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SUMMARY

~ The course acd severity of hypothetical core disruptive sccideats (HCDAs)
in .fast reactors depend on the location and motion of the coolant, chdding,v
and in ﬁarticular, the fuei. Early dispersion of fuel from regions of high-
wﬁrth to low-worth regions will mitigate the severity of an HCDA snd under
c:e.'rt:ain conditions may result in an early termination of the initiating
event.l It_: 1s therefore important to und;rstaud the types of fuel
‘ d}cpcésiop/dismp;ion u‘:chnn:l.nc that can occur land how variables such as the
i f;ﬁ,el'.fﬁi?t'qug‘(povc;/bur@up.), fuel heating rate, cnd cledding influence their
t:l.-:lng and oiccurrcﬁce. " ’

“ 'j-'In'- this papér, we summarize the types of fuel behavior observed in a
- recent uri.u of direct clcctri.cal heating (DEH) experiments on irradiated

: fuel (\d.th burnupc unging from 0.6 to 9 at. 2) that simulated the initiating
. ph&cn of a lou-of-flow (LO!') event for the CRIR design. The technique which
| hu boen ducr:l.bcd cluvhcre utilizes ohmic heating to nimhtu the muclear
‘?henting. Pr:l.or to 1n1tint1ng an electrical heating ramp, an external Laster
is uud to ult t:h. ltd.nlcu steel cladding of £ of the oxide fual to prevent
thc currcnt fro- uhortin; through the wmetallic cladding. ﬁ.-oceurm and
timing of the types of behavior were.identified from high-speed movies sod
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video recordihgt of the sample, and subsequently correlatad with the steady~
T l~f§ce pin history and the transient thermal history. |

Analysis of the high-spesd movies indicated the behavior was dependent on
seyeral factors including rhe quantity of fission gas present in the fuel, the
presence of a radial restraint (imposed by the cladding), and the heating
rate. The behavior of the fuel during the initial stage (as the cladding
melted) was dependent oa the presence of the cladding and the fuel
burnup/power - or more precisely the retained fission-gas content. Tests on
lo.ii/-ediu- Bu_rnup (or unirrad:l.ated fuel) indicated the cladding melted and
‘flowed off the oxide peliets without wetting the surface. In contrast, tests
utilizing medium- to high-burnup fuel exhibited fuel spallation after the
clﬁa‘dd:l:,_ng'-e'lt:ze'd and flowed down the stack. This latter type of behavior was
characterized by the enefget:lc ejection of solid particles of fuel from the
su,tffn_ég of the fuel pellets.‘ Ejection occurred at relatively low temperatures
(flS,bO‘C.), ‘and in some instances (depending on the gas restention) resulted in
a qoyiii}cierab].e loss of fuel (up to 602 by mess). The occurrence of spzllation
:A ufound .,t:d be dependent ﬁn_two factors: (1) the relaxation (upon clad
-‘ue_lt-inj_g)-;of _tﬁe radial restraint imposed by the cladding, eoupied with (2) a
‘.reéa;h'ed fission-gas (Xe +. ;r) content in excess of a critical threshold
'.vnlve' . _ Fue:1 seguents originating from pins with average retained gas conteuts
above ~16 umoles/gm of fuel exhibited spallation, while segments from pius
with gas- contents below this threshold failed to spall.

_;S';anplu subjected to electrical heating ramps following complete melting
of the .cladding exhibited fuel dispersive/disruption modes which were
;dcpe:ndcnt: on two factors: the heating rate, and whether the fuel was
1rr:a'.d:;l.:até.d. or ;un:l.rrgd:l.at:ed.‘. For irradiated fuel, the heating rate had 2

si;‘n‘iﬁqaht'inpact; .at low to medium heating rates (<300 J/ges) longitudinal



cracks formed, gross swelling occurred, and molten fuel was ejected prior to
failure, while at high heating rates (R300~400 J/g+s), the fuel heated up and
collapsed without forming longitudinal cracks, gross swelling, or ejecting
significant quantities of molten fuel. A minor amount of swelling occurred at
the fast rites due to.thgrmal expansion but not of the magnitude observed
during the slow transients. Minor quantities of molten fuel were also ejected
at the faster rates, but this occurred at the time of failure, not before
failufe as obéerved during the slow transients. At fai:ure, samples subjected
to fast transients broke into several large pleces with dimensions in the mm
range. For unirradiated fuel, the dispersive nature of the fuel was
characterized by the ejection of molten fuel from pellet interfaces and
cracks, and the drainage of molten fuel from the bottom pellet. Failure of
the unirradiated samples occurred when the remaining shell of solid fuel
collapsed under the weight of the top electrode.

Figure 1 summarizes the types of behavior observed using the concept of a
fuel response‘diagram developed by Bandyopadhyay et a1.3 The solid data
points represent the failure time (measured froa the start of the electrical
heating ramp) and are plotted vs the average heating rate during the DEH
phase, The open symbols.denote the termination times for transients stopped
prior to failure. [Failure is defined in these tests as a downward motion of

the top electrode (slumping or fracture of the sample) of ~0.010 in., which

triggers an LYDT to shut off the DEH power supply]. The solid and dashed
curves represent the failurs times as a function of the average heating rate

for irradiated and unirradiated fuel, respectively. The dotted curve shows

the time when gross swelling (AD/D 2102) started to occur in tests using

Numec~F fuel (~6 at. X burnup).



‘Two trends are evident in Fig. 1 that arise from the use of frradiated
fuel. First, the failure time for unirradiated fuel is 2-3 times larger than
that for irradfated fuel. Secondly, irradiated fuel undergoes gross swelling
at low-to-medium (‘300 J/g+*s) heating rates (up to ~200% by volume) prior to
failure.

In conclusion, high-speed cinematography has been used to characterize
the macroscopic behavior of irradiated and unirradiated fuel subjected to
thermAI transients prototypical of fast reactor transients. The results
demonstrate that as the c¢ladding melts, the fuel can disperse via spallation
1f the fuel contains in excess of ~16 ymoles/gm of fission gas. Once the
cladding has melted, the macroscopic behavior (time to failure and dispersive

‘mnature) was strongly influenced by the presence of volatile fission products

"and the heating rate.
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Fig. 1, Fuel Response Diagram of Unirradiated and

Jrradiated Fuel. Solid and dashed curves
show failure times as a function of the
average heating rate for irradiated and
unirradiated fuel, respectively. The dotted
curve shows the onset time for gross radial
swelling of irradiated fuel.



