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(54) NUCLEAR REACTOR CORE CATCHER 

( 7 1 ) W e , WESTINGHOUSE ELECTRIC 
CORPORATION, of Westinghouse Building, 
Gateway Center, Pittsburgh, Pennsylvania, 
United States of America, a company organ-

5 ised and existing under the laws of the Com-
monwealth of Pennsylvania, United States 
of America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 

10 to be performed, to be particularly de-
scribed in and by the following statement:— 

The invention described herein was made 
in the course of, or under, a contract with 
the Energy Research and Development Ad-

15 ministration (ERDA). 
This invention relates to nuclear reactors, 

and in particular to a nuclear reactor core 
catcher which will contain, cool, and dis-
perse core debris formed in the unlikely 

20 event of an accident causing core melt-
down. 

A number of apparatus have been dis-
closed for both internal-vessel and external-
vessel use which will act to contain, cool, 

25 and control the configuration of the assumed 
molten debris. However, none of the prior 
art apparatus have proved to be satisfac-
tory. Most prior art teachings include ex-
tremely massive structures which act to 

30 "catch" the debris. Many include sacrificial 
components through which the debris melts. 
This is mainly a result of configurations 
which do not disperse the molten and ex-
tremely hot debris evenly, thereby allowing 

35 the melt front to collect and continue its 
downward path. Also typical are those 
apparatus which provide an active cooling 
system. Others include a plurality of smaller 
containers suspended from the core support 

40 structures which act to contain the debris, 
which, however, are limited in the amount 
of debris that may be contained. The draw-
back of many of these apparatus is their 
immense size and associated cost, as well as 

45 reliance upon active components. Those 
located externally, typically below the reactor 
vessel, would function only after significant 
additional damage, melting of the vessel it-
self, occurred, and also typically include 

50 massive structures with active components. 

In contrast, a passive system which begins 
to function early in the assumed accident 
provides greater control, and cooling by pas-
sive methods such as natural circulation 
would provide greater assurance of system 55 
reliability. 

It is therefore the principal object of the 
present invention to provide a simple nuclear 
reactor core catching apparatus which will, 
in the unlikely event of an accident, con- 60 
trol core debris, or even delay its down-
ward motion, while distributing the core 
debris and retaining it and exposing it to 
coolant. 

With this object in view, the present in- 65 
vention resides in a nuclear reactor core 
catching apparatus for containing debris re-
sulting from meltdown of a nuclear reactor 
core disposed in a reactor vessel, character-
ized in that said apparatus comprises a plur- 70 
ality of vertically spaced horizontal plates 
positioned below the core of said reactor, 
each of said plates having a plurality of 
openings therein with raised rims, said open-
ings being spaced from one another and 75 
so arranged that openings in vertically adjac-
ent plates are not aligned with one another 
so as to cause core debris flowing through 
an opening in one plate to be caught by the 
adjacent lower plate, and means for caus- 80 
ing said plates to be submerged in a coolant 
liquid under meltdown conditions, said cool-
ant being diverted sidewardly by the adjac-
ent higher plate when flowing upward 
through said openings in, natural convection, 85 
thereby improving cooling of the core melt. 

Under accident condition debris falling 
from the core area would, be collected and 
dispersed along the uppermost plate and-will 
then spill over the rims through the open- 90 
ings onto successively lower plates. Liquid 
coolant in the lower plenum will circulate 
through the spaces between; the plates and 
up through the openings thereby cooling the 
debris. 95 

The invention will become more readily 
apparent from the following description of a 
preferred embodiment thereof shown, by way 
of example only, in. the accompanying 
drawings, in which: 100 
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Figure 1 is an elevation view, in cross-
section, of the lower portion of a nuclear 
reactor incorporating a catching apparatus 
in accordance with one embodiment of the 

5 invention; 
Figure 2 is a plan view taken at II—II 

of Figure 1; and 
Figure 3 is a perspective view of a por-

tion of the plates shown in Figures 1 and 
10 2. 

Referring now to Figure 1, there is 
shown a reactor vessel 10, the bottom por-
tion of which may be referred to as the lower 
plenum 12. Although shown in cross-sec-

15 tion, the vessel 10 is generally cylindrical, 
with a plurality of inlet nozzles 14. During 
operation, reactor coolant fluid, such as 
water or liquid sodium, enters the vessel 10 
through the inlet nozzles 14, passing up 

20 through the lower core structure including 
inlet modules 16 and a lower core plate 18, 
enters the core 20 where it picks up heat 
from nuclear fissioning, and exits at the 
upper end of the vessel 10. The coolant 

25 then typically flows directly to a turbine-
generator system or is passed through heat 
exchange means where it transfers heat to a 
utilization fluid which drives a turbine-
generator system. 

30 According to one embodiment of the in-
vention, the catching apparatus includes a 
plurality of debris plates 22 which function 
to contain, disperse, and cool the debris 
formed in the unlikely event of an accident 

35 causing core meltdown. Under such un-
likely circumstances, the debris will be of 
varying composition. It will include flowing 
molten liquid or molten composition result-
ing from melting of portions of the fuel 

40 typically comprising uranium, thorium, or 
plutonium, among others; the fuel assem-
blies, typically comprising low neutron ab-
sorbing materials such as alloys of zircon-
ium; the core support structure, typically 

45 comprising steel alloys; and also including 
the coolant, such as water or liquid metals. 
It may also include solid chunks of these 
components of varying size. Dependent upon 
the magnitude of meltdown, the plates 22 will 

50 totally contain, or at least delay, the debris 
which falls into the plenum 12 and which 
otherwise could theoretically melt through 
the bottom of the reactor vessel 10. All of 
the plates 22 include a generally horizontal 

55 section 24 and the uppermost plates also in-
clude a generally vertical section 26. 
The horizontal sections 24 include a 
plurality of vertical openings 28 
through the plates, with depressions 30 

60 thereabout, as shown in Figures 1 through 3. 
The depressions 30 shown are of gener-
ally hemispherical shape, and the openings 
are circular. Other geometric configurations 
may also be utilized. As s h o w best in 

65 Figure 3, this gives the horizontal sections 

24 the appearance of a plate with a multi-
tude of volcano-like structures. The open-
ings 28 and depressions 30 are staggered or 
vertically offset from those of the plate im-
mediately therebeneath. However, as shown, 70 
the openings 28 and depressions 30 in every 
other plate 22 may be vertically aligned. In 
Figure 2, the " + " notation represents the 
center of the openings in the plate immedi-
ately beneath the uppermost plate. 75 

The plates 22 are ultimately affixed to 
the vessel 10, preferably by means such as 
welding, although other fastening means 
may be utilized. Plates 22 with vertical sec-
tions 26 may be welded to vessel extensions 80 
32, and/or affixed to one another at the 
upper portion of the section 26, as shown. 
Tins structure forms annular-like regions 34 
between the plates and the vessel, and be-
tween successive plates. The lower plates 85 
22, without vertical sections, may be cir-
cumferentially welded to vessel inserts 35. 
The annular regions 34 provide pathways 
for natural circulation coolant flow, the cool-
ant entering through annulus inlet ports 36 90 
in the vertical sections 26. The ports 36 
between successive vertical sections 26 may 
be staggered both vertically and horizont-
ally, such that the outer ports 36 (those far-
thest from the reactor vessel vertical center- 95 
line) are at a higher elevation, to assist nat-
ural circulation flow and minimize contact 
between hot debris and the vessel 10, as 
discussed further along. 

For primarily structural functions, the 100 
catching apparatus may also include one 
or more distributors 38 and a plurality of 
support stays 40. The stays are affixed be-
tween depressions 30 in successive plates 22. 
A singular depression 38 is shown centrally 105 
located, which is circular in cross-section, 
although other geometric shapes such as tri-
angular, hexagonal, or octagonal, among 
others, could be utilized. The upper portion 
of the distributor 38 is convex, and raised 110 
above the uppermost horizontal section 24. 
The convex shape will deflect more core 
debris onto the uppermost horizontal sec-
tion 24. Side walls 42 of the distributor in-
clude a plurality of coolant circulation holes 115 
44. The internal portion of the distributor 
38 includes flow plates 46, with staggered 
vertical openings 28a and depressions 30a 
similar to the horizontal sections 24. The side 
walls 42 of the distributor are affixed to the 120 
bottom of the reactor vessel 10 by means 
such as welding, and are also affixed to the 
horizontal sections 24 to provide additional 
structural support. 

During normal plant operation the lower 125 
plenum 12 is filled with reactor coolant, in-
cluding the volume below the plates 22 and 
within the distributor 38. The large flow rate 
entering the vessel through the nozzles 14 
provides sufficient mixing such that stagnant 130 
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flow areas are alleviated. Further, the hori-
zontal sections 24 of the plates 22 are de-
sirably positioned at an elevation sufficiently 
below the inlet nozzles 14, and below the 

5 lower core plate 18 and inlet modules 16, 
such that the effect on coolant flow and 
system pressure drop during normal opera-
tion is minimal. 

One of the major advantages of the catch-
10 ing apparatus as described above is its pas-

sive character; there are no active compon-
ents. This provides a maximum degree of 
reliability under assumed accident condi-
tions because no active components can fail 

15 to function. During an assumed meltdown 
accident, the lower plenum will remain filled 
with reactor coolant. Generally, the debris 
including a flowing molten mass and some 
solid segments will fall downward, onto the 

20 uppermost horizontal section 24; a small 
amount will fall directly through some of the 
openings 28 in the uppermost horizontal 
section 24. As the debris will be of varying 
density, the higher density debris falls down-

25 ward while lower density debris may be car-
ried along in the currents of the surrounding 
liquid. Debris falling directly onto the top 
of the distributor 38 will also be deflected 
onto the uppermost plate. Due to the con-

30 figuration of the horizontal sections 24, the 
debris will disperse along the plate until it 
reaches the level of the top of the openings 
28, at which point the excess will overflow 
onto the depression 30 below. The relative 

35 height of the openings and depressions may 
be varied dependent upon the permissible 
depth of debris and the desired prevention of 
accumulation beyond a certain safe level. 
Dependent upon the amount of debris, this 

40 overflow will continue through successive 
plates, with some of the debris eventually 
resting on the vessel bottom. 

The plates not only function to contain 
and disperse the debris, but will also provide 

45 flow paths for natural circulation cooling. 
The debris may be extremely hot, initially 
in the range of 7000°F, and must be cooled 
to slow or stop the melt front. Dispersing 
the debris across each plate 22 and among 

50 the different elevations will help to ensure 
that the debris will not attain a critical con-
figuration which would generate additional 
heat energy. The molten debris, however, 
will not accumulate beyond a specified 

55 amount in any particular location because 
of the tendency to fill the depression and then 
overflow. 

The pool of coolant in the lower plenum 
12 will, as shown by the arrows on Figure 

60 1, provide continued natural conduction and 
convection cooling. The hot debris collec-
ted on the horizontal sections 24 will heat 
the coolant, which will rise in the vessel. 
This creates a lower pressure region below 

65 the horizontal sections 24, and hence 

throughout the annular-like regions 34. 
liquid coolant in the plenum 12 will therefore 
be drawn into the annular regions 34 
through the annulus inlet ports 36, down to-
ward the vessel bottom and the contained 70 
hot debris, to remove heat from the debris 
and then rise through the vessel 10. The in-
let ports 36 are staggered to minimize the 
potential for blocking of the annular flow 
paths. The vertical configuration makes it 75 
unlikely that the hottest debris, that fall-
ing from the core area, or large solid chunks, 
will enter the annular regions 34. The 
staggered configuration makes it more un-
likely that any debris entering the lowest 80 
and innermost ports 36 could enter the 
higher ports and therefore the regions clos-
est to the vessel 10 wall. The staggered con-
figuration also induces a change of direc-
tion and elevation in the coolant currents, 85 
thus assisting the higher density debris to 
drop out before entering the region adjac-
ent the reactor vessel 10. 

Delaying the time and decreasing the tem-
perature at which debris contacts the vessel 90 
10 wall decreases the possibility of localized 
vessel melting or failure. The distributor 38 
not only provides additional structural sup-
port to the plates 22, but also additional 
natural circulation flow paths. The flow 95 
plates 45 within the distributor are prefer-
ably at the same elevation as the horizon-
tal sections 24, except no flow plate 46 is 
provided at the uppermost plate 22 elevation. 
The circulation holes 44 are placed at an 100 
elevation above the corresponding depres-
sions such that they are not blocked by con-
tained debris. The absence of a flow plate 46 
at the uppermost horizontal section 24 ele-
vation encourages flow from the lower ele- 105 
vations. Hie catching apparatus will, how-
ever, provide the cooling function without 
any distributor 38. 

The material of the components discussed 
should have good structural strength and 110 
temperature resistance, as well as reasonable 
compatability with the debris. As the re-
actor vessel 10 is typically stainless steel, or 
carbon steel with a stainless internal clad-
ding, a material such as 304 or 316 stainless 115 
steel is desirable. It should be noted that if, 
due to mass or temperature, the plates do 
fail, they will fail in succession, from upper-
most to lowermost, thereby delaying the 
downward motion of the debris. The num- 120 
ber of plates 22, annular regions 34, and 
distributors may be varied, within the con-
straint of maintaining sufficient distance be-
tween the bottom of the lower core plate 18 
and the top of the invention apparatus. 125 
Similarly, the thickness of the plates 22 and 
the height and cross-section of the openings 
28 may be varied. In the embodiment shown 
in the Figures, the minimum thickness of 
the plates 22 is one and one half inch, with 130 



4 1,555,208 

a five and one-half inch diameter opening 
rising two inches above the top of the mini-
mum thickness. The openings 28 are spaced 
on a twelve inch triangular pitch, although 

5 other spacing, dimensions, and arrangements 
may be utilized. The vertical distance be-
tween the uppermost plates is four inches, 
and nine and one half inches between the 
central and lowest plate. The bottom plate 

10 is approximately seven and one half inches 
above the internal bottom of the vessel. The 
annulus inlet ports 36, which may also be 
varied in size, shape, and position, are gen-
erally rectangular, the innermost being 

15 twelve inches by twelve inches. The lower-
most port 36 centerline is approximately 
forty inches above the uppermost horizontal 
section 34. 

It is to be noted that plates 22 can be 
20 placed outside the vessel 10 at a location 

below the core 20 given a cooling pool in 
which the plates are submerged. As a fur-
ther example, as many reactors include a type 
of guard vessel surrounding the lower por-

25 tion of the reactor vessel 10, plates 22 can 
be placed within the guard vessel below the 
core, such that if, in the unlikely event the 
reactor vessel fails, reactor coolant will fall 
into the guard vessel and serve as the cool-

30 ing pool. It is possible to include a neutron 
poison in conjunction with the apparatus as 
by making all or a portion of the support 
stays, or other components, of a material 
comprising neutron poison. 

35 
WHAT WE CLAIM IS: — 
1. A nuclear reactor core catching appa-

ratus for containing debris resulting from 
meltdown of a nuclear reactor core disposed 

40 in a reactor vessel, characterized in that said 

apparatus comprises a plurality of vertically 
spaced horizontal plates positioned below 
the core of said reactor, each of said plates 
having a plurality of openings therein with 
raised rims, said openings being spaced from 45 
one another and so arranged that openings 
in vertically adjacent plates are not aligned 
with one another so as to cause core debris 
flowing through an opening in one plate to 
be caught by the adjacent lower plate, and 50 
means for causing said plates to be sub-
merged in a coolant liquid under meltdown 
conditions, said coolant being diverted side-
wardly by the adjacent higher plate -when 
flowing upward through said openings in 55 
natural convection, thereby improving cool-
ing of the core melt. 

2. A nuclear reactor core catching appa-
ratus as claimed in claim 1, characterized 
in that at least one distributor is affixed to 60 
said plates, said distributor having a convex 
top extending above said plates such that 
said debris is distributed from said top to 
said plates and side walls defining an in-
ternal portion with circulation flow holes 
formed in said side walls, so as to cause 
coolant to flow into said internal portion 
through lower ones of said flow holes and to 
exit through the uppermost of said flow 
holes. 

3. A nuclear reactor core catching appa-
ratus as claimed in claim 1, characterized 
in that said openings are circular and spaced 
along said plates on a triangular pitch. 

4. A nuclear reactor core catching appa-
ratus substantially as hereinbefore de-
scribed with reference to, and as shown in, 
the accompanying drawings. 

RONALD VAN BERLYN. 
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