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Fretting Corroded Cladding Fuel Rod Tests

in NSRR Experiments

* L *
Tomio YOSHIMURA , Masaaki OCHIAI , Toshio FUJISHIRO
and Michio ISHIKAWA

Division of Reactor Safety,
Tokai Research Establishment, JAERI
(Received February 5, 1979)

Fretting corroded cladding fuel rod tests have been
performed as a part of the defective fuel rod test series
in NSRR experiments. Fuel failure behavior and failure
threshold energy of the fuel rod with such defective cladding
were compared with those of the 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 slightly lower.

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

deposition than in the standard cladding fuel rod.

Keywords : NSRR Experiment, Reactor Safety,
Reactivity Initiated Accident, Fuel Failure,
Defective Fuel Rod, Fretting Corroded Cladding,
Failure Threshold Energy.

This work performed in collaboration with Ship Research
Institute and JAERI.
*} Ship Research Institute
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Fretting Corrosion Produced by Vibration
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Table 1 Fretting Corroded Cladding Fuel Rod Tests

Cladding Defects Ener
Test No T oo Depositont U Remark
ameter{mm t . rKs
grade = oo (;%1'; (catiguodailure
[15-2 0 e} 1.2]0.11 510
- sma :
(121171033
3ismall iy 21 14]0c19]24!
{ned 3.1 123|048 5
medium | 4
X 3003
| 1imedium O 214 grooved defect
TAEHIEE
[ 2mediumi o ' : 48 T
83 | 35 | 030 pitting defects
7.0 3.0 ggg
Tllarge | © t 2 | 3 221
- | - | 833
5.0 2.3 0.48
large | 49 | 2.8 | 08 penetrated at
S|larg 371381882 239 | @ corroded defects
3.3 2.2 0.46 . .
4llarge |33 | 28 1948 | 262 | @ broken in two pieces
38 | 28| 83 atcorroded defects
?}O 3;0 0.59
6| large . . cé.%g 342 ) fragmented
HHIE
Ollarge | 45 | 25 | 056 | 153 pressurized fuel
6.0 2.5 0.53
2.8 2.5 0.53
6.5 2.0 . :
Bllarge | 53 | 50 [ 037 | 197 | @ | pressurized fuel
7.0 2.0 0.20
6.0 3. .
| O penefd 45 2.2 pg.ri?a_}d 153
35 | 3.0 | 033 @ |waterlogged fuel
30 | 20| das [(I 1Y)
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BiGE, FLNERRERTEBEENLE L A7 e v REDKBESATH T 72, Chdost

Tabhle 2 Test Fuel Design Summary

UO2 Pellets
Diameter 9.29 mm
Length 10 mm
Density 95 ZTD
Enrichment 10 %
Shape _ Chamferred
Cladding
Material _ Zircaloy-4
Wall thickness 0.62 mm
"Outer diameter 10.72 mm
Gap
Pellet-cladding 0.095 mm
Element .
Overall léngfh _ 265 mm
Active fuel length 135 mm °
Welght of fuel pellets 95.5 g
Number of pellets 14
Fill gas : He
Volume of upper plenum and gap . 3.55 cm
Volume of lower plenum when . 3
pressure sensor Is attached - hcm
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stEA R AR SUSEARIEK A 7 vihic#r

Bt & R B &

f B

0.3mm¢, Pt/ Pt 13%Rh
FTRBEHES - JRHENERE

FlE Ly 50kgcnf ¢

FEEERSE : HW56kHz
FHERBEHES - JBMEHERSE

HE Ly 50kgenf* ¢

EHEEBIE 956 kHz

HFR

12mmE#HEic 1Hz OBERES R4S 2,

e ZBEHT, RBBREAIN LA T vg:  NSRREBRIAOHLABITHD Fif,
REBBECFEDRBRBLSZ 2 HoDPLOIEDNBERELTB WV 7Yzt
BAXRBERRELSCAFITCIIRL T LILL DT, A 2ECRALBORWEMLE, &
ABUEE, FRADR, RBESOMHEH LEREROMES Table 4iICR T,
BaEEoREBESEAERE CTERBEbE ML, ~BREREH 80kHz o< 7
—FLI-F—TERL, THABLLTBERE T -5 L7975, T 4EBROT 0 v I

% Fig. b WiRd,
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|
Water Level Sensor ‘l_ Py !
:5‘,3
Cladding & Fuel LI
Displacement |
Sensor I 8§
Test Fuel | L Hu —w7°°'_
i o
T hermocouples A =
' .
Fuel Pressure_— | R
Sensor i
Capsule {
Pressure Sensor
!
(Unit: mm)

Fig.4 Standard Water Capsule
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BANEESOEERECELTH, 21 - Y/EBEICEMZROER, REEH 260
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Xﬁﬁwﬂ(ﬁﬁﬁk)'omfm%%%wﬂ@%%ﬁﬁ@u HEERETONM, F
DS LB ans b, IR LSS, BEOEANRKSVESIIEATERER
HA LT -THF vy PHCETML DT, %@%%fp; DERIEN - TRBELERLLLDO X
EZONB, BESONENAGES Fig, 8 I0RT, ARFOTRES,, BEFOREOL
Btk > THABENC DT LICEH LEIW IR FRA LR S, _

LEOEBRSERIZL D, BEECEERMRA b - o8B OBAR L VEE, BROESY
INE S SIIEREREL LE S0, BRESAS(LLLAETECLSC <‘:7D>F§Jb>?bbnf'
18 FRE IR AE AR X438 0.5 mmIZE OB & 10# 20 cal /g8 - UO, &/h&X 1y, & O OEEEMIE,
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Fig.6 Post—Test Fuel at 262 cal/g-UO, Test

Fig.7 PostTest Fuel Rod at 239 calg-UQO, Test
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Fig.8 ‘Transverse Sectional Macropbotograph of Corroded Defect

Post —Test Fuel Rod at High Energy Deposition Test { 342 cal /g-UQ:)
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Td, BEBREHEEIC BT 2BEEREEORKE, 17 eV ANEL LUKRBHEE L Fig.
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TBp, #7EAREDERER, KRBBEE /s, Jhiol LTAKRTH, B
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(b) Energy Deposition at Fuel Rod Rapture Time
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(a) Water Column Velocity and Capsule Internal Pressure

Fig. 10 High Energy Deposition Tests
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_ Energy Deposition
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209
( failure )
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( no failure)

: ( extensive ballooning)
b, standard cladding fuel rods
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153
(no failure)

( small swelling and rupture at defect )

a, corroded cladding fuel rods

Fig.13 Post—Test Appearance of Pre—pressurized Fuel Rod Tests
( initial pressure 12kg/cm?.g)
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Fig. 15

Reduced Maximum Stress (f)
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