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ABSTRACT

A nuclear containment vessel houses an inner reactor
housing structure whose outer wall is closely spaced
from the inner wall of the containment vessel. The
inner reactor housing structure is divided by an intermediate floor providing an upper chamber for housing
the reactor and associated steam generators and a
lower chamber directly therebeneath containing a
pressure suppression pool. Communication between
the upper chamber and the pressure suppression pool
is established by conduits extending through the intermediate floor which terminate beneath the level of the
pressure suppression pool and by inlet openings in the
reactor housing wall beneath the level of the pressure
suppression pool which communicate with the annulus
formed between the outer wall of the reactor housing
structure and the inner wall o f the containment vessel.
The inner reactor housing structure is preferably constructed o f reinforced concrete and the intermediate
floor and the outer wall thereof surrounding the lower
chamber are preferably faced with a continuous steel
lining so as to be substantially gas-tight.
4 Claims, 2 Drawing Figures
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Another object of this invention is to provide a novel
containment structure for a nuclear power reactor
which includes new and improved means for achieving
CROSS-REFERENCES TO RELATED
pressure suppression in the event of a vapor or steamAPPLICATIONS
5 producing reactor accident.
Another object of this invention is to provide a novel
This is a continuation of application Ser. No. 74,796,
nuclear reactor containment structure which permits a
filed Sept. 23, 1970, now abandoned, which, in turn, is
reduction in size and volume and consequent savings in
a continuation-in-part of Ser. No. 717,078, filed Mar.
material and labor.
29, 1968, now abandoned.
10
Another object of this invention is to provide a novel
BACKGROUND A N D OBJECTS OF T H E
nuclear reactor containment structure having inINVENTION
creased leaktightness which results in greater safety of
operation.
This invention relates to nuclear reactors and, more
particularly, to the constructional features of containAnother object of the invention is to provide a novel
ment vessels for the housing of such reactors, including
nuclear reactor containment structure which requires
safeguards for obtaining suppression of excessive presvery little excavation and, therefore, can be built on a
sure in the event of nuclear incidents.
site where the rock bed is very near the ground grade.
Another object of the invention is to provide a novel
Nuclear reactor systems of the pressurized water or
boiling water types are generally enclosed with a seconnuclear reactor containment structure which permits
dary or vapor containment structure designed to with- 20
utilization of an access door located at ground level for
stand the maximum pressure buildup which might be
installation of the heavy equipment.
obtained as a result of an accident within the reactor.
Objects and advantages of the invention are set forth
Such accidents may be due to the rupture of the coolin part herein and in part will be obvious herefrom, or
ant line or reactor vessel, causing sudden vaporization
may be learned by practice with the invention, the
of the water. There is also the possibility of the release 2 5
same being realized and attained by means of the inof hydrogen gas due to chemical reaction of the core
strumentalities and combinations pointed out in the apmaterial and the metal cladding with the high temperapended claims.
ture water. It is essential that such gases and vapors be
The invention consists in the novel parts, construccontained within the reactor and the pressure be reduced so as not to exceed the limits predetermined by 30 tions, arrangements, combinations and improvements
herein shown and described.
the structural design thereof. The safety of nuclear
SUMMARY OF THE INVENTION
power reactors is based on the principle that in case of
an accident accompanied by the release of radioactive
Briefly described, the present invention is embodied
fission products, all contaminated gases, liquids, and 35 in a novel containment structure and various construcsolids must be contained in a leak-tight vessel until the
tional features thereof. It consists essentially of an
radioactivity level has substantially decreased.
outer vessel of cylindrical shape having walls made of
CONTAINMENT VESSEL CONSTRUCTION FOR
NUCLEAR POWER REACTORS

reinforced concrete and a dome-shaped top, erected on
The most common solution to the problem of cona platform of reinforced concrete. The inner wall is
tainment is to build a vessel around the nuclear reactor
and primary coolant system of sufficient volume to 40 lined with steel, the lining extending over the platform.
Inside the above described structure is a cylindrical
hold, under moderate pressure, the flashing coolant eshousinig of a smaller diameter than the inner diameter
caping out of a major break. This concept of containof the vessel so that a space of annulus is provided
ment leads to very large leak-tight vessels with high mawhich allows the passage of gases or steam which may
terial and erection costs. Different means of reducing
the size and, therefore, the cost of the containment ves- 45 escape in case of a break in the coolant system. This
inner housing is divided by a horizontal floor into an
sel have been proposed. The most promising is the soupper and lower chamber. Of these, the upper chamber
called pressure suppression concept which is generally
has a central compartment for housing the reactor
feasible for water-cooled reactors. The pressure supproper and lateral compartments for housing the steam
pression containment concept is based on the fact that,
generator. The lower chamber constitutes a pressure
following an accident, the pressure of the containment
suppression room, communicating through suitable
vessel is reduced by quenching the escaping steam and
inlet openings at the bottom with the annulus or space
water in a cold water pool located next to the containbetween the vessel and the reactor housing structure.
ment vessel.
While such "pressure suppression" technique is well 5 5 A series of conduits from the reactor compartment extend downwardly and terminate near the floor of the
adapted to the boiling water reactor, it has not been
lower chamber. The latter is filled with a suitable conused for pressurized water reactors. This is due to the
densing liquid, such as water, to a level at least above
fact that the primary coolant system of pressurized
that of the inlet openings, to thereby form a pressure
water reactors includes large heat exchangers located
suppression pool. In this manner, a portion of the steam
above the reactor nozzle level. This arrangement o f t h e
or gases is brought directly from the reactor compartcomponents of the primary coolant system makes it difment in contact with the quenching water pool, but the
ficult to realize the tight layout required for the presmajor part of the steam flows through the annular
sure suppression scheme.
space.
It is, therefore, a primary objective of the invention
Advantageously, and as here preferably embodied,
to provide a novel containment structure for nuclear
the inner reactor housing structure is constructed of repower reactors which is simple in construction and
inforced concrete and the intermediate floor and the
adaptable for the utilization of the pressure suppression
outer wall thereof surrounding the lower chamber are
system.

1

2
4,900.

advantageously suitably faced with a continuous steel
lining so as to be substantially gas-tight.
With the pressure suppression pool being located inside the containment vessel and the lining, in case of
accident all contaminated liquids and gases will remain
in the vessel itself.
The containment vessel, constructed in accordance
with the invention, requires little excavation and can,
therefore, be built on a site where the rock bed is very
near the ground grade. This is made possible by the use
of an access door on the level of the floor of the lower
chamber. All heavy equipment, like the reactor, steam
generator, etc. may be brought into the containment
vessel and skidded on the lower floor to a space where
they can be lifted through temporary openings provided in the concrete floor separating the two chambers.
It will be understood that the foregoing general description and the following detailed description as well
are exemplary and explanatory of the invention but are
not restrictive thereof.
The accompanying drawings, referred to herein and
constituting a part hereof, illustrate o n e embodiment of
the invention, and together with the description, serve
to .explain the principles of the invention.
BRIEF DESCRIPTION OF T H E D R A W I N G S
FIG. 1 is a view in front elevation, partly in section
and partly schematic, of a nuclear reactor containment
vessel constructed in accordance with the invention,
illustrating the disposition of the reactor housing structure within the containment vessel, and
FIG. 2 is a view in front elevation, partly in section
and partly schematic, of the structure of FIG. 1 in the
process of erection, illustrating the access and placement of the reactor component elements.
DESCRIPTION O F T H E PREFERRED
EMBODIMENT
Referring now to the accompanying drawings and
particularly to FIG. 1, the structure shown comprises a
vertically extending containment vessel 10 which has a
dome portion 11 of hemispherical shape. Since no underground installation is needed in the structure herein
shown, the vessel 10 may be erected over a relatively
shallow platform 12 which is imbedded in the ground.
At one side, immediately above the ground, an acess
opening 14 is provided, the purpose of which will be explained later. A door 15 effects the closure of the access opening 14.
The containment vessel structure 10 is preferably
made of reinforced concrete, as well as the platform 12
on which it stands. The same material advantageously
may be used for the door 15. On its inner face, the containment vessel 10 is advantageously covered with a
steel lining 17 which is in intimate contact with the wall
and, therefore, will not be stressed by the internal pressure. A similar steel plate 18 covers the top of the platform 12. Steel linings 17, 18, vessel 10 and platform 12
combine to provide a substantially impervious barrier
for preventing contaminated products from entering
the atmosphere, as is well known to the art. It will be
understood, however, that containment vessel 10 may
be of any suitable construction and thus may be of the
"double-containment" type, as disclosed in U.S. Pat.
NOS. 3 , 3 2 0 , 9 6 9 and 3 , 3 2 2 , 1 4 1 . Other forms of con-
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struction will be apparent to those of ordinary skill in
thc art.
Within the containment vessel 10, and erected on the
platform 12, is the nuclear reactor housing structure
5 20. It is of a cylindrical configuration and has an outside diameter smaller than the space defined by the
steel liners 17. In this manner, an annular space 21 is
provided which surrounds the entire housing 2 0 . The
latter is divided by an intermediate floor 2 2 into an
K upper chamber which has a central compartment 2 4
and a lateral compartment 25, and a lower chamber 26.
The central compartment 2 4 has a wider open portion
2 8 which communicates with the space under the d o m e
11. T h e lateral compartment 2 5 is closed on the top by
the
operating floor 2 9 which supports a traveling gantry
1crane 30.
The central compartment 24 houses the reactor 3 1 ,
whereas the lateral compartment 2 5 houses the steam
generators 3 2 , suitably interconnected by conduits 33.
2(
In accordance with the invention, lower chamber 2 6
comprises the pressure suppression room. It is an accumulation room for the air or steam that may be carried
over from the upper chamber. For this purpose, a series
of radially distributed inlet openings 3 5 are placed in
2
- the wall 3 6 of the housing 2 0 to establish communication between the annular space 21 and the lower chamber 26. Additional communication is established between the central compartment 24 and the chamber 26
by means of a series of radially spaced conduits 3 7 ,
3 C which terminate near the bottom of the chamber 2 6
above the lining 18. Chamber 26 is flooded with a
quenching liquid, such as, for example, water, so as to
provide a pressure suppression pool 34. Advantageously, pool 3 4 is maintained at a level at least above
3 5 that of the inlet openings 35 and above the terminal
end of the conduits 37.
In accordance with the invention as preferably embodied, intermediate floor 22 and the portion of wall
3 6 which surrounds the lower chamber 26 are substan40
tially gas-tight to thereby constitute a barrier to the passage of gases and vapors therethrough. The inner reactor housing structure is preferably constructed of reinforced concrete and, to the above end, intermediate
floor 2 2 and the portion of wall 3 6 surrounding the
" lower chamber 2 6 are advantageously faced with a continuous steel lining as shown at 22a, 36a, respectively.
It will be apparent from the foregoing that, during
normal operation of the reactor, the leak-tight construction prevents the escape of contaminated gases
and thus the containment vessel 10 serves also as a biological shield. In case of an accident, such as leakage
in the primary coolant system, the pressure will rise in
the upper chamber due to the sudden vaporization of
5 5 the escaping water and the steam produced passes
through the annular space 21, entering the lower chamber 2 6 through openings 3 5 to be quenched by the
pressure suppression pool 34. In addition, excess pressure in thc compartment 24 is reduced by virtue of the
steam escaping through the conduits 3 7 into the pressure suppression pool 34.
It will also be seen from the foregoing that the invention here embodied provides a pressure suppression arrangement in which the pressure suppression pool is located directly beneath the reactor vessel and its associated auxiliary equipment, such as steam generators and
the like, and in which the pressure-receiving outer wall
of the reactor housing structure extends in a substan-
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tially continuous line from top to bottom. This arrangement eliminates or substantially minimizes discontinuities in the housing structure for the reactor vessel and
pressure suppression pool and, consequently, has been
found to have a very significant economic advantage in
permitting the housing to be constructed from reinforced concrete, rather than structural steel.
A further significant advantage of the invention as
here embodied is that it permits gases and vapors produced as a result of an accident in the upper chamber
to be conducted downwardly into the pressure suppression pool a short distance beneath the surface thereof.
This results in a significant reduction in the peak pressure of the gases and vapors which is required in order
to initiate flow thereof — and, hence, to initiate operation of the system — into the pressure suppression
pool.
In FIG. 2 of the accompanying drawing, there is
shown, in schematic illustration, the method for the installation of the heavy equipment through the access
opening 14 during the contruction of the containment
vessel. For this purpose, temporary openings 40, 41,
and 4 2 are provided in the intermediate floor 22 and
the central compartment 25, respectively. A temporary
erection truss above the operating floor 29 provides for
the suspension and lifting of the reactor 31 and the
steam generators 32 which are conveniently brought in
through the access opening 14 and skidded on the
lower floor, i.e., the steel lining 18 of the platform 12.
Once these components are in place, the temporary
openings 40, 41 and 42 are closed and further construction may proceed with the heavy equipment in
place and permanently installed.
The invention in its broader aspects is not limited to
the specific embodiment herein shown and described
but departures may be made therefrom within the
scope of the accompanying claims, without departing
from the principles of the invention and without sacrificing its chief advantages.
What is claimed is:
1. A containment vessel construction for nuclear
power reactors with pressure suppression, comprising:
outer containment means for housing a nuclear reactor vessel and associated steam generators;
an inner housing structure within said outer containment means,
said inner housing structure having an outer wall
secured to the floor of said outer containment
means and extending upwardly therefrom in
closely-spaced relationship to the inner peripheral surface of said outer containment means to
form a relatively small annulus therebetween;
said inner housing structure divided by a gas-tight
intermediate floor member into upper and lower
chambers, said upper chamber being in open
communication with the space contained by said
outer containment means and also with said an-
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nulus;
said outer wall of inner housing structure extending
in a substantially continuous, straight, vertical
line from the portion thereof surrounding said
upper chamber to the portion thereof surrounding said lower chamber, said portion of said outer
wall of said inner housing structure surrounding
said lower chamber being gas-tight;
said nuclear reactor vessel and associated steam generators mounted within said upper chamber;
a pressure suppression pool provided in said lower
chamber directly beneath said upper chamber;
a plurality of inlet openings distributed in the lower
portion of said outer wall of said inner housing
structure communicating said lower chamber with
said annulus; and
said pressure suppression pool contained in said
lower chamber extending to a level at least above
said inlet openings, whereby in the event of a vapor
and gas producing accident within said upper
chamber said gases and vapors are conducted upwardly into said space contained by said outer containment means and thence downwardly through
said annulus and said inlet openings into said pressure suppression pool.
2. Apparatus as defined in claim 1, including
a plurality of conduit means extending through said
intermediate floor member and terminating in a
general vertical portion within said pressure suppression pool,
whereby in the event of a vapor and gas producing
accident within said upper chamber, said gases
and vapors are also conducted downwardly
through said conduit means into said pressure
suppression pool.
3. Apparatus as defined in claim 1, wherein
said inner housing structure and intermediate floor
member are constructed of reinforced concrete,
and including a gas-tight vapor-impervious lining
extending continuously along the portion of the
outer wall of said inner housing structure surrounding said lower chamber and also extending continuously between said upper and lower chambers.
4. Apparatus as defined in claim 2, wherein
said upper chamber is divided into a central cylindrical compartment for housing said nuclear reactor
vessel and into a lateral compartment for housing
said associated steam generators,
said central compartment being in open communication with the space contained by said containment means;
and
said plurality of conduit means and radially distributed about the periphery of said central compartment, thereby communicating the interior thereof
with said pressure suppression pool.

