PNC-TN9410 85-135(2)

"B ) MEK-IUF DK PED003) ) B2 3BR (2)

HARESE O MBI B U R B 3 T
57— % 4

198542 H

B - R EREEN
X % I % & v % —
R OB A B A BR A



BRUIZOREDAFIZONTL, FTRIZBEAWAEDELIEEN,
T311-13  FRRFRBER K YEET X FH ET4002
B 147 - AR BR R ¥R
KT HF B #— VAT ABRMEED - HATEEE

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 1iF - BREI B B 3 (Power Reactor and Nuclear Fuel Development

Corporation)




PNC-TN9410 85-135(2)
1 9 8 5 % 2 A

M# 5 MK-LUP O EHPFDO03) o) ST RakBR (2)
M EROBRBRER UBE A
(Vol.2 F—%#R)

KiERELE PHHE—*
] & F RLERK* BEEa

MEEP—ER* I *
JKEFURHE ** SRt

%= &
Vol .1 THIPFD 00384 © v O BB R RO BERN T L1,
FHETHOET - 5 258 L bDTH 3,
o FEEERMREEIC & B BHARERE
o EPMAICX ZMBIRUF v v 7HOLEI N
o IMAIC & 5 B AE B AT
o WEENAXEOBERUVHBLSR

*ORELFEE s —, RESTREERT, BRETE
EOED ZERTFHIE B



PNC-TN9410 85-135(2)

Fig. 1

Fig., 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 9

Fig. 10

Fig. 11

Fig. 12

Fig. 13

Fig. 14

List of Flgures

Comparison of Microstructure between Specimen No.533564
(PPJX13) and Specimen No.70A644 (PFDOO3) .

A Transverse Section of a Core Fuel Pin Illustrated by PINATD
(Specimen No.70A625)

Circumferential Distribution of Cladding Outer Diameter,
¢ladding Inner Diameter and Pellet Outer Diameter.
(Specimen No.70A625)

Width of Gap to Circumferential Distribution

(Specimen No.70A625)

Circumferential Distribution of Densified Equiaxed‘Grains
Region Diameter and Porous Equiaxed Region Diameter.
(Specimen No.704625)

Crack Fraction and Cumulative Crack Area to Radius Ratio,
(Specimen No.70A625)

A Transverse Section of a Core Fuel Pin Illustrated by PINATD
(Specimen No.704644)

Circumferential Distribution of Central Void Area Diameter.
(Specimen No.70A644)

Circumferential Distribution of Cladding Outer Diameter,
Cladding Inner Diameter and Pellet Outer Diameter.
(Specimen No.70A644)

Width of Gap to Circumferential Distribution

(Specimen No.70A644)

Circumferential Distribution of Colummer Grains Region
Diameter, Densified Equiaxed Grains Region Diameter and
Porous Equiaxed Graims Region Diameterr

(Specimen No.70A644)

Crack Fraction and Cumulative Crack Area to Radius Ratio
(Specimen No.70A644)

A Transverse Section of a Core Fuel Pin Illustrated by PINATD
(Specimen No.70A662) -

Circumferential Distribution of Cladding Outer Diameter,
Cladding Inmner Diameter and Pellet Outer Diameter

(Specimen No.704662)

li



PNC-TN9410 85-135(2)

Fig. 15

Fig. 16

Fig. 17

Fig. 18

Fig. 19

Fig. 20

Fig. 21

Fig. 22

Fig. 23
Fig. 24

Fig. 25

Fig. 26

Fig., 27

Fig. 28

Fig. 29

Fig. 30
Fig. 31

Fig. 32

Width of Gap to Circumferential Distribution

(Specimen No.70A662)

Circumferential Distribution of Densified Equiazed Grains
Region Diameter and Porous Equiaxed Region Diameter.
(Specimen No.70A662)

Crack Fraction and Cumulative Crack Area to Radius Ratio
(Specimen No.70A662)

A Transverse Section of a Core Fuel Pin Illustrated by PINATD
(Specimen No.70A682)

Circumferential Distribution of Cladding Outer Diameter,
Cladding Inner Diameter and Pellet Quter Diameter
(Specimen No.70A682)

Width of Gap to Circumferential Distribution

(Specimen No.704682) ,
Circumferential Distribution of Bensified Equiaxed Grains
Region Diameter and Porous Equiaxed Region Diameter
{Specimen No.70A682)

Crack Fraction and Cumulative Crack Area to Radius Ratio
(Specimen No.70A682)

Axial Profile of the Gap & Fuel Structure

Radial Distribution of Mo and Ru and Rh and Pd Content imn
Metallic Inclusion (Specimen No.704644)

Radial Distribution of Pu-MB and U-Ma in the Fuel
(Specimen No.70A644) '

Raw Counting Data Over Xe-Lo ¥-ray Line

(Specimen No.70A625)

Raw Counting Data Over Xe-La X-ray Line

(Specimen No.704644)

Raw Counting Data Over Xe-Lgo X-ray line

(Specimen No,704662)

Raw Counting Data Over Xe-Lo X-ray line

(Specimen No,70A682)

Relative Radial Profiles of Retained Xe Gas

Ion Mass Spectrum of the Fuel-Cladding Interface
(Specimen No.70A625)

Ion Mass Spectrum of the Half Radius Position

(Specimen Neo.704625)



PNC-TN9410 85-135(2)

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig,

Fig.

Fig.

Fig.

Fig.

33

34

35

36

37

39

40

41

42

43

&4

45

46

47

48

49

50

51

Ion Mass Profile from the Cladding Outside to Fuel Center
(Specimen No.704625, 56pe,52Cr)

Ion Mass Profile from the Cladding Outside to Fuel Center
(Specimen No.704625, 137¢g, 135¢cg, 133¢s)

Ion Mags Profile from the Cladding Outside to Fuel Center
(Specimen No.704625, 238y 239p,, 235p)

Ion Mass Profile from the Cladding Outside to Fuel Center
(Specimen No.70A624, 238y+ 160, 239py 4160, 235y+180)
Ion Mass Profile from the Cladding Outside to Fuel Center
(Specimen No.70A625, 238U+ 160,, 235p+160,, 23%pu+1%0,)
Ton Mass Spectrum of the Fuel-Cladding Interface
(Specimen No.70A644)

Ton Mass Spectrum of the Half Radius Position

(Specimen No.70A644)

Ion Mass Profile from the Cladding Outside to Fuel Center
(Specimen No,70A644, 56Fe,52¢r)

Ton Mass Profile from the Cladding Outside to Fuel Center
(Specimen No.70Ab644, 137¢g, 135¢sg, 133¢cg) |
Ion Mass Profile from the Cladding Outside to Fuel Center
(Specimen No,70A644, 238y, 239py, 235y

Ton Mass Profile from the Cladding Outside to Fuel Center
(Specimen No.70A644, 238u+160, 23%9py+ 160, 235y +160)
IonAMass Profile from the Cladding Ouiside to Fuel Center
(Specimen No.70A644, 238y 4 180, , 235y + 18, 239py + 160,)
Ion Mass Spectrum of the Fuel-Cladding Interface
(5pecimen No.70A662)

Ion Mass Spectrum of the Half Radius Position

(Specimen No.70A662)

Ton Mass Profile from the Cladding Outside to Fuel Center
(Specimen No.70A662, 56Fe,52Cr) 7

Ion Mass Profile from the Cladding Outside to Fuel Center
(Specimen No.704662, 137¢g, 135¢s, 133¢g)

Ton Mass Profile from the Cladding Outside to Fuel Center
(Specimen No.70A662, 238y, 23%9py, 235p)

‘Ton Mass Profile from the Cladding Outside to Fuel (Center

(Specimen No.704662, 238u+ 160, 239py+ 160, 235y+ 160)
Ton Mass Profile from the Cladding Outside to Fuel Center
(Specimen No.704662, 238y + 160,, 235y+160,, 239py +160,)



PNC-TN9410 85-135(2)

Fig.

Fig.

Fig,

Fig.

Fig.

Fig.

Fig.

52

53

57

58

Ion Mass Profile from the Cladding Outside
(Specimen No.70A682, 3%Fe,%2¢r)

Lon Mass Profile from the Cladding Outside
(Specimen No.704682, !37¢s, 13505, 1383¢g)
Ion Mass Profile from the Cladding Outside
(Specimen No.70A682, 238U, 239Pu, 235y
Ion Mass Profile from the Cladding Outside

(Specimen No.704682, 238y+ 16p, 239py 4 16q

Ion Mass Profile from the Cladding Outside

to Fuel Center
to Fuel Center
to Fuel Center
to Fuel Center

235y 4 160)

to Fuel Center

(Specimen No.70A682, 238U4-1602, 235U-+1602, 239Pu-F1602)
Axial Distribution of Measured Burnup of PFD003

{Pin No.7046)

Depth Analysis of Cladding Outer Surface by IMA

(Pin No.70A6, 70B4)

vi



PNC-TN9410 85-135(2)

Photo.

Photo,

Photo,

Photo.

Photo.

Photo.

Photo.

Photo.

Photo.

Photo.

Photo,

Photo,

Photo,

Photo.

Photo.

Photo,

Photo.

0-5

0-6

0-7

0-8

0-11

0-12

0-13

List of Photographs

Optical Macrographs of the Metallographic Specimen Cutted
from the Core Fuel Pin (Pin No.7046)

Optical Micrograph of the Longitudinal Section of the Core
and Blanket Fuel Pin (Specimen No.704623) As-Polished
Optical Microstructure of the Core and Blanket Fuel Pin
(Specimen No.70A623) As-Polished |
Optical Micrograph of the Transverse Section of the Core
Fuel Pin (Specimen No.704625) As-Polished

Optical Microstructure of the Core Fuel

(Specimen No.70A625) As-Polished

Optical Micrograph of the Longitudinal Section of Core
Fuel Pin (Specimen No.704643) As-Polished

Optical Microstructure of the Core Fuel

(Specimen No.704643)

Optical Micrograph of Transverse Section of the Core Fuel
Pin (Specimen No.70A644) As-Polished

Optical Microstructure of the Core Fuel

(Specimen No.704644) As-Polished

Optical Micrograph of the Transverse Section of the Core
Fuel Pin (Specimen No.70A662) As-Polished

Optical Microstructure of the Core Fuel

(Specimen No.70A662) As-Polished

Optical Micrograph of the Transverse Section of the Core
Fuel Pin (Specimen No.704682) As-Polished

Optical Microstructure of the Core Fuel

(Specimen No.70A682) As-Polished

Optical Micrograph of the Longitudinal Section of the Core
and Blanket Fuel Pin (Specimen No.70A685) As~Polished
Optical Micrograph of the Transverse Section of the Core
Fuel Pin (Specimen No.704625) As-Etched

Optical Microstructure of the Core (Specimen No.70A625)
As-Etched

Optical Micrograph of the Transverse Section of the Core

Fuel Pin (Specimen No.70A644) As-Etched

Vil



PNC-TN9410 85-135(2)

Photo, 0-18 Optical Microstructure of the Core Fuel
(Specimen No.704644) As-Etched
Photo. 0-19 Optical Micrograph of the Transverse Section of the Core
Fuel Pin (Specimen No.704662) As-Etched
Photo. 0-20 Optical Microstructure of the Core Fuel
' (Specimen No.704662) As-Etched
Photo. 0-21 Optical Micrograph of the Transverse Section of the Core
Fuel Pin (Specimen No.70A682) As-Etched 4'
Photo, 0-22 Optical Microstructure of the Core Fuel
(Specimen No.70A682) As-Etched

Photo. E-1 Various X-ray Images of the Metallic Inclusion in the Crack
(Specimen No.70A625)

Photo. E-2  Various X-ray Images of the Metallic Inclusion in the Fuel
(Specimen No.70A644)

Photo. E-3 Various X-ray Images of the Metallic Inclusion in the Fuel
(Specimen No.70A644)

Photo, E-4 Various X-ray Images of the Gap Part between the Core Fuel
and Cladding (Specimen No.70A625)

Photo. E-5 Various X-ray Images of the Gap Part between the Core Fuel
and Cladding (Specimen No.704625)

Photo. E-6  Various X-ray Images of the Gap Part between the Core Fuel
and Cladding (Specimen No.704644)

Photo, E-7 Various X-ray Images of the Gap Part between the Core Fuel
and Cladding (Specimen No.704662)

Photo. E-8 Various X-ray Images of the Gap Part between the Core Fuel
and Cladding (Specimen No.704682)

Photo. E-9 U-Mz and Pu-MB X-ray Images of the Fuel Quter Region
(Specimen No.70A625)

Photo. 5-1 Secondary Electron Micrographs of the Core Fuel Cladding
Outer Surface (Pin No,7046)

Photo. 5-2  Secondary Electron Micrographs of the Core Fuel Cladding
Outer Surface (Pin No.70B4)

vill




PNC-TN9410 85-135(2)

Chart

Chart

Chart

Chart

Chart

Chart

Chart

Chart

Chart

Table 1

List

1

{Specimen No,70A644)
2

Cladding (Specimen No.
3

Cladding (Specimen No.
4

Cladding (Specimen No.
5

Cladding (Specimen No.
6

Cladding (Specimen No.
7 Line Analyses by U-Ma

Cladding (Specimen No.

8 Line Analyses by U-Ma

Cladding {(Specimen No.

9 Line Analyses by U-Ma

Cladding (Specimen No.

Lis

of Charts

Spectral Analyses of the Metallic Inclusion in the Fuel

Line Analyses by Zr-Lo and Ba-La from the Fuel Center to

70A644)

Line Analyses by Pd-La and Cs-Lo from the Fuel Center to

70A644)

Line Analyses by Si-Ra and Nd-Lo from the Fuel Center to

70A644)

Line Analyses by Fe-Ka and Mo-Lo from the Fuel Center to

70A644)

Line Analyses by Ru-La and Cr-Ko from the Fuel Center to

70A644)
and Pu~MB from the Fuel Center to
70A625)
and Pu-M8 from the Fuel Center to
70A644)
and Pu-MB from the Fuel Center to
704662)

t of Table

Summary Data from Ceramography (Fab. No.PFD003)



PNC-TN9410 85-135(2)

H K
1 SESEBRMGEIC & 2 IEHERRERETEETL  coveeeererr s 1
11 BRRHRBREREEEGL voeereoe oo 1
1.2 WHEMHT 2 7 ST L BEEIFEEIR  coereerrersrrsess i )
9. EPMAIC & BIEEL « 4 o FTERDITEDIFEEGL v 3
9.1 BREPPI P A3 coeroererrrereser oo 3
2.9 PRIl M EEFIRMITLIRATT  coorrerr e 3
2.3 SEPBAYOMEEFROMBRITIL o 3
0.4 ERFIEU, Pu AT worrrerrerresme s [RTTUTR 4
2.5 PABIPNICEES XN T BXe DT oo 4
3. IMAIC & BEREIAE EAMITEETR  rroeerrero e e 6
3.1 BREHRI R 2C 2 b JUAFHT  veeeeererrssem st 6
3.9 BREEEEIIZEGEEL  coeeerrroesrerrmm e e e 7
4, PEEAREOBER UEEAITREE o 8
4.1 FESTHEIEICL S WESARIMEERER oo 8
4.2 TMAR & BHEIEABREBRAMT oo 9

X




PNC-TN9410 85-135(2)

1. BRI X 2 AR B R

1.1 PAEESRRER
PhotoQ — 1 7 0A 6 v o0&iBRBROMNE L <7 o BEEZFR Y,
(1) #ARNo70A 623 GitElo, TS vv2vy —HER)

Photo 0 — 2, 3izAs—PolishedfRiEic 51 2 BMEEERT. AR THT 7 v 7 v
MMAR A SRR TH 5, 77 Vi v MRBOEBEMRT S 7 v 738, SIS
OF 4 vabZoETHEEINS, FLRROMEE, PRELODFP FRANVIHEE, &
BE(LEE, ATEEO=ZBRES shd, —HEEER, AAGLIEBREED N0,

(2) EEIN0.70A 625 (8H1D) '

UM As —Polished [ U'As ~Etched IREEICH 1 5 BB H A, ©hEhPhoto 0 - 4,
"5, Photo 0 — 15, 1 6Tmd, MEHAGIREIR, MK-TRBHASHCEU L THY, Wk
gk D FP # 2 <~ 76, BHEEES, SARSHAERBO= OB, 55,
FEFHIE, FP A2 SV 7R e BBEERoBRATECRoND, —HFREER,
PAERICRRIEED SR,

{3) 3LEIN0TOA 643 (KEEID) ,

Photo 0 ~ 6, 7 i As—PolishediRAEIC 1} HHBEHETY o ATEHE Ly b RIHR
SR RETH LY, ToHERMI, - v SOABERTIIEV, BEHESRE, b
DZETL, HRGEE, FP & =¥ 7HEE - MmE{LE « AEFBOLB, 0K,

(4) FHEINo70A 644 EREID)

AsED As —Polished% TFAs —Ftched $REEIC B 2 XEAEE%E, ThE¥hPhoto 0 - 8,
9, Photo 0 — 17, 1 8ICiRde ESEHCEVT "TOYO MK- THAKFCHIDT, BT,
RUOBKESARCERES M, AREEJOYO" MK~ 11, & &BREHSES, HBELD
E L VPPIX13 £AF0E 533564 DEEMITER & B L /K% Fig. 1KiRd. COH
M5, T0A644 (PFD003) T3, HLEHOKE £510.43mme RS, H2REHE
THIH N+ LTV B, FIREEEMHIA T0A644T3.3 1 1, 533564 TIF L7
D1 BB T 5E, BEFEHSEFP #2500 7RI, S RBHEE T THE
ShduincAd S B ERERENRY b b, —AHEER, AR EREIBDH oL,

{5) FENo.70A662 (Bt1D)
REED As —Polished B FAs —Etched REEIC 51 3 RBEE %, Th < Photo 010+

* Photo0— 6§ OEBHEICHEWT, SLEIEAN Toplo—ET L H»HESI AL WA, AHREOHEE
THREF OB TEHEILT,




PNC-TN9410 85-135(2)

11, Photo 0 =19 « 2 0leind, BARMERIL T0A625 LERIC =B DK 543, AR
OEEELRIRICE O TR RSO RBHHD 5 E, XFP # 2+ AERD 2 5 »
7THTOE - YIHPIR-> T 5, WEEE, PIAHEKICRREAD DN,
(6) RN 7T0A 682
A B D As—Polished Bt FAs—Etched RHEBIC &1 5 £FHETE %, ZhFHPhoto 0 —12
* 13, Photo0 =2 1 « 2 2ieRd, MEHEMSR OCHAEIREEDL T0A625 LRAKETS 3,
(7) #EiNo.70A685 (HEE|D, E&A > a vy —#R)
Photo 0 — 1 4iTAs—PolishediREEIC Y 2 REAEHE 27T, RAFT LTS v 4w b
BB & R EHER A S CHEI0 BN TH 5, 75 v o + BRI B LI IT 2 5
v 7 RBH LR,

1.2 BEREBF L AT LICKDBER

WD FK, 70A625, 70A644, 70A662, TOAG82ICDE, F4 b=vVickD, K4EE
EANTBTLRRY, TV y b Fq 9854 F—pi B © Y FER% 2 h 2 hPig.
7, Fig. 1 3R UFig. 1 8icRd, CoOREHIKEREIc>=MHEAMA 0~ 180° OHET
DEHEER, B <Ly AR (BB £hehFig 3, Fig. 9, Fig. | 4 RUFig. 1 9
itRde BUC v v 7i8%Fig. 4, Fig. 1 0, Fig. | 5% 0Fig. 2 0 lKfd. SHEE(LLaAS
RN TEROEEEEFig. 5, Fig. 11, Fig. 1 6 ROFig, 2 1 IKiRd, B, =REN0
T0A 644D PLEFLE, HRBFEHOERMIIFg. 8 LFig 1 1itFid, XBHFEADY 7 v 2
mHE, 77 v 7HEESSVy MERIC 5% 5E&%Fig 6, Fig. 1 2, Fig 1 7 RUTig.22
sy

Lo OE, LB EZEEHES 0°~ 180° OB TBE L /=& 45 Table 11C, &
fo ¥ YA [RGB i s X B - B A Fig. 2 3 TR,



PNC-TN9410 85-135(2)

2. EPMAIC X 388 - Xv v 7HOTRANRE

2.1 BHANFP 27

E v R 6 B BEERN T0A844ic 0%, RREAOF P 43 £~

BRELNIC I, Pd,Fe #1&Mo, Ru, Rh, Tc,Pd D 2 BOERIRF-P Hriliad@ligE s n s,
Pd Fe QMBS N BMBIZ, BB 7 7WTHY, TOESTFERE Photo E — 11TR
%+, Mo, Ru, Rh, Tc, Pd #HizIEMhRE» 5, STEELASIK 10 tmé PLFOREET
EHFELTR Y, TOEHSHHEREEChart 112, WOFKER%EPhoto E—2, E -3
7y

JREIAIC B 1 3Ba, Zr,Cs, Pd, Nd, Si , Fe, Mo, Cr, RuBOATAE~B b, dbz
FLk D BEEEF RO #ER %Chart 2, Chart 3, Chart 5, Chart 6 /"9, BaZr,
C&RUNd WK € — 7 BB S his, Pd, Mo, Ru i, BEAIIFIHL TV 54&
BIRFHEEICHIEL -2 8A 605, FofiFe KoL TIHRRARRIcE (BEsh5S,

2.2 B -EEERRBOTRS®
(1) No70A625 ,
Photo E — 4, E - S KEANHERERT . v v 7HCHBEERSTHE (Fe, Cr,Ni,
Mn) QA EE S W0, ERCs, Te, UPUBEEL TV B, £0OMM, Ba, Ag BEHE
TAERABREI NI,
(2) No70A644
Photo E — 6 ICH 4 R ERT, Fv v 7THIKHEHBERSTH (Fe, Cr, Ni , Mn)D
BMEEES LV, Cs, SHBESNS,
(3) No70A662 .
Photo B — T ICHASHERER T Fr v 7THICHBEBRS TROBHZEEsLTY
#, Cs, Te, Ag, UDEEBIN S,
{d) NoT0A682
Photo E — 8 KEI AW RET T, ¥+ v THIEAERA LR TH 5Cr, Fe, NibsH
BiANE, FROOBERWESTEEDKNLSY, 4%, 4BTH3, Tofi¥r v 7AK
i1, Cs, UDHlE zNh 5,

2.3 2EEFEY (Mo—Ru— Rh—Te—PdiE )} O##HEARIOHEKIEL
v ESEH B, REREEE (No 70A644) IO ERIE L, MEMNR & LIc&BIRIr




PNC-TN9410 85-135(2)

HE, SREREE 20X PEAMR Y v PN, duldlid 5w (LA T To B &
it (GFt 8D Exigs e Lz,

HIE 12 SRR (Pure Mo, Ru, Rh, PA)ARIE L, KICEISET, No.T0AG44506%
MEL, FERRICH 2BHMERERD I BLHOILREE 2B LR F R E
IGL, 7@y b L5 7 %Fig 2 4iTRT,

BRERF P OLEI Mo ERuTH Y, HRESEE TP OBENE -T2,

2.4 HEHAOPu, UDSH
(1) No70A625

U, Puic 20T, dubdd O WEE LR~ L @R % Chart 7 KR, BF
BRY» 5, SEELARR OREFEERICU, Pu OSpot M973 B2 55 X1 5, Photo
E — 9 IS EBOU, Pu O AMTER AR T '

(2) No70A644

U,Pult 20T, PLEILRL D HEE S E~EM L8R 4 Chart 8 it R4, 8
SITERD SPUDBAH &L BO N S BEE(LRBD SNy, UL, Bibstees [Fkzic 41
HERIBUVTU, Pud Spot NI HNBEE S h 3,

RICHEBEHEEME (1 28 KB 53, PuRUU QKX BRELARE LR, ¥
BEAMMECHIGEL T 0y b LIc 7 7%Fig. 2 510K, U, Puld ¥ &AM 50 THR
TORBMLTVE D0, BE—EBETH 3. ARBOREEBETIHBED 5 v +4%
¢, A= -TW 3,

(3) Ne.70A682

U, PuiZ 20 Tl & O # B E 5 m~58HE L 7o R85 R4 Chart 9 ic 7", No.70A625

LFEROER TS 3,

25 BHEACEFEINTOHSXe OO
(1} JESE:

BRAICRRE SN TOEXe HMETH3/20, BHETEORNERELRN 1 2A GEY
PR 0.1 £ A) ICHEME R E 7, £~ 2BERE S50 2m ¢ ICED TRKE L Fzo XeLa—X
BRI, 3.015A ThB, 2L TRY hax—47%3000A~3040A £ T0001A XS
v TEHRELEY, 82575 7T1 0 BEFAILKER RS FL%E 3¢ &ICk UKeLa- X
ROBERUEE ZRIEL 12

(2) RIEFHEE

SN0 TOA 625, No7T0A644, No70A662, No7TOAB82IC D& Z 24, MREIHALE 5

< Uy PS8 Point MIFE Lico BEX XY M LVEFig 2 6 ~Pig. 2 910 Rd, BEH



PNC-TN9410 85-135(2)

R T XeD E— o HHONDY, SHEEMARROTPAZ NV THEBL OB LALTRIE
N,

FNEFNOHEED» /N9 7 75V F (B +G) %2 L5l ¢ &ick R I HPRAHE
SHEbk e~ 2 Bk, <Ly FMERFRAICESE 7oy L7 7% Fig. 30 IR
+, E—EREESL Y FRBCERMAICRRESh TV XeRICHIEYT %, Fig. 3095
RO ED DB, 1) ~by FEBHETH: Xell B, WEBARTRIE—EHETDH
2O L TEBEESTRABICETL, S5ICF « PARSVTRIRTIEIRT ST,
2) HREH T ABARFTHE L TAS & PROSIMEIME (No 70 A644) TXelREIIR
EiEE75->T B,




PNC-TN9410 85-135(2)

3. IMARL S IBWE BAHTRR

3.1 BERNRRYT PILSH
(1) No.70A825

MR- BHERRE (1A v e - 2B 100 2m ) DBEER <Y F v %Fig, 3 112, MK
FEGPNE (14 Y € - 2% 1 mme) OERZ <2 b LEFig 3 2 KR, ME— a3
BHEAMARY b 5,%Cs ,'¥Cs OF P BBEIN B, MBS S 13, BEK9 0,
1408 X160 EAIC '~ 27 B E NG, ThlF, BORNEHHREFACEETH S, H
L, 160640~ 7120 T, MOERF PR E BN S,

RIC, 44 €L7% 1002mé T 100 #m MBIRIC BB A L DR Sl % 588 2
FYYETEY, BEARY P ERD I, Fe S2Cr,97Cs 1350, B8 289, 238 [y 416

29pu+160, 23818, BB 416 (g, 289y +10 2 U+ O, DIR TSR £ Fig, 3 3~
Fig. 3 7TitR%,
*°Fe,’*Cr MRIAIC € — 7 BB S AW, Cs RERE 137, 135, 1333t Gap &,
MEAE I C - 2 AN B,
{2) No70A644 (F.LZEFEH)

R - R ESRR (14 Y- 4B 1004me) DBER <5 b VEFig 3 81z, ke
EAEGERR (147 - 2% 1mme) DERR <2 b L %Fig. 3 91RE, MK - s
BIRER <7 b i 5% Cs, ¥°Cs, W CsDF PHBRE NS, MEEHRD 2 <25 kb
Sid, HEHI0, 140RT 160EAIC ©— 7 BEE Sh 3,

WIZA A4 Y €= 7 2R 1004mé T 100 om MR HBEAR L 0 KD OETL % TEE
2% VEFEVERR S b kR, e, 2Cr, B1Cs, 195Cs, 133Cs, 28, 230py,
U, PIU+ 00, BPut+0, BPY4 B0, BYLIQ, , BIPy 4150, 85160, Dl SME

FEE%E Fig, 40 ~Fig. 44 IR $,

17Cs, 135Cs, P Csic D TR Gap DM, HKIAAEEIIC B LT bEZEEINS,
(3] No70A662

MR - B EIRRE (A4 Y - 4B 100me) DEBX <2 b LEFig 4 5icq7d, &
TARRERE SRR (14~ £~ 4% 1 mme) DER A=Y b V%EFig, 4 6 IRd, B
—WEERABS 5 Cs, Cs, WICsOF P BRI EN B, MEHPRIHD 2 <2 |
Hid, BEHI0, 140RUI60EEIR E— 7 BEmsh3,

RiTA4 42 €= £ 100 sm¢ T 100 4m BRI BB/ L D Hhch st & T x +
ﬂ’y%ﬁfiﬁ‘ikbf:,“l?e 52Cr 137CS ISSCS’ISSCS 2391:)11’238'[],235{_}-J 238U+IGO, 239Pu
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160 28 16 28y I60, 2ISTI4IR0, 2P0, D AT R % Fig. 47 ~Fig. 51
CRd o 137(35,”’F’Cs,m(l.s 13 Gap P & BB RIRICBIZE S 1L b,
(4) NoT0A682 |
44 vE—LR%E100#me T 100 2m MR #EEARAL O hRali £ THERER + ¥
Y RRVER R <7 b ERBE, PFe, *Cr, 1¥7Cs, % Cs, 1¥Cs, #Pu, ¥PU,H0 U,
238 (74160, 239py +160, 2P0, BEY+1Q, , PPU+T 0z , P Pu + O DIRSITHER
%Fig. 5 2 ~Fig. 5 6 IR oCs 3GapHRUHMEARIC BT HBBEI AL,

3.2 BREAERR
BRE ALy RIS CEREAED %€ - AZH Llmme ©TC, EESHEK ] 0ENEL,

FOEHIED RO IBBEEETRITT T

e A lu Ipu Ind AR %
T0AB25 2652144 1277310 4335 1.22
T0A644 2205123 1095801 5616 1.87
T0AG62 2038240 1006362 3372 L23
70A682 - 1274802 701480 1650 0.93

R (a %) OB, RAZAVI,

‘ Ind ./ (2.966x0.0343)
a %= X100
Tu+Ipu/ 1.290 +Ind,~ (2.966x0.0343)

1.290 +-eeees U,Pud A4 v{LEhaEit
2,966 «--rree U,Nd O A A& v {LzhEtt
00325 oo Nd O#SFINE
IMA AL kDA ABEELE, FEMAREY viFRBERE LT oy PLT T 7
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4. WEENREOBER E Bk E

REEALEERR PEHRS TRE(LE B~ 7o, PINNo.70A6 (S Tube ) MISPINN
B4 (K —Tube)k b zhZh, @HENCS 7, 84 RBP4 2, BB € T
P oONBRUWEHEARTERE (BE£7~4) 2 FTHkR,

Specimen Position  (mm) Clad Temperatg;g)
No. DeF-P-B — Quter —
# T0A627 110 ~1155 (5.5) 380
# 70A646 336.2~340.5 (4.3) 470 | S.Tube
# 708661 506.5~513.8 (7.3) 525
# 704681 606.5~614.5 (8.0) 565 Lot No
T0A6A 1480.5~1484.5 (4.0) 560 $003
# 70B42C 81.5~ 90.5 (9.0) 370
70B 44C ‘ 173.5~182.5 ( » ) 410
® T0B 46 265.5~2745 ( ~ ) 455 K. Tube
70848 356.5~365.5 ( # ) 480
A T0B4A 438.5~4475 (# ) 500 Lot No
T0B 4C 530.5~539.5 ( ~ ) 535 K002
# 70B 4EC 631.5~640.5 ( ~ ) 565
70B 4G 950.5~959.5 ( ) 560

# IMAILZERMEERLRE

41 EEETHEMBCI2BETAEDEERE
(1) PiNNo70A6 (S. Tube)

Phot S-1 I EATFHMBEEHE (800X, 2400X, 8000X)% R, EEEHR (No. 704
627) THE, RELEBHNMINEMCEDON TV 2052 O_LEHEREIEETT (No 70A646)
TES HEBEVTHEOMIEYS 5h, BMAPBHLTV2 b0 EEPn 3, SR EH
(No. 70A661, No70A681, No7OABANC BT, EHMORALE L < £ITL, RMEIC IR
TRONEMGERH 0, TORDRERI XD TEE & Bbh s BHE R sh 5.
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(2) PiN No70B4 (K.Tube)

Photo S — 2 K EHEBTEAMES (800X, 2400, 8000X) Z/R7,

[EIRECEE (No. T0B 42C) TI3#9 0.4 um¢ LN ORF S HBH EIcHE LT 5, B
KHic s W THEORFROMIBALNE, TOLEB (N 70B4C) it  EREH T IF
WL TVS,

thif sl (No70B46) Tid, RERTFRIEBEAIEESNLL, T LE (N.70B48, No
70B 44, No 70B ACHT b < it LIz OB OFADETT LT 5, BM Lic 3N T~ 2
g a NG, 2HESNREBRICL ZEBBEINS,

BEES (No 7T0B4EC, Mo 70B4G) T}, BHOFRNEBEICHETL, BRICXDREELL
LELNAHTASHBE L, TOFRRAREBIILE-TWS,

4.2 MACKZREEARDEEMTER
WREAEEORS CERLELE(EHE~SE ), TOAS Y (SH), T0B4 Y (K#D
b, ThTh4FHEZRTREL 1,
Fig. 5 8 icFe, Cr, Ni, MnDZEE A (£—4E 1mmé,50 BR £+ ) 774 kR
To TNODHEZEBLILDETRIEFRT,

PiN No. PIN No. TOA 6 PIN No.70B 4
BRI S Tube) _ (K Tube)
- . Fe: £k N 0.4 pmiE S TEEDNHD |Fe: 6 £
" Cr: BELD 04sm S FTEEHFHD | Cr: Kifik b 0.4 #miES % TREARD
No. zgggozc 7) (S| Ni: Z4bisL Ni @ EAED 5 0.4 pmiEsE CEESED
No. 7(%37 %g(c::(%) Mn: FHi 5 04 pm S + THREE DRI Mn: @5 0.4 amiEX % TERE HHEM
EF] ﬁ %K E‘gf;‘_l\&o! CI' » Mn ;tt-ﬁC??Eéjirﬁl’\@lﬁﬁ”E E | E
No. T0A646(S}
(470°C)
No. 708 46(K)
(455°C)
. Fe : ZE{LiSL Fe:fd £
= B . ‘ N : .
s6165) Cr: EEP S 1 pm ES T THEABEN  |Cr: Zild5 0.6 amiES $ THEEHIEM
No. 70A66 '
(525°C) | Ni: HEH5 1 um ES T TEESRHD (N E#EDS 0.6 pmiFS T TRENRD
No. 7(0% téAéK)) Mn: FHEAG 1 pmiES € TRENED | Mn: 2L
5 [+7
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PiN No. PIN No.70A 6 PIN No.70R 4
e A (S Tube) (K Tube)
o Fe : Z{tisL Fe: it 5 0.9 pmBEE & THRERL
% 5 iR 8

Cr: FRil» 5 1.8 amiRs & THRED W Cr: FEh s 0.9 amils & B
No. T0A681(S) | Ni: i o 1.8 pmi X F THEHSHL

asel Ni : S 0.9 amiES T THERD
No. '2%36 gEQéJSK) Mn: FZifir 5 1.8 umiES $TREEHED] n Bl S 0.9 amiES & THRESED

EEEOERSE, DEK, SHEOSEEERORCICL-T, WEEEE (<2 £m) Ic
BOTELROBER LA S DN B,

E ¥ Botton ], EREITH VT, Fe, CrORDD Mn OBINMED 5N 5, dEEIC 1
TH, BSHMOBELTLIZIEEAEED LRI, 500°Cll Lo sREIc BT, Cr o
M Ni, MoDBOAED 5B, COMRAE, S HRUK M BRch s,




Table 1 Summary Data from Ceramography (PFD0O03)

Distance Clad Dia.(mm) Fuel _ Restructured Region Dia. (nm) Residual
Specimen from Pin Outer Diametral
No. Bottom Outer Inner Dia. Central Colummar Gas Bubble Densified Dark Regiom  Gap Size
{mm) {mm) Void Region Region Region Inner Outer (pm)
704625 107.9 5.491 4.787 4.706 0 0 2.481 3.000 0 0 81
704644 333.9 5.491 4.794 4,707 0.438 2,195 3.189 3.699 0 0 87
704662 520.6 5.491 4.791 4.721 0 0 2.594 3.211 0 0 72

70A682 621.5 5.491 4.795  4.680 0 0 2.556 2.995 0 0 115

(2)G€1-98 OT¥6NL-ONd




Metallography Restructured Region Dia. (mm) | Axial Ratio of
Columnar Grain

Peak Linear Power (w/cm) Central Columnar Densified

Peak Burnup {MWD/MTM) Void Region Region Longer:Shorter
MK-1 0.18 mm 2.68 mm 4.91 om 1.7:1
PPJX13 { 3%) (49%) (90%)
533564

280 w/em
48,000 MWD/MTM

MK-II 0.43 mm 2,19 mm 3.69 mm 3.3:1
PFDO03 (10%) (47%) (80%)
70A644

360 w/cm
15,800 MWD/MTM

Fig. 1 Comparison of Microstructure between Specimen No.533564 (PPJX13) and

Specimen No.704644 (PFDOO3)

(3)GET-G8 OTF6NL-ONd
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e ee—s POROUS EQUIAXED 278
— o — DENSIFICATION

180 A(DEG)

Fig. 2 A Transverse Section of a Core Fuel Pin I1lustrated
by PINATD (Specimen No.70A625)
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Fig. 3 Circumferential Distribution of Cladding Outer Diameter,
Cladding Inner Diameter and Pellet Outer Diameter
(Specimen No.70A625)
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Fig. 5 Circumferential Distribution of Dencified Equiaxed
Grains Region Diameter and Porous Equiaxed Region
Diameter {Specimen No.70A625)
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— 7
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Fig. 7 A Transverse Section of a Core Fuel Pin Illustrated
by PINATD (Specimen No.70A644)
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Fig. 8 Circumferential Distribution of Central
Void Area Diameter (Specimen No.70A644)
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Fig. 9 Circumferential Distribution of Cladding Outer
Diameter, Cladding Inner Diameter and Pellet
Outer Diameter (Specimen No.70A644)
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Fig. 10 Width of Gap to Circumferential Distribution
(Specimen No.70A644)
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Fig. 11 Circumferential Distribution of Columner Grains
Region Diameter, Dencified Equiaxed Grains Region
Diameter and Porous Equiaxed Grains Region Diameter
(Specimen No.70A644)
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Fig. 12 Crack Fraction and Cumulative Crack Area to
Radius Ratio (Specimen No.70A644)
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Fig. 13 A Transverse Section of a Core Fuel Pin Illustrated
by PINATD (Specimen No.70A662)
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Fig. 14 Circumferential Distribution of Cladding Quter
Diameter, Cladding Inner Diameter and Pellet Quter
Diameter (Specimen No.70A662)
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Fig. 15 Width of Gap to Circumferential Distribution
(Specimen No.70A662)
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Fig. 16 Circumferential Distribution of Dencified Equiaxed
Grains Region Diameter and Porous Equiaxed Region
Diameter ?Specimen No.70A662)
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Fig. 18 A Transverse Section of a Core Fuel Pin I1lustrated
- by PINATD (Specimen No.70A682)
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Fig. 19 Circumferential Distribution of Cladding Outer
Diameter, Cladding Inner Diameter and Pellet
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Fig. 26 Raw Counting Data Over Xe-La X-ray Line (Specimen No .70A625)
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Fig. 27 Raw Counting Data Over Xe-La X-ray Line (Specimen No.70A644)
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Fig. 28 Raw Counting Data Over Xe-Lo X-ray Line (Specimen No.70A662)
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Photo.0-15 Optical Micrograph of the Transverse Section of
the Core Fuel Pin (Specimen No.70A625) As-Etched
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Photo.0-16 Optical Microstructure of the Core
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Photo,0~17 Optical Micrograph of the Transverse Section of
the Core Fuel Pin (Specimen No.70A644) As-Etched
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Photo,0-19 Optical Micrograph of the Transverse Section of
the Core Fuel Pin (Specimen No.70A662) As-Etched
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, Photo.E-2 Various X-ray Images of the Metallic Inclusion
in the Fuel (Specimen No.70A644)




PNC-TN9410 85-135(2)

Photo.E-3 Various X-ray Images of the Metallic Inclusion
in the Fuel (Specimen No.70A644)
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Photo.E-4 Various X-ray Images of the Gap Part between
the Core Fuel and Cladding (Specimen No.70A625)

— 67 —




PNC-TN9410 85-135(2)

Cladd‘ing—q‘«— Gap. __)"__ Fuel

Photo.E-5 Various X-ray Images of the Gap Part between
the Core Fuel and Cladding (Specimen No.70A625)
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Photo.E-6 Various X-ray Images of the Gap Part between
the Core Fuel and Cladding (Specimen No.70A644)
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Photo.E-7 Various X-ray Images of the Gap Part between

the Core Fuel and Cladding (Specimen No.70A662)
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Photo.E-8 Various X-ray Images of the Gap Part between
the Core Fuel and Cladding (Specimen No.70A682)
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Photo.E-9 U-Mo and Pu-MB X-ray Images of the Fuel Outer Region
(Specimen No.70A625)
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Photo.S-1 Secondary Electron Micrographs of the Core
Fuel Cladding Outer Surface (Pin No.70A6)
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Chart 1 Spectral Analyses of the Metallic Inclusion in the Fuel
(Specimen No.70A644)

Chart 2 Line Analyses by Zr-La and Ba-La from the Fuel Center to Cladding
(Specimen No.70A644)
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Chart 3 Line Analyses by Pd-La and Cs-La from the Fuel Center to Cladding
(Specimen No.70A644)

Chart 4 Line Analyses by Si-Ka and Nd-La from the Fuel Center to Cladding
(Specimen No.70A644)
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Chart 5 Line Analyses by Fe-Ka and Mo-La from the Fuel Center to Cladding
(Specimen Mo.70A644)

Chart 6 Line Analyses by Ru-La and Cr-Ke from the Fuel Center to Cladding
(Specimen No.70A644)
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Chart 7 Line Analyses by U-Ma and Pu-Mg from the fuel Center to Cladding
(Specimen No. 704 625)
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Chart 8 Line Analyses by U-Ma and Pu-Mg from the Fuel Center to Cladding
(Specimen No.70A644)
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Chart 9 Line Analyses by U-Ma and Pu-Mg from the Fuel Center to Cladding
(Specimen No.70A662)




