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(57) Abstract: A steam generator enclosure system for a nuclear power genera-
tion plant includes a concrete slab defining an operating deck and an enclosure
disposed on the slab. The enclosure is formed by a double-walled sidewall com-
prising an inner and outer shell spaced radially apart defining an annular space
therebetween filled with concrete for radiation shielding. Vertically-extending
rib plates in the annular space couple the inner and outer shells together. Down-
ward extensions of the rib plates from the sidewall form anchors embedded in
the concrete slab. A steam generator vessel seated on the slab is disposed inside
an internal cavity formed by the sidewall. Seismic restraints provided at multiple
elevations couple the vessel to the sidewall in a manner which accommodates
thermal expansion/contraction of the vessel. In one embodiment, the enclosure
may have a modular construction formed by an assemblage of shop-fabricated
wall section modules erected on site and filled with concrete.
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STEAM GENERATOR ENCLOSURE STRUCTURE FOR NUCLEAR POWER
GENERATION PLANT

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No. 63/615,883 filed

December 29, 2023, which is incorporated herein by reference in its entirety.
BACKGROUND

[0002] The present invention relates generally to a nuclear power generation plant, and more
particularly to an enclosure structure for housing a steam generator associated with a small
modular reactor (SMR).

[0003] The steam generator in a nuclear power generation plant may be a tall vertical heat
exchanger which receives heated primary coolant from the reactor pressure vessel (RPV)
containing the nuclear fuel core which heats the primary coolant. The steam generator includes a
tube bundle which conveys a secondary working fluid such as water inside the tubes which is
converted to steam via absorbing heat from the primary coolant. The steam can be used to operate
the turbogenerator associated with a Rankine power generation cycle to produce electricity in a
well known manner. The primary coolant flows on the shell side inside the steam generator outside
of the tubes and is therefore fluidly isolated from the working fluid water.

[0004] However, because the reactor coolant water (i.e. primary coolant) which inevitably
contains small amounts of radionuclides picked up in the reactor circulates through the steam
generator along side the secondary working fluid inside the tubes, the radiation emanating from
the primary coolant necessitates that the steam generator be sequestered from the environment to
protect plant workers from radiation exposure.

[0005] In the present state-of-the-art, the steam generator is typically enclosed inside a large
rectangular enclosure structure with walls made of reinforced concrete alone which occupy a
considerable amount of space and area inside the reactor containment building, thereby requiring
expensive on-site only construction of the concrete structure. The containment needs of the steam
generator concomitantly drives the size of the reactor containment building up also. This is
contrary to the general goals of small modular reactors (SMRs) one of which is to minimize the

footprint and land area required to install and operate a nuclear power generation facility.
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[0006] Improvements in radiation containment enclosures for steam generators of a SMR powered

nuclear power generation plant is needed.
BRIEF SUMMARY

[0007] The present application discloses a modular steam generator enclosure structure (SGES)
which can be substantially shop manufactured in segments or sections shipped to the nuclear
generation plant for assembly and erection on site, occupies a much smaller floor surface area
inside the reactor containment building, serves to efficiently shield the surrounding environment
and workers from the radiation emitted by the primary coolant inside the steam generator, and
finally increases the steam generator’s “beam-frequency” to better resist seismic events
(earthquakes). The SGES laterally encloses the steam generator.

[0008] In one embodiment, the individual SGES sections may be stacked and coupled together at
the installation site to erect a vertically tall enclosure substantially commensurate for the most part
with the height of the steam generator vessel. A majority of the height of the steam generator
vessel may be enclosed within the walls of the SGES (e.g., 80% or more) starting at the concrete
slab that forms the plant operating deck below and extending upwards to a height enclosing all of
the steam generator vessel except for its very upper portion in some embodiments. This ensures
that the operating deck which may be occasionally occupied by plant workers are shielded from
radiation exposure. In other possible embodiments, the entire height of the steam generator may
be surrounded by the SGES. The bottom end of the SGES is founded on and fixedly anchored in
the concrete operating deck. The top end of the SGES may be open for access to the steam
generator inside and to allow air within the SGES which may be heated by the steam generator to
rise and escape the enclosure.

[0009] The SGES may have a non-polygonal cross-section shape such as circular, or in a preferred
embodiment oblong such as elliptical. The SGES is sufficiently larger in diameter compared to the
steam generator to enable workers to perform preventive or remedial maintenance work on the
steam generator without undue space restriction. The elliptical configuration in particular provides
additional enlarged space at its ends on two opposite sides of the steam generator inside the SGES
to easily accommodate routing primary coolant piping from the reactor pressure vessel, seismic
lateral restraints for the steam generator to stabilize the vessel against a seismic event, and
increased personnel access to the steam generator for maintenance and repairs. In addition, the

elliptical cross-section SGES which forms a three-dimensional ellipsoid advantageously is
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narrower in the short transverse direction which saves room on the operating deck of the plant to
accommodate other equipment, yet still provides sufficient access to the steam generating vessel.
[0010] In one embodiment, the SGES may be a double-walled structure having composite walls
formed by two spaced apart concentric steel shells including inner and outer shells defining an
annular space therebetween filled with high density concrete on site as the enclosure is gradually
built from the bottom up by stacking and coupling individually fabricated wall segments together
in tiers. The two shells are joined and coupled to each other by a plurality of vertically elongated
radial connector rib plates. The plates extend both radially perpendicular to the shells and axially
in the vertical direction. In the vertical direction, the rib plates may be formed either intermittently
and spaced vertically apart, or continuously from the top to bottom of SGES.

[0011] In one embodiment, the SGES may have a modular construction formed by an assembly
comprising a plurality of both curved and straight wall sections or modules for erecting an elliptical
enclosure in cross-section (i.e. ellipsoidal three-dimensional structure). Each wall section module
comprises an inner shell and outer shell coupled together by at least two vertical radial connector
rib plates. For an SGES with circular cross-sectional shape, all wall section modules are curved.
For an SGES with polygonal cross-sectional shape (e.g., square or rectangular), all wall section
modules are straight. The wall section modules advantageously are prefabricated in the shop and
then shipped to the plant site for assembly and coupling together such as via welding and/or
bolting. The wall section modules may be shop fabricated to maximum permissible shipping
dimensions depending on the mode of transport which permits shipment to the site via rail car,
truck bed, barge/ship, etc. for assembly by methods such as welding and/or bolting. The concrete
liner in the annular space of each wall section module is added later at the plant installation site.
[0012] The SGES may be constructed on site at the nuclear power generation plant from a plurality
of vertically stacked tiers of the wall section modules to gradually erect the SGES to the required
preselected height; each tier including a coupled ring of wall section module forming a continuous
ring structure for a non-polygonal shaped SGES (e.g., circular or elliptical). Advantageously,
each tier when completed by coupling the wall section modules together forms a complete annular
space which can then be filled with concrete before moving on to assembling the next successive
tier up and so forth. Each ring of wall section modules is coupled to the next vertically adjacent

ring of modules. This method of construction provides cost and installation advantages in contrast
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to complete site fabrication of the SGES. By filling the wall section modules on site, their overall
weight is lessened making them more amenable to shipment in a cost-efficient manner.

[0013] The steam generator may be laterally supported and stabilized within the internal cavity of
the SGES by a plurality of lateral restraint members such as without limitation snubbers and sway
braces or struts which couple the steam generator to the inner shell of the SGES at multiple
elevations and circumferential locations as further described herein. This provides protection
against excessive lateral movement of the steam generator relative to the SGES during a seismic
event to prevent damaging the steam generator.

[0014] The steam generator may be any steam generating vessel which is a shell and tube heat
exchanger circulating heated primary coolant for the nuclear reactor pressure vessel containing the
nuclear fuel core on the shell side inside the vessel, and a working fluid such as water circulating
inside the tubes on the tube side heated by the primary coolant to generate steam. The steam may
be used in a nuclear power generation plant in one embodiment which includes a turbogenerator
and associated auxiliary equipment associated with a Rankine power cycle to generate electricity.
[0015] In one aspect, the invention may be an enclosure structure for a vertically elongated steam
generator of a nuclear power generation plant, the enclosure structure comprising: a vertical
fongitudinal axis; an elongated double-walled sidewall extending vertically along the longitudinal
axis, the sidewall including top and bottom ends; the sidewall comprising a metallic inner shell
and a metallic outer shell in a concentric arrangement spaced radially apart from each other to
define an annular space therebetween; the sidewall defining a laterally enclosed internal cavity
extending vertically along the longitudinal axis, the internal cavity configured for housing the
steam generator therein; a plurality of vertically-extending rib plates disposed in the annular space
coupling the inner and outer shells together, the rib plates being circumferentially spaced apart and
extending radially between the inner and outer shells; a concrete liner disposed in the annular
space; and a plurality of circumferentially spaced apart anchors projecting vertically downwards
from the bottom end of the sidewall, the anchors being configured for embedment in concrete
[0016] In another aspect, the invention may be a steam generator enclosure system for a nuclear
power generation plant comprising: a concrete slab defining an operating deck; an enclosure
disposed on the slab and defining a vertical longitudinal axis, the enclosure comprising: an
elongated double-walled sidewall extending vertically along the longitudinal axis, the sidewall

including top and bottom ends; the sidewall comprising a metallic inner shell and a metallic outer
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shell in a concentric arrangement spaced radially apart from each other to define an annular space
therebetween, the sidewall defining a laterally enclosed internal cavity extending vertically along
the longitudinal axis; a plurality of vertically-extending rib plates disposed in the annular space
coupling the inner and outer shells together, the rib plates being circumferentially spaced apart and
extending radially between the inner and outer shells; a concrete liner disposed in the annular
space; a plurality of anchors projecting vertically downwards from the bottom end of the sidewall,
the anchors being embedded in the concrete slab. A steam generator vessel is disposed in the

internal cavity and seated on the slab.
BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The present invention will become more fully understood from the detailed description and
the accompanying drawings, wherein like elements are labeled similarly and in which:

[0018] FIG. 1 is a top perspective view of a modular steam generator enclosure structure (SGES)
for housing a steam generating vessel associated with a nuclear power generation system in
accordance with an embodiment of the present invention;

[0019] FIG. 2 is an enlarged view of the upper portion of the SGES in FIG. 1;

[0020] FIG. 3 is a bottom perspective view of the SGES;

[0021] FIG. 4 is an enlarged view of the lower portion of the SGES in FIG. 3;

[0022] FIG. 5 is a side view of the long side of the SGES;

[0023] FIG. 6 is a side view of the short side of the SGES;

[0024] FIG. 7 is a top view of the SGES;

[0025] FIG. 8 is a bottom view of the SGES;

[0026] FIG. 9 is a transverse cross-section taken along line 9-9 in FIG. 6 proximate to the bottom
of the SGES;

[0027] FIG. 10 is a transverse cross-section taken along line 10-10 in FIG. 6 in an intermediate
portion of the SGES;

[0028] FIG. 11 is a transverse cross-section taken along line 11-11 in FIG. 6 proximate to the top
of the SGES;

[0029] FIG. 12 is side perspective view of the SGES;

[0030] FIG. 13 is a transverse cross-sectional view of a portion of the sidewall of the SGES
showing one of the seismic restraint anchorage plate assemblies;

[0031] FIG. 14 is an end view thereof looking inward toward the SGES;
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[0032] FIG. 15 is a top view of the SGES showing the seismic restraint system for the steam
generating vessel;

[0033] FIG. 16 is a top perspective view thereof’,

[0034] FIG. 17 is a side perspective view thereof showing the steam generating vessel coupled to
the seismic restraint system;

[0035] FIG. 18 is a perspective view of a straight wall section module used to erect the SGES of
FIG. 1 in a modular construction method;

[0036] FIG. 19 is a perspective view of a curved wall section module used to erect the SGES of
FIG. 1;

[0037] FIG. 20 is an enlarged partial bottom perspective view of a portion of the SGES showing
details of anchors use for embedment in concrete to support the SGES; and

[0038] FIG. 21 is side cross-sectional view of the lower portion of the SGES showing the double
walled construction of the sidewall thereof.

[0039] All drawings are schematic and not necessarily to scale. Features shown numbered in
certain figures which may appear un-numbered in other figures are the same features unless noted

otherwise herein.
DETAILED DESCRIPTION

[0040] The features and benefits of the invention are illustrated and described herein by reference
to non-limiting exemplary embodiments. This description of exemplary embodiments is intended
to be read in connection with the accompanying drawings, which are to be considered part of the
entire written description. Accordingly, the disclosure expressly should not be limited to such
exemplary embodiments illustrating some possible non-limiting combination of features that may
exist alone or in other combinations of features.

[0041] In the description of embodiments disclosed herein, any reference to direction or
orientation is merely intended for convenience of description and is not intended in any way to

I <

limit the scope of the present invention. Relative terms such as “lower,” “upper,” “horizontal,”

7w 2

“vertical,”, “above,” “below,” “up,” “down,” “top” and “bottom” as well as derivatives thereof

2 LC

(e.g., “horizontally,” “downwardly,” “upwardly,” etc.) should be construed to refer to the
orientation as then described or as shown in the drawing under discussion. These relative terms
are for convenience of description only and do not require that the apparatus be constructed or

operated in a particular orientation. Terms such as “attached,” “affixed,” “connected,” “coupled,”
2 2 2
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“interconnected,” and similar refer to a relationship wherein structures are secured or attached to
one another either directly or indirectly through intervening structures, as well as both movable or
rigid attachments or relationships, unless expressly described otherwise.

[0042] As used throughout, any ranges disclosed herein are used as shorthand for describing each
and every value that is within the range. Any value within the range can be selected as the terminus
of the range. In addition, any references cited herein are hereby incorporated by reference in their
entireties. In the event of a conflict in a definition in the present disclosure and that of a cited
reference, the present disclosure controls.

[0043] As used herein, the terms “seal weld or welding” shall be construed according to its
conventional meaning in the art to be a continuous weld which forms a gas-tight joint between the
parts joined by the weld.

[0044] FIGS. 1-21 depict one embodiment of a steam generator enclosure structure (SGES) 100
and features thereof according to the present disclosure which is configured to house and laterally
enclose at least a majority of the steam generator such as steam generating vessel 200 substantially
therein. Both the SGES and steam generating vessel are founded on a reinforced concrete slab
101 that forms part of the nuclear power generation plant’s operating deck 102.

[0045] The steam generator vessel 200 is a vertically elongated and upright shell and tube heat
exchanger which circulates primary coolant on the shell side from the nuclear reactor and a
working fluid such as water on the tube side to generate steam as previously described herein.
Such steam generating vessels are well known in the art for use in nuclear power generation plants
including those powered by small modular reactors (SMRs). Steam generating vessel 200
generally includes a bottom head 201, top head 202, and cylindrical shell 203 extending between
the heads. Internals of the steam generating vessel including the tube bundles which convey the
working fluid, associated tube sheets which support the tubes, and other features are not shown
but are well known in the art.

[0046] The SGES 100 is a vertically tall and elongated structure which laterally surrounds the
steam generating vessel 200 from the operating deck 102 upwards to shield workers from radiation
emitted by the steam generating vessel. The SGES may be a double-walled structure having a
composite sidewall 113 formed of metal and concrete defining a vertical longitudinal axis
extending through the geometric center of the enclosure. Sidewall 113 includes a top end 114 and

opposite bottom end 115 seated on the operating deck concrete slab 101. The sidewall is formed
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by two radially spaced apart concentric and coaxially aligned steel shells including inner shell 110
and outer shell 111 defining an annular space 112 therebetween. The annular space is filled with
a preferably high density concrete (e.g., 200 pcf/pounds per cubic foot) forming a concrete liner
116 when hardened which is the primary barrier for blocking radiation emitted by the steam
generating vessel 200. The steel shells also provide an additional degree of radiation blocking
since a representative thicknesses for the inner and outer shell plates is about 3/4 inches or more
in some embodiments.

[0047] Sidewall 113 further includes an annular top closure plate 121 welded to the top end 114
of the sidewall which covers and encloses annular space 112 at the top of SGES 100. A plurality
of circumferentially spaced apart holes 121A may be provided in plate 121. The holes facilitate
pouring concrete into the annular 112 of the SGES sidewall 113 and allows air and heat to escape
during the pour and while the concrete cures (which emits heat as the concrete dries and
dehydrates). An annular bottom closure plate 122 is provided to cover the annular space on the
bottom of the SGES. Bottom closure plate 122 is welded to bottom end 115 of sidewall 113. Each
closure plate may be flat and formed of steel.

[0048] Sidewall 113 defines an internal cavity 120 configured to house steam generating vessel
200 therein. Cavity 120 extends from top end 114 to bottom end 115 of the sidewall 114. The
internal cavity 120 may be open at top and bottom in one embodiment as shown. The open bottom
end 115 exposes the concrete slab 101 of operating deck 102 on which steam generating vessel
200 is seated inside the cavity. The vertical centerline axis CL of the steam generating vessel may
be coaxially aligned with the longitudinal axis LA of the SGES 100 when positioned in the cavity
(see, e.g., FIG. 17). The steam generating vessel and SGES are independently supported from the
operating deck. The only physical ties between the steam generating vessel and SGES are a
plurality of seismic restraints for earthquake protection, as further described herein.

[0049] The two concentric inner and outer shells 110, 112 of the sidewall 113 are structurally
joined and coupled together in the radial direction by a plurality of vertically elongated radial
connector rib plates 118. The rib plates 118 may be flat in non-limiting configurations and internal
to the sidewall structure being disposed inside the annular space 112 between the shells. The rib
plates 118 are circumferentially spaced apart inside annular space 112. The rib plates preferably
are formed of steel for strength similar to the shells 110, 111. Rib plates 118 extend both

perpendicularly to and between the shells in the radial direction, and axially in the vertical direction
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along the longitudinal axis LA from the top end 114 to bottom end 115 of sidewall 113. The rib
plates 118 may be formed either intermittently spaced vertically apart along the height of the
sidewall inside annular space 112, or preferably extend continuously in a contiguous uninterrupted
structure from the top to bottom of sidewall being formed of multiple vertical sections of flat plate
welded end-to-end inside the annular space 112. In the modular construction of the SGES 100
further described elsewhere herein, the rib plates 118 in the stacked vertical tiers 184 of wall
section modules 180 may be welded together end to end as the SGES is erected on site to form the
contiguous vertical structure of the rib plates in one embodiment from the top to bottom of the
SGES.

{6050] The SGES 100 further includes a plurality of anchors 130 configured for embedment in
concrete slab 101 of the operating deck 102. The anchors project vertically downwards from the
bottom end 115 of the sidewall 113 and are circumferentially spaced apart preferably around the
entire circumference of the SGES as shown for secure anchorage to the concrete. Anchors 130
maximize the tloor slab’s anchorage capacity using rebar or other connecting ties.

[0051] In one embodiment, the anchors are preferably formed by exposed downward extensions
of the rib plates 118 from inside the annular space 112; the anchors being contiguous unitary
portions of the rib plates of the lowermost ring ot wall section modules. Because the rib plates are
welded along their vertical lengths to both the inner and outer shells 110, 111, the nib plates and
their anchor extensions are advantageously very stiff structurally and resistant to bending moments
which may be imparted on the tall SGES 100 structure induced by vibrational loads imposed on
the structure from a seismic event {i.e. earthquake). The SGES is anchored to the operating deck
concrete slab 101 {e.g., floor slab) at the bottom via the embedded anchors 130, but may be
unsupported along s height making it a vertically cantilevered structure. A representative height
for the SGES may be about 50 feet as a non-limiting example. The non-polygonal cross-sectional
shape of the SGES 100 forming a structure which may be an ellipsoid or cylinder is further
advantageously strong to resist seismic bending loads.

[0052] In one embodiment, each anchor 130 comprises an exposed flat vertical extension of a rib
plate 118 as noted above, a flat horizontal bottom flange 119A welded to a bottom end of the
exposed rib plate portion, and a pair of flat vertical gusset plates 119B oriented perpendicularly to

the exposed rib plate portion and bottom flange. One gusset plate 119B each is disposed on
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opposite sides of the exposed portion of the vertical rib plate. Flange 119A and gusset plates 1198
are welded to the exposed portion of the rib plate 118 and to cach other in the configuration shown.
[0053] The bottom end of the sidewall 130 includes annular bottom closure plate 122 as previously
described herein welded between the inner and outer shells which closes the bottom of the annular
space. The exposed downward extensions of the rib plates 118 which form the SGES anchors 130
protrude through the bottom closure plate from inside the annular space 112 of sidewall 113, and
therefore the extensions do not terminate at the bottom closure plate for improved strength and
stiffness thereby providing a superior anchorage system for the SGES as noted above.

[0054] According to another aspect of the invention, a seismic restraint system for the SGES 100
is provided to protect and stabilize the steam generating vessel 200 inside the SGES during a
seismic event (e.g., earthquake). A plurality of vertically spaced apart and circumferentially
spaced apart seismic restraint members 170 are provided which span laterally across the gap
between the SGES sidewall 113 and steam generating vessel inside internal cavity 120 thereby
coupling the steam generator vessel to the sidewall. The seismic restraint members are operable
to arrest lateral movement of the steam generator vessel during a seismic event. Suitable
commercially-available piping supports such as linearly elongated piping struts or pipe snubbers
may be used for the seismic restraint members in some embodiments.

[0055] An array of seismic restraint members 170 may be provided at several vertical support
elevations SEL along the height of the steam generating vessel 200 to stabilize the vessel during a
seismic event. In the non-limiting illustrated embodiment, three support elevations may be
provided; however, more or less support elevations may be used depending on the height of the
steam generating vessel 200 and SGES 100. The seismic restraint members are circumferentially
spaced apart at each support elevation. At least three seismic restraint members are provided at
each support elevation which are circumferentially spaced apart around the steam generating
vessel at each support elevation. Preferably, four seismic restraint members 170 may be provided
as shown at each support elevation to stabilize each quadrant of the steam generating vessel 200.
[0056] To couple the seismic restraint members to the steam generating vessel 200 and SGES
sidewall 113, specialized support apparatuses are provided. The seismic restraint system includes
a plurality of ring-shaped seismic restraint collars 171. One collar is provided at each support
elevation SEL along the height of the stearn generating vessel. Seismic restraint collars 171 each

defining a central opening 171 A which slideably receives the steam generating vessel therein to

10
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allow the steam generating vessel to vertically grow or contract via thermal expansion when heated
during operation of the reactor or cool down during outages, respectively. The collars are therefore
preferably not fixedly attached to the steam generating vessel. One end of each seismic restraint
member 170 is coupled to a seismic restraint collar at each support elevation SEL. A pinned
connection 175 formed by a pin preferably may be used in sorne embodiments to allow the seismic
restraint members to adjust for thermal growth/shrinkage of the steam generating vessel 200 to
avord introducing thermal stresses 10to the vessel at the seismic restraint coupling points thereby
potentially resulting in thermal stress cracking over time.

[0057] The opposite end of each seismic restraint member 170 1s coupled to one of a plurality of
structurally rigid seismic restraint anchorage plate assemblies 172 each having a portion embedded
in and attached to structure of the SGES sidewall 113 for strength. The sidewall thus includes a
plurality of anchorage plate assemblies at each of the support elevations SEL; one anchorage plate
assembly 172 on the SGES sidewall for each corresponding seismic restraint member 170. The
anchorage plate assemblies are therefore circumferentially spaced apart at each support elevation
SEL as shown. A pinned connection 175 preferably may also be used to couple each seismic
restraint member to its corresponding anchorage plate assembly 172 to allow the seismic restraint
members to adjust for thermal growth/shrinkage of the steam generating vessel 200.

[0058] Each seismic restraint anchorage plate assembly 172 in one embodiment includes an
internal portion 172A which projects radially inwards from the SGES sidewall 113 into the internal
cavity 120, an external portion 172B which projects radially outwards from sidewall, and an
intermediate portion 172C embedded in the concrete liner 116 in the annular space 112 for
strength. Accordingly, each anchorage plate assembly is an assemblage of structural members that
has the foregoing portions 172A-C which act in concert to provide strong anchorage points for the
seismic restraint members 170 at various locations of the sidewall 113.

{6059] Each anchorage plate assembly 172 further comprises a plurality of circumferentially
spaced apart vertical connection plates 173 welded to at least one horizontal connection plate 174
oriented perpendicularly to the vertical connection plates at both the internal and external portions
172A, 172B inside and outside the SGES sidewall 113. For example, the uppermost support
elevation SEL of the SGES as shown in FIG. 17 includes a single horizontal connection plate 174.

In some embodiments and support elevations SEL, a pair of horizontal connection plates spaced

11
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vertically apart may be provided. For example, the lowermost and intermediate support elevations
SEL as shown in FIG. 17 include two horizontal connection plates cach.

[8060] The vertical connection plates 173 of the anchorage plate assemblies 172 include vertical
connection plates located outside the annular space 112 of the SGES sidewall 113 which are
welded to the inner and outer shells 110, 111 forming the internal and external portions 172A,
1728 of the assemblies 172, respectively. Four circumferentially spaced apart vertical connection
plates 173 may be provided for the internal and external portions 1724, 172B of the anchorage
plate assemblies 172 as shown. Some of the vertical connection plates 173 are also disposed inside
the sidewall annular space 112 and welded to the inner and outer shells 110, 111 therein which
form the intermediate portion 172C of each anchorage plate assembly 172, In one embodiment,
two circumferentially spaced part vertical connection plates 173 may be located between a pair of
ioternal tib plates 118 within the annular space 112 as shown. These connection plates inside the
annular space help structurally stiffen the sidewall 113 of the SGES 100 at the anchorage plate
assembly locations for the seismic restraints 170,

{6061] The vertical connection plates 173 inside the internal cavity 120 of SGES 100 at the surface
of the inner shell 110 and those at the outer/exterior surface of the outer shell 111 are each radially
aligned with etther one of the vertical connection plates 173 inside the annular space 112 or one
of the rib plates 118 inside the annular space as shown in the sidewall cross-section FIG. 13, In
the non-limiting illustrated embodiment, a vertical connection plate 173 is radially aligned with
each of a pair of rib plates 118 inside internal cavity 120 and at the exterior surface of the outer
shell. Also as shown, a vertical connection plate 173 is radially aligned with each of a pair of
vertical connection plates located inside the annular space 112 lying between the pair of rib plates
118 plates both inside internal cavity 120 and at the exterior surface of the outer shell 111. These
radially aligned plate structure advantageously increase the stiffness of the sidewall 113 at the
anchorage plate assembly locations in the sidewall to resist tensile or compressive torces tmparted
to the anchorage plate assemblies by the seismic restraints 170 during a seismic event.

[8062] The horizontal connection plates 174 of the anchorage plate assemblies 172 in one
embodiment are welded to the vertical connection plates 173 of both the internal and external
portions 172A, 172B of the anchorage plate assemblies. Horizontal connection plates 174 in turn
may also be welded to the inner surface of the inner shell 110 and the outer surface of the outer

shell 111 alsc forming part of the internal and external portions 172A, 172B of each anchorage

12



WO 2025/144853 PCT/US2024/061850

plate assembly. In such a construction, no horizontal connection plates are disposed inside the
sidewall 113 of'the SGES 100. Other variations of the seismic restraint anchorage plate assemblies
170 are possible so long a final structurally stiffened structure results which is rigidly attached to
the sidewall 113 of the SGES.

[0063] The vertical connection plates 173 and horizontal connection plates 174 are flat plates
formed of steel of suitable thickness.

[0064] As previously described herein, the SGES 100 may have a modular construction formed
by assembling a plurality of modular wall section modules 180 having a shape selected to match
the desired and preselected cross-sectional shape of SGES. Each wall section module 180 in
essence 1s a section or segment of the sidewall 113 of the SGES; multiple modules being coupled
together by welding and/or bolting to form the SGES to a preselected height based on the height
of the steam generating vessel 200. Note that the steam generating vessel may have a height greater
than the SGES as shown in the illustrated embodiment. Preferably, the SGES has a height selected
to be sufficient to shield workers who may access the operating deck 102 of the nuclear power
generation plant from unacceptable levels of radiation emitting from the steam generating vessel.
[0065] To form the SGES 100 in the illustrated embodiment having a oblong elliptical cross-
sectional configured, a plurality of both arcuately curved wall section modules 181 and straight
wall section modules 182 are provided which are coupled together to collectively form the
ellipsoidal sidewall 113 of the SGES. Portions of the SGES 100 in the figures provided with
shading lines represent the curved portions of the sidewall 113 formed by the curved modules 181
whereas unshaded portions represent the straight sections of the sidewall formed by the straight
modules 182. In the present embodiment, the curved wall section modules 181 may form a quarter
of a circle each (see, e.g., FIG. 7).

[0066] Referring to FIGS. 18-19, each wall section module comprises an inner shell 110 and an
outer shell section 111 coupled together in the radial direction by at least two vertical radial
connector rib plates 118. Each module may have a rib plate 118 on each vertical end forming end
walls 118A to enclose the ends of the modules for shipping. In a similar vane to sidewall 113,
shell sections 110 and 111 are radially spaced apart to form part of an annular space portion 112A
therebetween which will be filled with concrete to form the sidewall liner 116 of the SGES. Lifting
lugs (not shown) may be welded to each module to facilitate lifting and transporting the modules

to the installation site at the nuclear power generation plant.
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[0067] The SGES 100 is erected on concrete slab 101, which in one embodiment forms part of the
plant operating deck 102. The SGES sidewall 113 may be formed by assembling and successively
vertically stacking and coupling multiple rings 183 of wall section modules 180 on top of each
other together in tiers 184. Rings 183 and tiers 184 of wall section modules are delineated in FIG.
5 by dashed lines. Each ring of modules may have the same or different heights depending on the
height of the SGES 100 and locations of the anchorage plate assemblies 172 for the seismic
restraints 170. The wall section modules in each ring 183 for forming an ellipsoidal SGES of the
non-limiting illustrated embodiment include a plurality of curved wall section modules 181 and
straight wall section modules 182. The straight wall section modules are located along the long
sides of the SGES sidewall 113 whereas the curved wall section modules are located along the
short sides and wrap around onto the long sides.

[0068] The wall section modules 180 in each ring 183 are formed by coupling the modules 180
together end-to-end to form a continuous ring of modules. After a continuous ring is formed in
one tier 184, the next succeeding tier up may be formed in a similar manner on top of the preceding
ring of modules. The modules of the rings in each tier are coupled to modules in each vertically
adjacent ring of modules. Accordingly, the modules 180 in each tier are coupled together to form
aring, and the modules in each tier 184 are coupled to the modules above and/or below in adjacent
rings to form a strong structure capable of withstanding seismic events without sustaining damage
or failing. All modules 180 may be coupled together via welding and/or bolting. The vertically
and radially extending internal rib plates 118 inside each wall section module 180 may be welded
together end-to-end during erection of the sidewall 113. In other embodiments where added
structural strength of the sidewall is not needed, the rib plates need not be coupled together in
adjacent rings of modules.

[0069] An example process or method for erecting a modular enclosure for a steam generator
vessel of a nuclear power generation plant will be briefly described and summarized.

[0070] In one embodiment, the method includes: providing a concrete slab 101 and plurality of
wall section modules 180, each wall section module including an inner shell, an outer shell spaced
apart from the inner shell, and a plurality of vertical rib plates extending between the inner and
outer shells forming an annular space portion therebetween; coupling a first plurality of the wall
section modules together end to end to form a continuous lowermost first ring of wall section

modules collectively defining a first tier, the first ring of wall section modules being seated on the
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concrete slab; filling the annular space portions in the wall section modules of the first tier with
concrete; coupling a second plurality of wall section modules together end to end on top of the
first ring of wall section modules to form a continuous second ring of the wall section modules
collectively defining a second tier; filling the annular space portions in the wall section modules
of the second tier with concrete; and coupling multiple successive rings of concrete-filled wall
section modules together end to end on top of the second tier to form additional tiers to a
preselected height of the enclosure.

[0071] As noted above, the wall section modules may include a combination of arcuately curved
modules 181 and straight modules 182 to form an ellipsoidal-shaped SGES 100. For such a
construction in one non-limiting embodiment as an example, two pairs of curved wall section
modules may be provided (one pair for each end) and two straight wall section modules on the
sides coupled to the end pairs of curved wall section modules in each ring 183 of each tier 184.
The SGES may comprise 5 tiers of module rings in one non-limiting example to form an enclosure
about 50 feet in height. Other variations of module shapes and numbers of tiers may be used in
other embodiments.

[0072] The wall section modules can thus be advantageously prefabricated accurately to
dimension in the shop without the concrete liner, and then shipped to the plant site for coupling
together such as via welding and/or bolting followed by filling the modules with concrete to form
the sidewall liner. This modular construction approach provides a cost effective manner for
providing and erecting a large concrete filled structure such as the SGES 100 from multiple
modules.

[0073] The same foregoing basic process and method may be used for forming steam generator
enclosure structures (SGES) of other cross-sectional shapes including circular and polygonal (e.g.,
square or rectangular).

[0074] The SGES may be equipped with access hatches, platforms, and/or manways as needed to
enable plant personnel/workers to gain access to the steam generating vessel inside for
maintenance.

[0075] Example Embodiments

[60676] 1. An enclosure structure for a vertically elongated steam generator of a nuclear power
generation plant, the enclosure structure comprising:

a vertical longitudinal axis;
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an elongated double-walled sidewali extending vertically along the longitudinal axis, the
sidewall including top and bottom ends;

the sidewall comprising a metallic inner shell and a metallic outer shell in a concentric
arrangement spaced radially apart from each other to define an annular space therebetween;

the sidewall defining a laterally enclosed internal cavity extending vertically along the
fongitudinal axis, the internal cavity configured for housing the steam generator therein;

a plurality of vertically-extending 1ib plates disposed in the annular space coupling the
inner and outer shells together, the rib plates being circumferentially spaced apart and extending
radially between the inner and outer shells;

a concrete liner disposed in the annular space; and

a plurality of circumferentially spaced apart anchors projecting vertically downwards trom
the bottom end of the sidewall, the anchors being configured for embedment in concrete.

[8077] 2. The enclosure structure according to example 1, wherein the sidewall is formed of a
plurality of individual wall section modules coupled together.

{6678] 3. The enclosure structure according to example 2, wherein the wall section modules are
arranged in vertically stacked tiers each formed by a ring of wall section modules coupled together,
each ring of wall section modules betng coupled to a vertically adjacent ring of walls sections in
adjacent tiers.

{6079] 4. The enclosure structure according to examples 2 or 3, wherein the wall section modules
include a combination of straight wall section modules and curved wall section modules to form
an elliptically-shaped sidewall of the enclosure.

{6080} 5. The enclosure structure according to example 4, wherein the anchors are
circumferentially spaced apart on a lowermost tier of the straight and curved wall section modules.
{6081] 6. The enclosure structure according to example 1, wherein the rib plates are flat and
welded to the inner and outer shells.

[6082] 7. The enclosure structure according to any one of examples 1-6, wherein the anchors are
formed by exposed downward extensions of the rib plates inside the annular space of the sidewall,
the anchors being contiguous unitary portions of the rib plates inside the annular space.

[6083] 8. The enclosure structure according to example 7, wherein the b plates each form a

vertically continuous structure in the sidewall which extend from the top end of the sidewall to a
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point below the bottom end of the sidewall to form the exposed downward extension that defines
the anchors.

{8084} 9. The enclosure structure according to exampies 8, wherein each anchor further comprises
an exposed flat vertical plate portion of the rib plate, a flat horizontal flange welded to a bottom
end of the vertical plate portion, and a pair of vertical gusset plates oriented perpendicularly to the
vertical plate portion of the rib plate and welded thereto and to the flange, one of the gusset plates
each being disposed on opposite sides of the vertical plate portion of the rib plate.

{8085] 10. The enclosure structure according to examples 7 or §, wherein the bottom end of the
sidewall includes an annular bottom closure plate welded between the inner and outer shells which
closes a bottom of the annular space, the downward extensions of the rib plates protruding through
the bottom closure plate.

[6086] 11. The enclosure structure according to any one of examples 1-10, further comprising a
plurality of seismic restraint anchorage plate assemblies embedded in the sidewall at a plurality of
support elevations, the anchorage plate assemblies each comprising a weldment of structural
members configured for coupling one end of a seismic restraint member thereto.

[6087] 12. The enclosure structure according to example 11, wherein the seismic restraint is
coupled to the anchorage plate assembly via a pinned connection.

[0088] 13. The enclosure structure according to example 11, wherein each anchorage plate
assembly includes an internal portion which projects radially inwards from the sidewall into the
internal cavity, an external portion which projects radially outwards from sidewall, and an
intermediate portion embedded in the concrete finer 1o the annular space.

j6089] 14. The enclosure structure according to example 13, wherein each anchorage plate
assembly comprises a plurality of circumferentially spaced apart vertical connection plates welded
to a plurality of vertically spaced apart horizontal connection plates oriented perpendicularly to the
vertical connection plates.

[809G] 15. The enclosure structure according to example 14, wherein the vertical connection plates
include vertical connection plates welded to the inner and outer shells inside the annular space of
the sidewall, vertical connection plates welded to the inner shell inside the internal cavity of the
enclosure structure, and vertical connection plates welded to an exterior surface of the cuter shell.
[6091] 16. The enclosure structure according to example 15, wherein the vertical connection plates

inside the internal cavity and at the exterior surface of the outer shell are each radially aligned with
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either one of the vertical connection plates inside the annular space or one of the rib plates inside
the annular space.
[6092] 17. The enclosure structure according to any one of examples 11-15, wherein at each
support elevation including the anchorage plate assemblies, the anchorage plate assemblies are
circumnferentially spaced apart.
{6093] 18. The enclosure structure according to any one of examples 1-17, wherein the sidewall
has a circular or elliptical cross-sectional configuration.
[8094] 19. The enclosure structure according to example 1, wherein the top end of the sidewall
includes an annular top closure plate welded between the inner and outer shells over the annular
space, the top closure plate including plurality of circumferentially spaced apart holes around an
entirety of the top closure plate.
[8095] 20. A steam generator enclosure system for a nuclear power generation plant, the system
comprising;

a concrete slab defining an operating deck;

an enclosure disposed on the slab and defining a vertical longitudinal axis, the enclosure
comprising;

an elongated double-walled sidewall extending verticaily along the longitudinal
axis, the sidewall including top and bottom ends;

the sidewall comprising a metallic inner shell and a metallic ocuter shell in a
concentric arrangement spaced radially apart from each other to define an annular space
therebetween;

the sidewall defining a laterally enclosed internal cavity extending vertically along
the longitudinal axis;

a plurality of vertically-extending rib plates disposed in the annular space coupling
the inner and outer shells together, the rib plates being circumferentially spaced apart and
extending radially between the inner and outer shells;

a concrete liner disposed in the annular space;

a plurality of anchors projecting vertically downwards from the bottom end of the
sidewall, the anchors being embedded in the concrete slab;

a steam generator vessel disposed in the internal cavity and seated on the siab.
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{6096] 21. The system according to examiple 20, wherein the steam generator vessel is a shell and
tube heat exchanger which is vertically elongated.

{8097} 22. The system according to example 21, wherein the sidewall has a non-polygonal shape
formed by a plurality of individual wall section modules coupled together.

[6098] 23. The system according to example 21, wherein the wall section modules are arranged in
vertically stacked tiers each formed by a ring of wall section modules being coupled together, each
ring of wall section modules being coupled to a vertically adjacent ring of walls section modules
in adjacent tiers.

[6099] 24 The system according to example 23, wherein the wall section modules include straight
wall section modules and curved wall section modules forming an elliptically-shaped sidewall of
the enclosure.

[810808] 25. The system according to example 21, wherein the anchors are circumferentially spaced
apart.

[0101] 26. The system according to example 21, wherein the 1ib plates are flat and welded to the
mner and outer shells within the annular space of the sidewall.

{6102] 27. The system according to any one of examples 21-26, wherein the anchors are formed
by exposed downward extensions of the rib plates inside the annular space, the anchors being
contiguous unitary portions of the nib plates.

{6103] 28. The system according to example 27, wherein each anchor comprises an exposed flat
vertical plate portion of the rib plate, a flat horizontal flange welded to a bottom end of the vertical
plate portion, and a pair of vertical gusset plates onented perpendicularly to the vertical plate
portion of the rib plate and welded thereto and to the flange, one of the gusset plates being disposed
on opposite sides of the vertical plate portion of the rib plate.

{6104} 29. The system according to examples 27 or 28, wherein the bottom end of the sidewall
includes an annular bottom closure plate welded between the inner and outer shells which closes
a bottom of the annular space of the sidewall, the downward extensions of the rib plates protruding
through the bottom closure plate.

{6105] 30. The system according to example 27, wherein the rib plates each form a vertically
continuous structure in the sidewall which extend from the top end of the sidewall to a point below

the bottorm end of the sidewall to form the exposed downward extension that defines the anchors.
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{0106] 31. The system according to any one of examples 20-30, further comprising a plurality of
vertically spaced apart and circumferentially spaced apart seismic restraint members coupling the
steam generator vessel to the sidewall of the enclosure, the seismic restraint members being
operable to arrest lateral movement of the steam generator vessel during a seismic event.

[6197] 32. The system according to example 31, wherein the enclosure further corsprises a
plurality of circumferentially spaced apart anchorage plate assemblies embedded in the sidewall
at a pharality of support elevations, each seismic restraint member including a first end coupled to
one of the anchorage plate assemblies via a pinned connection and a second end coupled to the
steam generating vessel.

{0108] 33. The system according to examples 32, further comprising:

a plurality of ring-shaped seismic restraint collars coupled to the steam generating vessel
at a plurality ot elevations, the seismic restraint collars each defining a central opening slideably
receiving the steam generating vessel therein to allow the steam generating vessel to vertically
grow or contract via thermal expansion;

wherein the second end of each seismic restraint member is coupled to one of the seismic
restraint collars via a pinned connection.

16109] 34 The system according to examples 32 or 33, wherein the setsmic restraint members are
linearly elongated struts or pipe snubbers.

{6118] 35. The system according to example 32, wherein each anchorage plate assembly includes
an internal portion which projects radially inwards from the sidewall into the internal cavity, an
external portion which projects radially outwards from sidewall, and an intermediate portion
embedded in the concrete liner in the annular space.

[0111] 36, The system according to example 35, wherein each anchorage plate assembly
comprises a plurality of circumferentially spaced apart vertical connection plates welded to a
plurality of vertically spaced apart horizontal connection plates oriented perpendicularly to the
vertical plates.

6112} 37. The system according to example 14, wherein the vertical connection plates include
vertical connection plates welded to the inner and outer shells inside the annular space of the
sidewall, vertical connection plates welded to the inner shell inside the internal cavity of the

enclosure structure, and vertical connection plates welded to an exterior surface of the outer shell.
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{6113} 38. The system according to example 37, wherein the vertical connection plates inside the
internal cavity and at the exterior surface of the outer shell are cach radially aligned with either
one of the vertical connection plates inside the annular space or one of the rib plates inside the
annular space.
[6114] 39. The system according to example 32, wherein at each support elevation including the
anchorage plate assemblies, at least three anchorage plate assemblies are provided.
[6115] 40. The system according to any one of examples 20-39, wherein the sidewall of the
enclosure has a circular or elliptical cross-sectional configuration.
[6116] 41 The system according to example 40, wherein the top end of the sidewall includes an
annular top closure plate welded between the inner and cuter shells over the annular space, the top
closure plate including plurality of holes.
[8117] 42. A method for erecting a modular enclosure for a steam generator vessel of a nuclear
power generation plant, the method comprising:

providing a concrete slab and plurality of wall section modules, each wall section module
including an inner shell, an outer shell spaced apart from the inner shell, and a plurality of vertical
rib plates extending between the inner and outer shells forming an annular space portion
therebetween;

coupling a plurality of the wall section modules together end to end to form a continuous
lowermost first ring of wall section modules collectively defining a first tier, the first ring of wall
section modules being seated on the concrete slab;

filling the annular space portion in the wall section modules of the first tier with concrete;

coupling a plurality of wall section modules together end to end on top of the first ring of
wall section modules to form a continuocus second ring of wall section modules collectively
defining a second tier;

filling the annular space in the wall section modules of the second tier with concrete; and

coupling multiple successive rings of concrete-filled wall section modules together end to
end on top of the second tier to form additional tiers to a preselected height of the enclosure.
{6118} 43. The method according to example 42, wherein the wall section modules in each ting of
wall section modules in each tier are coupled to the wall section modules of the vertically adjacent

rings of wall section modules.
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{0119] 44. The method according to examples 42 or 43, wherein the vertical rib plates in the first
ring of wall section modules extend downwards from a bottom end of the first wall section modules
to form a plurality of circumferentially spaced apart anchors.
[8120] 45. The method according to example 44, further comprising a step of embedding the
anchors in the concrete slab.
{0121} 46. The method according to example 45, wherein the wall section modules define a
sidewall of the enclosure having a non-polygonal cross-sectional shape defining an internal cavity.
{6122] 47. The method according to any one of examples 42-46, further comprising before or
after erecting the enclosure, locating the steam generating vessel on the concrete slab inside the
internal cavity.
16123] 48. The method according to example 47, wherein the enclosure further comprises a
plurality of anchorage plate assemblies embedded in the sidewall at a plurality of elevations and
circumferential locations.
[6124] 49. The method according to examples 48, further comprising:

locating a plurality of ring-shaped seismic restraint collars on the steam generating vessel
at a plurality of support ¢elevations, the seismic restraint collars each defining a central opening
slideably receiving the steam generating vessel therein to allow the steam generating vessel to
thermally expand or contract in length;

coupling a first end of a plurality of seismic restraint members to each of the seismic
restraint collars at each support elevation; and

coupling a second end of the seismic restraint members to each of the anchorage plate
assemblies at each support elevation;

wherein each of the seismic restraint members extends radially between the collars and
anchorage plate assemblies.
{0125] 50. The method according to example 49, wherein the seismic restraint members are
coupled to the restraint collars and closure plate assemblies via pinned connections to
accommodate thermal expansion or contraction of the steam generating vessel.
{#126] 51. The method according to examples 49 or 50, wherein the seismic restraint members are
linearly elongated struts or pipe snubbers.
[6127] 52. The method according to any one of examples 48-51, wherein each anchorage plate

assembly comprises a weldment of structural members, the anchorage plate assemblies including

22



WO 2025/144853 PCT/US2024/061850

an internal portion which projects radially inwards from the sidewall into the internal cavity, an
external portion which projects radially outwards from sidewall, and an intermediate portion
embedded in the concrete liner in the annular space.

[0128] 53. The method according to any one of examples 46-52, wherein the sidewall of the
enclosure has a circular or elliptical cross-sectional configuration.

[0129] While the foregoing description and drawings represent some example systems, it will be
understood that various additions, modifications and substitutions may be made therein without
departing from the spirit and scope and range of equivalents of the accompanying claims. In
particular, it will be clear to those skilled in the art that the present invention may be embodied in
other forms, structures, arrangements, proportions, sizes, and with other elements, materials, and
components, without departing from the spirit or essential characteristics thereof. In addition,
numerous variations in the methods/processes described herein may be made. One skilled in the
art will further appreciate that the invention may be used with many modifications of structure,
arrangement, proportions, sizes, materials, and components and otherwise, used in the practice of
the invention, which are particularly adapted to specific environments and operative requirements
without departing from the principles of the present invention. The presently disclosed
embodiments are therefore to be considered in all respects as illustrative and not restrictive, the
scope of the invention being defined by the appended claims and equivalents thereof, and not
limited to the foregoing description or embodiments. Rather, the appended claims should be
construed broadly, to include other variants and embodiments of the invention, which may be made
by those skilled in the art without departing from the scope and range of equivalents of the

invention.
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CLAIMS

What is claimed is:

1. An enclosure structure for a vertically elongated steam generator of a nuclear power generation
plant, the enclosure structure comprising:

a vertical longitudinal axis;

an elongated double-walled sidewall extending vertically along the longitudinal axis, the
sidewall including top and bottom ends;

the sidewall comprising a metallic inner shell and a metallic outer shell in a concentric
arrangement spaced radially apart from each other to define an annular space therebetween;

the sidewall defining a laterally enclosed internal cavity extending vertically along the
longitudinal axis, the internal cavity configured for housing the steam generator therein;

a plurality of vertically-extending nib plates disposed in the annular space coupling the
inner and outer shells together, the nb plates being circumterentially spaced apart and extending
radially between the inner and outer shells;

a concrete liner disposed in the annular space; and

a plurality of circumferentially spaced apart anchors projecting vertically downwards from

the bottom end of the sidewall, the anchors being configured for embedment in concrete.

~

2. The enclosure structure according to claim 1, wherein the sidewall is formed of a plurality of

individual wall section modules coupled together.

3. The enclosure structure according to claim 2, wherein the wall section modules are arranged
in vertically stacked tiers each formed by a ring of wall section modules coupled together, each
ring of wall section modules being coupled to a vertically adjacent ring of walls sections in adjacent

tiers.

4. The enclosure structure according to claims 2 or 3, wherein the wall section modules include
a combination of straight wall section modules and curved wall section modules to form an

elliptically-shaped sidewall of the enclosure.

5. The enclosure structure according to claim 4, wherein the anchors are circumferentially spaced

apart on a lowermost tier of the straight and curved wall section modules.
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6. The enclosure structure according to claim 1, wherein the rib plates are flat and welded to the

inner and outer shells.

7. The enclosure structure according to any one of claims 1-6, wherein the anchors are formed by
exposed downward extensions of the rib plates inside the annular space of the sidewall, the anchors

being contiguous unitary portions of the rib plates inside the annular space.

8. The enclosure structure according to claim 7, wherein the rib plates each form a vertically
continuous structure in the sidewall which extend from the top end of the sidewall to a point below

the bottom end of the sidewall to form the exposed downward extension that defines the anchors.

9. The enclosure structure according to claims 8, wherein each anchor further comprises an
exposed flat vertical plate portion of the rib plate, a flat horizontal flange welded to a bottom end
of the vertical plate portion, and a pair of vertical gusset plates oriented perpendicularly to the
vertical plate portion of the rib plate and welded thereto and to the flange, one of the gusset plates

each being disposed on opposite sides of the vertical plate portion of the 1ib plate.

10. The enclosure structure according to claims 7 or §, wherein the bottom end of the sidewall
includes an annular bottom closure plate welded between the inner and outer shells which closes
a bottom of the annular space, the downward extensions of the rib plates protruding through the

bottom closure plate.

11. The enclosure structure according to any one of claims 1-10, further comprising a plurality of
seismic restraint anchorage plate assemblies embedded in the sidewall at a plurality of support
elevations, the anchorage plate assemblies each comprising a weldment of structural members

configured for coupling one end of a seismic restraint member thereto.

12. The enclosure structure according to claim 11, wherein the seismic restraint is coupled to the

anchorage plate assembly via a pinned connection.

13. The enclosure structure according to claim 11, wherein each anchorage plate assembly includes
an internal portion which projects radially inwards from the sidewall into the internal cavity, an
external portion which projects radially outwards from sidewall, and an intermediate portion

embedded in the concrete liner in the annular space.
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14. The enclosure structure according to claim 13, wherein each anchorage plate assembly
comprises a plurality of circumferentially spaced apart vertical connection plates welded to a
plurality of vertically spaced apart horizontal connection plates oriented perpendicularly to the

vertical connection plates.

15. The enclosure structure according to claim 14, wherein the vertical connection plates include
vertical connection plates welded to the 1ooer and outer shells inside the annular space of the
sidewall, vertical connection plates welded to the inner shell inside the internal cavity of the

enclosure structure, and vertical connection plates welded to an exterior surface of the outer shell.

16. The enclosure structure according to claim 15, wherein the vertical connection plates inside
the internal cavity and at the exterior surface of the outer shell are each radially aligned with either
one of the vertical connection plates inside the annular space or one of the rib plates inside the

annular space.

17. The enclosure structure according to any one of claims 11-15, wherein at each support
elevation including the anchorage plate assemblies, the anchorage plate assemblies are

cuircumferentially spaced apart.

18. The enclosure structure according to any one of claims 1-17, wherein the sidewall has a circular

or elliptical cross-sectional configuration.

19. The enclosure structure according to claim 1, wherein the top end of the sidewall includes an
annular top closure plate welded between the inner and outer shells over the annular space, the top
closure plate including plurality of circumferentially spaced apart holes around an entirety of the

top closure plate.

20. A steam generator enclosure system for a nuclear power generation plant, the system
Comprising:
a concrete slab defining an operating deck;
an enclosure disposed on the slab and defining a vertical longitudinal axis, the enclosure
comprising:
an elongated double-walled sidewall extending vertically along the longitudinal

axis, the sidewall including top and bottom ends;
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the sidewall comprising a metallic inner shell and a metallic outer shell in a
concentric arrangement spaced radially apart from each other to define an annular space
therebetween;

the sidewall defining a laterally enclosed internal cavity extending vertically along
the longitudinal axis;

a plurality of vertically-extending rib plates disposed in the annular space coupling
the inner and outer shells together, the rib plates being circumferentially spaced apart and
extending radially between the inner and outer shells;

a concrete liner disposed in the annular space;

a plurality of anchors projecting vertically downwards from the bottom end of the
sidewall, the anchors being embedded in the concrete slab;

a steam generator vessel disposed in the internal cavity and seated on the slab.

21. The system according to claim 20, wherein the steam generator vessel is a shell and tube heat

exchanger which is vertically elongated.

22. The system according to claim 21, wherein the sidewall has a non-polygonal shape formed by

a plurality of individual wall section modules coupled together.

23 The system according to claim 21, wherein the wall section modules are arranged in vertically
stacked tiers each formed by a ring of wall section modules being coupled together, each ring of
wall section modules being coupled to a vertically adjacent ring of walls section modules in

adjacent tiers.

24. The system according to claim 23, wherein the wall section modules include straight wall
section modules and curved wall section modules forming an elliptically-shaped sidewall of the

enclosure.
25. The system according to claim 21, wherein the anchors are circumferentially spaced apart.

26. The system according to claim 21, wherein the rib plates are flat and welded to the inner and

outer shells within the annular space of the sidewall.
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27. The system according to any one of claims 21-26, wherein the anchors are formed by exposed
downward extensions of the rib plates inside the annular space, the anchors being contiguous

unitary portions of the rib plates.

28. The system according to claim 27, wherein each anchor comprises an exposed flat vertical
plate portion of the rib plate, a flat horizontal flange welded to a bottom end of the vertical plate
portion, and a pair of vertical gusset plates oriented perpendicularly to the vertical plate portion of
the rib plate and welded thereto and to the flange, one of the gusset plates being disposed on

opposite sides of the vertical plate portion of the rib plate.

29. The system according to claims 27 or 28, wherein the bottom end of the sidewall includes an
annujar bottom closure plate welded between the inner and outer shells which closes a bottom of
the annular space of the sidewall, the downward extensions of the rib plates protruding through

the bottom closure plate.

30. The system according to claim 27, wherein the rib plates each form a vertically continuous
structure in the sidewall which extend from the top end of the sidewall to a point below the bottom

end of the sidewall to form the exposed downward extension that defines the anchors.

31. The system according to any one of claims 20-30, further comprising a plurality of vertically
spaced apart and circumferentially spaced apart seismic restraint members coupling the steam
generator vessel to the sidewall of the enclosure, the seismic restraint members being operable to

arrest lateral movement of the steam generator vessel during a seismic event.

32. The system according to claim 31, wherein the enclosure further comprises a plurality of
circumferentially spaced apart anchorage plate assemblies embedded in the sidewall at a plurality
of support elevations, each seismic restraint mermber wocluding a first end coupled to one of the
anchorage plate assemblies via a pinned connection and a second end coupled to the steam

generating vessel.

33. The system according to claims 32, further comprising:
a phurality of ring-shaped seismic restraint collars coupled to the steam generating vessel

at a plurality of elevations, the seismic restraint collars each defining a central opening slideably
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receiving the steam generating vessel therein to allow the steam generating vessel to vertically
grow or contract via thermal expansion,
wherein the second end of each seismic restraint member is coupled to one of the seismic

restraint collars via a pinned connection.

34. The system according to claims 32 or 33, wherein the seismic restraint members are linearly

elongated struts or pipe snubbers,

35 The system according to claim 32, wherein each anchorage plate assembly includes an internal
/ ped o)

portion which projects radially inwards from the sidewall into the internal cavity, an external

portion which projects radially outwards from sidewall, and an intermediate portion embedded in

the concrete liner in the annular space.

36. The system according to claim 35, wherein each anchorage plate assembly comprises a
plurality of circumferentially spaced apart vertical connection plates welded to a plurality of

vertically spaced apart horizontal connection plates oriented perpendicularly to the vertical plates.

37. The system according to claum 14, wherein the vertical connection plates include vertical
connection plates welded to the inner and outer shells inside the annular space of the sidewall,
vertical connection plates welded to the inuer shell inside the internal cavity of the enclosure

structure, and vertical connection plates welded to an exterior surface of the outer shell.

ey
/
/

3

38. The system according to claim 37, wherein the vertical connection plates 1nside the internal
cavity and at the exterior surface of the outer shell are each radially aligned with either one of the

vertical connection plates inside the annular space or one of the rib plates inside the annular space.

39, The system according to claim 32, wherein at each support elevation including the anchorage

plate assemblies, at least three anchorage plate assemblies are provided.

40. The system according to any one of claims 20-39, wherein the sidewall of the enclosure has a

circular or elliptical cross-sectional configuration.

41. The system according to claim 40, wherein the top end of the sidewall includes an annular top
closure plate welded between the inner and outer shells over the annular space, the top closure

plate including plurality of holes.
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42, A method for erecting a modular enclosure for a steam generator vessel of a nuclear power
generation plant, the method comprising:

providing a concrete slab and plurality of wall section modules, each wall section module
including an inner shell, an outer shell spaced apart from the inner shell, and a plurality of vertical
rib plates extending between the inner and outer shells forming an annular space portion
therebetween;

coupling a plurality of the wall section modules together end to end to form a continuous
fowermost first ring of wall section modules collectively defining a first tier, the first ring of wall
section modules being seated on the concrete slab;

filling the annular space portion in the wall section modules of the first tier with concrete;

coupling a plurality of wall section modules together end to end on top of the first ring of
wall section modules to form a countinuous second ring of wall section modules collectively
defining a second tier;

filling the annular space in the wall section modules of the second tier with concrete; and

coupling multiple successive rings of concrete-filled wall section modules together end to

end on top of the second tier to form additional tiers to a preselected height of the enclosure.

43. The method according to claim 42, wherein the wall section modules in each ring of wall
section modules in each tier are coupled 1o the wall section modules of the vertically adjacent rings

of wall section modules.

44. The method according to claims 42 or 43, wherein the vertical rib plates in the first ring of wall
section modules extend downwards from a bottom end of the first wall section modules to form a

plurality of circumferentially spaced apart anchors.

45. The method according to claim 44, turther comprising a step of embedding the anchors in the

concrete slab.

46. The method according to claim 45, wherein the wall section modules define a sidewall of the

enclosure having a non-polygonal cross-sectional shape defining an internal cavity.

47. The method according to any one of claims 42-46, further comprising before or afier erecting

the enclosure, locating the steam generating vessel on the concrete slab inside the internal cavity.
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48. The method according to claim 47, wherein the enclosure further comprises a plurality of
anchorage plate assemblies embedded in the sidewall at a plurality of elevations and

circumferential locations.

49. The method according to claims 48, further comprising:

locating a plurality of ring-shaped seismic restraint collars on the steam generating vessel
at a plurality of support elevations, the seismic restraint collars each defining a central opening
slideably receiving the steam generating vessel therein to allow the steam generating vessel to
thermally expand or contract in length;

coupling a first end of a plurality of seismic restraint members to each of the seismic
restraint collars at each support elevation; and

coupling a second end of the seismic restraint members to each of the anchorage plate
assemblies at each support elevation;

wherein each of the seismic restraint members extends radially between the collars and

anchorage plate assemblies.

50. The method according to claim 49, wherein the seismic restraint members are coupled to the
restraint collars and closure plate assemblies via pinned connections to accommodate thermal

expansion or contraction of the steam generating vessel.

51. The method according to claims 49 or 50, wherein the seismic restraint members are linearly

elongated struts or pipe snubbers.

52. The method according to any one of claims 48-51, wherein each anchorage plate assembly
comprises a weldment of structural members, the anchorage plate assemblies including an internal
portion which projects radially inwards from the sidewall into the internal cavity, an external
portion which projects radially outwards from sidewall, and an intermediate portion embedded in

the concrete liner in the annular space.

53. The method according to any one of claims 46-52, wherein the sidewall of the enclosure has a

circular or elliptical cross-sectional configuration.
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