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Failure Behavior of Fretting Corroded Cladding Fuel Rod at
Reactivity Initiated Accident Conditions

Tomio YosHIMURA, Masaaki OcHial and Michio IsHIKAwWA

Abstract

An in-reactor experimental research on light water reactor fuel behavior under reactivity initiated
accident conditions is in progress in the Nuclear Safety Research Reactor (NSRR). Fretting cor-
roded cladding fuel rod test has been performed as a part of the defective fuel rod test series in
the NSRR experiments. The threshold energy for fuel failure, its mechanism, and failure conse-
quences of the fuel rod with such defected cladding were compared with those of the intact
standard cladding fuel rod. Following are the primary results.

1) The fuel rods with small fretting defect exhibit a behavior typical of the standard cladding
fuel rod. In the case of severely defected rods, however, the fuel failure threshold energy

is shightly lower.

2) For the fretting corroded cladding fuel rod, violent failure accompanied with capsule pressure
generation and mechanical energy production occurs at lower energy deposition than for the

standard cladding fuel rod.

3) In case of pre-pressurized fuel rods with initial internal pressure of 12 kg/em?-g, the failure
threshold energy for fretting corroded cladding fuel rod is lower than that for the standard
cladding fuel rod. The time to rupture from pulsing is shorter in the former, and no large

ballooning is observed.
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Table 1 Test Fuel Rod Design Summary

UO; Pellets
Diameter 9.29 mm
Length 10 mm
Density 95% TD
Enrichment 10%
Shape Chamferred
Cladding
Marerial Zircaloy-4
Wall rhickness 0.62 mm
Outer diameter 10.72 mm
Gap
Pellet-cladding 0.095 mm
Element
Overall length 265 mm
Active fuel length 135 mm
Weight of fuel pellets 95.5¢
Number of pellets 14
Fill gas He
Volume of upper plenum and gap 3.55ecm?
Volume of lower plenum when 4 em?
pressure sensor is attached
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Fig. 7 Fretting Corrosion Produced by
Vibration

Bz, WEE L OERMENIERY, BAKESIER
6 mm, %1% 3mm, HFEX 0.68mm L X h AKXk
T2o BHEFOHKEX 1T 0.62mm=+0.04mm, ¥ v o
g 0.09mm Th 5, BEELIEBEL TWins
27 EPD, WHERX v v THITETLEAT,
HrRAEZ R - TWibDEE L bR %, ATFIRE
DBE, IREHEEK 107 [E 5x10° HEDEWIT LS
TV TF A VI IGERDEIMATET IS 5. F
CHEDOEBMORENZLEZRV y bOTLRAI T D
ZAELFEINLIETRD -7, XEEES IV
HWEF SO+ 7 77 + REOCHR T, BRI
DO 5T

S EDIRBIERIC X » THRONHE B E R
%, BEHROFAEIICI > THEL, #X 0.3mnm,
0.4mm, 0.5mm (&LLE) © 3 @HOHBRME L L
T NSRR #EHIEER%{T - 7o

2.4 NSRR BRI L

W% RBLX B 5 7 b D3 A BBANE, TERMEIE
HALh T ek, ERILNOFELMEETHRIT
o, BB FEORMELE LD HL1LLD
MEONEBEICHEL Tk v o v MEE2 K
FIRRED B BRIZB R 2 2T X VT o 7o RERILE
% H 7 eI flsLCIkRER Fig. 8 wiRdt. »

15

Water Level Sensor

Cladding & Fuel
Displacement

Sensor 8 8
Test Fuel ~ o
)|
Thermocouples——{i 3 0
Fuel Pressure_—"|
Sensor
Capsule
Pressure Sensor
(Unit: mm)

Fig. 8 Standard Water Capsule

LA NOKE, REBRBEOGEIKE LToEEID & &
BiT, EBRILICA > TL BEdmET2REEL, R
BB W REE 5 2 B1EH Y B R,

SERIAEL L 7 7 e L iiE, RIEBREI O DI,
VAT KMREMAMTL (0.2 mmg Pt/Pt-13% Rh),
BEHENES (B — VRIE HZEIAE), » 7 e NE
O (BY -V RENERE) B IOCBRTFRKMEED
BB E T oo BEFORHBESIILERIST
THIRL, —BRGARME 80kHe o7 — 7 v =
— &A= EFRT %,

HERMEO R BV, HTFERA 2 FAT5%T
CRBMREOMNERY b i FedET 5REE (cal/g
UO:) #Mfre L, MEBRRKOBE M X CEEHR
DORMSTEHR LT, RBREEEOTIHE TELE
Tho RBREOREEX, BEFF ORI ]
50T, (REMEARIARIC DT, 40Ba, 4L,
SZr O RA B 2 RBElE L TR R OHA
FEML, chERGENEORIEERDTENT,
—ROERTIIET PRI OREBEELED D,

(345)



16

ZHERERE X £10cl/g-UO: UTThiz &
FEPDHRTVEY,

3. REBRRLER

3.1 MEBBOLE\MEERIERR

HAMESE OERMREIC OV TOR 2~ YV SRR
B X OCHEARICRE DO AR RS SRR O S8
% Fig. 9 wiid. RIZROIh3 X5, BAKOR

Fig. 9 Appearance of Post-Test Fuel Rods
Related with Energy Deposition

FORMIZRERBOMAI R > TRELEDS, 5
B /N R TIRREBI O A BT S LB A SR
RS, FEBEAE S 160 cal/g-UO: BE /5 &, HIE

penetd. |-@
E P12 PI2
N 0.5 o) e (o @
0.4} o]
0.3f fo]e)

nonep

Oxidation &
Deformation

Cladding Defects (depth

ERE B EEEE OB 2 R TR0 BE s 4
U, BEiEmy s L HETLEAARACRLL, b
SHIER (Y RIEh) SRS X 5Tk
5o RBMEHE 260cal/g-UO: iTET 5L, HABK
MEFRO 7 5 v 7 BEC TREIETS (BAMR
BOMBELEWE). BERENLTTKRE< RS E, B
FHIfkEO/NT X h, 3880cal/g-UO: DL Ekic?s
5LV b HEEEDTTOBRE R, BT
KT - THET B,

Zhick LCHAET CHEERME S 535613, Bt
HOREIIEL R > TWD DT, FEBFCEESNMET
LT, BELEWERMETTS EFREINWS, ZOH
BLEWEOERTEZHEICT 52D, BHBES
0.3mm, 0.4mm kX 0.5mm OEEHBFTRE
ZoWT, FEE 220~260 cal/g-UO: o#ifH THEER
2TV, BEE¥BE2 I, ERERE Fig. 10 @R
T

BFEEIE X 0.5 mm OAKITIX, FEE 221 cal/g:
UO: TWHEHE L 7eh> - 7228, 239 cal/g-UO: TIBHEH
OEBHEAEL, 262cal/g-UO; TraRENIIBEEST
2D 2 DIEHM L. BEEBEO NEHTEL Fig.
11 & Fig. 12 wit. R#UE 239 cal/g-UO, DA
¥, AFTROEEEOS Lo 2 FIIORLBFEL XS
KRR L TVvic, BHR L RO BB E /213 0.12
mm BENTEHEINIZ LD, RELRICLRE
Mo TZOWFOBENSKTL, BENEOLFTH
BEEEEZ AU b DL ELLND, RIS OWTE
EHRENE, EA2REOBE L FFRICER BT RR LR

No changed fuel rod
Oxidized and deformed fuel rod

Cracked and/or fractured fuel rod

® OO0

Fragmented fuel rod

el
—
~

Tnitial fuel pressure : 12 Kg/cmz's

¢

Crack & Fracture Fragmentation

1 ] oo ——

100 200

300 400

Energy Deposition (cal/q.UOz)

Fig. 10 Result of Fretting Corroded Fuel Rod Tests

(346)




Fig. 11 Post-Test Fuel Rod at 239 cal/g-UO,
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