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Effect of Heat Generation Profile in Pellet on Fuel Fallure Behavior
( Enrichment Parameter Test in NSRR )

Nobuaki OHNISHI, Sadamitsu TANZAWA and Teruaki KTTANO¥

Division of Reactor Safety
Tokal Research Establishment, JAERL
( Received November 2, 1978 )

The effect of heat generation profile in pellet on fuel failure
behavior has been examined for 5%, 10% and 20% enriched fuel rods in
NSER tests. The failure threshold energy deposition decreases with
inereasing enrichment of'the fuel rod ; the failure threshold energy
depositions for 5%, 10% and 20% enriched fuel rods are about 278, 265
and 248 cal/gUOE, respectively. Fuel fallure occurs generally by brittle
fracture in the form of clrcumferential cracking and 1s possibly caused
by melting and local deterioration of the cladding,

Keywords: Reactivity Initiated Accldent, NSRR, Fuel Failure, Fuel Melting,
Heat Generation Profile, Failure Threshold Energy Deposition
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1.1 L & |

1.1 REERGICATIHEDEE

BABAFICE O TRESN 2 FRO HURBESK 52, T WERNTRE 6T
EOTVD LI, {5 DOBERIT L - TRLICKEIAR DA D , BT BAEREICES ¢ &
I & —;'Cm*‘jrﬂiﬁﬁﬁﬁﬁéb‘&iﬁﬂﬁf‘é%ﬂﬁ%‘ﬁ@%5$ﬁ%b\5o

RIBEFHOTATH IS VTR, FFFHMRE RO KECRIE, 550 LmEEL &
L oT, PIARHIEEOFL0 S 2EICE T (BWR 0BA ) 22028M (PWROBA) L,
EERKSE SN S WE TR A BERIEIC 55 C & pBES N B, |

T, RISESHICHET AMEOBEARDE -Th 3 &, BFFOBRMRED GMICB1
T, IRERULICH B TFEHEQOLINETET o0 L T 2083 55
WBETRM LTV, c OMBEARHT 5 2mic, kEicts 0T BORAX e spprT® "
LV EBOE TR A TR UHBE ERSGL O, ChD EOERICLD . &
FHRHNOBE LRI > TEATRBEREL TS b o7 7 — BP DMl E B R &
DHEHAM B Y, MRERICE T o0 L SHETFHSREREICH ST EpEES A
77, .

EROEBRHSFHROATOLE (196141 A) i, SL— 1" cancampienmesy
HIFE L, KIEOBRICILH T 2L I BWBHICL VP LHHBEL 72, C OERE LB ICRGE
HHICHET AHRIL, BSOS S HOREREIC LB FPO%4e LOBREY £ ORA
ABABETFORBERICES L, BENIOATE NPT 2 HAICEE LT 7, BEKIKC
BFPABIEICE & Lsv B B SPERT ® SNAPTRAN' | &M Ciitsbhiress, ch b
DERGCRTFF MBI NIBCHERSNIRMBEN L, BEBENE - B COARET 3
CEDRBENI, 70, BEA R RRIR O R L B OB DS HIK & BRI 9
TEHELEITE T, BHKGRIAIC L b E2BICHMBET 20 LItk s TREST 20 LBl |
e
LEDERMEED S, REEFBICKET 2L UHEOFAEED 5 b Ol T ESE 1158
BEBUDNL, TUDE, BFFORERKEHAT 5 0icid, BHETEFFEEBICRET
BUBHRLT L bM<, RISERREDHAEHE v 25 BOTEEL | SRR ORE
KRETHAL, BTG LR OB DOFMEERNTS 5503 8RHBE AL, ©
DEAHEBYICESE L 7O, SPERT —CDC ©TREAT 04 i nERTH 5, € 1
o —EDEER T, fJ}?’éi??“-{z WICER L BB A s 2 XL DB LTIRB ¢,
BLEVEPRERELENT 2 L HCETYRBOBHE L 12 3B DKOHRE 1 ORELH O
FEAZFI L, LLEsS, SPERT ~CDC # TREAT O ERTIL, ERFHPERD
OB 5 B RS ORAEE 2+ ORI & 5 % TICEH 5105 -7,

(5
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1.2 NSRROWEME

BlLE, Bk 5 B OMKEEICHET 2 EL L OSEREARECEVTHEC 1S
EHBL, MEOAFRFTEOIELED TE T, EBITE, TRIGA —ACPR (Annular Core
Pulse Reactor ) #8d vz & L1z NSRR (Nuclear Safety Research Reactor )
OBBEZE LT 1970 F 6 AICERZHEL, COITORIERICEST 280 M icB L WA
Ls ol BIERES 5 HHED OREEHORN AN Ll xa" " MesmLcu
F B

CCTNSRRABEICBD ZFERMEERAZHT 2 LLUTOLSiCLE,

(1) 38 i 7 D BRE K B DFF

(2) MRRIMEIEHEIS & 2 D L & L ME O R

(3) MEBERICKSHET & V¥ —DOREBEB OB

4) MEBRBECBRESOENR

(5) FHEEOMEBEIRT 7 0 /5 L OB

CNSOMEREL+EEOB AFORMEMIE X R TEZBE, BHTEL DFERR /0T £ —
awowt%ﬁ%ﬁaofwmn@méﬁwc&Kﬁéoﬂidmﬂmﬁéﬁﬁﬁﬁw%#ma
12 PWR&EBWRETREN TWAL, ALFROBETHOEEECRHEENE 20 LTL
5, C O NSRR EBTI}, BABHP—RICHT 2 BREOH 3 RRAEEBT 5 L ICHE
KM RBRAK (UT, SERRBRE L0 285 BEL, CHEERICLTF v 71,
BHRESZ DI EEL DT 2 — 45 ER LTNEVERET LT3,

LRNFTURAB - HERORENLEE BLU2H 0 OXBREREDEN 2 U TR~ 2,
121 xa—-vv 7’%%(1%6)

AL BRI OB SR ICE T AEANBF -4 4 NET A EABME LA -V I E
BRIL M 80 [EfT15 -7, BIFMKIEHOEB AR, TF, 27727, 2WEL0 U0, B8
ICKRAML TR~ B,

(1) BLELOER

R#MBOHH 140 cal /gUO, HIFTit, RBAKEIABENSE(LES RN, £,
WEEH L, HOBOEH LD, =Ly FRREHKED 75 5 75 LTV,
LD LIEhs s, BBED 140 cal /g U0, %#BAZLINNEE, BRERE I LT
EET 5, C ORI L BEIRHBEOMA IS 5T 5175 B OREROBLIE D
CEEmIEbi 5 BEOBLBRICE/LT 5, B{LBEIIR#RS 220 cal /gU0, =#A 5L
z BHin BB MICHBET B, | . |
BEEOEWEEIRHE 150 cal /g UO, EMICHMEBORMITHN »THKRT 5, C
Hidsr, PR MBSO TREEL , BEEAB LA 20 LRETHELEbOE
EZoN 5, R#BEH 250 cal /gU0, #BAL L PEBEOEMBREMICMAT S, C
DOEEIZCORMBEICN L LEREHEMLURFAUNCERT 2120 TH 5,
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2 75 97 BLUDE
RMED 260 cal /gUO. £HMZ 2 LRMIPRECRIAOREYS 7 » 2 BRELT

BT B, £, m&%wuﬁﬁbﬁhif%§ﬁ®ﬁﬁ®77u?mibé X DICHRH

EoHm LT 320 cal /g UQ, ~ 380 cal /g U0, O®WICIEE &, BAKHZEIBIC S8

T3, BHRIT 5 st ameomEs =3 Y ymorsicezoncng, ¢

nbt, EHEH 260 cal /gUO, KET L&, HWEBEEBLICI OB LTHRELE

kDo Eh, WREIIREME 260 cal /gU0, THEBL, R U oA s L TR

HEicE LSRAT S, LLoESUREICH s - #BELaABORE HILLh s 7. 7

P L THRET 3,

B}Uozmﬁﬂ
FERE D #9380 cal /gUO, MEICI AL, MELTBIERE b ¥ 7o 13RS 15 i 8l 15
ﬁ?&aqfﬁﬁﬁéyit,ﬂﬁ&@ﬁmﬁﬁmﬁﬁ&&mmmtﬁmQMénécC@

B T 5 v R I RMBAT 380 cal /g UO, 15 AT 2ChTHMT 5, i

W%%WK£U5HE%®§EEEi?wﬁm4®ﬂ5f$5IMOtC%bfwéc&b
5, R L7 UO, HYRE OWMD 5 L VETEICE ORIBITIE o 7o ICR HUK chiC R o 1l

ur<5§®a%zen5
L22 ¥4 7meer’

BEEED UO, vy FPEEEOBEMD S WDIZBLICEE OBIL EECERLT VA &
B, CRETCORa-E Y rEROSPISHICINTOE, UQ; <L+ + BLUREE OAE
PRILORE R, BEBOBNOBEEBICKET 5, L EOASH SRNORESHICEEL K
BT F oy TREEOHEBLRB L 2 VECE DL INFEL 5L 5052 HNEBNY , » 7
MBERTH S, KRICZEERBBHOF 4 » 7'M (0095 mm) 826 (0190 mm) «
Lot o o 7 2 L0 7,

EBORR, PRI LTHEBLE WVES LU E ORIIEERBIRE O R & K107,
THbL, WELEVER, 261 cal /gUO, CREE) & 274 cal /gU0, (BIE) O
HY, E/, WEREGHREODEAM I 7 » 7 LEERBRBHE L AYE—Th -7, EELRR
mﬁwiﬁ%%&¢simqtﬁm,DNBﬁ%i?ébgwﬁm%wﬁﬁﬁmuﬂtc&fﬁ
%, $HbLL | FEABRBMOBE, # 140 cal /gUQ, ORHMBICH T DNB 05544 3
DI LT, ¥+ v 7RHOBEIIE, 181 ~ 193 cal /gUO, T DNBKELTNS, 1,
HEREOEREIIH LT, EERABR OBEICE 150 cal/gU0. BEM»L XA THES
DI LT, ¥ vy 7RROEHEITIE 200 cal /gUQ, M ECRBRBIGELEVE AABIRE
57T,

Ple@~tzk o, ¥ 5 o 7MOMEE, DNB ORE , ERBEICHS ARERE2 KT T
o, WEENEM U TCHRECEZIONBRARBICNS L, tREENFEL S HLE LI ES
Pt N= o
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1.2.3 200X

Pk, BEEEHLER -y 7 EROEHIC, NSRR TIREBEEER, ~v VR,
MERKER, BEAADF T 7 —WET 4 — 2 ERE X CRKBHERE EUBC D25 4 —
FRBATE STEBY, BeD/95 4 — 2 OWBESHICRITHEELB TS, THhoOERE
%%KGWTMKﬁmmkﬁwfﬂ%énfwé®T$ETH%§¢50
1.3 MBENSA-SYEBOBED

I TedTaskHit, NSRREBTUIEERRBBHOERZEEAEELLT, 8
EBE T —FREHDOTOERBREIZUET S LICLD | BEEHLAVT L LWIFE
ARBALTOS, ZRCHEML-EEIRAE I4E4KBR PVREB UHBD DT H5 5,
NSRR v 2 & ABRMHORMB LOEFNL S, T2 3RVGVRAE I TERNTN
22 LD, BREZ 10 wt % (UTFHLBT) LLTV3D, '

3T, RIBEB®RO LD CED TERMICL I ERESEC 35412, U0, 2v .y FORE
AT ERICHER T U0, vy "AORBRSHICHAM LR TLERT 5, KB NFERIC
BT, U0, *vy FADORARAIHEIAREICEL - THWIRENLS, /0, COEME
Eﬁﬁﬁ%(ﬂ%zonfﬁgwmb,ﬁ%f%&ﬁ%%ﬁﬁ&ﬁéo¢ﬁ?ﬁ%ﬂ—FGﬂ%
X BHEMECL L, FHERMAR 100 EHLT5%, 10 BBLU 20 % BF B O U0,
SLy MABRICET BRMKER, FhEN 116, 123 BLT 163 THAS (Fig. 1 1),

CHETONSRREBRICE T, BRO—MEE LTHEE ORMBEIRREN TS,
—%, BEBEORER U0, ~v . FORE, X0b3 U0, Ly FAEEMORE B i<
FEAZTIALEIOND, CHEDHERET AL, UD, 2Ly PAORRIADELHE
EOBEYEEH, X0ICIRHOBRBESORCIBH TERLERNH R DL ELONE, L
i T, BREORBEHLERTI/nICE, BEEL 74 -2 LTRASHEWAL S
WMEBZRAARICTACLNERTH D, B, BRBAFCAVL LN TV 2 EEHERE (2.2
~3.2 %) &3 LTNSRR B0 2 ERRBRBE O/ ELEE ST B icid, BEEDOEL
L BRMEOMESHEEB L2 OV ESITFHEBERHICLOL I LEEERITLEZHELHICT S

CEHEREENLS, UEOBMICE ST oA $7 # — 2 REBROEBRIFHE % Table L1ICIR

*

E

» BEE 10 SOEESRBRICONTHERE Y ) - XTOERZTHHT, 20—V /' EBOKEL
A,
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5 u{r% enrich fuel

[ wd
S \
g IO wt% enrich fuel
o
§ 0.5- 20 wt% enrich fuel _
& .
0.0 . ' ! 1 1 L 2 : :

0 0.5 1.0
' Radius {(R)

Fig. 1.1 Radial Power Fraction in the Pellet
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2. EREE L KR

21 NSRREECHEE

211 FLoEE

NSRRIZABHGCGARECI - THREINITAEAALRE TRIGA -ACPREHETFUEL &
DTHE, FLd Fig. 21 WRT Lo, PLRLBOERILLE, sh2R0BL 149 KD
MHER, SAORET »0 V- DHHBESICIAD T vy v B OBRINTOS,
FLEFBZARNOMOAA Iy 77— AVRERBEINTEY | 77— kKDHAWMKICEL - TH
HEh T2 LSBT,

OB 63 cm, ABRSHK 38 cm OFBERTH S, FLOHIEEGI6 cm . &
HDEZHIB cmD 20BBB 77> —KF(EPra2=29s (U-ZrH. ) 452271 R
WMCHBLI-SDTHSL,

BRI Fig 22 RT LOCHPLDLBEEEL, 7—nBRETYERICHELT 7 —
wEEHFTHELNE 22 cm DETHL, EEHICHOLELEEHERE, B LAEE24 7
y PEHEE SV BIERFEE LT TREIERRYEZERT 2ERICA,, BHIEHERL
TSR DICHEROERSBFTELRCEDS, D AR, WOW LSS #7 + L E
WA,

212 EBRRAHWTEN

REBMEEZIMT 227 enid, FRORLHEWRT L Lk, EREBEEALEILL
H5X I, TS, NSRR THAZRE LBEEKRKS 7 v OflEE Fig. 23 WRT, ¢ i =E
BAREDERRBCEOTEMTAEHDT, HEIEI2F vV 2ETH L, ABRBHOIMIT,
AR OWT R PSS TEFLBHEOBAE R GICMNET 2L 3K, 47w rOhLBLDE
FROMBICTHEICLOTHS,

2.1.3 FEBROE®

BERER S BB LMD 0RBRRH L0 7 v OFtE L LTIE, Table
2LiCRTEOT, WEEXIREES, v o rhoEEE, RERES, KBLEREST, BE <
Loy b BLUBBECH FMENS, V7 v’REFHERH D,
HREXREFAMEDTOAETLZEZE 0l mm~ 03 mmPPt — Pt 13 B Rh 4% 1.5
mmDOBEEHFTTIRI DAL, MNEEFT L ETEY, REEOREEZH T2, $172,
Ry PULOBERIEIIW -5%Re/ W—-26%BRe DBE4 Ta TY—RA LI &DTHS,
EAoRlECE, eV RAERBEPEEEKY - DR TBBNEERICIBOLTOE DD
AHATERBLTAR2NBUESHLEL0T, Y —VE2RNT 7928547777 68E
BBERALTVAE,
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Kﬁ@ﬂh@ﬁ%ﬁ$ﬁ@£%@%ﬂ&tﬁ?&%W@¢®&&34w%&@buémﬁﬁﬁ
HABRLTHESTE TV, it, MBS L b B CHRE ORAROEEE, 2h
FHhRE 2 2 o 7 RIRICHA, %5DHME¢L%KEﬁLLﬂﬁﬁ®%ﬁ%§ﬁb7/2K;
DNBEIESCERT ERADLOTH S,

2. 1. 4 ,wvzﬁtﬁﬁm

SRR TDORERIADIF T YU 2V PEOREFHREEE TN D, 3RO F Y o,
v AEOHASEICE STBARWAT FVEITOIEORGEARAT AL EHTES, /SR
HH NSRROS-HDH @Y, $0hs, BEACSENAREN (ZTH) ORIRAD
BEFRHICLS Y (- Fy 7BRCIOAFHEN S, Fig. 24 CHRARGER 4T FACHs
BN ZRALEBAHAOKEELERT, COBAGOERY—FJHEAEBHEANE, T TN
# 21000 MWE # 130 MW —sec Thd, T/, AN OREFAIE v 2EEN I
FAEN 1.1m sec &44m secT, 2hHSEFWFRGBRBU T v 2FE LTRELE,
OB ORI B Y, Fig. 25 ot A E RS HNEFFRMTERL T ERT, 4B,
NSRR o H&EhiHrHa  ELCERTYTEHE ﬂdf®ﬁ%@u%n%n30umc$$0
00073 TH 5,

215 ik UERIL OBPET RS

ok ECERAOEBF ML CHERORPEFHEIHZ Fig. 26 8L U Fig. 2TIKF
+, MERT L DI, ERALO D TR FLERICENTHEBE D, CORHRLBEOR
ABWAELIC LB RBREICHBSAREIEBINDICEHED LRI T 252 5 L08T x5,
FLSAROB P FROEEM (FAEREHE) CRT 2ERILA ORPETROELEO K
(F.O.M. Figure of Merit &3 ) (3, ZBRILAN OERYOBEY OB SRS 550
BOARSCENLEVSDEEZ NS, LT, B—EKREETRLOEITICET 53
BME ORBEHET SN TONE, ERIECRABORIEM TS T S LEHSIC, R
AOMEED SBBITRH AT ENTED, '

L OB TR OAIEI, R E OERAKICH 72 L ABAIh T SBEEEA
IR TOBE I SWTTN -, BIEORKSE, Btk FRETE L TEEORAL S 300
KWICBOTEFT 229 x 10" ncm? sec (FLEE) LD 256 X 10'2 ncm’sec
(FL¥Y) Thb, 5E, FLOMN e—+ v 7 EHE Table 220K, ERANICH T ¢
WAREALIEAE S LEWEBA LTI, ©—F VIV BEHGELRE - TS,

22 ERFAE
221 HERE
BEWEERCAVARBRED, U0, )V . tOBREFRIEEZABRAH L £{E—-0
LOTH 5, RBBEL 14 BOF » 7 +HUQ, 2y M E2YLAPA - L OFEEICTM

L:6DTH 2, COERTE, UO, *v ., 'OBRBENSERTNSBELY 20 BD D%

_8_
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ROTEREAT UL, 10 BHBEORERBON O R L LE L, RRGE ORAHERETable
23T, I % Fig. 28 iR,

222 & % _ _

CCTRETDBME ST A -2 ERTR, SBEEICT L TRHE 200 ~ 300 cal /gUo0,
B ABIBLEVVEARY BT EAENANE LTOA LY, T& LTREBIREOEEES &
BEORMEDSHZITN -7, BHEERXHEREORET, A% -8 v v s (Pt /Pt-13
%Rh ) OREWEEHZEM Lz, 272, LBCELTREBAT 3L oEBEE 60 ORE AT
8 »72, Table 24 KEFEHB 4, T/, Fig. 23 BL U Fig. 29z h FHEHEORA
B HLCRENRAUEEZRT,

0k, BHKORBREOBN 7 4 T~ CTEEAEM B0KHz O T+n 07 — 2508 E
WG, ERBicchalEg L,

223 RHHEk
HhFTeNCHALRBRRBEICSZ 2RMBZ, SEZRBEORSBEH CRBITBELTEL
AEHERICESE, PELARRARL SV 2BFUABI TS v 2B 7 &R ASGE OM &
SEHN, EHLNAREEGERATE LT, EDMECIAD 7 vy o v b EEAH
ELAOLRTFARBRIREICL, cORELS v AHHERE I E, YAV HDDOHEF
ETEOROBILND, P vy tELARBANCLIIEENTET T 5 L D3k s HhK
AR LI, £7/0, 7079 MEAOEELZPBHA B0V AN HEREZIH LD
WIMTRTFEAR 7 7 68412,

224 HHBRIAR

SRR INC L STHE LcEBRBEHIC 0T, BEERW 2BMKSECoELS T, BT

WHR~2HBORHBEABREZTIE -7,

(1) #AEmE
HBBEOABIZOWT, HIBOER, ERBIUBIOBRES L BHICL DRE L,
BRICIOBREOHFESHUET STOEBRBRE (BB LS WETE) K20 T, Akt
DEHECHERIZLDORE L, 3/, BHBEOBBRRE VT, ABEE, XBEEE
LUGTHEF T o477 TO|MEATHL -1,

(2) ~FEma
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B4 S BREORBRMEICH LT 2EGU o7, 370, AEBRIIEBELT 20 HEHEEORR
AL BB EBERRBRICLARRELUBT 50 LA4EMELTVADT, SRR ME
OHB L VELIGEORRBTERET - 72,
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Fig. 2.1 Standard Operating Core Configuration
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Fig. 2.2 Vertical cross-section of the NSRR
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Fig. 2.3 Standard Water Capsule
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Core Energy Release :

Fig. 2.4 Histories of Reactor Power and Core Energy Release

in Case of Maximum Reactivity Insertion
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Fig. 2.6 Thermal Neutron Flux Distribution in the Driver Core and the
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Table 2.2 Measured value of core energy peaking factor

Condition Measured value

Ttems With capsule | Without capsule
axial 1.37 ! 1.35
radial 1.16 T L1
total 1.59 1.51

Table 2.3 Test Fuel Design Summary

U0; Pellet
diameter 9.29 mm
length 10 mm.
density _95 % T.D.
enrichment 5%, 10%, 20%
shape Chamfered
Cladding
material Zircaioy—4
thickness 0.62 mm
Fuel Pin '
diameter 10.72 mm
gap width 0.095 mm
Fuel Element o
total lengfh ‘265 mm
active length _i35 mm
weight of pellets?"EQ6 g
number of pellets | LA
plenum gas ﬁe 1 atm
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31 HHEEREORALHEEL ZIVME

BRERE Y7 4 -4 FKRIZ  BRE B EBLU 20 BORBBRE ST EATR B BITTH L
BEE 10 SOHERBE S HB Lo, ERAROEE4 Table 31 3L Table 32 i3
ENMTRT, %72, Fig. 315 Fig. 33 R EREOREBREOABEEL RS,

REEES BOHE, BHE 240 cal 7/gU0, (Test No. 221 = 3) &5 ES 0 ICELED
HEEN A SN, REME 267 cal /gUO, (Test No . 222~ | ) THEEOBEMIC LS K&
ZRsR o, WRIAREAE 278 cal g UO, TRVICE SN 705, T ORE L 2 Wiz
EMREO 260 cal /gUQ, 29> Ld T3, L LSS, BiEx— b‘cifﬁﬁ%%@ﬁﬂﬁ-
[ 77y 77T, FERBREORIBET - VEA—ThHo7o, BOEVRHAE 289 cal g U,
(Test No. 222 - 2)ZEA7B810E, BB HEBEH L CHRAE L BN 2 EF AR
o RETRERON, BRI 32 L, 70, 77 VECHEEE OB EUES
T LT, Test No.222—2 & Test No. 222 -3 & TRERKENH 10 el g U0,
Lirgbivs, BEECHERNGHEEE BB LU TR L 289 cal /g U0, DIBELLE
FHmEz7 00 278 cal /guQ, OPESETEDLNOOENBH A LI ICEHPNE,

BEE 20%0846, REAEREDHIC 130 cal /g U0, THHE L4 Test No. 220 —
AENT, I TUHEERNI—-B9LE L TB/EL., BoRiNT, Fig. 320 SH# R
B 140 calgUQ; (Test No. 111 —13) DES LDV LI ICEDNLE,
H#E 189 cal g U0, OBEIK i, BILEOMB B T hbikEon i, #EZo
i, HEaFEORERLTH 70, BEBOEALT 246 cal /gU0, T, BIELERZEELS
KEIZEN L, BBENERL TTELEELNLAVONT L LTHDERB O T ESE L7,
O Test No. 221 — 6 DERIT, EEEBHED 270 cal/gU0, EEDESLODE
EhARE, SHEMBED 267 cal /gU0. (Test No. 222 -1 ) DBALD LB
DESWRZFFONG, BRE 20 % BB TRICHEEB L7 Test No- 2225 (R#E 248
cal 7gUQ., YOEXE, b BEBALOEEL 2 ME (278 cal /gU0, YEB LT 10 &
HERAR OWHE L&A (260 cal /gUQO; )HNTHEEBELEWVETETEL I - T050,
ABRORAPHEEO - FIZEYBEULTOR, BHE 20 B0RBBEOFERT S L300 RE
B4 52 7:Test No- 221 — 4 (BEAE 273 cal /g UQ. ) 0BE&I, BEF 4B x {4
Wrlfo, 70, BEOTHMERTCEBEMLTATLALEON I WERSHE LT, & @
FERE, EERRBE D 295 cal /gU0, (Test No. 200 —7) &EYHEELTHS,

* FEBRE 189 cal/gUO;, RS 5 A FMORKE (189 x 1.63 =310 cd g UD, ) HHIEEREHR
EOBE LS OE 260 cd g UQ, 252AKO~NL o MAERRE (260 x 1.23 =320 cal /gUOy
WEL{BBLOLEANGDTH A,
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ARRTEOCNAHERRAOESBRESLU 7 o v 7 HERM %L Table 3.1 8L U Table
3.2 0T, BMES OB, 278 cal /gU0, 8XU 289 cal /gU0, DEBAR
T, WEELEESBEBLIU 7 o v FRREROT s 3B oA TS0y BEE 20 %05
&id, 189 cal /gUQ, BLU 246 cal /gUQ, O—WEBEWT, HREWHHR Lo fohic
R O7F— B oL D -7,

BHEE 20 BHOEBRTEHEONTHPOBEL 2 VEAEOT -4 THS 246 cal'gUG
(Test No. 221 —6)0ERL, 5BEROISE—RHE 241 cal g U0, DEFEL AL
FlELTE0EN Fig. 34 8XU Fig. 35 RT, CHOORBSIUEISHE L ST, —f
W, B —RBBETHET S & BEESS(INACHONTHBERNOBSEE 2E BT
WA, I, 7y FREREUMEBRESS RIS TEN NAEMNA G E,
BEES ¥084 | Table 31 CESN AL 510, BIEL Test No. 222 — 2 (286cal
SgUO, Y BLU Test No.222 -3 (278 cal/gUQ,; )OUBEXRIRSERE R, #FY
DBRTTHBLTVA2500 0 vho 4 DEBBE 1840CKEYZELTHA, —0 AL
EIZE LIS o7z Test No. 222 —1 (267 cal,/gUQ, ) DS, BELS 1610CEH
E%@%&Eﬁﬁlﬁ&b@s?ib?m\%c Ly B,

BWE 20 B0EAE, BB L EWVEIED Test No. 221 —6 (246 cal /g UQ, )OEER
THIET & LA, 3N THRFWSEE L THEREEL s, BB LG 720D Test
No. 221 ~6 OE4&d, BEBZEOESEEOATMEI sl OFMEBEL TR OO YT
Th-THO, 5 BEFHEMRED Test No. 222 - 1| FHLULAKERET T 5,
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289 cal/gl0s
( Test No. 222-2 )

N g_-w.

B RESF N PN

278 cal/gl0y
( Test No. 222-3 )

267 cal/gl0;
( Test No. 222-1 )

247 cal/gU0y
( Test No. 221-2 )

241 cal/gl0,y
( Test No. 221-1 )

240 cal/gU05

#,8% ° 5

LI A Tl TO SLTW PRt BN A N PN

%, &"ﬁ’&‘i&rﬁ,m o By Wi ] Lo e e ¥ T

( Test No. 221-3 ) Tt e by s R
o

120 cal/gl0,
( Test No. 220-2 )

59 cal/gU0s
( Test No. 220-1 )

Fig. 3.1 5% Enriched Test Fuel Rods after Irradiation
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333 cal/gUo0,
( Test No. 111-6 )

276 cal/gU0s
( Test No. 200-6b )

264 cal/gU0;
( Test No. 113-2 )

252 cal/gU0,
( Test No. 202-3 )

244 cal/gUo,
{ Test No. 1l11-4 )

179 cal/glo0,
( Test No. 111-12 )

R R I TP
LR < : 3
R N N

wE o @ F

140 cal/glo,

EIR . . - 'A' ) g;
( Test No. 111-13 ) ) PRI . . et . X‘_,&;‘*:‘:&:’t:s
L ' T e B L e T e W TR

Fig. 3.2 10% Enriched Test Fuel Rods after Irradiaticn
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277 cal/gUo0,
( Test No. 221-4 )

259 cal/gUo,
{ Test No. 222-6 )

o

LB L]

252 cal/guo,

- . o ow e - e
as»syy¢«s%“g,sie*»w&)&#‘-&?&"*“';’x@*&@w%%ﬁx@ﬁ,ﬁf%"%ﬁﬁ.f&@%’?g&‘af;&&wsp»‘»

&&Qé@%%‘
i 5 %

sﬁ' 2
( Test No. 222-4 ) "

-
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AT i *g’@s PNt 9?‘ e e e e e e v e B ¥ & “’ # "‘xﬂ"‘%‘“&)&*,ﬁ&‘lf@%&“w“e

o [ PR L ]
B R R K ‘?***““*’*ﬂ%*&*&&***&*

248 cal/gUOz gg. e F T e e e e IR o, &%’iﬁ’&kmw@v&:’*i‘&t‘;&
{ Test No. 222-5 ) * s g
P N
@@ B
. O ) e e SRV 6 w"a» ?'?ﬂ‘?ﬁ?“
: !&’*w"‘ﬂ‘«‘?&ﬂ@éQ?“\ P ﬁx".fﬁ“ IR PP PR S A R N S E RN R Ay
|
]
; Y P I
246 calfglo,
( Test No. 221-6 )
Y
; S R R A ST R T Ty Ty e e AT
189 ‘Eal/gU()z SR . AR

( Test No., 221-5 ) e i, A i

T PRI

130 cal/gU0,
( Test No. 220-4 )

52 cal/gUOz
( Test No. 220-3 )

Fig. 3.3 20% Enriched Test Fuel Rods after Irradiation
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Enrichment

Energy Deposition :

Test No.
T/C No.

] 1 i ]

1 5 %

241 cal/gUQ2
22t -1
#2 (Center)

Fig.

2000

1000

3

4 5 6 7
Time (sec)

Enrichment.

Energy Deposition
Test No.
T/C No.

3.4 Transient History of Cladding Surface Temperature

20 %
246 cal/g UO;
221 -6

#2 (Center)

4 5 6 7
Time ( sec)

Fig. 3.5 Transient History of Cladding Surface Temperature
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41 BRUZ0E

BREELISBELU 200O#E>ZEABBHOBRLABLTRT &, EEBREEOREL 2
UMEIE Table 41 O L5, $1-, RBOETES BREELRRE TEBELT Fig. 41K
R . - | * . :
Fig. 41556983 &51, WRLXWVEIBEESECRLIE >R TEFT LT WS, Tiib
L, BEEE 10 BAMEICT S &, WAL VEZBEES BOBALH 13 cal /g U0 M,
BREE 20050853817 cal /gUO, BB T3, COLIKHEB L VENEBTT 3
M, BEEOEC BEONTRL ., MAERORBEHSEC D, HENCEBEDORE
FTRICEEASZ 20 THE, COELFHOMCTAznic, SKEFEDOL » FABRTICE
BB E—% v/ EMTERERAR®E LT Pig, 42 KRd, cORMD, vt v/ BEOH
KT S THER LS OMESBTLTVAE TN L5, #7L, BELEVHEIRIe %7
FEHOEAC YN TH T LERNICETT20TIENEL, $3EEr—F v 7HFEuAkx{R
LT BSHAEIRKE ZERNASNG, |

g, Table 41 OFBEEREOFH LI OVEL L —F v 7/EZHEAFEFL TRV AR
ORMBELEDHEZE Table 42 DEHWUE, ZOR/RPS, BREESZBLUV 10%0H4
EYAELCLINREICE S, BRE 208 0BGIBRICHNECIL - THE &b, L
LIS, ERICEHE LaVEICEZERESNRIDEHL LI ELS, vy FPAFT ORE
BHEEICE N - THENEF MIC KR TEERENASLD, KOS OBRBEHRED ,
BEEORSEEICEEIHBENE LS b DEEA LN, BE, BHRE 189 cal /g
U0, (Test No. 221 —5) OERIIL o METORBIHEERBR BRI OMEL 2 W E
THb 260cal /gUQ:, Ol o FAFABORBELRUECKEZEHICRBELLLDTHS
s BEEETOSEEER 260 cal /gUQ, OBAICE~THIEVIELC, poFfELE LY
FIR

PRtk 5, BEEOROICL > TELE <Ly MEABORRKRBEOR T, WEHED
EERESICEEL IZL, #RANCHABL 2 VECEELRIZY, LELENS, BHRE 20%
DBEOL I, BRURADFECNLIL <L o MFATRORBBOATHHEAT R, AED
X BHELINK LTHET 3 468555,

42 HETREEE
FREXDOREEFHOREAEOT BT, Fig- 431 5%, 10BE L0 20 BRERK
OHREFTEE LRABROBREART, NHOWRERAOEEIEERTE A AEITOT

NRTEDWTEOBREREARLALDTHS, COHNKRSNAL DT, M—RAELEX /-
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BAEC, BRENG N ONTHEERACREBEE LSRN -TWEC Lo 5, F 1,
ExOBBEICEBTAMET -5 OBRSAERANKERE L oA OBEBMBE (1840°C) @
EREBENTAER, BsiriaTable 41 ERULEBEREREHOBRE La WEITEEKT 2,
CDOEBBELS, VWTNOBERHOBLSIERL 2 VELIEBEATOBEMOTELBGHRIC
HBET LWL, :

4.3 REHZKRE

T TR~z L ST, 5 BEFEBRE g L%L\{Ediﬂiﬁi}‘éaj 267 cal /gU0, LHHLK
278 cal /g U0, DEICHS, Fig. 444 Fig- 452 2hFhch o 2RBoOEROBHER
HOABELT=2—toy594757 (DEETHE, Fig. 4 4 CRLEKEEE D5
Test No. 221 -1 (267 cal/gUQ, ) CHBEICR, Lo 3D IS 5 7IA -TY
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222 -3 (278 cal /gU0, ) DBAR, BEEHSEY2B b THEBLTREAL, 180
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No.2256 -5, 248 cal/gUO, R LABEE 20 %20 TdEL5, 372, chSHD=
2= RO VI UEFI T 40, HERLKEBAICE L., Pt FRIICS, T MM
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Table 4.1 Failure threshold energy deposi-
tion (radial average)

Failure Threshold

Enrichment (cal/guo,)
(%) No Failure|Failure
5 267 - 278
10 ‘ 252 265
20 246 248
20+ o o0 e )
® failure
¢ no failure
15F ,
&
g
£ 10k 000 0000 esmm @ [
S
| -
c
i
5k @o c e e
| 1 ]
200 250 300

Fig. 4.1 Threshold Energy Deposition as a Function of
Enrichment
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Table 4.2 Failure threshold energy deposition at pellet

surface
Failure Threshold
Enrichment | Flux Peaking Factor (cal/gl0,)
4
(%) No Failure |Failure
5 1.16 310 322
10 1.23 310 326
20 1.63 401 404
2.6%5% 10% 20%
S
S 300F .
z o
o
< failure
c ®e . *
o o. o no failure
8 o :
o | o
- Bo
o (o)
g o]
wl O
200
O
1 Q 1 1
1.0 1.5 2.0

Peaking Factor on Pellet Surface

Fig. 4.2 Threshold Energy Deposition as a Function of
Peaking Factor on Pellet Surface for Various
Enriched Test Fuel



Maximum Cladding Surface Temperature (°C)
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2000

1500 |

1000

Zry—4 melting point ;o
| | A/-’

/

. ' \ o
/ 10% ® 5% enrichment
% A 10% enrichment
m 20% enrichment
1 "I.

500
100

200 300
Energy Deposition (cal/g:UQ2)

Fig. 4.3
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1.51r Fa
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S 05F o o©
= o (o]
O ~D0 | | |
100 150 . 200 250
Energy Deposition  (cal/gUO)
Fig. 1.5 GComparison of Max. Bending
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Fig. 1.6 Comparison of Cladding Elongation
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Fig. I.7 Comparison of Cladding Ballooning
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