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RESUME : 

This paper describes an internal core catcher for a 
pool LHFBR. Probleas related to retention of debris are 
studied : downward progression of debris fro» the core to 
the core catcher, debris bed foraation, heat transfer below 
the core catcher plate and to the aain vessel, aechanical 
resistance. These results are used to estiaate the perfor
mances of the internal core catcher for a given core aelt-
down-accident. It is seen that for a uniform thickness layer 
on the core catcher the retention capabilities are satisfac
tory. Then the problea of a heap of devris is approached. 
Dryout is studied. Uncertainties related to the bed charac
teristics and probleas of extended dryout beds are put 
forward. 



INTRODUCTION 
A more or less important core-melt accident in a liquid metal fas t 

breeder reactor (LMFBR) i s so improbable that i t i s debatable whether i t i s 
necessary to consider this type of accident when designing the reactor. 
However, irrespective of necess i t i e s due either to the probability cf such 
an accident or to licensing requirements i t i s nevertheless interesting to 
study how minor design changes or low expensive additional components might 
improve in-vessel debris containment capabi l i t i e s . This improvement may be 
achieved with a simple internal core catcher such as thr2 one described in 
th is paper. 

DESCRIPTION OF THE INTERNAL CORE CATCHER 

A large pool UfFBR (fig. I) offers important advantages from the stand
point of post-accident heat removal conditions : 
- a large sodium volume with high heat capacity, 
- a large diameter allowing dispersal of debris. 
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FIGURE 1 
CROSS SECTION OF A POOL L.M.F.B.R. 

These potential advantages were taken into account in the design of the 
internal core catcher ( f i g . 2 ) . 
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FIGURE 2 
AN INTERNAL CORE CATCHER 

FLANGES 

This core catcher, a large diameter stainless steel plate with a cen
tral chimney, i» set up in the bottom plenum of the reactor vessel (fig. \ \ 
This 2 cm thick plate is slightly inclined, with the lowest point on the 
outside diameter, to prevent entrapment of solium vapour or gas. A 2 cm 
thick stainless heat shield has been set up on the core catcher as a pro
tection against possible thermal shocks [ij. 

The chimney induces a circulation to the conve'-tive sodium. This circu
lation, shown in fig. 2, has been checked with a water mockrup experiment 
of the bottom vessel (gee later). 

The core catcher and its shield are terminated with inclined lips and 
extend below the core support structure. Hence it is expected that most of 



the debris would be collected by the core catcher. However to prevent 
settling of small particles on the main vessel an additionnai structure has 
been set up between the nain vessel and the core catcher. This structure 
supports the core catcher and covers the entire surface of the bottom ves
sel. 

The area of this core catcher is 46 m . 

PROBLEMS STUDIED TO EVALUATE THE PERFORMANCES 
OF THE INTERNAL CORE CATCHER 

Downward progression of the debiis 

Following any hypothetical, low energetic, core melt accident, before 
the debris are collected by the core catcher, they have to cross the lower 
axial blanket and the grid plate. It is important to know the time requi
red as this determines the decay heat when the debris are deposited on the 
core catcher. 

From current knowledge [2] it is not obvious that fuel plugging occurs 
at the lower axial blanket in all accidents. Hence the molten fuel may 
reach the fuel assembly spikes (fig. 3). This speeds up the fuel downward 
progression. 
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FIGURE 3 
LOCATION OF FUEL DEBRIS WITHIN THE SUPPORT GRID AND MELT-THROUGH PATHS 

The debris are then collected, through the fuel assembly spikes, within 
the fuel support grid between the spike holders (fig. 3). These debris are 
liquid but in contact with the sodium are expected to fragment into small 
sized particles. If the mass of debris is large enough they might spread 
and deposit on the external region of the support grid. 

The debris could melt the lover plate of the support grid or open a way 
through the spike holders. The time needed to melt the external zone of the 
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fuel support grid lower plate (way a, fig. 3) has been calculated [3] . If 
the debris are deposited 100 sec after the accident it takes a further 1600 
sec before the plate starts to melt. At the same time there is incipient 
sodium boiling below the plate. If the heat flux removed from beneath the 
plate is then estimated at 3.3 10 s W/m2£3] the lower plate surface tempera
ture will reach MOO'C and half the plate will be melted 1200 sec after in
cipient sodium boiling. If as we expect under these conditions, the debris 
pierce the plate, they will enter the bottom plenum 2900 „£" after the acci
dent. 

Allowing for particle settlement time, the debris bed would be formed 
3000 sec after shutdown. 

In view of the many points bearing on the support structure which is in 
liquid sodium (fig. 2), the support grid should not be seriously deformed 
during this entire sequence. Hence the core catcher located beneath, should 
not be damaged. 

Debris settling - Debris bed formation 

If the debris open a way through the support grid, they are quenched 
with liquid sodium and fragment again into smali sized particles. 

The settlement and spreading cf frozen particles on the core catcher 
determine the geometry and bed characteristics i.e porosity, particle sized 
distribution and composition within the thickness. These debris beds consist 
of either fuel or fuel and steel mixtures. 

It is likely that the quenching or F.C.I, will lead to a particle dis
persal throughout the volume and that particles will settle in a uniform 
layer on the core catcher. Large F.C.I, experiments are planned to verify 
this. Moreover hydraulic phenomena accompanying the settlement of particles 
could have a spreading effect ; experiments are in progress. 

For these reasons, an even spreading and the formation of a uniform 
layer on the core catcher, are considered first. 

The problem of the debris heap will be approached later. 

Heat transfer below the core catcher and from the bottom plenum to the main 
vessel 

The integrity of the core catcher depends on the heat transfert below 
the core catcher and from the bottom plenum tc the main vessel. 

A downward heat flux is transfered from the fuel debris to the core 
catcher plate whi:h is cooled by natural sodium convection. The core catcher 
will resist, as long'as the coding efficiency .of the sodium is higher than 
the maximum heat flux from Che debris, and provided that temperatures in the 
plate do not exceed the values compatible with its mechanical resistance [l]. 

The heat transfer by natural convection below the plate was evaluated. 
This evaluation was based on different correlations available in the litera
ture : in sodium and water for heat transfet above a horizontal plate, in 
water below a horizontal plate. A recent correlation in sodium below a plate 
[43 was also used. Theoritical analysis found in the literature were used. 
Results £*om experiments with a 1/20 scale water mock-up of the bottom of 
the main vessel with the core catcher and the confined volume surrounding 
it, were also used and are reported in another paper at this conference [5] . 

It is expected that the heat transfet coefficient below the core 
catcher is determined from this evaluation to within ± 20 Z. 
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It is difficult to determine the precision, for the heat transfert coef
ficient above the core catcher because of poor theory in turbulent regime 
and large difference:., for the adimensionnal groupe Gr.fr2, between the 
ran{,e of experimental data and the range of application for the core cat
cher (see {6]). However this precision has not much practical importance. 

Heat transfer from the bottom plenum to the main vessel w?s also eva
luated. WL»n in the reactor design, the bottom plenum is closed, as shown 
in fig. 1, because of normal cooling of the main vessel by derived primary 
flow, it is likely that if a large mass of the core melts through the core 
support grid, a large hole will open the bottom plenuo no the primary wsseL. 
The transposition of the results of the above water mock-up experiment gave 
the heat transfer coefficient between the two plenums for a 0.2 meter dia
meter hole. 

In the main vessel heat is removed by the primary system or at least 
by emergency coolers. Additional heat is removed by radiation to an emer
gency cooling system surrounding the guard vessel [fj. 

Mechanical problems 

It is necessary to study the mechanical resistance for the core catcher 
structure itself as well as for the surrounding structures. The most stres
sed point on the main vessel is the internal structure bearing point (point 
T.fig. 1). 

The resistance was calculated for faulted conditions. 
The core catcher itself was calculated by limit design [lj taking into 

account experimental creep data for stainless steel up to lOOO'C. Due to 
the small free span of the core catcher plate supporting flanges, the mecha
nical resistance remains high as long as no sodium boiling occurs under the 
plate. 

For the loading point T (fig. 1) the mechanical stresses calculated for 
normal operation were compared with the allowable time and temperature de
pendant stresses. It was found that the maximum allowable dommage is reached 
by a temperature transient of 660*C maximum. 

Hence this temperature, in fact 650*C, was taken as a limit, though 
using a limit design vethod, it might well be higher. 

PERFORMANCES OF THE INTERNAL CORE CATCHER 

The above results were then used to estimate the performances of the 
internal core catcher after a low energetic core-meltdown accident. The 
conditions for the calculations were : 
- a homogeneous particulate bed of fuel and steel mixture of uniform thick
ness was formed on the core catcher 3000 sec after the accident (see 
above). The stainless steel fuel mass ratio was 30 X and the debris bed 
porosity was 0.43. 

- since the fuel had been melted twice before deposit on the core catcher, 
noble gases and halogens were removed from the debris to the sodium. 

- in each sodium plenum the temperature was taken to be homogeneous, in 
accordance with water mock-up experimental results. 

- the in-pool emergency coolers and the external emergency were operating, 
but the primary system was supposed inoperative. 

The sodium temperature transient in each plenum was calculated after 
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debris deposit on the core catcher. 
Three p o s s i b i l i t i e s were studied : 

A/ bottom plenum closed. 
B/ bottom plenum ia communication with the upper plenum through a hole 

approximately 0.2 meter in diameter (see above). 
C/ a large hole between the two plenums (the heat exchange coefficient vas 

taken to be ten times th«=t of case B). 
The results of case B «re shown in f i g . 4. 
The plenum identif ication numbers are given in the insert of f i g . 4 . 
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FIGURE 4 
SODIUM BULK TEMPERATURES IN DIFFERENT PLENUMS 

According to the cases A, 8 or C the core catcher performances are l i -

: sodium temperature near the beating point between the support 
structure and the main vesse l reaching 650°C. 

: incipient sodium boiling (T » 950*:) below the core catcher. The 
boiling occurs near the chimney. The average temperature below 
the core catcher i s well below the sodium boiling temperature, 

results are shown in table 1. 
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Table ) core catcher performances according bottom plenum configura
tion. 

CASE BOTTOM PLENUM 
CONDITION 

TOTAL FUEL 
MASS 10 3 kg 

PERFORMANCE 
LIMITATION 

A CLOSED 7. 1 

B BOLE <J> - -2 m 10. 1 

C BIG HOLE 22. 2 

It may be seen that for an even layer, tbe retention capabilities are 
high, and limited mainly by the mechanical resitance of the surrounding 
structures at the bearing point T. The limit used, as mentioned above, vas 
calculated in a pessimistic may. 

In cases A and B the maximum temperature in the debris bed is below 
the sodium boiling temperature. In case C sodium boiling occurs in the bed 
but this does not limit the performances of the core catcher. 

PROBLEMS OF THE HEAP - DRYOUT 

Up to now the core catcher performances were not limited by the debris 
bed itself because the debris were presumed to be in an even layer. Ibis is 
not true if there is a debris heap on the core catcher [l] . In this case, 
high local downward heat fluxes could dammage the core catcher. 

To investigate this problem a bed with an extended dryout zone was con
sidered and the properties of the upper part of the bed, above the dryout 
zone were studied first (fig. 5). It is expected that a large fraction of 
the energy could be removed upwards. 

FIGURE 3a FIGURE 5b 
SHALLOW BEDS DEEP BEDS 
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This upper part of the bed vas bottom heated by the dryout zone (flux 
• 3 ) . The models developped by Dhirr and Cat ton were extended [7] to beds 
both volume and bottom heated in non saturated sodium [8] and for any par
t i c l e size distribution. These new models are s l ight ly different from those 
d eve lopped in ref. [9] and do not need any experimental parameter except 
the correlations by Dhirr and Catton. The heat fluxes were calculated with 
the following set of equations. The notations axe those of ref. [i], [z\ t 

[ 9 ] , [10] and f i g . 5 . L L J 

- Shallow beds(fig. 5a) 

* i -

7/8 
1. - *fc*fc) 

V *<0f - v 
<•(*&-) 

1 
0.092 * 

M 

- Deep beds ( f ig . 5b) 

1 -4 
•1 + $$ A.6 

ÏÏ L 1 *£{. (6-1) 
Sa 
Ha 

AT K 

6-Çi.Jl 
C a 7 

6.A - C3 180 T'2 M 
0 /g (p f - p g ) 

C $ - 7.5 I0"* [7] 

C2 - 3.5 10~* [7] 

These equations were applied to the bed particle size distribution and 
porosity used in the Sandia in pile D2 - D3 experiments (II). The calcula
tion results and the D2 - D3 data points (adiabatic bottom *i - 0) are shown 
in fig. 6. 

These results describe the upper sublayer above the dryout zone. For a 
given flux *j they give the upper loading c' versus specific power. Work is 
beeing done to couple this to heat transfer in the dryout zone, in order to 
get the temperature distribution within the entire thickness of the heap and 
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consequently the downwards heat flux. 
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FIGURE 6 
SPECIFIC DRYOUT POWER VERSUS BED LOADING, FOR THE SUBLAYER 

ABOVE THE EXTENDED DRYOUT ZONE, ACCORDING BOTTOM HEAT FLUX *j 
FOR PURE FUEL PARTICULATE DEBRIS BEDS 

An interesting point shown in f i g . 6 i s that i f *j i s larger than 
1.2 10 s W/m2 the upper part of the bed hehaves l ike a fluidized bed, provi
ded that the models are correct, and this might induce level l ing of the bed. 

Agreement between calculations and experimental results i s quite good 
<<4%). 

Unfortunately, uncertainties on bed characteristics i . e porosity, par
t i c l e s ize distribution, homogeneity, e t c , give r i s e to .xncertainties on 
specif ic dryout power [9] ; ± 70 % due to porosity and a factor of 5 due to 
particle size distribution. 

Work should be carried out to obtain a better estimate of the bed char 
racteristics. 

Also uncertainties due to the problem of the mechanical interaction 
between the particles and due to the chemical reaction between the sodium 
and the real fuel are difficult to estimate [ 9 ] . 

These problems, except for the chemical problem, could be by-passed if 
i t was proved that a heap is not stable, i . e if a dryout zone exists, even 
before fuel melting, possible reentry of liquid sodium will disturb the heap 
and lead to the formation of an even layer. In this case the performances of 
the internal core catcher are not limited by the debris bed thicknes*. 
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In-pile experiments with an extended dryout zone could solve this d i f 
f icu l t and important problem. , 

CONCLUSIONS 

It has been shown that the retention capabilities for the internal core 
catcher in a pool LMFBR are satisfactory. When in the reactor design» the 
bottom plenum (1 in fig. !) is closed, it is likely that after a large frac-
tion of the core debris has melted the core support grid, a larçe hole will 

F open the bottom plenum to the primary vessel. Under these conditions it is 
seen in table 1, that for a "big hole" 22 tons of fuel could be collected 
if the debris were deposited 3000 sec after shutdown. For a 0.2 meter dia
meter hole the total mass of fuel would be 10 tons. 

This is valid if there is even spreading and formation of a uniform 
layer. 

Unfortunately the problem of the debris heap has not been solved com
plet ly. Some answers to this difficult and important problem could be given 
with in-pile experiments. 
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