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Accidents involving fuel melting and eventual contact between the hipgh
temperature melt and structural concrete may be hypothesized for both light
water thermal rcactors and liguid metal cooled breeder reactors. Though
thesc hypothesized accidents have a quite low probability of occurring,
it is necessary to investigate the probable natures of the accidents if
an adequate assessment of the risks associated witn the use of nueclear re-
ectors is to be made.

A program addressing t'.her na.t.u.re. of xrelt/conr*reue interactions has
deen underway for three years A ey 1a.boratom4. Zmphasis in this pro-
gram has been i ward the behavior of prototypic melts of molten core
materials with 2oncrete representative of that found in existing or pro-
posed reactors. The goals of the - perimentation have been to identify
phenomena particularly pertinent to guestions of reactor safety, and
provide guantitative date suitable for the purposes of risk assessment.

Experiments in pursuit of these gnals heve utilized melts w ighing
15 to 200 kg at temperacures of 1700 to 2800°C. These melts have been
interacted with three varieties of concrete. Melts have been corsosed of
mild steel, stainless steel, and combinations of urenium dioxide, 2zircranium
dioxide, and stiinless steel. Various mocks of fissior products have also
been included in the melts. Technigues for mimicking the internal heat
generation due <o fission product decay in molten reactor fuel have
allowed the melu/concrete interactionz to be sustained for periods of up
to 20 minutes.

These global experiments entailing the a1l complexiti-s of the melt/
concrete interactions have been supported by laboratory sc:le studies of
isolated aspects of the interaction. Further, cormputer models of the
melt/concrete interaction have been developed which allow identification
of particularly influential phenomena associsted with contact between
high-temperatur> melts and concrete.

Among the many phencmena identified during the work, gas geuneration
during high-temverature melt/concrete interactions assumes a central
stance, Its imdortance arises not only because of its innate contribation
to the accident but also because of the influence 1t exerts on other
processes.

Gas generavion 1s initilated by the thermal decomposition of hydrateé
and cartunates in the concrete., Kinetics of decomposition of these species
depend on both the absolute temperature and the heating rate of the concrete.
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Dehydration reactions in the concrete may be described in terms of first-
order kinectic equations of the form

-3% (1 - a) exp (14 + 6) exp [(-5560 *+ 870)/T]
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for so-caslled evaporable and chemically bound water, respectively. Tecar-
boxylation of the concruete is more appropriately described in terms of
approach to thermodynamic equilibriuwm via a 2/3 order process depending on
the composition of the surrounding atmosphere as well as tewperature and
heating rate. The applicable kinetic equation takes the fc¢ =:

(1L - q) exp (28 * 1.5) exp [ (20560 * 560)/T]

Pag (atm)
%‘5 = (3.6 + 3) x 107 exp ((-18500 £ 800)/T) |1 - f,eq (1-0)2/3

where P(‘O is the partial pressure of carbon dioxide in the vicinity of

the decozposing concrete, Peq = 1.8L4 x 107 exp (-18500/T), and a is the
fractional conversion of ihe carbonate.

The gases released by thermel decomposition of the concrete -uring
e melt/concrcte interaction are more directly related to the heat. ransfer
in the concrete “han to the initial composition of the concrete. This heat
transfer mey be descrided in terms cf a conduction model utilizing the
similarity variable T = X/._/‘\'-, where X is the depth from the concrete sur-
face, provided attention is paid to the endotlermic nature of the ebcve
decomposition reactions. A numerical solution to the heat transfer
problem including the effects of mass-flow has been developed.

Gases liberated from the concrete percolete up through the melt.
During their passage they induce vigorous stirring of the melt which
tends to maintain isothermal conditions in the liquid, Gas transport
through the melt also influences the directioral nature of heat transfer
from the melt. Observed ratios of downward tc¢ horizontal transfer are
7 *+ 3 end may be rationalized in terms of a gas film shielding vertical
concrete surfaces from the melt,

The carbon dioxide and water thermally released from the meit are
reduced by metallic portions of the melt. It may be shown that the
enthalpy of these reactions would be comparahle to decay heat generation
in a fuel melt., Tests with stainless steel containing melts indicate
that the fugacity of oxygen in gases emerging from the melt is controlled
by the iron-wistite equilibrium. The carbon fugacity is controlled by
the C{gas) ? graphite equilibrium. The emerging gases are typically com-
posed of hydrogen, carbon monoxide, carbon dioxide and small amounts of
water.,
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As the gases cool in the presence of suitable catalysts, such as warm
staliuess steel, carbon monoxide is hydrogenated. Concentrations of methane
up to 25 volume percent and ethene up to 10 volume percent have been ob-
served under suitable conditions. The conditions for these methanation
reactions are dictated by thermodynamic as well as catalytic considerations.
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Dehydration reactions in the concrete may be described in terms of first-
order kinetic eguations of the form
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for so-called evaporable and chemically bound water, respectively. Decar-
boxylation of the concrete is more appropriately described in terms of
approacn to thermodynamic equilibrium via a 2/3 order process depending on
the composition of the surrounding atmosphere as well as iemperature and
heating rate. The mpplicable kinetic equation takes the form:

P, 0 (atm) .
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where PC is the partial pressure of carbon dioxide in the vicinity of

the decomposing concrete, Peq = 1,84 x 107 exp (-18500/T), and ¢ is the
fractional conversion of the carbonate,

The gases released by thermal decomposition of the concrete during
a melt/concrete interaction are more directly related to the heat-transfer
in the concrete than to the initial composition of the concrete. This heat
transfer rey be described in terms of a conduction model utilizing the
similarity variable T = X//t, where X is the depth from the concrete sur-
face, provided attention is paid to the endotaermic nature of the above
decomposition reactions. A numerical solution to the heat transfer
problem including the effects of mass-flow has been developed.

Gases liberated from the concrete percolate up through the melt.
During their passage they induce vigorous stirring of the melt which
tends to maintain isothermael conditions in th2 liquid. Gas transport
through the melt also influences the directional nature of heat trensfer
from the melt. Observed ratios of downward to horizontai transfer are
7 * 3 and may ve rationalized in terms of a gas film shielding vertical
concrete surfaces from the melt.

The carbon dioxide and water thermally r:leased from the melt are
reduced by metallic portions of the melt. It may be shown that the
enthalpy of these reactions would be comparable to decay heat generation
in a fuel melt, Tests with stainless steel containing melts indicate
that the i‘ugaclty of oxygen in gases emerging from the melt is controlled
by the iron-wust:.te equilibrium, The carbon fugacity is controiled by
the C(gas) ? graphite equilibrium. The emerging gases are typically com-
posed of hydrogen, carbon monoxide, carbon dioxide and small amounts of
water.
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As the guses cocl in the presence of suitable catalysts, such as warm
stainless steel, carbon monoxide is hydrogenated. Concentrations of methane
up to 25 volume percent and ethene up to 10 volume percent have been ob-
served under suitable conditions. The conditions for these methanation
reectlons are dictated by thermodynamic as well as catalytic considerations.
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