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[57] ABSTRACT 
A plurality of volume displacing modules removably 
positioned in the peripheral space between a liquid 
metal cooled reactor vessel and the walls of the con-
tainment structure forming a vessel cavity in which the 
vessel is disposed to insure that the level of coolant in 
the reactor vessel remains above a predetermined ele-
vation in the event of coolant leakage into the vessel 
cavity. The reactor vessel is provided with an excess 
volume of liquid metal coolant. The total volume of 
the modules positioned in the peripheral space below 
the predetermined elevation is such that the coolant 
containing volume in the peripheral space with the 
modules in place is less than the volume of excess liq-
uid metal coolant in the reactor. 

9 Claims, 4 Drawing Figures 
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VOLUME DISPLACING MODULES FOR LIQUID 
METAL C O O L E D NUCLEAR REACTORS 

B A C K G R O U N D O F THE INVENTION 5 
The present invention relates to liquid metal cooled 

reactors and more particularly to volume displacing 
modules removably placed in the peripheral space be-
tween the vessel and the walls of the containing struc-
ture in which the vessel is disposed. 1 0 

With the safety of operat ion of nuclear reactors being 
of utmost concern today, it is imperative that the reac-
tor be designed so that the probability of accidents 
occurring be reduced to very near the vanishing point. 
As a corallary to this, in the rare event of an accident , 
the reactor must be designed to safely halt the nuclear 
chain reaction and to minimize the severity of the at-
tendant consequences of the accident. One of the acci-
dent situations" which must be considered in the design ^q 
is nuclear reactors is the loss of coolant accident , in 
which it postulated that a breach or a leak occurs in the 
reactor vessel or its associated piping. Safety consider-
ations dictate that in the event of such an accident , 
adequate cooling of the core must be maintained. This ^g 
is of concern since the absence of adequate cooling of 
the nuclear core may result in fuel failure and/or a core 
melt down with the consequent release of radioactive 
fission products to the outside atmosphere, or irrepara-
ble damage to the reactor. 3 0 

In the event of a loss of coolant accident in a liquid 
metal cooled nuclear reactor , the safety requirements 
of maintaining adequate cooling of the core have been 
interpreted to require that the coolant level in the ves-
sel never fall below the level of the core. Circulation of 35 
the coolant to the nuclear core to remove the heat 
generated by the radioactive fission products may then 
be accomplished by natural convection and/or conven-
tional condui t systems. Generally, this requirement has 
been met by providing an excess of liquid metal coolant 40 
over that which is needed to cover the core, and pro-
viding an outside containment boundary to accumulate 
any leakage of coolant . By proper sizing of the contain-
ment boundary and of the vessel to hold the excess 
coolant , the drop in coolant level can be controlled so 45 
that the core is always covered by coolant. Of neces-
sity, this had led to large oversized vessels and/or close 
fitting containment boundaries. 

In particular, in an effort to limit the required reactor 
vessel size, close fitting guard vessels have heretofore 50 
been used which surround the reactor vessel to form 
the coolant containment boundary. Such vessels are 
closely spaced from and completely surround the vessel 
and associated piping such that the interior volume 
between the reactor vessel and the guard vessle is less 55 
than the volume of the excess liquid metal coolant 
within the reactor vessel. 

There are, however, problems which exist with the 
use of a close fitting guard vessel. First there is a prob-
lem of installing a reactor vessel in the guard vessel 60 
since the guard vessel must be of an elaborate shape to 
enclose both the vessel and the coolant conducting 
piping. This nessitates that the guard vessel be formed 
in a piecemeal fashion, and then constructed around 
the already formed reactor vessel. 65 

Secondly, there is limited access to make repairs to 
the reactor vessel if a breach occurs which otherwise 
could be repaired. Such a repair would necessitate 
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cutting a guard vessel first and then repairing the guard 
vessel af ter the reactor vessel has been repaired. 

SUMMARY O F THE INVENTION 

The present invention overcomes the above dis-
cussed and other disadvantages of the prior art by pro-
viding a novel arrangement for insuring that the liquid 
metal coolant level will not fall below the level of the 
core in the event of a loss of coolant accident. There is 
provided in combination, a liquid metal cooled reactor 
vessel, a containment structure forming a vessel cavity 
in which said vessel is vertically disposed, and a plural-
ity of volume displacing modules placed in the periph-
eral space between the walls of the containment struc-
ture and the reactor vessel. The reactor vessel has a 
nuclear core , a plurality of nozzles mounted thereon 
and communicat ing with the interior thereof, and con-
duit means coupled to the nozzles for communicat ing 
coolant onto and out of the reactor vessel to cool the 
nuclear core. Also the vessel has a coolant containing 
chamber or plenum in the interior thereof with a por-
tion of this chamber above a predetermined elevation 
above the nuclear core being of a first coolant contain-
ing volume. The peripheral space between the contain-
ment s tructure and the reactor vessel defines, below 
the predetermined elevation a second volume. The 
volume displacing modules, which are removably posi-
tioned in the peripheral space, have a total volume such 
that the second volume minus the total volume of all of 
the modules is less than the first coolant containing 
volume. This insures that the level of coolant in said 
vessel will remain above the predetermined elevation in 
the event of a coolant leakage into the vessel cavity. 

With this arrangement, the reactor vessel, in being 
installed in the reactor cavity, is first positioned in the 
cavity and all the necessary preparations for insuring 
that the vessel and associated piping are coolant tight 
are made. Then the volume displacing modules are 
placed in the peripheral space. During operation of the 
reactor , if a leak or breach should occur , the elevation 
of the liquid metal coolant within the reactor will be 
maintained above the predetermined elevation, which 
is at least above the nuclear core. If any inspection or 
repairs on the reactor vessel or its associated piping are 
necessary, then the modules may be easily removed 
f rom the cavity to allow access to perform the inspec-
tion and/or repair work. 

BRIEF DESCRIPTION O F THE DRAWINGS 

FIG. 1 is a side elevational view of a liquid metal 
cooled nuclear reactor disposed in a vessel cavity, the 
volume displacing modules of the present invention 
being deleted for clarity. 

FIG. 2 is a plan view taken along lines 2—2 of FIG. 1 
with the internals of the reactor vessel being deleted for 
clarity. 

FIG. 3 is a perspective view of a typical volume dis-
p lacement module. 

FIG. 4 is a schematic diagram of the development of 
the volume displacing modules as they are placed in the 
peripheral space between the reactor vessel and the 
containment structure. 

DESCRIPTION O F THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, FIG. 1 illustrates a 
liquid metal cooled reactor vessel 10 housing a nuclear 
core 12 which comprises a plurality of fuel assemblies 
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14. The co re 12 may be supported in any well-known tainment s tructure 40 and a locating ring 54 at tached 
manner , knowledge of the specific method of support to the bot tom of the reactor vessel 10. This method of 
not being relevant to a thorough understanding of the support and locating the reactor vessel within a cavity 
present invention. A plurality of control elements 16, is merely illustrative of typical and well-known support-
one of which is shown in FIG. 1, extends downward 5 ing methods and forms no part of the present invention, 
f rom above through the upper vessel chamber or pie- Inlet and outlet pipe recesses 5 8 , 6 0 are provided in the 
num 18 into the nuclear core 12 to control the nuclear sidewalls of the conta inment structure 4 0 to accommo-
reaction therein. The upper plenum 18 is located date the inlet and outlet conduits 2 8 , 3 2 at tached to the 
within the reactor vessel 10 above the nuclear core 12 reactor vessel 10. As can be appreciated, the necessity 
and during normal operat ion is filled with a liquid cool- 10 o f t h e s e r e c e s s e s 5 8 ) 6 0 depends upon the size of the 
ant , such as liquid sodium, which has passed upward reactor vessel cavity 38 relative to the size of reactor 
through the nuclear core 12. The normal elevation of v e s s e l 10. If a larger area is desired in the peripheral 
the sodium in the vessel 10 is indicated by elevation space 62 between the reactor vessel 10 and the walls 44 
line 20. T h e reactor vessel 10 is also provided with a o f t h e conta inment structure 40 , then these pipe reces-
plurahty of inlet and outlet openings o r nozzles 22, 24 15 s e s 5 8 a n d 6 Q m a y n Q t b e n e c e s s a r y . A s w i t h t h e r e s t o f 

t h ™ l d e , W a i l s t h e r e o f " Associated piping or t h e i n t e r i o r w a H s o f t h e c o n t a i n m e n t s tructure 40, the 
conduits 2 8 , 3 0 and 32 are coupled to these openings to i n t e r i o r o f t h e r e c e s s e s 58, 60 are also steel lined, 
conduc t the sodium through the reac tor vessel 10. For I n t h e e v e n t o f a I o s s o f c o o l a n t a c c i d e n t a s p r e v i . 
the reac tor vessel 10 shown in the drawings, the high o u s l d e s C r i b e d , it is necessary to insure that the liquid 
pressure coolant mlet condui t 28 introduces a high 20 m e t a l c o o l a n t l e v e l > i n t h i s c a s e t h e l i q u i d s o d i u m l e v e l ) 
pressure coolant fluid into a lower distribution cham- w i l , n o t f a l , b e l o w t h e p e r e l e v a t i o n o f t h e n u c l e a r 
ber (no t shown). The low pressure inlet condui t 3 0 C Q r e u A l g o i t i s d e s i n £ I e t o i n s u r e t h a t t h e I i q u i d 
injects a low pressure coolant fluid into a low pressure s o d i u m c o o l a n t 

can be circulated through the nuclear 
plenum (not shown) which will then act m conjunct ion C Q r e u %Q r e m o y e ^ d h e a t a t e d t h e r e i n i n 
wi h the high pressure coolant fluid to hydrauhcally 25 t h e e v e n t o f a , o s s o f c o o l a n t " a c c i d e n t . In this preferred 
hold down the fuel assemblies 14. The coolant fluid . . . . .. , , . .. , *: . . , . . , , embodiment , line 66 represents the predetermined then passes upward through the nuclear core 12 to . .. r , . . . , r , •. _ r . . j®, • • . , minimum sodium elevation which has been chosen to remove the heat generated therein, into the upper pie- , . .. . , ,. . . . . „ „ . . , 0 . , . ' . „ i T , insure that the liquid sodium level does not fall below num 18, and out through the outlet opening 26 into the .. , , . .. .. ,. , „ , . , . ' , .. - - , 6 .. . r , ° . ^ , , n the core elevation and that the liquid sodium can be outlet condui t 32 where it is then conducted to a heat - i u . , , , ,, , . V1 . . ^ . . „ circulated through the core via either the primary inlet exchanger (no t shown). Such an ar rangement for con- , „ , . . . ..f J , . 
ducting coolant through a reactor vessel 10 and holding a " d outlet conduits 20 and 24 or the auxiliary conduits 
the fuel assemblies 14 in place is well known and f o r m l 3 4 a " d 3 6 : A s f " b e s f n ' t h , s , e I e v a t , o n 6 6 l s a b o ^ e 

no par t of the present invention. Of course, it should be t h e e l e v a t , o n of the outlet nozzles or opening 26, the 
noted tha t the internal reactor hardware depicted in 35 uppermost opening m the reactor vessel 10. As is ap-
FIG. 1 is merely illustrative and by no means is in- P f f n t t h e n ' £l?e volume of coolant m the upper plenum 
tended to be totally exhaustive of what may be included 1 8 b e t w e e n ; h e n ° r m a l s o d , u m e l e v a t l o n 2 0 f d 

in a typical liquid metal cooled nuclear reactor. As can minimum sodium elevation 66 must be greater than the 
be seen in the FIG. 2 auxiliary inlet and outlet condui ts v o l u m e w h l c h 18 available to be occupied by coolant in 
34 and 36 are coupled to the reactor vessel 10 and are 40 a peripheral space 62 below the predetermined mmi-
in fluid communicat ion with the interior thereof to m u m s o d l u m elevation 66. 
provide an auxiliary or emergency flow circulating I n o r d e r t o accomplish this task and still maintain an 
loop. The purpose of this auxiliary flow circulating loop adequate work area in the peripheral space 62 between 
will be described hereinbelow. the walls 44 of the conta inment s tructure 40 and the 

As shown in FIG. 1 the reactor vessel 10 is vertically 45 exterior of the reactor vessel 10, the present invention 
disposed and supported in a reac tor vessel cavity 38 proposes the use of a plurality of volume displacing 
defined by the conta inment s tructure 40. The contain- modules 70 to be removably disposed and stacked in 
men t s t ructure 4 0 serves to shield and seal the reactor t h e peripheral space 62. The volume displacing mod-
vessel f rom the outside a tmosphere and is fo rmed in u l e s 7 0 a re of such a volume that the coolant contain-
re inforced, high tempera ture concre te in which is em- 50 ing volume in the peripheral space 62 below the mini-
bedded a plurality of cooling coils 42 . The cooling coils mum sodium elevation 66 with the modules 70 posi-
42 are for the purpose of preventing dehydrat ion of the t ioned therein is less than the volume of liquid sodium 
concre te so that neutron irradiation does not apprecia- in the vessel 10 between the normal elevation 20 and 
bly impair the structural integrity and shielding proper- the predetermined minimum elevation 66. 
ties of the concre te conta inment s tructure 40. The 55 As shown in FIGS. 2, 3 and 4, the volume displacing 
interior walls 44 and f loor 46 of the conta inment struc- modules 7 0 are each curved bodies of the same general 
ture 40 are made of steel which lines the concre te segmented annular shape. Of course, the specific di-
conta inment s t ructure 40 to fu r ther pro tec t the con- mensions and number of different size modules is de-
ta inment s t ructure f r o m adverse effects of nuclear irra- pendent upon the size of the reactor vessel 10, the size 
diation. 6 0 of conta inment s tructure 40 and the volume which is to 

The reactor vessel 10 is supported in the cavity by be displaced by the modules 70. In the embodiment 
means of a series of ring girders 5 0 embedded in the shown in the figures there are four different basic sized 
upper elevation of the conta inment s t ructure 40. The modules 70-1, 70-2, 70-3, 70-4 each of which is of the 
ring girders 5 0 engage a flanged lip 5 2 on the outside of same height. The three modules 70-1, 70-2, 70-3, each 
the reac tor vessel 10 to support the entire weight of the 65 are of the same radial width and vary f rom one another 
reactor vessel 10 and its internals. The vessel 10 is only in their circumferential length. The module 70-4 is 
properly aligned within the cavity 38 by means of a of the same circumferential length as the module 70-1, 
locating plug 56 embedded in the f loor 46 of the con- but is of a narrower radial width. 
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The modules 70 are all placed in the peripheral space ules 70 have been designed so that they may be easily 
62 between the exterior of the reactor vessel 10 and the removed f rom the peripheral space 62. Each of the 
interior walls 44 of the containment structure 40. The modules 70 has a handling lug 72 recessed in its upper 
specific pattern of placement , in other words both the surface which is engagable by a crane (not shown) so 
radial location and the elevational location of the mod- 5 that the modules 70 can be lifted out of the cavity 38. 
ules 70, can be seen in FIGS. 2 and 4. FIG. 4 is a sche- For removing the modules 70 positioned beneath the 
matic diagram of the module development pattern liquid sodium conduits 32, 36 from the peripheral 
viewed as if the circumferentially arranged modules 70 space 62, all that is necessary is to remove the guide 
had been " w r a p p e d " f rom around the reactor vessel rails 80 f rom their supports in the floor 46 of the con-
10, the view being taken looking f rom outside the con- 1 0 ta inment structure 40 and slide the modules 70, either 
ta inment s tructure 40 toward the center of the reactor one at a t ime, or the entire stack, out f rom underneath 
vessel 10. The modules 70 are held thereinplace by the conduits 32, 36. An upper storage ledge 50 above 
means of vertically disposed guide rails 80 spaced the minimum sodium elevation 66 has been provided 
about the reactor vessel 10 in the peripheral space 62. by the containment structure 40 to provide space for 
The guide rails 80 are removably supported in the floor 15 temporary storage of the modules 70. In this way the 
46 of the containment structure 40. Each of the mod- modules can be stored out of the way while inspection 
ules 70 has two recesses 7 8 in two of t he corner edges and repair work is performed. In the embodiment 
thereof to provide shoulders for engagement with the shown in the figures, two types of inspection have been 
guide rails 80. Accordingly, the guide rails 80 act to contemplated: an initial survey inspection and a de-
prevent the modules 70 f rom falling in on the reactor 20 tailed inspection. For the survey inspection, a small gap 
vessel 10 or f rom falling onto the conduits or pipes 28, 82 of the order of 6 inches has been left between the 
30, 32 , 34 and 36 at tached to the reactor vessel 10. modules 70 and the reactor vessel 10 to permit an 

In the preferred embodiment , some of the modules inspection device to be inserted therebetween to deter-
70 are provided with integral horizontal ledges 74 and- mine if a more detailed inspection or repair is necessary 
I or vertical flanges 76. The ledges 74 are for the pur- 25 o n the vessel 10. If such is the case, then the modules 
pose of supporting circumferentially adjacent modules 70 may be selectively removed and the detailed inspec-
(in particular, modules 70-4), in the peripheral space tion and/or repair performed. 
above the liquid sodium inlet and outlet conduits 28, Only two major requirements need be imposed on 
32. The vertical flanges 76 are for the purpose of pre- the material used for the volume displacing modules 
venting circumferentially adjacent modules (in particu- 3 0 70. First, the module material must be compatible with 
lar, modules 70-4) f rom falling back onto the liquid the liquid metal coolant, i.e., it must be inert and not 
sodium inlet and outlet conduits 28, 32. It should be react in an adverse manner when contacted by the 
noted that the modules 70 having horizontal ledges 74 liquid metal coolant. Secondly, the modules must re-
also have vertical flanges 76. The modules 70 which main solid at all temperatures at which the liquid metal 
have flanges 76 are indicated by a v following its refer- 3 5 coolant may be released into the reactor cavity 38. This 
enced numeral and the modules 70 which have hori- insures that the volume displacement qualities on the 
zontal ledges 74 and vertical flanges 76 are indicated modules will not be lost and only liquid metal coolant 
by an h. As can be appreciated, the use of the horizon- will circulate through the reactor vessel 10. In a typical 
tal ledges 74 is not the only method of supporting the sodium cooled reactor, the maximum release tempera-
modules 70-4 above liquid sodium conduits 28, 32. 4 0 ture contemplated is of the order of 1200°F. Accord-
One possible alternative may be to stagger the modules ingly, in the preferred embodiment the modules 70 are 
70 as they are placed in the peripheral space 62, such graphite block with a stainless steel cover or can there 
as is done , for example, in laying bricks, so that the surrounding. With a stainless steel covering any neces-
modules 70 placed above one of the liquid sodium sary ledges 74 or flanges 76 may be easily welded to the 
conduits 28, 32 would span the space between the 4 5 module 70. Alternatives for the module material might 
modules 70 directly therebelow. include graphite without a stainless steel cover, cast 

As can be seen f rom FIGS. 2 and 4, some of the liquid iron blocks, or almost any ceramic or metal which 
sodium conduits, in particular the two low pressure would satisfy the above two mentioned requirements, 
conduits 30 and the auxiliary conduits 34, 36 are not The major obstacle with the use of metals, however, is 
surrounded by volume displacing modules 70. This is 50 cost. Another advantage of the use of graphite for the 
due to the fact that the volume displaced by the volume modules is that graphite is an effective neutron shield 
displacement modules 70 below the minimum sodium and, accordingly, acts to shield the concrete contain-
elevation 66 is greater than the volume of coolant in ment s t ructure 40 f rom the adverse effects of neutron 
the plenum 30 between the normal sodium elevation 18 irradiation. This aids in preserving the structural integ-
and the minimum sodium elevation 66. Accordingly, 55 rity of the containment structure 40. 
no fur ther volume displacement is required in the pe- In the event of a loss of coolant accident due to a 
ripheral space 62. It should also be noted in connection rupture in one of the conduits in the reactor vessel 
with this that in the embodiment shown no volume cavity 38 , or in the reactor vessel 10, the liquid sodium 
displacing modules 70 are placed beneath the reactor elevation inside the reactor vessel 10 will fall till it 
vessel 10. However, if additional volume displacement 6 0 essentially equalizes with the sodium elevation in the 
is required, then either permanent , semi-permanent or cavity 38. The volume displacing modules 70 in the 
removable volume displacing filler could be included peripheral space 62 surrounding the reactor vessel 10 
beneath the reactor vessel 10 depending on what is have been designed so that the coolant containing vol-
desired. ume remaining in the peripheral space 62 is less than 

As hereinabove indicated, it is highly desirable to 6 5 the excess volume of sodium in the reactor vessel 10 
maintain adequate work space around the vessel 10 so above a predetermined desired minimum elevation. In 
that the vessel can be inspected periodically and, if the embodiment shown in the figures the predeter-
necessary, easily repaired. The volume displacing mod- mined desired minimum elevation, denoted by line 62, 
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is above all of the coolant openings or nozzles 22, 24, 
26 of the reactor vessel 10. The reason for having the 
minimum sodium elevation 66 above the coolant open-
ings or no2zles 22, 24, 26 is to insure that the coolant 
(sodium) can be circulated through the core 12 to 5 

remove decay heat in the event of a loss of coolant 
accident, either by means of normal coolant conduits 
28, 3 0 , 3 2 or by means o f t h e auxiliary conduits 3 4 , 3 6 . 
Of course, if the pressure drop across the core 12 at the 
emergency flow rate o f t h e coolant is very great then an 1 0 

allowance will have to be made in determining the 
required elevation of coolant in the peripheral space 62 
above that elevation of coolant inside the reactor vessel 
10 to insure that the nozzle or coolant openings 2 2 , 2 4 , J 5 
26 will remain submerged in liquid sodium. Accord-
ingly, the predetermined desired minimum sodium 
elevation 66 should be located a short distance above 
the nozzles. In the embodiment shown in the figures, 
this elevation is about 3 feet above the top o f t h e upper- 2Q 
most openings 26. Additionally, circulation o f t h e cool-
ant through the core 12 will occur by means of natural 
convection. This natural convection is aided by the 
cooling coils 42 embedded in the containment struc-
ture 40 which will cause the liquid sodium in the pe- 25 
ripheral space 62 to be cooler than the liquid sodium in 
the reactor vessel 10. 

It will be understood that the embodiment shown and 
described herein is merely illustrative and that changes 
may be made without departing from the scope of the 30 
invention as claimed. 

What is claimed is: 
1. In combination; 
a liquid metal cooled reactor vessel having a nuclear 

core therein, a plurality of nozzles mounted 35 
thereon and communicating with the interior 
thereof, a conduit means coupled with said nozzles 
for communicating liquid metal coolant into and 
out of said reactor vessel to cool said nuclear core, 
said vessel having a coolant containing plenum in 40 
the interior thereof, a portion of said plenum above 
a predetermined elevation above said nuclear core 
being of a first coolant containing volume; 

a containment structure forming a vessel cavity in 
which said vessel is vertically disposed, said vessel 4 5 

being spaced from the walls of said containment 
structure to define a peripheral space the lateral 
dimension of which is sufficient to permit access by 
personnel into said space, and said peripheral 
space below said predetermined elevation defining 5 0 

a second volume; and 
a plurality of volume displacing modules removably 

positioned in said peripheral space, the total vol-
ume of all of said modules positioned below said 
predetermined elevation being such that said sec-
ond volume minus said total volume of all said 
modules is less than said first volume thereby insur-
ing that level of coolant in said vessel will remain 
above said predetermined elevation in the event of 6 Q 
coolant leakage into said cavity. 

2. The combination of claim 1 wherein said modules 
are also of a material having the properties of being 
inert with respect to the liquid metal coolant, and re-
maining solid at all temperatures at which the liquid 6 5 
metal coolant may leak into said reactor vessel cavity. 
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3. The combination of claim 2 wherein the material 
of the said modules is graphite. 

4. The combination of claim 3 wherein said graphite 
blocks have a stainless steel covering theresurrounding. 

5. The combination of claim 2 wherein said plurality 
of volume displacing modules are circumferentially 
arranged and stacked in said peripheral space sur-
rounding said nuclear reactor vessel. 

6. A combination of claim 5 wherein each of said 
volume displacing modules are curved bodies having 
vertical side walls, said curved bodies having at least 
two recesses in said side walls to form vertically extend-
ing shoulders and wherein there are provided a plural-
ity of vertically disposed guide rails spaced about the 
reactor vessel in said peripheral space, said guide rails 
being removably supported in the floor of said contain-
ment structure and engaging said shoulders formed by 
said recesses in said curved bodies to hold said modules 
in place in said peripheral space. 

7. The combination of claim 6 wherein each of said 
volume displacing modules have a recessed handling 
lug in its upper surface for removing said modules from 
said reactor vessel cavity and wherein said containment 
structure has an upper storage ledge above said prede-
termined elevation to provide a temporary storage 
space for said modules which are removed from said 
cavity. 

8. In combination; 
a liquid metal cooled reactor vessel having a nuclear 

core therein, a plurality of nozzles mounted 
thereon and communicating with the interior 
thereof, and conduit means coupled to said nozzles 
for communicating liquid metal coolant into and 
out of said reactor vessel to cool said nuclear core, 
said vessel having a coolant containing plenum in 
the interior thereof, a portion of said plenum above 
a predetermined elevation above said nuclear core 
being of a first coolant containing volume; 

a containment structure forming a vessel cavity in 
which said vessel is vertically disposed, said vessel 
being spaced f rom the walls in said containment 
structure to define a peripheral space the lateral 
dimension of which is sufficient to permit access by 
personnel into said space; and 

a plurality of volume displacing modules placed in 
close fitting array in said peripheral space adjacent 
to said walls of said containment structure, said 
modules being removably positioned therein and 
being of a material which acts as a neutron shield 
so as to protect at least a portion of said walls of 
said containment structure from neutron irradia-
tion, and the coolant containing volume of said 
peripheral space below said predetermined eleva-
tion with said volume displacing modules posi-
tioned therein being less than said first volume, 
thereby insuring that the level of coolant in said 
vessel will remain above said predetermined eleva-
tion in the event of a loss of coolant accident. 

9. The combination of claim 1 wherein said modules 
are placed in a close fitting array with one another 
adjacent to said walls of said containment structure and 
wherein said modules are of a material which serves as 
a neutron shield to protect at least a portion of said 
walls of said containment structure from neutron irra-
diation. 


