsORMERBCsLa B XMBELO~Nv 7 /5 FEE LR &, HBOBE

& L7,

2) AEHR _

1 Fig.18 & Fig 19l XLy PRAKREEN TV 3 Xe BEOBRFRAHAERE 4T
To PALELPERIN T BEN (A10251, A10282 R A 10441, A10472) T3,
SHEERE O Xe RHESSHIKEBLTVWETENbL B, —F, PLOELMERS
NTHROER (A102B2, A104A2) T, SHBMHERICH L TER 21T Xe 2SI S
NTHWRTEBEHLNS,

Fig.-20 & Fig. 2l @~V y PARBEEHIA TV S Cs, | 0B F RN AR THEE L Xe
RESHHNEREREELETRT, Cs, 1 (Cs, | EXBBEM) O~Lv b AB LR
S, XeDWERKEERERT LS, CREDTEHED~L » FHERERIL
WIREBM LTWAEEZ LN B,

2 AEHBRUHBELMFESE TOF P4 R NS

Table.8 IC A FHIL & MM BAR Ic BT 5 Xe OMHBRIEZRE RS, Fig 22
i3 Xe OBMBFLMBEIFL 70 o P LABREZRY, AEHEBICEY 3 XeD i
i i, BRBEBE A3H9 50,000 MW/t B7: D S U, BREEE A3 60,000 ~ 62,000 MW/ t

_9_
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ORP TR, WIOH~13BORENDBI LBbhd, —H, HABELBARTE, £
HPELTOX~F FOKHMPH Y, EHBLERRTRKELECRE L,
5.3.2 MEESFEOU, PuDEERE
AR RA K 100 4m R TU, PuOERAN 2 EH L, Fig 23l e v #aR
E— 7 MBEEMBHE (A10251) QHEIERREER T, ~bv b PLELEHETPuREN
BIEHO20.67T%0 56 0THEETEML TR EBERINT,

5.4 IMAICKSHBRERE
D EEFE
MLy POBRBEMNER, <Ly bBHATEBCH I meOE-LERHEL, &
SHEICIOEAEZBOELABOU, Pu kY "Nd Ok 4 4 VRE OFHM IU, [Py,
INd P BERDI, T, by FEFEABREESME, ©— 8% 260 zmeé ITHKD, B
BAZGOLORLBETIRRNET S LD RD I,
MABERE (atom%) ., DLTOBHAZEH I,

B INd/ ( @Nd/UX fNd )
BRBEEE (atom®) = — 0 7B 7 apy/U) +{ INd/(@Nd/UX/ND) }

®x 100

gPu/U roeeeees Uistd 3 Pud 44 LS (1.9010)
aNd /U weeeeeee UGCHTZ)NQOJ/M‘ v{bEhR . (3.8796)
FNG oo “SNd D% EHINER (0.0325)

2) MERR

BHBORBERNERE & <L v MEEFROBRBEEREZR (3H No.A10441 ) %Table
QIRT, $t, A o8HFE3 FYIITRELALHER%E TESPRIT-]J] a2 - Fit&k
AETEE & E LT Rig. 24 iCiRT, Y- 7 MBEIR, LT 6.45 atomPB LAY, HEME
CBRBLW—EARTEHERSE O, RICAHENo. A10441 D~y MEEFEEE A LT
oy b LAcBfR% Fig 25 KRt EBRAMMREER, FHRMREH SERRHABICH > T
BTFTL, 2.0 (hLEAEE) TENMLTYwS, Zhil, PuOBARICL IS REE
ODELERMLIEDEELLGN B,

5.5 SEMIEXHHBEEISRAOBRR
v No. A103 (K#) R AL106 (SH) OMFTEAMED» X2y OAMERML, #H
BAZAOKREZHERE L, SXBOE Y TiRALCONERVEAT S REEE% Table. 10

CRYo
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Photo- S—1 CARBEOEERNETHMEHRERE LT 4. A103 £V DEE K 385°C T,
0.4~ L0 ump DU FHE—CHEL T2 600, KMEHEOMBKRELFEELT
Wa, F/, RMRHLS0CTE, BHRECER, BHIKIORELLAMBHESHEES O
foo —H, Al06 € ¥ DKIEH 385°C Tid, A103 v QKRS &R BICHE Fotg—ic & #
&L, SHEFOREBMIMSHKCEZEINE, £/, HEL85C TR, H@K
EE—ZL, BMRECER, FHCEORELANTHSSHEESN, BBy,
FAEE—REREINTH B,
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6. £ & O

1) Mg, BEH I 2@ FEAHLMETHLERL (WL 2mB) (EREVEESIN I,
Fopow 7EE, PELTEYBHOEBBNBEER (FCMI) BELTH R EHAINS
HEBRE L, BETHot, £/, 47/ ¥ 2HAOFELLIZBHMAKCREITREEE,
BEAEENEHW SN, UEHETARMARR, BR14em (AT AEREG60C)
TH T,

2) EBMIFIKEDRDIME~Ly b OFEEMER, BB 7 0L HTEI28TH 0,
HEELIOREH»SRT N Y IRLIHABEHEMBEDS LT,

3) BMERCREFENLTV S Xe, Csid, FEABTRE—ELRBEINTVS, FWEHER
B THHPHEEBEINTH AT EPEEShi. £/, 1@, BERNCBLTREI—ER
BREsh T3 LbERENL,

QO BMEA 7 LAMARPLHROPLEAETPuRED 20.67% 05 30. 47T KEML TH O,
chicgohLELE TETORBEBMLIED ST,

5) WATAREOERE, KEL (385°C) TREMUZHBY OSN3 bDOHERKEE
BRELTWE, —FH, SER (585CUE) TR, EXxHAORAE, BIBCX2MEHE KA
Hohic,
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7. B

BREASEP COABMEMB LOBRKHEELCH LD, BHRANEAERRE (FMS) o#
EERZED LT IHEGERIC, FLRHEREBC S -TH, X2EBRRHEEBEEOA
ABREREZEBED LT ORBRAIBEV LV, Tk, RBRETELTE, BRFAETRO
KET, HABEFOMRBOCBEFAY R F aloBAH—KicHEBE W ARFEE LT
EEMNEL, ThooF2KBRBOBBEEDLET,
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8. ZT & Xk
D BksS, THE] FLEZBHTEE 27 40%H (ESPRIT-J) ST 901 83-01
2) RS BERHNOREBXeBEORNELFP ¥ A HEBONME PNC SN941 85—-141
3 s, NEB) MK-T4F.0#KE (PFD003) oBH#RERR2) PNC 1941 8505
O KHEG, [HB) MK-14088 (PFD001) ORS%RAE2 PNC I 9410 87-004
5 fBfES, (B MK-THF.O08BE (PFD029) oRH#% A PNC 19410 87-008



Table 1 Specification of Fuel Pin
5 g

2 oy (m ) 1765.0 4+ 2
Ry bREY 7 E (m ) 500+ 5
# B OE A &5 (m ) 6. 5004 0.030
# #2 g A &8 (m) 5. 5600 1 0. 025
h #B B R HE (m ) 0.47 4 0. 030
¥ oy v 7O {zm) 170
FA4¥—EBMNEy F ( m ) 285+ 20

Table 2 Chemical Composition of Cladding Material
COLD CHEMICAL COMPOSITION (W/0)
WORK +
(%) C Si Mn P 5 Ni | Cr | Mo Co B N Cu Ti y |Nb Ta| 27 An Al
0. 045 13.00|16.00| 2.00
SPEC 20 !=1.00 = 2.00 | =0.040 | =0.010( ? ? H =0.10 [=0.0100 [=0.0i0 [=0.20 |=0.10 [=0.20 |<0.10 [=0.10 |=<0.000 |=0.050
0. 085 14.00! 18.00; 3.00
KOBE
STEEL 20 [0.081( 0.78 | 1.81 } 0.032 | 0.010 {13.69|16.26; 2.53 [<C0.01 |<0.0035| 0.003 - 0. 08 - 0.080| — - -
UM
SSTIETSL{IO 20 |0.046| 0.87| 1.756| 0.037 | 0.005 |13.80|16.33| 2.57 [<C0.01 < 0.0036| 0.009 - 0.16 - 0.074 - - -

G81-68 TV6NL-ONd
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Table 3 Characteristic of Fuel Pellet
Ay POy b Ny Oy b
R = TBM-0 4 TBM=05
PuO:/ PuOs + U2 (wt %) 30. 23 29. 82
# O/M 1. 97 1. 95
o 2 £ (m 5. 4 5. 4
~2
y = Z (mm) 8 8
y BY B E (wt%) 8. 17 8. 17
. B % B E (g/d)
o ®mE (%T.D) 85 85
. ZF {m) 5.4+ 0.05 «
A~
v = X (m) 8+ 1 —
7
nj By BEE (wid) 0.2 «—
b
slw% B R ® E (g/da) 10. 96 —
B e FE (ST D) 94 «—
2% w4 E  (m) 550 1+ 5 «—




Table 4  Irradiation Condition of PFB020 Subassembly from Three
to Ten Cycle of "Joyo'" MK~-II
LH&EFS PFB 020
+ 4 7 w 3 4 5 6 7 T& 77| 8 9 10
- # fir il 3C2 R 17| 3Cc2 | 3C2
. £ 47 RA MWD /T 52400 | 59400
& = & % T 5 MWD /T 6600 | 12800 | 18800 | 25000 | 31000 | — | 36900 | 42500 | 48300
F4YMEA | x10®n/fer | 925 192 287 474 479 — 575 668 795
Enz=0.1 MeV
BAEGTH | x10¥n/c | T6.3 150 224 370 373 — 4438 521 597
RIGich kT RSHR
£4VMEK | x10®n/a | 138 287 428 713 717 — 861 997 | 1146
Total GAERTE | x10%0/a? | 115 227 339 564 566 — 681 792 907
0 ¢ A v MR W/ca 313 307
s PN W /en 293 287 285 277 274 o 272 269 264
0 ¢ |FrER| Wa 310 | 304
BAGEY W /cn 294 289 285 278 274 — 274 271 265
BT ko iaE B O¢C €
I £ {m
i E O C C
B O C C
REESEE
i E O C C
A OB B O C C 462 462 461 458 457 — 459 458 456
O
= = E O C °c 463 462 461 459 458 — 459 458 456
g8 4 = —
o ¢ @ H M — 1181 | 1178 [ 1176 | 1.175 | 1172 | — | 1.165 | 1. 164 | 1. 164
E—-F 7 HE x 5 ™ -
E 0o C -
W F @ — 1161 | 1. 164 | 1161 | 1.161 | 1.158 | — | 1. 147 | 1.146 | 1. 164
B O C kg/ sec 4.1 4.0 4.0 4.0 4.0 4.0 4.0 41
wWHH R
E O C ke/ sec 4.1 4.0 4.0 4.0 4.0 4.0 4,0 4.1

%
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Table 5 Summary Data from Ceramography (Fab.No.PFB020)
PIN| Specimen ]f')riosl';lar]?)cit;:1 Clad Dia (m) gllﬁler Restructured Region Dia (mn) Re%iid;Jal
No Yo Bc();;c;)m Outer Inner ?m:s Cvinigrel (éoérgn;r;r gaetsgiol?]able ?Qeen;iiiﬁd Ga& ISl,-!i)ze
Al10251 709. 8 6. 508 5. 589 5. b85 1. 181 3. 144 4. 070 — 2.0
Al02| Aio0282 854.0 6. 493 5. 587 5. 479 0. 607 2. 389 4. 475 — 27.6
Al102B2 984. 9 6. 499 5. 591 5. 475 — — 3.380 — 68.0
Al0441 737.2 6. 502 5. 589 5. 539 1,195 3.404 4, 266 — 0.0
Al04| A10472 854. 2 6. 502 5. 578 5. 528 0. 699 2. 537 4, 677 — 14. 4
A104A2 984. 5 6. 498 5. 583 5, 453 — — 3.601 — 62.6

G81-68 TV6NL-ONd




Table 6 Volume Change of Each Sample from Ceramography
. s : 8 g R B H ® % B % it
Pin Gy Lad T wmoE - av /v
<Ly b EndE ~ Ly MEH 2 5w 7 EE
No. No (W/en) (MWd/t) §° (md) Sfe (md) Ser (o) (%)
Al10251 361 62. 300 22.817 24. 257 0. 66024 5. 12
A1062 Al10282 304 52.000 22. 792 23. 654 0. 752 0.72
A102B2 194 35. 500 22.75 23. 471 0. 82603 — (.69
Al0441 354 60. 700 23.013 24. 258 0. 71747 3. 43
Al104 A10472 293 51. 900 22. 699 24. 083 1. 0378 2. 28
ATQ04A2 183 34. 800 22. 733 23.399 0. 66891 - 0.02
. 3 s-s°
dV/V (%) =TXTXIOO
S° o BIEEENL . MEH Sfe R, JF7erEEGRVy FEH
S : BEE~SVy MER (S=Sfc — Scr) Ser 1 23 v ok
Table 7 Calculational Results Conversion Coefficient from
Xe-Lg Intensity to Xe-Concentration (S/A No.PFDOO3)
Specimen Ko T0A644 T0AG662 T0A682
Burn up (atom %) 1. 775 1. 438 1. 017
Xe Concentration {mol /ed) 1. 538 x 107* 1. 239 % 107 0.8814 x 1071
Xe—Lea Intensity at Pellet Rim (Counts) 4088 3320 2247
(mol /eft) (7.597 x 107% ) + ( 3.5539 %X 107%) x Counts

G81-68 TV6NL-ONd




-
Table 8 Results of Calculation on Fission Gas Release Rate in =
|
Unrestructured Region and Restructured Region Based =2
©
on SXMA Measurements =
(00]
K
mo% B Xe HREEE K s i I Mo £ it o =
= (@a]
REE | REN at % 2w Xe REBE | BESXe BIHEE Xe R BE | WME®e GHOE
(v /) (E/ce) (' /ce) (&N /cC)
(MWd/t) (e /ce) <HHE (%) > <HHE (%) > <HeHE (%) > <HHE (%) >
6. 608 _, | 2.588 % 107* 4.837 x 107* 2.961 x 107° 5.534 x 107°
A10251 | goggyy | 5 367 x 10 <51.8> < 9.9> < 945> < 897>
5. 566 _s | 2057 x 107* 3.845 x 107* 3.575 x 107° 6.682 x 107°
Al0282Z | poyagy | 4521x 10 < 545> <14.9> <92.1> < 852>
3.83 s ] 2021 x 107! 3.777 x 107* 2.986 x 107° 5,580 x 107°
- Al0ZBZ | (ggpg5y | 3 1M Xx10 < 35.0> <~214> < 90.4> <82 1>
020 —a —4 _5 -5
A10441 6. 412 511 x 10 | 2 690 x 10 4.431 x 10 5. 005 x 10 8. 243 x 10
( 60714) : < 47.4> < 13.4> < 90.2> < 83.9>
5. 479 . | 2872 x107* 4.730 x 107* 4,512 x 107F 7.431 % 107°
ALD472 | pige5) | %366 %10 < 342> <-83> <89.7> < 83.0>
3. 67 _4 | 1802 x 107* 2,968 x 107* 4.469 x 107° 7.361 x 10°°
ALD4AZ | (o ggyy | 2926 x 10 <38 4> <-15> < 847> < 748>
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Table 9 Results of Radial Burnup Measurement by IMA
Sencondary Ion Intensity
Sample Mo B.U(atom%)
145 (INg) 2b1+254 (1U) 256+256 (1Pu)

A 10441 66684 5611745 3916111 6.45
A 10472 76525 7700015 5248733 5.42
A 104A2 46519 T420667 5867463 3.39
Fuel 84285 7009716 4020168 6. 82
Outer 75081 ‘6533465 3848308 6.51
70578 5727976 3469062 6. 89
70141 5643506 3231493 7. 04
A 10441 67971 676'99_48 4261813 5. 64
64924 6244018 3685857 5. 94
56731 5181588 2872122 6.30
Fuel 55399 5503296 3304198 5 72
Center 62832 5038172 27300983 7.17
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Table 10 Irradiation Condition of Cladding Outer Surface
Examination Samples
. Position Cladding QOuter .
Specimen Mo D.F.P.B (m) Temperature (°C) Pin Lot Mo
A1032 4205 385
K Tube
Al03C2 1. 034. 7 590
Al1062 429. 5 385
S Tube
AlQ06A2 1,034. 6 585
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Fig. 1

Structure of II-Type Fuel Pin (with Tag Gas Capsule)

of B-Type Uninstrumented Irradiation Subassembly
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Fig. 2  Structure of II-Type Fuel Pin (without Tag Gas Capsule)

of B-Type Uninstrumented Irradiation Subassembly
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Fig. 3 Location of the Driver Fuel Subassembly
(Fab.No.PFB020) in "Joyo'" MK-II
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B2M27(A102)

B2M11(A103)

B2M17(A106)

B2M2 7(A1D4)

Fig. 4 Location of the Fuel Pin (Pin No.Al02, Pin No.Al04)

in the Uninstrumented Fuel Pin II-Type
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S/A FAB NO. : PFR020 PIN NO. : 02
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Fig. 5 Axial Profile of Fluence and Cladding Temperature
{Pin No.AlQ2)
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Fig. 6
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Axial Profile of Burn up (Pin No.A102)
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S/A FAB NO. : PFB020 PIN NO. : 02 MAX O EOL A
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Fig. 7 Axial Profile of Linear Heat Rate (Pin No.A102)
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Axial Profile of Fluence and Cladding Temperature

(Pin No.Al04)

700

650

600

&~ w o
o, o L
= o o

CLADDING TEMPERATURE (DEG C)

Y
(=]
(=]

350

300

50 600 650 700 750 800 850 900




PNC-TN941 89-185

x103 S/A FAB NO. : PFB020 PIN NO. : 04
65

TN

55 / \
A \

BURN UP (MWD/T)

40 \

35

0 50 00 150 200 250 300 350 400 430 500 550 600
DISTANCE FROM CORE BOTTOM (MM)

Fig. 9 Axial Profile of Burn up (Pin No. A104)
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Fig. 10 Axial Profile of Linear Heat Rate (Pin No.Al04)
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S/A FAB NO. : PFB020 PIN NO. : 03
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Fig. 11  Axial Profile of Fluence and Cladding Temperature
(Pin No.A103)
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Fig. 12  Axial Profile of Fluence and Cladding Temperature
(Pin No.A106)



PinNo. Al02

~—— Botton

AlD251 Al0282 Al02B2
275 418 550
[ g7 7
| 1i ;
! 4 1t y
1 ! 4
9 mm . 23mm 17mm
| Core Fuel
Pin No. A104
Al0441 Al0472 Al04A2
302 419 550

ToP ——I

Specimen for Metallographic

Examination of Fuel and Cladding

Unit :mm (D. F. C. B)

Specimen for Metallographie

Examination of Fuel and Cladding

ANy

LAY

Fig. 13 Cutting Position of Specimen from the Core Fuel Pin
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Pin No. Al103

A1032 Al03C2 Speeimen for Examination
(42%.5) (1034.7) ‘
of Cladding Outer Surface

| Core Fuel |

] il

Pin No. Al06
— —

i |

| |

] !

| o
A106A2. Specimen for Examination
Al1062 (1034.6)

(4295) of Cladding Outer Surface

Fig., 14

Cutting Position of Specimen from the Core Fuel Pin
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Fig. 15 Axial Profile of the Fuel Structure
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Photo. 0-3 Optical Micrograph of the Transverse Section of
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Photo. 0-4  Optical Microstructure of the Core Fuel
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Photo.0-10 Optical Microstructure of the Core Fuel
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Photo. 0-11 Optical Micrograph of the Transverse Section of the
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Photo. 0-13 Optical Micrograph of the Transverse Section of the
Core Fuel Pin (Specimen No. Al10441) As-Polished
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Optical Microstructure of the Core Fuel
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Photo. 0-16  Optical Microstructure of the Core Fuel
(Specimen No. Al0441) Ag-Etched
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Photo. 0-17  Optical Micrograph of the Transverse Section of the
Core Fuel Pin (Specimen No. Al0472) As~Polished
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Photo. 0~18 Optical Microstructure of the Core Fuel
(Specimen No. Al0472) As-Polished
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0~19 Optical Micrograph of the Transverse Section of the
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As-Etched

JOYO" MK-IT PFBO020
Specimen NO. A104 A2

E03A125

Photo. 0-21 Optical Micrograph of the Transverse Section of the
Core Fuel Pin (Specimen No. AlQ4A2) As-Etched
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Photo. 0-22 Optical Microstructure of the Core Fuel
(Specimen No. AIQ4A2) As-Etched
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Photo. 8-1 Secondary Electron Micrographs of the Cladding
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