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[57] ABSTRACT 
A nuclear containment vessel and method of making 
same, wherein said vessel comprises a closed shell of 
revolution having a substantially doubly curved shape 
with an elongate vertical dimension, said shell com-
prising a plurality of different portions merging into 
one another, at least one of said portions having dif-
ferent curvature or different thickness, or different 
curvature and thickness than adjacent portions. 

45 Claims, 21 Drawing Figures 
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NUCLEAR CONTAINMENT VESSEL AND treatment be performed. Applicable code provisions 
METHOD OF MAKING SAME commonly require such treatment in materials whose 

D « n i - r D A l m n n c t u c i M U E M T i n M thickness at the weld seams exceeds a specified 
BACKGROUND OF THE INVENTION a m 0 U n t , normally 1 % inches. Accordingly, t h o u g h 

This invention relates to a nuclear containment ves- 5 prior art containment vessels are generally satisfactory 
sel and to a method of making same, wherein said ves- for use in small generating plants, where less pressure, 
sel encloses and contains a nuclear reactor and auxili- heat, and the like are encountered when an accident or 
ary systems and equipment. In the event of an operat- the like occurs in the equipment enclosed by the vessel, 
ing accident or malfunction of the nuclear power plant, and plate thicknesses can be kept below the post weld 
the containment vessel must contain the environment 10 heat treatment thickness (hereinafter referred to as 
resulting from the accident or the like, including pres- PWHT thickness), such vessels cannot be economically 
sure, temperature, heat, missiles, radioactive material extended or enlarged to contain the larger power gen-
and the like. erating plant, as for example, those generating 1,100 

The nuclear containment vessel must have sufficient megawatts, since plate thicknesses would have to be 
internal volume to allow the pressure generated as the 15 greater than the PWHT thickness in order to contain 
result of an accident or malfunction of the nuclear the environment therein resulting from an accident or 
power plant enclosed by the structure to dissipate, and the like. This post weld heat treatment is both time con-
the size of the structure is, therefore, related to the suming and costly, and requires that some associated 
power capacity of the plant, such as, for example, an work cannot be done until after post weld heat treat-
1,100 megawatt plant commonly requires a free vol- 20 ment. 
ume of slightly more than three million cubic feet. The Several different constructions of prior art nuclear 
pressure generated within the containment vessel could containment vessels are known, but as noted above, ex-
obviously be decreased by building a larger contain- tension of prior art vessels to containment vessels for 
ment vessel, but the large size of such structures is eco- large capacity plants suffers from one or more disad-
nomically impractical. Accordingly, in order to contain 25 vantages. First, as noted above, the size of the nuclear 
the environment generated within the vessel, the shape containment vessel must be such as to contain the envi-
or design of the vessel is important from a size consid- ronment and to allow the pressure generated therein as 
eration in order to obtain a vessel having sufficient a result of an accident in the equipment enclosed by the 
strength and yet to have a size which is economically vessel to be dissipated. In prior art nuclear containment 
feasible. 3 0 vessels, plate thicknesses of 2 inches and greater are 

Further, the vessel must have sufficient plan or floor often required in order to give the vessels sufficient 
area such that the numerous items of equipment actu- strength to withstand the pressures. This relatively 
ally engaged in power generation can be located large thickness of the plate material utilized in the con-
therein near the ground level. This equipment must be struction of the vessel results in a high cost for materi-
positioned so as to be easily installed, operated and ser- 3 5 als. Moreover, the individual plates comprising the 
viced. shell of the vessel must be field welded as full penetra-

An overhead crane is generally employed for han- tion butt welds in accordance with the applicable prac-
dling the equipment enclosed within the containment tice governing such vessels. Therefore, the labor costs 
vessel since the equipment is usually quite heavy and for welding the plates together is very high. Moreover, 
the equipment must, therefore, lie within the service- 4 0 as commonly practiced, post weld heat treatment is re-
able area beneath the overhead crane. The crane must quired of all vessel welds in excess of a predetermined 
be sufficiently high so that large items can be lifted up PWHT thickness; therefore, post weld heat treatment 
and over adjacent items enclosed in the vessel and of substantially the entire containment vessel after 
hence a minimum height of crane rail exists. Moreover, completion of work in the field is required. The proce-
the crane must be capable of servicing essentially the dure and control for this heat treating process is uncer-
entire working area wherein the generating equipment tain and could prove to be of prohibitively high cost, 
and auxiliary equipment is located. It is desirable that Other disadvantages of prior art nuclear containment 
the vessel be capable of supporting the weight of the vessels are the height limitation of the working space 
crane and the loads handled by the crane. inside the containment vessel for the crane utilized 

The nuclear containment vessel is normally enclosed therein to handle the equipment enclosed by the vessel, 
inside a biological shield building usually made of con- and the limited plan area or floor space for the equip-
crete. The biological shield building limits the escape ment, or the unaccessibility of the equipment to the 
of radiation from within the containment vessel in the crane due to the shape of the vessel. Moreover, the size 
event of an accident or malfunction occurring in the ,_5 of the concrete biological shield building and its sup-
reactor equipment and the auxiliary equipment asso- porting foundation have to be quite large and hence ex-
ciated therewith. A containment vessel is desirable pensive in some prior art vessels, 
which minimizes the size and cost of the biological The present invention solves all of the above pro fa-
shield building, which is generally cylindrical with a Jems by providing a nuclear containment vessel corn-
dome roof. 6 Q prising a closed shell of revolution having a substan-

Further, the nuclear containment vessel itself should tially doubly curved surface with an elongated vertical 
be economical. One factor bearing on the economics of dimension, the doubly curved shell having a wall thick-
large vessels is the fact that, to withstand the applied ness equal to or less than the PWHT thickness over the 
pressures at desirable stress levels, heavy plate thick- major portion thereof. The doubly curved surface of 
nesses are required in the construction of the vessel. In 6 5 the shell imparts sufficient strength to the vessel to 
the prior art applied to large vessels, thicknesses over withstand internal pressures, heat, missiles, radioactive 
\Vz inches are common. Metallurgical and residual materials and the like while enabling the use of plate 
stress considerations then require that post weld heat thicknesses equal to or less than PWHT thickness, 
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which thus eliminates the necessity of post weld heat tions could comprise a sub-assembly including at least 
treatment in the field, and also substantially reduces one annular section or ring constructed of a number of 
labor costs incurred in welding the plates together in plates welded together to form the rings. If a portion 
constructing the nuclear containment vessel. Also, the comprises more than one ring, the rings would be 
reduction in overall thickness results in significant 5 welded together along their adjacent horizontal edges 
economies in material cost, and the vertical orientation to form the portion. 
of the structure gives adequate clearances both above The various sub-assemblies could be constructed in 
and below a crane supported in the vessel for handling the shop or in the field. For example, two or more 
the nuclear reactor and associated equipment. More- plates in a ring could be welded together in the shop be-
over, the vertical orientation of the nuclear contain- 10 fore shipment to the field. At the field, an entire ring 
ment vessel according to the present invention makes could be sub-assembled on the ground and then set into 
substantially all of the plan area or work area of the nu- place on top of the vessel being erected. When a vessel 
clear containment vessel accessible to the crane sup- is constructed from such sub-assemblies, it is possible 
ported therein. Further, plants with multiple nuclear to economically post weld heat treat welds made within 
reactor containment vessels are becoming common- 15 the sub-assemblies before the sub-assemblies are 
place and in these plants common services and facilities placed on the vessel being erected. The welds at the 
with the various structures offer greater economy. The edges of portions or sections which are welded together 
nuclear containment vessel's shape affects the length of in erecting the vessel shell would not be greater than 
expensive piping and the like used with the vessel, and the PWHT thickness, however. Obviously, the welds 
this invention minimizes this length. 20 within a sub-assembly could be made not greater than 

The present invention accomplishes these objectives the PWHT thickness, if desired, but the sub-assembly 
with a minimum horizontal area occupied by the vessel, construction permits a vessel to be economically con-
thus enabling a small and economical biological shield structed when such welds are greater than the PWHT 
building to be used. thickness. 

According to one form of the present invention, the 25 n D i c p r c n c T u c m n j c M T i m i 
structural support for the crane carried in the nuclear OBJECTS OF THE INVENTION 
containment vessel is common with a reinforcing band It is an object of this invention to provide a nuclear 
around the vessel. The band, accordingly, accom- containment vessel which is economical in construc-
plishes two purposes: that of supporting the crane, and tion. 
that of reinforcing the containment vessel. Further, the 3 0 Another object of this invention is to provide a nu-
reinforcing band is positioned above or below the ves- clear containment vessel which has a size and shape to 
sel's mid-height closely adjacent thereto, and thus al- contain the environment caused by an accident or mal-
lows greater flexibility in the location of major open- function in a nuclear reactor or auxiliary equipment en-
ings or hatches. closed within said vessel and which provides adequate 

Moreover, with a steel shell vessel, the concrete bio- 3-' space for said equipment enclosed therein, 
logical shield building can be constructed after the steel An even further object of this invention is to provide 
containment vessel is completed, and the plant's con- a nuclear containment vessel which comprises a closed 
struction can continue inside the steel containment ves- shell of revolution having a doubly curved surface elon-
sel unaffected by the shield's erection. gated in a vertical direction and which has a wall thick-

Elimination of post weld heat treatment permits ear- 4 0 ness throughout the major portion thereof less than or 
lier scheduling of work inside the vessel. This advan- equal to the PWHT thickness when constructed of steel 
tage enhances the construction time schedule and or the like. 
therefore reduces the cost. A further object of this invention is to provide a nu-

Large hatches for the very infrequent removal of clear containment vessel which is comprised of a shell 
large equipment could be eliminated because heat 4 5 of revolution having a doubly curved surface, said shell 
treatment is not required in welds in the vessel shell. having an elongated vertical dimension, and which has 
Whenever a large access opening is required into the adequate strength and size to contain the environment 
vessel, a section of vessel wall could be cut out and eco- in said vessel caused as a result of an accident or mal-
nomically rewelded after completion of work. Thicker function in nuclear equipment enclosed therein and 
walls requiring heat treatment would make this alterna- which, at the same time, affords adequate working 
tive impractical because of the cost involved and be- space and area for equipment enclosed therein and yet 
cause of the presence of power generating equipment which occupies a relatively small horizontal area, 
in the vessel. An even further object of this invention is to provide 

Since post weld heat treatment of welds to the vessel 5 5 a nuclear containment vessel which is comprised of a 
shell is expensive and difficult to control primarily shell of revolution formed by rotating a curved line 
when performed on the vessel itself, the vessel could be about a vertical axis, said curved line comprised of a 
economically constructed from various sub-assemblies plurality of curved segments or sections each of which 
in which the thickness could exceed the PWHT thick- may have different curvatures, 
ness, because the welds within the sub-assemblies could 6 Q It is an even further object of this invention to pro-
be heat treated prior to assembly of the sub-assemblies vide a nuclear containment vessel comprising at least 
on the vessel being erected. two main shell sections and at least one annular stiffen-

In this regard, each of the several forms of nuclear ing and reinforcing ring joining said main shell sections 
containment vessel according to the invention com- at adjacent ends thereof. 
prises a number of portions having different curvature, ^^ A still further object of this invention is to provide a 
or different thickness, or different curvature and differ- nuclear containment vessel comprising at least three 
ent thickness, with the portions welded together at ad- main shell sections, with an upper main shell section, 
jacent edges to complete the vessel. Each of the por- a lower main shell section and intermediate main shell 
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section joined together, with an annular reinforcing FIG. 20 is a top perspective view, shown partially in 
band between adjacent sections. phantom line, of a completed vessel constructed from 

A further object of this invention is to provide a nu- sub-assemblies, 
clear containment vessel constructed from sub- FIG. 21 is a view in elevation, partly broken away, of 
assemblies of pre-welded parts. 5 a plurality of containment vessels and associated equip-

Yet another object is to provide a method of con- m e n t connected together, and showing a portion of the 
structing a nuclear containment vessel wherein the ves- piping therebetween. 
sel is economically constructed f rom sub-assemblies DETAILED DESCRIPTION OF THE INVENTION 
within which the welds may exceed the PWHT thick-
nes s 10 Referring now to the drawings, wherein like refer-

ence numerals refer to like parts throughout the several 
BRIEF DESCRIPTION OF THE DRAWINGS views, a preferred form of nuclear containment vessel 

FIG. 1 is a side view in elevation of a first form of nu- i s S e a t e d generally at 1 in FIGS. 1, 2 and 3, and corn-
clear containment vessel according to the invention, l c P n s e s a shell of revolution 2 having a shape approx.-

with the surrounding biological shield building omitted. 1 5 ™ a t , n S t h a t of a prolate spheroid with each half having 
. . , .. , , three major portions A, B and C, and in this form of the 

FIG. 2 is a schematic sectional side view of the vessel . , . ' 
. . , * i i ,. „ „ , . , ,. invention, each portion has a different curvature and 

shown in FIG. 1 taken along line 2—2, and including . . . • ,. . .. , 
, , . , . , , . , , , . . . . thickness than the adjacent portion. Although the ves-

the biological shield building s e i c o u l d b e m a d e o f prestressed concrete or the like, 
FIG. 3 is a sectional view of the vessel shown in FIG. 2 0 i t i s p r e fe rably formed of a plurality of steel plates P 

1 and is taken along the line 3 - 3 , and including the bi- j o i n e d t o g e t h e r w i t h f u l l penetration butt welds W 
ological shield building. along adjacent edges thereof. The shell of revolution 

FIG. 4 is a view similar to FIG. 1 of a second form of h a s a n elongated vertical dimension V and a horizontal 
the vessel. dimension H less than the vertical dimension V, and the 

FIG. 5 is a view similar to FIG. 2 o f t h e modified form 25 vessel is preferably recessed into the ground g and rests 
o f t h e invention in FIG. 4 and is taken along line 5—5, G n a concrete pad or bed 3 suitably contoured to con-
and including the biological shield building. form to the shape of the lower end of the shell of revo-

FIG. 6 is a view similar to FIG. 1 of a third form of lution 2 and contacting the lower end of the shell, 
the vessel. The wall of the shell of revolution 2 has a varying 

FIG. 7 is a view similar to FIG. 5 and is a vertical 30 thickness, being thinnest over the end portions A, 
cross section of the third form of the vessel and includ- which have the greatest curvature or shortest radius of 
ing the biological shield building. curvature, and increasing in thickness through interme-

FIG. 8 is a view similar to FIG. 1 of a fourth form of diate portions B, to the thickest portion at the middle 
the vessel. part of the vessel at portion C, which has the least cur-

FIG. 9 is a view similar to FIG. 5 and is a vertical 3 5 vature or largest radius of curvature. Power generating 
cross section of the fourth form of the vessel and in- equipment such as a nuclear reactor and associated 
eluding the biological shield building. equipment, such as turbines, heat transfer media and 

FIG. 10 is an enlarged sectional view of one form of the like, are supported in the lower portion of the shell 
annular stiffening ring o r band and crane girder as used o f revolution 2 and are diagrammatically illustrated in 
in the various forms of the present invention. phantom lines at 4 in FIGS. 2 and 3. A suitable access 

FIG. 11 is an enlarged sectional view of a modified h a t c h o r opening 5 is in one side of the containment 
form of annular stiffening ring or band and crane v e s s e l f o r permitting access to the interior thereof and 

: d is closable to close the containment vessel. The posi-
F I G : 12 is an enlarged sectional view of an annular 4 5 ttoning of this access hatch 5 is variable within certain 

stiffening ring or band similar to FIG. 11, with addi- 1 , m l t s dictated by the positioning of the various equip-
v . „ ° .. .. . j ment supported and enclosed within the shell 2. If de-tional T-section stiffener rings on the outside surface . , , , , . . . , , , , . ther of sired, the access hatch could be omitted and a hole sim-

Ji® I . . • • . x , - , . „, ply cut in the wall of the vessel. The hole would be FIG. 13 is a view similar to FIG. 12 wherein the annu- ^ l d e d c l o s e d a f t e r u s e o f t h e o p e n i n g i s n o l o n g e r d e „ 
s t , f f e m " g r m 8 o r b f J 18 a r = u a t e ' y ^ a p e d with the 50 s i r e d A c r a n e g i r d e r 6 h a v i n g a c r a n e rail 7 is suitably 

meridional tangents of the stiffening ring or band and s u p p o r t e d b y t h e shell of revolution 2 on the inside sur-
adjacent main shell sections being cohnear. face thereof at the upper end of portion C of the shell 

FIG. 14 and 15 are views similar to FIGS. 12 and 13, a n d a p o j a r c r a n e 8 i s s u p p o r t e d on the crane rail 7. 
but with the annular T-section stiffening rings disposed T h e c r a n e 8 h a s a traverse T substantially equal to the 
on the inside surface of the annular stiffening ring or 55 w o r k i n g s p a c e o r p l a n a r e a P A D f t h e equipment 4 sup-
hand. ported in the lower portion of the shell 2 and, accord-

FIG. 16 is a view similar to FIG. 12 with the annular jn g ly, substantially all o f t h e equipment enclosed in the 
stiffening rings on the upper and lower main shell sec- containment vessel is accessible to the crane 8. 
tions. The containment vessel 1, if constructed of steel or 

FIG. 17 is a top perspective view of a pair of plates b u the like, is enclosed within a concrete biological shield 
welded together in a sub-assembly. building 9 having a cylindrical side wall 10 supported 

FIG. 18 is a top perspective view of an annular sec- on a suitable foundation 11 and a dome-shaped roof or 
tion or ring comprising a further sub-assembly of a plu- top 12. The cylindrical side wall 10 is spaced from the 
rality of welded together plates. 6 5 mid-portion of the shell of revolution 2 a minimum dis-

FIG. 19 is a top perspective view of a partially com- tance S. 
pleted vessel shell showing how the various portions are By way of specific example, a containment vessel 1 
welded together to form the vessel. built in accordance with the invention would have a 
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vertical dimension V of approximately 212 feet , a hori-
zontal dimension H of approximately 169 feet , a wall 
or plate thickness at the end portions A of approxi-
mately 1 inch, a thickness in the intermediate port ions 
B of approximately 15/16 inches and a thickness in the 
middle portion C of approximately 1 Vn inches. The 
crane would have a traverse T of approximately 136 
feet and the shell 2 would enclose a volume of approxi-
mately 3.17 million cubic fee t and would weigh approx-
imately 5.9 million pounds. The distance S would pref-
erably be about 3 feet . 

If desired, the vessel could be constructed f rom sub-
assemblies, and in this embodiment , each portion 
would comprise a single annular ring or section a, each 
annular ring or section being comprised of a plurality 
of the plates P welded together as at W„ along adjacent 
vertical edges. In constructing this vessel f rom sub-
assemblies, a pair of plates P would be welded together 
in the shop and shipped to the field. At the field, an en-
tire ring or section a, or in this case, portion A, B or C, 
could be welded together at W„ and the ring or portion 
placed in position at the top of the vessel being erected 
and welded at WA to an adjacent port ion. When the 
vessel is constructed of sub-assemblies in this manner , 
the welds W„ within the portions A, B or C could be 
greater than the PWHT thickness and the vessel could 
still be economically constructed. The welds W h at 
least at the edges of the portions would be not greater 
than the P W H T thickness, however. 

Referring now to FIGS. 4 and 5, a modification of the 
invention illustrated in FIGS. 1, 2 and 3 is shown and 
is identical in every respect with the invention illus-
trated and described with reference to FIGS. 1, 2 and 
3, except that the bot tom end of the shell of revolution 
2' comprising the vessel 1 ' is f la t tened to provide an in-
creased plan or f loor a rea for the equipment 4 sup-
ported therein. This containment vessel is more nearly 
egg-shaped and the f lat tened bot tom end may comprise 
a spherical zone or it may be elliptical or the like, as de-
sired. Inasmuch as the bot tom end of the shell of revo-
lution 2 ' is f la t tened, the wall thickness thereof would 
be greater than the wall thickness at the upper end and 
would be approximately 1 % inches in a typical installa-
tion. This vessel could be constructed f rom sub-
assemblies in the same manner as the FIG. 1 embodi-
ment. 

Referring now to FIGS. 6 and 7, a third form of the 
invention is shown and comprises a vessel 13 defined 
by a shell of revolution having an upper main shell sec-
tion 14 and a lower main shell section 15. The shell of 
revolution comprising the vessel 13 is generated by re-
volving a curved line about a vertical axis Y, said line 
comprising a plurality of portions A through F, and 
formed to close the upper and lower ends of the shell 
of revolution. Each portion A through F has either a 
different curvature or a different thickness than the ad-
jacent port ion, or the port ions may have both a differ-
ent curvature and a different thickness, if desired. The 
adjacent ends of the upper and lower main shell sec-
tions 14 and 15 are suitably connected as by welding or 
the like to the upper and lower edges respectively of an 
annular stiffening and reinforcing band or ring 16, 
which is positioned above the vertical mid-portion of 
vessel 13. 

The upper main shell section 14 comprises a hemi-
spherical portion A extending over approximately four-
fifths of the upper main shell section f rom the closed 

, 1 4 5 
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end thereof toward the stiffening ring or band 16, and 
a spherical portion or zone B joining the hemispherical 
portion to the reinforcing and stiffening band. The 
upper main shell section 14 has a radius of curvature 

5 r, , and substantially constant wall thickness through-
out , said thickness being less than or equal to the 
P W H T thickness, as for example, \ Vi inches. The annu-
lar stiffening and reinforcing band or ring 16 extends 
over the portion C between the upper and lower main 

10 shell sections. The portion C may be curved, if desired, 
having a radius of curvature rz. 

Approximately the upper two thirds of the lower 
main shell section 15 comprises a first portion D having 
a radius of curvature r3 and a first wall thickness, said 

15 portion having the shape of two truncated ogives with 
a common base between them. A second portion E 
having a different and shorter radius of curvature r4 

than the portion D extends f rom the lower part of por-
tion D and has the shape of a t runcated non-standard 

20 ogive and connects at its lower end with a third portion 
F having the shape of a spherical segment, said spheri-
cal segment closing the lower end of the lower main 
shell section 15 and having a radius of curvature r5. The 
wall thickness of the portions E and F is the same, but 

2 5 the curvature of each portion is different. The portions 
E and F have the thinnest wall sections and portion D 
has the thickest wall section, all of the wall thicknesses 
being less than or equal to the PWHT thickness, as for 
example, 1 Yz inches. 

3 0 As in the previous embodiments of the invention, the 
containment vessel is recessed into the ground g and is 
supported on a concrete pad or base 3. A biological 
shield building 9 surrounds and encloses the vessel 13 
and has a cylindrical side wall 10 and domed roof 12 

3 5 and is supported on a foundat ion 11. 
An access hatch 5 is in the lower main shell section 

15 for permitting entry to the interior of the vessel 13. 
Power generating equipment 4 , including a nuclear re-
actor and auxiliary equipment, is supported in the 

4 0 lower main shell section 15. In this embodiment , the 
crane girder 6 actually comprises a part of the reinforc-
ing or stiffening band 16 and serves to stiffen and rein-
force the containment vessel as well as to support the 
crane rail 7 and crane 8 thereon. The structure is thus 

4 5 simplified since a separate crane girder secured to a dif-
ferent portion of the interior of the shell of revolution 
in not required as in the previous embodiments . More-
over, in this embodiment , the vertical dimension V is 

5 0 greater than the vertical dimension of the previous em-
bodiments and the horizontal dimension H is less than 
the horizontal dimension of the previous embodiments . 

Even greater accessibility to the equipment 4 f rom 
the c rane 8 is possible with this embodiment than with 

5 5 the previous embodiments , and the vessel occupies 
even less horizontal area than the previous embodi-
ments. 

By way of specific example, a containment vessel in 
accordance with this embodiment would have a verti-

6 0 cal dimension V of approximately 223 feet , and a hori-
zontal dimension H of approximately 154 feet. The 
hemispherical portion A and spherical zone portion B 
each have a radius of curvature r , of approximately 75 
fee t and a wall thickness of approximately 1 inch. Por-

6 5 tion C, if curved, would have a radius of curvature r2 

of 32 fee t and a wall thickness of about 3 inches. Por-
tion D would have a radius of curvature r3 of about 135 
fee t and a wall thickness of approximately 1.5 inches. 
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Portions E and F would have a wall thickness of ap-
proximately 1.17 inches, with portion E having a radius 
of curvature r4 of about 45 feet and portion F having 
a radius of curvature r5 of about 90 feet. In this embodi-
ment, the crane girder and stiffening ring or reinforcing 
band would be disposed approximately 16 feet above 
the top of access hatch 5 and the reinforcing band 
would have a wall thickness of approximately 3 inches, 
as noted above, but since this portion of the vessel rep-
resents a relatively small portion of the shell of revolu-
tion, the cost involved in welding and post weld heat 
treatment of the welds would be relatively small. As in 
the previously described embodiments, the vessel pref-
erably comprises a plurality of steel plates P or the like 
welded together along adjacent edges by full penetra-
tion butt welds W. 

If desired, this embodiment of the vessel could also 
be constructed from sub-assemblies as in the previous 
embodiments. As seen in FIG. 6, the portions A and D 
would each comprise a pair of annular rings or sections 
a and b welded together at adjacent edges as at W,,. The 
sections a and b would each comprise a plurality of the 
plates P welded together along adjacent edges as at W„. 
The portions B, C, E and F each comprise a single an-
nular ring or section made up of a plurality of plates P 
welded together at W„. The welds W„ within the por-
tions could be greater than the PWHT thickness if de-
sired, and the vessel would still be economical, but the 
welds WA at least at the edges of the portions A, B, C, 
D, E and F are not greater than the PWHT thickness. 

Referring now to FIGS. 8 and 9, a fourth form of the 
invention is illustrated and comprises a vessel indicated 
generally at 17 and defined by a shell of revolution hav-
ing an upper main shell section 18, a middle or interme-
diate main shell section 19 and a lower main shell sec-
tion 20. The shell of revolution comprising the vessel 
17 is generated by rotating a curved line about the ver-
tical axis Y of the shell, said curved line having a plural-
ity of segments or portions A through H of different 
curvature and formed so that the shell is closed at its 
upper and lower ends. 

The upper main shell section 18 is comprised of a 
hemispherical portion A and a spherical zone or por-
tion B, the portion A comprising approximately five-
sixths of the upper main shell section. The wall thick-
ness of the upper main shell section, which comprises 
portions A and B, having a radius of curvature r,, is 
substantially constant throughout and is not greater 
than the PWHT thickness, or about 1 inches, for ex-
ample. The bottom edge of the upper main shell section 
is joined, as by welding or the like, to the upper edge 
of an annular stiffening ring 21 or reinforcing band 
which comprises a portion C in the shell of revolution 
17. The portion C may be curved, if desired, with a ra-
dius of curvature r2. The bot tom edge of the stiffening 
ring 21 is secured as by welding or the like to the top 
edge of the intermediate main shell section 19 which 
comprises two truncated ogives with a common base 
and is designated as portion D. The portion D has a ra-
dius of curvature r3, equal to the diameter of the vessel 
at this portion. 

The bot tom edge of the intermediate main shell sec-
tion 19 is joined, as by welding or the like, to the top 
edge of a second annular stiffening ring 22 which com-
prises a second portion E. The portion E may also be 
curved, with a radius of curvature r4. The top edge of 
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the bottom main shell 20 is joined, as by welding or the 
like, to the bottom edge of the second stiffening ring 
22. The bottom main shell section comprises three por-
tions F, G, and H each having a different radius of cur-

5 vature, r5, r6 and r7, respectively, with approximately 
the top half of the bottom main shell section being in 
the portion F and having the shape of a truncated 
ogive. The portion F blends into an intermediate por-
tion G which has the shape of a non-standard truncated 

10 ogive and has a sharper curvature than the portion F. 
The bottom end of the lower main shell 20 is closed by 
a spherical segment portion H which has less curvature 
than the portion G. The wall thickness of the shell in 
each of the portions is different, with the thickness in 

15 the portions C and E being approximately 3 inches and 
the thickness in portion F comprising the thickest por-
tion of the lower main shell section, and the portion G 
comprising the thinnest wall portion with portion H 
having an intermediate thickness. None of the wall 

20 thicknesses in vessel 17 exceeds the PWHT thickness, 
which is about 1 Vz inches as currently practiced, except 
for portions C and E which are thicker, being approxi-
mately 3 inches. 

The vertical dimension V of the containment vessel 
2 5 17 is the same as the vertical dimension of the embodi-

ment" illustrated in F I G . 7: that is, 223 feet, but the 
horizontal dimension H is less than the horizontal 
dimension of the embodiment illustrated in F I G . 4, 
being on the order of 150 feet. 

A crane girder 23 is secured to the inside part of stiff-
ening ring 21 and actually comprises a portion of the 
stiffening ring and supports a crane rail 7 and polar 
crane 8 thereon. This construction is substantially the 
same as the construction of the crane girder 6 and stiff-

3 5 ening ring 16 in the FIG. 7 embodiment. An access 
hatch 5 is positioned in the vessel adjacent the second 
stiffening ring 22 for access to the interior of the vessel, 
and power generating equipment 4, including a nuclear 
reactor and auxiliary equipment, is enclosed therein as 

4 0 in the previous embodiments. 
A biological shield building 9 surrounds the vessel 17 

as in the previous embodiments and is identically con-
structed, except that the diameter thereof is somewhat 
smaller than the diameter of the biological shield build-

4 5 ing in the FIG. 7 embodiment, since the horizontal di-
mension of the vessel is smaller. 

As in the previously described embodiments, the ves-
sel shown in FIGS. 8 and 9 could be constructed from 
pre-assembled sub-assembles, if desired. In such event, 
the portions A and F, for example, would each com-
prise a pair of annular rings or sections a and b welded 
together along their adjacent edges at Wft and the re-
maining portions, B, C, D, E, G and H would each com-

5 5 prise a single annular ring or section, each of the sec-
tions comprising a plurality of plates P welded together 
at their adjacent edges W„. When the vessel is con-
structed f rom such a sub-assembly of parts, the welds 
within a portion, such as a W„ between adjacent plates 

6 Q in an annular ring or section of plates, may exceed the 
PWHT thickness and still be economical. The welds W h 

at the edges of the portions A, B, C, etc., which are as-
sembled together to form the vessel, are not greater 
than the PWHT thickness, however. 

6 5 In each of the four embodiments of the invention de-
scribed hereinabove, the plate thickness at the weld 
seam is the critical factor from the standpoint of post 
weld heat t reatment and the remainder of the plates 
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themselves may be thicker than the PWHT thickness, FIG. 16 is a view similar to FIG. 12, but with the an-
if desired. nular T-section stiffening rings 3 3 " and 3 4 " welded to 

With respect to the sub-assembly construction of the the upper and lower main shell sections, respectively, 
vessels according to the several embodiments of the in- ad jacent the edges thereof which are welded to the an-
vention, thicknesses at the weld seams within the por- 5 nular reinforcing band 16. 
tions in excess of the P W H T thickness are economi- FIGS. 17 through 20 illustrate various steps in the 
cally permissible since post weld heat t rea tment can be construction of a vessel f rom sub-assemblies. In FIG. 
performed on the welds within the sub-assemblies 17, a pair of plates P are shown welded together as at 
prior to the time they are assembled on the vessel being W , along their adjacent edges to form a sub-assembly, 
erected. 1 0 These plates may be welded together in the shop if de-

FIGS. 10 through 16 illustrate various constructions sired, before shipment of the plates to the field. If the 
of the annular stiffening ring or reinforcing band and plates P have a thickness at the weld seam W„ greater 
crane girder. In FIG. 10, the stiffening ring comprises t h a n t h e P W H T thickness, the weld may be economi-
three sections 24, 25 and 26 welded together along ad- cally heat t reated before the plates are welded into the 
jacent edges by full penetrat ion but t welds W, with the 1 5 s h e 1 1 o f t h e v e s s e l b e i n 8 erected, 
upper and lower sections 24 and 26 having a greater I n F I G - 19> a plurality of plates P are shown welded 
thickness than the intermediate section 25. The upper i n t o a n annular section or ring a comprising a fur ther 
edge of section 24 is welded to the adjacent lower edge sub-assembly. This section or ring a may be welded to-
of the upper main shell section by means of a full pene- 8 e t h e r i n t h e f l e l d P r i o r t o assembly in the shell of the 
tration but t weld W and the lower edge of bottom sec- 2 0 v e s s e l b e i n 8 e r e c t e d a n d economically heat treated at 
tion 26 is welded to the adjacent top edge of the bot tom t h e w e l d s - ' f required, as noted above, 
main shell section by means of a full penetrat ion but t T h e s e c t i o n ti i s t h e n P l a c e d i n P o s , t l o n o n t o P o f a n " 
weld W. T h e crane girder 6 comprises a pair of verti- o t h e r s i m l l a r s e c t l o n b o n t h e v e s s e l a n d w e , d e d i n 

cally spaced upper and lower annular plates 27 and 28 P>ac
u

e a t , W * a s s , e e n i n F ,
U

G S ' 1 , 9
J

a n d 2 0 " T h e thickness 
welded along their outer peripheral edges to the inside 2 5 ° f P ^ s at : least at the weld seams W„ is less than 
surfaces of upper and lower sections 24 and 26, respec- * h e P W H T thickness to avoid the necessity of post weld 
.. , c i .-rz- • , , , , heat t reatment ot the vessel shell itselt. lively, of annular stiffening ring 16, and an annular cy- , , , , 
, . , . , • i n .J j v. * . l - i The edges of the plates P throughout the vessel shell hndncal ring 29 welded between the inner marginal , . , 6 , , , . , , , , • , , 4.- r j i i . I-? a i o a could be made less thick than the P W H T thickness, if edge portions of upper and lower plates 27 and 28. A ™ . ^ . ^ . . , ^ , ' , ... , . c .• ii j j- i. i . desired, but it is important that the thickness at least at plurality of circumferentially spaced diaphragm plates , r . . . • , ,, !,„ , . , i , , ' ° . the edges of the various portions is not greater than the 30 having cut-out port ions 31 and 32 therein are „ , . . , . , , . . , 

, , , j • -c - j P W H T thickness, as noted previously herein, welded around the c i rcumference of the crane girder „ , ... . ' V. , , , , , , , „ . FIG. 21 illustrates a pair of nuclear containment ves-between the upper and lower plates 27 and 28 and the , - , , , : , . . . .,_,• 
. _ , r . , , sels 36 and 37 and their biological shield buildings 9 in 

inner plate 2 9 to reinforce the crane girder and stiffen- 35 a c c o r d a n c e with the present invention, with the vessels 
,ng ring 16. The crane rail 7 is supported on top of the 3 f i a f i d 3 ? h a v i t h e a p p r o x i m a t e s h a o f a l a t e 
upper plate 27 in vertically aligned relationship with h e r o i d a s i n F I G 1 b u t m a d e o f r e i n f o r c e d concrete 
the annular cylindrical ring or wall 29. w k h a m e t a | H n e r s u c h a s s t e e , Q r t h e H k e A , u r a , 

A slightly modified form of annular stiffening ring 16 . o f f s u c h a s s t e a m . a n d t h e H k a r e 

is shown in FIG. 11. The details of construction of this 40 c o n n e c t e d between the equipment 4 in one vessel 36 
form of the invention are identical with the construc- a n d t h e e q u i p m e n t 4 in the other vessel 37 . As can be 
tion illustrated in FIG. 10, except that the stiffening s e e n t h e , e n g t h o f t h e s e p i p e s j g m i n i m i z e d d u e t o t h e 

ring 16' comprises a single plate of material having um- vertical orientation of the vessels and the smaller hori-
form thickness and welded between the bot tom edge of zontal dimensions thereof 
the upper main shell section and the top edge of the 45 E a c h o f t h e four embodiments of the nuclear con-
lower main shell section. tainment vessel as described herein comprises a shell of 

The annular stiffening ring 16 or 16' could have addi- revolution having at least three portions extending over 
tional stiffening means thereon as shown in FIG. 12. a t | e a s t half of the vertical extent of the shell of revolu-
This additional stiffening means comprises a pair of tion, each portion having either a different curvature or 
vertically spaced T-section annular stiffening rings 3 3 5 0

 a different wall thickness than the other portions, or 
and 34 welded about the outer surface of the stiffening e a c h portion could have both a different curvature and 
ring 16 adjacent the upper and lower edges thereof. a different wall thickness than the adjacent portions, 
The crane girder 6 could be secured to the inside sur- a n d the major portion of the wall of each of the shells 
face of stiffening ring 16 as in the FIGS. 10 and 11 em- Qf revolution has a thickness of not greater than the 
bodiments, if desired. P W H T thickness, or about 1 Vz inches according to cur-

FIG. 13 is substantially identical to FIG. 12, except rent practice, 
that the stiffening ring 1 6 " is curved with the concave Each of the four embodiments of the nuclear con-
side 35 facing outwardly. The curvature of the stiffen- ta inment vessel described herein comprises a shell of 
ing ring 1 6 " is such that the meridional tangents of the 6 Q revolution having portions generated by revolving 
stiffening ring at the upper and lower edges thereof co- curved lines about a vertical axis. The curved lines 
incide with the meridional tangents of the upper and could comprise circular arcs having a radius of curva-
lower main shell sections at the junc ture of the main ture, or the curved lines could be ellipses, parabolas, 
shell sections with the. stiffening ring. hyberbolas or the like. The only restriction is that the 

FIGS. 14 and 15 are identical to FIGS. 12 and 13, ex- 6 5 surface generated be appropriate for the intended pur-
cept that the additional T-section stiffening rings 3 3 ' pose and the distribution of equipment therein and the 
and 34 ' are welded to the inside surface of the annular thickness of shell and other structural considerations 
stiffening rings 16 and 1 6 " . be adequate . 
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While the embodiments described herein have been 
for a vessel constructed of steel, many of the advan-
tages of this invention are applicable to vessels con-
structed of other metals or materials such as reinforced 
concrete, such as vessels 36 and 37. If constructed of 
concrete or the like, a metallic liner may be required 
to insure leak tightness, as seen in FIG. 21. 

The description of the geometry of the curved lines 
revolved around the vertical axis to generate the dou-
bly curved surfaces, and the description of the geome-
try of the curved surfaces themselves, has been in terms 
of exact mathematical expressions, i. e., circles, ogives, 
spheres and the like. However, standard practice in 
drafting rooms and fabricating facilities is to approxi-
mate such exact lines and surfaces and this application 
is to be understood as being included in this invention. 

Further, while the major portion of the walls of the 
vessels according to the several embodiments of the in-
vention have been described as having a wall thickness 
of not greater than the PWHT thickness, the walls 
could have a thickness greater than the PWHT thick-
ness, if desired, so long as the thickness of the walls or 
plates P at the areas of the welds W does not exceed the 
PWHT thickness. 

Moreover , when the vessels are constructed of rein-
forced concrete, the PWHT thickness would have no 
significance, but the walls would have varying thickness 
and curvature to achieve the desired strength and thin 
wall construction as in the embodiments specifically 
described herein. 

It is to be understood that wherever in this applica-
tion reference is made to a "radius of curvature ," the 
curvature being referenced is that known more pre-
cisely as the meridional radius of curvature, and further 
that, references to "curva tu re" refers to the reciprocal 
of the meridional radius of curvature. 

As this invention may be embodied in several forms 
without departing from the spirit or essential character-
istics thereof, the present embodiment is therefore il-
lustrative and not restrictive, since the scope of the in-
vention is defined by the appended claims rather than 
by the description preceding them, and all changes that 
fall within the metes and bounds of the claims or that 
form their functional as well as conjointly cooperative 
equivalents, are therefore intended to be embraced by 
those claims. 

We claim: 
1. A nuclear containment vessel supporting and con-

taining a nuclear reactor and auxiliary equipment 
therewithin, said containment vessel comprising a plu-
rality of superposed, prefabricated annular rings 
welded together at adjacent edges, said rings compris-
ing a plurality of concavo-convex steel plates welded 
together at adjacent edges, said welded together rings 
defining a concavo-convex vessel having a horizontal 
dimension of at least about 140 feet and a vertical di-
mension of at least about 200 feet, the ratio of the hori-
zontal dimension to the vertical dimension being at 
least less than about 0.85 and the vessel having substan-
tially the shape of a prolate spheroid and being substan-
tially symmetrical about its center, the concavo-convex 
configuration of the containment vessel resulting in the 
thickness of the steel plates at least at the edges of the 
rings being not greater than the thickness at which post 
weld heat t reatment is required by applicable codes in 
such a containment vessel, while at the same time the 
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above structure results in the containment vessel hav-
ing sufficient strength and size to withstand forces im-
posed thereon due to malfunction of the nuclear reac-
tor or auxiliary equipment supported and confined 

5 therewithin, thus resulting in a substantial savings in 
material and time and cost of construction of the nu-
clear containment vessel, and resulting in the contain-
ment vessel occupying a smaller horizontal area than 
prior art nuclear containment vessels of a predeter-

10 mined comparable volumetric capacity, a concrete bio-
logical shield building surrounding the containment 
vessel in spaced relationship thereto to prevent escape 
of radiation, and said vessel supported at a lower end 
portion thereof on a concrete foundation, said concrete 

15 foundation contacting and contoured to conform to the 
shape of the lower end portion of the vessel. 

2. A nuclear containment vessel as in claim 1, 
wherein the horizontal dimension of the vessel is about 
169 feet and the vertical dimension of the vessel is 

20 about 212 feet. 
3. A nuclear containment vessel as in claim 1, 

wherein the upper and lower halves of said vessel each 
comprise at least three portions having different curva-
tures and different wall thickness and welded together 

2 5 at adjacent edges thereof. 
4. A nuclear containment vessel as in claim 3, 

wherein said vessel includes a first portion at each end 
of the vessel having a first curvature and a first wall 
thickness, a second portion at a mid-portion of said ves-

3 0 sel having a second curvature and a second wall thick-
ness and a third portion intermediate said first and sec-
ond portions and having a third curvature and a third 
wall thickness, said first curvature being greater than 
said third curvature and said third curvature being 

3 5 greater than said second curvature, the first wall thick-
ness being less than the third wall thickness and the 
third wall thickness being less than the second wall 
thickness, each of said wall thicknesses at least at the 
welded together adjacent edges of said portions being 

4 0 not greater than the thickness at which post weld heat 
t reatment is required. 

5. A nuclear containment vessel as in claim 4, 
wherein the thickness of the plates at least at the edges 
of said portions is approximately 1% inches. 

4 5 6 . A nuclear containment vessel as in claim 4, 
wherein a crane rail is supported on an inside surface 
of said vessel above the vertical mid-portion thereof in 
said second portion, and a polar crane is supported on 
said crane rail. 

7 . A nuclear containment vessel as in claim 6, 
wherein an access hatch is in one side of said vessel 
below the vertical mid-portion thereof and in said sec-
ond portion. 

5 5 8 . A nuclear containment vessel as in claim 3, 
wherein the said at least three portions of the upper 
half of the vessel are substantially identical to the said 
at least three portions of the lower half of the vessel, 
said upper and lower halves being mirror images of 

6 Q each other. 
9 . A nuclear containment vessel as in claim 8, 

wherein said portions each comprise segments of dif-
ferent ellipsoids of revolution. 

10. A nuclear containment vessel supporting and 
^ containing a nuclear reactor, a turbine and other auxili-

ary equipment therewithin, said containment vessel 
comprising a plurality of superposed, prefabricated an-
nular rings welded together at adjacent edges, said 
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rings comprising a plurality of concavo-convex steel 
plates welded together at adjacent edges, said welded 
together rings defining a concavo-convex vessel having 
a horizontal dimension of at least about 140 feet and a 
vertical dimension of at least about 200 feet , the ratio 
of the horizontal dimension to the vertical dimension 
being at least less than about 0.85 and the vessel being 
substantially an egg shape with an upper end and a 
lower end, the upper end having a shorter radius of cur-
vature than the lower end, the concavo-convex config-
uration of the conta inment vessel resulting in the thick-
ness of the steel plates at least at the edges of the rings 
being not greater than the thickness at which post weld 
heat t rea tment is required by applicable codes in such 
a conta inment vessel, while at the same time the above 
structure results in the conta inment vessel having suffi-
cient strength and size to withstand forces imposed 
thereon due to malfunction of the nuclear reactor or 
auxiliary equipment supported and confined there-
within, thus resulting in a substantial savings in material 
and time and cost of construction of the nuclear con-
tainment vessel, and resulting in the containment vessel 
occupying a smaller horizontal area than prior art nu-
clear containment vessels of a predetermined compara-
ble volumetric capacity, a concre te biological shield 
building surrounding the conta inment vessel in spaced 
relationship thereto to prevent escape of radiation, and 
said vessel supported at a lower end portion thereof on 
a concrete foundat ion, said concrete foundation con-
tacting and contoured to conform to the shape of the 
lower end portion of the vessel. 

11. A nuclear conta inment vessel as in claim 3, 
wherein the upper and lower halves of said vessel each 
comprise at least three portions having different curva-
tures and different wall thicknesses and said portions 
welded together at adjacent edges thereof. 

12. A nuclear conta inment vessel as in claim 11, 
wherein said vessel includes a first portion at the upper 
end of said vessel having a first curvature and a first 
wall thickness, a second portion at the midportion of 
said vessel having a second curvature and a second wall 
thickness, a third portion intermediate said first and 
second portions and having a third curvature and a 
third wall thickness, and a fourth portion at the bottom 
end of said vessel having a fourth curvature and a 
fourth wall thickness, said first curvature being greater 
than said third curvature and said third curvature being 
greater than said second curvature, said first wall thick-
ness being less than the third wall thickness and the 
third wall thickness being less than the second wall 
thickness, said fourth curvature being greater than the 
second curvature and the fourth wall thickness being 
approximately equal to said second wall thickness, 
each of said wall thicknesses at least at the ad jacent 5 5 

welded together edges of the portions being not greater 
than the thickness at which post weld heat t rea tment is 
required. 

13. A nuclear containment vessel as in claim 12, 
wherein a crane rail is supported on the inside surface 
of said vessel above the vertical mid-portion thereof in 
said second portion and a polar c rane is supported on 
said crane rail. 

14. A nuclear conta inment vessel as in claim 13, 6 5 

wherein an access hatch is in one side of said vessel 
below the vertical mid-portion thereof and in said sec-
ond portion. 
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15. A nuclear containment vessel supporting and 
containing a nuclear reactor and auxiliary equipment 
therein, said containment vessel comprising a plurality 
of superposed, prefabricated annular rings welded to-

5 gether at adjacent edges, said rings comprising a plural-
ity of concavo-convex steel plates welded together at 
ad jacent edges, said welded together rings defining a 
concavo-convex vessel having a horizontal dimension 
of at least about 140 feet and a vertical dimension of 

' 0 a t least about 200 feet , the ratio of the horizontal di-
mension to the vertical dimension being at least less 
than about 0.85, said vessel comprising an upper con-
cavo-convex main shell section and a lower concavo-
convex main shell section, and an annular reinforcing 
band of less horizontal dimension than the upper and 
lower main shell sections between the adjacent ends of 
said upper and lower main shell sections joining said 
upper and lower main shell sections together, the con-
cavo-convex configuration of the containment vessel 
resulting in the thickness of the steel plates at least at 
the edges of the rings being not greater than the thick-
ness at which post weld heat t reatment is required by 
applicable codes in such a containment vessel, while at 

2 5 the same t ime the above structure results in the con-
tainment vessel having sufficient strength and size to 
withstand forces imposed thereon due to malfunction 
of the nuclear reactor or auxiliary equipment sup-
ported and confined therewithin, thus resulting in a 

3q substantial savings in material and time and cost of con-
struction of the nuclear containment vessel, and result-
ing in the containment vessel occupying a smaller hori-
zontal area than prior art nuclear containment vessels 
of a predetermined comparable volumetric capacity, a 

35 concrete biological shield building surrounding the 
containment vessel in spaced relationship thereto to 
prevent escape of radiation, and said vessel supported 
at a lower end portion thereof on a concrete founda-
tion, said concrete foundation contacting and con-

40 toured to conform to the shape of the lower end por-
tion oFtEe vessel. 

16. A nuclear containment vessel as in Claim 15, 
wherein the upper main shell section comprises two 
portions having a first radius of curvature and a first 

4 5 wall thickness, said lower main shell section com-
prises four portions having different radii of curvature 
and different wall thicknesses, and said reinforcing 
band comprises a portion having a different radius of 
curvature than the adjacent port ions of the upper and 
lower main shell sections. 

17. A nuclear containment vessel as in claim 16, 
wherein the upper main shell section comprises a hemi-
spherical portion and a spherical zone portion, said 
portions having the same radius of curvature and the 
same wall thickness. 

18. A nuclear containment vessel as in claim 17, 
wherein said wall thickness of the upper main shell sec-
tion is approximately 1 inch and the radius of curvature 
is approximately 75 feet. 

19. A nuclear containment vessel as in class 18, 
wherein said lower main shell section comprises a first 
portion having the shape of two truncated ogives with 
a common base between them, said portion merged 
into a second portion having the shape of a t runcated 
non-standard ogive, and said second portion merged 
into a third port ion having the shape of a spherical seg-
ment. 
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18 
20. A nuclear containment vessel as in claim 19, 

wherein said first portion has a first radius of curvature 
and a first wall thickness, said second portion has a sec-
ond radius of curvature less than said first radius of cur-
vature and a second wall thickness less than said first 
wall thickness, and said third portion has a third radius 
of curvature greater than the second radius of curva-
ture and a third wall thickness. 

21. A nuclear containment vessel as in claim 20, 
wherein said reinforcing band portion has a wall thick-
ness greater than the wall thickness of the upper and 
lower main shell sections. 

22. A nuclear containment vessel as in claim 21, 
wherein the reinforcing band portion has a wall thick-
ness of approximately 3 inches. 

23. A nuclear containment vessel as in claim 22, 
wherein the first radius of curvature is about 135 feet , 
the first wall thickness is about 1.43 inches, the second 
wall thickness is about 1.17 inches, the second radius 
of curvature is about 45 feet, the third wall thickness 
is about 1.17 inches, and the third radius of curvature 
is about 90 feet. 

24. A nuclear containment vessel as in claim 20, 
wherein a crane rail is supported on said reinforcing 
band and a polar crane is supported on said crane rail 
for servicing nuclear equipment and associated auxili-
ary equipment in the lower portion of said vessel. 

25. A nuclear containment vessel as in claim 24, 
wherein the crane rail and reinforcing band are above 
the vertical mid-portion of the vessel. 

26. A nuclear containment vessel as in claim 15, 
wherein a plurality of circumferentially extending, ver-
tically spaced, annular plates are welded to said rein-
forcing band adjacent the upper and lower edges 
thereof and inside said vessel. 

27. A nuclear containment vessel as in claim 26, 
wherein said annular reinforcing band further includes 
a plurality of circumferentially spaced, radially extend-
ing diaphragm plates welded to said annular reinforcing 
band and to said spaced annular reinforcing plates. 

28. A nuclear containment vessel as in claim 27, 
wherein a crane rail is supported from the reinforcing 
band. 

29. A nuclear containment vessel as in claim 15, 
wherein said annular reinforcing band comprises a cy-
lindrical portion welded between the adjacent ends of 
said main shell sections, and a pair of vertically spaced, 
annular T-section reinforcing means welded to said cy-
lindrical portion adjacent the upper and lower edges 

1 thereof. 
30. A nuclear containment vessel as in claim 29, 

wherein said annular, T-section reinforcing means are 
on the inside surface of said reinforcing band. 

31. A nuclear containment vessel as in claim 29, 
wherein said annular, T-section reinforcing means are 
on the outside surface of said reinforcing band. 

32. A nuclear containment vessel as in claim 15, 
wherein said annular reinforcing band comprises a dou-
bly curved annular ring welded between adjacent edges 
of said main shell sections and having a concave side 
and a convex side, with the concave side facing out-
wardly of said vessel. 

33. A nuclear containment vessel as in claim 15, 
wherein the horizontal dimension of the vessel is about 
154 feet and the vertical dimension of the vessel is 
about 223 feet. 

34. A nuclear containment vessel as in claim 15, 

wherein at least one annular reinforcing means is at-
tached to at least one of the main shell sections near to 
said adjacent edges. 

35. A nuclear containment vessel supporting and 
containing a nuclear reactor and auxiliary equipment 
therewitin, said containment vessel comprising a plu-
rality of superposed, prefabricated annular rings 
welded together at adjacent edges, said rings compris-
ing a plurality of concavo-convex steel plates welded 
together at adjacent edges, said welded together rings 
defining a concavo-convex container having a horizon-
tal dimension of at least about 140 feet and a vertical 
dimension of at least about 200 feet, the ratio of the 

j horizontal dimension to the vertical dimension being at 
least less than about 0.85, said vessel comprising an 
upper main shell section, a lower main shell section, 
and an intermediate main shell section, said main shell 
sections being joined together at adjacent ends by a 

2 0 pair of vertically spaced, annular reinforcing bands of 
Jess horizontal dimension than the main shell sections, 
the concavo-convex configuration of the containment 
vessel resulting in the thickness of the steel plates at 
least at the edges of the rings being not greater than the 

25 thickness at which post weld heat treatment is required 
by applicable codes in such a containment vessel, while 
at the same time the above structure results in the con-
tainment vessel having sufficient strength and size to 
withstand forces imposed thereon due to malfunction 

30 of the nuclear reactor or auxiliary equipment sup-
ported and confined therewithin, thus resulting in a 
substantial savings in material and time and cost of con-
struction of the nuclear containment vessel, and result-
ing in the containment vessel occupying a smaller hori-

35 zontal area than prior art nuclear containment vessels 
of a predetermined comparable volumetric capacity, a 
concrete biological shield building surrounding the 
containment vessel in spaced relationship thereto to 
prevent escape of radiation, and said vessel supported 

40 at a lower end portion thereof on a concrete founda-
tion, said concrete foundation contacting and con-
toured to conform to the shape of the lower end por-
tion of the vessel. 

36. A nuclear containment vessel as in claim 35, 
4 5 wherein the upper main shell section comprises two 

portions, said two portions comprising a hemispherical 
portion merged into a spherical zone portion, and said 
spherical zone portion merged into one of said spaced 
reinforcing bands, said reinforcing band comprising a 
third portion. 

37. A nuclear containment vessel as in claim 36, 
wherein said two portions have a first radius of curva-
ture and a first wall thickness, and said third portion 

5 5 has a second radius of curvature and a second wall 
thickness, said second radius of curvature being differ-
ent than said first radius of curvature and said second 
wall thickness being different than said first wall thick-

i ness. 
60 38. A nuclear containment vessel as in claim 37, 

wherein said second radius of curvature is less than said 
first radius of curvature, and said second wall thickness 
is greater than said first wall thickness. 

39. A nuclear containment vessel as in claim 37, 
65 wherein said intermediate main shell section comprises 

a fourth portion in the shape of two truncated ogives 
with a common base and having a third radius of curva-
ture and a third wall thickness, said third radius of cur-
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vature being greater than said first radius of curvature 
and said third wall thickness being greater than said 
first wall thickness, 

40. A nuclear containment vessel as in claim 39, 
wherein said intermediate main shell section is merged 
into the other of said reinforcing bands, said other rein-
forcing band comprising a fifth portion having fourth 
radius of curvature and a fourth wall thickness, said 
fourth radius of curvature being different than said first 
radius of curvature, and said fourth wall thickness 
being approximately equal to the second wall thick-
ness. 

41 . A nuclear containment vessel as in claim 40, 
wherein the lower main shell section comprises a plu-
rality of portions including a sixth portion having the 
shape of two truncated ogives with a common base and 
joined to said fifth port ion at the upper end thereof, 
and having a fifth radius of curvature and a fifth wall 
thickness, said fifth radius of curvature being approxi-
mately equal to said third radius of curvature and said 
fifth wall thickness being approximately equal to said 
third wall thickness, said sixth portion merging at its 
lower end into a seventh portion having the shape of a 
non-standard t runcated ogive and a sixth radius of cur-
vature and a sixth wall thickness, said sixth radius of 
curvature being less than said first radius of curvature 
and said sixth wall thickness being greater than said 
first wall thickness, and said seventh portion merging 
into an eighth portion having the shape of a spherical 

, 1 4 5 
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zone and having a seventh radius of curvature and a 
seventh wall thickness, said seventh radius of curvature 
being greater than said frist radius of curvature and less 
than said fifth radius of curvature and said seventh wall 

5 thickness being greater than said first wall thickness. 
42 . A nuclear containment vessel as in claim 41, 

wherein said first radius of curvature is approximately 
75 feet , said second radius of curvature is approxi-

. mately 57 feet , said third radius of curvature is approxi-
1 0 mately 150 feet , said fourth radius of curvature is ap-

proximately 62 feet , said fifth radius of curvature is ap-
proximately 150 feet, said sixth radius of curvature is 
approximately 45 feet , and said seventh radius of cur-

! 5 vature is approximately 90 feet . 
43. A nuclear containment vessel as in claim 42, 

wherein a crane rail is supported on the inside surface 
of said vessel at said upper annular reinforcing band, 
and an access hatch is in the side of said vessel at the 

20 lower annular reinforcing band. 
44. A nuclear containment vessel as in claim 40, 

wherein said fourth radius of curvature is greater than 
said second radius of curvature but less than said first 
radius of curvature. 

25 45. A nuclear containment vessel as in claim 35, 
wherein the horizontal dimension of the vessel is about 
150 feet and the vertical dimension of the vessel is 
about 223 feet. 

* * * * * 
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