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RESUME: 

The internal core catcher in SUPER PHENIX 1 is described 
here in some detail. The fuel retention capabilities are pre
sented for situations of increasing severity. 

The first situation corresponds to the core catcher 
design. It relates to a hypothetical subassembly accident that 
would cause a limited quantity of fuel, corresponding to the 
mass of seven subassemblies, to be deposited on the core 
catcher. For this situation and at all levels of the analysis, 
the most conservative assumptions are made in order to prove 
the integrity of the core catcher. 

The second situation corresponds to a hypothetical larger 
core melt accident. In this case, for some of the parameters, 
assumptions are made that correspond to the most likely situa
tions based on engineering considerations. Then the maximum 
retention capabilities are presented. 
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INTRODUCTION 
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Though fuel melting accident have sufficiently low probability to b» 
eliminated from the design basis accident, the manufacturing of an internal 
^ ! T V

C a t C h e r W a S i e c i d e d t o ««Hfil the licensing requirements of SUPER PHENIX 1, for beyond design purposes. 

The construction of this core catcher has been completed. 

In this paper this core catcher is described in greater detail than 
presiously [1]. 

The performances of this core catcher are discussed for different 
accidental situations of increasing severity but of decreasing probability. 

The first situation corresponds to the core catcher design. It relates 
to a hypothetical subassembly accident that would cause a limited quantity 
of fuel, corresponding to the mass of seven subassemblies, to be deposited 
on the core catcher. This mass of fuel is considered as a boundary for this 
accident. 

For this accident and at all levels of the analysis, the most conser
vative assumptions are made in order to prove the integrity of the core 
catcher. 

The second situation corresponds to a hypothetical larger core melt 
accident. In this case, for some of the parameters, assumptions are made 
that correspond to the most likely situations based on engineering consi
dérations-. Then the maximum retention capabilities are presented. 

Part of the surveillance of the core is made in SUPER PHENIX by neutron 
detectors located beneath the two vessels. To get the maximum neutron flux, 
three pipes filled with helium extend from the outer part of the fissile 
core to the bottom of the main vessel through the core catcher (fig. 1,2). 
Through these pipes a flow of molten fuel could by-pass the core catcher. If 
the bottom of the pipes were to become melted-through, the debris could flow 
out onto the main vessel. The resistance of these neutron guide tubes will 
be discussed. 

DESCRIPTION OF THE INTERNAL CORE CATCHER IN SUPER PHENIX 

This core catcher (fig. 1), a stainless-steel plate of 8 meters in 
diameter, with a central chimney, is set up in the bottom plenum of the 
reactor vessel (fig. 2). This 2 cm-thick plate is slightly inclined, with 
the lowest point on the outside diameter, to prevent the entrapment of 
sodium vapour or gas. A 2 cm-thick stainless-steel heat shield has been set 
up on the core catcher as a protection against possible thermal shocks [2]. 

The core catcher and its shield are terminated with inclined lips and 
extend below the core support structure. Hence it is expected that s&ost of 
the debris would be collected by the core catcher. However settling of small 
particles on the main vessel is prevented by the structure supporting the 
core catcher. This supporting is made by means of vertical flanges radially 
oriented. Below the supporting structure spacing feet would keep the dis
tance to the main vessel in case of possible deformation during a hypothe
tical accident. 



DESIGN SITUATION FOR THE CORE CATCHER 

This situation corresponds to the design of the core catcher. It rela
tes to a hypothetical subassembly accident that would cause a limited quan
tity of fuel, corresponding to the mass of seven subassemblies, to be depo
sited on the core catcher. This mass of fuel is considered as a boundary for 
this accident. For this situation and at all levels of the analysis, the 
most conservative assumptions are made in order to prove the integrity of 
the core catcher. 

The debris consist of 750 kg of fuel and 230 kg of stainless-steel 
(cladding and wire wraps spacers in contact with the fissile fuel). 

Time of deposit 

It is shown [l] that the minimum time before the deposit is 3000 sec 
after the accident. 

Characteristics of the debris 

When the debris enter the bottom plenum (fig. 2) they are quenched with 
liquid sodium and fragment into small sized particles. 

Shape of the debris bed 

The quenching of the debris cause the vaporization of the sodium asso
ciated with "turbulence in the liquid sodium of the bottom plenum and conse
quently the dispersal* of the debris. Then a good spreading of the debris is 
expected. Nevertheless for the design situation an unlikely heap is consi
dered : the particles come from one spot on the lower plate of the core 
support grid and settle in quiescent sodium. 

Experiments in water were made to determine the shape of the deposit 
under these conditions [3]. This shape is shown on fig. 3. 

This heap is likely to be formed without sodium boiling within the 
debris. When the sodium boiling begins, some levelling occurs. Based on 
water experiments [3,4] it is shown that the slope of the heap decreases at 
least by 5 degrees. Consequently after boiling the shape of the heap should 
be the one shown on fig. 3. 

Risk of neutronic criticality 

For this heap there is no risk of neutronic criticality. For the homo
geneous mixture of steel and fuel considered above with a porosity filled 
with liquid sodium and for the maximum fuel enrichment in SUPER PHENIX, with 
a cone shape, the minimum mass to obtain neutronic criticality corresponds 
to 24 subassemblies. 



Cooling of the debris 
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The accident considered until now is the subassembly accident with 
scram and it is assumed that the pumps and the primary cooling system are 
operative. The maximum temperatures in the bottor* plenum is 425°C. To be 
conservative it is assumed that heat exchanges are made by sodium natural 
convection. 

Local heat exchange below the core catcher are calculated with corres-
lation assuming indépendance of the ratio : 

* 2 1/6 Nux/(Gr P r ) 1 ' 

with x (Nu , Gr are respectively the local NUSSELT and modified GRASHOF 
number ; Pr is She PRANDTL number). It was checked with a water mock up 
experiment [5] that the calculated local temperature are slightly below the 
real one. 

The average heat transfers in natural convection have been evaluated 
from experimental and theoritical work [5]. 

Transient temperatures within the debris and the core catcher plates 

The transient temperatures within the debris and the core catcher 
plates are calculated in two steps. 

1. Calculation of the downward heat fluxes 

This is made with a monodimensional computer program. The geometry used 
is sketcked in fig. 5, 6. 

Detailled heat transfers within the debris are modeled. It is assumed 
in a conservative way that dryout occurs at onset of sodium boiling within 
the debris because of uncertainties in the porosity and local permeability 
of the bed. If a more probable double phase sublayer had been taken into 
account the calculated downward heat fluxes would have been lower. 

Heat fluxes are calculated as a function of the local height in the 
heap and for different times after deposit. This is shown for example on 
fig 4, 9000 sec after the accident, when the local heat flux is maximum at 
the center of the heap. 

2. Temperatures within the core catcher plates 

From the knowledge of the downward heat fluxes, the temperatures within 
the core catcher plates are calculated. Figures 7 - 8 show the bottom and 
top surface temperatures for the core catcher plates when the downward heat 
flux is at maximum at the center of the heap (fig 4). 

Thermomechanical loadings and consequences 

Thermal loadings are simplified in a conservative way as shown on 
fig 9. The consequences of this temperature field are more severe than those 
of fig. 7, 8. 
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The maximum upward deflection due to temperature differences is less 
fan 5.6 cm for the heat shield and 4.3 cm for the core catcher plate. The 
maximum bending stress for the core catcher plate due to thermomechanical 
loading satisfies level D criterion from A.S.M.E. code. 

OVERALL PERFORMANCES OF THE CORE CATCHER 

A first evaluation [l] of the core catcher performances has already 
been presented (ref 1). Based on a new evaluation of the core catcher per
formance limits and on the utilization of a model to describe the heat 
transfer in the sodium double phase sublayer within the debris, the overall 
performances of the core catcher have been updated. 

Core catcher performances limits 
The core catcher performances are limited by : 

Limit 1. Use-fraction at the bearing point 
Rules of the code CASE 1592 for Level D service loadings are used. 
Limit 1 is reached when the use-fraction (life fraction), during the 

temperature transient at the bearing point (fig 2) associated with the 
primary-membrane-plus-bending stress (P. + P.) is equal to 1. The combined 
(P. + P. ) stress is calculated by an elastic analysis. i 

At the bearing point the material properties (creep) used in the cal
culations are measured values. 

Limit 2 - Incipient sodium boiling (T = 960°C, 2 bars) below the core 
catcher near the chimney 

Since the sodium boiling heat transfer law beneath the core catcher is 
not known and could not supply enough cooling to prevent melt-through, the 
beginning of the sodium boiling determines a performance limit for the core 
catcher. 

Model to describe the heat transfer in the sodium double phase sublayer 
The model described in [l] and [6] has been incorporated into the 

computer program which describes heat transfer within the debris. 
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Results of the calculations 

The performances of the internal core catcher after a hypothetical core 
neItdown accident have been calculated. The conditions of the calculation 
are : 

a homogeneous particulate bed of a fuel and steel mixture of uniform 
thickness, expected according a qualitative reasoning, is formed on the 
core catcher 3000 sec after the accident. The stainless steel fuel mass 
ratio considered is 0.3. 

the four in-pool emergency coolers and the external emergency cooling 
system (fig 2) are assumed to be operative but not the primary cooling 
system. 

heat transfers above the debris and below the core catcher plate are 
made in natural sodium convection£5J 

On table I are shown the overall core catcher performances according 
the configuration of the bottom plenum after the debris have melted 
through the lower plate of the support grid. Two cases are presented : 

A - Bottom plenum in communication with the upper plenum through a hole 
approximatively 0.2 meter in diameter. 

B - A large hole between the two plenums (the heat exchange coefficient is 
taken to be ten times that of case A). 

Table I 

CORE CATCHER PERFORMANCES ACCORDING BOTTOM PLENUM 
CONFIGURATIONS AND LIMITS 

CASE 
BOTTOM 
PLENUM 

CONFIGURATION 
TOTAL FUEL 
MASS 103kg 

c 
MAX 9C 
LIMIT 2 

CALCULATED USE-
FRACTION 
LIMIT 1 CASE 

BOTTOM 
PLENUM 

CONFIGURATION 
TOTAL FUEL 
MASS 103kg 

CALCULATED USE-
FRACTION 
LIMIT 1 

A Hole 
0 ~ 0.2 m 15.7 825 1 

B Big 
Hole 37.7 960 < 1 

* T temperature below the core catcher near the chimney. 

At the temperature» occuring in the core catcher plate, the collapse 
load, determined by elasto-plastic calculations [7] and taking account of 
the criterion stipulated by the A.S.M.E code, is 70000 Pa. 

For 37.7 tons of debris on the core catcher, the largest mass to be 
considered in table I, the load (fuel plus stainless steel) is 13000 Pa. 
This is well below the collapse load. 
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If the hole, at the level of the core support grid, is small (case A), 
it is likely that the total fuel mass on the core catcher should be low and 
very probably lower than 15 tons. 

If a large mass of fuel melt-through the core support grid it is likely 
that a large hole would connect the bottom plenum with the upper plenum 
where the energency coolers are located. In these conditions, calculations 
show that the fuel mass which could be collected is 37.7 tons (table I). 
This is very close to the total fuel mass of the core (39 tons). It has to 
be noted that after a core melt accident part of the total fuel inventory 
would be ejected upward and would settle on internal structures. These 
structures have capabilities of cooling a large mass of debris. Then the 
mass to be deposited on the core catcher would be lower than the total fuel 
mass of the core. Therefore the performances of the core catcher are satis
factory. 

Risk of neutronic criticality 

There is no risk of criticality in case of a uniform layer on the core 
catcher. It is shown that with the average fuel core enrichment, for the 
fuel steel mixture, criticality could not occur for a mass of fuel lower 
than 73 tons. 

NEUTRON GUIDE TUBES PROBLEMS 
! 

The main difficulty concerning the neutron guide tubes is to prove that 
they resist under the impact of falling molten fuel. Studies made to prove 
this, show that neutron guide tubes are not melted-through and do prevent 
any debris deposit on the main vessel. 

An experiment was made where 5 kg of molten fuel was poured into a 
closed-bottom stainless-steel tube similar in fabrication to a neutron guide 
tubes and cooled externaly by liquid sodium at 400°C. A very small fraction 
of the bottom surface of the tube was melted (5 %) over approximatibely 1/10 
of a mm. 

CONCLUSION 

The core catcher in SUPER PHENIX has been described. 

The performances of this core catcher have been discussed for different 
accidental situations of increasing severity but decreasing probability. 

The first situation presented corresponds to the core catcher design. 
It relates to a hypothetical subassembly accident that would cause a limited 
quantity of fuel, corresponding to the mass of seven subassemblies, to be 
deposited on the core catcher. This mass of fuel is considered as a boundary 
for this accident. For this situation and at all levels of the analysis, the 
most conservative assumptions were made in order to prove the integrity of 
the core catcher. Thermomechanical loadings have been calculated and it was 
shown that the ASME level D requirements are met. 



The second situation corresponds to a hypothetical larger core melt 
accident. In this case, for soae parameters, assumptions corresponding to 
the most likely situations have been made based on engineering considera
tions. Then the retention capabilities of SUPER PHENIX 1 internal core 
catcher are satisfactory when they are compared to the best estimate évalua' 
tion of the expected fuel deposit mass. 

Good behaviour of neutron guide tubes is expected under the impact of 
falling molten fuel. 
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Fig. 1 THE INTERNAL CORE CATCHER IN SUPER PHENIX 
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Rg. 2 SMPUFIED CROSS SECTION OF SUPER PHENIX 
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Fig. 5 NOTATIONS Fio . « SCHEMATISATION TO OETERMME USING A 
MONOD8MENSI0NAL MOOEL THE DOWNWARD 
HEAT FLUXES 
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