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[57] ABSTRACT 

A reactor vessel is provided with vertical support 
means in the form of circumferentially spaced col-
umns upon which the vessel is mounted. The columns 
are adapted to undergo flexure in order to accommo-
date the thermally induced displacements experienced 
by the vessel during operational transients. 

9 Claims, 3 Drawing Figures 
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REACTOR VESSEL SUPPORTED BY FLEXURE 
MEMBER 

BACKGROUND O F THE INVENTION 
The present invention relates to nuclear power plants 

and particularly to means for supporting a nuclear re-
actor vessel within the plant. 

Nuclear reactor vessels are normally housed within a 
cavity in the plant containment structure. Heretofore, 
it has been the practice to vertically support the vessel 
within the containment structure by means of append-
ages that extend radially f rom the vessel and which en-
gage a horizontal surface of the containment structure. 
Thermal growth displacements between the vessel and 
the containment structure have been accommodated 
by the provision of means that enable sliding contact to 
exist between the vessel appendage and the contain-
ment supporting structure. The aforementioned ap-
pendages have been in the form of radially extending 
brackets at tached to the external surface of the vessel 
at circumferentially spaced locations thereabout . Al-
ternatively, it has been proposed to employ the radially 
extending coolant flow nozzles that penetrate the vessel 
wall at circumferentially spaced locations for support 
purposes. This latter concept is illustrated in U.S. Pat. 
No. 3 ,583,429 issued June 8, 1971 to W. E. Desmar-
chais. 

While such reactor vessel support arrangements per-
form adequately during periods of normal plant opera-
tion, they may be found to be deficient in the event of 
a postulated plant accident. Specifically, no provision 
is made in the arrangements to retain the reactor vessel 
within the containment cavity against the vertical 
forces tending to expel the vessel f rom the containment 
cavity that are capable of being generated during an ac-
cident which results in loss of the primary coolant from 
the flow system and especially one in which rupture of 
a primary coolant line occurs. It has been contemplated 
to overcome this deficiency in prior art arrangements 
by providing straps or U-bolts or the like that retain the 
support appendage upon its associated mating surface 
on the containment structure. The use of such reten-
tion apparatus, however, is undesirable in that, in order 
to permit relative movement between the sliding mem-
bers as must occur to accommodate the thermal dis-
placements, clearances between the retention members 
and the retained members must be provided. These 
clearances create spaces or gaps between the members 
that enable a momentum interchange to occur which 
results in an increase in the vertical forces imposed on 
the retention members that can be accommodated only 
by constructing them with excessive strength capabili-
ties. Such construction naturally increases their cost. 

It is to the establishment of improved reactor vessel 
support structures, therefore that the present invention 
is directed. 

SUMMARY O F T H E INVENTION 

According to the present invention there is provided 
an improved arrangement for supporting a reactor ves-
sel within a containment structure against static and dy-
namic vertical loadings capable of being imposed as a 
result of a serious accident as well as during periods of 
normal plant operation. The support arrangement of 
the invention is, at the same time, capable of accommo-
dating radial displacements that normally occur be-
tween the reactor vessel and the containment structure 
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due to operational transients. The arrangement com-
prises a plurality of vertical columns connected be-
tween the reactor vessel and a support base within the 
containment structure. The columns are designed to 

5 accommodate relative displacements between the ves-
sel and the containment structure by flexing. This elim-
inates the need for relative sliding movements and thus 
enables the columns to be securely fixed to the vessel. 
This elimination of a provision for relative sliding 
movements avoids the need for spaces or gaps between 
the retention members and the retained elements as oc-
curred in prior art arrangements and, concomitantly, 
the danger of establishing impact forces on the reten-
tion members in the event of an accident is reduced. 

For a better understanding of the invention, its oper-
ating advantages and the specific objectives obtained 
by its use, reference should be made to the accompany-
ing drawings and description which relate to a pre-
ferred embodiment thereof. 

20 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a pictorial representation of a nuclear reac-
tor pressure vessel mounted within a containment 

2 5 structure and supported by means of the present inven-
tion; 

FIG. 2 is an elevational view of the pressure vessel 
and support structure illustrated in FIG. 1; and 

FIG. 3 is a section taken along line 3—3 of FIG. 2. 
3 0 DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

Referring now to the drawings there is shown in FIG. 
1 a nuclear reactor pressure vessel 10 mounted accord-

35 ing to the invention for operation within a cavity or well 
12 formed in biological containment structure 14. The 
pressure vessel 10 comprises a generally cylindrical 
hollow shell 16 whose bottom and top ends are closed 
by an integrally formed hemispherical end closure 18 

40 and a removable domed cover 20, respectively. The 
vessel 10 is adapted to contain an active portion or 
core, indicated by the dotted lines 22 in FIG. 2, of 
known construction, which is operative to generate sig-
nificant amounts of heat for producing vapor in vapor 

45 generators (not shown) that form part of the plant. The 
described pressure vessel 10 has provision for two pri-
mary coolant loops that are utilized to transfer the heat 
generated in the core 22 to the vapor generator. The 
coolant loops are represented by reactor inlet conduits 
24 and outlet conduits 26 that extend generally radially 
outwardly from the vessel axis and which connect be-
tween the vessel 10 and the respective vapor genera-
tors. Although the described apparatus employs two 
primary coolant loops it should be understood that a 

5 5 greater or lesser number of loops can be employed 
without departing f rom the present invention. The re-
spective conduits 24 and 26 are caused to communi-
cate with the interior of the vessel 10 by means of a plu-
rality of radially extending flow nozzles 28 and 30 that 
are integrally formed on the external surface of the ves-
sel at circumferentially spaced locations thereabout. 

The well 12 in containment structure 14 within which 
the vessel 10 is mounted is provided with a generally 
cylindrical wall 32 concentrically spaced from the ves-
sel. The bottom of the well 12 is formed by a trans-
versely extending floor, termed the support base 34. A 
plurality of openings 36 are provided in the wall 32 to 
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accommoda te passage of the coolant flow conduits 24 
and 26. 

It will be appreciated that during operation of the 
herein described system, especially during operat ional 
transients, the pressure vessel 10 will undergo ther-
mally induced displacements with respect to the con-
tainment structure 14. Such displacements will occur in 
directions parallel to the axis of the vessel as well as ra-
dially with respect there to . It will fur ther be appreci-
ated that in the event of a serious system accident , such 
as for example the rupture of the pressure vessel or of 
one or more of the coolant flow condui ts 24 or 26, high 
pressure coolant fluid will be discharged f rom the flow 
system into the well 12. Forces generated by the dis-
charged fluid will have a tendency to expel the vessel 
f rom the well thereby creating a potentially hazardous 
condit ion. 

Accordingly, the present invention provides means 
for vertically support ing the pressure vessel 10 within 
the well 12 in a manner as to effectively accommoda te 
thermally induced displacements of the vessel with re-
spect to the conta inment s t ructure 14 while at the same 
time insuring effective retention of the vessel within the 
well in the event of a serious system accident as hereto-
fore described. Such means comprise a plurality of ver-
tical columns 38 connec ted between the pressure ves-
sel 10 and the support base 34 at the bot tom of the con-
ta inment well 12. T h e columns 38 are of sufficient 
length and columnar strength to support the vessel in 
an elevated position above the support base 34. They 
are fu r ther designed to be flexible in a direction radial 
with respect to the vessel axis while at the same time 
being sufficiently stiff to insure that the natural fre-
quency of the supported vessel will no t coincide with 
the normal range of seismic excitation to which it may 
be subjected. In the described embodiment of the in-
vention the columns 3 8 are arranged to support the 
vessel 10 f rom the coolant nozzles 24 and 26. It should 
be unders tood however , tha t the columns can support 
the vessel with comparab le effectiveness f rom any ra-
dial appendage extending f rom the external surface of 
the vessel, such as for example radially extending sup-
port brackets (no t shown) that are independent of the 
nozzles and which may emana te f rom the vessel sur-
faces. 

Each column 38 illustrated in the drawings is rectan-
gular in section and is provided at its upper end with a 
rectangular top plate 40 of greater peripheral dimen-
sions than the periphery of the column and at its lower 
end with a base plate 4 2 fo rmed of still greater periph-
eral dimensions. Each base plate 42 is adapted to be 
fixedly secured to the suppor t base 34 as by means of 
studs (not shown), or the like. Gussets 44 may be weld-
edly a t tached between the base plate 42 and the lower 
ends of the columns 38 to lend some degree of stiffness 
to the base plate 42 . The columns 38 are fixedly se-
cured to the coolant nozzles 24 and 26 by a t t achment 
of the top plates 40 to mount ing plates 4 6 that form the 
lower end of pedestals 48 which depend f rom and are 
weldedly secured to the lower surface of the respective 
nozzles. Detachable fas teners 50 secure the mount ing 
plates 46 on the pedestals 48 to the top plates 40 as il-
lustrated in the drawings. 

In designing the co lumns 38, their cross-sectional di-
mensions are de termined by the amount of cross-
sectional area necessary to impart the required degree 
of co lumnar strength to suppor t the vessel as well as to 
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provide sufficient axial stiffness to insure that the natu-
ral f requency of the support vessel will not coincide 
with the normal range of seismic excitation to which 
the vessel will be subjected. The narrow dimension, or 
width 52, of the columns is determined as that which 
will impart sufficient flexure to the columns to accom-
modate the expected thermally induced radial displace-
ment of the vessel 10 with respect to the wall of the 
conta inment well 12. The length of the columns 38 is 
determined to be that required to locate the bot tom 
end of the vessel above the support base 34 by an 
amoun t capable of accommodat ing the expected axial 
elongation to be experienced by the vessel during oper-
ation of the system. In the described ar rangement the 
necessary column length is obtained by supporting the 
column base plates 42 in an elevated position upon 
footings 55 provided at the base of the well 12. 

The lower end of the structure may be provided with 
a key and guide ar rangement whose funct ion it is to 
prevent a tendency of the bot tom end of the vessel 10 
to experience a rocking motion with respect to the col-
umns 38 which may occur as a result of undue seismic 
loadings. The arrangement may consist of keys 54 at-
tached to the vessel 10 and mating recesses 56 pro-
vided in the base plates 4 2 for reception of the keys. As 
shown, the cooperat ion of the keys 54 and recesses 56 
serve to prevent any rotational motion of the f ree end 
of the vessel 12 normal to the axes of the columns 38. 

It will be appreciated that by means of the present in-
vention a reactor vessel can be more effectively sup-
por ted within conta inment structure against vertical 
loadings imposed upon it during periods of normal sys-
tem operation as well as in the event of a serious plant 
accident . By mounting the vessel in the described man-
ner any radial or axial displacements as may occur dur-
ing normal plant operat ion can be readily accommo-
dated. At the same time however , because such accom-
modat ion is made without the need to provide for slid-
ing movement between the respective members , a tight 
a t tachment can be made between the vessel and the 
mounting means thereby to reduce the possibility of 
possible expulsion of the vessel f rom the conta inment 
well in the event of a sudden release of high pressure 
fluid into the well as a result of rupture of the vessel or 
of one or more of the coolant flow conduits. 

It will be understood, therefore , that variations, 
changes in the details, materials, and arrangements of 
the parts which have been herein described and illus-
trated in order to explain the nature of the invention 
may be made by those skilled in the art within the prin-
ciples and scope of the invention as expressed in the ap-
pended claims. 

What is claimed is: 
1. The combinat ion comprising: 
a. a suppor t base; 
b. a pressure vessel having a vertically disposed axis 

and containing a material capable of generating 
substantial heat therein whereby said vessel is 
caused to undergo thermally induced radial dis-
placements with respect to said support base; and 

c. means for vertically supporting said pressure vessel 
upon said support base including a plurality of ver-
tical columns arranged for flexure in a direction 
substantially radial with respect to the axis of said 
vessel, each of said columns being fixedly secured 
at one end to said pressure vessel and at its o ther 
end to said support base. 
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2. The combination recited in claim 1 in which said 
pressure vessel includes a plurality of radially extending 
appendages attached at spaced points about the periph-
ery thereof and said one end of each of said columns 
being fixedly secured to said appendages. 

3. The combination recited in claim 2 in which said 
radially extending appendages comprise flow nozzles 
attached to the external surface of said vessel for circu-
lating coolant fluid to and f rom the interior thereof. 

4. The combination recited in claim 3 in which said 
flow nozzles include a pedestal having a downwardly 
facing bearing plate depending from the undersurface 
of said nozzles; an upwardly facing top plate provided 
at the upper end of said columns; said bearing plates 
being in contiguous engagement with said top plates; 
and means for preventing relative movement between 
said bearing plates and said top plates. 

5. The combination comprising: 
a. vessel containment structure having a well therein 

including a vessel support base at the bottom 
thereof; 

b. a generally cylindrical pressure vessel vertically 
disposed within said well, said pressure vessel con-
taining a material capable of generating substantial 
heat therein whereby said vessel is caused to un-
dergo thermally induced radial displacement with 
respect to said containment structure; 

c. a plurality of radially extending appendages at-
tached to the external surface of said pressure ves-
sel at circumferentially spaced locations there-
about; and 

d. a plurality of vertical columns within said well cir-
cumferentialty spaced about the exterior of said 
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vessel, each of said columns extending between 
and being in fixed engagement with said append-
ages and said support base, said columns being 
formed of a material to permit flexure thereof in a 

5 direction substantially radial with respect to said 
vessel axis under the inducement of radial displace-
ments of said vessel with respect to said contain-
ment structure. 

6. The combination recited in claim 5 in which said 
radial appendages comprise flow nozzles attached to 
the external surface of said pressure vessel for circulat-
ing coolant fluid to and from the interior thereof. 

7. The combination recited in claim 5 in which said 
columns are substantially rectangular in section having 
a cross-sectional area to impart sufficient stiffness to 
prevent the coincidence of the natural frequency of the 
supported vessel with the normal range of seismic exci-
tation, said columns fur ther having at least one cross-

2 0 sectional dimension to permit unimpeded flexure of the 
column in a direction radial with respect to the axis of 
said vessel in response to said radial displacements. 

8. The combination recited in claim 7 in which the 
lower end of said vessel is vertically spaced above said 

2g support base and including means for preventing angu-
lar displacement of said vessel with respect to said col-
umns. 

9. The combination recited in claim 8 in which said 
angular displacement preventing means comprises a 

30 key attached to one of the respective members and 
means forming a slot adapted to receive said key at-
tached to the other of said members. 

* * * * * 
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