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In the operating domestic Boiling Water Reactors (BWRs), a Zr lined
8x8 BJ type fuel rod having an outer diameter of 12.3mm together with
prepressurization up to 0.3MPa is used widely. While, in many European
BWRs, a small-sized BWR fuel rod having an outer diameter of 1l1.0mm is
used widely for reducing the heat load and for increasing the fuel reli-
ability to high burn-up stages. Near future, this fuel may be available
in domestic BWRs.

The present work was performed on this small-sized BWR fuel, where
Zr liner and rod prepressurization were taken as experimental parameters.
Experiment was done under simulated reactivity initiated accident (RIA)
conditions at Nuclear Safety Research Reactor (NSRR) belonged to Japan
Atomic Energy Research Institute (JAERI). Major remarks obtained are as
follows:

(1) Three different types of the fuel rods consisted of (a) Zr lined/
pressurized (0.65MPa), (b) Zr lined/non-pressurized and (c) non-

Zr lined/pressurized (0.65MPa) were used, respectively. Failure

thresholds of these were not less than that (260cal/g+fuel) de-
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(2)

(3

(4)
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scribed In Japanese RIA Licensing Guideline. Small-sized BWR and
conventional 8x8 BWR fuels were considered to be in almost the same
level in fafilure thresheld. Failure modes of the three were (a)
cladding melt/brittle, (b) cladding melt/brittle and (c) rupture by
large ballooning, respectively.

The magnitude of pressure pulse at fuel fragmentation was also
studied by lined/pressurized and non-lined/pressurized fueis. Above
the energy deposition of 370cal/g-fuel, mechanical energy (or pres-—
sure) was found to be released from these fragmented fuels. No
measurable difference was, however, observed between the tested
fuels and NSRR standard (and -conventional 8x8 BWR) fuels.

It is worthy of mentioning that Zr liner tended to prevent the clad-
ding from large ballooning. Non-lined/pressurized fuel tended to
cause wrinkle deformation at cladding. Hence, cladding external was
notched much by the wrinkles.

Time to fuel failure measured from the tested BWR fuels {pressuriza-
tion < (.6MPa) was longer than that measured from PWR fuels {(pres-
surization < 3.2MPa). The magnitude of the former was of the order
of 3~6s, while that of the latter was < ls. Hence, time to fuel

failure is dependent on initial pressurization level.

Keywords: Small-sized BWR Fuel, Reactivity Initiated Accident (RIA),

Fuel Failure, Melt/brittle, Rupture, Ballooning, Zirconium

Liner, Pressurization, Licensing Guideline



JAERI—M 81—211

E! X

1. OO AT RITRST RO 1
2 %%ﬁﬁ{% ......................................................................................................... 2
D 1 HREMEEMBEIFE  oreerereises et 2
2. 2 NSRRIEEE# ................................................................................................... 2
3. BEBRIEELIG LNEEEL  coerreeeeeorere et s 5
a1 %*4%@&?& L g [‘\{@ ................................................................................. 5
89 A LR & BRI U AEEEE  vovver oo 6
DG HRELZ B TE LY eeeeeeeereer i s 7
3.8 1 BREUIEZTTELE  -oveeeerevers oo 7
3.3.2 ﬁ&*j}*ﬁmﬁ .......................................................................................... 8
3.3 83 @k%j}@@ﬁ%ﬁﬂﬁg@ ........................................................................... 10
394 BREIR S o 7 OEFARLE  cerereeeemmennms s SUTSTUTRIUURRRR 11

3.4 ngﬁ?&gﬁ% ................................................................................................ 11
3.4.1 %ﬂ_%gf)Scal/g « fyel (529-1%%) ......................................................... 12

3. 4. 2 %ﬁg%zagcai/g . fuel(529_3%%) ......................................................... 13
3.4 3 %%}?‘-%275C3[/g . fUEl(aQB‘E%Eﬁ) ......................................................... 15
3.4, 4 %%%375ca1/g . fUEl(529_4£%) ......................................................... 17

3.4, 0 %ﬁlﬁfi(yf{:ai/g « Tuel (529_63§%ﬁ) ......................................................... 17
3.4.6 %?}1%415ca1/g s« Tuel (529-5%%) ......................................................... 17

4 ﬁ% - LT T T T R L R AL AL AR 18
;gj‘ E—% ............................................................................................................... 19
BRETLHR  ereeeseeeeee oot 20



JAERI—M 91—211

Contents
L. Introduction ...... G h et eses b esass e et .-
2. Experimental Method ..ieevuieveeecaaans Cerseresreeeesaaas
2.1 Fabrication of Fuel Rod .ivrvvvsvasvassasoasnesnnans .
2.2 NSRR Pulse Irradiation ....cc.uava. shersrrasnarreaaas
3. Experimental Results and Discussion .«....cieenveccenenas
3.1 Failure Threshold of the Tested Fuels ...... ceeean .o

3.2 Pressure Pulse and Mechanical Energy Conversion Ratio

3.3 Behavior of

3.3.1
3.3.2
3.3.3
3.3.4

3.4 Post-pulse

the Tested FuelS ecieecesecrernoroonneen

Surface Temperature of Cladding .eeevienoininevaa.

Rod Internal Pressure .c.ieeeissistvonnnnananneees

Axial Elongation

Maximum Expansion

3.4.1 Energy Deposition
3.4.2 Energy Deposition
3.4.3 Energy Deposition
3.4.4 Energy Deposition
3.4.5 Energy Deposition
3.4.6 Energy Deposition
4, Conclusion ...oveenvesaaa
Acknowledgment ....eceeneess
References ..veveevevenvneras

of Fuel ColUmMn  ..veeereeneereans

Irradiation Examination ........... eheeaas

.......

"e v e

258calfg+fuel (Ex.529-1) .vvvvvevvnenn

268cal/g+fuel (Ex.529-3) ......
275cal/ge+fuel (Ex.529-2) ......
375cal/gfuel (Ex.529-4) ......
407cal/g-fuel (Ex.529-6) ......
415cal/g+fuel (Ex.529-5) ......

Vi

s e e v

L

b = N O

11
il
12
13
15
17
L7
17
18
19
20



JAERI-M 91-—-Z11

.

Tt
Hp

REFHSKFBETEOH B, BHEKEE BIR)YICHV SN ZEESAL, Sl & BTN
nkdic, HEBRERICERIZEL SNEEWIFEEE LTV S, T15h5, BIREHRESET
12, AR RID)ORED T « — F3y 7 EZIF T, BEECHESRIMEESN S [ICRENS
%,

HAOEOBWRTIZ, 197TIEEEICIZ T X 7T RBWR (BAEHEZZE 4. Smm, WEO. 81om, 1 EE&HELD
OEREHEEAOA) Eh T, 19785 EITIE 8 < 8 BUBWR(AMEL2. Smm, FIED. 86mn, 1 BEAHAY
#2 1) DBEHERG3A) A%, POIREE R OBERIERT & L THREN, S0 & &0 5 HIAHTE
{bDt=hicv A —5 oy FIANELNII U, JOBATOREREERE IZ/27. 5/ kgUf2E T
Foi, TBMEMRICADL E, Ry b —EEHEIIFH (Pellet-cladding Interaction), Wi 5
PCHICEREHEADOFPIC & AR AFRIEVEE U CRET APCI-SCCRER (LU, PCIBHR) o3 5851k
EoEBERIN Y, IO, BEA-ATE, Re EFLOBSICE T CPCTRERE (R
BRSBTS N, AT RETERISE A E RS Nt @770,

ERF TR, PCIEHB A 1 = X LTG0, J A7 2 —HBWRICIR K L — 7 AERIL, #hzMu
THE L OERIFEEZERLZ 219, INOORDOBE, [1986FERICEEL/ION, 8 %8
FIBJ CEELBALR12, 3mn, PUEQ. 86mnd BirS 4 F—HENZD10%, 1HE&EKYTD OBREEK
62A, Ax—Foy F2A) THBE, TD8 X §BIHETIH, HRE*H%GD%*qL%A{MZﬁW%FF 433
MVd/kgUTH 0, BATW oD F Y =7 AREENESERICED LA TOS PP, _

20§ X 8FIBJSEL 8 X 8 Barrier JapanDELR) LEFAE U UTBEL /2D4Y, Siemens/KWU
EAPOICHFEOED ST E 9 X SEBRIEETH 2, AFSER Y Y Icshl, 209 X9
FIBWREREHED ALR L1, 0mnTH v, FHIO 7 X 7BWRD 14, Smmiz bk L T4 % ARAHEMN L 15 -
TWh, T7hs, HiicHEd s &, UX4BRI X ISEIOMREEROAZETH 510. 72mil
FLIE-TOB, T0 9 XGRBWRBEHEOSEIIAGFEE AL BN TV AD, FRiC
ERLTHELVLODR, KOETH B,

() EEHEEAEE AT X 8 BRO20kW/ md & 16kW/ miZE (§920%) ETIKTFFLI ENTE

ffosh, BBEIREA (Bnd-of-life:EOL) O¥EEHEREAMIIEINB 2 & ©%,

(2) BEBICERE —F 0 7 AR L BENL, XD THEANERE OSHINERS B, £/, Bk

EEREAMEINT 20T, MIPR PRAEGE®R) T ipisbBonsd e Y,
3) . BEEAATIT KT » &I (Water Charnel) 2 # T 2O THEFEEIEHKZINEZ
& {33) R ’

Fig. 1 55430 AT, MEHES EDIAR IZ—T134amdD IE HE i /A 11 OmnD #EHED 9 X
I FLRTEFNE N, ZOPRIPIZIE—TH2mOD FHETFKT » »RHEITF SN TS OV,

Fig, 2 1SRTHEIC, Howe S DIRE ©8 jo KU HABER 26~34MVd /kglic 3505 % 9 < 9 BWRKEMIOPCI



JAERTI—M 91—211

BeiE L X UVEIZI8. Okii/n T b, O, 8 X §BRICHE L TH S i/mEh o lsnTo
%,

ORI, THPCHEEZICBE L T, O X SBURIRERE VW 7 RADEE R IR BIF TH 6 J & 2T T — 7
e, Livl, BRAEOKISES K (Reactivity Initiated Accident, RIA) FREHIHIES 57—
A%, MEBEICBE LT, BEOEIARETH S, £IT, O3 —0 v/ G X 9BURIARHC
HERS T ZBWR 0 (RECIE, DUTFHIERBWRAAE L FRT) ACEEIL, RIMEEFEREIT->T, TOH
BLEWEPEEA A= ALEENBIE LT,

o0 % B 7 i

21 BREHEORIE

EEAFE O RIS (ERBEMD 1950 13, BRI TR BIER AR L7, Sk
K%?%I%ﬁﬁﬁﬂiﬂfﬁ(h54+—®ﬁﬁ&UWE@ﬁ%)%MMMe1m§&btoi
PR BRI O G TSR g, 315K L. SRS B, BURBEIZI0% RO
U0, (0. 123m) &3, 9% EEEOUD K (B &2 6m, FTHEIC 1 4 90) LOERSNTED, &
St EFOARICIES 2moT7 2 L HE) HERSEAINTO S, LD AL 10, 36Mg/m?
(96.4% T.D. )T, #OHKIZI. 38~C. 50mn{L/DIFFN. 2) TH 5. F o EHEO AL 00mnTH
b, BEFv v 7IRE0 1TmE L - T 5,

2.2 NSRREZST

(1) BREETE
Fig. 3 7 HAMBHEHC, PEHBEOEAS S OEEHED0E, EorhOIEREEREE
Lk D, BREHETERICE, o UL ARSI HOBMEEONEELERIFCRA L B0, B
B OROE St — (@) & & Do, REHEEERRTIE, BRERE (X7 9 7)
@%K@ﬁﬁb(@)ﬁﬁ%éﬂ,%%&56@%%%?v7®5?ﬁﬂ@@%%%:?UVV
TEAREICLTH » 7275, R OEERIHBEMICBO2® - o8, THIEH Loz, £D
4 ¢ I2E, 189, 5mm HHT A Y w FEARL VA TABOY L7 (@) EHAAALK. IO
YU, =T AV hw—A—EERL, BE RS v 7 ORKEFHEBEIRRAET S SR
rTHRL7, COBEEE, COVZBHEAIRO XEEE,ORA S o, BEHEEICE, 8
b5y ZEIOEBUEH (@) 2L, BEELEOMY FEBRICIIBE RS v 7OETIIKE
XNTVWAEHY) MEZ SV /TR BMEEE L, Sk, BmEEhRER (@) i,
PL/PL-13%Rhd 0 72 BBERH(T/C) % A Ay MEEL, WEREEEEZET=F) 7 L7
PO TR IR, ZNENOMERESIFEIINTSD, ZORNMESE S > THELD



JAERI—-M 91—-211

iR L X WEIE38. 0kk/mTh Y, TOEIE, 8§ X8 BEic s LT 5 kW mE - fo s To
%o

T ORED, TPCIIEREICES LT, 9 X SBWRIEELE W 7o RADEE R IR BIFChH B Z L ERT T — 7
REn, UL, FHOEOKISESR Reactivity Initiated Accident, RIA) fEEHIRIES 57 —
FH, MGEENCE LTI, BEOLIARETHS, TIT, I0A -1 v 8B G X §BIRIARHC
FEM 4 ZBWR 0B (RECIE, DUFHIRBIRIAKI L F5d) A2FRL, RIMSEBIERET->C, TOW
HUEWEDPTHEA A ALERHNEI oL,

2.1 HHEORE

FERH DGR (ERREER0. 135m) 1, BB TEMRICRIEE AR L 7. SRS
K%ﬁ%i@ﬂ%%”iﬂfﬁ(h54%—®%ﬂ&UME®ﬁﬁ)%HMMe1n§&btoi
F-4EE BWRIME OIS TERMATig 3 1SR L, Thhoahaikc, FORBERIXNEED
U0 B0 (0. 123m) &3, 9% EBHEDU0 Mk (BE2.6mm, FTHIC 1 792 LOMREINTED, &
ST FOMARICIIES 2mO T = A HE) AEABAINTOS, BEOERIZ . 3tMg/n’
(56. 4% T.D. )T, FDAEIZI. 38~3. 50m(L/DIFH1. 2)Th 5. T HEHEO AL 00mTH
B, BEF v TR0 1Tmd L -THh s,

2.2 NSRREZST

(1) BREWETE
Fig, 320 B0BHC, BB 52 WEERNB 2B, B o0 OiHERE T S
& D i, BEHETEICE, SOV ARBEHOBEBONEELERECESE 00, E
B SROE AR v — (@) % & D-oittc, BRERERIERTIY, KEREME (RS v 2)
IR (B) AEHEaN, LELHLIBHRY v 2 DRFHROEHEEZE-S ) VY
TE BRI LTH - 720, BEEAERIERIICBD Ad 1B, THEER LS -7, 20
S Icid, B89, 5mm HHS A Y v REANL VAN AL RO Y L7 (@) BHARAK. IO
YU, h—TAvhT—Hh—&EFL, Wﬂx9v7®ﬁﬁ§$ﬁm%ﬁﬁﬁﬁﬂmfgéﬁ
rTHk U7, COBEERE.  UVZBEAIROXEFTE, SRS & oo, BEHEEEICE, 8
h5y2ﬂ®@ﬁﬁ(®)%ﬁﬁt,%ﬂ@%ﬁ@@@(%@Li%ﬁxﬁwﬁwﬁU:im
XNTWAEY) HEZF ) L/ TEAMEE Ui, &7, BEEEERREE (@
PL/PL-13%Rhd 0 72 BBERH(T/C) % A Hy MEHEL, WEREEEEZE=S ) 7L
PR OTERIC 1, ZNENOREBESAANSN TS, ZOZENES b - THA LD



JAERI—M 91—211

0 °CHMAED, TOHME, BHEEARSTHRHOUBAZTOBICLFICRTTHILEL
tzo E1:, BETIR0CHEOBHE bicEEL
2) EBRTIFIIR

Table 253 &k 912, SFF 6 BIOEEAME L2, ZOERIINSRROEHFNHE - TH29FR L FF
124, 2 ITi2529- 1, 529-2EBOBITEIN Iz, 529-1~529-3KERIL, 3 ADREIEER
B BB B ERTHD, 502-1~500- 6EHIL, | AOWEHEE AT 2 EHRTSH 5, AEOH
B, BREHAED L B 3 EEHOMBEPEEE VT, TN o0BE L S VEPHIEA =X
LERIAT LI ECH ot, —Fh, BEOHIML, 5, Irs A1 +—  MEKEFREOERKN T
NMFE—OEHEL EWEERET LI &iILh -1,

FZhicid, Ehv o —ZOHEENE OSBRI T o e -EEs N TV 5, &
fo 529 4 ~520- 6 ERICHIL TR, BOEEE T LIFBNCIRT 5 4 72 LEHESIE D
—ELTW5,

(3) HBEtH TEL

NSRREBTid, MEHEZ O bOZEBEFLICENT 20 TIHAL, Lo SHRHIm
E%ﬁﬁ%ﬁ%?é%%ﬁfﬁw¢ﬂﬁkéﬂt@%,ﬁftwr&ﬁwx@%mﬁén%o
Fig. 113, 20H 72 LOWBEERL TS,

HOZENRT O, 3 AOBEEARRIC SV ARNT 2OIEHAT A7 72 A OREEIET
H 3, BEEIPFERHINETHRERICE - THAT B ARRBICHEING, A7 2RI
6.5 ¢ OEHE (BEIK) MEASN, A1 7 UNZERBOKT0%IE I OEIM T, HREDHN0%
DZEMRe S ATHDH NS,

MOAAN AT O, | ADBREEE OV 2B T E0ER NG A T VORI TS 5,
COAT AT, WERHEEEICE N BRI SRETAIEEERLT, ATRVEE
M OTEE (He/ AEFIE L T L+ L) 171 ¥ 75 LBIOEAFT (100kg/cm?® ) 2 H D £
fro EHBEDIENC, SRRENE ST & OFIIC L 0 B4 L BRI TR L F LR - T
BHAOMAT L F LZERICE-» TRE EF NG 2 EIFSN TS, TOREE0EHEN
B, BIERER FICEET (Floating buoy) B, HEMO L TEXICkDES
T ETFEd 200, ZONEEEFOhRPERIIHONA->TED, HEICHEAAINIH
Wos N (BEX 6m) &OMEERICEDEGEMELAHIITASATVE, §18b5, Kil
EEZE v ETRIE,

DR SEEMH L FET 2 EEIRD 6N, JOHHA t REGERDOT, v=v{(t)HE



JAERI—M 91—211

BIREE 1D, Rk DIREN GBI~ OB = & L FlgiER

ME: .1_ ITIVZ ....................................................................................... (2}
2

AEAEIENTES, TII, miz, BEHREENS BEFCHIBHMORTH 505, B
thau i &AM RIEIE B L TOADT, #NEKLASEMOYESDERIIFELL, £
7o, BREMEIZEZ ool (B0 TRAUPMNIREBEERz(cal/g » fuel) EBOEEBWIL D,

MT=Eg o WE  ooeemreree e (3)
ELTRBONE, IhE DM TR FERBEE

n :ME/MTxl[]D .............. ..................................................................... (4]
&1L B, . '

Fig. 5i&, # 7 elmifiBEARtoc LicdiE (TED ROEHEIRRHADHEROEIIE
RIE (B 2RLTwd, ZOR (B HSah 380, PRSI EREERER 2~ S 11, 95mn
FEkich 0, ZONBREPORFEAEOBERSE L L THS, TOMEBREICKD, BEHE
IS - TIRATL B K9 3—ikk (NSRREFCBSERT20w/0U-ZrH) 0o O F-H ialiiet i
i BRI TR SN TS, MEHTEIET (PU/PL-13%Ph) I ORFAdR
WEICEEINTWAS, £/, IRINTHELD, BIMEENTHOMEN (A/0) bk
dulad SET10mnBEL 7o 7B T | a7,

K FRIOEEE S S0 BT, 3 ADEEHELN NI NGBS, 1o 3HE18md
E oy 5 FIc SRR 120°CHR BT aIcanTwa, OB, AV/AEWE, bR
1 ARgHEEE R,

(3) FEENETM

Table 109056, HERBREHEOFRAMIL, 37OBERY v b (1 7ORE R
1L.3mm) A SHRSNTVWE, J03 5, EEHERVRBHEOZNEN L 7OV y OB
3. Ow/o, DI ORL v b OEREEIIHI0 &S - T b, BFL0 L v FOY0%6 13
LI UTH B0, SV ARHETT-TADL EHEORIERTIEIL Y FE-2DECE
¢, thitFHETRFNMZIZHEE L ZERICH B,

Fig. 6133 1 + — FHIFERREHET A L ZBRET L 72k, V0 Lalc D WTAH TR AN Y b AE
2LEREARLTVWS, Kb, @RUOTHRUAESD, 3 Iw/oBMHTHsd, JhICREE
N8 10w/ iR Th 5, JORMSHREAD LY FE—7 ZEHRD, w/ofEfE <Ly M &
10w/0EZHF_ L v FOERMEICH» TEOERL 12TH - 20005, —4, EEOT
VR —F 7R 06TH -7z, bbb, BEMTRESMTIZY, EHREHTS 6 % FHK

X7, NSRRTEEORBBOHEE LT, B 75 MRERUTREFAL G0 m ) —
DEASA = 720 & VDT CREEREZID ARV TVS, JOMEZROBICL TR
LNTWD, 2 UVZBEAKRT Uik, RS HACERIE 2 U1 L THY | r OB



JAERT—M 91—211

Ly FERDHEL, FRAREBART S, 80T, FORFRREAVTESAT v AXT PR
FAETH T &Ik D, SUVRBOBAEE (FHabbRAT R VFRE) MEFEICHESN
7. ERICIIKERE (B, Y90, #°Nb, 1°°Ry, *'Ba, 1*’La ) DHDICOWT, FHFERSEN
Wr- i OFREVE (cal/g -« fuel per M+ 5) 2B SNBEDT, BES ¥LIREBR L LT, %E
OHHEZER T 5, T2 LTHESNEN VDWW S RBERBEHgTH S, AEZRNLES
M7 -kgftild3. 9calcal/g « fuel per M« s THh -1z, Iokgild —BRD Shhid, F—E%RA
EPBOTLBR—ETH S, (-7, VEHEOFRIEE(cal/g - fuel) &, 170745
VF 2 oA~k EBONEERBORTEESHAIPM - s)ick b, Bg=3 P LTRD SN
5

1ods, SRRV I 2 B WO BT S HATP (MW » s) DR DBRIC L TES Iz, 977505, NRR
DRI U ADEAEIBIE, BRI « SICRVT 4 dnsTH B, /b RBIEEHE 1
FOONSRRIEFE S 3B & —E & D, LIk oBRDH-FIC L BRSNS 1 XA
W, FOT/ULRE 1 ICBI AETEES AP - $) % b o T, FEEFROF T4
BN EED I, ORI L TR EETRESEAE, TENEEMN LR D LEEL
515, NSRRTIGHER C O TETRFARALAINED 50T 5,

B0 M EPEES OB oNA AR T — 7, BEEERE, WESAL, BEBORTHoHRY,
P2 R TOME-OHEERN U XEHRE, £/, BHEER (Post-puise irradiation
examination PID)# Si5 ohiz, BRURFHRORALIE, WHFFBEOHE, Fexld
TTable 3 & L7z, BIFCR, COROEESELLAD, BICLESBHEENESEIMA
T, HEEOHEEEFNICHETIEEEIT.

3.1 BEEOKEBLEWME

(1) NSRRAZEESAEIOTE L 2 WREE0cal/g » fuel & DA
Fig. 73, & (Energy deposition)icBIL THEBEBOTRR FEHIRT ~F =270y b
L1zbOTH 2, Khicid, % & UTNSRREEEEHE GEIUE 14 < 148Y PIRIERREREHE, AR
10. 72mm) OREE L Z W E260cal /g » fuel BBEERT/REINTWS U9, &/, NSRRTERES N
8 % 8 BWRMAEHEDABF— 4 &, Koy my ML, HEUCHELAL WY L DLITDL
EWSnG,
(1) HEENENERBWRIREHE & NSRRAZHEIRE R OTE L 2 Wl T 5 &, RERICHWICHTE D
e L & OHIZ#268cal/g » fuellicd 0, HEOPHEL Z W E260cal/g » fuelZ FE-TH
LW EMan5,
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Ly FARDEL, TNAREAET S, B80T, FORFEEAVTESAT Vv AXRT vy
WAITH I EIckD, SUVABOEAEY (FHbbRAT RLFREE) MEFHIHESN
2, EBICIIEEE (B, °Ir, 7ONb, 'O%Ry, *'Ba, 1*0la B O HDIKHOWT, HFERSHD
Mpe by DREE (cal/g - fuel per Wi+ s) 2B SN BZDT, BELXLIRNEBRL LT, HEE
OFHEZEEN T 5, 29 LTBonkErWhY S REEREFHkTH S, AZRNSES
M 7-kgfild3. 9calcal/g » fuel per M« s THh-tz, TOkglllz —HRD Shhid, F—E%RA
BWTLIB—ETH B, {t-T, WEHEOWREERg(cal/g - fuel) &, =AM 707 4=
VF 2=k BN EREOETHAROHIPME - s)ick b, Bg=3.9PL L TRH N
5,

18, RAEIHME I W BTSSP » s)OEIZIROIC L TED 2, 971405, NSRR
DB L ZOEEIEIE, BRI » sIROT 4. 4dnsTH B, /UL ABIREHRE 1
P ONSRRIERE S HH I idFa & &80, LIkoBRDHE-FIz L B HENSE /1 XV
IO, FOTOULVRE I ICBI BETERES AP . )& b - T, REEFHTRFOET4
Bt hEED, TOBCL TR ETR#ESEAE, TENEEMNOZYT LD LEEL
5115, NSRRTIHER C O TTETRETARAEIED 50T 5,

8. FREERKRUEER

B0 R PSS B ONFFRT — 7, BEERE, WMESNE, BEBORTHOHRY,
IR FORE-OHERRMN 2 VXERE, £/, BHEZS (Post-puise irradiation
examination PIE} S S, BRURFHROEARILS, B FETHEOHE, FE2 L
TTable 3 & L7z, UTTH, COROMAESEL LD, sCLESZIHEERKETEDITINA
T, $SEOHEEFNICHT EEEET,

3.1 BiEOKEBLENME

(1) NSRRAZHERARI DTG L 2 WO RBEG0cal/g » fuel & DHLEK
Fig. 74, %&& (Fnergy deposition)icBIL THEBEBROTHR FEHIRT -7 %270y b
LtzbDTH 2, Khicid, % & UTNSRREESEMEHE GEIIT 14 < 148Y PIRILHREREE, AR
10. 72mm) OREIE L Z 0 260cal/g » fuel SR TREN TV S B9, &z, NSRRTERSI N
8 X 8 BWREREHED AT — 4 &, Khicroy bL, HECfEL Y, ThIDLITOZ
EWRnG,
(1) HEEUEMERBRRIREHE & NSRREZHERER O L 2 W EZ BT 5 &, KERICHVLIHTE D
e L & OMlI340268cal /g » fuelicd b, BREOPIEL SV E260cal/g » fuelZ FE[-TH
Wl EMn5,



JAERI—M 91—Z11

(i) (LSRR BWRMAKHE & 8 < BBWRMAKHE L X VBRI 2 &, AIEOBMEL VERK
968cal/g » fuellcd v, HEOTHEL B VEFRL50cal/g » fuel KO REVEI DD B, TOD
Z134918cal/g * fuel TH 5B,

(9) FEhT Ly V2 2cal/g « fuel & DEEL

FISER AERICRIT B 2RSS O s g, MEBOANE &REIMICE 2T LEOEN
0. BMPali FOMREI#RIZBI LT3, RET v 7L E212cal/g « fueld, BHEL 2B GRETLOZ

C RUd1T0cal/g - fuel) & LTHEEIHRTOVAS, Pig §id, EHTEHSEBL S VE2]cal /g -

fuel b a7, HLEIRERIEHER SIr 5 A+ — 10 § X §BWREE D 7T — 4 074 %@l
Oy FLEZLDTHE, '

ZOEN SIND L S ICHEITRBIREHEO TR L 2L T Y AV ETEI, #9227cal/g - fuel
[z b, fEeHE212cal /g » fuel £ Tl - T,

3.2 FEA/UVR SHE T R L FERE

Table 3&#EiICL 2, ’iﬁﬁﬂf"—?& LTCPig 9~11%7ER L7z, BUCI3, Affaiuieist 8
#370~415cal/g » fuel (i‘/57)l/1:°314~353ca1/g e fuel) T/ULRBE LD, 47 /VESH
MIEsF, AT RAMES (FL L) WEFRUKEEETOF -7 ThHE, 70y hSnsFiul

(X&) ki, FULRBERZ (BREnTOEn) 130.2 BTH -7

() FEh LA

CHNODOEMNG, TFENNWADF—FEFHA LI, TubE, RELLENEORKEE

H oA -1 d &4, UFORBECE - (INO0EE, Table 3IKbREINTOE)

wpis | NS A =4 OB OB RS LN ESEESN e
RARE (54 F—EI0FER) | cal/g - fuel (MPa) (MPa) G
Hid irs 4 +—/0. 648 370 0. 299 0.523 Fig. §
{ |
Hi4 irs4+—/0.370 415 ‘ 0. 295 0.163 Fig. 10
H18 | 4 +—7L /0.636 ‘ 407 0. 364 0. 102 Fig. 11
RN DIROBRISEL D,

(1) 54 F—4F/ IEOMMEMRIAERET 12, FEEAMIN(370—415¢cal /g » fue) UTH, £
S A T VERR TSR U o 72 (0. 299MPaic i L C0. 295MPa) . LML, AT R
THEE TR, 0. 520MPan 50, 160MPa & FE» UL ADNRD L, ZO0. 5o3MPa &\ S i, BTG
MCEDEHE L TSWEATH DEFOERTIE, IOMERELGEICEELADI &N
FHNTWS, FRIOBEBENRECL0d, HEXTOEIAWEONTEY, £z, Fig
§ &EFig 0L TAH T B VERTEHZEELET 2 &, FEOHIESAHLLD, Thi3
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FHLARADNT Oy POBETELL T4 v FERVEWETHD, EHEZELFREE
OF Ty b FEERLTOIIV) TN LAERIT, A& T0.299Pa, #ETIE, 0.295MPak
[AGCY i
(ii) NSRREZHEPKEUEDE LRI T 7 — 713, A7 eNMEREDTH =N TVS, £
DT, AT eNERFENARBRBICH L TS0y rT A E, Pig 120FRIZIE -7, JITH,
NSRRAEHEMRY) B9 R TX § x B BUWRBREL 042 kDB F— 5 &z, LD, HEHE
BWREXEIDE 117 UL 214, RERONSRRF — 7 EFAEERDOLWEN G5, 1, HhiciHA
L #-4m iR BWR IR R O WIERTE 1L, AFHMED. 65MPaT75 <, Table 31 RIHRIC, SV RERNIC
RE L BT AERBWTO 5, BEBANEESATMEICN L TESH LTV L0, K
WERD (3 R v — 8 SEINTIEH B, VI 0BLIDTH S,
(2} BBARAT 3 7 L F e
Fig, § ~1ISRENIKBEET A S0F — 2 HWT, B = 3L PB4 555
- kR, LUFAUG oM,

— X5 A% O B|KEEANEE
(59 +—&EE) cal/g « fuel {m/s)
HI0 | Zr3 - +—/0.646 370 1 8.5l
N4 | Zr54 +—/0.570 415 ; 6. 53
HI8 | 44 —1 0L /0.638 407 6. 32
EM ET 7
(1 (n (%)
92, 0 152, 549 0.014
86. 0 170, 521 0.014
71. 4 175, 624 0. 048

BRI B B B TR L REEED T — 7 &, {ERONSRREHEMEHRICIET TN L%
Wi LR A, Fig 1310RT, Shhd, 90 AR, HEEAIFBIRIE OB~ % L F 5
BiE, FERONSRRT— 4 LHEL T, ZRPEOIEHDD S,

3.3 BESNEELN

3.3. 1 MEHERERE
LI, BESERAEEECT— 5%, BREORWI» oIRITEET 5,
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3.3. 1.1 ZFEEhE258cal/g « fuel (529-1385%) ]
Fig. 1413, %3t &058cal/g - fuellz BT BH0EE BWREAKIENT (GRRgE, ZIr 54— 0 Hll

GEBEE, Ir5 4 +— 3R , RUNISGERE, S5+ +—4 L E) OEXKImEEOZEL
ARTF =4 Thb, HHTOT/CEATTHEIBL TV A, FNETORE TS 5, FEMLH
KR DA ERERE T HIS) £ 0iBESE L, B UINERRERTE, Ir 5 0 +— 12 L (H15)
DENIrS A F—FHOS0OLDEESREN -1, THbL, BEHE TN DIDHISORRIZE - 72,

3.3.1. 2 FEE\E268cal/g » fuel (520-3E5k)

Fig. 152, F&BUE268cal/g « fuelicsid ZHICEBWRIREIWENO(B4E, Ir5+ +— f0f) ,H13 CR
EEEN A ZRAE, IrS5 45—, M) RUHITEERSE, 54 +—14 L.k OWEEDEE
DB AT T — 9 ThH B, BIELIHMRERE (Ir5 4 +— /fIE) T&, Table $ITRTHIC,
RERENT6ICITE L, —F, REEHNOA-721I3(Ir 74 +— FEIHD) Tl WEES
EEAI231°CITE LT, 705, BEEETORETEIPHTDHISOIRICE » 7z, Ir5 A +—fF
BEEICE -~ TH 2 E, COREIEFRIEEZEIIN>TWE, 310bb, —HERA NS
75*'3?':0

3.3.1.3 FEE2T5cal/g » fuel(529-25E5R) R

Fig 161%, FEE275cal/g » fuelicdsi) A HMEEBWRISEHERIS (BFsE, Ir o - — f0F) L HIZ (B
IS4 F— 3N RURBREE, SA5—B LN OWEERREOEERT T —
S CH L, H2EBROT, SVARFOHEIC/OEELTLE DT, 2fORFHREnns
-7,

3.3. 1.4 FEEES3T0, 407KT415cal/g ¢ fuel(525-4, 529-6, Feif529-5EE)

Fig. 1TIcfiled 2 H12BEHE(529-4KBRIT{EA) ORI, & OEERE bIURFED Y, 07K
BEREAEEEF ~F e -1, Table 3IRTF =53, T/UME TOSERE L LS
BRITH D, BREHEELRTLOTIRE,

HEME I ERERERESE, REE] ﬁbffu;%t FIEEC, NSRR. fEUERREL T —5 O
FTR 8 X B BWREEELF — & 0B H s oy b S &, Fig 18D S, TORNLLITO
ZEDRINB,

(1) HEINHEBRAEOREESEE WREHEDRICTEE) EFER ST A~ THLIr

54+ —OFEBRUTIEOEE S OHMEREERIE, ABREHEHFNTHRAE DIIRETI L,

(ii) MEEBWRERELE DU B S B E T I, NSRRAZHEER IR Ic L » TEo N S EmRE T v T =7

(SRR DREEWICH - 7o,

3.3.2 BEEBERE
LI, BEHENEF 712200, REBEOEKVWEDNSIBICETET S,
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3.3.2.1 FEE238cal/g « fuel (529-1EE)

Fig. 193, ZE&0258cal/g « fuelicd it Z4BE BWRMREHENT (Ir5 4+~ /M/T), HI11 (Zr5+
F— M) RCHIS(S A F—/E) O, BEEARE(LERTT—5Thb, 70y y—0
AT, PR/ (FAHT GRSV AERIOFEIFE 0. T0IMPa) %20 & LT3, »ULAETE,
W OBREHE b 2B EERIES LR LA, S~ 9BRICBYIBTELARVCR-TWS, [T
THEPEDEERE L -72D, IAROBREES bIFETH - 1AL EZEL SN D,

3.3.2.2 $EE68cal/g o fuel(529-3EH)

Fig. 2013, Fe#E268cal/g » fueliciF B3H9 (Ir5 4 +—MFE), HI3 Urs4 +— 3EE)
RUHT(S A+ =12 L) O, MEHENTEZLETRT T -5 TH 5, WEHEIL, 0. 32MPaDf]
HEE 0 5 200 A U T0. 62MPalc B - 7205, ENENEEICE N Lic, $48b b, R L7, /3
WABRD SR E TOEMIE, 3. I Th -7z, 4, o 2 KOBERORER, FHE L
NVNETETFLULERET, sE LS -7-, PlEickhid, HI3E, XBEINAA-TED, Kho
Fe=Z BFHI L NVICR » TOWBRRICAZ B0, SNBEICLZBREENTR FOEE L EL
HNFzDT, BREAETE RN -7, 6, HTHIHELED ohi,

3.3.2.3 FEE275cal/g » fuel(529-2E%H)

Fig. 2113, R#&E275cal/g « fuclizHBiF BH8 (Ur5 -~ +—/ME), K2 Ur5 A +—FEmE)
RUHIG(Z 4 F = L/IE) @, BEENTALE RS T—FTH4, IAOBERIKITR
TRNOEZTRENGHMEICTE - 20T, BEL S s, H2 JSENEREHRETH 5
M, 7oy 7 —OFMET IAOCHREBOFIELE (YHALE) 2ehE/iiwn, BERoIHLY
NUVHMD 2 KL D bE<AZLDS, LL, EBRIAL S, WIBROENUGHMETE0E
0. IMPall?i - T 5,

3.3.2. 4 PREEATEMICET 2E%

Fig. 221, REEIIHL T, &» OBEEOWIE S VARICERE L 7cgsENOMER(K a ),
RURAEITE L TH 2 OBEMED, UV ZMORESINE (ARFE-FHNE) ok (Wb
ZRLIEBOTHS, Mailld, %EO PIESLSHEONIEHEET— FEEZLRINTVS, Kt
HY (Ir5 4 +—/ME) EHG(S 4 F—12 L. 0E) 2UET 5 L0050k, FiELGERHET
HOBEIRERETH S, INLDHEHLT, S4F—[HDbDRE, F<NFELCICL, BED
M ER LU THHEEIR TR BT — FTHET HEEICH 2 2 &b, Kb kD, HEHE
PDEIENIEEATO. SMPf2ETH D, FHEIR0. MPall T TH B Z & gh b, g &1
18E— FEOIMAEMIE, COBERNEh -,

Fig. 2314, PIED & (B B OB ARORKAE R L B#ABOMBRERLTVWS, Bhizid, 2
NE TONSRRERO SELNHRbEDI, INIDANEEIC, SAF—LHRIrsS 15—
ks L TR ENI ENFERL THRIET — FICA—ER A EBb s,
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3.3.2.5 WHEMEIETLEE )

PREUROTHENH 2 &, ZORNTRATEES LA ENERIOHSMNIE»72, ©€IT
PREEATF e T = 7 & LTHMATA I & & Uiz, Fig 2413, BARMBERIZBILT, b
T SOTEE L= (Time to fuel failure) 2R3 OTH B, B3, 3. MPeE
THIFE U7z 14 X 14PWREU IR (IOJENSRRAZHERE) O F — ¥ A0, TMPaE THDE L 72 8 X 8 BWR
RO 7 -5 U LEEILEDTI,

C DRSS, 3 MPASEICIIE T 2 L BEORIEE — Fld—EIZ S I & DA
BENL D, JOWHBRERIBRHAEIKEL TELT 52 %%O&ﬂS@wﬁﬁ&ﬂéo:nu%
U, 0, TMPARRREICHNE Lo 7 X 7 £ 7214 8 X 8 BWR T AHRE — N3 IR & - RARMEE OIERES: &
b, WHERFMIIEEE0. 6~1. 2 OEF &5, 0. 65MPaZ ThH1+ L - fER BRI OBE £ — Ridir
54 F— OB > TS - SREROTES & D, BHERMEER 3 ~ 4 e 5,
FEHIRBWRO BB T — FIIARL 72D, BHARRIEEE S ~ 6 &7,

COIRES S, BEHEIMTEESAE L HBICH - T, HESESE L AERICH L2ENS
N7,

3,33 LRKIEOEF LMD
Table 2 55BiElc, R EF A0 (i SN0, IES A 7Dk
KD TH S, LRI, REREOEVEN IR, REAOBOF— 51000 TEET 5,

3.3.3. 1 ZFENBI58cal/g - frel(329-1E%)

Fig. 95i2, FedhiE258cal/g « fuelicds i 2 HAERBWRIARHENT (Ir5 4+ — — I OPEERT A
EBOAE Ty LI bDTH S, BEBORFHFMENE, Table 3ITRTHRIC, /L RREL O~
L S OMICEARIZIED, ZREIRERICABETICS » 72, KM SDNEHIC, IrF A F -1 LK
BHEHISICE T 2 B REUEAIEFL 8%, Ir3 4 +—REHEITOFNIZL 1% TH -1, MER, &

ICFENHETH - 72,

3.3.3.2 ZEB68cal/g - fue!{529-3FEE)

Pig 9614, #ENE268cal/g + fuelicist A HIPEBWRIEEA NI (Zr 5 1 —/IEYE N5 A4+ —
LI BT AMERET AU E T Dy FLILLDTH D, m%iﬁl/it&%iﬁ
LS OEREUEAZET LT, Bigid, IOEBEALAVTERIEEL TOSPEREIFRET
Hote, P, MbI0BEERTHEDBUE (WEHEES) MWHIES LD BEE-TLE-T
CNBH, Thidl o — i L 2ERTIRR <, R CEERRAE bDEEL oND, JTORASE
12, Table 3OFLEATICLRL THEWIA, FPRTFT— 71003 SEIET-0. 3%, PIEAIEET-0. 15%
TH D, BHEREHEONGIES M, WEAMT — FCA S IOBEHRICRA ASNE O TH L0, £
DI AN = ZLREDE ZAFEHEIN TN,
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3.3.3.3 ZEE275cal/g - fuel (529-2E %)

Fig. 2704, S0 &275¢cal/g » Tuelic it AHIEEBWRIAEIEIS (Zr 5 1 + — /IME) B UHIE( S A F--
HLUIE ) CET ABEREF AR E 7oy P LD TH S, ATERNL 1%, £LTER
F K2, 1% DBABUOELER L, ENTHERBHER U e L 7o, PREHEIBICER U T,
D10 10 ETE THREBR SPBEI LD bE N -7z, FRF— 205 OFEET 2 OINHEE
12-0.60%, PIEMIGEMT-0.23% &M - T3, AUt ¥ —ick AEHAMERPITEICE LT
2~ JEEREY, ThiZBEEOHNDICZAEENERINCT-FDHEEDNS,

3.3.3. 4 MAEEMNCETAEE

Fig 2812, BEBETFHEORAES E BMROREET D) b L LOTH S, HhHSH o
HEC, Ir5 4 F—(HARHEOER, 54 5—2LObORKELTHERE A>TV S, Lh
L, WHARCOBUEROANE LT L SRVERER N -1, T, ir3 4+ —HO%
MBI E— KT, 94+ % LHOSIHEE— FTHIEL LS, $70hbHETE— FIsED
DHHTEEBENSELEDNS,
%ﬂ%ﬂmﬁéﬁi&,E?ﬁ@®@@ﬁ&@%ﬁ%®ﬁﬁ&%iDamm%%ﬁtﬂ<ﬁ%@
Blich 52 LD, SO OSID, JOBMI, Fig 2RI, EREAROKAETHAS
N5, 3idh, NSRRESEREHE GEnE) T, REEOINE RICRFHRMOKAE LIBNY
BIEEICEH - 12, HEREE LSO IIEROBRERETE, REEIEML TLRFHIRAE
E eI URA AT

3.3.4 BRI OEREBET

Fig. 3018, L—T AV s —A—OBBEHENOCHETELIBERAY 9 7ORKRBUETDH S,
258cal/g » fuel Tid, MIEMED R v 7 K& U2 E93ins, LinL, NSRRAZEERERIO
g L& OME60cal /g - fuel 28R 5 &, BBRY v 7 SHEELOHEfFANRE ST, MU
BAETT 2ETICH 2, B oanbiic, SNEEUBEBTIBER Y v 7 OBEINE
BERAERICE B, BEEAE U2 REETIR, MBS v 70BBEIFFINT0LOLE
T\,

3.4 BBATRER
atET (PIE)CIBNHEERIGTY 7 2Lk DI tH L& SO, ~FHIE, XEEML
PR O PR KAEDEIR, UIHIEORE, T L BT B B R A T

FHEEIC L BeEE 2T TS 7 4 —BEET 1. LT, ZREOEVIEICPEFERII>WLWTE
BT 4.
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9.4, 1 FENE?258cal/g - fuel (529-15E%%)

2L R BBSTETOMTSE TIHRIR A Photograph L ISR d, BEE, MESESEVFNEBEHAA L
R X N REAEE L Tl - 72 b D TH 5, -7, ERoMT L2 LosrgReTtld, BT
BENHICE -TVE UTF, FE . AEEEEIL, SV ABHROABEEETH L, ARNTEH
B (#135m) BB B L TOADORSNE, - IERBONTRCHISTIIEEREICHE %
ELTOWBE0 L0905,

2L A BBETR OMEBRIAENEIC DWWV T, 90° AE & b XEMREZTL, TOBREER Ty FLIC
L&, Fig. 31Tad, MEBEHEOHTR OHISIES S MDR ohte, —7F, IFMESHEEILTIE,
195D AR o X U THAmO DS 0 3R S, i, SO U E R U
ﬁ®&%ﬁ%éﬂfwéouT,:®w%7vfuﬁvf,%ﬂ%®ﬂ%%ﬁoto

g, SHEAREZAEEDTY v b @0me X2mEE) FuSTRIEELL, FiE iRt
%K#UtoW%E%TH,@E®1%Umﬁ#BMK,MTQﬁﬂlXU—%&ﬁ%®ﬁ&éb
T oORBERRICE G, B, TAY ~HE0ES (# TR MWhELRE, PEBREOE
FHEL TV A,

#80(10~30min)—>#180( 10min)—#400(10min)—>4#800( 10min)—#1000(3min)—>#1200(10min) #1500
(10min) —# A ¥ KF—2Z b2 5 kiR (10nin)

FEE AR T Lo 2 aehg, SRR TTIFE LA LR, S - R LU THEEERE
L, COREETHRELI-ON, Wb AEEH EIFRE (as-polished) BHIERTH S, C
ITOREERIT, BHVSEETTTH L, BREHELTE, IOSEETHEY R — oL
XNTHELINTHD, BRI TV, IOSEERETOBREER T LK, #E
EOEE (v F v )ET-7, IBEMKIZI0%NI0; +20%H,0, + T0%H0BKTH S, Ty F 7
BOBHEIISWT L, EE00EEEETrEEL

BONAEEICMETZZELLTICT Y, SEEE NEESLELROE, ERHEENT I
A% Td 51 a2 r— L TRmER)OEERVEAEEDIKETH S, COHOER
RUENEEARE T 2SI, MOFMESRENELL (7Y ZLOHNELL) OT, f
OFERETEY LLEELNIT 2L, F—HEAEZEIRRMISHELLRICRA S, ¥146
5, WEAOE—HEhEHECHE L TASZ E, FIER, BB LU TEEHBHR L IcHISRET
BEINS,

3.4.1. 1 BREHEAT rs A +— 70, TOMPalliHD)

Photograph 2 14, MIEEOSEEEERL TS, TREVHEEOEEEN | HE->THEO
13, BHSEMLEEC, ZOMEARDICE - RBTHD, BWEEOXIETHE Y, Ird 1+ —Hk&
UHAREOIr0 B LEEH IS, HoMBENRALNEDY, WEERISRELTRE2TH S,

Photograph 3 {2, M2ELEI D&M EETH 5, S MENIK) BZ-THO, F14F 8D
OEEIZE 0 0T0mIZE I - T, WEARCRELLLLERICKS / v FESEH0. 03nn
BT,
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Photograph 4 &, [8 UTM2EEIO SMEETH 4% HEEOAREICRE LIt UbER & 1r0, B
{LBEOBIEERLTVS, FrFq v 7RI ITEESHEL,

Photograph 5 i3, TLIEE OMMEEETH 5, ZOESTIE, HERMAZVEEAT v F (&
0, 053mm, FIES, 5% ) RENA S, Ir5 4 F—EWEE & OBBYESBESIIBY TRIFTH
5,

3.4.1. 2 BREMENL(Zr3 o /0. 15MPa)

Photograph 6 i3, 1IMREHIOBEEEERETH 5, IFMEBEOBHRICI K A ONLEEERHED
RALRELTVWS, HECELENEZATIRN 8mE S -350, FHIKNEDHS %I EL
L TWA, _

Photograph 7 i3, FEI#MOIEEMORENEE (0° AR THE, HEAMICE/LEOERSH
5, £z, WEAHDSAF—HICEL T4 v IHBECTOE I EbbN 5,

Photograph 8 id, 1IMIENRDIrS o + —#BICE U2 BERKEL R LI bDTH S, 1+ —
PEORL/3FERLTLE - TV 5, HETARICHAIE - 72,

Photograph 9 {3, ME¥THENIILIOSMEETH S, Ko7+ » FORERSH B, TN
OHIE TR BIFNTHE I EE, RrFa v /RS o VIREOTFE (ETOEHE »Hobsy
o, WTFNICLTHIOET, Irs 4 +—OBRERIEENREN -1,

3.4.1. 3 BREHERLS(S A +—72 L /0. 69MPa)

Photographl0id, 1SMIERKIOWMEEK TH 5, MEDHITEEEEENS N, RS E
(EHMBENSEIRANE L UV RFIOFGAELL 00mn s O HE) 3F2 %I > TV 5, AE
BENMNOSPBLEIIC, RFEHFMICEHRO LOARELTHS,

Photographll (Z) 13, I5MIEAI00° HEAOHEEICHET AHAERETH S, FHEILALNSTE
REEL, BEENEREFCEDND, EAEERESOHEN S, BRORPRHICEL
LN - E N TH L EHH L2, TOESICEF0. 04dmdD /v FHETTW ., £/-EEA
HIC3A Y710 »rFIRoALV. BE (B) &, 1NZEEOBEERTH 5%, VIHEHIH
BRL oy M3REOD ) or— L, 20 T HANERLTLUE » 7o, HEEICIH0. 015mfZEED
BELIE (EOFI2.3%) W& LRIEET, WEOR Y F 1 7 EdA oy,

Photographl2id, I15LEEORMEEETH S, HEEAMICIE / v F235H 55, WERIKRKR Y
F a2 e{ELTHRNWI Egh 5,

3.4.2 FEE268cal/g - fuel(529-35E5%)

290 Z BBERTOHNT 5E TR A Photograph13ismnd, EEAHI@IE, RAEROBREESETSH
L, PTXREEZBELEBRIERELE LTRENT VS, £NSOHhREFFIERERICIN
W, SEREEEBEHOTIEIE O NCERIC L A SO AREHTEINF R 65, LL, SEE
LA TIREN S TR S, SRR 1T, RS ISR ENCESRILD UHbEEN R



JAERI—M 91—211

L5,

2L ZBBEE, MEBEHEICONWT, 0° A& XEREE T/, ZORERERA Ty F LI
HOEFig 2RT, MY A TOHKRUCHTTRA- hnd ohte, —4, FENEY 14 TOMST
i, 135D ESFEEEITH L TH S mD i 0 R S, Mohicid, SHEEREHICER LR
OYHIE R OETEROMBAVREN TV S, MEEOYWNE IO < » 7St - TIThhis,
VIR OFBEO TR, §3.4 1 LR LAAbo RO T, £0ididEgiae o,

3.4.2. 1 BREMENY (Ir5 o F—/0. 32MPaiiniE)

Photographldid, IMIEEI ORI L 0 ¥ 0m T A OB IC B 2HITETH 5. HEENRAL,
HEDBEWEHYTIE, WERBEOINNNT TICEREL TS,

Pmmgwmmimﬁﬁﬁ®ﬁ%%Wﬁ%%kttg®?%éouk%ﬁ&®%mm;@54fm
HAVARLL, ¥ S0, 13m GEEANEOMLTY) ORY T4 v IHIEHEN TV S,

Photographl6i, M2kt & U TERL L /- AR AHBEETE CH 5. & T CHAEMIEDIE, THEIC
X - THHM EHEEOMICK - IrRIEHHE U, BHENAAEICIr0, OBEIERS N TS D
ETH B, FOLrl, DEEIZHEAMEBATHIO 13m GREAEDO18%) , &7 HEAARA T
0. 07 (BBAEG10%)Th 5, B LIEOTAEEENTNTRE, HEABEITE L (porous) &
E-TWhiz,

Photographl7iz, FISEOHEEFTIC VT, SEMMMASIT AT -2 b0 TH 5, FEBITIL
WEAAEICEER S 1220, OB LIRS, AREAMDRZAMETL LS >REZELEIETHS
HTATRENTWA, BEGHOTE, B0 & Vv oA WEEBELICEAEER S » oihE D
AFNLWABEARINTOS, BEBLD, LLREICIUTENE IR L TOLEDLED S
N, THXDEEERANREL OV S, ZOUGFEEICHIT 5 IrBEFH8mb - 72,

Photographl8id, BiHEEL 0/ L2 Efr (PR LOBERIIC LTI 5 SEM/MEE
THY, JITHERICEEEHOREM SEAEE fvohd, v 7uBEEAEE U0E
AT HEEERICEF Yy v TORELCHOTVEY, NSAZRHPTEEOF v » TERAL,
MZICEEMEREARE LTV &R, IO/ uEEIlL3BREEGNSEH oI5,

PhotographlSit, &5 1 ETHEMOEBENEICE » T, NEDER{LEIr0 1B L TSEME £ DXMA
AT -1 bDTH 5, IrI 4 F—id/UbagRIcRE L U0 BHE#END & CHEEFRIICX
DNIHEFTLE - EEbNS, 13, AERUEQHOEINCBEOTD, Ird4F—2%EK-
TWHEWI EMLEEINE S, BEMS NSRRI, BUBRILGIICL - TH—IL, 20550
LoTiFEIAEIARE—ICEREN TV S, Z0OMAICE, UDFLRED SNELOT, B
EE LI S D EER R o ¥ EN B, -

Photograph?0id, FHIEHEEMOMICHIT A0, B LIROEEEL KT ERETH 5, FEELEE
DERIZLK0. 0TMTH D, FEONSEINDIHE - TFOELNE K72, BiURE, FHEE
B UCH2 (BRI 2 s i=25° ) OB LTVS, R T a3, MEOEE
MREM- b hTH NN,



JAERI—M 81211

Photograph2lid, IMIEMIOHEMESETH 5, HEENEICVIRXBIE SR oh, €05
LEAD HDIZEXQ 13m (REDF18%) iIHELTVWA,

Photograph22id, IMZELHOHMIBEE TH 5, 90° M, #HEEANEI o HRL, WEDHNTIX
IET DIRBOTEMD TS S B, FRER (WET— 5 %) RUPIETOAB TIREHED JKRILER
HONEh T, TOSHEEX DBREE H13, ARick 2+ XA R (Incipient cracked
fuel) &¥IEEIN,

Photograph23id, 1TMIEEIOMMEEETH S, HEEAKRATILHERICLS / v F R
EORED 8 %) AL, HERRCREEENALNS, i, 2EMIZSChANKEL, &R
THIE XN &8 - Tz, UL, ZEMEBIcBEL T, BREEU D EFREVWEINY, 2
ko, FEELHESI N, _

Photograph24id, UD #AK S 3TEE & OB EIRER R L /I TH 5, BHEOENESWVI3EMH
Thb, JITHE HEENEH,ERLBESIEREED oG,

3.4.3  FEBE2T5cal/g » fuel (529-2E%)

7L R BRETRTOAR T 58 TR UL Z Photograph2Sic i d . EEARIZ, BAHEBROMBELEDOEL
@TH5H, ILIPTFEHELMELICBOREEZERELICRT, THoDIMAKEEERS L, #
FHEHI2J UHIG & HICHBE RGNS o0, BIREHEIN G, BEEIeEAH &, BRELAL
DICHEE LTI A MIHTERDS A > TOWEBNRG 5,

WEREREIC WL TI0° HEld D XEBEEITY, FOEL Ay v F LcOhFig 33TH 5,
IMEEHET S SUSRUHIETIE A NSRS e vtz Kducid, &M OB R O
BHOMEIRIN TV, VIEROFEO TR, §3.4 1 TER LD LELLEOT, 20
Hasueact 3 gk

3.4.3. 1 PAEHEHS (Ir3 A4 +— 0. 65MPaliifE)

Photograph26id, SMIGUEIOBETICH T 2EEE TH A, HEEADEOMERELTH
b, EX12. TmOHEMAELTVS, BEHOS NBTKTIIHEE L ->THO, WEHT
EHESAHOLTVA, BNEEREICHE > T BIUENERSNTED, BEENEICIER
SEMOEE LD N5,

Photograph2Tid, LididkHz>WTHERENL » MO, #HEIINOED oI rORERY
WAER LB EOREEZRLVE, 1+ —3EMLTLE-OTHA DD, ZOBEHED
S FDOEENL L L,

Photograph28id, #EHRRUHLICET SHBERETH S, HRMICHIK LT, MR CORE
DI RZ N &5,

Photograph29id, SMERKIOBMIAIEE TH 5, JORSTHEHERE/E D> 128D, Irs
£ > —DEEMERER )L DRI N, BEEOMPEL () TRIEH0. 13m(AED18%)
OUIR & DEFEHNIED SNt BEOTHES LOBRERR, & LUNEH) - HBROENT



JAERI—M 01—Z211

Hb,

Photograph30(3, SM3:EIOIRE D EEOMMIE TH 2, I I TISHEETOGER, RA, Mkt
BERNETOER Y F 4 v E W RESENEDONG, BT g VIEHNREORI/ 410 -~ THE
Uz,

Photograph3lid, Z@ELF 4 ¥ FEICHIL T, SEMMAHAZEIT -2 bDTH S, U&IrOME
FED I U TW i D EASIMBEEN LD ONE, TORYTF 4 VEIE, HEREDI. T%EE
ST,

Photograph32id, i3 v 8M3EEIO R v F ¢ » 7 TRICEST ASEM/ A TH ©, BEE@ TR U-IrfdE
HAEESICERROYEDED SNOTENESMT LA LD TH S, ZOHEE TOREIUVY » F
DYETHDHIEIED NI, BT IHOESE, MHEERAEDHNL 2% TS 7,

Photographd3Aflicid, 0° AENCELALFEBLVWR T4 »7OFrREN, BRI, 180°
HETRAEYF ¢ Y OREUROBTFARINTVE, ORI, BT o VORER—HTI
AT ERD B,

Photegraphddiz, 12MIEEIOEEEERE TH 5, BENM G, HEBEONAL SOFERMMAE LWL
Eang, ZOBE, f’ér?ﬂ%ﬂ’(“@%'bb\{ﬁi’ﬂﬂ-ifih\c SR, FENES A TO I HMENTH
6 %TH5, £HARBREESIZ0.08m FEEEREDLLY) &E-TWab,

Photograph35id, MMREMERFIEM ST HE L2122 E OB ERE Th 5, BHEE TIE#H
BEVERL 72729, BB OL/SICRYTABENERELTLE »7/, T, TO=70
BE@M O, BHEFENPS ML SE L, —F, ABEEN ORI L T, LB ORIER
BEIARB CTH B Z L EEVWEWE BN S, BECOIERIIEOHEBEEEZRLICDDTH
A5 FLWAMEL FHEEARECHITYS ) RALNE, JITREERICLENASD, =
SIS RN AL - A ER L (WL REOR24%) bA oML, BEEBEHIE L TE, F»
T v TDREEZHONLE 5T,

Photograph3sid, 1GMIEEIOBETEE TS 5, FMA BTG VRS, SNEYIRIBIZS £ R3
MENANE-THEELTWAS, 72, BEROLAARHURIEL TV D, IO NELOE
Bick 2/ v FOREDE, HEABTHE GBS THERELLEELNS, BEETI, #
BEEICECHULERICLETR (JvF) 2RH (V) THRLTEW.

Photograph37id, 1GMZRRIOHEMEESETH S, OISR IOENTLED SN L, £
WERED /v FLEHTRTRICEET S, BEXL y Mo, BARZ I v 72WVEMEICT
BELTHETZ2D0IEDH SN,

Photograph38id, 16M3EEIOEERE CH 2, KEIG LHEETE ULEBEAREOUIX TS
B, SNROSINHAEIDH D,

Photograph3did, I6MAEAEIOMEEETH 5, BEHOEN ORI - 2720058 QDR
i3, ERICESWA, RRELTEFOREBA%EL H B, TEAZIOUIR (FFEED) &
CRAILEELTOEDIEDH OIS, ,

Photographd0id, 16M3EE DS £7/57 4 —TH 5, RUnEEzRAWTEE U /cEREE

— 16 —



JAERI-M 91211

g, BREARTET 8 um, FUMTHE T2 unTdH - 72,

fra RN 5~RITOREANEmIC A o N UIR (BSRRED6~8%) &, HELTIrs5 4
+—1 L/ EROBEZIcOAREL, OBEETEA SN -1, UL, F&ESE,
O LOLEREZBECOBRLTOWTA, FlAE, 3K Y ITHV SR iz 7 X TBRRELREHE (]
KRN 20, 6~0. TMPa) T3, FEE248~268cal/g « fuel DEFHT L OEIE U, HIHHED 4 ~
9 IS AUIRAMEEAREICE U,

Photographdlid, %4 XER S5 LIZBEETH D, #EE248cal/g « fuel T T X TBWRAEHZL]
RINBEELTWVAIEEZRLWVE,

UL, BHZEGE U7 0EPWRIARIBICEI L T, JORBHEAERILTO LOERE S UIROFE
ERIZERBRIINLTOHIN,

3.4, 4 FIE3T5cal/g - fuel (529-1FE8)

FERIZIr S A + — R FERE T N0 A AL THDN Iz, ~ OV 2 RERTOMI Tk
14 Photographd2icnd, HEZ, BEESENELCERINIREZAEL TESNTHD,
FEEOHEI TEE R EFEGENEIE TS B, [ .

5%5%@@,ﬁ%@%@ﬁ#?ééo@?fﬁﬁﬂ%“fﬁ“tS%ﬁ®74?—$vbﬂﬁ

(3~4cmf2) BTV E, Zhid, HEL U0 eSSk ROHE L. £OAMD R w b &
L TENE—EEN L2 D EEZL NS, BEbO LML, BURAERSL, HEH
L TULE»>Ti, BEIECGEN VRIS 6m@ 1 E TO SDMWREEL Tz, JEMEO
SHEABRESEHEREEI NG -1,

3.4.5 E&E407cal/g - fuel{529-6525%)

HERIX, Ir 54 F—715 LIIERECH AHIBRERE LA Z O TiTh iz, IV ARBHRIOEN 5
TiRiR&Photographddind. HEEARIRIZ, MAEEROHETTHO, HTFREIBHOBRIR
HEEMAMITAEE - TR -1, SHBICEHEL TA S L, BEBIESRHOAEREAE I ~
4 cOMENCE S TOIIEIITH - Fe, THHE, HEHIFBIRE Lo, BEEOIE, Bk L 72RE
AEENEL, BEBELLLOTHE, MM OBEOMNT ShiB o, T i#ER (WE
0. Amm) B T8 SUST A ¥ — I3hFHERAEDOH#O D E L THWT O, BEIIIRINTHIELN
LTI IR R USUS T A Y- DIERRITH 3 ~ 4 enD B W TV,

3.4. 6 FEEE415cal/g » Tuel(529-55E5k)
AERTRAORBBEEZ -0, Ir3 4 F—FNERERETH 2H4TH 5,
Photographddid, fB{ARHCERE LBEETHS, GEQIZ, SUSOTA ¥—2 v MK 3 enDED

ARBHNTLE - TOBETFE, £/, BEDLET VI ESRONELIROE - 72 IERETIEE L

FIFTOBBTARLTWS, T3 #EIICIEH | cnfEQBEREFLASEED oz, BECHT, BHTH

AN AOT, BRIREELN 3 cnlC YT S BEED R » TORR T 2R LTV S, BT



JAERI—M 91—211

i3, LHIE, fHCESBNARUEROCTERI D SN, LEHMEAOBHREMEHTE L .
CBERIEHLTLE 2o 2 EWBHEQM OGN 5,

Photograph45id, 1 AMEHEMCR T TRFEMEBIST L /2 3 ROBEEOABRLRARIE L b0
TH5, HEBEHEMTRESOERICE LVWEEZZD Sl -1,
INETODSBRENSBEONIMREET LD TABE, Table 4 DFRICIL B, Tigbb, #i
THEEBWRIAEHED 5 BIEME S « + —(HRB OBEE A 71 = X L3R ML TH B Z EABES IS
ot MES A F—HARHBROCIRA BE U CEal Bt Th -7, 47 —MREEBICRELT
i, AEBIZEWIEORREN TR ISk BIEEHEIEAE Ui o1, 54 F—12 Ui
BHEOIHEIL, NS PHEIETH > mH/OH S M I N, BEBRTRLOEFRICLS
WENETD ) v FOERIBEOTS > 72,

[y
—
0
Tiih
=

REHEDREE T, K7PCHRIMEREZ M LS €57, & 5 ITBIR S N/ HBERBURA R
RO, RICEFHEEEER 2 EVINSRRICTEIE L 72, EB T, F9RBES1I5mOE KRk
T JFHEEMEL fo, NG, IrS 4 F— IR0, 65MPa), Zr 5 4 F —fIEME R T Ir 5 4 +— 12
UINME(0. 65MPa) D 3 EETH 5,

EERO B, BHEL S OERUEEN T R AFRE L EVEOHRE SHE A /12 X LD
B, EBRLDEOSNARR DUTOBOTHS,

(1) BFTRIMESHC XL, EHEOTEE L 2 O EIE260cal/g « fuel 2 PSRBT ELE - TS,
(I OO L 2V EE, LFRLEZOEE FESE, #9268cal/g - fuel (v
ZE22Tcal/g - fuel) BEEIZE -/, BHEEZRABRSOHEE LN, HEBEOBEEA =
AL, IrZ A4 F—(ERGIr S 4 F~(FEmENc v T ldiEst e b, 4, 5
A F =L U B0 TR NG L2 LOERE - AWHEIHETH 2 T EAMES NS
=7,

(2) MAEIDERR « BEMEERE T 2 HEFMERBWRERE OB — 2 L FO R4 L 203, NSRRAZ
PR UIT 8 X SR O F— 4 LHE LT, ZRiEANS -7

(3) IrZ o +—{HIEBEEHEIZ, 275cal/g « fuel THHE L 727%, #E SHEEORICEE Y71
TORENEDH SN, ZORVTF 4+ VI BEAIEKTIINERABECKI %IcRE LA, #
NUAORIRERETRZR Y F 4 v 7 BRELISH - 12,

{4) FEENEDG8cal/g e fuelll Bicii B &, BMITIES A% L0, EHEBATE & ORICEAE Lo
RO, Ird4 +— 3BT AEMICHZ - EPHLMNIM - 12,

(5) #HWEEDSIUL, Ir 5o F—DROLIEMEHELS R F L <, BA T, 4% (F#E275¢al
/g fuel)ER~7o, FAEDS L NUCHEEEREMOM UbP By, ToRK/ v FEX3,

IR E DRI 8 %6 &8 -7z,



JAERI—M 91-Z11

i, LD, MUCESHNLOBBOBIAED SN, NEHRUAOESRABEITELE |
CIBRBFEEELTLE -~ I EWFHEOI AN S,

Photograph45id, 1 AMEHEUR T TRIRMEIST L /2 3 ROBEBO/NBRLRRLE Lo b0
TH 5, HEUPEHERTRIBHOERCE L VERERD shiih -/,
INETOSBEENSEONAHBEAZ LD TALE, Table 4 OBICIEE, THbb, it
THEEBWRIEEHED 5 BIRIIE S A + — (HAEOBHE A 1 = X L3R B TH 5 T EABE SIS
ot MES A+ =3B OHELE U B I ToH -7, S +7—fHREEBIELT
@, AEBICHOAMEORANTIRS ICX 3HENHRIVE Uit 54 F—10 LITER
RBHEOTHRIR, S UK BWEBIETH » 72 EHNH LM E N, SMETRLLERICL S
WENERID ) v FOERSEBITTS - 72,

i
el
hu

T
=

MEREORREE T, KPCHERMREZ M LS € 5709, & 5 ICBIRS N7 iR BRIRAHE
RO, JOSE RIS ERA FFINSRRIC TERE L 72, EBR TR, AURAEN1I5mOE Rk
T IFIEEE L/, ENGIE, IrS o >~ 65MPa), 2r 5 4 5 —FEEME AN Ir 5 4+ — 12
LAE (0. 65MPa) D 3 TE3ETH 5,

RO BT, BHEL & WERCEMIT T 2 VFRAE L & WEORTE EMHE A A2 X LADFEERIC
Bz, EBRLOESNLAMER, UToBhTHS,

(1) BRETRIMESHC KAUL, EHEOTEHE L 2 W Eid260cal /g « fuel 2 TRISHAF LML TV S,
G I IO BEEROIHE L 2V EIE, LFRLZOEE FES T, #268cal/g -« fuel (=
ZvE2Tcal/g « fuel) EEIC -7z, BEEABRSOMEIC LN, #EBHOMEA 1=
ALE, Ir 74+ —MNNERTIr S A+~ 3EmESEIc B O T ILiEs M bidg, £/, 5
A F =L UMNHEBRHI B0 TR NG L2 LB E M- AWEETH 2 T LS NS
=t

(2) AEIDERR « BCERT 2 HEFAEBWREER O BRI = 2 L F O R4 L %03, NSRRAE
SRR IR OIRTT 8 X BRI ¥ — & L Hee L T, ZRiFNA -7z,

(3) Ir3 o +—{MIEREEHRIZ, 275cal/g « fuel THHB L 727%, #HESEHEEORICBE Y74
TOFEENED SNz, ZORVT 4 VI BAIEKTINESAECHI %IcBEL, %
NUAOMAPRERTER 71 VB EL L)1,

{4) FEE268cal/g» fuelll bic?i3 &, BRMITIZH 555 U0, S WERE & ORICRAE L7218
BYERDIY, IrJ4 F— 3RS AENICH B~ EMHLMNTIE -T2,

(5) #HWEEDS UL, Ir T4 F—DROLIEBEHES R E L <, BAT6. 4% (F#EE275¢0al
/g fuel)EME»7z, FAZDANUCHEEEREMOM UbPBHED, T0oRK/ v FEXS,

FIEIREREDR 8 % &1~ 7z,



JAERI—-M 41211

(6) TEEAEGE L BT, Ir 54— OB EICEIRL BRSO EN A G TR LA AR
BT L, Lr0, B LA I Nz, . BEAE L omETlE, AREBR(LIRO A THE
B LIS Ui - Fe, Ir 5 A + — (AR COERES UIER B ISR AED24%, Ir>
A F -1 LBETOZNISHENEREDLT N TH » 1,

(7) BENEE o — BT = s~ LT b aciE L e, F/, JOTEZS Y TT
G A E N EIEE A O, 3. OMPAfREE  THNE L 2 PWRIELD 3 { M X A IEBER R IE D
(< 1E)DICHL, HEBRBEOZNIE I~ 6BORMIZH-»T, MR I &SN
A A

(8) #EHEOEERIZE LT, NSRREESEMEE JEINT) ORFHMELE & HFMEBIRIAEFE
(ME)DENEET A L, ﬁii%ciﬁﬁ%@%ﬂ/ﬁ%fﬁ‘ft"dﬁ AT EMHLNIE T, ZHE,
BB LTRSS RBEAVNI VOIS, BHEICH LTRSS NFENREV D EEL S0
TWha,

3 5t

AFEGITAER L - MR BWRIREE DRET « BUfF, RUEREROZEFICEOT, A6 IR
g D (LI W AT &, BRI SR BRI LAt B SR i s ah ik e, R MR S B AT R
B EBERMBEFE -7, OV ABEEERIC VTR, FEIFREE ST FENSRREE
HOELICER ARz, RO SIMMBREIC VTR, &y MABREHERENERD
SR, SIREZRUAMEERICBBAHEZE O, SHAREERBSORERF, TREA
A4 Vv ABOETHEEECBEREKIE, $7-s¥EE, WETHT - —-a8
FXBIAITHGIE IV,

TR L BiF 5,



JAERI-M 91211

(6) VERSHEE L 7-BREITIL, IrS 4 F—OF®ICHEFRL BB OB TR AR
ANCHETTL, IrlB LR I N, — 4, BEEEELIOBETIE ARBED S THE
BALBRIRE Ulad = 1o, Ir o A + (B CTOERBLERAE S HEVNNED24%, Ir5
A+ =L LB TOZNEIREVHRAREDIT% Th - 12,

(7) BEEALE Y —REEE s & LThHaici#ieL 2, $/2, Zoxs=5Y vy —
7 B OICFHEE SR S, 3. 2WPafEE F THIE L AzPUREEELD 3  FUIC X 2T EH I O
(< 1#)oicx L, MEMRBEOZNIE 3~ 6 HOMIZH - T, RO ENHSH
N AEEY A

(8) MAEHEOZEREZICEL T, NSRRIEZEMEEGEHIE) CRFH AT R & HMERIRSEHE
NE)DZNEZHES B L, BREIREON/SEETH S EMPELNCE 12, THE,
AR U TR S AEAVRI 0O, BEICH L TRI S NERNAZ WD EZZ SN
T3,

3t 5

AFEFRICHE U 7R BRI R D3RR T « B, RUEBEROZEEIILOVT, R T X
HiE R E R RS RE, BRI BELACGTE AR BBARE, RO T % AR
RICHBG /1 EEREE S 2B -7z, SV ABEERICOVTIR, ERBE LS THHNSRRE H
ZEOFENIHR ARV, HEEE O SEMABEEICOWTE, by FEREREEREED
ZHER, &REZ RUARBEERICEEAZE O, £REBEERHOERS, THREA
A o7y AROSTHEEERCEEEARI, A7 —-JBEE, METHT—F 7 —5EiE
FEXAZAEG IR0,

ZZErLlEL i B,




(1

(2)

(3

(4)

(5)

(6)

(7

(8)

(8)

JAERI—M 91—211

& 5 X B
YANAGISAWA, K. @ *“Study on Pellet-Cladding Interaction (PCI) of

Light Water Reactor Fuel” , (in Japanese}; JAERI-M 87-128 (1987)

woop, J. €., et al. : "“Effects of Strain Rate on The ITodine
Induced Cracking of Zircaloy Under Locarized Stress Conditions” ,
Trans. ANS, 18, 105 (1974)

NORRING, K., HAAG, Y., WIKSTROM. : “Propagation of Stress
Corrosion Cracks in Unirradiated Zircaloy” , J. Nucl. Nater., 105,
231 (1982)

VILPPONEN, K. D. et al. : “Fuel Performance Under Power Ramp

Conditions in The HBWR” , Proc. IAEA Specialists’ Mtg. Pellet/
Cladding Interaction in Water Reactors, Riso, Denmark, September
22-26, 1980, IWGFPT/8 (1980)

HHME WHMBR AUV FUTHEBOMARRT HARFHIZaH
23, 7 (l981)

KOLSTAD, E. VITANZA, C., VILPPONEN, K. 0., : “Fuel Behaviour
During Steady State and Transient Operation” , Proc. CSNI
Specialist Mtg. on Safety Aspects of Fuel Behaviour in Off-Normal
and Accident Conditions, Espoo, Finland, 1st-4th September (1980)

MOGARD, H., HECKXERMANN. . “The International Super-Ramp Project
at Studsvik”™ , Proc. A&NS Topl. Wtg. Light Water Reactor Fuel
Performance, Orlando, Florida, April 21-24, 1985, Vol.2, p.b-17,
American Nuclear Society (1985)

LEMAIGNAN, C. et al. : “Fuel Behavior, Fissicn Product Release
and Cladding Deformation During The CANSAR PCI-Related
Experiment” , Proc. ANS topl. Mtg. Light Water Reactor Fuel
Performance, Orlande, Florida, April 21-24, 1985, Vol.2, p.6-59,
American Nuclear Society (1985)

HOLLOWELL, T. E., KNUDSEN, P., MOGARD, H. : “The International

Gver-Ramp Project at Studsvik” , Proc. ANS Topl. MWtg. Light Water
Reactor Extended Burnup, Williamsburg, Virginia, April 4-8 Vol.l,



(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

JAERI—M 91—211

p.4 -5, available from National Technical Information Service
{1982)

INOUE, K. et al. : “An Overviev of The Joint Development Work on
PCI Remedy Fuel” , Proc. ANS Topl. Mtg. Light Water Reactor Fuel
Performance, Orlando, Florida, April 21-24, Vol.2, p.6-1, American
Nuclear Society (1985)

KJAER-PEDERSEN, N., W00DS, K. N. : “Ramp Tests on Fuel Rods
Containing Scolid Pellet, Annular Pellet, and Sphere-Pac Particle
Fusl” , Proc. ANS Topl. Mtg. Light Water Reactor Fuel Performance,
Orlando, Florida, April 21-24, Vol.2, p.6-35, American Nuclear
Society (1985)

JUNKRANS, S., NERMAN, H. . “ASEA-ATOM Results on PCI Experiments
on Fuel Rods : A Review” , J. Nucl. Mater., 87, 247 (1979)

ATABEK, R. et al. “High Burnup Effects on The Pellet-Cladding
Interaction Phenomenon” , Proc. ANS Topl. Mtg. LWR Extended Burnup
-Fuel Performance and Utilization, Williamsburg, Virginia, April
4-8, 1982, Vol.1, p.4-19, available from National Technical
Information Service (1982)

HOWL, D. A., RAVEN, F. A. - “A Comparison Between Cold Worked and
Annealed Clad on The Performance of Fuel Irradiated in a PWR to
35,000 MWd/tEU” , Ref. (13)

DAVIS, J. H. et al. : “Power Ramp Tests of Potential PCI
Remedies” , Proc. ANS Topl. Mtg. Light Water Reactor Fuel
Performance, Portland, Oregon, April 25- May 3, 1979, DOE/ET/34007-

1, p.275%, American Nuclear Society (197%9)

ROSENBAUM, H. 5. et al. : “Determination of Fuel Resistant to
Pellet-Cladding Interaction” , GEAP-23773 (1978)

KNUDSEN, P. et al. : “Powsr Ramp Performance of Vipac Fuel” ,

" Proec. IAEA Specialists’® Mtg. Pellet-Cladding Interaction in Water

Peactors, Riso, Denmark 22-26, September 1980, IWGFPT/8 (13980)

HOLZER, R., STEHLE, H. : "“Results and Analysis of KWU Power Ramp



(18)

(20)

(21)

(22)

(23)

(24)

(25)

(28)

(27)

(28)

JAERI—M $1--211

Investigations™ , J. Nucl. Mater., 87, 227 (1979)

FREEBURN, H. R., CORSETTI, L. V. : “Fission Gas Release From PWR
Fuel Rods Under Conditions of Normal Operation and Power Ramping” ,
p.3-43, in Ref. (13)

¥oGD, J. C. et al. : “Pellet-Cladding Interaction-Evaluation of
Lubrication by Graphite” , J. Nucl. Mater., 88, 81 (1980)

UCHIDA, M., ICHIKAWA, M. : “In-Pile Diameter Measurement of Light
Water Reactor Test Fuel Rods For Assessment of Pellet-Cladding
Mechanical Interaction” , Nucl. Technol., 51, 33 (1980)

ICHIKAWA, M. YANAGISAWA, K., KOLSTAD, £. : “Studies on Radial and
Axial Deformation of Fuel Rods by Inpile Measurements” , Proc.

IAREA Specialists’ Mtg. Pellet-Cladding Interaction in Water Reactor
Fuel, Seattle, Washington, 23-7 (1987)

MEBEME, ABEHFW E aNZAF¥y F. © "BAFEBHESLy b -HEH
EFROMAR. (1) PHREME B , HARTHZ L4 28,641 (1986)

ICHIKAWA, M. YANAGISAWA, K. : “Study of LWR Fuel Behaviour by
Well Characterized Tests, Part I -Inpile Measurement of Cladding
Diametral Deformation With Burnup” , Proc. ANS Topl. Mtg. LWR
Extended Burnup Fuel Performance and Utilization, Williamsburg,
Virginia, 4-8 (1982), available from National Technical
Informaction Service (13882)

WEME, H Devold. : “@KFBHOSLy b -BEHEEAM (1)
BYREIRA K" . HAB T H¥48 286[8] 771 (1986)

YANAGISAWA, K. : “Behavier of Water Reactor Fuel Red” , (in
Japanese), JAERI-N 80-120 (1990)

HOLZER, R., KILLIAN, P., LILL, G. : “Development of BWR 9X 8 Fuel

Assemblies and General Trends in Advanced Design of LWR Reload
Fuel” , Prac. AHS Topical Mtg. on LWR Fuel Performwance, Orlando,

Florida 7-29 (1485}

HOLZER, R., LILL, &., KILLIAN, P., SUCHY, P. : “Progress in the



(29)

(30)

(31)

(32)

(33)

(34)

(38)

(36)

(37)

(38)

JAERI—M 91—211

Design of Fuel Assemblies for Light Water Reactors” , IAEA-S5M-288/
26, Stockholm, (1986)

WEIDINGER, H. G., LETTAU, H. : “Advanced Material and Fabrication
Technology for LWR Fuel”™ , IAEA-SN-288/27, Stuckholm (1986)

WATANABE, T., SATO, K. : “Advancement in Fuel Design and
Manufacturing Technologies of NFI” , Prec. Sixth Pacific Begin
Nuclear Conference, Beijing, 455 (1387)

SCHﬁIEDEL. P. : "“Design, Fabrication and In-core Measurement of
Advanced Fuel Assemblies for LWRs” , ibid, 480 (1987)

BENDER, D., BENDER., @., URBAN., P. : “Boiling Water Reactor
Releoad Fuel for High Burnup : 9X 9 with Internal Water Channel” ,
Kerntechnik, 50 [4] , 222 (1987)

HKRKL, H., HBLZER.; E.  “Advanced Core and Fuel Design for Light
Water Reactor” , Kerntechnik, 50 [4] , 241 (1987)

SOFER, G. A., HANSEN, L. E., VAN SWAM, L. F. D., PATTERSOK, J. F.
“Performance of Advanced Nuclear Fuels Corporation Fuel in Light
Water Reactors”™ , Proc. ANS Topical Mtg. on LWR Fuel Performance,
Williamsburg, 41 (1388)

HOLZER, R., KNAAD, H. . “Recent Fuel Performance Experience and
Implementation of Improved Products” ,Proc. ANS Topical Mtg. on LWR
Fuel Performance, Williamsburg, 639 (1988)

"

HUTTMANN, A., KETTELER, M. ¢ “A Utility's Experience With
Advanced Fuel Designs and Different Vendors”™ , Proc. ANS-ENS Int.
Topical Mteg. on LWR Fuel Performance, Vol.l, 17 (1991)

LILL, G., KN&AB, H., URBAN, P. : “hdvanced BWR Fuel Designs
Incentives, Implementation, Performance Verification™ , ibid.

Vol.1, 74 (1991)

HOWE, T., DJURLE, S., LYSELL, &. : “Ramp Testing of 93X 8 BWR
Fuel” , ibid. Vol.2, 828 (1991)



(39)

(40)

(41)

(42)

(43)

4

JAERI—M 91211

FUJISHIRO, T., INABE, T., SOBAJIMA, ¥. : *“Fuel Behavior During
Simulated Reactivity Initiated Accidents in the NSRR Experiments
and Its Application” , Proc. Annual CNA/CNS Conf. Canada (1987)

HOSHI, T., IWATA, K., YOSHIMURA, T., ISHIKAWA, M. : “Fuel Failure
Behavior of PCI-Remedy Fuels Under The Reactivity Initiated
Accident Conditions®™ , JAERI-M 8836 (1980)

YANAGISAWA, X., FUJISHIRO, T., NEGRINI, 4., FRANCO, EF.

“Behavior of PCI-Resistant Additive Fuel for BWR Under Reactivity
Initiated Accident Conditions” , J. Nugl. Seci., Technol. 27 [1],
56 (1990) ’

YANAGISAWA, K. - : To be published.

NUCL. SAFETY COMM. : *“Evaluation Guideline for Reactivity
Initiated Events in Light Water Power Reactors”™ , (in Japanese),
(1984) '

YANAGISAWA, K., MIMURA, H., KINURA, Y. : “Study on Behavior of
Niobia Dopant UO: Fuel Under Reactivity Initiated Accident
Conditions”™ , (in Japanese), JAERI-M 90-164 (1991)



JAERI-M 91—211

Table 1 Physical parameter of small-sized BWR Fuel Rod.

Fuel Rod H7~HL0, H14 HIl~H13 Hi5~H18
Fuel Sintered and ground U0:
0/0 2.013 2.013 2.008
Density (Mg/m*) 10.56 10.56 10.56
OQuter Diameter (mm) 9.38 9.38 9.5¢0
Enrichment (w/0 of 2°°0) 0.0, 3.9 10.0, 3.9 10.0, 3.9
End form Dish + chamfer
Grain size (um) 8 8 8
Cladding Fully annealed zircaloy-2
Zr liner Yes‘t® Yes No
Ciadding 0.D.‘%’ (om) 11.00 11.00 11.00
I.D.%" (mm) 9.55 §.55 9.67

Diametral gap (mm) 0.17 0.17 0.17
Prepressurization (MPa) 0.65, pure He 0.10 0.65

| Active fuel column (m) 0.135 0.135 0,135

0.123 (10%)**’ + 0.012 (3.9%) ‘%

Plenum volume (m?) 2.4 2.4 2.4

Note : (1) 10% of cladding wall thickness
{(2) 0.D. : Outer diameter
(3) I.D. : Inner diameter

(4) Enrichment
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0° GEMNERATRIX

ROD INTERNAL CENTER OF ACTIVE FUEL LENGTH
PRESSURE SENSCR
ROD - - ' | . Il
f — {====
195 i CLADDING AXIAL
- Aclii il : ELONGATION SENSOR
BOT TOM ' 0P
Legend:
® Location of
Thermocouple — —— — _jPITCH CIRCLE FOR

TRIPLET CONFIGRATION
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AT \
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N\ N

Fig. 5 Location of thermocouple(Pt/Pt~137%Rh) with respect to single
rod configuration{top) and fuel rod arrangement in irradiation
capsule for born triplet and single rod configuration(bottom}.
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had a 3.9 w/o enriched fuel at positions (@ and (B shown in
the figure.
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Fig. 10 Pressure impact measured at capsule top and capsule bottom,
and water column movement observed in Hl4 rod(Zr liner/

pressurized) at 415cal/g-fuel.
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Fig. 11 Pressureé impact measured at capsule top and capsule bottom,
and water column movement observed in H18 rod{Non-liner/
pressurized) at 407cal/g-fuel.
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Fig. 13 Conversion ratio to mechanical energy vs. deposition,
where past NSRR data obtained from pressurized fuels
were included.
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Fig. 14 Cladding surface temperature as a function of time. Deposited
energy = 258cal/g-fuel, H7{Intact, Zr liner/pressurized), Hl1
(Intact, Zr liner/non-pressurized) and Hl5{(Intact, Non-liner/
pressurized) were used in experiment 529-1.
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Fig. 17 Cladding surface temperature as a function of time. Deposited
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Fig. 18 Cladding peak temperature as a function of energy deposition.



