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INFLUENCE OF PELLET-CLAD-GAP-SIZE
ON LWR FUEL ROD PERFORMANCE
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Abstract:

The as-fabricated pellet-clad-gap size varies due to fabricational tolerencec
of the cladding inner diameter and the pellet outer diameter.

The consequences of these variations on the fuel rod behaviour are fsnalvzed
using the KWU fuel rod code CARO. The code vredictions sre compared with ey
perimental results of special pathfinder test fuel rods irradiated in the
OBRIGHEIM nuclear power plant. These test fuel rods include gap sizes in the
range of 140 /um to 270 /am, prepressurization between 1% bar to 26 bvar and
Helium and Argon fill gases irradiated up to a local burnup of %5 Muwd/iem(U).
Post irradiation examinations were performed at different burnups. CARC cal-
culations have been performed with special emphasis on cladding creen dowrn,

fission gas release and pellet clad gap closure.

The calculated fission gas release was low due to the moderaste rod vpower of
the test rods. Therefore the influence of the gap size on fission pas release
was calculated to be negligible due to the small temperature dependence of

the fission gas release model at average fuel temperatures below 1000°¢C.

According to the calculations the pellet fragments contact the claedding of the
small gap fuel rods at a burnup of about 15 Mid/kg(U) and about 20 Md /g (1)
for the large gap fuel rods respectively.

However, since relocation is reversible and fission gas release is small, no
influence on cladding creep down is seen until hard contact between pellet and
cladding occurs. The hard contact is predicted to start at a burnuv of

30 MWd/kg(U) and 50 MWd/kg(U) respectively.



In agreement with the calculations the measurements show almost identical dia-
meter decreases for rods with small and large gap sizes. Due to the hour-
glassing effect of the pellets a first support of the cladding occurs at the
pellet interfaces leading to circumferential ridges. Fuel rods with small gap
sizes have a tendency for higher ridges. During creep down ovalization of the
cladding occurs. Fuel rods with larger initial gap sizes show larger ovalities
until hard contact limits further ovalization.

The length increase of the fuel rods was found to be indevendent of the gap

slze.

The fission gas release was measured to be low in accordance with the CARO pre-
dictions. However, the influence of the gap sizes is masked by structural
changes in the fuel due to a power ramp early during irradiation. This power
ramp has caused pronounced grain growth combined with higher fission gas re-
lease during the first cycle. As a consequence fission gas release was low in
the following cvcles. As calculated the lower thermal conductivity across the
Argon filled gao has led to higher fuel temperatures and pronounced structural

changes in the fuel and in turn a higher fission gas release.

Summarizing it can be concluded that the influence of the initial gap size

variations on LWR fuel rod behaviour is generally small.

a) Helium filled

b) Argon filled

Fig. 1: Comparison of U02—Microstructure in the Centre of Helium
Filled and Argon Filled Rods
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1. Introduction

In Light Water Reactor (LWR) fuel rods are fabricated with a small gan be-
tween pellet and cladding depending on design and fabricational tolersrces of
the cladding inner diameter and the pellet outer diameter. During irradiation
the gap size changes. The variations of the gap size influence the fuel rod
behaviour with respect to pellet temperatures, fission gas relcase, cl=dding
creep, and pellet-cladding interaction. These influences have to be taken into
consideration in fuel rod design. In order to provide data for verificabiown

of the KWU fuel rod code CARO special pathfinder test fuel rods have been
irradiated in the Obrigheim nuclear power plant and afterwerds veen examined
in the hot cells.

2. Experimental Details

The main data of the test fuel rods are summarized in Table T. The rods in-
clude gap sizes in the range of 140 /um to 270 /am, prepressurizetion hetveen
1% bar to 36 bar and Helium and Argon fill gases. During operation of up to
three cycles at average linear heat generation rates of 200 %W/cm a& mavimum lo—
cal burnup of 35 MWd/kg(U) has been reached. Post irradiation evaminations
were performed at various burnups. Outer diameters and fuel Tod length as well
as fission gas release have been measured. Structural changes of the fucl

pellets were determined by microscopic examinations.
5. Theoretical Considerations

Calculations with the fuel rod code CARO /1/ have been performed with speciszl
emphasis on cladding creep down, fission gas release and pellet-clad gan clo-
sure. The CARO code is a thermo-mechanical computer code which can be used
for best-estimate as well as for conservative design calculations. The CARO
code contains submodels for all important mechanisms e.g. for cladding creen
down, fission gas release, fuel densification and swelling. Cladding creeo
down is calculated taking into account primary and secondary creep components
both thermally and irradiation induced /2/. The fission gas release model is
based on temperature and burnup dependent accumulation of fission gases in
the lattice, diffusional processes along grain boundaries and subsequent
release. In addition to these steady state processes instantaneous gas re-
lease during transients is modelled depending on power increases /3/. The
basis for considering fuel densification and swelling is published in /4,5/.
Pellet-clad heat transfer is calculated according to a modified Ross and
Stoute equation /6/, whereby the effective gap size 1s corrected for relo-
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cation effects of the pellets fragments /7/.
4, DResults

A comparison between measured and calculated fractional fission gas release

is given in Table I. The calculated as well as the measured fission gas re-
lease values are low due to the moderate power of the test rods. According to
the measurements and calculations the influence of the as-fabricated gap size
on the gas release was found to be negligible. This can be explained by 1)
the early pellet-cladding contact due to relocation of the pellet fragments.
(?) the low temperature dependence of the fission gas release model at aver-
age fuel temperatures below 1000°C. The influence of the gap siges is further
masiced Ly structural changes in the fuel resulting from a power ramp early
during irradiation /8/. Pronounced grain growth had occurred leading to a
fission gas release higher than normally observed during the first cycle.

The pood agreement between measured and calculated fission gas release values
after the first cycle indicates that the fission gas release model has treated
the vower ramp adequately. However, differences between calculated and
nmessured values are obvious after the second and third cycle. These are attri-
buted Lo the larger grain size developed during the ramp. As a consequence
fission gas release was low in the following cycles.

In coutrast a varistion in the fill gas composition has an obvious effect on
the fractional fission gas release (Tab. I). The lower thermal conductivity
of the Argon filled gap reduces the gap conductance resulting in higher fuel
temperatures. As a consequence of the higher fuel temperatures grain growth
and precioitation of fission gas bubbles at grain boundaries occurred in the
pellet centre as shown in Fig. 1. The Helium filled rod however, exhibits no

structural changes in the pellet centre if compared with the pellet rim.

The results of the diameter measurements are compared with the CARO predict-
ions in Table I. Measurements and calculations are in good agreement. Gap
size variations between 140 /um to 270 /um have no obvious influence on the
nean diameter decrease. However an influence of as-fabricated gap size on
ovalisation and the formstion of circumferential ridges has been observed.
Fig. 2 shows that ridge formation starts earlier and leads to higher ridges
in fuel rods with small gap size. The development of the ovality is initially
independent of gap size. However the supporting action of the fuel limits the
mayximum ovality at lower values in fuel rods with small gaps. Increasing pre-
pressurization reduces cladding creep down. A linear correlation between pre-
pressure and diameter decrease was found over the range studied (Pable I).
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The results of the calculated pellet and cladding diameters at power are
shown in Fig. 3 a as a function of exposure time. It is obvious that relo-
cation reduced initial variations of the pellet-clad-gap size. Taking into
account relocation, densification and swelling a first loose contact vetween
pellet fragments and cladding is predicted to occur after 400 EFPD for smell
gaps and after 500 EFPD for large gaps respectively. The further decrease in
cladding diameter as shown in Figure % b indicates that the relocation ol “he
pellet fragments is reversed under steady state conditions. "his hns ro nobi-
ceable influence on cladding creep down until hard contact between nellel

and cladding occurs. Hard contact is exmected after buraups of 30 ird e (U)
for small gaps and 50 MWd/kg(U) for large gaps. In Fig. 3 b the resulls oi
calculations for cold conditions are compared with messurements from nost-
irradiation examinations. A good agreement has been found between messured
and calculated diameter changes of pellet and cladding respechtively. liovever
the measured changes of pellet diameters show a tendency for earlier £80

closure than predicted.

The results of the irradiation induced fuel rod length changes sre shown iz
Fig. 4 as a function of the fast neutron fluence. Lio influence of azs—fabri-
cated gap size on fuel rod growth has been found.

4., Conclusions

Within the parameter range of this study the influence of variations of Lhe
initial gap size on fission gas release, cladding creep down, and length
growth was found to be negligible. The formation of ridges, the amount of
ovalization and the onset of hard contact between pellet and cladding are
dependent on gan size. Reduced gap conductance due to fill gases with lower
thermal conductivity such as Argon led to higher fuel temperatures during
operation resulting in microstructural changes of the fuel and in higher

fission gas release.

The measurements reveal that cladding creep down decreases with incressing
prepressurization. The calculation of the parameters considered in fuel rod
design shows that the influences of the pellet-clad-gap size on fuel rod be-
haviour can adequately be trested with the fuel rod code CARO.
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