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The  METCOR  facility  simulates  vessel  steel  corrosion  in contact  with  corium.
Steel  corrosion  rates  in  UO2+x–ZrO2–FeOy coria  accelerate  above  1050  K.
However  corrosion  rates  can  also  be limited  by  melt  O2 supply.
The  impact  of this  on in-vessel  retention  (IVR)  strategy  is discussed.
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a  b  s  t  r  a  c  t

During  a severe  accident  with  core meltdown,  the  in-vessel  molten  core  retention  is challenged  by the
vessel  steel  ablation  due  to thermal  and  physicochemical  interaction  of melt  with  steel.  In accidents  with
oxidizing  atmosphere  above  the  melt  surface,  a  low  melting  point  UO2+x–ZrO2–FeOy corium  pool  can
form.  In  this  case  ablation  of the  RPV  steel  interacting  with  the  molten  corium  is  a  corrosion  process.

Experiments  carried  out  within  the  International  Scientific  and Technology  Center’s  (ISTC)  METCOR
Project  have  shown  that  the  corrosion  rate  can vary  and  depends  on  both  surface  temperature  of  the  RPV
steel  and  oxygen  potential  of  the  melt.  If  the  oxygen  potential  is  low,  the corrosion  rate  is controlled  by

brought to you btadata, citation and similar papers at core.ac.uk

provided by Elsevier - Publish
the  solid  phase  diffusion  of  Fe  ions  in  the  corrosion  layer.  At high  oxygen  potential  and  steel  surface  layer
temperature  of  1050 ◦C  and  higher,  the  corrosion  rate  intensifies  because  of  corrosion  layer  liquefaction
and  liquid  phase  diffusion  of  Fe  ions.

The paper  analyzes  conditions  under  which  corrosion  intensification  occurs  and  can  impact  on  in-vessel
melt  retention  (IVR).

Publis
©  2014  The  Authors.  

. Introduction
IVR is a part of the severe accident management strategy
or several light-water reactor designs (Kymalainen et al., 1997;
heofanous et al., 1997; Rogov et al., 1996; Fischer and Levi, 2010;
h et al., 2006; Dinh et al., 2004). Leaving out reactivity accidents,
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029-5493/© 2014 The Authors. Published by Elsevier B.V. This is an open access article un
hed  by Elsevier  B.V.  This  is  an open  access  article  under  the  CC  BY-NC-SA
license  (http://creativecommons.org/licenses/by-nc-sa/3.0/).

the RPV being cooled can in principle fail under the effect of ther-
mal  and mechanical loads or because of the wall melt-through. In
Kymalainen et al. (1997) and Theofanous et al. (1997) the RPV fail-
ure conditions are studied, such as failure under the thermal shock
conditions or failure caused by thinning of the wall which is par-
tially melted under the influence of the heat flux transferred to the
wall from the melt and depending on residual heat and molten pool

structure. Results of the study show that one of the main conditions
required for the IVR is efficient external cooling of the RPV for pre-
venting the wall melt-through. To achieve this condition, the heat
flux from vessel outer surface to coolant water should not exceed a

der the CC BY-NC-SA license (http://creativecommons.org/licenses/by-nc-sa/3.0/).

https://core.ac.uk/display/82084117?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
dx.doi.org/10.1016/j.nucengdes.2014.07.034
http://www.sciencedirect.com/science/journal/00295493
http://www.elsevier.com/locate/nucengdes
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nucengdes.2014.07.034&domain=pdf
http://creativecommons.org/licenses/by-nc-sa/3.0/
mailto:paul.bottomley@ec.europa.eu
dx.doi.org/10.1016/j.nucengdes.2014.07.034
http://creativecommons.org/licenses/by-nc-sa/3.0/


neering and Design 278 (2014) 310–316 311

c
T
o

i
I
a
a
c
e
t
r
c

w
m
c
f
c

2
o

i
o
t
1
m

h
M
l
(
5
o
4
t
M
1
o
i
a

r

g
i
a
w
s
t
m
d
f
t
t
r
w
i
t
w

e
1

Fig. 1. Diagram of the induction furnace. (1) Gas and aerosol out; (2) air or steam
in;  (3) pyrometer shaft; (4) lid; (5) quartz tubes; (6) EM screen hanger tube; (7)
crucible sections; (8) inductor; (9) melt; (10) acoustic defect; (11) ZrO2 insulation;

fusion barrier, (ii) the oxygen content in the melt is in excess and
allows Fe oxidation to FeO – the main component of corrosion layer,
and that the oxygen content does not influence the corrosion rate
(Bechta et al., 2008a, 2009).
V.S. Granovsky et al. / Nuclear Engi

ritical value (critical heat flux) for the whole surface being cooled.
his paper addresses only conditions for in-vessel retention of fully
xidized corium melt.

In general, thinning of the RPV wall can be a result of both melt-
ng and physicochemical interaction between melt and RPV steel.
n Bechta et al. (2008a, 2009) it was shown that with this inter-
ction and in the above-melt air and steam atmosphere, the steel
blation follows an oxidation mechanism, and correlations for the
orrosion rate have been proposed. In the following study Bechta
t al. (2008b) the related thinning of the vessel wall in addition
o its partial melting was shown that the vessel integrity of VVER
eactor was not jeopardized so long as a small thickness of outer,
ooled vessel wall was retained of full mechanical strength.

The current paper presents new experimental results obtained
ithin the ISTC METCOR Project, which studied the influence of
elt oxygen potential on the vessel steel corrosion and will analyze

onditions where corrosion can influence the heat flux transferred
rom the melt to the RPV wall, DNB margin, and, consequently, IVR
onditions.

. Interaction of molten corium with steel under high
xygen potentials of the melt

Experimental investigations of the cooled vessel steel corrosion
n molten corium under air and steam atmospheres was carried
ut by the NITI team for IVR-typical conditions using test facili-
ies of the RASPLAV platform within the ISTC METCOR Project. A
.5–2.0 kg corium pool was generated on top of vessel steel speci-
en  by induction heating in a cold crucible.
The MC10 and MCP-2 experiments were performed with

igh liquidus temperature (“refractory”) corium-type UO2+x–ZrO2;
C1, MC2, MC11, MC12, and MCP-4 experiments – with lower

iquidus temperature (“fusible”) corium – UO2+x–ZrO2–FeOy

where x ≤ 0.2 in METCOR conditions). For comparison the
0 mol% UO2–50 mol% ZrO2 has a solidus/liquidus temperature
f around 2500 ◦C (Lambertson and Mueller, 1953) while the
0 mol% UO2+x–40 mol% ZrO2–20 mol% FeO has a solidus tempera-
ure of ∼1340 ◦C (Almjashev et al., 2010). All experiments except

CP-4 were performed with samples of Russian VVER reactor steel
5Kh2NMFA, experiment MCP-4 was performed with a sample
f European reactor steel 20MNMONI 5-5. In all the experiments
dentical procedures were used for the experiment and post-test
nalysis, as described in Bechta et al. (2008a, 2009).

Figs. 1 and 2 show the induction furnace and RPV steel specimen,
espectively.

Each experiment included several ‘quasi-stationary’ regimes of
radually increasing specimen surface temperature. After reach-
ng a certain temperature the specimen-corium system was held
t these conditions for a predetermined period of time, during
hich the specimen corrosion depth was measured by the ultra-

onic scanning method. The duration of this period depended on
he corrosion rate. The fact is that the larger corrosion depth, the

ore accurately corrosion rate can be determined, but the more
ifficult it is to maintain a stable temperature of the specimen sur-
ace (and heat flux into the specimen) because this temperature
ends to decrease with an increase in corrosion depth. Therefore,
he higher the corrosion rate, the shorter the ‘quasi-stationary’
egime. After completion of a period, the melt-specimen heat flux
as increased either by a higher power deposition in the melt (rise

n melt temperature) or by moving either the crucible (7, Fig. 1) or
he electromagnetic screen (17) compared to the inductor (8), i.e.

ith change in Zc, Ze (Fig. 1).

The corium composition was the same in all the experiments
xcept MCP-4. In MCP-4 (Fig. 3) the first three temperatures (1005,
130, 1200 ◦C – stages 1, 2 & 3) correspond to the conditions of
(12)  vessel steel specimen; (13) K-type thermocouples; (14) top calorimeter of the
specimen; (15) bottom calorimeter of the specimen; (16) ultra-sonic sensor (USS);
(17) EM screen.

specimen interaction with refractory corium. After that the temper-
ature on the steel specimen surface was lowered, iron was  added
into the melt, and after its oxidation during next three temperature
levels (920, 1080, 1150 ◦C – stages 4, 5 & 6) steel corrosion at the
interaction with fusible corium was investigated.

Upon completion of each experiment, the electromagnetic heat-
ing was disconnected and the melt was allowed to crystallize. The
ingot was then cooled in steam or air. The posttest analysis included
a series of physicochemical studies of the specimen and corium
ingot, as well as the numerical modeling of specimen temperature
conditions.

The experimental corrosion rate data were interpreted using the
model based on the Tamman equation (Tamman, 1920) and the
Arrhenius law. It was assumed that: (i) the corrosion rate is con-
trolled by the transport of Fe2+ ions from the steel surface through
the corrosion layer and corium crust, which presents the main dif-
Fig. 2. Vessel steel specimen.
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Fig. 3. Specimen corroded thickness versus time in MCP-4.
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ig. 4. Oxidation kinetics of vessel steel during its interaction with the “refractory”
O2+x–ZrO2 corium melt.

Figs. 4 and 5 give the summarized experimental data on the
orrosion of Russian steel for the refractory and fusible corium
espectively (Bechta et al., 2008a, 2009).

Correlations for the corrosion rate of the Russian VVER vessel
teel (Bechta et al., 2009) are as follows:

UO2+x–ZrO2 coria

W(2723 − TS)
q

= 4.98 exp

(
−1.1 × 105

RTS

)
, (1)

UO2+x–ZrO2–FeOy coria

W(1613 − TS)
q

= 0.1 exp

(
−0.91 × 105

RTS

)

+ 3.4 × 1014 exp

(
−4.99 × 105

RTS

)
, (2)
Fig. 5. Oxidation kinetics of vessel steel during its interaction with the “fusible”
UO2+x–ZrO2–FeOy corium melt.

where W – corrosion rate, m/s; Ts – temperature of steel surface,
K; q – heat flux from molten corium to steel, MW/m2; R – universal
gas constant, J/(mol K); correlations (1) and (2) with all comments
can be found in Bechta et al. (2009).

It follows from Figs. 4 and 5 that the data for European
reactor steel can be approximately described by the same corre-
lations (1) and (2). However the number of tests with European
steel is quite limited and would need further investigations. For
the “fusible corium”, it was  observed that corrosion intensifies
when the steel surface temperature exceeds approximately 1050 ◦C
(1000/Ts < 0.75). Results of SEM/EDX analysis were used (Bechta
et al., 2008a) to explain this by partial liquefaction of the solid
corrosion layer (Almjashev et al., 2010) and, consequently, by accel-
erated Fe2+ liquid-phase diffusion through the corium crust. Note

that the experimental results including an observed increase in
the corrosion rate were obtained for non-oxygen-deficient corium
conditions.
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ig. 6. Kinetics of steel corrosion at its interaction with fusible corium at the Fe
olid-phase diffusion, with arrows showing the shift from initial (intensified) to final
reduced) corrosion rates in the final stages of the MC11 and the MCP4 tests.

. Steel corrosion at the reduction of melt oxygen potential

In two experiments with fusible corium: MC11 – Russian steel,
team atmosphere above the melt and MCP-4 – European steel, air
tmosphere above the melt, an interesting observation was  made.
fter the period of intensive corrosion at the last maximum tem-
eratures (two leftmost points in Fig. 5), before disconnecting the
eating, the corrosion rate decreased. In experiment MCP-4 the
lowdown of corrosion is observed during the last 6th temperature
tage in Fig. 3 at approximately from 31,000 to 31,800 s (before
he inductor disconnection – see arrow). Similar data for MC11 are
iven in Bechta et al. (2008a).

The summarized data on steel corrosion and its interaction with
usible corium are given in Fig. 6 where all points are shown in Fig. 5
xcept 4 points in 1000/Ts < 0.75 region; here only two points are
hown (MC11 – Fig. 6 uses symbols different from those in Fig. 5, &
CP-4) are shown in this region: both in high-rate corrosion period

nd subsequent slow-rate corrosion period (marked as final). It can
e seen that initial points related to the pre-slowdown period in
ig. 5 (for MCP-4 – stage 6, Fig. 3) are described by the correla-
ion, which takes intensified corrosion into account (the process
f liquid-phase diffusion), and points indicated as “final” in Fig. 6
for MCP-4 – period between completion of stage 6 and turning
he inductor off, Fig. 3) are located closer to the correlation for the
olid-phase diffusion extrapolated to the high temperature region
000/Ts < 0.75 (Fig. 5).

Since the high-rate corrosion of RPV steel leads to rapid thinning
f the RPV wall and is accompanied by additional heat production,
t can be considered as a negative factor and it seems important to
etermine a possible reason for the observed corrosion slowdown.
or this purpose let us consider the measured data on the oxygen
ontent in the MCP-4 melt (not measured in other experiments)
nd the history of measured oxygen concentrations in the furnace
ff gases (Oх2) shown in Fig. 7. When interpreting this curve, the
dditional uncertainty due to the delay of the “gas” measurement

 time losses due to transport in gas line and inertia (capacity) of
he gas volume in the furnace should be considered. In the same
gure there are points, which denote experimental kinetics of Fe3+

6+ 2+ 3+ 4+ 6+
nd U fractions from (Fe + Fe ) and (U + U ) contained in
he melt, respectively. These data are produced by the chemical
nalysis of melt samples taken during the experiment and at the
nal state from the ingot.
Fig. 7. a) Oxygen concentration (vol.%) in the in- and off-gases (Ox1 & Ox2, resp.)
and b) Fe3+ and U6+ mass fractions: •, © − Fe3+/(Fe2+ + Fe3+); � � − U6+/(U4+ + U6+)
mass%, respectively (•, � MCP-4 samples; �, © single MC11 sample).

Evident is the sharp reduction of oxygen concentration in off
gases (Ox2) in comparison with its concentration in the supplied air
(Ox1), i.e. the oxygen is absorbed by the melt approximately after
15,000 s, when iron is added to the melt (to change its composi-
tion). It is explained by the loss of equilibrium (in terms of oxygen)
between furnace atmosphere and the melt due to the oxidation of
introduced iron. The melt oxygen potential is also decreased at this
point, (U6+ fraction is reduced). The same effect is observed from
approx. 30,000 s on, i.e. during the 6th stage. This decrease can be
explained by the high temperature oxidation rate of steel surface,
i.e. oxygen spent on the steel oxidation is not compensated for by
its supply into the melt from the atmosphere.

The most representative data characterizing the oxygen poten-
tial of the melt at the end of stage 6 are obtained thanks to post-test
analyses of the final state in the ingot (in Fig. 7 two MCP-4 points
of U6+ and Fe3+ fractions produced by the ingot average sample are
shown at ∼32,500 s). It can be seen that U6+ fractions and, espe-
cially Fe3+ fractions, according to this sample are lowest in the final
state than those of the samples taken on line during the experi-
ment. The model in Bechta et al. (2008a, 2009), used to analyze the
experimental data, assumes a constant oxygen potential in atmo-
sphere and unlimited exchange of oxygen between atmosphere and
melt i.e. unchanged oxygen potential in the melt under conditions
of equilibrium with the atmosphere. Under these conditions the
only limiting mechanism for the corrosion rate is the Fe2+ diffusion
through the corrosion layer and corium crust, but not the transport
of O2− ions from the melt to the steel specimen surface. But there
are deviations from equilibrium in melt oxygen potential with the
atmosphere as seen in Fig. 7 because a decrease of oxygen poten-
tial in the melt, provoked a rapid corrosion. Therefore, the diffusion
transport of O2− ions becomes limited and that this is likely to cause
the corrosion rate reduction.

In MC11, similar to other experiments on steel corrosion with
the oxidizing above-melt atmosphere (excluding MCP-4), the com-
position of off-gases was  not measured and melt samples were not
taken during the experiment, so the value of oxygen potential in
the melt at the final stage can be derived only from the ingot com-
position. Chemical analysis of the ingot average sample of fractions
of Fe3+ and U6+ from the total ions of iron (Fe2+ + Fe3+) and uranium
(U4+ + U6+) were 15.1% and 1.5%, respectively. They were close to

the values measured for the MCP-4 ingot (in Fig. 7 these are the
concentrations plotted at ∼32,500 s). For this reason, as in MCP-4,
the deviation of the considered point from the correlation can be
attributed to the reduction of oxygen potential in the melt. Note
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Fig. 8. SEM-images of corrosion layer: (

hat since MC11 was conducted with the steam atmosphere above
he melt, so probably the production of hydrogen has also an impact
n oxygen potential.

In order to understand the mechanism of oxygen potential influ-
nce on corrosion rate we shall compare the MCP-4 SEM/EDX
ata for the corrosion layer on the steel surface with those of
C12 experiments (Russian steel, fusible corium, air) (Bechta et al.,

008a). Note that in MC12, like in MC11, intensive steel corrosion
as observed during the last regime, but, differently from MC11,
eating was disconnected during the intensive corrosion of steel
pecimen and corium solidification was made.

Fig. 8a shows SEM-images of the MCP-4 corrosion layer. Fig. 8b
hows similar results of MC12 (Bechta et al., 2008a) for comparison.
he figures demonstrate qualitative structural difference of corro-
ion layers: in MC12 the inter-granular eutectic layer (∼10 �m)  is
uch wider than in MCP-4 (∼1 �m).  It can be assumed that this

eflects a different character of diffusion processes: the prevail-
ng diffusion in liquid state in MC12 and diffusion in solid state
n MCP-4.

These results enable us to presume that the corrosion rate reduc-
ion with decrease of oxygen potential in the melt reveals itself

nly (or mostly) by the lower liquid-phase diffusion through the
orrosion layer. Thus the liquid-phase diffusion itself, main factor
f steel corrosion, governs the increase of oxygen consumption,
he reduction of oxygen potential in the melt and then, eventually,
eriment MCP-4; (b) experiment MC12.

corrosion slowdown. Therefore, in the MCP-4 and MC11 experi-
mental conditions self-suppression of the intensive, liquid-phase-
based corrosion regime took place.

4. Impact of vessel steel corrosion in the IVR conditions

Let us consider the influence of vessel steel corrosion on the
IVR for a situation in which a molten pool of fully oxidized fusible
corium with high oxygen potential was  formed in the lower head
before the melt – vessel interaction starts. If, under these con-
ditions, the temperature on the interaction interface increases to
levels at which a solid crust will completely melt that is, the steel
interacts with liquid corium directly; then we can assume that the
corrosion rate grows rapidly and that the reactor vessel tempera-
ture increase will be determined by this steel oxidation reaction.

As shown in a number of works dedicated to the IVR analysis, e.g.
Kymalainen et al. (1997) and Theofanous et al. (1997), in parts of the
reactor bottom the heat flux entering the inside vessel surface will
lead to local melting. Here corrosion rates can be very high and, in
extreme cases, corrosion can be further enhanced by the so-called
liquid-phase burning mechanism, i.e. exothermic redox reaction on

the surface of the two-liquid interface (Gusarov et al., 2007).

The model of liquid-phase burning was  developed for the condi-
tions of suboxidized melt interaction with oxidic sacrificial material
(SM) of the core catcher (Sulatsky et al., 2005). The ceramic SM
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where CO2 – oxygen concentration in the melt; Мcorium – melt mass,
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onsists mostly of Fe2O3 and Al2O3, of 70 and 30 mass%, respec-
ively. In the thin reaction layer on the SM surface, Zr contained in
he melt reacts with Fe2O3. The heat of chemical reaction is spent
n the SM heating and melting and, partially, transferred to the
elt. Heat transfer from the reaction layer is performed by the free

onvection heat exchange.
In IVR conditions, that are different from those of the model,

he reducing agent is the vessel steel and the oxidizing agent is the
xygen contained in the melt; but this difference does not change
he model substantially. Heat from the redox reaction is released
n the thin reaction layer on the steel surface. This heat is partially
ransferred to the steel surface, and partially – to the corium melt,
here the heat is transferred by the mechanism of free convection.

n the applied model, it is further considered that now a part of the
eat transferred to the steel surface is conducted through the steel

nto the cooling water, while this heat loss can be neglected in the
ase of a ceramic SM because of its low thermal conductivity.

Heat flux transferred to steel wall in the unsteady state heat
onduction equation including melting is determined using model
orrelations (Sulatsky et al., 2005). As the steel wall thickness
ecreases by melting, heat flux transferred from the wall to the
ater increases, heat consumption for melting decreases and, con-

equently, melting rate and heat production rate in the reaction
ayer decrease, and eventually liquid phase burning goes out.

The following conditions were chosen for numerical analysis:

The 0.18 m-thick steel wall has the initial temperature of 100 ◦C.
Temperature on the cooled outer surface does not change with
time. The steel melting temperature is 1500 ◦C and the oxidic melt
temperature is 2200 ◦C (liquidus temperature is ∼1900 ◦C). Heat
flux from oxidic melt to the wall before the start of liquid-phase
burning is 0.6 MW/m2.
Heat effect during steel oxidation is assumed to be equal
to the heat release from the exothermal redox reaction con-
ventionally taking place at 2200 ◦C – U3O8 + 2Fe = 3UO2 + 2FeO
(80 kJ/mole Fe). The higher degree of U oxidation (to U3O8 or
UO2.66) for IVR conditions in comparison with UO2.2 for METCOR
conditions) is explained by the effect of high steam-air pressure in
the reactor and containment on thermodynamic equilibrium con-
centration of oxygen in the melt before melt-RPV steel interaction
starts.
The mass fraction of molten steel (�) taking part in the redox
reaction within the reaction layer is varied between 0 and 1. � = 1
means that all melted RPV steel participates in oxidation reaction
within the reaction layer. � = 0 means that all melted RPV steel
is oxidized outside the reaction layer and, thus, there is no liquid
phase burning.
The problem is solved numerically in the 1D formulation.

Figs. 9 and 10 show the kinetics of the unablated vessel thickness
nd heat flux from the cooled surface versus time. The larger the �
alue is, the thinner is the unablated vessel part and the higher is
he maximum heat flux value. In absence of heating caused by steel
xidation (� = 0 in Fig. 9) the thickness of the unablated vessel part
t the 0.6 MW/m2 heat flux is 0.072 m.  When ablation stops (� > 0),
he oxidic crust is formed on the internal wall surface, and the heat
ux reduces to the specified value 0.6 MW/m2.

It can be seen that at � > 0.5 in Fig. 10 the resulting heat
ux reaches the level of the critical heat flux qcr (for the verti-
al surface in the large volume of saturated water at Р = 0.1 MPa,
cr ≈ 1.2 MW/m2).
However, as shown in Section 3, the high-rate corrosion of steel
an lead to a decrease in the oxygen potential of the melt which
nhibits corrosion. Let us consider the possibility of this effect for
VR conditions.
Fig. 9. Thickness of steel wall during liquid-phase burning versus time for various
metal mass fraction ratios (�).

Decrease of melt oxygen concentration caused by steel corrosion
versus time is as follows

dCO2

dt
= 1

Mcorium
(GO2Sup − kWcorrosionScorrosion);
40003000200010000
1 – µ=0;  2 – 0,1;  3 – 0,2;  4 – 0,5;  5 – 1 

Fig. 10. Heat flux during liquid-phase burning versus time for various metal mass
fraction ratios (�).
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O, �Fe – atomic weights of O and Fe, kg/kmole; Sup – area of corium
op surface, M2; Scorrosion – area of corrosion surface, m2.

It is obvious that other conditions being equal, the lower
corium and GO2 and higher Scorrosion are, the smaller ablation depth

s at which the oxygen concentration in the melt and, conse-
uently, the degree of U oxidation reduces to a limit at which a
igh corrosion rate is no longer possible. Results in Fig. 7 show
hat UO2.06 (U6+/(U4+ + U6+) ≈ 15%) is this limiting value. Since
he ablation depth clearly correlates with the heat flux to the
ooling water (Figs. 9 and 10), the heat flux will not achieve
ts maximum value if the limiting (minimum) degree of U oxi-
ation is reached earlier than the maximum ablation depth is
eached.

It is not easy to evaluate the current importance of the issues
ddressed in this paper, however, it seems advisable to consider
he possibility of high corrosion rates of RPV steel and also condi-
ions for its inhibition in IVR analyses in view of multiple scenarios
f severe accident development and challenges of their numerical
imulations.

. Conclusions

1) The effect of corrosion acceleration was investigated in the
METCOR project and has already been identified and correla-
tions for refractory (UO2–ZrO2) and fusible (UO2–ZrO2–FeO)
coria proposed in earlier publications. In this publication, fur-
ther evaluation of these experiments has noted a decrease in
the corrosion rate and liquid phase ‘burning’ effects have been
additionally calculated for these IVR conditions.

2) We  note that the corrosion ‘acceleration’ studied under MET-
COR was due to the formation of low-melting liquid phases at
grain boundaries; this is different from the liquid phase “burn-
ing” due to exothermic release from metallic melt oxidation at
the interface.

3) A slowing down of the corrosion rate has been observed and
appears to be due to reduced diffusional supply of oxygen to the
interface from the corium atmosphere interface. This indicates
that oxygen potential in the melt could affect the corrosion rate
at the interface and that many factors could influence the melt
potential and hence the corrosion rate.
4) The vessel steel corrosion phenomena of a fusible corium
melt in the IVR conditions primarily depend on the probabil-
ity of fully oxidized corium layer formation in the bottom of
molten pool. Such a situation is likely to occur either in large
g and Design 278 (2014) 310–316

loss-of-coolant accidents, where the steam–gas mixture from
the containment appears in the reactor vessel, or where water
enters the reactor vessel (e.g. resulting from operator’s action).
Given that full oxidation is possible but not certain, it is advis-
able, first, to extend the temperature range of experiments on
the vessel steel corrosion up to the steel melting temperature
and, second, to study the oxidation kinetics of the melt itself
at different O2 potentials on its interface. These experimental
results can also refine the computational models.
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