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Design and Fabrication of Cladding Tube Burst Test Apparatus
with High Pressurization Rates

Takashi OTOMO, Fumihisa NAGASE and Hiroshi UETSUKA

Department of Reactor Safety Research
Nuclear Safety Research Center
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

( Received September 2, 1999)

A test apparatus which can rapidly increase the internal pressure of a LWR fuel cladding was
designed and fabricated to obtain the basic information on failure behavior of the high burnup tuel
rod under a reactivity initiated accident (RIA) condition. The apparatus aims to simulate rapid
pellet-cladding mechanical interaction (PCMI) which occurs in the high burnup fuel rod during a
pulse irradiation. Oil pressure was selected to expand the fuel cladding uniformly in the present
apparatus, taking account of the results from the NSRR pulse-irradiation experiments suggesting
strong influence of fission gas in the UO2 pellet on the PCMI. In order to pressurize and burst the
fuel cladding in a very short period corresponding to the pulse width in the NSRR experiments,
the authors adopted a pressurization method that a high-pressure line pre-pressurized up to 170
MPa was instantancously connected with the fuel cladding by opening a solenoid valve. The
fabricated apparatus achieved the maximum pressurization rate of 3.4 MPa/ms at room
temperature and the unirradiated PWR-type Zircaloy-4 cladding failed in 70 ms. The
pressurization rate could be successfully controlled in a wide range of 0.002 to 3.4 MPa/ms by
equipping a bypass line and a flow control valve in the pressurization system. Since the hydrided
fuel cladding tested by the present apparatus exhibited the same failure morphology as the high
burnup fuel failed in the NSRR pulse irradiation, it is considered that the present apparatus can
satisfactory simulate the PCMI during the pulse irradiation. Preliminary tests were conducted
changing parameters such as pressurization rate, test temperature, and axial constraint condition.
The results confirmed that the apparatus worked as designed.

Keywords : LWR, Fuel Cladding, Zircaloy, RIA, Failure Behavior, NSRR, Pulse Irradiation,
PCMI, Burst Test, Test Apparatus
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1. IU®I

BEY 4 70V aZ2 bOREAEEEZENE LEAFREOBEMREELIED SN TV S,
UL L. ERRBEEAICES Vv hD A RS EEOBMOMBEDO L. FICEHDOEKT
PREFREL R >TWVWE, ZOLIBREBEMEFEOLIE. BEEERICBIT 208
DODREMDOALZ S TEBREH T CORBEEZHICIEELRITT. BRBRERNOKIGE
B (RIA) BEHICBEE LT, 757V R - h¥ 5 v 2iH%FTD CABRI-Rep Na EEE
& JRHF D NSRR ERGHEIC BN T, ERBEE PWR BB Z AW UV ZBRERDTD
ni=[1-5]c THhEDKRERT, 50 ~ 60GWd/t FBE F TRBEOEAEBEELFEINE X
DIERWRATZERNVF—THBIBTAHPRINE, NIV IBHREEICAFICERL 2RV
v b EEMDETLEY VAR A HEED. #EKMHEE/EA (Pellet-Cladding Mechanical
Interaction : PCMI) 2R L. REESPHBLEZIDLEEZISNS, /-, BHREZEARD
BRI KBRS KFBCDOBFAORERAEINVADA HEEOKIBEHICEBEEL
TWAZ LERBLTWAS[1-3],

BB O RS E BRI BT 2HBEEH LS »IZT 212X, NSRR O X 5 /R
FHREERAWEERIIAARTH S, L L, REFEZFHLEZEZRICIZHERBBDES I
PEDELOEDNSH D, BEFHLOSBD HINZEMREERH 2R T 2848, kE
RINEZEIIUD L T HAIHLREERFZ/IIZA M) v ZIHERT 52 LIXERBICIE AR
BETH D, IHIT, BHEFHTIX NSRR ERICIE,. BAFORIGCEBEREZHEETZ LW
ETHERMH D, HlZiE. NSRR EER T/ ZBHETIOREIEEIIZRTHD. SR
BN ICERREREP BB LA TRIBEEEARMREILXSZ 370K THo=. i
HUTHAF CRIGEBHPE LS LBEIN DM, B EEREE (550K BLE)
DFEDLH Do /2. NSRR ERTHNDPHBLEBED/INVIAEIX 4 ~ 15ms TH D
CNISFEREFETREINB /)L AE (PWR T 20 ~ 70ms, BWR T 100 ~ 200ms) £ b &
B, BRVWRNEEEBRE AWV IARICERT 2 EEREE. fhd /)0 X BEERIC
BIF2HEEOHBEHICEEERIITAEMELH D, NSRR EBRT -V 2 EF @AY
52 EDRAMBEREIN TN S,

RIA REOREIHIBE B 2R T A EMRT — Y 2BfE L. D NSRR EHEF—¥ 2%
T3EHICF. FACBIZ208OIRZARDPVLETCH D, FIT, REHSIT. KL
HEEDO/ OV A BREHIBEEICET 2 ERNBARE/ 5 - OIKRRMLBEEZT>
AR E R R BB N T AREMENSN—X PRRZEE L. ZORRIZ. SR
BEMREOOV ZBHRBOBKEDS, RBICEELEXRV Y VEBELA#EEEORMO
PCMI IZ X DI ->EAICEHBLTE D, KERE., kECWSH,. KREBE. EREE
EHNN I DA BBEOHRBHICRIITEELZRARDILDTH D, AREEIE. SFEM
ENS— PRBRICHAWARKREEORET, BE. FEAROEREZL VI LODEHDOTH
%o
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2. ABRRED#KET & BUE

2. 1 RESRE

BEEMEN—Z N ABRMOB G % Fig. 1 IIRT. EFKR 7, BMER, RN T,
BRUChSEERT 2EEEEDN. FERBERMETH D, 7OV ZIBERE, Bk oop
BICBOVTEARL Y FPRFICER LEEEICARRERZRIZTH, XLy bORER
ERIIANLV Y PORERICK 27T TIERL, "Ly MERRRIZEREL T\ =4 AR
SRERLY) (FP: Fission Product) DEEHNMBEIS5 T 5 LA NSRR ERIC L b Ris X
hTw3[13], )Ly PORAEIEIZEL > T PCMI BRI 3HEIE. HEE~OHEFITA
Ly MNBFETRIZBAMNRDBDTH DM, 7OV ZBEIZ L D A8 U 7= BRI Rk
OBRECIIARPRFNTCH > EHIRICEDSNR W, /=, PCMI IZ FP H X D5k
KBS LEDOTHNEHEBENTAOARIZITIF -TH B EEZ TR, 7L X BHE
CERBEERRETEZ 2 POMI IC K 2 HABE~OAMIZ. BEEZHEPRAEKTH—IC
METZILTHHR[TEZLEZIONE, BMHORERRTIIZERE., KE. HBWV
FHEERNWSZ L HB—REITH HH, i - BEKRBRTORR(6]. TS5ICMD K
WOBSHI LEM 700K TORBREMEZR L. ABBII OV TIXWMEIMERKL LTE
RU =

HAEDPSUDHUEKRBRRICINT25RVKBRTEONSERD B PS5, PWR &
' BWR B ED/N—X PENITERT 130 ~ 150MPa & P& h 3, #2 ¢, REB#EO
AR AHEJ71d 196MPa (9 2000kgf/cm’) & L7z, BMABERE#ARHC 43 % NSRR /3L 2B
WERTIE. 7WVARIE 4~ 15ms TH D, BHBLABRHETIHEEORASAELEER
BR2B%THHrS, AAROTAHEEIX 100 %sRRETHHLEFRHEINE, R 72k
SZRAMDOBEHEMEILL>T. COLSREHERLEZHET I LIEAFAETH %, £ T,
BEY V% HEEAHATEL D KELRGKBENIC-BERE L., ERAOBRBORK2
FALEEZ - SICBBEEARICEAT A HEEIRDAZEICLE,

2. 2 HAFREHEERERE
2. 2. MR E

Fig. 2ICREMEZERT 5= DIC&KEF LEKBREBEOMERKKNEZ T T, EERIE.
BER 7, EES, EEASER—IAr5R2D, BRFEN URARHENCESE L, K%
ETiE. BK196MPa DEEZHET L0010, EFRY 7L MEREHEE, MESR
DZEEEORKEN Y UFIZ, EFRL T7HhSESHMEPEEAL LTEAEZH/B L. EX
P RN LTZEREONES RV ) VHICEHERET 3, MEBED 250 ) V¥ DS
FEHEBEEX. Zh2h$ 0.0147 £ 0.00283m’ THh, EFHR 7N 38MPa 2H4ET 5 &
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BREAOEADFREGREGESD 196MPa IZEIET 5, REY V7 0@E 2T 5FEARE
=2 (EIEHEAR) 2R K. F1ImOEXTHh, FEIZEEH 40X 100 mm’ TH
5. EAEXHOAMIZ 88 X 10°'mm’ (PWR #EE. A 8.36mm. B K 160mm) T
HHPS, ABICHAREERARSEFR—EN4 5EOAREER D,

ARERB I BRAUBRORERCERMPIIH S ULORREOEESHmEZTEL TB L,
BERY ZTEHERICLIVELAGER—-ANOENEZMEDOENE TEHD-#. EWT
R UARAICERIIICENE2EA TS, B, MEFEEORAHEITS -DIC. ERFRF
DTFTRICIREFGT N T (Z—FIWNANVT) 2IZ . BELENER (BERY 7,
HESR. EEARET—X) RUEHSF - RERBNINVTOEEL Fig. 3 RU4IZ7T,

ERBRICBOTUL, TRTOMERRE (BFR Y F~HEREEM., HMERDEH~
BRA~FER) CBOWTHEEMBEES®H (B2 2 ) VaHtR - 75 X K32) 2AN
o —H. BEAR (600K ML) BTk, ZeM2EE L. BMESSEA»SHE
EFTCOMERBIEE VA (885K) 2FD27 c 2 )V —F )WVEIGHMH (B G hir
KR, ELRIANA T v KRP-54) BERALE. SORMMOSHERM % Table 110
E®Hlzo

2. 2. 2 #HHEEER

HAEXEHANEEEZ AV, MR (B 2REMRH, E KR EHF-EBSKN)
WCEE LR, Fig. 5 BLUBICHABREEVCANEEEDONBR %, Fig. 7T ICHAMEEEDOHE
XX %ERT,

REOTHITHBEACEZAVWCHREK I/ DX~y FIZEEZNZ L LB, ERF.
BIERY 7, HMER. EBEFR—IDPSRIAMERCERINTVLS, & LR THEE
BIrEEXNZ D, MESBIAERS2REL 2T LBEEEN2EE8 LEEER L
FTCHEELE. AH LR THEUARFENEPAM D TCETHICTFEHE L. ABHERICREE
THEOEERT H-DTH 5. BB, MEFBRRICEIZZIESHEELZGFIT. Ly b
RRCIEA L ES B2 NEEZERY ZTICKOBRELE. RBRFICIE, >—FE 7S 7iIck
hESUREHRBRIEAEh, MERDOKIEE RS,

THEEEFPEDTHE270IANY FIFHEICL>THZASGNTED, WEELIIHL
BOVSEMER OO THERMLE 7 A —KNNw X8 T70AAy FABZHAGSTHI L
WEh, ABICEHIHEEA—FBIZTAIEDTE S, £, 7OANY FEHXZIDHER
THCREL LEZBETNE. A ABMRESTOMERXRDITZ %, Fig. 7T T,
FHEFEEIMBRABREOD— FENVICEEINTWED, O—-FENVICEEE THED
WAREEETAT 2 LHEEESRELE. COLBEEREEZAWS I LT, ARk
HHOMERRPEMTE 2, EMEICIE. GEDEEN kg ZHEMNE L TEETILE
DH DD, COREOMEGMERFHERRIZ, AR EEICHRD LEETE S,

Ak E FTEEEDEREICE, ERPRATHIOMERBENTEIRA7x—Y0Ov )
MBS, THEFEHAOE, Fig. TIZRT I, A 7HEFEAVCARZ+F=
TWICERLEE, ®F v N TCHF oo 7R ETFTHECRICEE L. AEIMEIZL S
A SR DR EII NS THREFICHERT LI 6, N THEFLSHHCTF
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WIDBANDEDEF S EDHIC, +EZ v TIWVAROADAXE /NI L, REBERK L
MEFLOERBPIZAT LV AFEOFFEANE, PTFORKE Fig.8I2RT,
B, FEEXHIPBER L EOMOMRBE =D, ARYEEELZZKE L.

2. 2. 3 EHMER

ABAEZAETTBEHIC, L THEEEECOTAYS —VRAE LRSS (gL,
PG-H2TH %, A& 196.1MPa, FEHIREEK 250MHz) 2% 1 D /= (Fig.7 ). E
HERBHISDOETIX, WIER (BNEXER, > VF)NVa>F 13} CDV-T00A. &
R E500kHz) IC X DIEHE - MWL, T4 VAN - T—F L O—F— (FEEEHEHE.,
DS-9121, ¥ 7)) U F&EE 20M Y2 T)ufs, 10 Ew b A/D 3 8—% 4ch [FERFHE)
ISR T B, EHEMEBRII, ERALD ERE (RU7@) b 15RO, EEAS
EFR—ZXNOEHELBBIETE 3,

2. 2. 4 FHmHFKE

REOMAITIE, FAMRA A —20F (BEHETHE, RHL-E4SN) ZHAV, RAEA
A—=UIEk, BRI S L 7ERARE L. REMRICK h RAEEZRE - £X LEFEOHL
T EICH AR EZMAT 5, HHLUERAES A -UFIFIRE 140mm OFRNES V7
AR BET B, Fig.6 ICTT LI, FAERA A=Y HFIIEBRAREMBUIMIAR v
MIBLDBAICHD, SRABRBFICIFIAICZATM RS EARERFEEEDN» 5D
MAET S, WEHEHICEN-GFEEZAV L0, REBARICHE S N2 mO RS
SUTEEMUBAT UM EZRLSTEDTH . FOEREFEEIBRBLEBET
Y, MEEE (SRABRA 7z )V —F VRIS, AR 885K) DR AT B aJ4E
FEV. BEXRICBI2HEFEAHRO#MARERCHBEAROBESMICONTIE, 3.
2. 1Ligid~3,

3. RMEalERRE R

3. 1 ZRTOmME

HHED PWR THEHAIN TV BHE 8.36mm, AE 9.50mm DY )vhOA —4EEHN
TERTOMEREEZFNRT. B HEEL. WEM2EET 220 BKO&HBANT
ZAZXDHRMBEMZ VDB EZIX - P NVAhnAf —4 (RXEEE  12wt%) TH 5,
ABDORXIZ 160mm & L7z, MERFMARTHELZENENE Fig IR T, ZOF
—%iX. BEFEZHEBLUAENEZTIRIBEOEER—IXNEN%E 70 ~ 170MPa £ TE
X 4HBROERTH %, 2B, AHOBMARMERLIZ DWW TIIERD R W R TR
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Lizo MERGTEMU- 258 (FEME 140 % 170MPa) TREDHEIB L=, Thb
ORBRTIIABNEDNE TERNICERL, ZOBENELRFEIHDO LE—VHEIZE-S
oo E—VRERICENDIEPET L, AEBBRICLXVENZIRAEZ TREICETL
Tzo BEFR—IANEN%E 170MPa & U= TIE 40ms LLAIZ, 140MPa & L 7zilBR Tl
70ms RICE A ERIZIFEEM U=, LEX-T, BEY VY 7HOEIE2EHEIET
LVBEBVWINEEENGONZ IR b, EALROBME COEYMEEE X, Zh2
NOKRT 34 R 19MPa/ms TH>ze . ABRDPHIBT 2ETCORML., BEY >~
DPEIDEKTBICONTHELS D, ¥V 7FEH% 170MPa & Li=RERTIX. XRHONE
BltE D S BEIB E TIZB L =K 70ms Tdh o /=, Fig. 1 0 (a)lZhEHE 1.9MPa/ms T
MELHERLEZAHONABEEE2TR T,

EEME%E 70 R 110MPa & L7=FBTIX, AROBYERFIFEA RSN RS2,
L L, EMERESE» SEN I REREORNE TOEAZELIE. VBB LESBEL
FEALMBTH >, LED>T, EHOBEBZNEMDSEMCELENEIE. KK
BARICBIIBEEOENGELEZAILNTE S,

KRZREZHRMU -HEBEARZAVEEEMERR S T2 B OKZEEE 312wtppm
THH, MEEEX 1.9MPa/ms TH o=, Fig.1 0 (D)ICARBONBEERZRT, 75
w7 DEAEICEE L, KRERMUROVAEBICHEARTREWHIBHEONE U, Fig.1 0
(e)iZ NSRR /S)V ZIBHEERCHIAL /= PWR SREEREEONBEEZRT N, KE
WA OBIB ISR ED OV 2 BRI HER BRI L 23D TH 5, =
DT &id. BREED/VV ZBHEFO PCMI B EZBRTEDI L ERTHIDTH 5,

3. 2 620K TOME
3. 2.1 RERY

HAEAHNOBMAM4AMEIC K ¥4 7HRENSE XN v M URHRE O 5 5%
ARz, Fig.1 12, BABEBXNOME L BEORMELERMEL ZMETT. 4XKOHE
DS H, ABEBFARVCBEIAMEHEL D ZhZFh 30 U 55mm, Cit 80mm (HEE
i), DRI T L D 30mm DALEICH B, Fig.1 1IZRLEREEIE. RiREE
% 1Ks £ U 623K FTHBLEBICHEZINZ4MNBICBIZRETH D, &P, BE
BIEE CHBICHAAEREZANTIT >, ABLEEFIIHD A~ C TRIFIZRAUEE
TRENLFELED, AHOTAILS S D TEIEELEEEILERN/ NIV, C TOR
BENIZIFRERE (623K) CELRKAT, BTOERENRLAEL (635K). AL CTi
FNEDH 10K K<, D TiIW 50K Ko ATOREDEENL. REN{IEISFHKZH
WTHRHIZATWS EREEEICAEVWEDEEIOND. REREIER., ARUVBTHR
EHADOIPIETLHEIC D TLERT B, £ 300s BRIIFIFEE LR, TOELEDE
FEiX. A: 618, B: 628, C: 623, D: 582K TH o7z CNSDPEMEDIP SHEINZHK
BEOAMSA%E Fig.l 2IC7°7. BARBREMMIE. AREN B 2T -MELFEZ
E—2¢ 320 TH5. AR LESTOREZEIT 10K BETH 25, AR THTIKE
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ENREL, BRREHLDOEIHNSOKTH 2,

2. 2. 4TEBLELSIC. FABAA—IFE T, AR 90 EBEIZEOFITH
NEBREAGES v 7RAFRE L, REMRICK D RAVEE KE - £ LIF O 0EE 6510
HEHEHEMAT D, MR ERORERFBEITITAARIRESFHEL S AN LD
B0 #ZC. Fig 1 1R ULEABMIEHEELAN ZOGIBREESWEZEIRDESH
FHOREAHEZRE L. FOER, FARI VT LENTEMABELINID45ET
NAMBTHEBSAHORAEEICRAR 2K DREENZD SN,

INHOADBREFIREDERLEBIET T Lo, FRREBOHAMKLTHE
HRAEEAHO T THEERARIINTEIN-—IMRBRET > L. RINEZ V7L ERT S
HrTh oA HESEES (MARUEB) THRIEI L FHIND, §/3—Z b
KB THERLAHBEZMELEEDI Y MO — VR T520ICE. fLEBICHAENZIH
ETHOBFE LV, L L. BENOEEN/N—X MBEZEE L RITTAREMDLH 5,
FIT, EN-Z2rRBcI#MAAMEC (PEET) KAENZBEELVRED Y bO—
WEITWV, Fig.1 2ICRL#MAMBRES AL D BRUEOREFMZITO> I LT %,

3. 2.2 MmERH

EEXBRCIEEROEEA»SABE TOMEZRICIAVWRASEZF>7 )V —
FNRESREER V. ZOME—ROESHICHERTEHREIE . REEEEN KRS
W= DICEHMED RN, AABRKOBH R, 7EHMEBEAVWTMELEBE,. BEF—
AR UEE S 130 ~ 140MPa TH - 7= (BiRTIE 170MPa bl b)), COFERESREHET.
PWR FAIER X - YN hOA — 4B EBEICNT S 620K TO/NN—X bR (#h75 m
HH) #47o7%, Fig.1 SICHESNHABAEELETR T, ERTOREARD S FA
ENBEAI. EEF—ANDOEABPENBESICEAMAE LREEVHEBRINZ V. &
512, EHGEHEEI=RTCHEMALLESHH (752 K32) FLhsEVWEFEZISN. I
ERED S E— PV ENE TOEYMEEE X 02MPa/ms (ER TIERE 3.4MPa/ms) TH
-7,

Fig. 1 3ICRT L 510, BRAFBETIOVHIEMAEEZRKE L U 3ROMER T,
MERIME D & /8— X M FETIZE T 2RI 400 ~ 800ms ETIESDWWze W—XAMET
ORRETCERFITEL TR LEI L2010, RBRMICHAH 2HMELER O T TIE
T52LE L. PWR IV VhOAS —4ABEBICHTE) U VBI5RDART. BRIGH
IZBIEEDBE D 80 ~ 0% THB I EHRINTWAB[7]. EMEMAE/N—R b KB THE
XNBE—VEHEBEEVRBRTOSERVMIICHLETELEZINE. TOEHD 80%
UFECOMETHNEHBEERARIEMERLZ2ELRVWETTHD. €I T, FMER
Y—2ZHEH (#180MPa) O 12U FTH 5% 30MPa & L7z, 30 ~35MPa DFHIEZR L=
BICEEMEEZT>#R% Fig.1 4IZ7R7 . BohEHELIE. RAEXDMELE
RETHELNEEHNELD 30MPa L EDESE —BLE. TRbDB. EAREIIBNT
TMEDEBIRSNAR, 5T, N—2 bFTORMIX 400 ~ 500ms O#HFHTHEE
L7o Fig.1 51— FRBEOABNBEEDOHI 217,
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3. 3 WARMERSESFET TOME

EHABEEEEZOD—-RENVICEEL, THARMBEEER (J0XAv ) 2XZ2 577
Farr—YDEHNEFHARER 20MPa & LT, #iAMMBHRENHFTOEEMEN—Z F
HERET- 7. KEHT PWR BIER X - v hng — 4R EETH . RRBER
620K Td 5o Fig.1 6 ICRBRIFICHEINHABAE & O — KL)U TR U 785 @
HOKRMELET T, ARBETIE, THEEELZERLEZZDZAANY FOMEDRIET 2
TEMTEBN, MERVHEARKICII/DAANY KBNS LLAP 2L, Thbb,
BT ARSI N ERGETITDNE LR Lz,

AENEFERSEIME, EHH 02MPams TLEF U, £ 900s HICHR L7z, BiE
ZHTORER (Fig. 1 4) CHRTHAUEFTCORHEMPELS ko7, O—FENVIIHIHE
. RBREAAE F TEME GIRICE > TIEBIERE]) ICWKRT 5, THIIENERICHD
A ARETCH D, ZDH, D— RFENVICEH FEIESHRDANCEE L 25, ThiZaAHD
WoARIINIETAHDTH D, WRERICIE, SRV EEFRMIIHKRT . TNIEK
P KELBEOT AE0THIEFELBN D,

4. BbbhIZ

NSRR /%)L 2 RSB % @i5E U8R KAF E R IGE B2 RARHEE O RIS B B AR BB 55 B IC B 97 2
HEMO MR 28212010, REBEEEANEZSHICNETCE 2MBREEEZEELEAEL
7o

— U0V v bHDKSHENADEED PCMIIZEEET AL E2EE L, &%
BETCIIHMEZAVWIHEBIIY-RARES5IHI L E L,

— F/-. NSRRERTOD/OIVABITHY T 2B VWRETCHBEEZMNE LRI E5
o2, BK 170MPa ETHFIMELEEER EHEERAR & 2 ERF 2 AV TH
RS T OMERAEEER L,

— HELEEER. BRTERKA34MPyYms O FEEE %EM L. KBS PWR AY
VAL EEED 70ms THHE L. /2. MEFKIINA NZAPRERHF %
T A LIZL>T, 0002 ~ 34MPa/ms DJLWEFTCINEEE ZHFHE ST S
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Table 1 Properties of penta-phenyl-ether (RP-54, Matsumura oil research corp.)

Temp. (K) Viscocity (cSt) Temp. (K) Density (g/ml)
275.5 pour point 313 1.18

313 294 373 1.14

373 12.8 477 1.06

477 2.1 644 0.93

644 0.65

Temp. (K) Vapor pressure (Torr) Temp. (K) Cubical expansion (1/C)
552 1.33E+2 288 6.6E-6

602 1.33E+3 373 7.1E-4

660 1.33E+4 4774 8.0E-4

723 1.01E+5

Temp. (K) Compression modulus (MPa)

323 2.55E+3

373 2.21E+5

473 1.59E+3

573 1.03E+3

673 6.90E+2

Ignition temperature (K)

885
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/ High-pressure hose

Handy pump

Fig.3 pressurization system consisted of pump, pressure booster, and high-pressure hose.
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Fig.4 Solenoid valve and flow control valve equipped between high pressure line and sample.
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Pressure transducer

Fig.6 Sample setup.
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Fig.7 Cross section of sample fixing.
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Burst test

(a) non-hydrided sample

Failure opening

{b) hydrided sample (312 wt.ppm)

Failure opening

NSRR experiment

(c) pulse-irradiated PWR high burnup fuel rod

Failure opening

Fig.10 Post-test appearances of (a) non-hydrided and (b) hydrided PWR cladding
samples failed in the room temperature burst tests (pressurization rate : 1.9 MPa/ms)
and (c) high burnup fuel rod failed the NSRR pulse-irradiation experiment [1-3]
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Cladding surface temperature (K)

JAERI-Tech 99-071

800
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Fig.12 Axial distribution of cladding surface temperature
(The temperature at the position “C” was controlled at 623 K.)
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O ——

Sample pressure (MPa)

Time

Fig.14 Pressure changes in 620 K burst tests on two non-hydrided PWR cladding samples
(Initial internal pressure of samples = 30 to 35 MPa)
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