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Study on Behavior of Niobia Dopant U0, Fuel Under

Reactivity Initiated Accident Conditions
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{

An addition of small amounts of niobia (NbyOg) is known to cause
the grain growth (from 9 to 25 um), to increase the creep rate by two
orders of magnitude, and to enhance the fuel plasticity. Regarding fuel
performance under steady-state condition, this niobia doping is quite
effective to reduce pellet-cladding mechanical interaction. However, no
data exists to show the merit of niobia dopant under reactivity initiated
accident (RIA) conditions. Therefore, study was made on the behavior of
niobia (Nb,0g, 0.29w/0) doped UO; fuel under RIA conditions. For com-
parison, non-doped UO, fuel was used. The prepared fuel rods were l4x14
type PWR. Filler gas was 95%ZHe+l17ZKr+4%ZXe prepressurized to 3.4MPa.

From the viewpoint of PCMI, the use of un-pressurized or pressurized
fuel to less than 0.6MPa is also important. The results for this case
will be described in a separate report. Pulse irradiation was carried
out by changing the energy deposition as the major parameter. Obtained
results are:

1) From microstructural study, it was found that there existed the

' trace of grain boundary gliding in the dopant fuel. Maximum axial
strain in the dopant fuel (0.64%) is less than that in non-dopant
fuel (0.90%). Thus, the dopant fuel is effective to reduce the

magnitude of pellet-cladding mechanical interaction by enhancing

+ Department of Reactor Fuel Examination
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fuel plasticity, even though under RIA conditions.

(2) The failure mechanism of tested niobia dopant fuel was cladding
rupture accompanied with local ballooning. This tended tc mask the
effects of fuel plasticity at higher energy deposition levels. No
significant difference in failure mechanisms was observed between
niobia dopant fuels and the prepressurized fresh fuels used in past
NSRR experiments. Failure threshold of the tested niobia dopant
fuel is not less than that of past NSRR experimental data line
presented in the Licensing Guide for RIA..

(3) Although there existed a partial segregation at very small amounts
of niobia, most niobia distributed uniformly in the observation

before and after the pulse irradiation.

Keywords: Niobia, Dopant Fuel, RIA, PCMI, Cladding Ballooning
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Ll EAh, RIA TOEFHAPCMI T34 A BHEBOBD TREVREFNTAELL S, Thik
S MR RASEIIC T - B ST, RIERETAZ EAT 5,

T OIEH » BEMSEEE ORI OVT, b2 LEET L,

A R L - TERBHE IR Rt Lo POCMLIE, FOBHEIIN—E - Lt T4 L
OB OERIC £ DA B, BEHEHE (B2, PCIBEE) HIUET] - EREMOMRE TR
3, FIT, ARCIE)  EOBEAEI D, BUESERCES LTI LB 5. B
SEE R BEOBEIERITIY, © OB L SRR A U A RAHLN TV S, TORRI,

“ONCHI#E &BFREh 580,
| RIA LT, BEHENTHA L7B4, ONCHIBEAEOLRAHE 5L, ThETHLAK
ERfiot, Linl, BIFZEELAT-ERIAER X - T, RIABI S LT LAY
525, ONCHIZHEN AW D D L b5 - LR ERLD,

~ ORIA Bz ONCHI R 4 S A DL, &5 % 6 PCMI B C BB A L Ui & O
Tk L, AEROEr, BEFAROEARAECEREL TR - BEMSREEEATLED &,

is_



JAERI-M 90-164

ONCHIZES £ Ul & & b » 5 MR, Fig 12ROI3OEMT — 4R LT 5, ZOk
G, BREBCL VU RTFARMC e v —RBERE =2 L LTEMT oLk TER
CERTH D,

3.2.2 PREHEREMDOBREE LB A & o 7 O

MEHEOPCMIERICE L TR, RFHEEHE— VYOALLTEANOERT -2 L EET
BB, Linl, AERTREHEHT — 2 2185 bOHEEBI Ar -, £2T, BEHE
A (LT, PIELFT) BT, REEAELHEEL, BHIETT - L OB L IEFR
W BEERE) *HETHIZLEL

—, BBIA %y JORFHAMKET — 213, BRHEED LT AV 2 —h—DBBERX
HEEMLHETAZETELR .

BEHEDT— 271y b &Fig. ACRT, AR PHGh 28, FmkEEBEEEN L HicHk
BT, hoRKEREFHEEHLAL BRI 121cal g« fuel TiX, BHEDOBREERINE D -
foo Fio, HINEEEEREECHT DERI D -1,

REEOMME K, S<AHBBEL, BAROREELRE A->Tw5, L, HINE
DF — 212 DOEHET— A HOMI D » e ThE VIS L ERBORBEREC, &L
VERT RV EHEIE RS,

FR @) B4 B8R, BB A % v 7 OMOUE, I & EEBETERM L, FLRBR
BrbHE0EEL TV, ZhE, SARAOEBCHEICE VT, BEARAY 2 U v 7/ LTH
BEwEmL, FOBIIBEAZ2 /ARAELTLE-L®d, JOBTERE-cEEbh
Bo

3.2.3 BABHENEZL

Fig.15(%, /S ABEHOBEHEOHFHME TS 5, Zhirboh 28R, BREINEILRE
BOEINC X - THEMTAERCRS S, L LEhiddE v BEETEEV. TOERAIE, &b
L RBEBE A A LTV ALHI, FPHASOBMBHAL WD TH 5,

Fig.16i3, F#&121cal g - fuelic B 5 BEHEAFEORIFELT —~ 2 TH 5, 0.5secHiL
TAVABERS Y, FOBNEHNS.5H4.0MPat TEBW B B -, ThEEL, 5
BEHEDRETRAET LT 5,

Fig.17i3, ##&E149cal g * fuelic B3 2 MBHBERNEOFRNELT -2 TH B, /A1,
TERRHE D PIE IR BBITII S kA - oy, BEEREI Y — 7 ENEIEBO0. S6secBIZ EEA0.1
MPa (K&H) Kot ThuhbEBRLE, L L, HINER @5ehitENELXETS
ELOD, KEFIEELKh T ThbhIEFERE 1.

Fig.183, F#E161cal /g« fuelic ki 5 MEHEHEDREFELT — 2 TH 5, 0.5secftiff
THANARBENRS D, FOEEBEEONERSEMICULD AT, BRI VL TRE- 7
NBEH0. 44sec T, F REIEIC DU TR0, 67sec TRRBHEB R4 L, WiE ORBHEREA X
S -TWhA,

T Ok, ENE ¥ —iT, BREBEAFOSREABITE AT TR, BRET=2—-£&

WG_
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L b FIFITRE e B, AEROREE IS hTh B

Fig.10i1, BEHESHARBCES $ ToBMNE, PAEF—ShbHEEL T2y PLIELO
ThhH, HMpb, WEPHRICE LMY RRECHE LTS A LR S, TRbLEREIKX
CEEEELEAE KT b, ZORBIES TE S, £fic0.3~0.7secDA — 4 —T
55, LWREBHAAMCAE 2 SO78E, B LTPCIERT 5, JORRICELETLL
3 1r KSR % 0 < - Mogard 5 10 X 5 ERIC L AU, BEFHI60kW, mE coHAER (10
KW /m » min) =BT, EEAFLET B DIL50~60sect L ETH T b ER TS, & DF%
T B A = R AT L o TR OTEIERRIIC (2 ER 0 A, RIARFORREIRIZ D TERH]
TRET LT EBRHNS,

3.2.4 HEEHRALE

Fig.2012, BEHBEEORARERESREBECH LT oy b LELDO TS, Rnboan
DER, BN L RINERC Y, ELVWEEZIELONGD ok, i, RAREREIRRE
DM E & LM T HERES Do

Fig.21i3, #EE121cal /g - fuelii B 2 B EERERE ORMENLT — 2 TH D, /S A
bt BEEEEG AL, SHREES (ONB) 252 LT\ 5, R L RINEORICE L1
ﬁg;@ﬁpﬁ,ﬁﬂﬁﬁﬁ%ﬁﬂ&?f%ﬁiv%K%LT@,%M%@ﬁﬁﬁﬁ%ﬁ?#o
s .

Fig.2213, %#8149cal /g« fuelic %13 5 HEEEERE ORRELT -2 TH b REFH
EREICE L TRE S A, BR LB & 0 QIR TR - RO S, BT
LYFEE-T,

Fig.2313, S&#E161cal /g - fuelio ki) 2 WRERMEE ORMWELT -2 TH 2. wEHF
EREFIC LTI, BECE LV ERT I, FRARERR L bICBHA Ly, 7Y SR
DFPFRE - oo

?tb%!bfh@%ﬁﬁnﬁb(%’ﬁm%@ﬁﬁgﬁﬁib%,E(ﬁ:y%ﬁﬁﬁtﬁ,
RIS EEOBE TE LA E S pR T — 2 - AR 0T, HREETIRIETE
Lo

3.3 BSIRHE

Bl % v S AR L, BEHELE O L TESERRE T~ HAL LT, A8, H
Wi, XEhE, TN, SEEkIES 57, EENEFEEE CEM/XMA) RV
B EAROBEESTH D, TTRI2MTHRE L, oL AT AV bT—
O —BBHEOSELED, SZr—Nbi L 5 BEHERBES AL ORISR L2 AR O
LPIED 1 DTH B, FHEEESEDERC D\WTE, Table 410 F Ldichl, ZhIT2WTE,
PCMIZW O S H HEfETRHE L 1.
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3.3.1 Xigmf

Fig. 2413, B®E16lcal /g - fuel TEH S h, S THIA L 3 AOBREICNT 2 XBREER
PEDAY v FTHD, 1 ROREHECDE 87 ~107 T DBRE< Ly FEEA ST,
P LR OO BT E « v 7 RIREBHRENT LA TE S VB LWk s, Hbba s
LEE, WRETCEBEO Y nsr— v g vR—FRFAAT ¥ » THEL T, T, B
BLmmBRcE LV Y r— v s YOERBBLAL, -~

3.3.2 SAHBEEE

BEIOB A H = AL REL AT E S, £ LTHIESicHT 5 aMaEEEi L,
3.3.2.1 BEPHEA H= A 4

(1) ##&F16lcal g * fuel

Photo.2it, E##E (Table 4 ™G22) DHHEIMCBES 5, ABRUBIRAMIERY D FHAT
55, chID, BWEISCALIAWHBETHS L, BERRIMBETHL L, #
EERIEEARB L LR A THL, CORBIMER, KCESFLCHT 2 Z2FRR
DT &R & o FBEONSRRINESRBIER 7~ 2 OOREHE A H =X oL b
LTV %, ) | '

Photo.3i3, E#8 (Table 4 ©G42) DERFCET 5, AP UBHANIERY ) 5 X
Th L, 2hLD, BHRIISACIAFMEFEIRTS S 2 L, BIREEIIERCS ChATy
D0k, BEEIEMEE LD NS, Thbh, BERIORL ZEEREHERIC
HoTh, BHRAN=ALIEBTHD, HIHESD -1

TR & %, BERCRBRRO ) ar v o v =B E T 5, JOTD, W
BIISHEA S0 SHEARER L, —HOBRBANOBICBE Ly, HoBFHroBEL
Thi-nT5a/REMLF LD D,

Photo. 43, ¥INEE (Table 4 ®G25) OHEEHEIT 2 /B R CHB¥HORY h T H
ThhH, chih, EBESRIZBREEETAL L, ﬁﬁﬁ@%ﬁ@iﬂﬁiﬂ’ééé Z
L, WESIEMHIE L LS5, Thibh, COHBEVREL HERELFLTS),
RIEEER BT 2 BeBFEEN 0T — & 2 2 &k - 7oBEONSRR IEERRE S
F 2UONDFEE A H = X5 2 b —FK LT3,

Shit, FA A ET0.20w oDEMA S - Th, WRA A S ALEFL, FEFRE
oo I BEARE LT B,

(2) ZF#E149cal, /g - fuel

Photo. 53, BE¥EEE (Table 4 DG23) DERMICET 5, SME L IRAMHER T ) EHT
55, WBVEBRUHEE A » =X A0 THR LIEEED TR L LD DTV,

" Photo.6i3, BE¥RE (Table 4 DG43) OEBIFICEIT 5, AL EHAMERY » ERT
55, BIBMERUEE A =X a3, (UCEHR LICBEEED TR L EED DLV,

Photo.7i2, JEBHBRTH - oI (Table 4 DG26) ©, B LET HAPRFTCBT
ARERY) D EETH D, </ O ERCEVTHRRISL » tOKBEHRHBH, ZhILTH
Bric A L DTH S,
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Ru8121cal g * fuelic BA L TiE, &HEBREITH -,
3.3.2.2 BEbL v bOEINERE

NSRRTI2, NbOsblfh ol <L o b immp e A B®mY, avFHFAEHALL
ERED LREME LT D, FORIFA DBHER CEHANL > B3, By FOR
ST B AR L TEREEF - 2 &®), BELDAT -7 Z7 v IBRELLT L,
FAROENFHB LI L, FTHE,

KERTY, FIMA 0 BREFEER LT, ThLAERENL M 5 pIERR 2 - T
P

Photo. 82, 16lcal /g + fuel THIE Li-RnED, BESABEHENHTEETH L, TOFEEN
WREIETH D DL, </ nBECBVCTHBETOREMBmCEC E-> TV 5HERDHHE
Ehb, BHAL, AERICHGREENEZ S, BRI TERROERP~T — 7
Sy IBELTVWADMSM G, BEDNT, <Ly b EEEEOMIIC, KELRETy 785
A, ZAEEBEERCHOSTALBE L TELLOLE DR D,

Photo.92, F—ME KA LT, SEMBELT-LERTH D, ZOBICH L TENDO
FhEIE LR, FroERronwTiRElRT 5,

Photo.10i, F—#kHckt LT, HIEFERDC LFETH D, Z 0 TE, A ESS
BT AR LT 5 8, CEATROEIRIZAR . L L, BESMRCRIRIIO~T — 77 » 754D
hi, |

Photo.11i1, Z2&149cal /g - fuclic B+ 5, HIMEOWRT WMEEETH L, Z2TH
Lo WAGRITIRIGD~T— 2 7 v 7B -1,

Photo.12i%, BEEOSHTE TS S, COTHELFMEOFR (BH) ZHETLL, B
MEED AT — 7 5 o 2 HHME LD LRGhs, AL, BEERCRELTH, EAROERLLE
LOREZELTEY, COEhsg2—vid, FIEFEOLOTRLV2LHNEL,

B L HEEIEC VT, B Ly b EEBERHTILENDE Ry T v ) B
A Ut e < v,
3.3.2.3 BT ORI HE

FA 4 ETERINC L T, By b OEEFE (Plasticity) AR ETHZLE, 7V —
SHENIEIND Z & LTURTFHINEZETH S, /I ARKICL - T, B AL
b OB RSO TIRAELREAE S MCER LT, BHEROE BN T 5Ty
F v I EE B ST

Photo. 131}, *OETH L, ZOFHEN LS AR, BEEEC OV TIIENIR TR
B UWEE FOERIIAE LT, UL, HINECE, BHESSHAPRAL DL ES
B o ED e h Bo ZOKRIL, BEFNIMAE - T fchIERR s OV AR & - T, HBR
R BUAEARBREIC R A AN MONSRRER TLEEI TV 5B, Chik, i
OFEA LD, BB OBEREHE L TEES LD TR0 TR ERIZEFERI N D,

3.3.3 =7 oBE<Yy NATT
4R ETERIND, BB S L - TP TV B, T, BB THTIZL L,

_gi
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=A T OB BB Ly PRERITLTWAELEL LR,

Photo.14i, HINEOBARESHETE TH 2, COFETE, FWif Li=4 78D bl
—%, Photo.15i3, 149cal/g * fuel T/ /v ARE L - fmBREt< L v F DSEMEETH %, &
ho 3MOFEZRBOABETCECTRELLY, 1FLOFEENSL, =+ 7ORTAREDS
hice ¥hesndirIC=4 7 TH 5B, EFEOLMNCR LEXMADTIEE2HLH LS
Thho

LB AL, FAFEO=F 7L, FAEEHEDO T 2#H KT Photo. 161348, UORizy—ic
S LTWA, £7-, Photo. 165D Zrid, /SN ARACREE L - 8EE» HREh BB LUK
b DEFELLR L,

FITT, PR L oy B AMEIER0.1~0.5mmOFEF (SEM XMA TEZR L EEAN) ok
W, —A T REDREILS A LTS ESEME TEIEE L.

Fig.25~Fig.27i%, *BHEHOGMECH L, =4 7HEXEL AV TLO5Hi%#l~<t 0T
» %, Fig. 2513, BEOTHERNS L LB OERREZR LTV 2, AEEPORMK LT
— ok T ARG Ui, O AEENT, BEAED LIDRCBE LoofT . )0, HliEE
BEAMHLOBEIEMS, 4, #El-o4 7 OREERE Y 1Yoy v PITRLTY
Do WMEIO XY I oAd T DRy 7TV R LAY LT 5, LT, £2TZhERUTAR
TF— 8T8y & Fote HHOD = A THRET — £ i bAn A8, Z00.0~0.5mmD
FRECE T, =47 (LUF, Nb) 3FA ZE—5 LT,

Fig.26i3, AOMENBI BT ENDGHF— 2 Th b, KP@)h bah 2K, NbDgAmik
hEE—-TH BN, QeREhiofmt 0§0.065mmOAE T, HERAE 2 ¥ — 7 b,
oo EE, BROKLTR LTS5,

#720.30~0.32mmfE T, NbOWSHEEBEN Ry 7 77y FL"AALoETLTLEST
VB, _

Zhit, TEMLS AR, RRBSMHOWMRE - T ARACESRBA-TLE 0D
Thb,

© Fig. 2742, 0.0~0.12mm o EBfER cNbD S A Z BIE L IR TH 5, Hh(Up B E Y,
()ANDIZHT B EAOREREY R LT %, (TR, HADEMNNbORSHEE #NELTE
D, COERECNENDRFILFEET S Sk b, KON, A EE—ENbGMEA L, #
0.05~0.06mmADA B CNbARIT L TWAEA R LTV 5, ZOMER, RbUic®e LT
LTH 3,

Zokfic, FEBHUOHL, #2Tidd 5 NbIZEITLTw5 2 EDBAL M 57,

Fig.28~Fig.30iF, FE\E161cal g+ fuel THES L o iiimEC w3 5 SEM, XMAZHHR T
Hhe Fig.28id, EAMOEINAE S RIcRESHZ0.0~0. 36mm O & FH TNbe#E & JE L7
CRRTHE, M)pbah s, O~@OMEBETNDD Y28 bht, CoOE— 7 ERK
(B)DBEHEIZ$ 7 Lo 0.33mmBIEMBEMNIET, NbOh T v bRB Ay 2777 FET &R
TLE -0}, BHOM LM AR, BE-<Ly FDENVEIGERSEA T bTH 5,
‘Fig.20it, #RCHW A0 & LEEO, BEbh o B 5SEM XMASHHERTH So
LENENDD G —TH 50, OOERTE—I7B4ELTH5%,



JAERI-M 90—-164

Fig.30it, BIEHE%0.0~0.12mmicfisE Lo, [E3EOSEM, XMAGHRETH S, K@
bah bk, PMEAaE—27 (D&@) Bhbni, *

soL A BBEH L BRI OND L, BREHRLHIL 0 & ~T— 2 5 » 2 OB VIBRESERMC, X
08 DY —y REET AEFICH - o8, BIERBEM R WOT, SEENICIEE S Dbl
KT X oo s .

Fig.31~Fig.331, Z#E149cal, /g » fuel TS L iz iR 4 5 SEM/ XMAG AR T
BB

Fig.31id, BEAGEO~T— 2 5 » 7 BERHET BH 52>\ T, SEM/ XMAGH %17 -
FREBETH D, 0.0~0.8mmOBERHCEVT, O~@Dr—2a4bh, BL®OY—7
THIRTEI K & s T

Fig.32i3, FEEEHOMEOERIC RS 2 SEM, XMAGHHER TS 5, 0.0~3.6mmDHE
BHIC BT, O~@Or—7hibh, OOV — 7 AP AE ., TOMDERT
ENbOIRE T FH 5 cpsBL FTH 5.

Fig.33i, B—2E-Ti2 s 5 OB CRIE LIc BRI OSEM, XMARRTH 5. K
(QOEDEFT I BT A EENMETZRT -2 AL b b,

PRELA Ly b O SRR 225 pm S ARTE L, b D i SRR € TONDDHER 7
FEE S, CRETELNEF— 22 HWTHET S &, Fig. MOt b, Thobbh, A
TiEd 5P, NbidsE SR FC NS CHEE LT 238, RhbmBEnd,

F 4 4T (NbOs) %0.20w,/ ofstiE 4 L TS Lo UOMELE (e Z%ERL, €0
RS 5 % R Ui, ER IR E DD, A A4 £ 7 2N L UOHRE
M (EREEE) 4 M0 L7, (SRR IAX UPWRES L L, BAFAWBXHet+ 1%+47%
Xe® T3, dMPat THEME L0b, BBEEE2 T v ABE L, TORR, LITOH
R,

(1) ZEEE121cal /g - fuel T, FRIMEDPCMLS % & W BT, BAMORAEERL, &
IET0.64%, EEHET0.90% 5 -7, Zh X NhOFRMIC & - T, PCMUERZIRS
BHbRD D E BB ol /S AR OBEHARO B b, FRIEORERAIT I AKE
BOTED, I0AkERKBEFRBIEC - HERED b, TbbRIALE TS,
NhOSRINT £ % e (POMUEREE) MR TE 5 2 LML RTIE T,

(9) HEEERRCEE A F v 7 ORAEMEC OV TiE, Wik EEE: O, ELVE
Bidhhote JHZ FBRTAGRBEORSAHNEEA =X L& TEY, £
OHERT TR, NhOHMOSELEECER b s bDIEBREN 5,

(3) PEHENECHEEEMEEC OV, FnEsEEE Loz, FLVLAEREE L
VD EMBEL T o T
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Fig.30it, BIEREZ0.0~0.12mmickRE L, [EEOSEM, XMAGHR-R TH S, K@
b AR, hate—27 (DE@) BiAbnls, '

SRR LI B OND AL, BEELHL D & ~T — 27 7 v 2 DB VRESHRANC, X
D& DY — 7 BRET BENICS - o0, WEREA W OT, 2RSS e D
Hlfr T E b - .

ﬂgﬂwﬂg%@,%ﬁ%u%d/&ﬁ@f%%Lt%m%mﬁ?%ﬂmbﬁMA%ﬁ%%T
Hbo '

Fig.31id, BESGEDO~T—2 5 v 7 BERALET HEG >\ T, SEM/ XMAGH ZAT >
FERBTH D, 0.0~0.BmmOBERE BT, D~®DE—7aA&LN, FLODLE—7
IHIREIT K & B o o

Fig.32id, BEZEOBRE LR 5 SEM, XMAGHHER TH 5, 0.0~3.6mmDAE
BHCEVT, O~@0r—7sHdbh, HLOOE— 7 BRI KE v, EOMOEFT
PENbOBE L FER S epsbh T TH 5,

Fig.331%, F—EE-Ti2 s 5 M ROEE THE Lo OSEM, XMARR TH 5, K
(QDROEFC TR ELNbRTATRT E— 27 8A bR b,

%ﬂ&vV&®¥w%%ﬁ%%%um&ﬁiL,%&ﬁ¢bm%%%ﬁﬁ&vwmwﬁﬁ%
HEER, ChETELR T AR EVTHET S &, Fig. MOBICR %, Thbb, AN
Tlid 5 H, NbidiEih R BC RS CHFEL T 238, B bRREh 2,

JF 4 A ET (NbOy) 20.29w, oBiEA L TIFH L -UOMREHE (i) Z#fmL, 0
RS B % AT Lice RERTIRMEAELE O, 1 4 &7 BRI L i UOMH
M (ERERE) 4% L. BERBEME 14X UPWREMHEE L, BAH A05%Het 1%6+4%
Xe? Ei#3.AMPat CHIEIE L 0b, BBEREL T ARE L, 2OFR, HTOH
BAEB.

(1) ZEE121cal /g * fuel T, FHIMMEDOPCMLS % ¥\ T8l MAEORALLERL, &
IET0.64%, EEET0.90% 5 -~ Zh LD NbOFRMIE & - T, PCMUEFZDRS
BEBRE D ERbh ot A AR OB LB b, BRIEORERRIIIIIRE
BUTED, LoAXKENREIEC > HRRD b, ThhbRIAKE VT,
NbOFRINR. & % BHHESE (PCMIERRE) AR TED Z LBMALHICR»T0

(2) BREERRUWE A & v 7 OBEKEMEC VT, FiE-EER: ORI, FLVE
Bihhotn, DhiE, ERTAVERBROFESBBTIR A H = ALCETTED, £
ORI T TR, NhOBRMOBERA#ELER e s bDEEE IS,

(3) MEHENECHBEEMEEC LTI, Fink RS O, FLVERIELE
VI EMEED ST - T
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() XBBREOHER, FIEOV or—v a2 vORER, BEEEOTh i RE(GELEVWIL
IR LT,

(5) SHERBROETE, BRI EEFE S OMER, NhOEmoERT LAY T+ v /EOTE
G Ule v T 2 EDVHIRE L, _ '

(6) XMAHTH» 6, =47 (Nb) oMl T 57— 2 %H8 1, TORR, NbOZMIL »
PEFZE S TH—THSEY, LIHEIHIBIBMEDCRITLIFAET 2 EHLRIE -
120

(1) AEREMHT TORMEDOWR A #= X ok, FETORMELS ChC X HHHENEAT
HLERBELBIT T, COWRBA D = X ARBREETISHERRIC T — 2 <X—2 b
}:NSRRE#EMEBEIOWR 2 H = X8 b —FK Lic, Th, KERCHEVLHENEOREL
#UMER, RIAFREHEAR FEILM G2 &M, LMo,

(8) A ABRHBIGE.S S NERCE 2 £ ToRREIE, REBEOHENEXCHE KL LN
Bt o T,

#

FEBRETZEL, BEZETEINCEREHREROBREXRN SR ES:, £
2 EENSRRE B BRI —EREMM OB B OFHH 512, FRERCET 32X H %, &
DE Ll

BRERRD 5 5, SEM/ XMAZHTIEABREFHBRECER L E Loy, Zhicld L Tiaf
FEABRARANBERBOERCHBIZE 2 £ L.

SEeT— 2 OB}, TREOAA v 5+ v AR TFHEE, BREVARCEDETIT 24
v A DREMFECHIEEC LD F L,

o, HR L EFES,

Z F L W
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) XBREOKRE, HWEOY or-—-v o vy OBEE, BEREOThEAEZEDbRV2&
DUHIBE Lo |

(5) SHERBROBETE, BE S FEETE OB, NhOmmcERT £y 71 v 7 SOTE
XUk o2 S P LA,

(6) XMABEH 75, =47 (Nb) OFCET 55— 4 %18, EOME, NbOSME<L »
PEAICE > TH—THDLE, LTAHLIAHIHEBEDRITLIFET S I EABLHIR>
pAa

(1) FEREETTORMEORIE A H =X 4, HETORINLS L LIBBTIRT
DL EBBELBRE ~Te COWEA N = X ARELFEEIHERCT — 24 <~ Rk
}NSRRE#ENMFMEBIOWIRA A= X o b —FH L, Th, ARBICEGLHENEDBREAL
#MER, RIABEHER TEL VLT &M, BELMCE -,

(8) < ABHBAR.S < NBHAICZE S € ToORMEE, REBEOMWIMEIKITE R LHH
bt ois

5w

AEBRETCEL, BHLZL2TEINCEREMREROBREXRR, LI HRLIE%, ¥
7 FAHNSRRE B EREAR — MO E O EHH b, FRAERCREATLHEXLBIE, B
DE L.

BHEHERBRD 5 5, SEM/ XMASPT I EABREABRECERE L E Lics’, ThicldL TR
BRBEEESHERMOERCHBIZEY £ L,

SR — 2 OB, TREAM VT v AR FHEE, BREVROCEDETIT £+
v ADREMFECHEMEC D F L.

ZZiz, #RRL B ES,

z % X W
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2 Result of chemical analysis

Itess U0: pelett Nb20s doped UDz pellet
Enrichment (w/o0) 9,948
U content (%) B88.11 87.82
0/U ratio 2.00
Impurities (ppm)

F <5

Mg <1

Ca <10

Mg+Ca <11

N <10

C <5

B <0.6

Cd <0.4

5i 21

Dy <0.1

Eu <0.05

Gd 2

Sm 0.1
Nbz0O0s content (w/0) None 0.29
Equivalent H:0 (ppm) 1.94
Bulk density (%TD) 94.55 94.95
Density increase by
put-of-pile 1.74 0.88
resintering (XTD)
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RAMP TERMINAL POWER (kW/m)

Fig. 1 Internal pressure increase of power ramped BWR fuel rod,
showing less release of FP gas in doped fuel than in non-doped
fuel. Ramped five doped fuels were intact: Ref(12)
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SECONDARY CREEP RATE, PER HR.
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Fig. 3 Variation of secondary creep rate with NbyOg content in UO;:
Ref (13)
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Powdered niobia Powdered UQ;
|
Pre-treatment(dry)

Mechanical blending
repeatedly for dopant
weight acjustment

l
Pre-compact
l
Granulation
{
Lubrication
|
Compacting/Pressing
l
Sintering
l
Grinding
|
Niobia doped UO3 fuel

Fabrication process of the
niobia dopant fuel

Fig. 2 Fabrication process of the niobia dopant fuel
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Fig. 7 TIrradiation capsule for triplet rod configuration and attached
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Fig. 15 Pressure increase during pulse as a function of deposited energy
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Fig. 16 Rod pressure at deposited energy of 1zl cal/g*fuel as a
function of time
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Fig. 17 Rod pressure at deposited energy of 149 cal/g-fuel as a
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Fig. 18 Rod pressure at deposited energy of 161 cal/g-fuel as a
function of time
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Fig. 21 Rod surface temperature at deposited energy of 121 cal/gefuel
as a function of time
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Fig. 22 Rod surface temperature at deposited energy of 149 cal/g-fuel
as a function of time
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Fig. 23 Rod surface temperature at deposited energy of 161 cal/g+fuel
as a function of time
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LEGEND: oA
— T - Specimen:Uniradiated doped W
R S L—r—‘;— —| Accelerating beam voltage:25k V P !53_

Lo b a1 T h Absorbing current: 10 nA —410
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Fig. 25 (1) Cross—sectional microphotougraph of as-fabricated niobia
dopant fuel, taken from fuel center locatiom, (2) Intensity of
existed niobium along line shown in the photograph: Intensity
zero corresponded to background level
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~— DlSTANCE FROM THE RIGHT EDGE OF PHOTOGRAPH(mm

LEGEND: Lk
Specimen:Unirradiated doped | J
Accelerating bearn voltage: 25k V |- s

Absorbing current: 10 nA B
Characteristic Xray Nb(Lck =574 10 E
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(1)

Fig. 26

(1) Cross-sectional microphotograph of as-fabricated nicbia
dopant fuel, taken from fuel edge location, (2} Intensity of
existed niobium along line shown in the photograph: Intensity
zero corresponded to background level and circled number in
the photograph is indicative of which shown in (2)
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R |'\m i LEGEND: 161 calig fuel, ‘““‘26’%

T - h&EA T | Specimen: Pulsed NbO;doped fuel| T |
S N ! Aecelerating beam voltage:25k V I—_‘g
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I T I A . Charactenstchray Nb(de)x 57A —19—%
i . - ; “ : ’8
\ e
A M Wwwwmmw o
|TH T T .

,,,,l,,,,,,!,g_d T f:)bs‘ o 064 " T2 ©

Fig. 28

(1) Cross-sectional microphotograph of pulsed niobia dopant
fuel at 161 cal/g-fuel, (2) Magnified microstructure taken from
fuel edge location, and (3) Intensity of niobium along line
shown in the photograph: Intensity zero corresponded to back-
ground level and cireled number in the photograph is indicative

of which shown in (3)



JAERI-M 90-—164

T T T T [iecenp: 161 calig fuel, T PH 0
. . Specimen: Pulsed Nb,Osdoped fusl] - AL
L i Tl Lo | Accelerating beamvoltage:25k V | 1 I
L 1 ' Absorbing current: 10 nA o o 0
Characteristic X ray: Nb(Ld1}:=57A a2

(2) (1)

Fig. 29

{1) Magnified cross-sectional microstructure of niobia doped
fuel, taken from fuel edge location. This was pulsed at 161
cal/g*fuel, (2) Intensity of miobium (white spot) in the place,
and (3) Intensity of niobium along line shown in the photograph:
Intensity zero corresponded to background level and circled
number in the photograph is indicative of which shown in (3)
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LEGEND: 148 callgfuel. P
Specimen: Pulsed Nb,Ozdoped fuel| | @ (s I) 20
Accelerating beamvoltage:25k V |77 " ¢
Absorbing current: 10 nA i T
Charactens’tchray Nb(Ld1)1-57A A 10

004

(1)

ok

Fig. 31 (1) Magnified cross-sectional microstructure of niobia doped
fuel, taken from fuel edge location. This was pulsed at 149
cal/ge°fuel without failure, (2) Intensity of niobium (white
gpot) in the place, and (3) Intensity of nicbium along line
shown in the photograph: Intensity zero corresponded to
background level and circled numbers in the photograph are
indicative of these shown in (3)
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Fig. 32 (1) Magnified cross-sectional microstructure of niobia doped

fuel, taken from fuel edge location.
cal/g-fuel,

graph:

This was pulsed at 149

(2) Intensity of niobium (white spot) in the place,
and (3) Intensity of niobilum along line shown in the photo-

Intensity zero corresponded to background level and

circled numbers in the photograph are indicative of these shown

in (3)
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1.8
" Notation | Deposited energy .
N (calig fuel )
1.6 0 161 -
A 149
I Initial niobia content:0.3wo

NIOBIUM ACTIVITY AFTER PULSE (Counts/sec.)
NIOBIUM ACTIVITY BEFORE PULSE(Counts/sec.)
~
|
|

Q
i 1
1.2 .
L — o
S
1.0 '.-%[F)!GA]ENOF , o _CE(.‘I:&TAEJRW"
| verage grain size: 25pm =

RELATIVE DISTANCE (-)

Fig. 34 Relative intensity of niobium, measured by XMA analysis as a
function of relative distance in the grain, where grain size
was assumed to be 25um
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JAERI-M 90-164

Non-doped
Standard Fuel

0.3Wo Nb,Os
Doped Fuel

As -fabrication

Photomicrograph of non-doped standard fuel (top), and 0.2%w/0
niobia doped fuel; Averaged grain size by linear intercept
method was 9um and 25um for non-dopant and dopant.

Etched by 90% stOq and 10% HzOz
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As-Polished

Photo. 2 Photomicrograph of non-doped standard fuel (3.4w/o enriched
fuel at column ends), failed at deposited energy of 161
cal/gefuel; Wires in (1) is showing the Pt/Pt-I13%ZRh
thermocouples and white spot in (2) the zero orientation
mark; As-—-polished
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JAERI-M 80-164

Faibsre Location

Ag-Polished

Photo. 3 Photomicrograph of non-doped standard fuel (natural fuel at
column ends), failed at deposited energy of 161 cal/g-fuel;
Wires in (1) is showing the Pt/Pt-13%7Rh thermocouples and
white spot in (2) the zero orientation mark; As-polished
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As-Folished

Photo. & Photomicrograph of niobia doped fuel (3.4w/o enriched fuel
at column ends), failed at deposited energy of 161 cal/g-fuel;
Wires in (1) is showing the Pt/Pt-137Rh thermocouples and
white spot in (2) the zero orientation mark; As-—polished
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Zircaloy-&
Cladding

As - Polished

N

Bottom S5cm Top (1)

Photo. 6 Photomicrograph of non-doped standard fuel (natural fuel at column ends), failed at deposited energy of 149 cal/ge-fuel;
Wires in (1) is showing the Pt/Pt-13%Rh thermocouples and white spot in (2) the zero orientation mark; As-polished
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AWW As- to:mjma,

Cutting location

Q@mm to
failure location

wo

(2) Bottom 5cm Top

Zrwn
=~ (1)
1 | L ] L ]
Photo. 8 Photomicrograph of niobia doped defected fuel pulsed at 161 cal/ge+fuel (3.4w/0 enriched fuel
at column ends), cut from the location where is very close to failure location; Wires in (2)
is showing the Pt/Pt-13%ZRh thermocouples attached to; As-polished

— 53~ 54—
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As-Polished

Photo. 11 Photomicrograph of niobia doped intact fuel, pulsed at
149 cal/g fuel
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Photo. 14 As-fabricated microstructure of niobia-dopant UO, pellet,
showing local precipitated small particles of niobium by
white area:; As—etched
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Nb,Og Doped Fuel — ,20um, Nb,Os Doped Fuel 204

"Nb,Os Doped Fuel 20w, NbOsDoped Fuel .2

Nb,Os Doped Fuel 5o, Nb,Os Doped Fuel , 80um,

Photo. 15 (Left) SEM macrophotographs taken from doped fuel edge location
pulsed at 149 cal/g-fuel, (Right) Characteristic X-ray of niobium

at the place
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Nb,0, Doped Fuel Nb,Os Doped Fuel

Nb,0g Doped Fuel  H0pm

Photo. 16 Characteristic X-ray of U, Zr and Nb from niobia dopant fuel,
pulsed at 161 cal/gefuel
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