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Irradiation Test of B Type Irradiation Subassembly’
(PFBO11) in "JOYO” MK—T

Metallographic Examination of Plenum Predefected Fuel Pins

Shigeharu Ukai*, Tadao Sugiyama¥*,
Ichiro Unno* ; Naoya Kushida¥*,
Itaru Shibahara* and Keiichi Kono#

Abstract
Irradiation Test of plenum predefected pin was conducted
to confirm the ability of failed fuel detection and location

(FFDL) system in "JOYO". The B type irradiation subassembly

"PFB011" was used for this test, which contained two plenum

predefected pins, sibling pin and stainless steel dummy rods.

This subassembly was irradiated for one and half days at

reactor position 1D1 during 100 MW reactor power. Ceramo-

graphic observation and elemental analyses of both plenum
predefected pins were carried out in metallography cell of

Fuels Monitoring Facility (FMF).

Following results were obtained in this test.

(1) The sodium fuel reaction was observed along the grain
boundary of outer surface of the pellet in one of plenum
predefected éin (8222 pin). The fuel restructuring did
not appear clearly in center region of this fuel pin.
The sodium fuel reaction was ﬁot identified in the other

plenum predefected pin (8927 pin).

*Analysis and Evaluation Section, Fuels and Materials Division,
O-arai Engineering Center.
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(2)

(3)

(4)

(5)

(6)

(7

It was observed that sodium reacted considerably with
fuel in the region from middle toward bottom of fuel
column of 8922 pin, and average radial gap width at
middle of fuel column reduced from 85 um to 11 pm.

The pellet length at middle of fuel column of 8922 pin
increased from 9.0 mm (Fabrication Spec.) to 9.56 mm.
The fuel stack length increase of 9.5 mm measured by
X-ray radiograph was confirméd to be caused by fuel
swelling due to the sodium fuel reaction.

Sodium-U0, (insulator pellet) reaction was not observed
at all.

The asymmetrical shapes of central void and columnar
region were observed at middle of fuel column of 8927
pin, in which the sodium fuel reaction was not identified.
The average gap width at middle of fuel column of 8927
pin remained 68 pm in radius.

Based on above results, it was supposed that sodium did
not enter into the 8927 pin during reactor operation.
The difference of fuel microstructure between 8922 pin
and 8927 pin was supposed to be caused by fuel temper-
ature decrease of 89222 pin due to sodium ingress and
gap closure induced by fuelésodium reaction swelling

during reactor operation.
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Rly b rROBEFER LI > T0B, BEHITET 2 %0 <Ly FMESEIESHTE
W, BELLTREHRTHE 9+ 1mERET 2, 2572 LABEEECEIEAEL
ety P REDPOKRE ZMOVBERIROL ST B,

- Cladding

A, 956 1m— 9.0mm=056 1m (¥6.2 BOMI)
B. 938%m— 90m=0.389%m (4.3% D)
C. 9310m—9.0m=0.310m (¥3.4 %DM
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HEEHIBEL Y 5 LB OMET, Na — BRREHESF L CHEShIENTSHY,
RUy PRIZBATE2SMUTNAE L EILIEh, —H, X8RI VAT 77 4 —TRIESNI
PIETORY v 7&l, 563.5mTHY, WERKDRASY » 7RII5 5 4@6355@?%@@
UHRIE(563.5~564)+554X100=1THTHB, LD HMAEETE, Na-
BRIRIGICE 3Ry DR E Y Y7k B D EEL SN B,

(2) EPMAI BAHEER

Fig.7CEMMrhB%Rd. Photo.E—8ic#kl—NaREHOU, Pu, NaD@ES
FERATT. FUBRRRICR-> TELTH B, BRAIRICIES > T3 b0 bBAHNICHE
B 55,

5.4 BUENL892282( 8922 P LiikiFESE DFCB: 536.1m, X/L=095)
(1) JEFFRRERIC L BE
ARBOA s — Polished RU As —E tched REEDOHFEEE % Photo. O— 1 5 ~Photo. O
1 BieR T, AN, MR T AR LM I H~ Na — BRRISOSIARD
1<, BESEmIRIG L THAEHS &G LTWREWRBAMWEELTWS, Bl - EE+
vy TIRITERLFEEES TS L pmTH B,

5.5 E4iN0892285( 8922 K A vi 2L —¥ /iRilNREHEREHINGEER)
(1) SeAEEERER & 288
AREID As —Polished REONEEEEE % Photo, 0—1 9 ~Photo. 0—2 1 IKFRT, Sl
KRBT, BNMARES 5 7BRIRUA YV av~4 BERET, Na — BRENIGHEE sh
By L, A ¥Yal—4UQ: & Na DRIGIZE - o (BB 6Hiiln,
{2) EPMACXBMHR
Fig. 7T WHEMMIB#Rd, Photo. E—9 it/ 4 v a b —#EHDNa, U, Pud
EAFERET T, FIN & Na ORIGHERSN G, 1Y valb -5 00 ERRIBLT
WWT EsbhE, i, Photo. E—1 0 KFLMARIRIGEHONa, U, PuEIITHER
Iy N

5.6 EMND892722 (8927 KritARAIERRETERM DFCB: 246.5m X/L=045)
FFERHIB 9 2 7T OBE Y 5 AthREH S LAENT, 8922 vDEMN892-
2 4 2 L BIFE—HA AR ICES T B,
(1} JEEFAMERIc X 2H%
As—Polished U As — Etched IREBDNEAEE % Photo. 0—2 2 ~Photo. 0—2 51

_8_
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T RAROBBAERICIE, 8922 icabh/icNa —BEEGRE - {Bvoh
T, B HREE v v TIREEEAEETH 6 8 pmTH B, F B DLEN, HRE
PEEINDY, TOBREVWTH>TH VERSERORENORE I Y FHEB LN
5o HEREAICHRIT L v R4 FHBEIhEC Eh D, POLERLEL Y XkE4 Fod
IDERND R A — TR K » TS N T ER I BB,

8922 Y BTHLE, BIAN1 OW, BB, -~ LABEL TS, HBERE
BEASHIEE S, TOCEEN a—BHRENECTO RV T EREBRELTWS &£ 5035,

(20 EPMAITX 35

e HEHE £ v » 7O Na D EHE LR %A Photo. E—~ 1 1IZ/RY, Na EF+ v
THOBEZRITOLDFEL T 50, BBEORIGRE > 1 D ORI BBy
A, 75 w7, BLEILFICET 5 Na 2mREEBIEE UER% Photo. E—1 2iTRT,
Na JFhlELRRBEEAEEEYY, K75 v 7HIREELTWA L &bk 5,
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6. EHBREROILY

8§922EYE89 27 YOHARAIRORENCD & LEEAMSEC L 21888, EPMA

& IMAIC X BRI EHSE LT Table 5 iciies, MLy ORBREREE L0 5 ERD

RHEE s,
8922V (7L AATRiaE )

(1) ZVvFAHOR Yy bSO EYRICBALLN aldBE —SBEF v v 72w LIV
PYEHD S 59 7ITZ>T by PRICEALTH S, DL LTy FRIKEALK
N a ZRHERRAICR > THRERIELTVS, L LBEIESS 1.5 B EEEMTH - /o
DB IRRICE EE D, BAMIC LARANIET LT,

(2) Ruy MEFRTHZ L, Na—BERENECTORERIE <V MBRARICESH, €D
WEICESRI=A 702 5 v I ORGEVVYIRI 79 7BERINTO 3, <Ly FlERE
BEERESAETELNTO ARET, HRTHEBELRE CTHE,

(3) WMAETHBE, Na —BRERBZRE S 5 Aduliih 5 T I TEL L, &7 AFibE
DA-WFFr o 7RBIE1 1 em (BAMD)KETHDPLTE Y, BHPITIEINa —#BERIGIC
PSRy P ORRICE DIRE —BHBEEOWHRTHEER (PCMI ) SRE L THW & FRlSN
5o EVHARHETEONTVS 0. 280EMBRCOPCMIICLDELL DEEL LN S,
Fholy MREMELLER, #7500 TEEKRLS 6micETHEML T, XEF Y
AT 74 CEBRY » I REMBOREE+ 9.5miENa —MERISIC XS 22 ) ¥ JiCER
LT3 EEL GRS,

4) Na&4vv;v~&&Vwonzéwﬁmmﬁanﬁho

8927/ (7LF s ANTRKE Y )

(1) BE-#EEY > v 7AKNaBEELTH Y, BHEORBEEBH LIV, EVE
RATTH8 9 2 2 £ AN 2.6 g PERMISED 5HTHY, COk3ENald, S
K d 20 FEERICERS N F FD LBERRPICE Y RIZEA L. bDETFiRlSH 5

{2) vy bRLERICROZE, EREVERSh, ThHDERRVWT2THS5500, #E
BENP8 922 YLD BUEAL-TLLERLTNS,

(3) B —HEEESEF v v VIBEIHET 6 8 pmFELT VB,
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7. AUy MIEBRABHMERRANDF PUDAD
RAEECETEBER

AUy PR oM 2ROHEBRBREERICE, Soh DAY YY-AdEEN TS, L
PLEORRIE3 00 CTH B, WEHHEEMS 00 CREFLUABETRY v IBERL,
TRAD A 2 AT 5 & 5B STV 3, ERBRIOFHER 2ics1T, 100
MW H/HEGEPICR AR BRHLTHEVYRIEF )T LEBA LAV EVSFRITH»F2, L L
SAEDBEEROBRHBEABRERIC LS, —HDBEH (80927 V) itRFERRITF M) Y
LIBRALIEEBEZ ShAFTIOTFAL—FT 5. LALMOER (8922 )RNa —BREK
EBR#T LeryEENe@BHonsd &ps, 10 0 MWESHRICITIZF ) wake YAl
BRALTOWEEZEZ OB, Z TV A AR CAIcF M) T AHBA LRI
DERFT B,

7.1 BHEENTOFERITESR
BEBIO TR EBE, + F Y vaidl 00 MWEERICE ©VRICBART, HEE
RUFFDLERRICZ Y v b2 LBAL, BHERBREICE O TERY v bIETTH b
)& ABSE Y RARER LTO BE 05 TFRTS -F
T TEEB) BRERE L 75 v MUEDEE AR L, FRIBITEROEELRNS,
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FETFEEs%, Bk DBHHADEBER 25 0CH5370CI LRI ABIBT Y
¥y —diEd 5, TOKROBRAEIX 1.9 1kg/ob THB, —F, —KRHRIZ100%5TH
B1HRY »y MEAER 1.5 6 5kg S & 78, BRAS R BipEIMdicitishs, £oko
100MWHAI~O_LRPICERAEIE LR T 20200 ERAO HF R it d f,
1.5 6 5 kg/chDIETNT ¥ G BHHBERANDT b Y ¥ LOERAIRIT,

Z )y MAEOEIOERE LT, —RERY 7OHEFEHOE S 5H, Thicks X
Yy FEREZEENEIE 37X 10 kg /edTHY, 7 MY U LBARKHELERE 0.0 29 6kg/od
KA L 5 BN Tesh, 10 0MWBERHICBT 3ERAR~OT b U Y ADRAIR T &FH
Ehi, —5, 100MWHS 7T sSMWAOHABETRGFEIERRICB T, F¥R7VF4E
EhH417CHh525 0CIIETT B, CHIHEVEYRESE 10 0 B—REHENONE
1.5 6 5ke/chickifEd 270, RV v bBEDF M) DANBAT S, BATEF I VLE
N i, U LEEST.5dTHILDRDLIITIES,

250+273
AVI VI_VO—V‘L(_—')_'? ( >=1.82cﬂ
417+273

LTV, T1 3 100 MWHARO 7 L+ A BHLEF
Vo, To ;s PELEO7LVFLEBREEE
EFESFFDLEREMNERES N, TOBICR—KRF P2 a4FL3 1ke/ cdicET

ERFTB0, CHCHETEF ) 9LERY » P EDBAT S, ZDOB AV, BIRD L ST
b0

P, 1.476
d%=vr4h=vz(1——>=(15—L82)(1————)=298d
P; 3.10

TTTVa, P ; FELHOFLF 2BHEFVF 2EN (1 RFBHET 5 %8
Vi, Ps ; FFDLEGERO T LF LB E TV £ ES
s, FELERRUZDHOFFDLEERHCHBNTL8cl ( 1.82+2.98 YDF b+ Y v ads
EYRITBATEC LiCiid, LALIDEIRBSEGSF Y vab~vid, Ry b&D EA
IAIET B4, FFDLBBMEhIcR Y v FMIEX D BRI b U vaddihish, BHESR
Bt YRIRBELTHWAF M) vaiik, RV P LD TROECYAEEERLLS, TOK
i1 2. 9aThHD, BRELKBRTELATY 2ERENE L 3IE—FT 5,

7.2 10 OMWHAERRIZHNT, 892 2EVICHFPUSLLRRA UEER
B HARRERIck3E, 8022 TR0 O MWHAIROEEA3 T 3W/ aTEL 3
EFRIEShZMEHEBELERLTEST, 10 OMWORSEICcE Y AICH b ) T AB8EBA
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Table I Specfication of JOYO MK—-I Fuel Pin
2| = H [F- . I H t 2
v N Az l—F by b
£ K 1533+2m R UO0:
By b 2Fy 7R | 55 05 m #H B 4.6 010.5 m
HRERR 4.800%40.0 2 5mm¢ B & 1241 mm
v S 5.500+%0.0 30mm¢ 2% Ui 0.2w,/ 0
»  RE 0.350+0.030m E E 94+ 1%TD
Frw(/370) |1702m
wHEE
BRS Ly b B AISI—3164%
H]OR PuQ;z +UQ, TafRk HETERRE
g oA 941 me | HIER BHE |AEEg
BE # 4.6 310.0 5m¢ T 2 0 BRI
® E 93+2%TD f==tr7)
Tbr=vsEkE|285+1% 5 0.045~0.08 5w 0
BOREWESERE (309110 Si =100
235 Ui 12.0+0.3% Mn =200
0/ MK 1.9 72003 P <0.0 4
REEARHAD =150e4/gMo S =0010
v/ £30ppm N i 13.00~14.00
Felid Ax <5 00ppm Cir 16.00~1800
B =20 Mo 2.0~3.0
C =300 Co =010
Ca <120 B =0.010
Cd <20 N =0010
ce =25 Cu =020
Cr <500 T =010
F =25 v =0.20
Mg =150 Nb+Ta =0.10
N =200 2 £0.10
Fe <1600 As <0010
Ni =500 Al <0050
Y =500
Cu+Zn+Si =700
Ag-Mn+Mo+Pb+Si|=4 00
2FMYIER <3000
Ttr=Uh e ZFy b |2200pm
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Table 2 Polishing Condition of Specimen

(min)
\ Specimen No
802222 | 892242 | 892243 | 892282} 892285 1892722
Polishing Condition
Emery Paper{Weigh
60 60 30 60 210 30
#240 800¢g
#320 ” 30 30 30 30 30 30
Grinding #400 ” 30 30 30 30 30 | 30
Polishing
#600 # 30 30 30 30 30 30
#800 500¢g 30 30 30 30 30 30
#1000 ” 30 30 30 30 30 30
Diamond Past
20 20 20 20 20 20
B 6 ¢ 300g
Final
Polishing 3 # 20 20 20 20 20 20
(Nylion Cloth)
1e 200g 20 20 20 20 20 20

Table 3 Conditions of Jonic Etching and Evaporation

Etching Evaporation
Ion Source Ar Ar
Degree of Vacuum 1.4X10°4(Torr) { 1.4X10™*(Torr)
Accelerating Voltage 1.5 (kV) 1.5 (kV)
Cathode Voltage 8~8.5 (V) 9~11.5 (V)
Magnet Current 1 (mA) 0.7 (mA)
Emission Current 3~4 (mA) 7 (mA)
Suppression Voltage 230 (V) 300 (V)
Exposure Duration 12~18 (min) 5 (min)
Matrial of Evaporation Catrbon =werreeeeen (EPMA )

Al sereeeseseinenes ( IMA)
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Table 4 Measured Gap Width of Each Specimen

( Bf7: pm)
EELR 1 2 3 4 5 6 7 3 SH
SkINo. , SEHE
802222 287 9.8 19.5 6.3 9.4 11.2 284 36.8 188
8092243 9.3 19.4 13.5 10.8 8.7 121 8.0 7.8 11.2
892282 56.9 77.6 91.3 8 2.7 36.2 1“1 1 3.7 3:5:3 51.4
892722 80.3 655 |:512 42.1 5 3.1 6 3.0 93.7 94.9 6 8.0
BUEEFHE . 85 pm
Table 5 'Summary of Resuts on Non Destruction and
Destructive Examinations of the Plenum
Predefected Pins
= I i
% g FFiN0. 892242 (DFCB : 246.8mm ) #0892 722(DFCB; 246.5mm)
FLELRWUO2THY, B
thNZE T i ® L { = }
E0.34mé
fulZEFLERII, HIRSER LR
‘ BRHCHANA T —OBBB S | e
AR g L& DESREINIC L v TR EA FHE
° £t 3,
: T | BN a RIS
REL—N 2D by FABEETY 7 7 BHICER
N .0t 7 PRRCT 7 Na i, WE—BEEF, o 7RI
| B FEURIEHED SN 5,
THSTHD
BRI - HEEORS
4‘:“”‘77“[’35 11#1’1’1 68#111
( ¥EHM )
PinNo
8922 8927
H H
v vERE{L +30g +2.6g
K7 oA 777 ek s +9.5 BRSE(AL (+ 1m)
. b mm BIEa{hiL
A%y 7 BEAL
CoreRERETO0.2 BEED
v ARE(L FERBEEL
AN S ]
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o
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O : ri-m

Fig.1

Location of Fuel Pins (Pin No8922,PinNe8927) in
the Fuel Subassembly.
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Fig.2 Structure of Fuel Pin in B-Type Irradiation
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Fig.4 Irradiation History of FFDL Irradiated Cycle.
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Linear Heat Rate (W, cm)

Linear Heat Rate (W/cn)

8927Pin
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Distance From Core Center (mm)

Fig.5 Axial Distribution of Linear Heat Rate on the
Plenum Predefected Pins.
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Analyses Positions by EPMA.
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89224210
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Fig.8 Distribution on Intensity of Nak a , UMe and PuMp in

the Na—Fuel Reaction Region.
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Fig.9 Ion Mass Spectrum of the Fuel Outer Regin.
(Specemen No. 892242)
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Photo.0—2 Optical Macrograph of the Metallographic Specimen
Cutted from the Core Fuel Pin (PinNo8927)
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" As-Polished | |

Photo.0—3 Opical Micrograph of the Transverse Section of
the Core Fuel Pin (Specimen No 892222 )As-Polished
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JOYO” MK-IT PFBO11
~ Specimen NO. 892222

As-Polished

Photo.0—4 Optical Microstructure of Core Fuel
(SpecimenNo.892222 ) As-Polished
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JOYO" MK-IT PFBO11

Specimen NO. 8 92 2929

As-Etched

Photo.0—b Optical Micrograph of the Transverse Section of the
Core Fuel Pin (SpecimenM. 892222) As-Etched
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'JOYO' MK-II PFBO‘? 1
Specimen NO. 892222

As_Etched

Photo.0—6 Optical Microstrure of the Core Fuel
{SpecimenN0o.892222 ) As-Etched
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JOYO MK-IT PFBO11
Specimen NO. 89224 2

. As-Polished

Photo.0—7 Optical Micrograph of the Transverse Section of the
Core Fuel! Pin (SpecimenNo.892242) As-Polished
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JOYO MK-TI PFBO11
Specimen NO. 892242

As-Polished

Photo.0—8 Optical Microstructure of the Core Fuel
(SpecimenNo. 892242 ) As-Polished
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PNC-TN9410 86-139

As-Etched £038923

Photo.0—9 Optical Micrograph of the Transverse Section of the
Core Fuel Pin (SpecimenNo. 892242 ) As-Etched



JOYO MK-IT PFBO11
Specimen NO. 89224 2

As-Etched

Photo.0—10 Optical Micrestructure of the Core Fuel
(SpecimenNo. 892242 ) As~Etched
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JOYO" MK-IT PFBOO1

Specimen NO. 892243

1.0 mm

TOP

BOTTON..
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As-Polished
Photo.0-11 Optical Micrograph of the Longitudinal Section of.
the Core Fuel Pin (SpecimenNo 8892243 ) As-Polished
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UOYOHI MK-T. PFBO11
‘Specimen NO. 892243

As-Polished ro3s009

Photo.0—12 Optical Microstructure of the Core Fuel
(SpecimenNo 892243 ) As-Polished
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K- PFBO11

Specimen NO. 89224 3

As-Polished

Photo.0—13 Optical Microstructure of the Core Fuel
(SpecimenNo.892243 ) As~Polished
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As-Polished

Photo.0—14 Optical Microstructure of the Core Fuel
(SpecimenNo.892243 )As-Polished
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Specimen NO. 892282

hspolished

Photo.0—15 Optical Micrograph of the Transverse Section of the
Core Fuel Pin (SpecimenNo. 892282 )As-Polished
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JOYO' MK-IT PFBO11
Specimen NO. 892282

- As-Polished

Photo.0—16 Optical Microstructure of the Core Fuel
(SpecimenNo. 892282 ) As-Pol ished
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- As-Etched

Photo.0—17 Optical Micrograph of the Transverse Section of the
Core Fuel Pin (SpecimenNo. 892282 )As-Etched
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JOYO MK-IIT PFBO11
Specimen NO. 892282

As-Etched

Photo.0—18 Optical Microstructure of the Core Fuel
(SpecimenNo. 892282 ) As-Etched
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JOYO' MK-I PFBO11
Specimen NO. 892285

TBOTTOM

50 pm

As-PoIished

Photo.0=19 Optical Micrograph of the Longitudinal Section of
the Core I'uel Pin (SpecimenNo. 892285 ) As-Polished
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'JOYO MK-IT PFBO11
Specimen NO. 892285

As-Polished _ ﬁ 038915

Photo.0—20 Optical Microsture of “the Core Fuel and Upper Insulater
UO2 Fuel (SpecimenNo. 892285 YAs-Polished
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Specimen NO.

As-Polished

Photo.0—21 Optical Microstucture of the Core Fuel
(SpecimenNo 892285 ) As-Polished
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'JOYO" MK-T PFBO11
Specimen NO. 892722

| b Ber] As-Polished

Photo.0—22 Optical Micrograph of the Transverse Section of the
Core Fuel Pin (SpecimenNo.892722) As-Polished
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JOYO MK-1I FBO11
Specimen NO. 892722

0.5 mm

As-Polished

Photo.0—-23 Optical Microstructure of the Core Fuel
(SpecimenN0.892722) As-Polished
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PNC-TN9410 86-139

1038927

Photo.0—24 Optical Miccrograph of the Transvers section of the
Core Fuel (SpecimeniNp. 892722 )As-Etched
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JOY
Specimen NO.

As-Etched

Photo.0—25 Optical Microstructure of the Core Fuel
(SpecimenNo 892722 ) As-Etched
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Photo. 0—26 Optical Microstructure of the Core Fuel Showing that Sodium Covered
the Specimen Surface.(SpecimenNo 892242 )As-Polished
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PNC-TN9410 86-139

Cladding

89222211 BSE 89222212 Na

89222213 Fe 89222214 U

Photo.E—1 X -ray Images of the Sodiun-Fuel
Reaction Region(SpecimenNu892222)



PNC-TN9410 86-139

89222215 BSE 80222216 Na

89222217 BSE 89222218 ' Na
5pm

Photo. E—2 Naka X—ray Image of the Sodium-Fuel
Reaction Regiom (SpecimenNo.892222)



PNC-TN9410 86-139

89222219 BSE

89222220 BSE 89222221 Na

89222222 U 89222223 Pu

Photo.E—3 X-ray Images in the Crack of the Pellet
(Specimen No. 892222 )



PNC-TN9410 86-139

89222205 BSE 89222206 Na

89222207 U 89222208 Pu

Photo.E—4 X-ray Images in the Void of the Pellet
( Specimen No. 892222 )



PNC-TN9410 86-139

89222201 BSE 89222202 Na

89222203 u 89222204 Pu

Photo.E—5 X-ray Images in the Crack of the Pellet
(Specimen No. 892222 )



PNC-TN9410 86-139

Gap
Cladding -ej=— Fuel

89224203 BSE 89224204 Na

10pm

Pu 89224206

89224205

Photo.E~6 X-ray Images of the Sodium-Fuel Reaction
Region (Specimen No. 892242 )



PNC-TN9410 86-139

89224211 BSE 89224212 Na

89224213 BSE 89224214 Na

20£m

Photo.E—7 Naka X-ray Image in the Crack of the
Pellet {(Specimen No. 892242 )



PNC-TN9410 86-139

98224327 BSE 89224328 Na

89224329 Pu 89224330 3]

Photo.E—8 X-ray Images of the Sodium-Fuel Reaction
Region (Specimen No. 892243 )



PNC-TN9410 86-139

89228505 BSE 89228506 Na

89228507 u 89228508 Pu

Photo.E—9 X-ray Images of the Interface between the Core Fuel
and Insulator UQ: (Specimen No. 892285 )
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89228501 BSE 89228502 Na

89228503 u 89228504 Pu

Photo.E—10 X-ray Images of the Sodium-Fuel Reaction
Region (Specimen No 892285 )
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Photo.E—11 Nake X-ray Images of the Gap Part beiween
and Cladding (Specimen No. 892722 )
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Photo.E—12 Nake X-ray Images in the Core Fuel (Specimen No. 892722)



Photo.I1—1

Ion

Images of the Core Fuel Outer Region. (Specimen No 892242 )
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Ton Images of the Crack in the Fuel (Specimen No892242)
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Chart 1 Spectral Analyses of the Metallic Inclusion in the
Fuel. (Specmen No. 892242 )






