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An Examination of the Standard Fuel Behavior in NSRR Experiments

Reactivity Accident Laboratory
Divisijon of Reactor Safety,
Tokai Research Establishment, JAERI

Shusaku SHIOZAWA

( Received August 16, 1977 )

The fuel behavior and failure mechanism, under rapid energy insertions,
are discussed in this report on the fresh and non-defective fuel rods in -NSRR
experiments carried out from October 1975 to June 1976. The discussion was made
chiefly based on the results of cladding surface temperature measurementsand
post-irradiation tests, such as visual examinations, dimensional measursments
and X-ray observations.

While no change occurred in the fuel rods irradiated at average depositions
less than 120 cal/g-UOZ, oxidation and slight deformation were observed at about
180 ca1/g-U02. Fuel failure was detected as circumferential cracks at approxi-
mately 270 ca1/g.U02, and then fuel rod fracture was observed at 280 ca]/g.UOz.
It is pressumed that the cracks and fracture were caused mainly by U02—c1add1ng
reaction at elevated temperatures and by embrittlement produced by oxidation
of a cladding material. At above 340 ca]/g-UO2 a fuel rod is dispersed into
fine particles, which can be explained by the mechanism of internal pressure rise
of a fuel rod due to the melting of UO2 pellets and cladding materials.

Keywords: Fuel rod behavior, Failure mechanism, Crack melting, UOZ-Zry reaction,
Embrittlement, Fracture, Fine particles, NSRR, Pulse irradiation
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Design summary of fuel rod

Table 1

Fuel Type Standard Wide Gap JP—-11
U, Pellets

Diameter 9.2 9mn 9.0 9 m 10.66m

Length 10mm 10me 15 mm

PDensity 95% T.D. 95% T.D. a5% T.D.

Fnrichment 10 % 10 % 2.6 %

Shape Chamfered Chamfered Flat
Cladding

Material Zircaloy-4 | Zircaloy-4 Zircaloy-2

Wall Thickness 0.6 2mn 0.6 2 mm 0.7 Omn
Pin

Diameter 10.7 2mm 107 2m 1223m

Pellet-cladding Gap 0.09 5m 0.195m 0.08b6m
Element

Overall Length 26 5mn 265 m 26 5mn

Fuelled Length 135m 135mm 126mm

Weight of Fuel Pellets 96 £ 91 # 117 #

Number of Pellets 14—15 14 8

Plenum Gas He 1 atm. He 1 atm. He 1 atm.

Table 2 Sensors for

the Transient Data Measurements

Senser Type

Veasuring Item

Measuring Bange

Response Frequency

Remarks

Cladding Surface pPt—Pt. 13%Rh TC | Foom Tenp. Spot welded to the
~200Hz
Terperature Wire Diameter 0-1’\0}1%@ ~1700C Cladding Surface
Fuel Internal . resonance freq.
Strain Gauge Type 0~1000Kg /cm?

Pressure

170kHz

(apsule Intermal

Pressure

0~50 0Kg Tm

resonance freq.

110kHz

Water Velocity Fleoat Type Transducer

0.1~20m s

18-
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Table 3

Fuel
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behavior relative

to heat deposition
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Table 4 Threshold energy of cladding deformation
Fuel Pellet-Cladding Radial Axial
Contact expansion elongation
Type (calcution?’ {experimental result)
Standard 110~1490 ~150 ~150
GAP 200~220 ~230 ~220
JP—1II ~110 ~110 ~130
(UNIT:cal/g-UD D J
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Magnetic Iron Core BoHﬁm
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Fig.1 Fuel rod configuration
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Fig.2 Measuring instruments in capsule
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Fig.4 Radial expansion of fuel rods
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Fig. 5 Transient behavior of cladding surface temperature
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Fig.7 Quenching—induced crack
(Test NO. 111—5 273calg-UQ, )

pellet—pellet boundary

L

P
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Fig.8 Characteristics of cracks
{(Fest NO. 206 278 cal/g.UQ, )
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and/or pellef
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pellet— cladding reaction zone

Fig. 9 Schematic cross sections of cracked fuel reod

Fig.10 Cross section of fuel rod fractured during disassembling

(Test NO. 200-6b 283cal g -UQ }
cthicker region produced by migration of molten cladding
‘thinner region produced by migration of molten cladding

pellet—cladding reaction zone

oo = »

‘void(largegap between pellet and cladding)
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) A

a) lower part b) upper pPart
fractured Part
Fig. 11 Side views of fuel rod fractured during disassembling
(Test NO 200—6b 283 cal gU0;)
A ! pellet — pellet boundary

| fcm |

Fig. 12 Cross sections facing each other of fuel rod fractured

during irradiation

(Test NO. 111—6 336 cal/g-U0;)

Fig 13 Radial defermation of fractured fuel rod
‘ (Test NO 111—6 336 cat/g-U0Qp)
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a)

b)

Y

Fig. 14 Crack of fractured fuel rod
(Test NO. 111—6 336 cals/g*U0z)
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Fig.16 Cladding surface temperature in Test NO. 111-7
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a)
Test NCQ 232—6 (GAP fuel 302 cals/g-U0y)
b)
Test NO 232—5 (GAP fuel 335 ¢al/g*U0y)
| E
)

Test NO 1311—7 ( 386 cal/g=U0;)

Fig. 18 Oxidation of non—fueled region

a)

b)

Fig. 19 Extrusion of molten U0, from fuel rod
(Test NO. 200-7 303 calsg-U0;)
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Fig.20 Fragmentation of fuel rod

(Test NO.111—7 38%5cal/g-U0, )
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Appearence of pellet—cladding reaction

(Test NO. 1116 342 cal/g+U0, )
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Fig.A-2 Stress for cracked fuel

rod




