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nuclear fuel storage. The frontline support equipment is configured to perform a fundamental safety function. The support structure
is spatially separate from the nuclear structure and includes an initiating support equipment configured to trigger the frontline
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independently of the initiating support equipment subsequent to the triggering. The support structure may be a non-protected
structure that is not configured to protect the initiating support equipment from incurring damage due to the damaging event.

C an a d a htp://opic.ge.ca - Ottawa-Hull K1A 0C9 - Attp.://eipo.ge.ca

OPIC

OPIC - CIPO 191



Date Submitted: 2023/10/13

CA App. No.: 3215501

Abstract:

A nuclear power plant includes a nuclear structure, a frontline support equipment, and a support
structure. The nuclear structure includes, and is configured to protect from incurring damage due to a
damaging event, at least one of a nuclear reactor or a nuclear fuel storage. The frontline support
equipment is configured to perform a fundamental safety function. The support structure is spatially
separate from the nuclear structure and includes an initiating support equipment configured to trigger
the frontline support equipment to perform the fundamental safety function such that the
fundamental safety function is performed independently of the initiating support equipment
subsequent to the triggering. The support structure may be a non-protected structure that is not
configured to protect the initiating support equipment from incurring damage due to the damaging
event.
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DISTRIBUTED MODULAR NUCLEAR POWER PLANT LAYOUT
ARCHITECTURE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to U.S._ provisional application No. 63/174,355,

filed on April 13, 2021, the contents of which are incorporated by reference in their entirety.

BACKGROUND

Field
[0002] Example embodiments described herein relate in general to nuclear power plants and
in particular to providing a nuclear power plant having a distributed modular layout

architecture.

Description of Related Art

[0003] Traditional nuclear reactor buildings use a monolithic modular architecture where many
of the auxiliary nuclear support systems, (e.g., coolant cleanup equipment, emergency core
cooling systems, residual heat removal systems, emergency power supplies, etc.) are in near
proximity to the nuclear reactor vessel and/or are within a common (“same”) structure
(“building™) with the nuclear reactor (e.g., a nuclear reactor building, also referred to as a
nuclear reactor containment building). This is traditionally done because some of the auxiliary
nuclear support systems are relied upon to perform fundamental safety functions during and
following external or specific internal events that are associated with damage being incurred
by one or more portions of the nuclear power plant (including, for example, the nuclear reactor

and/or nuclear fuel storage). Such events may be referred to herein as “damaging events.”

SUMMARY
[0004] According to some example embodiments, a nuclear power plant may include a nuclear
structure, a frontline support equipment, and a support structure. The nuclear structure may
include at least one of a nuclear reactor or a nuclear fuel storage. The nuclear structure may be
a protected structure configured to protect the at least one of the nuclear reactor or the nuclear
fuel storage from incurring damage due to a damaging event. The damaging event may
originate externally to the protected structure. The damaging event may be associated with
damage being incurred by at least a portion of the nuclear power plant. The frontline support

1
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equipment may be configured to perform a fundamental safety function. The fundamental
safety function may include at least one of controlling a reactivity of the nuclear reactor,
cooling a reactor radioactive material in the nuclear reactor, cooling a stored radioactive
material in the nuclear fuel storage, or confining a particular radioactive material within an
enclosure of a container or suitably filtering to suppress a release of the particular radioactive
material from the container. The support structure may be spatially separate from the protected
structure. The support structure may include an initiating support equipment. The initiating
support equipment may be configured to trigger the frontline support equipment to perform the
fundamental safety function such that the fundamental safety function is performed
independently of the initiating support equipment subsequent to the triggering,.
[0005] The support structure may be a non-protected structure that is not configured to protect
the initiating support equipment from incurring damage due to the damaging event.
[0006] The initiating support equipment may be not configured to resist incurring damage due
o the damaging evenl. The initialing supporl equipment may be configured (o (ngger the
frontline support equipment to perform the fundamental safety function in response to detection
of the damaging event and prior to the initiating support equipment incurring damage due to
the damaging event, such that the fundamental safety function is performed independently of
damage incurred by the initiating support equipment due to the damaging event.
[0007] The nuclear structure may be configured to meet requirements for a first-tier Seismic
Design Category (SDC) that is at least one of SDC-3, SDC-4, or SDC-5 according to
ANSI/ANS-2.26-2004 and/or ASCE/SEI 43-16. The support structure may be configured to
meet requirements for a second-tier SDC that is different from the first-tier SDC. The second-
tier Seismic Design Category may be at least one of Non-Seismic, SDC-1, or SDC-2 according
to ANSI/ANS-2.26-2004 and/or ASCE/SEI 43-16.
[0008] The nuclear power plant may further include a first cluster of structures associated with
mechanical equipment, the first cluster including the nuclear structure. The nuclear power
plant may further include a second cluster of structures associated with electrical equipment,
instrumentation equipment, control equipment, and/or communication equipment, the second
cluster including the support structure. A majority of mechanical equipment of the nuclear
power plant may be located within the first cluster of structures and a majority of electrical
equipment, instrumentation equipment, control equipment, and/or communication equipment
of the nuclear power plant may be located within the second cluster of structures. The first and
second clusters may be spatially separate from each other such that a smallest distance between
2
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a structure of the first cluster and a structure of the second cluster is greater than both a first
average distance between adjacent structures of the first cluster and a second average distance
between adjacent structures of the second cluster.
[0009] At least 80% of all mechanical equipment of the nuclear power plant may be located
within the first cluster of structures and at least 80% of electrical equipment, instrumentation
equipment, control equipment, and/or communication equipment of the nuclear power plant
may be located within the second cluster of structures.
[0010] The fundamental safety function may include confining the particular radioactive
material within the enclosure of the container to suppress the release of the particular
radioactive material from the container. The frontline support equipment may be a valve
configured to be actuated to selectively isolate the enclosure of the container from an exterior
of the container. The initiating support equipment may include an actuator configured to
actuate the valve.
[0011] The container may be located within the support structure, and the container may be
configured to protect the enclosure from being breached due to the damaging event.
[0012] The initiating support equipment may include detection equipment configured to detect
the damaging event.
[0013] The frontline support equipment may be located within the nuclear structure.
[0014] The damaging event may include at least one of a seismic event, a weather event, a
malevolent act on the nuclear power plant, or a fire within a particular proximity range of the
nuclear structure.
[0015] According to some example embodiments, a method of operation of a nuclear power
plant, the nuclear power plant including a nuclear structure, the nuclear structure including at
least one of a nuclear reactor or a nuclear fuel storage, may include detecting a damaging event
originating externally to the nuclear structure and associated with damage being incurred by
one or more portions of the nuclear power plant, wherein the nuclear structure is a protected
structure configured to protect the at least one of the nuclear reactor or the nuclear fuel storage
from incurring damage due to the damaging event. The method may include controlling an
initiating support equipment to trigger a frontline support equipment to perform a fundamental
safety function in response to the detecting the damaging event, such that the fundamental
salety function is performed independently of the initiating support equipment subsequent Lo
the triggering_ the initiating support equipment located in a support structure that is spatially
separate from the nuclear structure. The fundamental safety function may include at least one
3
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of controlling a reactivity of the nuclear reactor, cooling a reactor radioactive material in the
nuclear reactor, cooling a stored radioactive material in the nuclear fuel storage, or confining a
particular radioactive material within an enclosure of a container to suppress a release of the
particular radioactive material from the container.
[0016] At least one of the support structure or the initiating support equipment may be not
configured to resist incurring damage due to the damaging event. The method may include the
initiating support equipment triggering the frontline support equipment to perform the
fundamental safety function prior to the support structure and/or the initiating support
equipment incurring damage due to the damaging event, such that the fundamental safety
function is performed independently of damage incurred by the support structure and/or the
initiating support equipment due to the damaging event.
[0017] According to some example embodiments, a method for constructing a nuclear power
plant having a distributed modular nuclear power plant layout architecture may include
constructing a nuclear structure. The nuclear structure may include at least one of a nuclear
reactor or a nuclear fuel storage. The nuclear structure may be a protected structure configured
to protect the at least one of the nuclear reactor or the nuclear fuel storage from incurring
damage due to an occurrence of a damaging event. The damaging event may originate
externally to the protected structure. The damaging event may be associated with damage being
incurred by at least a portion of the nuclear power plant. The method may include constructing
a support structure that is spatially separate from the protected structure. The support structure
may include an initiating support equipment. The initiating support equipment may be
configured to trigger a frontline support equipment to perform a fundamental safety function
such that the fundamental safety function is performed independently of the initiating support
equipment subsequent to the triggering. The fundamental safety function may include at least
one of controlling a reactivity of the nuclear reactor, cooling a reactor radioactive material in
the nuclear reactor, cooling a stored radioactive material in the nuclear fuel storage, or
confining a particular radioactive material within an enclosure of a container or suitably
filtering to suppress a release of the particular radioactive material from the container. The
nuclear structure and the support structure may be constructed at least partially concurrently.
[0018] The support structure may be a non-protected structure that is not configured to protect
the initiating support equipment [rom incurring damage due to the occurrence of the damaging
event.
[0019] The frontline support equipment may be located within the nuclear structure.

4
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[0020] The nuclear structure may be constructed to meet requirements for a first-tier SDC that
is at least one of SDC-3, SDC-4, or SDC-5 according to ANSI/ANS-2.26-2004 and/or
ASCE/SEI 43-16. The support structure may be constructed to meet requirements for a second-
tier SDC that is different from the first-tier SDC. The second-tier SDC may be at least one of
Non-Seismic, SDC-1, or SDC-2 according to ANSI/ANS-2.26-2004 and/or ASCE/SEI 43-16.
[0021] According to some example embodiments, a nuclear power plant may include spatially
separated first and second sets of adjacent structures. The first set of adjacent structures may
be associated with nuclear fuel handling and may include a fuel handling building containing
a nuclear fuel storage, an auxiliary structure associated with the nuclear fuel storage, and an
annex structure associated with the nuclear fuel storage. The second set of adjacent structures
may be associated with a nuclear reactor and may include a nuclear reactor building containing
the nuclear reactor, an auxiliary structure associated with the nuclear reactor, and an annex

structure associated with the nuclear reactor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The various features and advantages of the non-limiting embodiments herein may
become more apparent upon review of the detailed description in conjunction with the
accompanying drawings. The accompanying drawings are merely provided for illustrative
purposes and should not be interpreted to limit the scope of the claims. The accompanying
drawings are not to be considered as drawn to scale unless explicitly noted. For purposes of
clarity. various dimensions of the drawings may have been exaggerated.

[0023] FIGS. 1A and 1B are plan schematic views of a nuclear power plant having a distributed
modular nuclear power plant layout, according to some example embodiments.

[0024] FIG. 2 is a perspective rendered view of a nuclear power plant having a distributed
modular nuclear power plant layout, specifically showing modular electrical and control
structures, according to some example embodiments.

[0025] FIG. 3A is a cross-sectional view of one or more structures of a nuclear power plant
having a distributed modular nuclear power plant layout, according to some example
embodiments.

[0026] FIG. 3B is a plan schematic view of a nuclear power plant having a distributed modular

nuclear power plant layout, according (o some example embodiments.
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[0027] FIG. 4 is a block diagram illustrating fundamental safety functions and features that
may be used to satisfy the fundamental safety functions, according to some example
embodiments.

[0028] FIGS. 5A and 5B illustrate operation of initiating support equipment to trigger frontline
support equipment to perform a fundamental safety function in response to detection of a
damaging event, according to some example embodiments.

[0029] FIGS. 6A and 6B illustrate operation of initiating support equipment to trigger frontline
support equipment to perform a fundamental safety function in response to detection of a
damaging event, according to some example embodiments.

[0030] FIG. 7 is a flowchart illustrating a method of operation of a nuclear power plant to cause
one or more fundamental safety functions to be performed in response to detection of a
damaging event, according to some example embodiments.

[0031] FIG. 8A is a flowchart illustrating a method of construction of a nuclear power plant
having a distributed modular layout archilecture, according to some example embodiments.
[0032] FIG. 8B is a schematic illustrating a nuclear power plant having a distributed modular
layout architecture, according to some example embodiments.

[0033] FIG. 9 is a block diagram of an electronic device and/or equipment according to some

example embodiments.

DETAILED DESCRIPTION

[0034] It should be understood that when an element or layer is referred to as being "on,"

"connected to." "coupled to," or “covering” another element or layer, it may be directly on,
connected to, coupled to, or covering the other element or layer or intervening elements or
layers may be present. In contrast, when an element is referred to as being "directly on,"
"directly connected to," or "directly coupled to" another element or layer, there are no
intervening elements or layers present. Like numbers refer to like elements throughout the
specification. As used herein, the term "and/or" includes any and all combinations of one or
more of the associated listed items.

[0035] It should be understood that, although the terms first, second, third, etc. may be used
herein to describe various elements, components, regions, layers and/or sections, these
elements, components, regions, layers, and/or sections should not be limited by these terms.
These terms are only used to distinguish one element, component, region, layer, or section from

another region, layer, or section. Thus, a first element, component, region, layer, or section

6
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discussed below could be termed a second element, component, region, layer, or section

without departing from the teachings of example embodiments.

[0036] Spatially relative terms (e.g., "beneath," "below," "lower," "above," "upper,” and the
like) may be used herein for ease of description to describe one element or feature's relationship
to another element(s) or feature(s) as illustrated in the figures. It should be understood that the
spatially relative terms are intended to encompass different orientations of the device in use or
operation in addition to the orientation depicted in the figures. For example, if the device in
the figures is tumed over, elements described as "below" or "beneath" other elements or
features would then be oriented "above" the other elements or features. Thus, the term "below™
may encompass both an orientation of above and below. The device may be otherwise oriented
(rotated 90 degrees or at other orientations) and the spatially relative descriptors used herein
interpreted accordingly.

[0037] The terminology used herein is for the purpose of describing various embodiments only

and is nol intended (o be limiting of example embodiments. As used herein, the singular [orms

a," "an," and "the" are intended to include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the terms “includes,” “including,”
"comprises," and/or "comprising," when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, integers, steps, operations, elements,
components, and/or groups thereof.

[0038] Example embodiments are described herein with reference to cross-sectional
illustrations that are schematic illustrations of idealized embodiments (and intermediate
structures) of example embodiments. As such, variations from the shapes of the illustrations
as a result, for example, of manufacturing techniques and/or tolerances, are to be expected.
Thus, example embodiments should not be construed as limited to the shapes of regions
illustrated herein but are to include deviations in shapes that result, for example, from
manufacturing. For example, an implanted region illustrated as a rectangle will, typically, have
rounded or curved features and/or a gradient of implant concentration at its edges rather than a
binary change from implanted to non-implanted region. Likewise, a buried region formed by
implantation may result in some implantation in the region between the buried region and the
surface through which the implantation takes place. Thus, the regions illustrated in the figures
are schematic in nature and their shapes are not intended to illustrate the actual shape of a

region of a device and are not intended to limit the scope of example embodiments.
7
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[0039] Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one of ordinary skill in the art to
which example embodiments belong. It will be further understood that terms, including those
defined in commonly used dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art and will not be interpreted in an
idealized or overly formal sense unless expressly so defined herein.

[0040] Although described with reference to specific examples and drawings, modifications,
additions and substitutions of example embodiments may be variously made according to the
description by those of ordinary skill in the art. For example, the described techniques may be
performed in an order different with that of the methods described, and/or components such as
the described system, architecture, devices, circuit, and the like, may be connected or combined
to be different from the above-described methods, or results may be appropriately achieved by
other components or equivalents.

[0041] When the terms "aboul” or “substantially” are used in this specificalion in connection
with a numerical value, it is intended that the associated numerical value include a tolerance of
+10% around the stated numerical value. When ranges are specified, the range includes all

values therebetween such as increments of 0.1%.

Distributed Modular Layout Architecture

[0042] Some example embodiments relate to nuclear power plants having a distributed
modular nuclear power plant layout architecture and which are not laid out according to a
monolithic modular approach. More distributed modular building architectures may be faster
and less costly to construct than a monolithic modular approach, despite some increases in total
commodities. The main driver for the cost reduction is the layout is specifically designed to
enable a faster construction schedule (e.g., quicker construction of the plant) and lower overall
labor costs and, because construction labor costs, the time value of money and interest during
construction typically dominate more than costs associated with commodity volumes (e.g.,
concrete volume, reinforcing steel tonnage, length of installed pipe, length of installed cable,
etc.).

[0043] In some example embodiments, nuclear power plants having a distributed modular
nuclear power plant layout architecture include structures that are spaced (urther apart from

each other, i.e., “distributed”. For example, a nuclear power plant having a distributed modular
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nuclear power plant layout architecture may include structures that are spaced at least 5 meters
apart, at least 10 meters apart, at least 15 meters apart, and/or at least 20 meters apart.

[0044] Spacing between structures facilitates labor and material flow during construction.
Extra space provides greater flexibility in material laydown. Materials and components can be
stored closer to where they are used. More access roads enables near proximity ground delivery
of large components which then can be installed by smaller capacity cranes because their reach
is smaller which is also facilitated by the relatively narrow structures. Finally, more access
creates more work faces leading to greater parallel work which is perhaps the strongest
schedule accelerator to reduce time for construction of the nuclear power plant. A work face is
defined as an area where construction takes place simultaneous with other construction on the
site. For example, in designs with many floors, upper floors must wait to start construction until
signification installation of mechanical equipment is complete on lower floors. A similar
problem arises for buildings which are very wide and highly compartmentalized where the
innermost rooms must be completed [irst versus a design with adjacent rooms accessible
simultaneously from the side. These examples are pervasive in monolithic designs and
significantly less with distributed designs.

[0045] In some example embodiments, the nuclear reactor (e.g., nuclear reactor vessel) and
auxiliary nuclear support systems are placed in one or more “special protected structures™ (also
referred to herein as simply “protected structures™) to guard against loss of fundamental safety
functions that are at least initiated by the auxiliary nuclear support systems due to damaging
events.

[0046] Damaging events, which may originate externally to one or more protected structures
of the nuclear power plant, may be associated with one or more portions of the nuclear power

plant incurring damage. Damaging events, which may also be referred to as “damaging design

25 Gc 25 Gc EE IS

events,” “design damaging events,” “damaging design level events,” “design damaging level
events,” or the like with regard to configurations (including designs) of one or more structures
of anuclear power plant, may include external events (“design external events™) and/or certain
internal events (“design internal events™). External events include seismic events, also referred
to herein as design seismic events (e.g., earthquakes), weather events, also referred to herein
as design weather events (e.g., a design extreme wind and flooding event, including tornadoes,
floods, etc.) malevolent acts, also referred Lo herein as design malevolent acts, on the nuclear
power plant, including attacks on the nuclear power plant (e.g.. terrorist attacks), etc. that
originate and/or are occurring within a particular proximity range of at least a portion of the

9
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nuclear power plant (e.g., a nuclear structure that includes at least one of the nuclear reactor or
nuclear fuel storage). Said particular proximity range may be, for example, 1 km, 2 km, 5 km,
10 km, 20 km, 50 km, or the like. The certain internal events (e.g., design internal events) may
include fires within the nuclear power plant, malfunctions and/or failures of one or more certain
pieces of equipment in the nuclear power plant, etc.

[0047] Tt will be understood that, as described herein, an event (e.g., damaging event) as
described herein may be a design event (e.g., a design damaging event) that may be defined in
accordance with regulatory guidance, standards, and/or statutes, including for example any
regulatory guidance or standards as described herein or the like.

[0048] In some example embodiments, a damaging event (e.g.. damaging design event) may
include a damaging external low-probability and high-magnitude design event includes at least
one of a design seismic event (e.g., “seismic event”) defined in accordance with ASCE/SEI 43-
16 or other relevant regulatory guidance, a design extreme wind and flooding event (e.g.,
“weather evenl,” “design wealher event,” elc.) defined in accordance with US NRC Regulatory
Guide (RG) 1.76 or other relevant regulatory guidance, a design malevolent act (e.g., attack,
terrorist attack, etc.) on the nuclear power plant defined in accordance with relevant regulatory
guidance, and/or a fire within a particular proximity range (e.g., within 1 km, 2 km, 5 km, 10
km, 20 km, 50 km, etc.) of the nuclear structure defined in accordance with relevant regulatory

guidance.

Separation of Disciplines

[0049] Referring to FIGS. 1A-3B, in some example embodiments, nuclear power plants having
a distributed modular nuclear power plant layout architecture also incorporate a physical
“separation of disciplines” practice into their layout design. The order of
construction/installation by discipline, regardless of whether the “distributed” or “monolithic”
layout approach is used, is typically in the order of 1) civil, 2) structural, 3) mechanical, 4)
electrical and finally 5) controls. In the “distributed’ approach, to facilitate a faster construction
schedule, most of the mechanical scope 1s locationally separated from maost of the electrical
and controls scope into plant areas (i.e., mechanical equipment grouped locationally separate
from electrical equipment).

[0050] Most mechanical scope (e.g., mechanical equipment), in a nuclear power plant, refers
typically to reactor vessels, fuel storage pools, other vessels, tanks, pumps, fans, compressors,
heat exchangers, valves, pipes, etc., while electrical/controls scope, in a nuclear power plant,

10
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may include plant electrical and controls equipment, including control cabinets, switchgear,
unit substations, motor control centers, protective relays, battery systems, uninterruptible
power supplies, inverters, etc. The separation may be implemented to reduce the construction
schedule. It enables prioritization of the civil and structural scope associated with the larger
critical path drivers which is typically mechanical components.

[0051] Meanwhile, the vast majority of plant electrical and controls equipment, associated with
the electrical and controls disciplines, may be consolidated in a few locations or a single
location at a distance from the bulk of the mechanical scope. Since electrical and controls
equipment are typically installed after the mechanical equipment during the construction of a
nuclear power plant, separating this equipment allows for more parallel construction work to
construct the nuclear power plant (eg., the electrical/controls equipment may be
constructed/installed at least partially concurrently with the construction/installation of the
mechanical equipment).

[0052] As aresull, and as shown in al least FIGS. 1A-3B, anuclear power plant 100 having a
distributed modular nuclear power plant layout architecture may include a first cluster 110 of
structures associated with mechanical equipment (e.g., “most mechanical scope™), the first
cluster 110 including, for example a nuclear structure (e.g., the nuclear reactor building (RXB)
112, fuel handling building (FHB) 114, reactor annex building (RAB) 116, and/or fuel annex
building (FAB) 117), and a second cluster 120 of structures (e.g., Electrical and [&C modules
(e-room modules) 122, nuclear island control building (NCB) 124 which may be included in
a modular control room and/or an e-room module, and/or transformers 126) associated with
electrical equipment, instrumentation equipment, control equipment, and/or communication
equipment (e.g., “most electrical & control scope™). Said second cluster 120 may include one
or more support structures as described herein, which may include one or more nitiation
support equipment. A majority of mechanical equipment of the nuclear power plant may be
located within the first cluster 110 of structures (e.g., the “most mechanical scope™ structures
as shown in FIG. 1B) and a majority of electrical equipment, instrumentation equipment,
control equipment, and/or communication equipment of the nuclear power plant may be located
within the second cluster 120 of structures (e.g., the “most electrical & control scope” structures
as shown in FIG. 1B). As shown in FIG. 1B, the first and second clusters 110 and 120 may be
spatially separate from each other such that a smallest distance between a structure of the [irst
cluster 110 and a structure of the second cluster 120 (e.g., distance 138 as shown in FIG. 1B)is
greater than both a first average distance between adjacent structures of the first cluster 110

11
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(e.g., distance 118 as shown in FIG. 1B) and a second average distance 128 between adjacent
structures of the second cluster 120 (e.g., distance 128 as shown in FIG. 1B). Said smallest
distance may be, for example, at least 5 meters. As shown in FIGS. 1A-1B, one or more
structures/buildings of the first and second clusters 110 and 120 may be connected to pipe racks
182 from the balance of the plant (BOP) and/or electrical supply from the BOP (underground)
184. As shown, electrical supply (underground) 186 may extend between and electrically
connect different structures/buildings of the nuclear power plant 100, including different
structures/buildings of different scopes (e.g., mechanical or electrical/control scopes) and thus
extend between and electrically connect different structures/buildings of different clusters 110
and/or 120.

[0053] In some example embodiments, at least 80% of all mechanical equipment of the nuclear
power plant 100 is located within the first cluster 110 of structures and at least 80% of electrical
equipment, instrumentation equipment, control equipment, and/or communication equipment
ol the nuclear power plant 100 is located within the second cluster 120 of struclures.

[0054] In some example embodiments, a nuclear power plant 100 may include various
quantities of clusters of structures associated with various equipment. A nuclear power plant
100 may include one or more first clusters 110 of structures associated with mechanical
equipment and one or more second clusters 120 of structures associated with electrical
equipment, instrumentation equipment, control equipment, and/or communication equipment,
where the one or more first clusters 110 of structures associated with mechanical equipment
are spatially separated from the one or more second clusters 120 of structures associated with
electrical equipment, instrumentation equipment, control equipment, and/or communication
equipment. For example, a nuclear power plant 100 may include one first cluster 110 of
structures associated with mechanical equipment and three second clusters 120 of structures,
associated with electrical/control equipment, which are spatially separated from (e.g., at least
5 meters separated from) the one first cluster 110 of structures. In another example, a nuclear
power plant 100 may include two first clusters 110 of structures associated with mechanical
equipment and one second cluster 120 of structures, associated with electrical/control
equipment, which is spatially separated from (e.g., at least 5 meters separated from) the two
first clusters 110 of structures.

[0055] As shown in at least FIG. 3B, the [irst and/or second clusters 110 and/or 120 may each

include one or more protected structures (e.g., structures categorized as SDC-5 and SDC-3, as
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described further below) and/or one or more non-protected structures (e.g., structures
categorized as SDC-1 and SDC-2, as described further below).

[0056] In some example embodiments, the first and second clusters of structures 110 and 120
are structurally independent (e.g., spatially separate) from each other such that a structure of
the second cluster 120 is configured and designed to prevent adverse interaction with a structure
of the first cluster 110 during a design event that can affect the integrity and safety function of
the first-cluster structures 110 and equipment that they host, support and protect (e.g., a
damaging event).

[0057] As shown in FIG. 2, in some example embodiments, to facilitate even faster
construction, these electrical and controls equipment may be incorporated into modular
electrical equipment houses “E-Room™ at an offsite factory. These E-Rooms 122, also referred
to herein as e-room buildings, e-room modules, or the like, contain items such as control
cabinets, switchgear, unit substations, motor control centers, protective relays, battery systems,
uninterruplible power supplies, inverters, etc. The modular buildings may be road or rail
shippable. The factory assembled modules may arrive onsite with most of the equipment
already tested. This accelerates plant commissioning. Upon delivery of the factory assembled
modules to the construction site, construction may comprise mechanically fastening the
modules (e.g., via bolts) to a concrete slab and re-landing electrical interconnections (i.e.,
cabling from the mechanical scope area is linked to the electrical and control equipment within

the electrical scope area).

Distributed Structures

[0058] Traditional nuclear power plants were discouraged from pursuing a distributed modular
architecture because nuclear support systems providing fundamental safety functions (e.g.,
support equipment) extended far beyond the nuclear reactor vessel or fuel storage area. For
example, a nuclear power plant may include support equipment configured to provide coolant
inventory control in the event of pipeline breaks to mitigate loss of coolant accidents. This
coolant inventory control typically requires DC power and associated controls and human
machine interface to control a valve at a minimum. These systems, structures and components
were relied upon to perform fundamental safety functions long after a damaging event caused
shutdown of the nuclear reactor therefore drove a requirement that these systems, structures
and components be placed in “special protected structures.” Special protected structures, also

>

referred to herein interchangeably as “protected structures,” are designed and constructed
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(*configured”) to meet (“comply with”) more stringent nuclear codes and standards such as,
but not limited to, ASME BPVC, ACI 349, ANSI/AISC NG90, etc., to ensure a much higher
probability that the structure and therefore the systems and components inside will survive an
event to satisfy fundamental safety functions. Countries outside the U.S. use equivalent codes.
[0059] In some example embodiments, a nuclear power plant having a distributed modular
nuclear power plant layout architecture may have multiple distributed structures, wherein at
least one such structure (e.g., a nuclear structure that includes at least one of a nuclear reactor
or a nuclear fuel storage) is a protected structure, and wherein another such structure, which
may be a support structure including at least some support equipment configured to cause one
or more fundamental safety functions to be performed, may be a protected structure or a non-
protected structure.
[0060] As described herein, a protected structure may include structural features that configure
the protected structure to meet (e.g., comply with) one or more particular nuclear safety
requirements associaled with prolecling against damage Lo a nuclear reaclor, damage (o nuclear
fuel, release of radioactive material, or the like due to the occurrence of a damaging event.
[0061] In some example embodiments, a ““particular nuclear safety requirement” may include
one or more design criteria, including for example, Seismic Design Criteria defined by
American National Standards Institute (ANSI)/American Nuclear Society (ANS) 2.26-2004,
Categorization of Nuclear Facility Structures, Systems, and Components for Seismic Design,
also referred to herein as ANSI/ANS-2.26-2004, DOE-Standard (STD) 1189-2008, ASCE/SEI
43-16, NRC Regulatory Guide 1.29, governing nuclear codes and standards such as ASME
BPVC, ACI 349, ANSI/AISC N690, or the like. For example, ANSI/ANS-2.26-2004 may
indicate various SDCs that may each define a Seismic Design Basis (SDB) for a structure of
the nuclear power plant. SDCs may range from SDC-1 to SDC-5. A protected structure that
meets a particular nuclear safety requirement may, for example, be configured to meet (e.g.,
satisfy) a Seismic Design Category that is at least one of SDC-3, SDC-4, or SDC-5 as defined
by ANSI/ANS-2.26-2004 and/or ASCE/SEI 43-16.
[0062] In another example, a “particular nuclear safety requirement” may include one or more
design criteria associated with various natural disasters, including tornadoes, floods,
hurricanes, fires, or the like. For example, a “particular nuclear safety requirement” may
include one or more design criteria associaled with and/or included in al least one of General
Design Criterion (GDC) 2, “Design Bases for Protection Against Natural Phenomena,” of
Appendix A, “General Design Criteria for Nuclear Power Plants,” to Title 10, Part 50, of the
14
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Code of Federal Regulations (10 CFR Part 50), “Domestic Licensing of Production and
Utilization Facilities,” GDC 4, “Environmental and Dynamic Effects Design Bases,” of
Appendix A to 10 CFR Part 50, 10 CFR Part 100, NRC Regulatory Guide 1.76 “Design-Basis
Tormado And Tornado Missiles For Nuclear Power Plants,” ANSI/ANS-2.8-2019,
“Probabilistic Evaluation of External Flood Hazards for Nuclear Facilities,” or the like, and a
protected structure that meets a particular nuclear safety requirement may, for example, be
configured to meet one or more of any of said design criteria associated with and/or included
in any of same.
[0063] In some example embodiments, a “particular nuclear safety requirement” may include
one or more stringent nuclear standards to give a much higher probability that a protected
structure that meets the particular nuclear safety requirement, and therefore the systems and
components inside (e.g., nuclear reactor, nuclear fuel, auxiliary nuclear support systems within
the structure, etc.), will survive a damaging event, thereby enabling said auxiliary nuclear
supporl systems (o success(ully perform (e.g., “salisy”) one or more [undamental saflety
functions. It will be understood that the “particular nuclear safety requirement™ is not limited
to the standards and codes listed above, as countries outside the U.S. may use equivalent codes
that may meet the particular nuclear safety requirement.
[0064] In some example embodiments, a protected structure may be structurally distinguished
by being supported by a nuclear island basemat structure, also referred to herein simply as a
“basemat,” such that said nuclear island basemat structure may be one or more features of the
special protected structure that at least partially configures the special protected structure to
meet the particular nuclear safety requirement. A nuclear island basemat structure may include
a reinforced concrete foundation (e.g., about 6 feet in thickness) and may be structurally
configured to ensure that the equipment within the protected structure (e.g., a nuclear reactor,
nuclear fuel storage, etc.) continues to satisfy fundamental safety functions even during and
after the occurrence of a damaging event (e.g., a seismic event such as an earthquake). In some
example embodiments, a non-protected structure may be supported on a simple concrete slab
structure, or no slab at all (e g, supported on bare soil or rock material).
[0065] In some example embodiments, a nuclear structure may be understood to be a structure
hosting, supporting and protecting equipment, systems and components including at least one
ol a nuclear reactor or a nuclear fuel storage, which damage during and aflter an event (e.g.,
external and/or internal design events) can have significant adverse consequences on the
environment and the public as defined by ANSI/ANS-2.26-2004 designed in accordance with
15
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the governing nuclear codes and standards such as ASME BPVC, ACI 349 and ANSI/AISC
NG60.
[0066] In some example embodiments, by placing auxiliary nuclear safety systems in the same
building as the nuclear reactor, or an adjacent auxiliary building of equivalent nuclear quality
(e.g., another protected structure which may or may not share a basemat with the nuclear reactor
building), the total commodities (e.g., concrete volume, reinforcing steel tonnage, length of
installed pipe, length of installed cable, etc.) for a specific nuclear power plant may be reduced
vs. having multiple distributed “special protected structures.” Most intemal events (e.g.,
inadvertent valve closure, loss of power bus, etc.) may not require protected structures because
such events are not typically associated with protecting systems and components from outside
forces by dependency on the structure to provide this protection. The term “nuclear quality™ is
used to generically refer to activities that are held to a much more stringent quality assurance
level such as that governed by 10 CFR Part 50 appendix B in the U.S. or equivalent in other
countries.
[0067] As described herein, buildings in a nuclear power plant that are not protected structures
may be referred to herein as “non-protected structures.”
[0068] As described herein, a nuclear power plant 100 may include a nuclear reactor building
(RXB) 112 (e.g., reactor containment building) and fuel handling building (FHB) 114 (also
referred to herein as a fuel storage facility) which are part of a single protected structure or are
located in separate, respective protected structures. Such one or more structures may be
referred to herein as “nuclear structures.” For example, a nuclear power plant 100 may include
anuclear structure, the nuclear structure including at least one of a nuclear reactor or a nuclear
fuel storage, the nuclear structure being a protected structure configured to protect the at least
one of the nuclear reactor or the nuclear fuel storage from incurring damage due to a damaging
event, the damaging event originating externally to the protected structure, the damaging event
associated with damage being incurred by at least a portion of the nuclear power plant.
[0069] In some example embodiments, a nuclear power plant 100 may include one or more
“auxiliary” buildings that are protected structures and which are adjacent (e g, directly adjacent
to or within a certain proximity, e.g., within 5 meters) to the protected structure(s) that
are/define the nuclear reactor building and/or fuel storage building but may or may not share a
same basemal with the special protected structure(s) that are/define the nuclear reactor building
(RXB) 112 and/or fuel storage building (e.g., fuel handling building (FHB) 114). For example,
an auxiliary building of the nuclear power plant (e.g., an auxiliary building containing safety
16
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related residual heat removal systems) may include a separate basemat than the nuclear reactor
building. Accordingly, the one or more auxiliary buildings of the nuclear power plant may be
understood to be “seismically decoupled™ from the protected structure(s) that are/define the
nuclear reactor building and/or fuel storage building, wherein seismically decoupled structures
are spaced apart so that the structures are configured to not interact with each other in response
to a seismic event (e.g., earthquake). In some example embodiments, the seismically-
decoupled auxiliary building(s) may be configured to meet a similar or same nuclear safety
requirement (e.g., seismic standard) as said special protected structure(s) that are/define the
nuclear reactor building and/or fuel storage building.
[0070] The nuclear power plant 100 may include one or more “annex” buildings (e.g., annex
structures, such as reactor annex building (RAB) 116 and/or fuel annex building (FAB) 117)
which are immediately adjacent to (e.g., within 5 meters proximity) a protected structure of the
nuclear power plant. The annex building(s) may be physically separated (e.g., isolated) from
the basemat of the special protecled structure(s) that are/define the nuclear reactor building
and/or fuel storage building and thus may be understood to be seismically decoupled from
same. As such, the annex buildings may be configured to meet different seismic standards than
the protected structures, and thus may not meet the same nuclear safety requirement that is met
by the protected structures. An annex structure may not be a protected structure (e.g., may be
a non-protected structure) and thus may not be configured to protect equipment located within
the annex structure from incurring damage due to a damaging event. For example, where a
protected structure of the nuclear power plant is configured to meet at least one of SDC-3,
SDC-4, or SDC-5 as defined by ANSI/ANS-2.26-2004 and/or ASCE/SEI 43-16, an annex
building of the nuclear power plant may not be configured to meet some or any of SDC-3,
SDC-4, or SDC-5. For example, an annex building of the nuclear power plant may be
configured to meet at least one of Non-Seismic, SDC-1, or SDC-2 as defined by ANSI/ANS-
2.26-2004, and/or ASCE/SEI 43-16 and to not meet any of SDC-3, SDC-4, or SDC-5 as defined
by ANSI/ANS-2.26-2004 and/or ASCE/SEI 43-16.
[0071] The nuclear power plant may include one or more “satellite” buildings (also referred to
herein as satellite structures) which are protected structures but are not immediately adjacent
to (e.g.., more than 6 meters distance from, more than 12 meters distance from, etc.) the nuclear
reactor building and/or [uel storage building.
[0072] The nuclear power plant may include one or more “support” buildings (also referred to
herein as support structures) that are spatially separate from a protected structure of the nuclear
17
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power plant. A support structure may, in some example embodiments, be significantly distant
from (e.g., more than 6 meters distance from, more than 12 meters distance from, etc.) a
“protected structure” that a nuclear structure (e.g., nuclear reactor building and/or fuel handling
building). The support structure(s) may be physically separated (e.g., isolated) from the
basemat of the protected structure(s) that are/define the nuclear reactor building and/or fuel
storage building and thus may be understood to be seismically decoupled from same. As such,
the support structures may be configured to meet different seismic standards than the protected
structures, and thus may not meet the same nuclear safety requirement that is met by the
protected structures. A support structure may not be a protected structure (e.g., may be a non-
protected structure) and thus may not be configured to protect equipment located within the
support structure from incurring damage due to a damaging event. For example, where a
protected structure of the nuclear power plant is configured to meet at least one of SDC-3,
SDC-4, or SDC-5 as defined by ANSI/ANS-2.26-2004, and/or ASCE/SEI 43-16, a support
structure of the nuclear power plant may not be configured (o meet some or any of SDC-3,
SDC-4, or SDC-5. For example, a support structure of the nuclear power plant may be
configured to meet at least one of Non-Seismic, SDC-1, or SDC-2 as defined by ANSI/ANS-
2.26-2004, and/or ASCE/SEI 43-16 and to not meet any of SDC-3, SDC-4, or SDC-5 as defined
by ANSI/ANS-2.26-2004 and/or ASCE/SEI 43-16.
[0073] As described herein, a “spatially separate structure” may refer to any of the “satellite”
and/or “support™ structures of a nuclear power plant having a distributed modular nuclear
power plant layout architecture.
[0074] In some example embodiments, a non-protected structure of the nuclear power plant
(e.g., a support structure, an annex structure, or a combination thereof) may be a structure that
is designed in accordance with (e.g., i1s configured to meet) one or more various non-nuclear
industry codes, including IBC, ACI 318, AISC 360, some combination thereof, or the like.
[0075] In some example embodiments, a structure that is configured with regard to a damaging
event (e.g., configured to protect equipment located within from incurring damage due to the
damaging event) may be understood to be designed with regard to the damaging event (e g,
designed to protect equipment therein from incurring damage due to the damaging event). For
example, a support structure that is not configured to protect initiating support equipment
located within [rom incurring damage due (o a damaging event (e.g., damaging design evenl)
may be not designed to protect the initiating support equipment located within from incurring
damage due to the damaging event (e.g., damaging design event).
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Construction OQperations

[0076] In some example embodiments, a nuclear power plant having a distributed modular
nuclear power plant layout architecture wherein at least some auxiliary safety svstems are
distributed into separate structures may have reduced construction costs in relation to nuclear
plants having large monolithic modular structures that incorporate almost all said auxiliary
safety systems and the nuclear reactor in a same structure, despite realized reduction in installed
commodity counts. The monolithic approach to “protected structures” may result in few work
faces because the sprawl of equipment requiring protection by the monolithic modular structure
drives the need for multiple floors and rooms within the monolithic modular structure, resulting
in more sequential rather than parallel work during construction of the nuclear power plant. A
work face is defined as an area where construction takes place simultaneous with other
construction on the site. For example, crane access to portions of the nuclear reactor building
that is a large monolithic modular structure during construction is limited because the large
footprint of a large monolithic modular structure drives the use of longer-reach cranes, and
therefore typically fewer cranes during construction. In another example, worker productivity
during construction of a nuclear power plant having a monolithic modular structure may be
lower than during construction of a nuclear power plant having a distributed modular layout
architecture due to congestion and the large scope of on-site nuclear quality assurance
(construction activities on-site governed under 10 CFR Part 50 appendix B in the U.S. or
equivalent in other countries) associated with interdependent safety related equipment within
the large monolithic modular structure, thereby extending the construction timeline.
Furthermore, most traditional light water reactors use a pressure retaining containment
structure having a volume that is much larger than the nuclear reactor vessel of the nuclear
reactor itself. This specific containment structure design further expands the footprint of the
nuclear reactor building that is a large monolithic modular structure, exacerbating the cost of
the nuclear power plant and extending the timeline of construction of same.

[0077] Referring to FIG. 8 A, a method for constructing a nuclear power plant 800 having a
distributed modular nuclear power plant layout architecture may include, at S802, constructing
adjacent structures 810 (e.g., a nuclear reactor building 812 and/or fuel handling building 814,
which may be relerred to as one or more nuclear structures) with a high degree of parallel
construction with satellite and support (S804) structures 822 and 824, where the adjacent
structures and the satellite and support structures 822 and 824 (e.g., spatially separate
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structures) are constructed at least partially concurrently based at least in part upon said
structures being spaced apart (“distributed™). The adjacent structures 810 constructed at S802
may include at least one of a nuclear reactor or a nuclear fuel storage (e.g., may be a nuclear
reactor building 812 and/or fuel handling building 814) and/or may be an auxiliary building
816 (where the nuclear reactor building 812, fuel handling building 814, and/or auxiliary
building 816 may be referred to herein as a nuclear structure) and may be a protected structure
configured to protect the at least one of the nuclear reactor or the nuclear fuel storage from
incurring damage due to an occurrence of a damaging event, the damaging event originating
externally to the protected structure, the damaging event causing damage to be incurred by at
least a portion of the nuclear power plant. The protected structure (e.g.. nuclear structure) may
host, support and protect equipment, systems and components including at least one of a
nuclear reactor or a nuclear fuel storage, which damage during and after an event (e.g., external
or internal accident design events, damaging design events, etc.) can have significant adverse
consequences on the environmenl and the public as defined by ANSI/ANS-2.26-2004. The
support structure 824 may be spatially separate from the protected structure and may be
constructed to include an initiating support equipment, the initiating support equipment
configured to trigger a frontline support equipment to perform a fundamental safety function
such that the fundamental safety function is performed independently of the initiating support
equipment subsequent to the triggering, the fundamental safety function including at least one
of controlling a reactivity of the nuclear reactor, cooling a reactor radioactive material in the
nuclear reactor, cooling a stored radioactive material in the nuclear fuel storage, or confining a
particular radioactive material within an enclosure of a container to suppress a release of the
particular radioactive material from the container (e.g., to the environment or the public). In
some example embodiments, a structure constructed at S804 is a non-protected structure (i.e.,
support structure 824) that is not configured to protect the initiating support equipment from
incurring damage due to the occurrence of the damaging event. Such a non-protected structure
may be designed in accordance with (e.g., configured to meet) one or more non-nuclear
industry codes mncluding IBC, ACT 318, and/or AISC 360. The frontline support equipment
may be installed within the nuclear structure and/or the support structure. The constructing of
protected structures may include constructing the structures to meet (e.g., meet requirements
for) a [irst seismic design calegory (e.g., [irsi-lier seismic design category (SDC)) that is at
least one of SDC-3, SDC-4, or SDC-5 according to ANSI/ANS-2.26-2004 and/or ASCE/SEI
43-16. The constructing of non-protected structures may include constructing the structures to
20
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meet (e.g., meet requirements for) a second seismic design category (e.g., second-tier SDC)
that may be at least one of Non-Seismic, SDC-1, or SDC-2 according to ANSI/ANS-2.26-2004
and/or ASCE/SEI 43-16.
[0078] The constructing of non-protected structures may include constructing the structures to
meet the second seismic design category that is a combination of SDC-1 or SDC-2 according
to ANSI/ANS-2.26-2004.
[0079] Also, in FIG. 8A, a satellite structure 822, which is a protected structure, may be
spatially separate from other protected structures (e.g., buildings 812, 814, and 816) and may
be constructed to include an initiating support equipment, the initiating support equipment
within the satellite structure 822 being configured to trigger a frontline support equipment to
perform a fundamental safety function such that the fundamental safety function is performed
dependently of the initiating support equipment located within the satellite structure 822
subsequent to the triggering, the fundamental safety function including at least one of
controlling a reactivity of the nuclear reactor (e.g., in the nuclear reactor building 812), cooling
a reactor radioactive material in the nuclear reactor, cooling a stored radioactive material in the
nuclear fuel storage (e.g.. in the fuel handling building 814). or confining a particular
radioactive material within an enclosure of a container to suppress a release of the particular
radioactive material from the container (e.g., to the environment or the public).
[0080] In some example embodiments, and as shown in FIG. 8B, a nuclear power plant 850
having a distributed modular nuclear power plant layout architecture may include structures
(e.g.. a first set of adjacent structures 860) associated with the fuel handling (e.g., a fuel
handling building 862 containing a nuclear fuel storage and auxiliary and annex structures 864
and 866 associated therewith) that are spatially separated (e.g., at least 6 meters separate, at
least 12 meters separate, etc.) from the structures (e.g., a second set of adjacent structures 870)
associated with the reactor (e.g., a nuclear reactor building 872 and auxiliary and annex
structures 874 and 876 associated therewith). This may be done to further increase the degree
of parallel construction and also facilitate sharing of the fuel handling building 862 with several
other reactors. Adjacent structures (e g | the structures of the first set of adjacent structures 860
and/or the structures of the second set of adjacent structures 870) may be less than 6 meters
apart from each other, including being less than 5 meters apart, less than 4 meters apart, less
than 3 melters apart, less than 2 melers apart, less than 1 meter apart, etc.
[0081] The auxiliary structures associated with the nuclear reactor or the nuclear fuel storage
(e.g., auxiliary structures 864 and/or 874, collectively auxiliary structures 884) may be
21
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auxiliary structures as described herein (e.g., protected structures adjacent to the nuclear reactor
building 872 or fuel handling building 862). The annex structures associated with the nuclear
reactor or the nuclear fuel storage (e.g., annex structures 866 and/or 866, collectively annex
structures 886) may be annex structures as described herein (e.g., non-protected structures
adjacent to the nuclear reactor building 872 or fuel handling building 862).

[0082] Structures associated with the nuclear fuel storage may include (e.g., contain)
equipment configured to support operations and/or functions (e.g., fundamental safety
functions) of the nuclear fuel storage. Such equipment may include, for example, heat transport
systems (e.g., heat exchangers, conduits, pipes, etc.) that transport heat to and/or from the
nuclear fuel storage, fuel pool cleanup equipment, standby power supplies, control equipment,
coolant cleanup equipment, emergency pool cooling systems, residual heat removal systems,
emergency power supplies, any combination thereof, or the like.

[0083] Structures associated with the nuclear reactor may include (e.g., contain) equipment
configured (o supporl operations and/or functions (e.g., fundamental salety functions) of the
nuclear reactor. Such equipment may include, for example, heat transport systems (e.g.. heat
exchangers, conduits, pipes, etc.) that transport heat (e.g., steam, molten salt, sodium, gas, etc.)
to and/or from the nuclear reactor (e.g., to perform useful work (e.g., generate electricity or
heat a chemical process)), standby power supplies, control equipment, coolant cleanup
equipment, emergency core cooling systems, residual heat removal systems, emergency power

supplies, any combination thereof, or the like.

Fundamental Safety Functions and Support Equipment

[0084] Referring to FIGS. 1A-7, in some example embodiments, a nuclear power plant having
a distributed modular nuclear power plant layout architecture may include support equipment
configured to enable fundamental safety functions to be performed/satisfied.

[0085] As described herein, “fundamental safety functions™ may include functions that, when
successfully performed (e.g., satisfied), achieve at least one of: 1) controlling a reactivity of
the nuclear reactor (e g, safely shutting down the nuclear reactor and maintaining the nuclear
reactor in a safe shutdown condition (including a zero power critical or subcritical state) during
and after adamaging event), 2) cooling (e.g., removing residual heat from) a reactor radioactive
malerial in the nuclear reactor (e.g., aller shutdown of the nuclear reactor), 3) cooling (e.g.,
removing residual heat from) a stored radioactive material in the nuclear fuel storage, and/or
4) confining a particular radioactive material within an enclosure of a container to suppress a
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release of the particular radioactive material from the container (e.g., reducing the potential for,
and/or preventing, release of radioactive material from the nuclear power plant to the
environment or the public and to ensure that any releases are within prescribed limits).

[0086] As described herein, support equipment (“auxiliary support systems™) of a nuclear
power plant configured to cause one or more “fundamental safety functions™ to be performed
may include frontline support equipment that perform the fundamental safety functions and
initiating support equipment that trigger the frontline support equipment to perform the
fundamental safety functions. Frontline support equipment may include, for example,
emergency core cooling equipment, residual heat removal equipment, emergency power
supplies, etc. Examples of frontline support equipment may include the reactor protection
system which includes support equipment configured to cause a scram of the nuclear reactor
to occur and/or support equipment configured to isolate one or more portions of the nuclear
reactor and/or nuclear fuel storage and/or to isolate an enclosure of a container to suppress
release of radioaclive malerial [rom the enclosure. Initiating support equipment may include
processing circuitry configured to selectively generate and/or transmit a “trigger” control signal
to the frontline support equipment to trigger the frontline support equipment to perform a
fundamental safety function. Said processing circuitry may include a memory storing a
program of instructions and a processor configured to execute the program of instructions to
generate and/or transmit the “trigger” control signal in response to a determination that a
damaging event is detected. In some example embodiments, the initiating support equipment
including detection equipment (e.g., a sensor, communication interface, or the like) configured
to detect the occurrence of the damaging event. In some example embodiments, the initiating
support equipment includes instrumentation equipment (e.g., sensor devices, signal
transmitters), electrical equipment (e.g., transformers, switchgear, etc.), communication
equipment (e.g., wireless communication transceivers), and/or control equipment (e.g.,
processing circuitry, user interfaces, etc.). Initiating support equipment and frontline support
equipment which said initiating support equipment is configured to trigger may be located in
separate structures and/or may be communicatively linked via a wired or wireless
communication connection.

[0087] Initiating support equipment may be configured to trigger a frontline support equipment
based on transmitting a “trigger” control signal to the (rontline support equipment (e.g., when
the initiating support equipment includes processing circuitry and a transmitter configured to
generate and transmit the control signal via a communication link to the frontline support
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equipment), performing an actuation operation (e.g., when the initiating support equipment
includes an actuator and/or other device, such as a spring, electromagnet, or the like that is
configured to operate to actuate at least a portion of the frontline support equipment to cause
the frontline support equipment to perform a fundamental safety function), or any combination
thereof.
[0088] In some example embodiments, at least some support equipment configured to cause
fundamental safety functions to be performed, even if classified “safety related,” under U.S.
10 CFR Part 50 or equivalent classification in other countries’ law(s), may not need to be
located in protected structures.
[0089] For example, the frontline support equipment may be configured to perform/satisty a
fundamental safety function, in response to being triggered by the initiating support equipment,
independently of the initiating support equipment subsequent to the triggering. As aresult, the
initiating support equipment may not need to be located in a protected structure, as performance
of the fundamental support function may continue independently of the continued operation,
survival, and/or existence of the initiating support equipment subsequent to the triggering of
the frontline support equipment to perform the fundamental support function.
[0090] This facilitates adoption of a distributed modular nuclear power plant layout
architecture, where systems (e.g., support equipment) that do not need to be located in protected
structures are distributed to be located in support structures (e.g., non-protected structures) that
are spatially separate from structures housing systems that do need to be located in protected
structures (e.g., nuclear reactor), because such distribution enables the nuclear power plant
having such distribution to be more economically attractive. For example, initiating support
equipment may be located in a support structure, while the frontline support equipment that
may be triggered by the initiating support equipment to perform a fundamental safety function
may be located in a protected structure (e.g., a nuclear structure, including a nuclear reactor
building, fuel handling building, auxiliary building, a satellite structure, or some combination
thereof).
[0091] A summary of operations where the fundamental safety functions are
performed/satisfied is provided below with reference to at least FIGS. 4-7.
Initiation/Triggering of fundamental safety functions
[0092] Reflerring to FIG. 7, which is a method that may be performed with regard to any nuclear
plant, initiating and/or frontline support equipment, or the like according to any example
embodiments (e.g.. as shown in FIGS. 5A-5B and/or FIGS. 6A-6B), an event (e.g.. damaging
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event) may, upon detection (e.g., at S702 by detection equipment), prompt an initiating support
equipment to trigger a frontline support equipment (e.g., at S704) to perform a fundamental
safety function (e.g., at S706) independently of the initiating support equipment subsequent to
the triggering at S704, such that the fundamental safety function (e.g., one or more of the
fundamental safety functions illustrated in FIG. 4) may be performed (e.g., at S706) and
satisfied (e.g., one or more of S708A, S708B, or S708C) even if the initiating support
equipment incurs damage and/or becomes inoperative due to the damaging event subsequent
to the triggering (e.g., at S710).

[0093] Restated, the method shown in FIG. 7 may include, at S702, detecting a damaging event
originating externally to a nuclear structure of the nuclear power plant and associated with
damage being incurred by one or more portions of the nuclear power plant, wherein the nuclear
structure is a protected structure configured to protect the at least one of the nuclear reactor or
the nuclear fuel storage from incurring damage due to the damaging event; and, at S704,
controlling an inilialing supporl equipment (o trigger a [rontline supporl equipment Lo perform
a fundamental safety function at S706 in response to the detecting the damaging event at S702,
such that the fundamental safety function is performed independently of the initiating support
equipment subsequent to the triggering, the initiating support equipment located in a support
structure that is spatially separate (also referred to herein interchangeably as “structurally
independent™) from the nuclear structure, wherein the fundamental safety function includes at
least one of controlling a reactivity of the nuclear reactor (which may be satisfied at S708A
based on the frontline support equipment performing the fundamental safety function at S706),
cooling a reactor radioactive material in the nuclear reactor (which may be satisfied at S708B
based on the frontline support equipment performing the fundamental safety function at S706),
cooling a stored radioactive material in the nuclear fuel storage (which may be satisfied at
S708B based on the frontline support equipment performing the fundamental safety function
at S706), or confining a particular radioactive material within an enclosure of a container to
suppress a release of the particular radioactive material from the container, for example to the
environment or the public (which may be satisfied at S708C based on the frontline support
equipment performing the fundamental safety function at S706).

[0094] The detecting at S702 may include detecting a damaging event originating externally
to the nuclear structure and associated with damage being incurred by one or more portions of
the nuclear power plant, wherein the nuclear structure is a protecting structure configured to
protect the at least one of the nuclear reactor or the nuclear fuel storage from incurring damage
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due to the damaging design level event can have significant adverse consequences on the
environment and the public as defined by ANSI/ANS-2.26-2004, such that the triggering at
S704 is performed (e.g., by the initiating support equipment) in response to such detecting.

[0095] Referring to FIGS. SA-6B, a nuclear power plant 500 may include initiating support
equipment (ISE) 512 that may include and/or be communicatively coupled to detection
equipment (DE) 514 configured to detect a damaging event 518. The detection equipment
(DE) 514 may include, for example, a known seismic trip system configured to detect a seismic
event, a known system configured to monitor the local weather for weather events, a known
intrusion detection system configured to detect an attack on the nuclear power plant, or the like.
[0096] Still referring to FIGS. 5A-6B, the support equipment may include initiating support
equipment (ISE) 512 configured to “trigger” 516 frontline support equipment (FSE) 522 in
response to detection of a damaging event 518 (e.g., by DE 514), for example based on
transmitting a “trigger” control signal (516) to the frontline support equipment 522 and/or
actuating the frontline support equipment 522. The inilialing support equipmenlt ISE 512 may
be configured to trigger 516 the FSE 522 to perform the fundamental safety function 526 prior
to a nuclear reactor, nuclear fuel storage, and/or radioactive material (e.g., structure 524), or
one or more portions of the nuclear power plant S00 being affected (e.g., damaged) due to the
damaging event 518. In some example embodiments, the initiating support equipment 512 is
located in a support structure 510 that may be a non-protected structure that is not configured
to protect the initiating support equipment 512 from incurring damage 532 due to the damaging
event 518. The detection equipment (DE) 514 may be configured to detect the damaging event
518 with sufficient advance timing before the damaging event 518 may cause the ISE 512 to
incur damage 532 (e.g., at least 5 seconds, 10-20 seconds, etc.), and the ISE 512 may be
configured to trigger the frontline support equipment (FSE) 522 to perform one or more
fundamental safety functions 526 within said advance timing, so that the ISE 512 may trigger
516 frontline support equipment (FSE) 522 to perform one or more fundamental safety
functions (FSF) 526 and such triggernng 516 may be completed prior to the ISE 512 (and/or
the FSE 522 nuclear reactor, nuclear fuel storage, or the like) incurring damage 532 due to the
damaging event that would inhibit (534) the ISE 512 from performing said triggering 516.
Restated, and as shown in FIGS. 5A-6B (particularly in FIGS. SB and 6B), the initiating
support equipment ISE 512 may be not configured to resist incurring damage 532 due Lo the
damaging event 518, and the initiating support equipment ISE 512 may be configured to trigger
516 the frontline support equipment FSE 522 to perform the fundamental safety function FSF
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526 in response to detection of the damaging event 518 (e.g., by detection equipment DE 514)
and prior to the initiating support equipment ISE 512 incurring damage 532 due to the
damaging event, such that the fundamental safety function FSF 526 is performed/satisfied
independently of damage 532 incurred by the initiating support equipment ISE 512 due to the
damaging event 518. Because the frontline support equipment FSE 522 may continue to
perform the fundamental safety function 526 independently of the ISE 512 and subsequently
to being triggered 516 by the ISE 512, damage 532 incurred by the ISE 512 subsequent to the
triggering 516 may not affect the performance/satisfying of the fundamental safety function
526. Restated, because the frontline support equipment FSE 522 may be configured to assure
the satisfying of the fundamental safety function 526 subsequent to the triggering 516 by the
ISE 512, the ISE 512 may be located in a separate, non-protected support structure 510 wherein
the ISE 512 is permitted to incur damage 532 which may inhibit 534 the ISE 512 from
performing further triggering 516, so long as the ISE 512 is configured to trigger 516 the FSE
522 prior Lo incurring damage 532 due (o the detecled damaging event 518 that prompts the
ISE 512 to perform the triggering 516,

[0097] As aresult, and as shown in FIGS. SA-6B, the ISE 512 may be located in an annex or
support structure 510 that is non-protected and may be configured to not resist incurring
damage due to the damaging event 518. For example, the nuclear structure 520 of the nuclear
power plant 500 (e.g., RXB, FHB, etc.) may be configured to meet (e.g., meet requirements
for) a first seismic design category (e.g., first-tier SDC that is at least one of SDC-3, SDC-4, or
SDC-5 according to ANSI/ANS-2.26-2004 and/or ASCE/SEI 43-16, and the support structure
510 in which the initiating support equipment 512 is located may be configured to meet (e.g.,
meet requirements for) a second seismic design category (e.g., second-tier SDC) that is
different from the first seismic design category. For example, the second-tier SDC may be at
least one of Non-Seismic, SDC-1, or SDC-2 according to ANSI/ANS-2.26-2004, and/or
ASCE/SEI 43-16. The nuclear structure 520 may be a protected structure that is designed in
accordance with (e.g., configured to meet) the govemning nuclear codes and standards such as
ASME BPVC, ACIT 349 and ANSI/AISC N690. The support structure 510 may be a non-
protected structure that is designed in accordance with (e.g., configured to meet) non-nuclear
industry codes such as IBC, ACI 318, and/or AISC 360

[0098] As shown in FIGS. 5A-6B, the ISE 512 may, based on “triggering™ 516 the (rontline
support equipment 522, actuate the frontline support equipment 522 to perform the
fundamental safety function(s) 526 prior to onset of damage 532 to the ISE 512 resulting from
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the damaging event 518 which may inhibit 534 the ISE 512 which may inhibit 534 the ISE 512
from performing further triggering 516.
[0099] In some example embodiments, the ISE 512 may include processing circuity (e.g.,
memory such as a solid state drive (SSD) storing a program of instructions and a processor
configured to execute the program of instructions to generate a “trigger” signal to trigger 516
a frontline support equipment 522 in response to detection of a damaging event 518), a
communication interface (e.g., configured to transmit the trigger signal to the frontline support
equipment 522), or the like.
[00100] In some example embodiments, the ISE 512 may include a manual shutdown
device, switchgear (e.g., electrical and/or mechanical switchgear), actuator (e.g., valve
actuator). The ISE 512 may be configured to actuate at least a portion of the frontline support
equipment FSE 522 to trigger 516 the FSE 522 to cause the FSE 522 to perform the
fundamental safety function 526 in a manner that is independent of the ISE 512 subsequent to
the (riggering 516.
[00101] In some example embodiments, the FSE 522 may include equipment that is
configured to be located within a protected structure (e.g., nuclear structure 520) to be protected
against damage by the damaging event 518, equipment that is configured to resist incurring
damage by the damaging event 518, or the like. For example, the FSE 522 may include a
control rod assembly configured to control reactivity of the nuclear reactor (e.g., 524) (e.g., via
performing a scram) in response to a trigger signal and/or actuation received from an ISE 512
which may be located in a support structure 510. Because the control rod may be lowered into
the nuclear reactor {e.g., 524) to perform the scram based on the electromagnet de-energizing
in response to, or as part of, the triggering, the fundamental safety function 526 of a scram may
be performed independently of the state/condition of the ISE 512 subsequently to the triggering
516 (e.g., as shown in FIGS. SA-5B).
[00102] In another example, the FSE 522 may include stored energy equipment
configured to implement one or more stored energy supply methods such as de-energize to
actuate, gravity, springs, accumulators, capacitors or batteries which enable systems to perform
fundamental safety function(s) 526 (e.g., an uninterruptible power supply (UPS)).
[00103] FIG. 9 is a block diagram of an electronic device and/or equipment according
to some example embodiments. Said electronic device and/or equipment may include and/or
implement any of the devices, equipment, systems, units, controllers, and/or circuits included
in any of the example embodiments, including any of the initiating support equipment (ISE)
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512, frontline support equipment (FSE) 522, or the like. Said electronic device and/or
equipment (referred to herein as simply a “device™) may be configured to perform any or all of
the operations of any of the methods according to any of the example embodiments, including
without limitation anv or all of the operations of any or all of the methods shown in FIGS. SA,
5B, 6A, 6B, 7, 8A, and/or 8B.

[00104] Referring to FIG. 9, a device 900 (which may be an electronic device and/or
equipment according to any of the example embodiments, including for example the initiating
support equipment (ISE) and/or the frontline support equipment (FSE)) may include a
processor 920, a memory 930, and an interface 940 that are electrically coupled together via a
bus 910. The interface 940 may be a communication interface (e.g., a wired or wireless
communication transceiver).

[00105] As shown in FIG. 9, where the device 900 is configured to perform one or
more operations of a method according to any of the example embodiments, the interface 940
may be communicatively coupled o an external device. For example, where the device 900
includes and/or implements the initiating support equipment (ISE) 512, the interface 940 may
be communicatively coupled to detection equipment 514 and may further be communicatively
coupled to frontline support equipment (FSE) 522), such that the device 900 may receive
information/signal indicating occurrence of a damaging event 518 from the detection
equipment 514 data via the interface 940, process the received information/signal, and
generate/transmit a trigger signal to the frontline support equipment (FSE) 522, to "trigger"
516 the FSE 522, via the interface 940 based on processing the received information/signal to
determine that the FSE 522 should be actuated in response to the damaging event 518 detection.
[00106] The memory 930, which may be a non-transitory computer readable medium,
may store a program of instructions and/or other information. The memory 930 may be a
nonvolatile memory, such as a flash memory, a phase-change random access memory (PRAM),
a magneto-resistive RAM (MRAM), a resistive RAM (ReRAM), or a ferro-electric RAM
(FRAM), or a volatile memory, such as a static RAM (SRAM), a dynamic RAM (DRAM), or
a synchronous DRAM (SDRAM). The processor 920 may execute the stored program of
instructions to perform one or more functions. For example, where the device 900 is included
in and/or implements initiating support equipment (ISE) 512, the processor 920 may be
configured Lo process signals/information received [rom the delectlion equipment via interface
940 and, based on a result of the one or more methods (e.g., determining for example an
occurrence of a damaging event 518 based on the received information/signals), to selectively
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transmit commands to frontline support equipment (FSE) 522 via interface 940 to trigger 516
the frontline support equipment 522 to actuate to perform one or more fundamental safety
functions 526. It will be understood that, in some example embodiments, the detection
equipment 514 may be included as a part of the device 900 (e.g., a sensor device that is
connected to the bus 910 within device 900). In another example, where the device 900
includes and/or implements the frontline support equipment (FSE) 522, the processor 920 may
execute programs of instruction stored at the memory 930 to control one or more portions of
the FSE 522 (e.g., a valve actuator) in response to processing a trigger signal received at the
device 900 from initiating support equipment (ISE) 512 via the interface 940 to thus perform
one or more fundamental safety functions 526.

[00107] The processor 920 may include processing circuitry such as hardware
including logic circuits; a hardware/software combination such as a processor executing
software; or a combination thereof. For example, the processing circuitry more specifically
may include, bul is not limited to, a central processing unit (CPU), an arithmeltic logic unit
(ALU), a digital signal processor, a microcomputer, a field programmable gate array (FPGA),
a System-on-Chip (SoC), a programmable logic unit, a microprocessor, application-specific
integrated circuit (ASIC), etc. The processor 920 may be configured to generate an output
(e.g., a command signal, for example a signal that is transmitted to an external device via
interface 940, for example a trigger signal to trigger a frontline support equipment (FSE) to
perform a fundamental safety function (FSF), a fundamental safety function transmitted by the
frontline support equipment (FSE) to actuate a device to perform the FSF, etc.) based on such
processing.

[00108] One or more of the processor 920, memory 930, and/or interface 940 may be
included in, include, and/or implement one or more instances of processing circuitry such as
hardware including logic circuits, a hardware/software combination such as a processor
executing software; or a combination thereof. In some example embodiments, said one or more
instances of processing circuitry may include, but are not limited to, a central processing unit
(CPU), an application processor (AP), an arithmetic logic unit (A1.U), a graphic processing
unit (GPU), a digital signal processor, a microcomputer, a field programmable gate array
(FPGA), a System-on-Chip (SoC) a programmable logic unit, a microprocessor, or an
application-specific integrated circuit (ASIC), elc. In some example embodiments, any of the
memories, image sensors, memory units, or the like as described herein may include a non-
transitory computer readable storage device, for example a solid state drive (SSD), storing a
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program of instructions, and the one or more instances of processing circuitry may be
configured to execute the program of instructions to implement the functionality of some or all
of any of the processor 920, memory 930, interface 940, or the like according to any of the
example embodiments as described herein, including performing any of the methods according
to any of the example embodiments.

[00109] In some example embodiments, some or all of the systems, units,
modules, devices, equipment, circuits, controllers, and/or elements thereof as described herein
with reference to any of the drawings may include, may be included in, and/or may be
implemented by one or more instances of processing circuitry such as hardware including logic
circuits; a hardware/software combination such as a processor executing software; or a
combination thereof. For example, the processing circuity more specifically may include, but
is not limited to, a central processing unit (CPU), an arithmetic logic unit (AL U), an application
processor (AP), a microcomputer, a field programmable gate array (FPGA), and programmable
logic unit, a microprocessor, application-specific integrated circuit (ASIC), a neural network
processing unit (NPU), an Electronic Control Unit (ECU), and the like. In some example
embodiments, the processing circuitry may include a non-transitory computer readable storage
device, for example a solid state drive (SSD), storing a program of instructions, and a processor
(e.g., CPU) configured to execute the program of instructions to implement the functionality
of any of the elements of the systems, devices, and/or elements thereof as described herein,
including without limitation the functionality of any portion of the testing systems, testing
apparatuses, interface boards, devices under test, image sensors, electronic devices, or the like
according to any of the example embodiments. It will be further understood that the processing
circuity may be configured to perform any of the methods as described herein, for example
based on including include a non-transitory computer readable storage device, for example a
solid state drive (SSD), storing a program of instructions, and a processor (e.g., CPU)
configured to execute the program of instructions to implement (*“perform™) any or all of the
operations of any of the methods according to any of the example embodiments, including
without limitation any or all of the operations of any or all of the methods shown in FIGS. 5A,
5B, 6A, 6B, 7, 8A, and/or 8B.

[00110] As shown in FIGS. 5A-6B, in some example embodiments, in a nuclear power
plant having a distributed modular layout architecture, buildings outside of (e.g., separate [rom)
a protected structure 520 (e.g., a support structure 510) may not be required or configured to
survive a damaging design event, and thus may not be structurally configured resist incurring
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damage (e.g., 532) due to the damaging event (e.g., may not be configured to be seismically or
“tomado” qualified as the nuclear structures). This may be because, if such structures do
include support equipment configured to cause a fundamental safety function 526 to be
performed (e.g., ISE 512), said fundamental safety function 526 may be caused to be performed
prior to or independently of damage occurring to the support structures and/or equipment
included therein. For example, support structures and/or annex structures not structurally
configured to survive a damaging event may house safe shutdown equipment. However, it will
be understood that, in some example embodiments, buildings outside of the nuclear reactor
building and the fuel handling building may still be configured to be seismically or “tornado™

qualified and thus may be configured to survive a damaging event.

Control fundamental safety functions
[00111] Referring to FIG. 4, FIGS. 5A-5B, and S708A of FIG. 7, the nuclear power
plant 500 may include frontline supporl equipment 522 configured Lo perform/satisfy a control
fundamental safety function 526 that controls reactivity of a nuclear reactor (e.g., 524), for
example cause shutdown of the nuclear reactor to be actuated passively through any
combination of de-energization of an electromagnet, spring force, gravity, buoyancy or thermal
expansion. These actuations act to either insert a neutron absorber into the core (“nuclear
reactor core”), increase the rate of neutron absorption via materials already present in the core
or increase the leakage of neutrons from the core (e.g., thermal expansion can decrease the
density of fissile material reducing the rate or halting the fission). Such frontline support
equipment 522 may be at least partially located within a nuclear structure 520 that includes the
nuclear reactor.
[00112] Such a control fundamental safety function 526 (e.g., controlling reactivity) may
cause the nuclear reactor to achieve zero power critical state or subcritical state based on
neutron absorption or enhanced leakage shutdown methods prior to onset of damage to the
support equipment and/or to the nuclear reactor due to the damaging event 518. In the zero
power critical state fission is self-sustaining but suppressed to a sufficient level such that the
heat generation rate from fission is negligible compared to the immediate radioactive decay
heat generation rate. In the subcritical state fission is not self-sustaining therefore fission heat
generalion rate is practically zero and only the heal generation [rom radioactive decay may be
removed by systems and components (e.g., frontline support equipment 522) providing (e.g.,
performing) the fundamental safety function 526 for cooling.

32

CA 03215501 2023-10-13



WO 2022/221252 PCT/US2022/024379

[00113] The frontline support equipment 522 configured to cause the nuclear reactor
shutdown (zero power critical state or subcritical state) may be configured to cause the nuclear
reactor shutdown to be maintained indefinitely once initiated without power, people, or control
system action, thereby providing a control fundamental safety function 526 that protects the
nuclear reactor.
[00114] The frontline support equipment 522 may be caused (e.g., triggered 516) to
perform the control fundamental safety function 526 by initiating support equipment 512 (e.g.,
processing circuitry and a communication interface or transceiver, actuator, or the like) and the
frontline support equipment 522 may, once triggered 516 by a control signal and/or actuation
received from the initiating support equipment 512, perform and satisfy the fundamental safety
function 526 independently of the continued operation and/or existence of the initiating support
equipment 512. Accordingly, the initiating support equipment 512 may be located in a spatially
separate (e.g., structurally independent) structure (e.g., support structure 510) that may incur
damage 532 due L0 a damaging event 518 thal, upon deleclion, prompls the inilialing support
equipment 512 to, prior to incurring damage 532 that may cause inhibition 534 due to the
damaging event 518, trigger 516 the frontline support equipment 522 to perform the control
fundamental safety function 526.
Cooling fundamental safety functions
[00115] Still referring to FIG. 4, FIGS. 5A-5B, and S708B of FIG. 7, the nuclear power
plant 500 may include frontline support equipment 522 configured to provide long term cooling
of fuel storage (“nuclear fuel storage™) or the fuel inside the nuclear reactor (e.g.. 524), thereby
providing a cooling fundamental safety function 526 that protects the nuclear reactor and/or
nuclear fuel storage. Said frontline support equipment 522 may be configured to provide
cooling indefinitely, once triggered 516 by an initiating support equipment 512, without further
power, people or control system action. In some example embodiments the frontline support
equipment 522 providing long term cooling may not require initiation because it is always
operating passively.
[00116] In some example emhodiments, in response to the nuclear power plant 500
requiring a short term cooling of nuclear fuel storage or fuel inside the nuclear reactor, frontline
support equipment 522 of the nuclear power plant 500 may be configured to provide a cooling
fundamental safety function immediately or nearly immediately (e.g., 1-5 seconds) aller
triggering 516 of the frontline support equipment 522 by initiating support equipment 512, for
example in response to detection of a damaging event 518, therefore prior to the onset of
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damage to the nuclear reactor, fuel storage, and/or support equipment resulting from the
damaging event 518.
[00117] Redundant and locationally (“physically™) separated copies of such frontline
support equipment 522 configured to provide long term cooling of fuel storage or the fuel inside
the nuclear reactor (e.g., physically isolated from each other, for example in separate buildings)
may also be used to guard against inhibition of the fundamental safety functions 526 due to
internal events such as explosions or maintenance accidents (crane collapse) within the nuclear
power plant 500.
[00118] In some example embodiments, a cooling system of the nuclear power plant 500
(e.g., frontline support equipment 522 configured to provide cooling of the nuclear reactor
and/or fuel storage) may not need to be isolated following the initial cooling system actuation,
in contrast to, for example, a cooling system having valves that fail open or fail passively to
assure long term cooling but may, later in the accident or during other events, need to be closed
o prevenl aloss of coolant accident and therefore [ail to meet the cooling [undamental salety
function 526.
[00119] The frontline support equipment 522 may be triggered to perform the cooling
fundamental safety function 526 by initiating support equipment 512 {(e.g., processing circuitry
and a communication interface or transceiver, an actuator, or the like) and the frontline support
equipment 522 may, once triggered 516 by the initiating support equipment 512, perform and
satisfy the fundamental safety function 526 independently of the continued operation and/or
existence (e.g., state and/or condition) of the initiating support equipment 512. Accordingly,
the initiating support equipment 512 may be located in a spatially separate (e.g., structurally
independent) structure (e.g., support structure 510) that may incur damage due to a damaging
event 518 that, upon detection, prompts the initiating support equipment 512 to, prior to
incurring damage 532 that may cause inhibition 534 due to the damaging event 518, trigger the
frontline support equipment 522 to perform the cooling fundamental safety function 526.
Containment fundamental safety function
[00120] Still referring to FIG. 4, FIGS. 6 A-6B, and S708C of FIG. 7, in some example
embodiments, a nuclear power plant 500 may include frontline support equipment 522
configured to perform a fundamental safety function 526 to contain (e.g., isolate), for example
to passively contain, high radionuclide quantities in a dispersible [orm which can exceed
release limits. Restated, for example, the frontline support equipment 522 may be configured
to perform a fundamental safety function 526 to confine a particular radioactive material within
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an enclosure 614 of a container 612 to suppress a release of the particular radioactive material
from the container 612 (e.g., to the environment or the public). In some example embodiments,
the container 612 is the nuclear reactor vessel. In some example embodiments, the container
612 is a separate container external to a nuclear structure and located in an annex structure or
support structure 610. For example, the container 612 may be part of a high radionuclide
radwaste system, where the container 612 is itself configured to resist incurring damage (e.g.,
collapse of support structure 610 onto container 612) due to a damaging event 518, such that
the container 612 integrity is sufficient to suppress release of radioactive material when the
enclosure 614 of the container 612 is isolated from an exterior of the container 612. The
frontline support equipment 522 may thus include a valve that may be actuated to selectively
isolate the enclosure 614 of the container 612 from the exterior of the container 612, thereby
suppressing release of radioactive material from the container 612. The initiating support
equipment 512 may include an actuator and/or be configured to actuate the valve to thus
“trigger” 516 the valve of the f[ronline support equipment 522 (o perform a conlainment
fundamental safety function 526 to suppress release of radioactive material from the container
612. Because the container 612 may be itself configured to resist damage (e.g., breach of the
enclosure 614) due to the damaging event 518, the container 612 and the associated frontline
support equipment 522 (e.g., the valve) may be located in an annex structure or support
structure 610 that is a non-protected structure, as the annex structure or support structure 610
is not needed to provide further protection of the container 612 from the damaging event 518.
[00121] In some example embodiments, a nuclear power plant may include a primary
nuclear coolant which operates at atmospheric pressure with high inherent radionuclide
retention, such that the nuclear power plant may omit containment structures which are pressure
retaining. As a result, nuclear reactor-associated support equipment may be eliminated/omitted
or reduced in safety importance, such that said support systems may be absent from “special
protected structures,” including being absent from a structure housing the nuclear reactor.
Example Embodiments
[00122] To realize the cost and schedule benefits of the distributed modular nuclear
power plant layout architecture, a nuclear power plant according to some example
embodiments may include one or more of the following features.
[00123] Reflerring to FIGS. 1A-1B and FIG. 2, in some example embodiments, the
nuclear reactor building 112 (containing the nuclear reactor) and fuel handling/fuel storage
buildings 114 (referred to herein as simply nuclear fuel storage, containing stored nuclear fuel
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elements) are the primary “protected structures”™ of the nuclear power plant 100 because they
contain significant radionuclides and therefore fundamental safety functions must be assured
to limit releases of radionuclides to levels below regulatory frequency-consequence targets.
[00124] Still referring to FIGS. 1A-1B and FIG. 2, in some example embodiments, a
nuclear power plant 100 may include support equipment that may include some, most, or all
heat transport, auxiliary and ancillary systems and components of the nuclear power plant
which would traditionally be located within the nuclear reactor building 112 or fuel handling
building 114 are moved to normal, non-protected structures (e.g., annex or support structures
116, 117, etc.). Heat transport systems are the main systems (e.g., heat exchangers, conduits,
pipes, etc.) that transport heat (e.g., steam, molten salt, sodium, gas, etc.) to perform useful
work (e.g., generate electricity or heat a chemical process). Example auxiliary and ancillary
equipment (“support equipment,” including frontline support equipment 522 and/or initiating
support equipment 512) may include coolant cleanup equipment, standby power supplies and
control equipment.

[00125] Still referring to FIGS. 1A-1B, and as also illustrated in FIG. 2, in some example
embodiments, support equipment (e.g., initiating support equipment) including some, most, or
all electrical and control equipment of the nuclear power plant 100 is consolidated in a few
locations or a single location (e.g., in cluster 120) at a distance from most of the of the
mechanical scope (e.g., in cluster 110. Most mechanical scope refers typically to reactor
vessels, fuel storage pools, other vessels, tanks, pumps, fans, compressors, heat exchangers,
valves. pipes. etc. As shown in at least FIGS. 5A-6B, safety related electrical and control
equipment (e.g., initiating support equipment 512) can even be placed in normal industrial
structures (e.g., support structure 510 and/or container 612 may include or be included in non-
protected structures, for example reactor annex building 116, fuel annex building 117, control
room 124, and/or certain e-rooms 122 as shown in FIG. 3B) rather than protected structures
(e.g., protected buildings, for example nuclear structure 520 which may include or be included
in nuclear reactor building 112, fuel handling building 114, and/or certain e-rooms 122 as
shown in FIG 3B) if the safety related electrical and control equipment (e g, initiating support
equipment 512) are configured to cause performance of fundamental safety functions 526 that
may be satisfied (e.g., successfully performed) in response to detection of a damaging event
518 and prior to and/or independently of onset of damage 532 of said salety related electrical

and control equipment that is caused by the damaging event 518.
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[00126] In some example embodiments, and for example as shown in FIGS. 6A-6B, the
nuclear power plant 500 may include support equipment that includes radioactive waste
systems, which are configured to contain sufficient radionuclide quantities in a dispersible form
which can exceed release limits, are located in special protected structures (e.g., ““containers”
612). In some example embodiments, said radioactive waste systems (e.g., gaseous waste
treatment using charcoal delay beds, liquid radioactive waste (“radwaste™) systems using filters
and demineralizers, liquid waste systems removing oxides from activated sodium) may be
located within normal industrial (“non-protected™) structures (e.g., support structures 610) and
further contained within modular “indestructible™ containment structures, or “containers™ 612
(similar to aircraft black boxes).

[00127] In some example embodiments, and as shown in FIGS. 1A-1B and FIG. 2, the
nuclear power plant 100 includes access roads 140 and construction laydown zones 150 that
are provided to enable near-proximity delivery of large components to some or all of the
structures of the nuclear power plant 100, thereby enhancing malterial (ow.

[00128] In some example embodiments, and as shown in FIGS. 1A-1B and FIG. 2, the
nuclear power plant 100 includes structures that have a standoff distance 142 (e.g.. 5 meters)
from access roads 140 to enable crane/workface access. In some example embodiments, and
as shown in FIGS. 1A-1B and FIG. 2, some or all structures (e.g., buildings) of the nuclear
power plant 100 have a width, length, or the like (“dimension” 144} that is equal to or less than
a threshold dimension value (e.g., 30 meters) to enable use of smaller capacity cranes during
construction of the nuclear power plant 100.

[00129] In some example embodiments, and as shown in FIGS. 1A-1B, FIG. 2, and 3A-
3B, some or(e.g., buildings) of the nuclear power plant are seismicallv separated (e.g.,
seismically decoupled), e.g., via distances 118, 128, and/or 138, even when adjacent, rather
than being part of a continuous monolithic structure, to allow use of different seismic standards
based on need. This also facilitates future design enhancements because adjacent buildings do
not have to be significantly re-analyzed because they are not coupled as a monolithic structure
would be.

[00130] In some example embodiments, the nuclear reactor as described herein may
include any example embodiment of nuclear reactor, including but not limited to a liquid metal-
cooled reactor (e.g., sodium-cooled reactor, including a sodium-cooled fast reactor).

[00131] As shown in FIGS. 3A-3B, a protected building (e.g., meeting SDC-3, SDC-5)
that includes the nuclear reactor (“nuclear reactor building” (RXB) 112), where support
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equipment is located in a non-protected building (e.g., reactor annex building (RAB) 116,
certain e-room(s) 122, etc., meeting SDC-1, SDC-2) may reduce or minimize excavation
needed to complete the protected building during construction of the nuclear power plant 100.
As shown, the nuclear reactor building 112 may be minimized to the nuclear reactor itself,
excluding some or all other support equipment (e.g., some or all support equipment that is
associated with limited radionuclide content therein) to be located in other, separate (e.g., non-
protected) buildings. The nuclear reactor building 112 may be limited to equipment that
present a significant source of radionuclides, including the nuclear reactor itself, the primary
sodium purification system, etc. and may exclude, to separate (e.g., non-protected) buildings,
support equipment associated with low radionuclide content therein (e.g., the primary cover
gas purification system).
[00132] As shown in FIG. 3 A, separate portions of a building may be configured to meet
same or different nuclear safety requirements, design criteria, standards or the like. For
example, as shown in FIG. 3A, a below-grade portion 302 of the nuclear reactor building
(RXB) 112 that is below grade 300 may be configured to meet (e.g., is designed to) SDC-5
while an above-grade portion 304 that is above grade 300 may be configured to meet the less
stringent SDC-3 but not SDC-5. In another example, as shown in FIG. 3A, a below-grade
portion 312 of reactor annex building (RAB) 116 that is below grade 300 may be configured
to meet SDC-2 while an above-grade portion 314 that is above grade 300 may be configured
to meet the less stringent SDC-1 but not SDC-2. In another example, as shown in FIG. 3A,
both a below-grade portion 322 and an above-grade portion 324 of the fuel handling building
(FHB) 114) may be configured to meet SDC-3 and thus may be configured to meet a same
standard.
[00133] As shown in FIGS. 3A-3B, a protected building (e.g., meeting SDC-3, SDC-5)
that includes the nuclear fuel storage (e.g., fuel handling building (FHB) 114), may be
minimized to handling and storage, and fuel pool cleanup equipment may be in a separate (e.g.,
non-protected) building (e.g., fuel annex building (FAB) 117), for example due to the fuel pool
cleanup equipment being associated with low radionuclide content therein.
[00134] As referred to herein, a significant radionuclide content is a source that can
result in a dose release to an individual at the site boundary in excess of regulatory limits, such
as 25 rem per NRC requirements (10 CFR 50.34 or 52.79), and a limiled radionuclide content
is a source that cannot result in dose release to an individual that is excess of regulatory limits
for normal plant operation such as NRC dose limits (10 CFR 20.1301).
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[00135] While the initiating support equipment 512 is described herein as being included
in a support structure and is shown as being included in a support structure 510, 610 in FIGS.
5A-6B, it will be understood that the initiating support equipment 512 and/or the frontline
support equipment 522 may be included in any structure of the nuclear power plant 100,
including one or more support structures, annex structures, satellite structures, nuclear
structures and/or auxiliary structures. Accordingly, it will be understood that the descriptions
herein regarding structure and/or operations performed with regard to initiating support
equipment located in one or more support structures may be applied to some example
embodiments wherein an initiating support equipment 512 is located in any structure of a
nuclear power plant 100, 500, 800, 850, etc. having a distributed modular nuclear power plant
layout architecture, including one or more support structures, annex structures, satellite
structures, nuclear structures and/or auxiliary structures. Additionally, it will be understood
that descriptions herein regarding structure and/or operations performed with regard to the
fronline supporl equipment 522 may be applied o some example embodiments wherein a
frontline support equipment 522 is located in any structure of a nuclear power plant having a
distributed modular nuclear power plant layout architecture, including one or more support
structures, annex structures, satellite structures, nuclear structures and/or auxiliary structures.

[00136] While a number of example embodiments have been disclosed herein, it should
be understood that other variations may be possible. Such variations are not to be regarded as
a departure from the spirit and scope of the present disclosure, and all such modifications as
would be obvious to one skilled in the art are intended to be included within the scope of the
following claims. In addition, while processes have been disclosed herein, it should be
understood that the described elements of the processes may be implemented in different
orders, using different selections of elements, some combination thereof, etc. For example,
some example embodiments of the disclosed processes may be implemented using fewer
elements than that of the illustrated and described processes, and some example embodiments
of the disclosed processes may be implemented using more elements than that of the illustrated

and described processes.
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CLAIMS
1. A nuclear power plant, comprising:

anuclear structure, the nuclear structure including at least one of a nuclear reactor or a
nuclear fuel storage, the nuclear structure being a protected structure configured to protect the
at least one of the nuclear reactor or the nuclear fuel storage from incurring damage due to a
damaging event, the damaging event originating extemally to the protected structure, the
damaging event associated with damage being incurred by at least a portion of the nuclear
power plant;

a frontline support equipment configured to perform a fundamental safety function, the
fundamental safety function including at least one of controlling a reactivity of the nuclear
reactor, cooling a reactor radioactive material in the nuclear reactor, cooling a stored
radioactive material in the nuclear fuel storage, or confining a particular radioactive material
within an enclosure of a container to suppress a release of the particular radioactive material
from the conlainer; and

a support structure, the support structure being spatially separate from the protected
structure, the support structure including an initiating support equipment, the initiating support
equipment configured to trigger the frontline support equipment to perform the fundamental
safety function such that the fundamental safety function is performed independently of the

initiating support equipment subsequent to the triggering,.

2. The nuclear power plant of claim 1, wherein
the support structure is a non-protected structure that is not configured to protect the

initiating support equipment from incurring damage due to the damaging event.

3. The nuclear power plant of claim 2, wherein

the initiating support equipment is not configured to resist incurring damage due to the
damaging event, and

the initiating support equipment is configured to trigger the frontline support equipment
to perform the fundamental safety function in response to detection of the damaging event and
prior to the initiating support equipment incurring damage due to the damaging event, such that
the fundamental salety function is performed independently of damage incurred by the

initiating support equipment due to the damaging event.
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4, The nuclear power plant of claim 2, wherein

the nuclear structure is configured to meet requirements for a first-tier Seismic Design
Category (SDC) that is at least one of SDC-3, SDC-4, or SDC-5 according to ANSI/ANS-2.26-
2004 and/or ASCE/SEI 43-16, and

the support structure is configured to meet requirements for a second-tier SDC that is

different from the first-tier SDC.

5. The nuclear power plant of claim 4, wherein
the second-tier SDC is at least one of Non-Seismic, SDC-1, or SDC-2 according to
ANSI/ANS-2.26-2004, and/or ASCE/SEI 43-16.

6. The nuclear power plant of claim 1, further comprising:

a first cluster of structures associated with mechanical equipment, the first cluster
including the nuclear structure; and

a second cluster of structures associated with electrical equipment, instrumentation
equipment, control equipment, and/or communication equipment, the second cluster including
the support structure,

wherein a majority of mechanical equipment of the nuclear power plant is located
within the first cluster of structures and a majority of electrical equipment, instrumentation
equipment, control equipment, and/or communication equipment of the nuclear power plant is
located within the second cluster of structures,

wherein the first and second clusters are spatially separate from each other such that a
smallest distance between a structure of the first cluster and a structure of the second cluster is
greater than both a first average distance between adjacent structures of the first cluster and a

second average distance between adjacent structures of the second cluster.
7. The nuclear power plant of claim 6, wherein at least 80% of all mechanical equipment
of the nuclear power plant is located within the first cluster of structures and at least 80% of

electrical equipment, instrumentation equipment, control equipment, and/or communication

equipment of the nuclear power plant is located within the second cluster of structures.
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8. The nuclear power plant of claim 1, wherein

the fundamental safety function includes confining the particular radioactive material
within the enclosure of the container to suppress the release of the particular radioactive
material from the container,

the frontline support equipment is a valve configured to be actuated to selectively
isolate the enclosure of the container from an exterior of the container, and

the initiating support equipment includes an actuator configured to actuate the valve.

9. The nuclear power plant of claim 8, wherein the container is located within the support
structure, and the container is configured to protect the enclosure from being breached due to

the damaging event.

10. The nuclear power plant of claim 1, wherein the initiating support equipment includes

detection equipment configured (o delect the damaging evendt.

11. The nuclear power plant of claim 1, wherein

the frontline support equipment is located within the nuclear structure.

12. The nuclear power plant of claim 1, wherein the damaging event includes at least one
of a seismic design event, a design extreme weather event, a malevolent act on the nuclear

power plant, or a fire within a particular proximity range of the nuclear structure.

13. A method of operation of a nuclear power plant, the nuclear power plant including a
nuclear structure, the nuclear structure including at least one of a nuclear reactor or a nuclear
fuel storage, the method comprising:

detecting a damaging event originating externally to the nuclear structure and
associated with damage being incurred by one or more portions of the nuclear power plant,
wherein the nuclear structure is a protected structure configured to protect the at least one of
the nuclear reactor or the nuclear fuel storage from incurring damage due to the damaging
event; and

controlling an initialing support equipment lo trigger a [rontline supporl equipment (o
perform a fundamental safety function in response to the detecting the damaging event, such
that the fundamental safety function is performed independently of the initiating support
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equipment subsequent to the triggering, the initiating support equipment located in a support
structure that is spatially separate from the nuclear structure,

wherein the fundamental safety function includes at least one of controlling a reactivity
of the nuclear reactor, cooling a reactor radioactive material in the nuclear reactor, cooling a
stored radioactive material in the nuclear fuel storage, or confining a particular radioactive
material within an enclosure of a container to suppress a release of the particular radioactive

material from the container.

14. The method of claim 13, wherein

at least one of the support structure or the initiating support equipment is not configured
to resist incurring damage due to the damaging event, and

the method includes the initiating support equipment triggering the frontline support
equipment to perform the fundamental safety function prior to the support structure and/or the
iniliating support equipment incurring damage due o the damaging event, such that the
fundamental safety function is performed independently of damage incurred by the support

structure and/or the initiating support equipment due to the damaging event.

15. A method for constructing a nuclear power plant having a distributed modular nuclear
power plant layout architecture, the method comprising:

constructing a nuclear structure, the nuclear structure including at least one of a nuclear
reactor or a nuclear fuel storage, the nuclear structure being a protected structure configured to
protect the at least one of the nuclear reactor or the nuclear fuel storage from incurring damage
due to an occurrence of a damaging event, the damaging event originating externally to the
protected structure, the damaging event associated with damage being incurred by at least a
portion of the nuclear power plant; and

constructing a support structure that is spatially separate from the protected structure,
the support structure including an initiating support equipment, the initiating support
equipment configured to trigger a frontline support equipment to perform a fundamental safety
function such that the fundamental safety function is performed independently of the initiating
support equipment subsequent to the triggering, the fundamental safety function including at
least one of controlling areactivity of the nuclear reactor, cooling a reactor radioaclive malerial

in the nuclear reactor, cooling a stored radioactive material in the nuclear fuel storage, or
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confining a particular radioactive material within an enclosure of a container to suppress a
release of the particular radioactive material from the container,
wherein the nuclear structure and the support structure are constructed at least partially

concurrently.

16. The method of claim 15, wherein the support structure is a non-protected structure that
is not configured to protect the initiating support equipment from incurring damage due to the

occurrence of the damaging event.

17. The method of claim 15, wherein

the frontline support equipment is located within the nuclear structure.

18. The method of claim 15, wherein

the nuclear structure is constructed (o meel requirements for a first-lier Seismic Design
Category (SDC) that is at least one of SDC-3, SDC-4, or SDC-5 according to ANSI/ANS-2.26-
2004 and/or ASCE/SEI 43-16, and

the support structure is constructed to meet requirements for a second-tier SDC that is

different from the first-tier SDC.

19. The method of claim 18, wherein
the second-tier SDC is at least one of Non-Seismic, SDC-1, or SDC-2 according to
ANSI/ANS-2.26-2004 and/or ASCE/SEI 43-16.

20. A nuclear power plant, comprising:

a first set of adjacent structures associated with nuclear fuel handling, the first set of
adjacent structures including a fuel handling building containing a nuclear fuel storage, an
auxiliary structure associated with the nuclear fuel storage, and an annex structure associated
with the nuclear fuel storage; and

a second set of adjacent structures spatially separated from the first set of adjacent
structures, the second set of adjacent structures associated with a nuclear reactor, the second
setl of adjacent structures including a nuclear reactor building containing the nuclear reactor, an
auxiliary structure associated with the nuclear reactor, and an annex structure associated with
the nuclear reactor.

44

CA 03215501 2023-10-13



PCT/US2022/024379

WO 2022/221252

q h. .G \m INGZ NMOGAYI NOLLONEISNOD T ONIGTING TOYINGD ONYIS iv3 100N 80N
ONICING XANNY 1304 -84 |
| INGZ $3300V 77 ONITTING XANNY HOLOV 3 -8
STNLONYLS ey JOVHHOMENYHONOLLONHISNOD L1 ONIQTING ONIONYH T304 844
STUNLONYLS WIOHIANOD TWIHHON Nl INIWdIND3 CHINHOASNYEL  STNAOA 78! ONY YIMLITY SINLONYLS
TONINGD 8 WOMIDTR 40 INWAVYd L0 s3I0 L) 031031044
TYNOILAO TIEVN3 STUNIY3E ALTAVS INTHIHN WI3dS
‘ 40 378 300
1 0LSONICTINg
o5 ANYIIY OL
/\03A0H INFNAING3
"1 HOZW LSON
N
-
= ;,.»\oﬁ
05}
408 HOU0L YO 3did AT
5 ol |
J f g NOLLSIONOD
00 E, | NOILONYLSNGD 20nC3
™ (aNnou9Na0Nn) cos woud 01 0y WOk 4400NVLS

284 nddnswomprs 28} 3WH OL UNLONHLS AY3AT

CA 03215501 2023-10-13



PCT/US2022/024379

WO 2022/221252

3d005 04N
VoML

SANTTIOSIG

1SOW
gzt

40 NOULYVA3S

2112

4005

HOFW 10N~ |

0il

gl Old

SHIWHOSNYHL

S31C0N % ONY WORILO3T3

ONITING T0UINOJ ONYISTYYZI0NN 80N
ONITHNA XINNY 1304 -8¥4

ONIGHNG XINNY H0LIY3Y -8

ONITTHNE DNIONYH T304 -BHd

ONIAING H0LOv3Y -8Xd
aN393T

o e vovmans .

CA 03215501 2023-10-13



PCT/US2022/024379

WO 2022/221252

b
w: wam
2l 74 | {8l

-
|

................

7
o i
e % o
\ 7 2z i
f ? m 7 2
Vi i % 7 S 7 4
7 7 1 ] % - A
7 % b z o 7 7 Z 2 ;
7 L : 7 v ;
N . . 7 4 e 7 7.
7 e 5 % 7 A
7 5
! : L
2 7
% 7 2 7
7 s 77

N

CA 03215501 2023-10-13



PCT/US2022/024379

WO 2022/221252

vE Old

Wil

927 SNY ¥3d (Das)
AHODILYO JINSI3S

G005 ONY £-00S OL (INDISI] SNOILHOd SvH dxdd

1086005 0L T3N2IS30 S1EHA O3 ONTING ¥ NIHLIM SNOLLYO0d SY 1

-y

B

SY SCUYONYLS INSHF10 OL GaNOIS3T 38 AVA SONIGTING INOWIQY

e

{

4/12

L e e T T T -y

--."-..'..“.-a‘..‘.-i..-i-;ir..‘..—-‘—n'——'.
[,

il

CA 03215501 2023-10-13



PCT/US2022/024379

g8 Ol 1z, STTICON 321 QY LT3

WO 2022/221252

INITING T0HLNOD ONYIS ¥YITOIN-BON | 72F 4 SyB0ASNvaL ek 02
ONIQUAG XANNY 13048 | N\ 2oy i R A
ONITING XANNY HOLOV3Y VY | ot .
ONCTING ONPIONVH T8N -BHd | ety ; HENINE
ONITTING HOLOVIH B4 | 1] N |y _ sin iR
ON3D3T | -l i 7 Lk
i
llllllllllllll T u _
Y
i
JUNSOTON ! S
JGLONHLSION:, AT 0ISSTuddnS T — £y 4E00s
~ 35V 35N ONICTING T
- SOV10 TYIRLLSAON! N 030V Td 39 :
@ QIN0D WALSAS AASYMOVY INALNGD

JA0ONOIGYY HOH AYIA O

- SRR N PR . PR AR R

SO0S ¥ E0QS

7008 QNY 1308 3
P §
,_ w ¥
_ £08 ONYS-008 “ ¥
“.s.iifilffifililm Wmffwmw‘
OE‘ .M - ,..@Nw

CA 03215501 2023-10-13



PCT/US2022/024379

WO 2022/221252

6/12

n A1YI05H 0L G3aN

AONCILIZL40 SNOISHNOX N 1Ya3diEL
HOIH JAIAMNS N HOHM TN " INYI000
FANSS3d MO SIATONNOICYY SNIVLZY HOHM
INVIDOD Advilidd 3unS0T0 IATYA AYONNCE
INYI000 AHYYiNd “NOILONDS A481LYS d13H OL
(380 38 AV HOIHM S38N1V3H 314WVXE

SWELSAS ONNOOD

ALYILINE OL 3N 40 NOILI3 130 NOUYIOWY
TYAYIHL NOILINANOD NOILYINOYIO TraniwN
HiY ‘NOLLYINDMIO TWNLYN LNYI000 ALIDYdYY
1¥3H INVI00D ‘NOLLONN Ad8ILVS d13H OL
{3501 38 AYW HOIHM S3dN1VEd 314WVX3

SWILEAS ONIT0OD

ALVILING Q4 O33N 40 NOILOAL30 SNOISHNOXE

- FNLY3dIEL HOH FMAENG NYD HOHM

AN "VILYIN AN YLLEANT INYI000 ALIDYAYD
1Y3H INYI000 "NOILINAS A4SILYS dT3H

01 G350 38 Ay HOIHM S34N1Y3d 31dlvX3

WWHOS JLVIHNOL 03N 0 NOHLO3L30 39y
NOHLA3N GIONVHNT NOILYISN! ¥384058Y
NOULAEN WYHOS “NOILONRS A4S11YS dTaH

01 G350 38 AvIN HOIHM S3uN1Y3d 314l

SAONINNCICYY
NIVINGY

(WM31-ONOY T304
WYETDNN 1009

(pMAL LHOHS! N4
HYII00N 1000

NOULYHENGS
1¥3HI0HINGD

v Old

AJSILYS 0L ASYS Ad3A 8
NIYINCD (O3HSILYS 34Y 1000
(NY 108INGD 4 ATVHINED

AdSILYS OL H3iSvd JuY
NIYLNCD ONY 7000 'G3HSILYS
SITOYINOD 4 ATIWYENTD

CA 03215501 2023-10-13



PCT/US2022/024379

WO 2022/221252

7112

g5 Old

pes

NLINYLS LH04dNS

7S

Vs Old

FANLOMULS 180ddNS

Y 2

LW e
e mpom e d

i

¥

Dmm/)
7t FHALONYLS WY 10NN
SANFAN
/4
Ve
28
{gH/gy]
UNLIMLS HYITONN
%/
—
NN
mmLf/Aw\% gee
B’
-
s /./
026

d399RiL

e

Jﬁ
~ 0

big

IN3A3
ONISVINYC

NIAT
ONISVIYG

815

CA 03215501 2023-10-13



WO 2022/221252 PCT/US2022/024379

8/12 -
DAMAGING /
| 518 EVENT |
512 514
\\ ;/ /sm
_____ Y. ...}
L B o
N TRIGGER~, | [ v mmmwwmmmmmme ‘—./ﬂw
4 : ENCLOSURE ‘_h
FSE SUPPORT STRUCTURE 614
DAMAGING 500
AMAGING 518
EVENT /
= 510
532 CONTAINER

. R34 ! f
2 3
SN : 612

5067 FSE SUPPGRT STRUCTURE \««am

FIG. 6B

CA 03215501 2023-10-13



PCT/US2022/024379

WO 2022/221252

9/12

JB0LS

\

880LS

\

Y80LS

\

(314SH1YS NOILONAS ALISYS | § 0351195 NOILONAS AL3JYS
TYLNIWYOND INZWNIVINGO TINGHYONDS BNDIOOD

(34S1LYS NOILONNS AL34YS
TINTYANNA TOMINGO

I 3

&

3

INIAZ ONIDYIYQ OL 3Na IDVIYD
SHNONE LNGINGINDT LH0ddNS ONIVILIN

ININAINDT LH0ddNS ONLIVILING 20

XUNIONEION: NOLLON ALZYS NN ™~ 20/

SAY0Ad3d INFNAINOT L140ddNS INITINOHS

LNFAAINDT LH04dNS INLINOYS

SYIOOML INFWAINDT L¥0ddNS ONLIVILIN

2008 ,,,,,r

IN3AZ ONIOYINYE SL03130
INIRINDI NOILOAL3D

R

CA 03215501 2023-10-13



PCT/US2022/024379

WO 2022/221252

10/12

2 v8 oI

B8 L-n0g 818
o (281008 ©'3) STUNLINYLS GLOIL0YANON [ Bepoe
U (6972008 93] SINLNYLS 031031044 [ U3
ONISNAO GASYE-IONVAO3d CINHOAN NSIy
A4 G3UIND3Y LON SI ALITYAD Ay 100N 38017938 STUYONYIS
YILSAON 0L GFLONYLSNOD ONY GINOISI0 ONI3A SININOADD STUNLINKLS 4330 30M

ONY STUNLONYGLS 'SWALSAS FHL 40 LSOW A8 03NS (33S
NOILONYLSNGD TYNOILIOQY LYJION! N3 Livd LOG-HSVA HLIM SN

R N

/" SASFHNLONYELS ONOTMOHEIN
FOVAS NMOTAYT ABMYIN 'SOY0Y $8300Y
. O3 ADNIOVIQY A 35NV NOILSIONDD
" 311dS30 S0V MHOM F18ISSO0d JSVIHON!
0L SFENLINYLS INJOVICY 404 30¥dS
55300V S3CYIHON ¥y NCOA Q3LNERILSIA

wes T

f,

SIS

mm%wugm,@m
_ANGOVIQY

R L T e we e A e A
", L

Mitet 1 e 0 ‘ebie 5, el &

NOUONYISNOD T3TIVHYd FZNXYIW OL
SIENLONALS ALYEYdaS ATIVNOILYDC
QL SAENLIMULS INFOVITY WOud
3008 SLAHS ¥¥INGON C31NTIMISI

NOILONYLSNOD THTIVvd 40
339530 SALYOIAN] SINIT 40 HLGIM

CA 03215501 2023-10-13



PCT/US2022/024379

WO 2022/221252

11/12

s

9/8 o9
949 ’
78

798 w8

g8 Old

08 1-po
(08 g

oS
RELLE

SHENLONELS ONTHRE 13N ONY
d0LIY 38 (3LVaYd3S ATIVNOIYD0T

CA 03215501 2023-10-13



WO 2022/221252 PCT/US2022/024379

12/12

FIG. 9

==
Py
H
<
&5
<
=
<y
o =
N3 =t
f=2 o

CA 03215501 2023-10-13






	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - CLAIMS
	Page 43 - CLAIMS
	Page 44 - CLAIMS
	Page 45 - CLAIMS
	Page 46 - CLAIMS
	Page 47 - DRAWINGS
	Page 48 - DRAWINGS
	Page 49 - DRAWINGS
	Page 50 - DRAWINGS
	Page 51 - DRAWINGS
	Page 52 - DRAWINGS
	Page 53 - DRAWINGS
	Page 54 - DRAWINGS
	Page 55 - DRAWINGS
	Page 56 - DRAWINGS
	Page 57 - DRAWINGS
	Page 58 - DRAWINGS
	Page 59 - REPRESENTATIVE_DRAWING

