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Method and System for Generating a Nuclear Reactor
Core Loading Distribution

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application is related to and claims the benefit of the earliest available
effective filing date(s) from the following listed application(s) (the “Related Applications™) (e.g.,
claims earliest available priority dates for other than provisional patent applications or claims
benefits under 35 USC § 119(e) for provisional patent applications, for any and all parent,

grandparent, great-grandparent, etc. applications of the Related Application(s)).

Related Applications:

[0002] United States Patent Application No. 14/092,211, filed 27, November, 2013;
United State Patent Application No. 14/092,266, filed 27, November, 2013; and United States
Patent Application No. 14/086,474, filed 21, November, 2013.

[0003] The United States Patent Office (USPTO) has published a notice to the effect that the
USPTO’s computer programs require that patent applicants reference both a serial number and
indicate whether an application is a continuation or continuation-in-part. Stephen G. Kunin,
Benefit of Prior-Filed Application, USPTO Official Gazette March 18, 2003, available at
http://www.uspto.gov/web/offices/com/sol/og/2003/week1 1/patbene.htm. The present Applicant
Entity (hereinafter “Applicant”) has provided above a specific reference to the application(s) from
which priority is being claimed as recited by statute. Applicant understands that the statute is
unambiguous in its specific reference language and does not require either a serial number or any
characterization, such as “continuation” or “continuation-in-part,” for claiming priority to U.S.
patent applications. Notwithstanding the foregoing, Applicant understands that the USPTO’s
computer programs have certain data entry requirements, and hence Applicant is designating the
present application as a continuation-in-part of its parent applications as set forth above, but

expressly points out that such designations are not to be construed in any way as any type of
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commentary and/or admission as to whether or not the present application contains any new matter

in addition to the matter of its parent application(s).

TECHNICAL FIELD

[0004] The present disclosure generally relates to the determination of a nuclear fuel loading
distribution for a nuclear core, and, in particular, the determination of a nuclear fuel loading

distribution for a beginning-of-cycle (BOC) nuclear reactor core.

SUMMARY

[0005] In one aspect, a method includes, but is not limited to, receiving at least one reactor core
parameter distribution associated with a state of a core of a reference nuclear reactor; generating
an initial fuel loading distribution for a simulated beginning-of-cycle (BOC) core of a nuclear
reactor; selecting an initial set of positions associated within a set of regions within the simulated
BOC core of the nuclear reactor; generating an initial set of fuel design parameter values utilizing
at least one design variable of each of the set of regions; calculating at least one reactor core
parameter distribution of the simulated BOC core utilizing the generated initial set of fuel design
parameter values associated with the set of regions located at the initial set of positions of the
simulated BOC core; and generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a subsequent set of

positions for the set of regions within the simulated BOC core.

[0006] In another aspect, a method includes, but is not limited to, receiving at least one reactor
core parameter distribution associated with a state of a core of a reference nuclear reactor;
generating an initial fuel loading distribution for a simulated BOC core of a nuclear reactor;
selecting an initial set of positions associated within a set of regions within the simulated BOC
core of the nuclear reactor; generating an initial set of fuel design parameter values utilizing at
least one design variable of each of the set of regions; calculating at least one reactor core
parameter distribution of the simulated BOC core utilizing the generated initial set of fuel design
parameter values associated with the set of regions located at the initial set of positions of the
simulated BOC core; and generating a loading distribution by performing at least one perturbation

process on the set of regions of the simulated BOC core in order to determine a subsequent set of
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positions for the set of regions within the simulated BOC core; and arranging at least one fuel
assembly of a core of a nuclear reactor according to the subsequent set of positions of the set of

regions of the simulated BOC core.

[0007] In another aspect, a method includes, but is not limited to, determining an initial loading
distribution of a core of a nuclear reactor utilizing a BOC simulation process to generate a
simulated BOC nuclear reactor core; arranging at least one fuel assembly of the core of the nuclear
reactor according to a set of simulated positions of a set of regions of the simulated BOC nuclear
reactor core; operating the core of the nuclear reactor for a selected time interval; generating a
measured reactor core parameter distribution utilizing at least one measurement of at least one
reactor core parameter at one or more locations within the core of the nuclear reactor; comparing
the generated measured reactor core parameter distribution to at least one reactor core parameter
distribution of a simulated operated nuclear reactor core; and determining an operational
compliance state of the core of the nuclear reactor using the comparison between the generated
measured reactor core parameter distribution and the at least one reactor core parameter

distribution of the simulated operated nuclear reactor core.

[0008] In one or more various aspects, related systems include but are not limited to circuitry
and/or programming for effecting the herein-referenced method aspects; the circuitry and/or
programming can be virtually any combination of hardware, software, and/or firmware configured
to effect the herein- referenced method aspects depending upon the design choices of the system

designer.

[0009] In one aspect, a non-transitory computer-readable medium includes, but is not limited to,
program instructions executable to: receive at least one reactor core parameter distribution
associated with a state of a core of a reference nuclear reactor; generate an initial fuel loading
distribution for a simulated BOC core of a nuclear reactor; select an initial set of positions
associated with a set of regions within the simulated BOC core of the nuclear reactor; generate an
initial set of fuel design parameter values utilizing at least one design variable of each of the set of
regions; calculate at least one reactor core parameter distribution of the simulated BOC core
utilizing the generated initial set of fuel design parameter values associated with the set of regions
located at the initial set of positions of the simulated BOC core; and generate a subsequent loading

distribution by performing at least one perturbation process on the set of regions of the simulated
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BOC core in order to determine a subsequent set of positions for the set of regions within the

simulated BOC core.

[0010] In another aspect, a non-transitory computer-readable medium includes, but is not limited
to, program instructions executable to: receive at least one reactor core parameter distribution
associated with a state of a core of a reference nuclear reactor; generate an initial fuel loading
distribution for a simulated BOC core of a nuclear reactor; select an initial set of positions
associated with a set of regions within the simulated BOC core of the nuclear reactor; generate an
initial set of fuel design parameter values utilizing at least one design variable of each of the set of
regions; calculate at least one reactor core parameter distribution of the simulated BOC core
utilizing the generated initial set of fuel design parameter values associated with the set of regions
located at the initial set of positions of the simulated BOC core; and generate a subsequent loading
distribution by performing at least one perturbation process on the set of regions of the simulated
BOC core in order to determine a subsequent set of positions for the set of regions within the
simulated BOC core; and arrange at least one fuel assembly of a core of a nuclear reactor according

to the subsequent set of positions of the set of regions of the simulated BOC core.

[0011] In another aspect, a non-transitory computer-readable medium includes, but is not limited
to, program instructions executable to: determine an initial loading distribution of a core of a
nuclear reactor utilizing a BOC simulation process to generate a simulated BOC nuclear reactor
core; arrange at least one fuel assembly of the core of the nuclear reactor according to a set of
simulated positions of a set of regions of the simulated BOC nuclear reactor core; operate the core
of the nuclear reactor for a selected time interval; generate a measured reactor core parameter
distribution utilizing at least one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor; compare the generated measured reactor core
parameter distribution to at least one reactor core parameter distribution of a simulated operated
nuclear reactor core; and determine an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core parameter distribution

and the at least one reactor core parameter distribution of the simulated operated core.

[0012] In another aspect, a system includes, but is not limited to, a controller including one or
more processors operable to execute program instructions maintained on a non-transitory
computer-readable medium, the program instructions configured to: receive at least one reactor

core parameter distribution associated with a state of a core of a reference nuclear reactor; generate

-4 -



10

15

20

25

30

WO 2015/077406 PCT/US2014/066531

an initial fuel loading distribution for a simulated BOC core of a nuclear reactor; select an initial
set of positions associated with a set of regions within the simulated BOC core of the nuclear
reactor, each of the initial set of positions corresponding to one of the set of regions; generate an
initial set of fuel design parameter values utilizing at least one design variable of each of the set of
regions, wherein each of the initial set of fuel design parameter values is associated with one of
the set of regions of the simulated BOC core of the nuclear reactor; calculate at least one reactor
core parameter distribution of the simulated BOC core utilizing the generated initial set of fuel
design parameter values associated with the set of regions located at the initial set of positions of
the simulated BOC core; and generate a subsequent loading distribution by performing at least one
perturbation process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core, the subsequent
set of positions defining the loading distribution for the simulated BOC core, wherein the
subsequent set of positions reduce the difference between the at least one reactor core parameter
distribution of the simulated BOC core and the received at least one reactor core parameter
distribution associated with a state of a core of a reference nuclear reactor below a selected

tolerance level.

[0013] In another aspect, a system includes, but is not limited to, a controller including one or
more processors operable to execute program instructions maintained on a non-transitory
computer-readable medium, the program instructions configured to: receive at least one reactor
core parameter distribution associated with a state of a core of a reference nuclear reactor; generate
an initial fuel loading distribution for a simulated BOC core of a nuclear reactor; select an initial
set of positions associated with a set of regions within the simulated BOC core of the nuclear
reactor, each of the initial set of positions corresponding to one of the set of regions; generate an
initial set of fuel design parameter values utilizing at least one design variable of each of the set of
regions, wherein each of the initial set of fuel design parameter values is associated with one of
the set of regions of the simulated BOC core of the nuclear reactor; calculate at least one reactor
core parameter distribution of the simulated BOC core utilizing the generated initial set of fuel
design parameter values associated with the set of regions located at the initial set of positions of
the simulated BOC core; and generate a subsequent loading distribution by performing at least one
perturbation process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core, the subsequent
set of positions defining the loading distribution for the simulated BOC core, wherein the

subsequent set of positions reduce the difference between the at least one reactor core parameter

-5-
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distribution of the simulated BOC core and the received at least one reactor core parameter
distribution associated with a state of a core of a reference nuclear reactor below a selected
tolerance level; and a nuclear reactor, the nuclear reactor including a nuclear reactor core including
a plurality of fuel assemblies arrangeable according to the subsequent loading distribution

determined by the controller.

[0014] In another aspect, a system includes, but is not limited to, a nuclear reactor including a
nuclear reactor core, the nuclear reactor core including a plurality of fuel assemblies; and a
controller configured to: determine an initial loading distribution of the nuclear reactor core
utilizing a BOC simulation process to generate a simulated BOC nuclear reactor core; generate a
measured reactor core parameter distribution utilizing at least one measurement of at least one
reactor core parameter at one or more locations within the core of the nuclear reactor, following
operation of the nuclear reactor for a selected time interval; compare the generated measured
reactor core parameter distribution to at least one reactor core parameter distribution of a simulated
operated nuclear reactor core generated utilizing at least the initial loading distribution; and
determine an operational compliance state of the core of the nuclear reactor using the comparison
between the generated measured reactor core parameter distribution and the at least one reactor
core parameter distribution of the simulated operated nuclear reactor core, wherein the plurality of
fuel assemblies of the nuclear reactor core are arrangeable according to a set of simulated positions
of a set of regions of at least one of the simulated BOC nuclear reactor core and an additional

simulated operated nuclear reactor core.

[0015] In addition to the foregoing, various other method and/or system and/or program product
aspects are set forth and described in the teachings such as text (e.g., claims and/or detailed

description) and/or drawings of the present disclosure.

[0016] The foregoing is a summary and thus may contain simplifications, generalizations,
inclusions, and/or omissions of detail; consequently, those skilled in the art will appreciate that the
summary is illustrative only and is NOT intended to be in any way limiting. Other aspects, features,
and advantages of the devices and/or processes and/or other subject matter described herein will

become apparent in the teachings set forth herein.
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BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A is a block diagram view of a system for generating a simulated loading distribution
in a BOC nuclear reactor core, in accordance with an embodiment of the present invention;

FIG. 1B is a block diagram view of the programming modules implementable by the
system for generating a simulated loading distribution in a BOC nuclear reactor core, in accordance
with an embodiment of the present invention;

FIG. 1C is a block diagram view of the databases implementable by the system for
generating a simulated loading distribution in a BOC nuclear reactor core, in accordance with an
embodiment of the present invention;

FIG. 1D is a block diagram view of types of nuclear reactor core parameter distributions,
in accordance with an embodiment of the present invention;

FIG. 1E is a cross-sectional view of a nuclear reactor core formed from multiple fuel
assemblies, in accordance with an embodiment of the present invention;

FIG. 1F is an isometric view of a nuclear reactor core formed from multiple fuel
assemblies, in accordance with an embodiment of the present invention;

FIG. 1G is a cross-sectional view of a fuel assembly containing multiple fuel pins, in
accordance with an embodiment of the present invention;

FIG. 1H is a block diagram view of types of nuclear reactor fuel of the simulated BOC
nuclear reactor core, in accordance with an embodiment of the present invention;

FIG. 1I is a cross-sectional view of a nuclear reactor core formed from multiple fuel
assemblies with the selected regions for executing the simulation of the present invention depicted,
in accordance with an embodiment of the present invention;

FIG. 1J is a cross-sectional view of a nuclear reactor core formed from multiple fuel
assemblies with a selected region for executing the simulation of the present invention
encompassing multiple fuel assemblies of the reactor core, in accordance with an embodiment of
the present invention;

FIG. 1K is an isometric view of a fuel assembly with multiple sub-assembly simulation
regions depicted, in accordance with an embodiment of the present invention;

FIG. 1L is a cross-sectional view of a nuclear reactor core formed from multiple fuel
assemblies depicting the use of multiple regions to calculate one or more characteristics of a single
region via statistical aggregation;

FIG. 1M is a block diagram view of types of design variables, in accordance with an

embodiment of the present invention;
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FIG. 1N is a block diagram view of types of nuclear fuel design parameters, in accordance
with an embodiment of the present invention;

FIG. 10 is a block diagram view of types of nuclear reactor core parameter distributions,
in accordance with an embodiment of the present invention;

FIG. 1P is process flow diagram depicting a perturbation procedure executable by system
for generating a simulated loading distribution in a BOC nuclear reactor core, in accordance with
an embodiment of the present invention;

FIG. 2A is a block diagram view of a system for arranging one or more fuel assemblies in
a nuclear reactor core, in accordance with an embodiment of the present invention;

FIG. 2B is a schematic view of a system for arranging one or more fuel assemblies in a
nuclear reactor core, in accordance with an embodiment of the present invention;

FIG. 2C is a block diagram view of the programming modules implementable by the
system for arranging one or more fuel assemblies in a nuclear reactor core, in accordance with an
embodiment of the present invention;

FIG. 2D is a block diagram view of types of nuclear reactors for use in the present
invention, in accordance with an embodiment of the present invention;

FIG. 3A is a block diagram view of a system for determining a state of operation
compliance of a nuclear reactor core, in accordance with an embodiment of the present invention;

FIG. 3B is a block diagram view of the programming modules implementable by the
system for determining a state of operation compliance of a nuclear reactor core, in accordance
with an embodiment of the present invention;

FIG. 3C is a block diagram view of types of nuclear reactor core measurement systems
suitable for use in the present invention, in accordance with an embodiment of the present
invention;

FIG. 3D is process flow diagram depicting an operation cycle of the system for
determining a state of operation compliance of a nuclear reactor core, in accordance with an
embodiment of the present invention.

FIG. 4A is a high-level flowchart of a method for generating a simulated loading
distribution in a BOC nuclear reactor core;

FIGS. 4B through 26 are high-level flowcharts depicting alternate implementations of FIG.
4A.

FIG. 27A is a high-level flowchart of a method for arranging one or more fuel assemblies

in a nuclear reactor core;



10

15

20

25

30

WO 2015/077406 PCT/US2014/066531

FIGS. 27B through 54 are high-level flowcharts depicting alternate implementations of
FIG. 27A.

FIG. 55 is a high-level flowchart of a method for determining a state of operation
compliance of a nuclear reactor core;

FIGS. 56 through 68 are high-level flowcharts depicting alternate implementations of FIG.
55.

DETAILED DESCRIPTION

[0017] In the following detailed description, reference is made to the accompanying drawings,
which form a part hereof. In the drawings, similar symbols typically identify similar components,
unless context dictates otherwise. The illustrative embodiments described in the detailed
description, drawings, and claims are not meant to be limiting. Other embodiments may be utilized,
and other changes may be made, without departing from the spirit or scope of the subject matter

presented here.

[0018] Referring generally to FIGS. 1A through 1P, a system 100 for generating a simulated
nuclear fuel loading distribution of a nuclear reactor core is described in accordance with the
present invention. It is recognized herein that nuclear reactors, such as a breed-and-burn type
nuclear reactor, experience a transitional period, which require reloading and igniter-savoring
shuffling in order to maintain reactivity as the composition of the reactor core evolves from a
beginning-of-life (BOL) state to an equilibrium- or near-equilibrium state. During this transitional
time, operators of the nuclear reactor are required to implement a carefully scheduled and highly

sensitive fuel shuffling routine.

[0019] The present invention is directed to the determination of the distribution of newly loaded
nuclear fuel producing a reactor core parameter distribution that deviates from a reference reactor
core parameter distribution associated with a reference nuclear reactor by a magnitude equal to or
less than a selected tolerance value). In one embodiment of the present invention, the system 100
may be implemented to determine an enrichment distribution of fresh or recycled nuclear fuel
suitable for producing a reactor core parameter distribution that deviates from a parameter
distribution (e.g., power density distribution or reactivity distribution) of an operated reference
nuclear reactor core (i.e., made up of at least partially burned nuclear fuel) in a state of equilibrium

by a magnitude equal to or less than a selected level of accuracy. As such, the present invention
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is capable of providing equilibrium-like benefits in a first generation reactor, thereby eliminating
or at least reducing the need for time consuming transition from a beginning-of-life state to an

equilibrium state.

[0020] FIG. 1A illustrates a block diagram view of a loading distribution generation system 100,
in accordance with one embodiment of the present invention. In one aspect of the present
invention, the loading distribution generation system 100 may include a controller 102. In another
aspect of the present invention, the controller 102 is communicatively coupled to a core parameter
distribution source 104 (e.g., core parameter distribution database maintained in memory). In
another aspect of the present invention, the controller 102 is configured to receive one or more
reactor core parameter distributions 103 (e.g., power distribution) associated with a state (e.g.,
equilibrium state) of a core of a nuclear reactor from the core parameter distribution source 104.
In an additional aspect of the present invention, the controller 102 is configured to generate an
initial fuel loading distribution for a simulated beginning-of-cycle (BOC) core of the nuclear
reactor. In another aspect of the present invention, the controller 102 is configured to select an
initial set of positions associated with a set of regions within the simulated BOC core of the nuclear
reactor. In another aspect of the present invention, the controller 102 is configured to generate an
initial set of fuel design parameter values utilizing at least one design variable of each of the set of
regions. In another aspect of the present invention, the controller 102 is configured to calculate a
reactor core parameter distribution of the simulated BOC core utilizing the generated initial set of
fuel design parameter values associated with the set of regions located at the initial set of positions
of the simulated BOC core. In another aspect of the present invention, the controller 102 is
configured to generate a loading distribution by performing one or more perturbation processes on
the set of regions of the simulated BOC core in order to determine a subsequent set of positions
for the set of regions within the simulated BOC core. In this regard, the subsequent, or final, set
of positions act to converge the reactor core parameter distribution of the simulated BOC core
toward the reactor core parameter distribution received from the reference reactor within a
predetermined tolerance level, even though the simulated BOC core is made up of a nuclear fuel

distribution different from the nuclear fuel distribution of the core of the reference reactor.

[0021] FIG. 1B illustrates a block diagram of one or more sets of program instructions 105
maintained in memory 108 (as shown in FIG. 1A) and configured to carry out one or more steps
described throughout the present disclosure. FIG. 1C illustrates a block diagram of a set of

databases 107 maintained in memory 108 (or any other known memory device known in the art)

-10 -
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and configured to store results of one or more steps of the present invention. Each of these steps

will be described in further detail throughout the remainder of this disclosure.

[0022] In one embodiment of the present invention, the controller 102 may include, but is not
limited to, one or more computer processors 106 configured to carry out one or more of the various
steps described throughout the present disclosure. In this regard, the one or more processors 106
may retrieve program instructions 105 maintained in the non-transitory medium (e.g., memory 108
of controller 102) suitable for causing the one or more processors 106 to carry out one or more of
the various steps described throughout the present disclosure. In one embodiment, the controller
102 may include any computational device known in the art. The controller 102 may include, but
is not limited to, a personal computer system, mainframe computer system, workstation, image
computer, parallel processor, or any other computational device known in the art. In general, the
term “computational device” may be broadly defined to encompass any device having data
processing capabilities. For example, a computational device may include, but is not limited to,
one or more processors suitable for executing computer program instructions from a non-transitory
medium. The non-transitory medium may include, but is not limited to, a read-only memory, a
random access memory, a magnetic or optical disk, a solid state memory, a magnetic tape or the

like.

[0023] Referring again to FIG. 1A, in one embodiment of the present invention, the one or more
processors 106 of the controller 102 are communicatively coupled to the core parameter
distribution source 104 and configured to receive one or more reactor core parameter distributions
103 from the core parameter distribution source 104. In one embodiment, the one or more
processors 106 of the controller 102 may receive a reactor core parameter distribution for a core
of a reference nuclear reactor in a given state in the form of a database. In another embodiment,
the one or more processors 106 of the controller 102 may receive a reactor core parameter
distribution for a core of a nuclear reactor in a given state in the form of a data set representative
of a map, such as, but not limited to, a two-dimensional map or a three-dimensional map indicative
of the reactor core parameter as a function of position within the core of the reference nuclear

reactor.
[0024] In one embodiment, the core parameter distribution source 104 may include, but is not

limited to, one or more memory devices configured to store and/or maintain one or more reactor

core parameter distributions 103 associated with a state of a core of a nuclear reactor. The core

-11 -
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parameter distribution source 104 may include any memory device known in the art. In one
embodiment, the core parameter distribution source 104 includes a portable memory device
suitable for storing one or more reactor core parameter distributions 103. For example, the core
parameter distribution source 104 may include, but is not limited to, a portable flash drive, an
optical disc, a solid state drive, and the like. In another embodiment, the core parameter
distribution source 104 includes a remote memory device or system suitable for storing one or
more reactor core parameter distributions 103. For example, the core parameter distribution source
104 may include, but is not limited to, a remote server communicatively coupled to the controller
102 via a data network (e.g., internet). By way of another example, the core parameter distribution
source 104 may include, but is not limited to, a local server communicatively coupled to the
controller 102 via a local data network (e.g., intranet). In another embodiment, the core parameter
distribution source 104 may include, but is not limited to, the memory medium 108 of the

controller 102.

[0025] In one embodiment, the one or more reactor core parameter distributions 103 may include
a measured reactor core parameter distribution. For instance, a reactor core parameter distribution
may be acquired by measuring the reactor core parameter distribution of an operating nuclear
reactor while in the desired state (e.g., equilibrium or near equilibrium state, state approaching
equilibrium, or state of equilibrium onset). In another embodiment, the one or more reactor core
parameter distributions 103 may include a simulated reactor core parameter distribution. For
instance, a reactor core parameter distribution may be acquired via computer simulation of a
selected nuclear reactor (e.g., nuclear reactor loaded with “non-fresh” fuel) while in the desired
state (e.g., equilibrium or near equilibrium state, state approaching equilibrium, or state of

equilibrium onset).

[0026] In one embodiment, the one or more reactor core parameter distributions 103 include a
reactor core parameter distribution of an equilibrium state of a nuclear reactor. For example, one
or more reactor core parameter distributions 103 associated with an equilibrium state of a core of
areference nuclear reactor may be maintained in the core parameter distribution source 104. Then,
the one or more stored reactor core parameter distributions associated with an equilibrium state of
a core of a nuclear reactor may be transmitted from the core parameter distribution source 104 to

the one or more processors 106 of the controller 102.
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[0027] In another embodiment, the one or more reactor core parameter distributions 103 include
a reactor core parameter distribution of an equilibrium-approaching state of a nuclear reactor. For
example, one or more reactor core parameter distributions 103 associated with an equilibrium-
approaching state of a core of a reference nuclear reactor may be maintained in the core parameter
distribution source 104. Then, the one or more stored reactor core parameter distributions 103
associated with an equilibrium-approaching state of a core of a nuclear reactor may be transmitted
from the core parameter distribution source 104 to the one or more processors 106 of the controller

102.

[0028] In another embodiment, the one or more reactor core parameter distributions 103 include
a reactor core parameter distribution of an equilibrium-onset state of a nuclear reactor. For
example, one or more reactor core parameter distributions 103 associated with an equilibrium-
onset state of a core of a reference nuclear reactor may be maintained in the core parameter
distribution source 104. Then, the one or more stored reactor core parameter distributions 103
associated with an equilibrium onset state of a core of a nuclear reactor may be transmitted from

the core parameter distribution source 104 to the one or more processors 106 of the controller 102.

[0029] FIG. 1D illustrates a block diagram of types of reactor core parameter distributions 103
received from the core parameter distribution source 104, in accordance with one or more
embodiments of the present invention. The one or more reactor core parameter distributions 103
received from the core parameter distribution source 104 may include any reactor core parameter
distribution known in the art. In one embodiment, the one or more reactor core parameter
distributions 103 received from the core parameter distribution source 104 include, but are not
limited to, a power density distribution 109 or a rate of change of a power density distribution 110
of the core of a nuclear reactor. For example, the power distribution 109 (or distribution of rate of
change of power density 110) associated with a state of a core of a reference nuclear reactor may
be stored in the core parameter distribution source 104. Then, the stored reactor core power density
distribution 109 (or distribution of rate of change of power density 110) associated with a state of
the core of the reference nuclear reactor may be transmitted from the core parameter distribution

source 104 to the one or more processors 106 of the controller 102.

[0030] In another embodiment, the one or more core parameter distributions received from the
core parameter distribution source 104 include, but are not limited to, a reactivity distribution 111
or a rate of change of reactivity distribution 112 of the core of a nuclear reactor. For example, the

reactivity distribution 111 (or distribution of rate of change of reactivity 112) associated with a
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state of a core of a reference nuclear reactor may be stored in the core parameter distribution source
104. Then, the stored reactor core reactivity distribution 111 (or distribution of rate of change of
reactivity 112) associated with a state of the core of the reference nuclear reactor may be
transmitted from the core parameter distribution source 104 to the one or more processors 106 of

the controller 102.

[0031] The one or more reactor core parameter distributions 103 may be associated with a state
of a core of any nuclear reactor known in the art. In some embodiments, the one or more reactor
core parameter distributions 103 may be associated with a state of a core of at least one of a thermal
nuclear reactor (e.g., light water reactor), a fast nuclear reactor, a breed-and-burn nuclear reactor
and a traveling waver nuclear reactor. For example, one or more reactor core parameter
distributions 103 associated with a state of a core of a reference thermal nuclear reactor may be
stored in the core parameter distribution source 104. Then, the stored parameter distribution
associated with a state of the core of the reference thermal nuclear reactor may be transmitted from
the core parameter distribution source 104 to the one or more processors 106 of the controller 102.
By way of another example, one or more reactor core parameter distributions associated with a
state of a core of a reference fast nuclear reactor may be stored in the core parameter distribution
source 104. Then, the stored parameter distribution associated with a state of the core of the
reference fast nuclear reactor may be transmitted from the core parameter distribution source 104
to the one or more processors 106 of the controller 102. By way of another example, one or more
reactor core parameter distributions associated with a state of a core of a reference breed-and-burn
nuclear reactor may be stored in the core parameter distribution source 104. Then, the stored
parameter distribution associated with a state of the core of the reference breed-and-burn nuclear
reactor may be transmitted from the core parameter distribution source 104 to the one or more
processors 106 of the controller 102. By way of another example, one or more reactor core
parameter distributions associated with a state of a core of a reference traveling wave nuclear
reactor may be stored in the core parameter distribution source 104. Then, the stored parameter
distribution associated with a state of the core of the reference traveling wave nuclear reactor may
be transmitted from the core parameter distribution source 104 to the one or more processors 106

of the controller 102.

[0032] In another embodiment, the one or more reactor core parameter distributions 103 may be
associated with a state of a core of a nuclear reactor having one or more fuel assemblies. For

example, one or more reactor core parameter distributions associated with a state of a core of a
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reference nuclear reactor having one or more fuel assemblies may be stored in the core parameter
distribution source 104. Then, the stored parameter distribution associated with a state of the core
of the reference nuclear reactor having one or more fuel assemblies may be transmitted from the

core parameter distribution source 104 to the one or more processors 106 of the controller 102.

[0033] In a further embodiment, the one or more reactor core parameter distributions 103 may
be associated with a state of a core of a nuclear reactor having one or more fuel assemblies with
one or more fuel pins. For example, one or more reactor core parameter distributions associated
with a state of a core of a reference nuclear reactor having one or more fuel assemblies with one
or more fuel pins may be stored in the core parameter distribution source 104. Then, the stored
parameter distribution associated with a state of the core of the reference nuclear reactor having
one or more fuel assemblies with one or more fuel pins may be transmitted from the core parameter
distribution source 104 to the one or more processors 106 of the controller 102. Those skilled in
the art will recognize that a given fuel assembly may include a number of fuel pins assembled into
a predefined array structure. It is further noted that the chosen pin/fuel arrangement within a fuel
assembly may be chosen in an effort to optimize neutronic performance. The arrangement of fuel
pins in a hexagonal fuel assembly of a breeder reactor is generally described in Alan E. Waltar and
Albert B. Reynolds, Fast Breeder Reactors, 1st ed, Pergamon Press Inc., 1981, p. 119, which is
incorporated herein by reference in the entirety. It is recognized herein that a core parameter
distribution having any known pin arrangement within a given fuel assembly structure of a nuclear

reactor core is suitable for implementation in the present invention.

[0034] It is noted herein that the one or more stored reactor core parameter distributions 103 may
be associated with a state of a core of a reference nuclear reactor including any fissile or fissionable
material known in the art. In one embodiment, the one or more reactor core parameter distributions
103 may be associated with a state of a core of a nuclear reactor including plutonium. For example,
one or more reactor core parameter distributions associated with a state of a plutonium-containing-
core of a reference nuclear reactor may be stored in the core parameter distribution source 104.
Then, the stored parameter distribution associated with a state of the plutonium-containing-core of
the reference nuclear reactor may be transmitted from the core parameter distribution source 104
to the one or more processors 106 of the controller 102. In another embodiment, the one or more
reactor core parameter distributions 103 may be associated with a state of a core of a nuclear
reactor including uranium. For example, one or more reactor core parameter distributions

associated with a state of a uranium-containing-core of a reference nuclear reactor may be stored
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in the core parameter distribution source 104. Then, the stored parameter distribution associated
with a state of the uranium-containing-core of the reference nuclear reactor may be transmitted
from the core parameter distribution source 104 to the one or more processors 106 of the controller

102.

[0035] Referring again to FIGS. 1A and 1B, in one embodiment of the present invention, the one
or more processors 106 of controller 102 are configured to generate an initial fuel loading
distribution for a simulated BOC core of a nuclear reactor. It is noted herein that the initial fuel
loading distribution (or any fuel loading distribution described herein) is representative of the
spatial arrangement of the various components of nuclear fuel within a nuclear reactor core (e.g.,
simulated core or real core). In this regard, a given nuclear fuel loading distribution of the present
invention (e.g., initial fuel loading distribution) may consist of a database or map (e.g., two-
dimensional or three-dimensional map) indicative of the distribution of component materials of

the nuclear fuel as a function of position within the core of the nuclear reactor.

[0036] For example, as shown in FIG. 1B, the program instructions 105 of memory 108 may
include an initial nuclear fuel loading distribution generator 130 configured to cause the one or
more processors 106 of controller 102 to generate an initial fuel loading distribution for a simulated
BOC core of a nuclear reactor. In a further embodiment, as shown in FIG. 1C, the controller 102
may store the generated initial fuel loading distribution 139 in one or more databases 107

maintained in memory 108 or any other known memory device known in the art.

[0037] In one embodiment, based on the received one or more reactor core parameter
distributions 103 from the core parameter distribution source 104, the one or more processors 106
of the controller 102 may generate an initial nuclear fuel loading distribution for a simulated BOC
core of a nuclear reactor. For instance, the one or more processors 106 may compare historical
data stored in the memory 108 of the controller 102 (or memory from a remote data source) to the
received one or more reactor core parameter distributions 103 from the core parameter distribution
source 104 to generate an initial nuclear fuel loading distribution for the simulated BOC core of a
nuclear reactor. Then, the one or more processors 106 may transmit the generated initial nuclear

fuel loading distribution 139 to one or more databases 107 in memory 108 for storage.

[0038] In another embodiment, an initial fuel loading distribution for a simulated BOC core of a

nuclear reactor may be selected or entered into the controller 102 via user input. For example, a
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user input device 118 of a user interface 114 may be used by a user to input an initial fuel loading
distribution for a simulated BOC core of a nuclear reactor into the controller 102 (e.g., input
distribution into memory 108). By way of another example, the one or more processors 106 of the
controller 102 may present a set of initial fuel loading distribution options to the user via the
display 116 of the user interface 114. Then, the user may select one or more of the sets of initial
fuel loading distribution options displayed on display 114. In a further embodiment, the initial fuel
loading distribution options may be derived based on the one or more reactor core parameter

distributions 103 received from the core parameter distribution source 104.

[0039] In another embodiment, the controller 102 is configured to randomly generate an initial
fuel loading distribution for a simulated BOC core of a nuclear reactor. For example, based on the
received one or more reactor core parameter distributions 103 from the core parameter distribution
source 104, the one or more processors 106 of the controller 102 may randomly generate an initial

nuclear fuel loading distribution for a simulated BOC core of a nuclear reactor.

[0040] FIGS. 1E-1F illustrate a graphical representation of a simulated nuclear reactor core 120,
in accordance with one embodiment of the present invention. In one embodiment, an initial fuel
loading distribution may be generated by the controller 102 for the simulated BOC core 120 of the
nuclear reactor including, but not limited to, a plurality of simulated fuel assemblies 124, as shown
in FIGS. 1E and 1F. In a further embodiment, based on the received one or more reactor core
parameter distributions 103 from the core parameter distribution source 104, the one or more
processors 106 of the controller 102 may generate an initial nuclear fuel loading distribution for a
simulated BOC core 120 of a nuclear reactor having a plurality of fuel assemblies 124. It is noted
herein that the simulated BOC core 120 of the present invention may take on any number of forms.
FIGS. 1E and 1F depict a core 120 equipped with multiple hexagonoid-shape fuel assemblies 124
arranged in a hexagonal array. It is further noted that the depicted arrangements in FIGS. 1E and
1F is not limiting and is provided merely for illustration. It is noted that the simulated core 120 of
the present invention may include alternative fuel assembly structures, such as, but not limited to,
cylinders, parallelepipeds, triangular prisms, conical structures, helical structures and the like.
Further, the array structure of the fuel assemblies of the simulated core 120 of the present invention
may include alternative array structures, such as, but not limited to, a rectangular array, a square

array, a cylindrical close packed array, a concentric ring array and the like.
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[0041] As shown in FIG. 1G, in a further embodiment, one or more of the simulated fuel
assemblies 124 of the BOC core 120 may include, but are not limited to, a plurality of fuel pins
125. In one embodiment, based on the received one or more reactor core parameter distributions
103 from the core parameter distribution source 104, the one or more processors 106 of the
controller 102 may generate an initial nuclear fuel loading distribution for a simulated BOC core
120 of a nuclear reactor having a plurality of fuel assemblies 124, each equipped with multiple

fuel pins 125.

[0042] It is noted herein that the structure and arrangement of the fuel pins within each fuel
assembly 124 of the simulated core 120 may take on any form known in the art. For example, as
shown in FIG. 1G, the fuel pins may be cylindrically shaped and arranged within a close packed
hexagonal array within the fuel assembly 124. In other embodiments, although not shown, the
simulated fuel pins of the core may have a hexagonoid shape, a parallelepiped shape, a triangular
prism shape, a helical shape, a conical shape and the like. In another embodiment, although not
shown, the simulated fuel pins of the core may be arranged in a rectangular array, a square array,

a concentric ring array and the like.

[0043] In another embodiment, each of the plurality of fuel pins 125 in a simulated fuel assembly
124 of the simulated BOC core 120 may include a selected nuclear fuel. In this regard, the initial
fuel loading distribution may be generated by the controller 102 for a simulated BOC core
including any nuclear fuel known in the art. In one embodiment, the controller 102 may build up
the simulated BOC core by selecting the nuclear fuel composition for each pin of each fuel
assembly of the BOC core, resulting in a full core-wide nuclear fuel distribution. For example, as
shown in FIG. 1H, a portion of the nuclear fuel 126 of the simulated BOC core may include, but

not limited to, recycled nuclear fuel 127, unburned nuclear fuel 128, or enriched nuclear fuel 129.

[0044] For example, in response to the received one or more reactor core distributions 103
received from the core parameter distribution source 104, the one or more processors 106 are
configured to generate an initial fuel loading distribution for a simulated BOC core of a nuclear
reactor including recycled nuclear fuel 127. For instance, one or more fuel pins 125 of one or
more fuel assemblies 124 of the simulated core 120 may contain a selected amount and type of

recycled nuclear fuel 127.

[0045] By way of another example, in response to the received one or more reactor core

parameter distributions 103 from the core parameter distribution source 104, the one or more
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processors 106 are configured to generate an initial fuel loading distribution for a simulated BOC
core of a nuclear reactor including unburned nuclear fuel 128. For instance, one or more fuel pins
125 of one or more fuel assemblies 124 of the simulated core 120 may contain a selected amount

and type of unburned nuclear fuel 128.

[0046] By way of another example, in response to the received one or more reactor core
parameter distributions 103 from the core parameter distribution source 104, the one or more
processors 106 are configured to generate an initial fuel loading distribution for a simulated BOC
core of a nuclear reactor including enriched nuclear fuel 129. For instance, one or more fuel pins
125 of one or more fuel assemblies 124 of the simulated core 120 may contain a selected amount
and type of enriched nuclear fuel 129. It is noted herein that the simulated BOC nuclear reactor
core may include any enriched nuclear reactor fuel known in the art. For instance, the enriched

nuclear fuel may include, but is not limited to, enriched uranium fuel.

[0047] In another embodiment, the simulated BOC core of the nuclear reactor may include, but
is not limited to, a BOL core of the nuclear reactor. As such, the generated initial fuel loading
distribution for the simulated BOC core of the nuclear reactor may include, but is not limited to,
an initial fuel loading distribution for a simulated BOL core of the nuclear reactor. For example,
the one or more processors 106 of the controller 102 may be configured to generate an initial fuel
loading distribution for a simulated BOL core of a nuclear reactor. For instance, based on the
received one or more reactor core parameter distributions 103 from the core parameter distribution
source 104, the one or more processors 106 of the controller 102 may generate an initial nuclear

fuel loading distribution for a simulated BOL core of a nuclear reactor.

[0048] Referring again to FIGS. 1A-1C, in one embodiment of the present invention, the one or
more processors 106 of the controller 102 are configured to select an initial set of positions
associated with each of a set of regions within the simulated BOC core 120 of the nuclear reactor.
For example, as shown in FIG. 1B, the program instructions 105 maintained in memory 108 may
include an initial position selector algorithm 132 configured to cause the one or more processors
106 of controller 102 to select an initial set of positions associated with each of a set of regions
within the simulated BOC core 120 of the nuclear reactor. In one embodiment, the one or more
processors 106 of the controller 102 may transmit the initial set of selected positions 140 (e.g., x,
y, z positions; R, 0, ¢ positions and the like) to one or more databases 107 of memory 108 for

storage and later use.
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[0049] FIGS. 1I-1K illustrate a graphical representation of a simulated BOC core 120 and a set
of regions 122 selected by one or more processors 106 of the controller 102, in accordance with
one embodiment of the present invention. In one embodiment, as shown in FIG. 11, each region
122 may correspond with a single fuel assembly 124 of the BOC core 120. In this regard, the one
or more processors 106 of the controller 102 are configured to select an initial set of positions 140,
whereby each of the set of selected initial positions 140 corresponds with the position (e.g., relative

position) of the fuel assembly 124 of each single-assembly encompassing region 122.

[0050] In another embodiment, as shown in FIG. 1J, each region 122 may correspond with two
or more fuel assemblies 124 of the simulated BOC core 120. For example, as shown in FIG. 1],
the surface of region 122 may encompass fuel assemblies 124a, 124b and 124c. In this regard, the
one or more processors 106 of the controller 102 are configured to select an initial set of positions
140 corresponding to two or more fuel assemblies 124a-c contained within each of a set of regions
122 within the simulated BOC core of the nuclear reactor. It is noted herein that while region 122
is depicted as encompassing three fuel assemblies 124 in FIG. 1], this should not be interpreted as
a limitation. It is recognized herein that each region 122 may encompass any suitable number of

fuel assemblies 124.

[0051] In another embodiment, as shown in FIG. 1K, each region 122 may correspond with a
portion of a single assembly 124. For example, the surface of each region 122 may encompass a
single portion of a single fuel assembly 124. For instance, as shown in FIG. 1K, in the case of a
hexagonoid shaped fuel assembly 124, multiple “flat” hexagonoid shaped regions 122a-122g may
each encompass different portions of the fuel assembly 124. While it is recognized herein that the
positions of the sub-assembly regions 122a-122g are relatively fixed with respect to one another
as the fuel assembly shape remains fixed (although expansion and warping caused by
thermodynamic factors is anticipated), the sub-assembly regions 122a-122g may be utilized in the
subsequent calculation and modeling of features (e.g., calculation of fuel design parameters and
etc.) of the simulated core 120 of the present invention as described further herein. Further, it is
recognized herein that in cases where the fuel assemblies 124 have a substantially large axial
dimension, such as the hexagonoid fuel assemblies in FIG 1K, the use of stacked sub-assembly
regions 122a-122g allows for refinement in the modeling of reactor core 120 features along the
axial direction. It is further noted that the particular shape and arrangement of the sub-assembly

regions 122a-122g as depicted in FIG. 1K is not limiting and is provided merely for illustration.
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[0052] For example, the sub-assembly regions 122a-g may include, but are not limited to, regions
that are coextensive with one or more fuel pins contained with one or more fuel assemblies 124.
For instance, although not shown in FIGS. 1I-1K, each region may encompass multiple fuel pins
of a given fuel assembly, whereby each of the set of selected initial positions corresponds with
each multi-pin encompassing region. In this regard, the one or more processors 106 of the
controller 102 are configured to select an initial set of positions 140 corresponding to a set of
nuclear fuel pins contained within each of a set of regions within the simulated BOC core of the
nuclear reactor. In this regard, each sub-assembly region encompassing a multiple pins of a given
fuel assembly may be utilized in the subsequent calculation and modeling of features (e.g.,
calculation of fuel design parameters and etc.). In another instance, although not shown in FIGS.
1I-1K, each region may encompass a single fuel pin, whereby each of the set of selected initial
positions corresponds with a group of single-pin encompassing regions. In this regard, each sub-
assembly region encompassing a single pin of a given fuel assembly may be utilized in the

subsequent calculation and modeling of features.

[0053] In another embodiment of the present invention, each of the set of regions 122 includes,
but is not limited to, a three-dimensional region having a selected volume. In this regard, the one
or more processors 106 of the controller 102 are configured to select an initial set of positions 140
associated with a set of regions 122 defined by a three dimensional volume of selected size within
the simulated BOC core 120 of the nuclear reactor. For example, the one or more processors 106
may define the size of the selected volume of each region based on a preprogrammed set of criteria.
For instance, the selected volume of the constituent regions within the simulated BOC core 120
may depend on a variety of factors including, but not limited to, the volume of the reactor core,
the number of fuel assemblies and fuel pins within the reactor core, the speed required of the
simulation and the like. By way of another example, the one or more processors 106 may select
the volume of each region based on a user selection received via the user interface device 118 of

the user interface 114.

[0054] In another embodiment of the present invention, each of the set of regions includes, but
is not limited to, a three-dimensional region having a selected shape. In this regard, the one or
more processors 106 of the controller 102 may select an initial set of positions 140 associated with
a set of regions within the simulated BOC core of the nuclear reactor, with each region being

defined by a three dimensional volume having a selected shape. For example, as shown in FIGS.
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11, the selected shape may include a hexagonoid. Further, as shown in FIG. 11, the selected shape
of the region 122 may outline a single hexagonoid-shaped fuel assembly or multiple hexagonoid-
shaped fuel assemblies, as shown in FIGS. 11 and 1J respectively. While the shape of the selected
regions and fuel assemblies have been illustrated as having a hexagonoid shape in FIGS. 11 and
1], this should not be interpreted as a limitation of the present invention. The selected shape of the
volume of one or more of the set of regions (and the shape of the fuel assemblies) may include any
known three dimensional geometric shape. For example, the shape of the volume may include,
but is not limited to, a cylinder, a parallelepiped (e.g., cuboid), a hexagonoid, an ellipsoid, a sphere,
a disc, a ring and the like. It is furthered note that there is no requirement that the selected regions
take on the same general shape as the fuel assemblies or fuel assembly ensembles of the BOC core.
In another embodiment, the one or more processors 106 may define the shape of the selected
volume of each region based on a preprogrammed set of criteria. In another embodiment, the one
or more processors 106 may select the shape of each volume of each region based on a user

selection received via the user interface device 118 of the user interface 114.

[0055] In another embodiment of the present invention, the number of regions included in the
set of regions within the simulated BOC nuclear reactor core 120 is selectable. For example, the
one or more processors 106 of the controller 102 are configured to select an initial set of positions
associated with a set of regions consisting of a selected number of regions within the simulated
BOC core 120 of the nuclear reactor. Further, the one or more processors 106 may select the
number of regions based on a preprogrammed set of criteria. Further, the one or more processors
106 may select the number or regions based on a user selection received via the user interface

device 118 of the user interface 114.

[0056] Referring again to FIGS. 1A-1C, in one embodiment of the present invention, the one or
more processors 106 of controller 102 are configured to generate an initial set of fuel design
parameter values based one or more design variables. In this regard, the one or more processors
106 of controller 102 may generate a fuel design parameter value for the simulated nuclear fuel
within a given region 122 based on one or design variables (e.g., thermodynamic variable value,
neutronic parameter value, and the like) associated with the simulated nuclear fuel within the given
region 122. For example, as shown in FIG. 1B, the program instructions 105 maintained in memory
108 may include an initial fuel design parameter generator algorithm 134 configured to cause the
one or more processors 106 of controller 102 to generate an initial set of fuel design parameter

values based on or more design variables. In a further embodiment, the one or more processors
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106 of the controller 102 may transmit the generated initial set of fuel design parameters 141 to

one or more databases 107 of memory 108 for storage and later use.

[0057] In one embodiment, as graphically depicted in FIG. 11, the one or more processors 106
of controller 102 may generate an initial fuel design parameter value 141 for a first region 122
utilizing one or more design variables associated with the nuclear fuel encompassed by the first
region 122. In this regard, the one or more processors 106 of controller 102 may build up a set of
initial fuel design parameter values 141 by iteratively repeating this process for each region 122 in

the simulated BOC core 120.

[0058] In another embodiment, the one or more processors 106 of controller 102 are configured
to generate an initial fuel design parameter value 141 for each region 122 utilizing one or more
design variables for each region adjacent to a given region 122. As shown in FIG. 1L, the one or
more processors 106 of controller 102 may generate an initial fuel design parameter value 141 for
region 122 utilizing one or more design variables for the region 122 and the regions 123a-123f
surrounding region 122. For example, the one or more processors 106 of controller 102 may
generate an initial fuel design parameter value 141 for region 122 utilizing a statistical
characteristic of one or more design variables for the regions 123a-123f. Por instance, the one or
more processors 106 of controller 102 may generate an initial fuel design parameter value 141 for
region 122 utilizing an average value, a median value, a maximum value, a minimum value or the
like of the one or more design variables for the regions 123a-123f. In one example, the one or
more processors 106 of controller 102 may generate an initial fuel design parameter value 141 for
region 122 utilizing an average of the one or more design variable values for the regions 123a-
123f. In another example, the one or more processors 106 of controller 102 may generate an initial
fuel design parameter value 141 for region 122 utilizing a statistical median of the one or more
design variable values for the regions 123a-123f. It is noted herein that any statistical aggregation
or selection of the one or more design variable values of regions 122 and/or 123a-123f may be
used to generate an initial fuel design parameter value 141 for region 122. TFurther, the one or
more processors 106 of controller 102 may build up the set of initial fuel design parameter values
141 by iteratively repeating this process for each region in the simulated BOC core 120. While
only one region 122 has been depicted for calculation in FIG. 1L, it is noted that the set of initial
fuel design parameter values 141 may be generated by repeating this process for each defined

region 122 in the simulated BOC core 120.
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[0059] In another embodiment, the one or more design variables may be utilized at the pin-level
(e.g., pins 125 of FIG. 1G) to generate an initial set of fuel design parameter values. In this regard,
the one or more processors 106 of controller 102 may generate an initial set of nuclear fuel design
parameters based on one or more design variables associated with the nuclear fuel contained within
each of the set of pins within each of the set of regions 122. In a further embodiment, each of the
initial set of fuel design parameter values generated by the one or more processors 106 of controller
102 is associated with one of the set of regions 122 of the simulated BOC core 120 of the nuclear
reactor. In another embodiment, each of the initial set of fuel design parameter values generated
by the one or more processors 106 of controller 102 is associated with one of the pins of contained

within one of the set of regions 122 of the simulated BOC core 120 of the nuclear reactor.

[0060] FIG. 1M illustrates a block diagram of the types of design variables 144 suitable for use
by the controller 102 to generate the initial set of fuel design parameter values, in accordance with
one or more embodiments of the present invention. In one embodiment, the initial set of fuel
design parameter values 141 generated by controller 102 may be based on one or more
thermodynamic variables 145 associated with each of the set of regions 122. In this regard, the
initial set of fuel design parameter values may be based on a value of one or more thermodynamic
variables 145 for each region of the set of regions. For example, the one or more processors 106
of the controller 102 may be configured to generate an initial set of fuel design parameter values
using a value of a thermodynamic variable 145 for each of the set of regions 122 within the

simulated BOC core 120 of the nuclear reactor.

[0061] In another embodiment, the initial set of fuel design parameter values 141 generated by
controller 102 may be based on one or more thermodynamic variables 145 associated with each
region adjacent to the given region in question. In this regard, each initial fuel design parameter
value of a given region of the initial set of fuel design parameter values may be based on a value
of one or more thermodynamic variables for each region adjacent to the given region. For example,
the one or more processors 106 of the controller 102 may be configured to generate an initial fuel
design parameter value for each region 122 using a value of a thermodynamic variable 145 for
region 122 and regions 123a-123f adjacent to region 122 within the simulated BOC 120 core of

the nuclear reactor.

[0062] Itis noted herein that the one or more thermodynamic variables used to generate the initial
set of fuel design parameter values may include any thermodynamic variable known in the art.

For example, the thermodynamic variable may include, but is not limited to, the temperature 146
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(e.g., median temperature, average temperature, maximum temperature, minimum temperature
and the like) of each of the set of regions. By way of another example, the thermodynamic variable
used to generate the initial set of fuel design parameter values may include, but is not limited to,
the pressure 147 (e.g., median pressure, average pressure, maximum pressure, minimum pressure

and the like) of each of the set of regions.

[0063] In another embodiment of the present invention, the initial set of fuel design parameter
values generated by controller 102 may be based on one or more neutronic parameters 148
associated with each of the set of regions. In this regard, the initial set of fuel design parameter
values may be based on a value of one or more neutronic parameters 148 for each region of the set
of regions 122. For example, the one or more processors 106 of the controller 102 may be
configured to generate an initial set of fuel design parameter values using a value of a neutronic
parameter 148 for each of the set of regions 122 within the simulated BOC core 120 of the nuclear

reactor.

[0064] In another embodiment, the initial set of fuel design parameter values 141 generated by
controller 102 may be based on one or more neutronic parameters associated with a given region
and each region adjacent to the given region in question. In this regard, each initial fuel design
parameter value 141 of a given region 122 of the initial set of fuel design parameter values may
be based on a value of one or more neutronic parameters 148 of the given region 122 and regions
123a-123f adjacent to the given region 122. For example, the one or more processors 106 of the
controller 102 may be configured to generate an initial fuel design parameter value for each region
122 using a value of a neutronic parameter for region 122 and the regions 123a-123f adjacent to

region 122 within the simulated BOC 120 core of the nuclear reactor.

[0065] It is noted herein that the one or more neutronic parameter used to generate the initial set
of fuel design parameter values may include any neutronic parameter known in the art. For
example, the neutronic parameter may include, but is not limited to, a k-infinity value 149. By way
of another example, the neutronic parameter used to generate the initial set of fuel design parameter
values may include, but is not limited to, neutron flux 150 of each of the set of regions. By way of
another example, the neutronic parameter used to generate the initial set of fuel design parameter
values may include, but is not limited to, neutron production rate 151 of each of the set of regions.

By way of another example, the neutronic parameter used to generate the initial set of fuel design
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parameter values may include, but is not limited to, neutron absorption rate 152 of the each of the

set of regions.

[0066] FIG. 1N illustrates a block diagram of the types of fuel design parameters 153 generated
by the controller 102, in accordance with one or more embodiments of the present invention. The
initial fuel design parameters 141 generated by the controller 102 may include any fuel design
parameter suitable for implementation in the present invention. In one embodiment, the initial set
of fuel design parameter values 141 generated by controller 102 may include, but is not limited to,
a set of nuclear fuel enrichment values 154. For example, the one or more processors 106 of
controller 102 may generate an initial set of nuclear fuel enrichment values 154 associated with
the set of regions located at the initial set of positions in the simulated BOC core 120 using the one

or more design variables of each of the set of regions.

[0067] In another embodiment, the set of fuel design parameters generated by controller 102 may
include, but is not limited to, a set of fuel pin dimension values 155. For example, the one or more
processors 106 of controller 102 may generate an initial set of fuel pin dimension values 155
associated with the fuel pins encompassed by each of the set of regions located at the initial set of
positions in the simulated BOC core using the one or more design variables of each of the set of

regions.

[0068] The set of nuclear fuel pin dimension values 155 may include any nuclear fuel pin
dimension value known in the art. For example, the set of nuclear fuel pin dimension values 155
may include a fuel pin configuration value 156 (e.g., pin pitch value, number of pins and the like)
based on a configuration of multiple fuel pins in a single fuel assembly or multiple fuel assemblies.
By way of another example, the set of nuclear fuel pin dimension values may include a fuel pin
geometry value 157 (e.g., pin diameter value, pin shape and the like) based on a spatial feature of
arepresentative fuel pin of multiple fuel pins in a single fuel assembly or multiple fuel assemblies.
By way of another example, the set of nuclear fuel pin dimension values 155 may include a fuel
pin composition value 158 (e.g., ratio of fertile material to fissile material in one or more pins of
one or more fuel assemblies) based on the chemical composition of the nuclear fuel contained

within the multiple fuel pins in a single fuel assembly or a multiple fuel assembly.

[0069] In one embodiment, the set of nuclear fuel pin dimension values 155 may include, but is

not limited to, a pin pitch value. For instance, a pin pitch value may include the pin pitch value of

-26 -



10

15

20

25

30

WO 2015/077406 PCT/US2014/066531

a group of pins within one or more fuel assemblies of the nuclear reactor core. In this regard, the
pin pitch value may be defined by the pin pitch throughout one or more fuel assemblies, each
containing multiples fuel pins, of a nuclear reactor core. For example, the one or more processors
106 of controller 102 may generate an initial set of pin pitch values associated with the set of
regions located at the initial set of positions in the simulated BOC core using the one or more
design variables of each of the set of regions. In another embodiment, the set of nuclear fuel pin
dimension values may include, but is not limited to, the number of fuel pins within the BOC core

120.

[0070] In another embodiment, the set of nuclear fuel pin dimension values 155 may include,
but is not limited to, a pin diameter value. For example, a pin diameter value may include the pin
diameter value of a group of pins within the nuclear reactor core. In this regard, the pin diameter
value may be defined by the pin diameter (e.g., average pin diameter, mean pin diameter, and the
like) of the fuel pins contained within one or more fuel assemblies of a nuclear reactor core. For
example, the one or more processors 106 of controller 102 may generate an initial set of pin
diameter values associated with the set of regions located at the initial set of positions in the
simulated BOC core using the one or more design variables of each of the set of regions. It is
noted herein that the size of the coolant channels within a given fuel assembly of a nuclear reactor
core is generally defined by the pin pitch and the pin diameter of the set of pins contained within

the given fuel assembly.

[0071] In another embodiment, the set of nuclear fuel pin dimension 155 values may include,
but is not limited to, a pin-size value. For instance, a pin-size value may include, but is not limited
to, the pin length, pin radius (or pin width) or pin volume of the fuel pins within one or more fuel
assemblies of the nuclear reactor core. For example, the one or more processors 106 of controller
102 may generate an initial set of pin size values associated with the set of regions 122 located at
the initial set of positions 140 in the simulated BOC core 120 using the one or more design

variables of each of the set of regions.

[0072] In another embodiment, the set of nuclear fuel pin dimension values 155 may include,
but is not limited to, a pin shape. For example, the one or more processors 106 of controller 102
may generate an initial set of pin shapes associated with the set of regions 122 located at the initial
set of positions 140 in the simulated BOC core 120 using the one or more design variables of each

of the set of regions. In some embodiments, as described previously herein, the pin shape may
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include any geometric shape known in the art, such as, but not limited to, a hexagonoid, a cylinder,
a parallelepiped, a triangular prism, a conical shape, a helical shape and the like. In other
embodiments, the pin shape may include an irregular shape. For instance, the pin shape may

include a warped or distorted regular geometric shape.

[0073] In another embodiment, the set of nuclear fuel pin dimension values 155 may include,
but is not limited to, a pin position within the BOC core 120. For example, the one or more
processors 106 of controller 102 may generate an initial set of positions 140 of multiple fuel pins
encompassed by the each of the set of regions 122 located at the initial set of positions in the

simulated BOC core 120 using the one or more design variables of each of the set of regions.

[0074] In another embodiment, the set of nuclear fuel pin dimension values 155 may include,
but is not limited to, a fuel smear density value. For example, a fuel smear density value may
include the nuclear fuel smear density value associated with the fuel contained within a group of
fuel pins within the nuclear reactor core. In this regard, the fuel smear density value may be defined
by the fuel smear density associated with the fuel pins contained within one or more fuel
assemblies of a nuclear reactor core. or example, the one or more processors 106 of controller
102 may generate an initial set of fuel smear density values associated with the set of regions
located at the initial set of positions in the simulated BOC core using the one or more design
variables of each of the set of regions. Those skilled in the art will recognize that “smear density”
is the density of nuclear fuel as if it were uniformly “smeared” throughout the inside surface of the
fuel cladding. Nuclear fuel smear density is generally described in Alan E. Waltar and Albert B.
Reynolds, Fast Breeder Reactors, 1st ed, Pergamon Press Inc., 1981, p. 121, which has been

incorporated above by reference in the entirety.

[0075] In another embodiment, the set of nuclear fuel pin dimension values 155 may include,
but is not limited to, the fission gas plenum volume associated with one or more pins of one or
more fuel assemblies of the BOC core. For example, the one or more processors 106 of controller
102 may generate an initial fission gas plenum volume for each fuel pin of one or more fuel
assemblies of the simulated BOC core using the one or more design variables of each of the set of
regions. Those skilled in the art will recognize that for the purposes of the present disclosure
“fission gas plenum” constitutes a reservoir located in a given fuel pin for collecting fission gas
products released from the nuclear fuel contained within the fuel pin during core operation. A

fission gas plenum is generally described in Alan E. Waltar and Albert B. Reynolds, F'ast Breeder
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Reactors, 1st ed, Pergamon Press Inc., 1981, p. 254, which has been incorporated above by

reference in the entirety.

[0076] In another embodiment, the set of nuclear fuel pin dimension values 155 may include,
but is not limited to, the composition of nuclear fuel contained within one or more pins of one or
more fuel assemblies of the simulated BOC core 120. For example, the one or more processors
106 of controller 102 may generate an initial set of fuel composition values associated with one or
more fuel encompassed by the set of regions 122 located at the initial set of positions in the
simulated BOC core 120 using the one or more design variables of each of the set of regions. In
this regard, the one or more processors 106 of controller 102 may generate an initial fuel
composition spatial distribution across the simulated BOC core 120, as represented by the set of
regions 122 located at the initial set of positions in the simulated BOC core using the one or more

design variables of each of the set of regions.

[0077] The fuel composition values generated by the one or more processors 106 may include
any fuel composition metric known in the art. It should be recognized by those skilled in the art
that “nuclear fuel” in general may include both fissionable and non-fissionable material (e.g.,
fertile material or non-fissionable/non-fertile material (e.g., alloying agents, moderating material,
and the like)). As such, for the purposes of the present disclosure, the term “nuclear fuel” is not
limited to fissionable material, but may encompass an entire volume of an object or material used
as a fuel source in a nuclear reactor setting. In this regard, the volume of nuclear fuel may include
regions of fissionable material, regions of fertile material and/or regions of other material (i.e.,

non-fertile material), such as, but not limited to, neutron moderating material and alloying agents.

[0078] In one embodiment, the one or more processors 106 of controller 102 may generate a
initial set of nuclear fuel composition values including the relative amount of fissionable material
within each of the set of regions located at the initial set of positions in the simulated BOC core
using the one or more design variables of each of the set of regions. For example, the one or more
processors 106 of controller 102 may generate an initial set of nuclear fuel composition values
including the relative amount of uranium-235 within each of the set of regions 122 located at the
initial set of positions in the simulated BOC core 120 using the one or more design variables of
each of the set of regions. By way of another example, the one or more processors 106 of controller

102 may generate an initial set of nuclear fuel composition values including the relative amount
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of plutonium-239 within each of the set of regions 122 located at the initial set of positions in the

simulated BOC core 120 using the one or more design variables of each of the set of regions.

[0079] In another embodiment, the one or more processors 106 of controller 102 may generate a
initial set of nuclear fuel composition values including the relative amount of fertile material within
each of the set of regions 122 located at the initial set of positions in the simulated BOC core 120
using the one or more design variables of each of the set of regions 122. For example, the one or
more processors 106 of controller 102 may generate an initial set of nuclear fuel composition
values including the relative amount of uranium-238 within each of the set of regions 122 located
at the initial set of positions in the simulated BOC core 120 using the one or more design variables
of each of the set of regions 122. By way of another example, the one or more processors 106 of
controller 102 may generate a initial set of nuclear fuel composition values including the relative
amount of thorium-232 within each of the set of regions 122 located at the initial set of positions
in the simulated BOC core 120 using the one or more design variables of each of the set of regions

122.

[0080] In another embodiment, the one or more processors 106 of controller 102 may generate
an initial set of nuclear fuel composition values including the relative amount of constituent
elements in a nuclear fuel alloy within each of the set of regions 122 located at the initial set of
positions in the simulated BOC core 120 using the one or more design variables of each of the set
of regions 122. Those skilled in the art should recognize that an alloying agent, such as, but not
limited to, zirconium, may be used in metallic nuclear fuels in order to stabilize the phases (e.g.,
stabilize the migration of constituent materials) of the metallic nuclear fuels. In one embodiment,
the one or more processors 106 of controller 102 may generate an initial set of nuclear fuel
composition values including the relative amount of uranium and plutonium in a uranium-
zirconium alloy contained within each of the set of regions located at the initial set of positions in
the simulated BOC core 120 using the one or more design variables of each of the set of regions
122. In another embodiment, the one or more processors 106 of controller 102 may generate an
initial set of nuclear fuel composition values including the relative amount of uranium, plutonium
and zirconium in a uranium-plutonium-zirconium alloy contained within each of the set of regions
located at the initial set of positions in the simulated BOC core using the one or more design

variables of each of the set of regions 122.
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[0081] It should be recognized that types of fissile and non-fissile materials described above
should not be interpreted as limitations. Rather, the types of fissile and non-fissile material
described above are provided merely for illustrative purposes and it is anticipated that additional

or alternative materials may be suitable for implementation in the present invention.

[0082] FIG. 10 illustrates a block diagram of reactor core parameter distributions 159 suitable
for calculation by the one or more processors 106 of the controller 102, in accordance with one or
more embodiments of the present invention. In one embodiment, the one or more processors 106
of controller 102 are configured to calculate one or more reactor core parameter distributions of
the simulated BOC core 120 based on the generated initial set of fuel design parameter values
associated with the set of regions 122 located at the initial set of positions of the simulated BOC
core 120. For example, as shown in FIG. 1B, the program instructions 105 maintained in memory
108 may include a simulated core parameter distribution calculator algorithm 136 configured to
cause the one or more processors 106 of controller 102 to calculate one or more reactor core
parameter distributions of the simulated BOC core 120 based on the generated initial set of fuel
design parameter values 141 associated with the set of regions 122 located at the initial set of
positions of the simulated BOC core 120. In a further embodiment, the one or more processors
106 of the controller 102 may transmit the calculated one or more reactor core parameter
distributions 159 to one or more databases 107 maintained in memory 108 for storage and later

use.

[0083] The one or more reactor core parameter distributions 159 calculated via the one or more
processors 106 may include any reactor core parameter distribution known in the art. In one
embodiment, the one or more processors 106 may calculate the power density distribution 160 of
the simulated BOC reactor core 120. In another embodiment, the one or more processors 106 may
calculate the rate of change of the power density distribution 161 of the simulated BOC reactor
core 120. The power density and rate of change of power density in a nuclear reactor core are
generally described in Elmer E. Lewis, Fundamentals of Nuclear Reactor Physics, 1st ed, Elsevier

Inc., 2008, pp. 199-213, which is incorporated herein in the entirety.

[0084] In one embodiment, the one or more processors 106 may calculate the reactivity
distribution 162 of the simulated BOC reactor core 120. In another embodiment, the one or more
processors 106 may calculate the rate of change of the reactivity distribution 163 of the simulated

BOC reactor core 120. Reactivity and rate of change of reactivity in a nuclear reactor core are
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generally described in Elmer E. Lewis, Fundamentals of Nuclear Reactor Physics, 1st ed, Elsevier

Inc., 2008, pp. 115-234, which has been incorporated above in the entirety.

[0085] Referring again to FIGS. 1A-1C, the one or more processors 106 of controller 102 are
configured to generate a loading distribution by performing one or more perturbation processes on
the set of regions 122 of the simulated BOC core 120, in accordance with an embodiment of the
present invention. In this regard, the implemented perturbation process allows the system 100 to

determine a subsequent set of positions for the set of regions 122 within the simulated BOC core.

[0086] In one embodiment, as shown in FIG. 1B, the program instructions 105 maintained in
memory 108 may include a simulated loading distribution generator algorithm 138 configured to
cause the one or more processors 106 of controller 102 to generate a loading distribution by
performing one or more perturbation processes on the set of regions 122 of the simulated BOC
core 120. In another embodiment, as shown in FIG. 1C, the one or more processors 106 of the
controller 102 may transmit the generated loading distribution 143 (e.g., distribution of nuclear
fuel composition throughout the simulated nuclear reactor core 120) to one or more databases 107

of memory 108 for storage and later use.

[0087] In one embodiment, the subsequent set of positions serve to reduce the deviation metric
(e.g., difference, spatially averaged difference, maximum difference, minimum difference,
aggregated global deviation metric and the like) between the one or more calculated reactor core
distributions of the simulated BOC core and the received one or more reactor core parameter
distributions associated with a state of a core of a nuclear reactor (i.e., reference nuclear reactor)

below a selected tolerance level.

[0088] In another embodiment, the subsequent set of positions may define a suitable loading
distribution for the simulated BOC core 120. For example, the subsequent set of region positions
may define a suitable core loading distribution in situations where the subsequent set of positions
(i.e., positions of regions after one or more perturbation cycles) of the set of regions within the
simulated core produce one or more calculated loading distributions 143 that sufficiently converge
(e.g., sufficiently converge below a selected tolerance level) toward the one or more reference
reactor core parameter distributions 103 from the core parameter distribution source 104. In this
setting, the subsequent set of positions may be utilized as the “final” set of positions of the one or

more regions 122 in an associated nuclear reactor core (see core 202 described further herein).
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[0089] FIG. 1P illustrates a flow diagram depicting steps of a perturbation process 170 suitable
for determining a subsequent set of positions of the regions 122 of the simulated reactor core 120,
in accordance with an embodiment of the present invention. In a first step 171, the one or more
processors 106 of controller 102 may receive one or more reference reactor core parameter
distributions. For example, as described throughout the present disclosure, the one or more
processors 106 of controller 102 may receive one or more reference reactor core parameter
distributions 103 from the core parameter distribution source 104. For instance, the one or more
reference reactor core parameter distributions may include an equilibrium distribution of a

reference nuclear reactor core (e.g., operated reactor core).

[0090] In a second step 172, the one or more processors 106 of controller 102 may calculate a
first reactor core parameter distribution (or a first set of reactor core parameter distributions). For
example, utilizing the various methods and embodiments as described throughout the present
disclosure, the one or more processors 106 of controller 102 may calculate a first reactor core
parameter distribution based on a distribution of regions 122 (e.g., regions containing one or more
fuel assemblies 124) containing “fresh” nuclear fuel (e.g., unburned nuclear fuel or enriched

nuclear fuel) or recycled nuclear fuel throughout the simulated nuclear core 120.

[0091] In a third step 173, the one or more processors 106 of the controller 102 may compare the
first calculated reactor core parameter distribution calculated in step 172 to the received reference
reactor core parameter distribution of step 171. For example, the one or more processors 106 of
the controller 102 may compare a first calculated reactor core power density distribution
(calculated in step 172) to a received reference reactor core power density distribution (received

in step 171).

[0092] Further, the one or more processors 106 may calculate at least one deviation metric
between at least a portion of the first calculated reactor core parameter distribution and a portion
of the received reference reactor core parameter distribution. It is noted herein that the deviation
metric calculated by the one or more processors 106 may include any metric known in the art
suitable for quantifying a difference or deviation between all or a portion of the first calculated
reactor core parameter distribution and the received reference reactor core parameter distribution.
For example, the deviation metric may include, but is not limited to, a difference (e.g., difference
at a common position), a relative difference, a ratio, an averaged difference (e.g., spatially

averaged difference), maximum difference (e.g., maximum difference between any two or more
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common positions), minimum difference (e.g., minimum difference between two or more common
positions), aggregated deviation (e.g., global deviation metric) or any other deviation metric

known in the art.

[0093] It is recognized herein that both the first calculated reactor core parameter distribution
and the received reference reactor core parameter distribution may each consist of a three-
dimensional distribution of a given reactor core parameter throughout a nuclear reactor core. As
such, a comparison 173 between the first calculated reactor core parameter distribution and the
received reference reactor core parameter distribution may include any comparison technique

known in the art suitable for comparing two or more three-dimensional varying distributions.

[0094] In one embodiment, the comparison may include comparing the reactor core parameter
distributions along a selected direction in the simulated core and the reference core. For example,
the comparison may include comparing the reactor core parameter distributions along at least
similar radial lines running through the simulated and reference cores. It is noted herein that this
approach effectively reduces the three dimensional comparison to a one-dimensional comparison.
It is further noted that a number of comparisons, each along a different direction, may be made
between the simulated and reference cores. Then, the multiple one-dimensional comparisons may
be aggregated in order to provide a global deviation metric representative of the overall deviation
between the first calculated reactor core parameter distribution and the reference reactor core

parameter distribution.

[0095] In another embodiment, the comparison may include comparing the reactor core
parameter distributions across a selected plane, or cross-section, in the simulated core and the
reference core. For example, the comparison may include comparing the reactor core parameter
distributions across at least similar cross-sections running through the simulated and reference
cores. It is noted herein that this approach effectively reduces the three-dimensional comparison
to a two-dimensional comparison. It is further noted that a number of comparisons, each at a
different cross-section, may be made between the simulated and reference cores. Then, the
multiple two-dimensional comparisons may be aggregated in order to provide a global deviation
metric representative of the overall deviation between the first calculated reactor core parameter

distribution and the reference reactor core parameter distribution.

[0096] In another embodiment, the comparison may include comparing distributions at each of

the set of regions 122 (e.g., regions 122 in FIG. 1I-1K) in the simulated core and the reference
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core. For example, the comparison may include generating an aggregated deviation metric between
the first calculated reactor core parameter distribution and the received reference reactor core
parameter distribution by calculating a deviation metric between the two distributions at each of
the sets of regions 122. Then, deviation metrics collected in the multiple comparisons from each
region may be statistically aggregated to provide a global deviation metric representative of the
overall deviation between the first calculated reactor core parameter distribution and the reference
reactor core parameter distribution. In another embodiment, the comparison may include
comparing averaged deviation values (e.g., averaged difference values) for one or more reactor
core parameter distributions extracted from selected volumes (e.g., regions 122 or groups of

regions 122) of the reference and simulated cores.

[0097] Upon comparing the first calculated reactor core parameter distribution and the reference
reactor core parameter distribution, the one or more processors 106 of controller 102 may
determine whether the deviation metric calculated between the first calculated reactor core
parameter distribution and the reference reactor core parameter distribution is above, at or below
a selected tolerance level. In the event that the deviation metric is at or below the selected tolerance
level, the perturbation procedure ends 174. In the event that the deviation metric is above the

selected tolerance level, the perturbation procedure moves to step 175.

[0098] In a fourth step 175, the one or more processors 106 of the controller 102 may vary the
spatial position of one or more of the set of regions 122 (e.g., regions containing one or more
simulated fuel assemblies 124) of the simulated BOC core 120. In this regard, the one or more
processors 106 of the controller 102 may “perturb” the regions 122. It is recognized herein that
the position of the regions 122 may be perturbed along one or more directions in any manner

known in the art.

[0099] In a fifth step 176, the one or more processors 106 of the controller 102 may calculate an
additional reactor core parameter distribution (or an additional set of reactor core parameter
distributions) based on the perturbed positions of regions 122 achieved in step 175. For example,
utilizing the various methods and embodiments as described throughout the present disclosure, the
one or more processors 106 of controller 102 may calculate an additional reactor core parameter
distribution based on a distribution of regions 122, containing fresh or recycled nuclear fuel, at

their new positions (“new” relative to positions of step 172) achieved in step 175.
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[00100] In a sixth step 177, the one or more processors 106 of the controller 102 may compare
the additional calculated reactor core parameter distribution found in step 176 to the received
reference reactor core parameter distribution of step 171. For example, the one or more processors
106 of the controller 102 may compare an additional calculated reactor core power density
distribution (calculated in step 176) to a received reference reactor core power density distribution

(received in step 171) in a manner similar to that described in step 173 above.

[00101] Upon comparing the additional calculated reactor core parameter distribution to the
reference reactor core parameter distribution, the one or more processors 106 of controller 102
may determine whether the deviation metric between the additional calculated reactor core
parameter distribution and the reference reactor core parameter distribution is above, at or below
the selected tolerance level, as described above. In the event that the deviation metric is at or below
the selected tolerance level, the perturbation procedure may end 178. In the event that the deviation
metric is above the selected tolerance level, the perturbation procedure may repeat, starting again
with step 175, until the Nth calculated reactor core parameter distribution converges toward the
reference core parameter distribution to a level at or below the selected threshold value. In this
regard, the positions of the regions 122 define the distribution of fresh or recycled nuclear fuel that
produces a reactor core parameter distribution that deviates from the reference reactor core
parameter distribution (e.g., equilibrium distribution) by a magnitude equal to or less than the

selected tolerance value (e.g., a selected level of accuracy).

[00102] In another embodiment, the perturbation process 170 may implement linear rates of
change analysis on a iteration steps after the first iteration step. For example, the perturbation
process 170 may implement linear rates of change analysis on a iteration steps on the second
iteration step. For instance, on a second iteration step, the perturbed results may be compared to
the results of the first iteration. Based on the difference observed between the first and second
steps, a linear rate of change for the regions 122 may be calculated. In turn, the linear rate of change
is utilized in the next perturbation step. Further, this process may be repeated until the reactor core
parameter distribution deviates from the reference reactor core parameter distribution (e.g.,
equilibrium distribution) by a magnitude equal to or less than the selected tolerance value (e.g., a

selected level of accuracy).

[00103] It is further recognized herein that reactor core parameter distributions, such as reactivity

and power density distributions, are not generally unique. As such, multiple reactor states may
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provide similar results. In one embodiment, the present invention may act to preferentially select
solutions sufficiently near critical, whereby kerr=1. In this regard, a second level of iteration may
activate following the convergence of the first iteration (described above) in order to adjust the
enrichment distribution within the simulated core 120 such that simulated core is critical or at least
near-critical. Further, the present invention may execute these steps multiple times in order to
properly converge on a critical distribution that mirrors the distribution of the reference nuclear

reactor in the selected state (e.g., equilibrium).

[00104] Referring again to FIG. 1A, the one or more processors 106 may report the generated
loading distribution including the subsequent set of positions of the set of regions of the simulated

BOC core 120 found in the perturbation process to one or more associated devices or systems.

[00105] In one embodiment, the one or more processors 106 of controller 102 may report the
subsequent set of positions of the set of regions 122 of the simulated BOC core to a display device
116. In another embodiment, the one or more processors 106 of controller 102 may report the set
of positions of the set of regions 122 at each iterative step of the perturbation process of the

simulated BOC core to a display device 116.

[00106] The display device may include any visual display device known in the art. For example,
the display device 116 may include, but is not limited to, a display device 116 of a user interface
device 114 communicatively coupled to the controller 102. The display device 116 may include
any visual or audio display device known in the art. For example, in the case of visual display, the
display device may include, but is not limited to a liquid crystal display (L.CD), one or more light
emitting diodes (LEDs), one or more organic LEDs (OLEDs), a cathode rate tube (CRT) or the
like. Further, the interface device 114 may include any user input device 118 known in the art. For
example, the one or more user input device 118 may include a keyboard, a touchpad, a touchscreen

integrated with a display device, a mouse, and the like.

[00107] In another embodiment, the one or more processors 106 of controller 102 may report the
loading distribution results including the subsequent set of positions of the set of regions 122 of
the simulated BOC core to one or more memory devices. For example, the one or more processors
106 may transmit the loading distribution results 143 of the perturbation process to a database 107
maintained in memory 108 of controller 102. By way of another example, the one or more

processors 106 may transmit the loading distribution results 143 of the perturbation process to a
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database maintained in memory of a remote system (e.g., remote server) communicatively coupled

to controller 102.

[00108] In another embodiment, the one or more processors 106 of controller 102 may report the
set of positions of the set of regions 122 at each iterative step of the perturbation process of the
simulated BOC core to one or more memory devices. For example, the one or more processors
106 may transmit the set of positions of the set of regions 122 at each iterative step of the
perturbation process of the simulated BOC core to a database 107 maintained in memory 108 of
controller 102. By way of another example, the one or more processors 106 may transmit the set
of positions of the set of regions 122 at each iterative step of the perturbation process of the
simulated BOC core to a database maintained in memory of a remote system (e.g., remote server)

communicatively coupled to controller 102.

[00109] In another embodiment, the one or more processors 106 of controller 102 may report the
loading distribution results including the subsequent set of positions of the set of regions 122 of
the simulated BOC core to an operation system of an associated nuclear reactor 101. For example,
the one or more processors 106 may transmit the loading distribution results 143 of the perturbation

process to control system 180 of nuclear reactor 101.

[00110] In another embodiment, the one or more processors 106 of controller 102 may report the
set of positions of the set of regions 122 at each iterative step of the perturbation process of the
simulated BOC core to a control system 180 of an associated nuclear reactor 101. For example,
the one or more processors 106 may transmit the set of positions of the set of regions 122 at each
iterative step of the perturbation process of the simulated BOC core to control system 180 of

nuclear reactor 101.

[00111] Referring generally to FIGS. 2A-2D, a nuclear reactor system 200 equipped with loading
distribution generation capabilities is described, in accordance with one embodiment of the present
invention. In one aspect, the system 200 is suitable for generating a loading distribution (as
described previously herein). In turn, the loading distribution generated by the system 200 may
then be utilized to configure a nuclear reactor core 202 (e.g., arrange one or more fuel assemblies
208 of core 202 or initially load one or more fuel assemblies 208 of core 202) associated with the
controller 102 of system 200. In this regard, the configuration of nuclear reactor core 202 is

executed such that the core 202 of the reactor begins cycle operation (e.g., beginning of life
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operation) in a state consistent with (i.e., within a selected tolerance level) the received reactor
core parameter distribution associated with a selected state (e.g., equilibrium state) of a core of a

reference nuclear reactor.

[00112] Applicant notes herein that the various embodiments and examples provided throughout
the present disclosure should be interpreted to extend to system 200. As previously described
herein, the system 200 may include controller 102 communicatively coupled to a core parameter
distribution source 104 (e.g., core parameter distribution database maintained in memory). Further,
the controller 102 is configured to receive one or more reactor core parameter distributions 103
(e.g., power density distribution or reactivity distribution) associated with a state, such as an
equilibrium state, of a core of a reference nuclear reactor (e.g., reference breed-and-burn nuclear
reactor) from the core parameter distribution source 104. In addition, the controller 102 is
configured to generate an initial fuel loading distribution for a simulated BOC core of a nuclear
reactor. The controller 102 is further configured to select an initial set of positions associated with
a set of regions 122 within the simulated BOC core 120 of the nuclear reactor. Further, the
controller 102 is configured to generate an initial set of fuel design parameter values utilizing at
least one design variable of each of the set of regions 122. In addition, the controller 102 is
configured to calculate a reactor core parameter distribution of the simulated BOC 120 core based
on the generated initial set of fuel design parameter values associated with the set of regions 122
located at the initial set of positions of the simulated BOC core 120. Further, the controller 102 is
configured to generate a loading distribution by performing one or more perturbation processes
(e.g., perturbation process illustrated in FIG. 1P) on the set of regions 122 of the simulated BOC
core 120 in order to determine a subsequent set of positions for the set of regions 122 within the

simulated BOC core 120.

[00113] In a further aspect of the present invention, the system 200 may include a nuclear reactor
101 associated with controller 102. In one embodiment, the nuclear reactor 101 includes a nuclear
reactor core 202. In a further embodiment, the nuclear reactor core 202 includes a set of fuel
assemblies 208. In a further embodiment, the fuel assemblies 208 of reactor core 202 are
arrangeable according to the nuclear fuel loading distribution generated by the one or more
processors 106 of the controller 102, as described previously herein. Further, as described
previously herein, the nuclear fuel loading distribution may include a subsequent set of positions
of regions 122 with the simulated BOC core 120. As described previously herein, the subsequent

set of positions of regions 122 may act to cause the reactor core parameter distribution of the

- 30 -



10

15

20

25

30

WO 2015/077406 PCT/US2014/066531

simulated BOC core 120 to converge toward the reactor core parameter distribution received from
the core of the reference reactor within a preselected tolerance level. In this regard, the subsequent
set of positions of regions 122 serve to form a reactor core parameter distribution that “matches”
the reactor core parameter distribution from a given reference nuclear reactor in a selected state,

such as an equilibrium state.

[00114] In one embodiment, as shown in FIGS. 2A-2B, the system 200 includes a fuel handler
204 communicatively coupled (e.g., coupled directly or indirectly) to one or more processors 106
of controller 102. In a further embodiment, the fuel handler 204 is configured to arrange at least
one fuel assembly 208 of the nuclear reactor core 202 of reactor 101 according to the subsequent
set of positions of the set of regions of the simulated BOC core generated by controller 102. It is
noted herein that the fuel handler 204 may include any nuclear fuel assembly handler, or nuclear
fuel assembly handling system, known in the art. For example, the nuclear fuel handler 204 may
include any nuclear fuel assembly handler/handling system capable of “gripping” a fuel assembly
and moving the fuel assembly from an initial location to a new location. In this regard, the fuel
handler 204 is capable of re-arranging fuel assemblies already present in the reactor core 202 or
removing fuel assemblies from the reactor core 202 and inserting fuel assemblies into the reactor

core 202.

[00115] FIG. 2C illustrates a block diagram of one or more sets of program instructions 210
maintained in memory 108 and configured to carry out one or more steps described throughout the
present disclosure. As described previously herein, the program instructions 210 maintained in
memory 108 may include an initial loading distribution generator algorithm 130, an initial region
position selector algorithm 132, an initial fuel design parameter generator algorithm 134, a
simulated core parameter distribution calculator algorithm 136 and a simulated loading
distribution generator algorithm 138. In a further embodiment, the program instructions 210 of
system 200 may include, but are not limited to, a fuel assembly arranger algorithm 211 configured
to direct the fuel assembly handler 204 to arrange one or more fuel assemblies 208 of the core 202
of reactor 101 in response to the output of the simulated loading distribution generator algorithm

138.

[00116] Referring again to FIGS. 2A-2B, the system 200 may include, but is not limited to, a fuel
handler controller 206. In one embodiment, the one or more processors 106 of controller 102 are

placed in indirect communication with fuel handler 204 via fuel handler controller 206. In this
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regard, as shown in FIG. 2A and 2B, the one or more processors 106 of controller 102 are
configured to transmit one or more signals 207 indicative of the subsequent set of positions of the
set of regions of the simulated BOC core 120 generated by controller 102 to the fuel handler
controller 206. In turn, the fuel handler controller 206 may receive the one or more signals 207
from controller 102 and direct the fuel handler 204 (e.g., via signal 209) to arrange the one or more
fuel assemblies 208 of the reactor core 202 in accordance with the subsequent set of positions of
the set of regions 122 of the simulated BOC core 120 encoded in the transmitted signal. In this
regard, upon generating a suitable loading distribution, the controller 102 may direct the fuel
handler 204 to arrange the constituents of the core 202 such that they match the loading distribution

generated by controller 102.

[00117] In an alternative embodiment, although not shown, the one or more processors 106 of
controller 102 are placed in indirect communication with fuel handler 204 via control system 180
of the nuclear reactor 101. In one embodiment, the controller 102 may indirectly transmit
instructions to fuel handler 204 via the reactor control system 180. In this regard, the one or more
processors 106 of controller 102 are configured to transmit one or more signals (not shown)
indicative of the subsequent set of positions of the set of regions of the simulated BOC core
generated by controller 102 to the control system 180 of the nuclear reactor 101. In turn, the
control system 180 of the nuclear reactor 101 may receive the one or more signals from controller
102 and direct the fuel handler 204 to arrange the one or more fuel assemblies 208 of the reactor
core 202 in accordance with the subsequent set of positions of the set of regions of the simulated

BOC core encoded in the transmitted signal.

[00118] In another embodiment, although not shown, the one or more processors 106 of controller
102 are placed in direct communication with fuel handler 204. In one embodiment, the controller
102 may directly transmit instructions to fuel handler 204. In this regard, the one or more
processors 106 of controller 102 are configured to transmit one or more signals (not shown)
indicative of the subsequent set of positions of the set of regions of the simulated BOC core
generated by controller 102 directly to the fuel handler 204. In this manner, the one or more
processors 106 of controller 102 may direct the fuel handler 204 to arrange the one or more fuel
assemblies 208 of the reactor core 202 in accordance with the subsequent set of positions of the
set of regions of the simulated BOC core encoded in the transmitted signal. It is recognized herein
that the functions of the fuel handler controller 206 (e.g., software/firmware necessary to control

fuel handler 204) as described throughout the present disclosure may be integrated within the
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controller 102. In this regard, the fuel handler controller 206 may be configured as a module of the

controller 102.

[00119] In another embodiment, the controller 102 may be integrated within one or more
operating systems of the nuclear reactor 101. For example, the various functions of controller 102
may be integrated within the control system 180 of the nuclear reactor 101. In this regard, the

controller 102 may be configured as a module of the control system 180.

[00120] Referring again to FIGS. 2A-2B, the one or more processors 106 of controller 102 may
direct the fuel handler 204 to arrange one or more fuel assemblies 208 by translation of one or
more fuel assemblies 208. In one embodiment, the one or more processors 106 of controller 102
are configured to direct the fuel handler 204 to translate one or more fuel assemblies 208 of the
core 202 of the nuclear reactor 101 from an initial location to a subsequent location according to
the subsequent set of positions of the set of regions of the simulated BOC core. For example, as
shown in FIG. 2B, the one or more processors 106 of controller 102 may direct the fuel handler
204 to mechanically couple to fuel assembly 212 via gripper unit 214. In turn, the fuel handler 204
may withdraw the fuel assembly 212 from the core 202 and translate the fuel assembly 212 to a
different location. Upon reaching the new location, the fuel handler 204 may then re-insert the fuel
assembly 212 into to new location. It is recognized herein that in order for the new location to be
available for re-insertion of assembly 212 the assembly (not shown) previously occupying the
location must first be removed (e.g., removed by a second gripper of fuel handler 204 or an
additional fuel handler (not shown)). In this regard, the fuel handler 204 (or multiple fuel handlers)
may arrange (or re-arrange) all or a portion of the fuel assemblies 208 of the of the core 202 of the
nuclear reactor 101 according to the subsequent set of positions of the set of regions of the

simulated BOC core 120 generated by the controller 102.

[00121] In another embodiment, the one or more processors 106 of controller 102 may direct the
fuel handler 204 to arrange one or more fuel assemblies 208 by replacing one or more fuel
assemblies 208. In one embodiment, the one or more processors 106 of controller 102 are
configured to direct the fuel handler 204 to replace one or more fuel assemblies 208 of the core
202 of the nuclear reactor 101 according to the subsequent set of positions of the set of regions of
the simulated BOC core 120. For example, as shown in FIG. 2B, the one or more processors 106
of controller 102 may direct the gripper unit 214 of the fuel handler 204 to mechanically couple to

fuel assembly 212. In turn, the fuel handler 204 may withdraw the fuel assembly 212 from the
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core 202 and move the fuel assembly 212 to a fuel assembly storage unit (not shown). Then, the
gripper unit 214 of fuel handler 204 (or an additional fuel handler) may mechanically couple to a
“new” fuel assembly (not shown) and move the new fuel assembly into the location of the removed
fuel assembly 212 or another location. In this regard, the fuel handler 204 (or multiple fuel
handlers) may replace all or a portion of the fuel assemblies 208 of the of the core 202 of the
nuclear reactor 101 according to the subsequent set of positions of the set of regions of the

simulated BOC core 120 generated by the controller 102.

[00122] In another embodiment, the one or more processors 106 of controller 102 may direct the
fuel handler 204 to arrange one or more fuel assemblies 208 by loading one or more fuel assemblies
208 into the core 202. In one embodiment, the one or more processors 106 of controller 102 are
configured to direct the fuel handler 204 to freshly load (i.e., load for the first time) one or more
fuel assemblies 208 of the core 202 of the nuclear reactor 101 according to the subsequent set of
positions of the set of regions of the simulated BOC core 120. For example, the one or more
processors 106 of controller 102 may direct the gripper unit 214 of the fuel handler 204 to
mechanically couple to a fuel assembly (not shown) stored outside of the reactor core 202. In turn,
the fuel handler 204 may move the fuel assembly to a location consistent with the subsequent set
of positions of the set of regions of the simulated BOC core 120 generated by the controller 102.
In this regard, the fuel handler 204 (or multiple fuel handlers) may load all or a portion of the fuel
assemblies 208 of the of the core 202 of the nuclear reactor 101 according to the subsequent set of

positions of the set of regions of the simulated BOC core 120 generated by the controller 102.

[00123] In another embodiment, the fuel handler 204 may be controlled via user input. For
example, a user may review a nuclear fuel loading distribution generated by controller 102 on a
display 116. In response to the nuclear fuel loading distribution, the user may choose to accept,
reject or modify the displayed nuclear fuel loading distribution. For instance, upon being presented
with a suitable nuclear fuel loading distribution, the user may approve the suitable nuclear fuel
loading distribution via the user input device 118. In turn, the one or more processors 106 of
controller 102 may direct the fuel handler 204 to implement the approved nuclear fuel loading
distribution, as described throughout the present disclosure. In another instance, upon being
presented with an undesired nuclear fuel loading distribution, the user may reject the undesired
nuclear fuel loading distribution via the user input device 118. In turn, the one or more processors
106 of controller 102 may terminate or repeat the core simulation/handling procedure of the

present invention. In another instance, upon being presented with an undesired nuclear fuel
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loading distribution, the user may modify the undesired nuclear fuel loading distribution via the
user input device 118. For example, the user may accept a portion of the provided loading
distribution, while altering one or more other portions of the loading distribution. For instance, the
user may alter, or re-arrange (e.g., via user input device 118 and/or display 116), the arrangement
of the fuel assemblies or fuel assembly ensembles of the nuclear fuel loading distribution provided
by controller 102. In turn, the one or more processors 106 of controller 102 may direct the fuel

handler 204 to implement the user-altered nuclear fuel loading distribution.

[00124] FIG. 2D illustrates the types of nuclear reactors suitable for core arrangement of the
present invention, in accordance with one or more embodiments of the present invention. The
nuclear reactor 101 of system 200 may include any nuclear reactor known in the art. In one
embodiment, the nuclear reactor 101 may include, but is not limited to, a thermal nuclear reactor
214. In another embodiment, the nuclear reactor 101 may include, but is not limited to, a fast
nuclear reactor 216. In another embodiment, the nuclear reactor 101 may include, but is not limited
to, a breed-and-burn nuclear reactor 218. In another embodiment, the nuclear reactor 101 may

include, but is not limited to, a traveling wave nuclear reactor 220.

[00125] It is recognized herein that the fuel assembly configuration of the reactor core 202 of the
nuclear reactor 101 of system 200 may take on any configuration known in the art. As such, the
number, shape, size and arrangement of the fuel assemblies 208 within the reactor core 202 of
reactor 101 may take on any configuration known in the art. For example, the fuel assemblies 208
may include hexagonoid-shaped fuel assemblies arranged in a hexagonal array configuration, as
depicted in FIGS. 2A-2B. In another embodiment, each fuel assembly 208 of the reactor core 202
of the nuclear reactor 101 of system 200 may include one or more fuel pins (not shown). It is
recognized that the number, shape, size and arrangement of the fuel pins within each fuel assembly
208 may take on any configuration known in the art. For example, the fuel pins of each fuel
assembly 208 may include cylindrically shaped fuel pins arranged in a close-packed configuration

within each fuel assembly, similar to the simulated arrangement depicted in FIG. 1G.

[00126] In another embodiment, the one or more processors 106 of controller 102 are configured
to generate a core 120 simulating environment having at least some simulated physical
characteristics substantially similar to some of the physical characteristics of reactor core 202 of
reactor 101. For example, in settings where the reactor core 202 consists of hexagonoid-shaped

fuel assemblies arranged in a hexagonal array structure, the program instructions 210 may be
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suitable for causing the one or more one or more processors 106 of controller 102 to generate a
reactor core 120 simulating environment having hexagonoid-shaped fuel assemblies arranged in a
hexagonal array structure. In a general sense, the program instructions 210 are configured to cause
the one or more processors 106 of controller 102 to pattern the simulated reactor core 120 after the
associated reactor core 202 within a selected accuracy level for various selected characteristics
(e.g., type of fuel assemblies (e.g., size, shape, and etc.), number of fuel assemblies, arrangement
of fuel assemblies and the like). Then, once the one or more processors 106 of controller 102 have
established a reactor core simulating environment at least similar to the reactor core 202, the one
or more processors 106 may proceed to execute the core simulation process steps as described

throughout the present invention.

[00127] Referring generally to FIGS. 3A-3D, a nuclear reactor system 300 equipped with
operational compliance feedback capabilities is described, in accordance with one embodiment of
the present invention. In one embodiment, the system 300 of the present invention is directed, at
least in part, to measuring the operation compliance of a reactor core of the nuclear reactor of
system 300. Further, the system 300 may act to provide an additional, or “new,” nuclear fuel
loading distribution suitable for adjusting the nuclear fuel loading distribution of the reactor core

202 in order to bring the reactor core 202 into a state of compliance.

[00128] In one aspect, system 300 may include controller 102 communicatively coupled to a core
parameter distribution source 104 and configured to determine an initial nuclear fuel loading
distribution of the nuclear reactor core 202 utilizing a BOC simulation process to generate a
simulated BOC nuclear reactor core 120. Applicant notes that system 300 may determine an initial
loading distribution utilizing the various systems and methods described throughout the present
disclosure. As such, the various embodiments and examples provided throughout the present

disclosure should be interpreted to extend to system 300.

[00129] In another aspect, the system 300 may include a reactor core measurement system 300
(e.g., thermal measurement system, pressure measurement system and the like) communicatively
coupled to controller 102 and suitable for measuring one or more state variables of one or more
portions of reactor core 202. In another aspect, the controller 102 is further configured to compare
(e.g., calculate a deviation metric) a generated measured reactor core parameter distribution
acquired from the reactor core 202 to one or more reactor core parameter distributions of a

simulated operated nuclear reactor core. In another aspect, the controller 102 is further configured
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to determine an operational compliance state (e.g., in-compliance or out-of-compliance) of the
core 202 of the nuclear reactor 101 using the comparison between the generated measured reactor
core parameter distribution acquired from reactor core 202 and the one or more reactor core
parameter distributions of the simulated operated nuclear reactor core 120. In a further aspect, the
nuclear reactor core 202 of nuclear reactor 101 may include a set of fuel assemblies 208
arrangeable according to a set of simulated positions of a set of regions of at least one of the
simulated BOC nuclear reactor core and an additional simulated nuclear reactor core. In one
embodiment, prior to operation, the fuel assemblies 208 of reactor core 202 are arrangeable
according to an initial fuel loading distribution of the simulated BOC nuclear reactor core 120
generated by the one or more processors 106 of the controller 102. In another embodiment, follow
a period of operation, the fuel assemblies 208 of reactor core 202 are arrangeable according to an
additional fuel loading distribution (e.g., additional fuel loading distribution generated in response
to an out-of-compliance reactor operation state) of an additional simulated nuclear reactor core
generated by the one or more processors 106 of controller 102. In one embodiment, the fuel
handler 204 of system 300 is further configured to arrange one or more fuel assemblies of the
reactor core 202 according to an initial fuel loading distribution of the simulated BOC nuclear

reactor core 120 or an additional loading distribution of an additional simulated core.

[00130] FIG. 3B illustrates a block diagram of one or more sets of program instructions 304
maintained in memory 108 and configured to carry out one or more steps described throughout the
present disclosure. In one embodiment, the program instructions 304 maintained in memory 108
may include a core loading distribution generator algorithm 306 configured to generate an initial
loading distribution for the nuclear reactor core 202 of reactor 101 using a BOC simulation process
to generate a simulated BOC nuclear reactor core (as discussed previously herein). In another
embodiment, the program instructions 304 may include a measured reactor core distribution
generator algorithm 308 configured to generate a measured reactor core parameter distribution
based on one or more measurements of one or more reactor core parameters at one or more
locations within the core 202 of the nuclear reactor 101 after the nuclear reactor core 202 is
operated for a given time interval. In another embodiment, the program instructions 304 may
include a reactor core parameter distribution comparator algorithm 310 configured to compare the
generated measured reactor core parameter distribution outputted from generator 308 to one or
more reactor core parameter distributions of the simulated operated nuclear reactor core. In
another embodiment, the program instructions 304 may include an operation compliance

determiner algorithm 312 configured to determine an operational compliance state of the core 202
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of the nuclear reactor 101 based on the comparison between the generated measured reactor core
parameter distribution and the one or more reactor core parameter distributions of the simulated
operated nuclear reactor core. In a further embodiment, the program instructions 304 may include
a fuel assembly handler algorithm 313 configured to arrange one or more fuel assemblies 208 of
the reactor core 202 of reactor 101 in accordance with the simulated BOC core 120 and/or an

additional simulated core, described in greater detail further herein

[00131] Referring again to FIG. 3A, in one embodiment, the reactor core measurement system
302 is configured to measure one or more state variable values of the reactor core 202 at one or
more locations within the reactor core 202. The reactor core measurement system 302 may include
any measurement system known in the art capable of measuring one or more state variables of one
or more portions of the reactor core 202. In one embodiment, as shown in FIG. 3C, the reactor
core measurement system 302 may include a thermal measurement system 314 configured to
measure one or more thermal characteristics (e.g., temperature, rate-of-change of temperature) of
a portion of nuclear fuel material within the reactor core 202 at one or more locations within the
reactor core 202. For example, the thermal measurement system 314 may include one or more
thermal measurement devices configured to measure the temperature or rate-of-change of
temperature at one or more selected locations within the reactor core 202. For instance, the thermal
measurement system 314 may include, but is not limited to, one or more thermocouple devices or
one or more resistance based thermal detection devices (i.e., RTDs) configured to measure the
temperature or rate-of-change of temperature at one or more selected locations within the reactor

core 202.

[00132] In another embodiment, as shown in FIG. 3C, the reactor core measurement system 302
may include a pressure measurement system 316 configured to measure one or more pressure
characteristics (e.g., pressure or rate-of-change of pressure) of a portion of nuclear fuel material
within reactor core 202 at one or more locations within the reactor core 202. For example, the
pressure measurement system 316 may include one or more pressure measurement devices
configured to measure the pressure or rate-of-change of pressure at one or more selected locations
within the reactor core 202. For example, the pressure measurement system 316 may include, but
is not limited to, one or more transducer pressure sensors configured to measure the pressure or

rate-of-change of pressure at one or more selected locations within the reactor core 202.
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[00133] In another embodiment, as shown in FIG. 3C, the reactor core measurement system 302
may include a neutron flux measurement system 318 configured to measure one or more neutron
characteristics (e.g., neutron flux or rate-of-change of neutron flux) of a portion of nuclear fuel
material within reactor core 202 at one or more locations within the reactor core 202. For example,
the neutron flux measurement system 318 may include one or more neutron flux measurement
devices configured to measure the neutron flux or rate-of-change of neutron flux at one or more
selected locations within the reactor core 202. For example, the neutron flux measurement system
316 may include, but is not limited to, one or fission detectors (e.g., in-core micropocket fission
detectors) configured to measure the neutron flux or rate-of-change of neutron flux at one or more

selected locations within the reactor core 202.

[00134] In another embodiment, the reactor core measurement system 302 may include a set of
measurement devices (e.g., thermal measurement devices, pressure measurement devices, neutron
flux measurement devices and the like) each positioned at different locations within the reactor
core 202. In this regard, the set of measurement devices of the measurement system 302 may form
an array within the nuclear reactor core 202 suitable for measuring one or more values of one or
more selected state variables of the reactor core 202 across the spatial extent (e.g., along x-
direction, y-direction, and/or z-direction) of the nuclear reactor core 202. Utilizing the spatially
resolved measurements of the one or more state variables, the measurement system 302 (or the
one or more processors 106 of controller 102) may build up the spatial dependence of one or more

state variables of the reactor core 202.

[00135] For example, the reactor core measurement system 302 may include a set of thermal
measurement devices of a thermal measurement system 314 each positioned at different locations
within the reactor core 202. In this regard, the set of thermal measurement devices may form an
array within the nuclear reactor core 202 suitable for measuring one or more thermal characteristics
across the spatial extent of the nuclear reactor core 202. Utilizing the spatially resolved
measurements of the one or more thermal characteristics, the thermal measurement system 314 (or
the one or more processors 106 of controller 102) may build up the spatial dependence of one or

more thermal characteristics of the reactor core 202.

[00136] By way of another example, the reactor core measurement system 302 may include a set
of pressure measurement devices of a pressure measurement system 316 each positioned at
different locations within the reactor core 202. In this regard, the set of pressure sensors may form

an array within the nuclear reactor core 202 suitable for measuring one or more pressure
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characteristics across the spatial extent of the nuclear reactor core 202. Utilizing the spatially
resolved measurements of the one or more pressure characteristics, the pressure measurement
system 316 (or the one or more processors 106 of controller 102) may build up the spatial

dependence of one or more pressure characteristics of the reactor core 202.

[00137] By way of another example, the reactor core measurement system 302 may include a set
of neutron flux measurement devices of a neutron flux measurement system 318 each positioned
at different locations within the reactor core 202. In this regard, the set of neutron flux detectors
(e.g., multiple in-core micropocket fission detectors (MPFD)) may form an array within the
nuclear reactor core 202 suitable for measuring one or more neutron flux characteristics across the
spatial extent of the nuclear reactor core 202. Utilizing the spatially resolved measurements of the
one or more neutron flux characteristics, the neutron flux measurement system 318 (or the one or
more processors 106 of controller 102) may build up the spatial dependence of one or more neutron

flux characteristics of the reactor core 202.

[00138] In one embodiment, one or more the measurement devices 303 of the reactor core
measurement system 302 may be positioned in a region of the reactor core 202 between two or
more fuel assemblies 208. In another embodiment, each of the measurement devices 303 of the
reactor core measurement system 302 may be affixed to the outside portion of a fuel assembly 208
of the reactor core 202. In another embodiment, each of the measurement devices 303 of the
reactor core measurement system 302 may be positioned within a fuel assembly 208 of the reactor
core 202. For instance, each measurement devices 303 may be affixed to an internal surface of a

fuel assembly 208 or between two or more fuel pins of a given fuel assembly 208.

[00139] In another embodiment, the one or more processors 106 of controller 102 are configured
to direct the reactor core measurement system 302 to measure one or more state variable values of
the reactor core 202 at one or more locations within the reactor core 202. For example, the one or
more processors 106 may transmit a command signal (not shown) to the core measurement system
302 indicative of a core measurement initiation acquisition command. In turn, the core
measurement system 302 may measure one or more state variable values of the reactor core 202
at one or more locations within the reactor core 202. In another embodiment, following
measurement of one or more state variable values at one or more locations within the reactor core
202, the core measurement system 302 may transmit a signal 305 indicative of one or more
measured state variable values (e.g., temperature, rate-of-change of temperature, pressure, rate-of-

change of pressure and the like) to the one or more processors 106 of controller 102.
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[00140] In another embodiment, upon operation of the nuclear reactor core 202 of the reactor 101
over a time interval, the one or more processors 106 of controller 102 may generate a measured
reactor core parameter distribution based on the one or more received measurement values from
core measurement system 302 acquired at one or more locations within the core 202 of the nuclear
reactor 101. For example, the one or more processors 106 of controller 102 may generate a
measured power density distribution based on the one or more received measurement values from
core measurement system 302 acquired at one or more locations within the core 202 of the nuclear
reactor 101. By way of another example, the one or more processors 106 of controller 102 may
generate a measured rate of change of power density distribution based on the one or more received
measurement values from core measurement system 302 acquired at one or more locations within
the core 202 of the nuclear reactor 101. By way of another example, the one or more processors
106 of controller 102 may generate a measured reactivity distribution based on the one or more
received measurement values from core measurement system 302 acquired at one or more
locations within the core 202 of the nuclear reactor 101. By way of another example, the one or
more processors 106 of controller 102 may generate a measured rate of change of reactivity
distribution based on the one or more received measurement values from core measurement system
302 acquired at one or more locations within the core 202 of the nuclear reactor 101. It is
recognized herein that the various reactor core parameter distributions may be calculated utilizing
a variety of known parameter calculation techniques. For example, the calculation of power density
profiles utilizing at least neutron flux measurements within a reactor core is described generally in
J. Kenneth Shultis, “Determining axial fuel-rod power-density profiles from in-core neutron flux
measurements,” Nuclear Instruments and Methods in Physics Research A, Vol. 547 pp. 663-678

(2005), which is incorporated herein by reference in the entirety.

[00141] In another embodiment, the one or more processors 106 of controller 102 may generate a
simulated operated core. In another embodiment, the one or more processors 106 of controller 102
may generate a simulated operated core based at least on the initial loading distribution utilized
when initiating operation of the reactor core 202. In this regard, the initial loading distribution of
the reactor core may serve as an input to a modeling routine suitable for generating a state of the
simulated core 120 after a given time of operation, with the simulated operated core remaining a
selected state, such as an equilibrium state. In a further embodiment, the one or more processors
106 of controller 102 may generate one or more reactor core parameter distributions of the

simulated operated nuclear reactor core. For instance, the one or more processors 106 of controller
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102 may generate a power density distribution for the simulated operated nuclear core utilizing at
least the initial, or starting, loading distribution of the core 202 of the nuclear reactor 101. In
another instance, the one or more processors 106 of controller 102 may generate a power density
rate-of-change distribution for the simulated operated nuclear core utilizing at least the initial
loading distribution of the core 202 of the nuclear reactor 101. In another instance, the one or more
processors 106 of controller 102 may generate a reactivity distribution for the simulated operated
nuclear core utilizing at least the initial loading distribution of the core 202 of the nuclear reactor
101. In another instance, the one or more processors 106 of controller 102 may generate a reactivity
rate-of-change distribution for the simulated operated nuclear core utilizing at least the initial
loading distribution of the core 202 of the nuclear reactor 101. It is noted herein that any nuclear
reactor core modeling routine known in the art may be implemented in order to simulate the

evolution of the initially loaded reactor core 202 as a function of operation time.

[00142] In another embodiment, following the generation of a measured reactor core parameter
distribution by the one or more processors 106 of controller 102, the one or more processors 106
may compare the generated measured reactor core parameter distribution acquired from the reactor
core 202 to one or more reactor core parameter distributions of the simulated operated nuclear

reactor core.

[00143] In another embodiment, the comparison of the generated measured reactor core parameter
distribution and the one or more reactor core parameter distributions of the simulated operated
nuclear reactor core may include, but is not limited to, calculating a deviation metric between the
generated measured reactor core parameter distribution and the one or more reactor core parameter
distributions of the simulated operated nuclear reactor core. In one embodiment, the one or more
processors 106 may calculate at least one deviation metric between at least a portion of the
generated measured reactor core parameter distribution and a portion of the one or more reactor
core parameter distributions of the simulated operated nuclear reactor core. It is noted herein that
the deviation metric calculated by the one or more processors 106 may include any metric known
in the art suitable for quantifying a difference or deviation between all or a portion of the generated
measured reactor core parameter and the one or more reactor core parameter distributions of the
simulated operated nuclear reactor core. For example, the deviation metric may include, but is not
limited to, a difference (e.g., difference at a common position), a relative difference, a ratio, an
averaged difference (e.g., spatially averaged difference), maximum difference (e.g., maximum

difference between any two or more common positions), minimum difference (e.g., minimum
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difference between two or more common positions), aggregated deviation (e.g., global deviation

metric) or any other deviation metric known in the art.

[00144] It is recognized herein that both the generated measured reactor core parameter
distribution and the one or more reactor core parameter distributions of the simulated operated
nuclear reactor core may each consist of a three-dimensional distribution of a given reactor core
parameter throughout the given nuclear reactor core. As such, a comparison between the generated
measured reactor core parameter distribution and a portion of the one or more reactor core
parameter distributions of the simulated operated nuclear reactor core may include any comparison
technique known in the art suitable for comparing two or more three-dimensional varying

distributions.

[00145] In one embodiment, the comparison may include comparing the generated measured
reactor core parameter distribution and the one or more reactor core parameter distributions of the
simulated operated nuclear reactor core along a selected direction in the reactor core 202 and the
simulated operated core. For example, the comparison may include comparing the reactor core
parameter distributions along at least similar radial lines running through the simulated operated
core and reactor core 202. It is noted that a number of comparisons, each along a different
direction, may be made between the simulated operated core and reactor core 202. Then, the
multiple one-dimensional comparisons may be aggregated in order to provide a global deviation
metric representative of the overall deviation between the generated measured reactor core
parameter distribution and the one or more reactor core parameter distributions of the simulated

operated nuclear reactor core.

[00146] In another embodiment, the comparison may include comparing the reactor core
parameter distributions across a selected plane, or cross-section, in the simulated operated core
and the reactor core 202. For example, the comparison may include comparing the reactor core
parameter distributions across at least similar cross-sections running through the simulated
operated core and the reactor core 202. It is further noted that a number of comparisons, each at a
different cross-section, may be made between the simulated operated core and reactor core 202.
Then, the multiple two-dimensional comparisons may be aggregated in order to provide a global
deviation metric representative of the overall deviation between the generated measured reactor
core parameter distribution and the one or more reactor core parameter distributions of the

simulated operated nuclear reactor core.
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[00147] In another embodiment, the comparison may include comparing distributions at each of
a set of regions in the simulated operated core and the reactor core 202. For example, the
comparison may include generating an aggregated deviation metric between the generated
measured reactor core parameter distribution and the one or more reactor core parameter
distributions of the simulated operated nuclear reactor core by calculating a deviation metric
between the two distributions at each of a sets of regions (e.g., a set of selected regions similar to
regions 122 of system 100). For example, the set of regions may correspond to the fuel assemblies
contained within the simulated operated core and the reactor core 202. By way of another example,
the set of regions may correspond to portions (e.g., sub-assembly volumes (see FIG. 1K) or
individual fuel pins) of the fuel assemblies contained within the simulated operated core and the
reactor core 202. Then, deviation metrics collected in the multiple comparisons from each region
may be statistically aggregated to provide a global deviation metric representative of the overall
deviation between the generated measured reactor core parameter distribution and the one or more
reactor core parameter distributions of the simulated operated nuclear reactor core. In another
embodiment, the comparison may include comparing averaged deviation values (e.g., averaged
difference values) for one or more reactor core parameter distributions extracted from selected
volumes (e.g., regions or groups of regions) of the simulated operated core and the reactor core

202.

[00148] In another embodiment, the comparison of the generated measured reactor core parameter
distribution from the reactor core 202 and the one or more reactor core parameter distributions of
the simulated operated nuclear reactor core may include, but is not limited to, comparing a
generated measured reactor core power density distribution of the reactor core 202 to a reactor
core power density distribution of a simulated operated nuclear reactor core. For example,
following operation of the core 202 for a given time interval, the one or more processors 106 of
controller may generate a measured power density distribution using measurement results from
core measurement system 302. The one or more processors 106 may further generate a power
density distribution for the simulated operated nuclear reactor core utilizing the initial loading
distribution of the nuclear reactor core 202. In turn, the one or more processors may compare (e.g.,
calculate a deviation metric) a portion of the power density distribution of the reactor core 202 to

a portion of the power density distribution for the simulated operated nuclear reactor core.
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[00149] In another embodiment, the comparison of the generated measured reactor core parameter
distribution from the reactor core 202 and the one or more reactor core parameter distributions of
the simulated operated nuclear reactor core may include, but is not limited to, comparing a
generated measured reactor core rate-of-change of power density distribution of the reactor core
202 to a reactor core rate-of-change power density distribution of a simulated operated nuclear
reactor core. For example, following operation of the core 202 for a given time interval, the one
or more processors 106 of controller may generate a measured rate-of-change power density
distribution using measurement results from core measurement system 302. The one or more
processors 106 may further generate a rate-of-change power density distribution for the simulated
operated nuclear reactor core utilizing the initial loading distribution of the nuclear reactor core
202. In turn, the one or more processors may compare a portion of the rate-of-change power density
distribution of the reactor core 202 to a portion of the rate-of-change power density distribution

for the simulated operated nuclear reactor core.

[00150] In another embodiment, the comparison of the generated measured reactor core parameter
distribution from the reactor core 202 and the one or more reactor core parameter distributions of
the simulated operated nuclear reactor core may include, but is not limited to, comparing a
generated measured reactor core reactivity distribution of the reactor core 202 to a reactor core
reactivity distribution of a simulated operated nuclear reactor core. For example, following
operation of the core 202 for a given time interval, the one or more processors 106 of controller
may generate a measured reactivity distribution using measurement results from core measurement
system 302. The one or more processors 106 may further generate a reactivity distribution for the
simulated operated nuclear reactor core utilizing the initial loading distribution of the nuclear
reactor core 202. In turn, the one or more processors may compare (e.g., calculate a deviation
metric) a portion of the reactivity distribution of the reactor core 202 to a portion of the reactivity

distribution for the simulated operated nuclear reactor core.

[00151] In another embodiment, the comparison of the generated measured reactor core parameter
distribution from the reactor core 202 and the one or more reactor core parameter distributions of
the simulated operated nuclear reactor core may include, but is not limited to, comparing a
generated measured reactor core rate-of-change of reactivity distribution of the reactor core 202 to
a reactor core rate-of-change reactivity distribution of a simulated operated nuclear reactor core.
For example, following operation of the core 202 for a given time interval, the one or more

processors 106 of controller may generate a measured rate-of-change reactivity distribution using
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measurement results from core measurement system 302. The one or more processors 106 may
further generate a rate-of-change reactivity distribution for the simulated operated nuclear reactor
core utilizing the initial loading distribution of the nuclear reactor core 202. In turn, the one or
more processors may compare a portion of the rate-of-change reactivity distribution of the reactor
core 202 to a portion of the rate-of-change reactivity distribution for the simulated operated nuclear

reactor core.

[00152] In another embodiment, the one or more processors 106 of controller 102 may determine
the state of operation compliance of the reactor core 202 based on the deviation metric. For
example, upon comparing the generated measured reactor core parameter distribution and the one
or more reactor core parameter distributions of the simulated operated nuclear reactor core, the
one or more processors 106 of controller 102 may determine whether the deviation metric
calculated between the generated measured reactor core parameter distribution and the one or more
reactor core parameter distributions of the simulated operated nuclear reactor core is above, at or
below a selected tolerance level. In one embodiment, a determination that the deviation metric is
at or below the selected tolerance level may correspond with an “in-compliance” state for the
nuclear reactor core 202. In another embodiment, a determination that the deviation metric is
above the selected tolerance level may correspond with an “out-of-compliance” state for the

nuclear reactor core 202.

[00153] In another embodiment, in response to a determination of an out-of-compliance state, the
one or more processors 106 of controller 102 may determine an additional loading distribution of
the core 202 of the nuclear reactor 101 via an additional core simulation process. It is further noted
herein that the additional simulated loading distribution represents a loading distribution that may
act to correct an out-of-compliance nuclear reactor core 202 such that re-arrangement of the reactor
core 202 in a manner consistent with the additional simulated core serves to bring the core 202

into an in-compliance state.

[00154] In another embodiment, the additional simulation process executed by the one or more
processors 106 of controller 102 is configured to determine a set of simulated positions of a set of
regions within an additional simulated core suitable for reducing the deviation metric between at
least one reactor core parameter distribution of the additional simulated core and the received at

least one reactor core parameter distribution associated with a state (e.g., equilibrium state) of a
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core of a reference nuclear reactor below a selected tolerance level.  'The additional simulated
core and the additional nuclear fuel loading distribution making up the additional core may be
determined utilizing a methodology similar to that described with respect to systems 100 and 200
of the present disclosure. In one embodiment, the nuclear reactor core 202 of system 300 is
previously loaded with fuel assemblies 208. As such, the procedure utilized to determine the
additional nuclear fuel loading distribution of the additional simulated core may include utilizing
the loading distribution of the nuclear reactor core 202 in its operated state (i.e., immediately prior
to measurement via measurement system 302) as an initial, or starting, loading distribution of the
additional simulated core in the additional simulation process (e.g., see process 170 of FIG. 1P)

carried out by the one or more processors 106.

[00155] The fuel handler 204 may include any nuclear fuel assembly handler, or nuclear fuel
assembly handling system, known in the art, as described previously herein. For example, the
nuclear fuel handler 204 may include any nuclear fuel assembly handler/handling system capable

of gripping a fuel assembly and moving the fuel assembly from an initial location to a new location.

[00156] In one embodiment, responsive to the initial loading distribution determination, the fuel
handler 204 may arrange at least one fuel assembly 208 of the core 202 of the nuclear reactor 101
according to the set of simulated positions of the set of regions of the simulated BOC nuclear
reactor core 120. The description of the fuel handler 204, fuel handler controller 206 and
arrangement of the fuel assemblies 208 of core 202 according to an initial loading distribution has

been described previously herein and should be interpreted to extend to system 300.

[00157] In another embodiment, the fuel handler 204 is further configured to arrange one or more
fuel assemblies of the reactor core 202 according to the set of simulated positions of a set of regions
within the additional simulated core, responsive to the additional loading distribution
determination. In one embodiment, as shown in FIG. 3A, the one or more processors 106 of
controller 102 are configured to transmit one or more signals 307 indicative of the set of positions
of a set of regions of an additional simulated core generated by controller 102 to the fuel handler
controller 206. In turn, the fuel handler controller 206 may receive the one or more signals 307
from controller 102 and direct the fuel handler 204 (e.g., via signal 309) to arrange the one or more
fuel assemblies 208 of the reactor core 202 in accordance with the set of positions of the set of

regions of the additional simulated core encoded in the transmitted signal. In this regard, upon
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generating an additional loading distribution, the controller 102 may direct the fuel handler 204 to
arrange the constituents of the core 202 such that they match the additional loading distribution

generated by controller 102.

[00158] In another embodiment, the one or more processors 106 of controller 102 are configured
to transmit one or more signals (not shown) indicative of a set of positions of the set of regions of
the additional simulated core generated by controller 102 to the control system 180 of the nuclear
reactor 101. In turn, the control system 180 of the nuclear reactor 101 may receive the one or more
signals from controller 102 and direct the fuel handler 204 to arrange the one or more fuel
assemblies 208 of the reactor core 202 in accordance with the set of positions of the set of regions

of the additional simulated core encoded in the transmitted signal.

[00159] In another embodiment, the one or more processors 106 of controller 102 are configured
to transmit one or more signals (not shown) indicative of the set of positions of the set of regions
of the additional simulated core generated by controller 102 directly to the fuel handler 204. In
this manner, the one or more processors 106 of controller 102 may direct the fuel handler 204 to
arrange the one or more fuel assemblies 208 of the reactor core 202 in accordance with the set of

positions of the set of regions of the additional simulated core encoded in the transmitted signal.

[00160] In another embodiment, the one or more processors 106 of controller 102 are configured
to direct the fuel handler 204 to translate one or more fuel assemblies 208 of the core 202 of the
nuclear reactor 101 from an initial location to a subsequent location according to the set of
positions of the set of regions of the additional simulated core. In this regard, the fuel handler 204
(or multiple fuel handlers) may arrange (or re-arrange) all or a portion of the fuel assemblies 208
of the of the core 202 of the nuclear reactor 101 according to the set of positions of the set of

regions of the additional simulated core generated by the controller 102.

[00161] In another embodiment, the one or more processors 106 of controller 102 are configured
to direct the fuel handler 204 to replace one or more fuel assemblies 208 of the core 202 of the
nuclear reactor 101 according to the set of positions of the set of regions of the additional simulated
core. In this regard, the fuel handler 204 (or multiple fuel handlers) may replace all or a portion
of the fuel assemblies 208 of the core 202 of the nuclear reactor 101 according to the set of

positions of the set of regions of the additional simulated core generated by the controller 102.
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[00162] In another embodiment, as described previously herein, the fuel handler 204 may be
controlled via user input. For example, in response to the generated additional loading distribution
of the additional simulated core, the user may choose to accept, reject or modify the displayed
additional loading distribution. For instance, upon being presented with an additional loading
distribution, the user may approve the additional loading distribution via the user input device 118.
In turn, the one or more processors 106 of controller 102 may direct the fuel handler 204 to
implement the approved additional loading distribution, as described throughout the present
disclosure. In another instance, upon being presented with an undesired additional loading
distribution, the user may reject the undesired additional loading distribution via the user input
device 118. In turn, the one or more processors 106 of controller 102 may terminate or repeat the
additional simulated core simulation/handling procedure of the present invention. In another
instance, upon being presented with an undesired additional loading distribution, the user may
modify the undesired additional loading distribution via the user input device 118. For example,
the user may accept a portion of the provided additional loading distribution, while altering one or
more other portions of the additional loading distribution. For instance, the user may alter, or re-
arrange (e.g., via user input device 118 and/or display 116), the arrangement of the fuel assemblies
or fuel assembly ensembles of the additional nuclear fuel loading distribution provided by
controller 102. In turn, the one or more processors 106 of controller 102 may direct the fuel handler

204 to implement the user-altered additional nuclear fuel loading distribution.

[00163] In another embodiment, the one or more processors 106 of controller 102 may report the
operation compliance state (e.g., an in-compliance state or an out-of-compliance) to one or more
associated devices or systems. In one embodiment, the one or more processors 106 of controller
102 may report the operational compliance state to a display device 116. In another embodiment,
the one or more processors 106 of controller 102 may report the operational compliance state to
one or more memory devices. For example, the one or more processors 106 may transmit the
operational compliance state to a database 107 maintained in memory 108 of controller 102. By
way of another example, the one or more processors 106 may transmit the operational compliance
state to a database maintained in memory of a remote system (e.g., remote server)
communicatively coupled to controller 102. In another embodiment, the one or more processors
106 of controller 102 may report the operation compliance state of the reactor core 202 to an
operation system of nuclear reactor 101. For example, the one or more processors 106 of controller
102 may transmit the operational compliance state of the nuclear reactor core 202 to a control

system 180 of the nuclear reactor 101. By way of another example, the one or more processors
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106 of controller 102 may transmit the operational compliance state of the nuclear reactor core

202 to a safety system (not shown) of the nuclear reactor 101.

[00164] FIG. 3D illustrates a process flow diagram 320 of an example operation of system 300,
in accordance with one or more embodiments of the present invention. In step 322, one or more
processors 106 of controller 102 may generate an initial, or starting, nuclear fuel loading
distribution using a BOC simulation process suitable for generating a simulated BOC core (e.g.,
simulated BOC core 120). For example, as described throughout the present disclosure, the one or
more processors 106 of controller 102 may generate a starting nuclear fuel loading distribution for
reactor core 202 based on a received reactor core parameter distribution associated with a selected
state (e.g., equilibrium state) of core of a reference nuclear reactor core. For instance, the one or
more processors 106 of controller 102 may generate a starting nuclear fuel loading distribution
formed from “fresh” nuclear fuel based on a received reactor core parameter distribution associated
with an equilibrium state of a core of a reference nuclear reactor core at least partially formed from

burned nuclear fuel.

[00165] In step 324, one or more processors 106 of controller 102 may arrange one or more fuel
assemblies of the reactor core 202 of nuclear reactor 101 according to the initial loading
distribution generated for the simulated BOC core in step 322. For example, one or more
processors 106 of controller 102 may arrange one or more fuel assemblies of the reactor core 202
of nuclear reactor 101 according to a set of simulated positions of a set of regions of the simulated

BOC nuclear reactor core.

[00166] In step 326, the nuclear core 202 of the nuclear reactor 101 is operated for a selected time
interval. In step 328, the reactor core measurement system 302 may measure one or more values
of a selected reactor core parameter at one or more locations within the nuclear reactor core 202
of reactor 101. For example, the reactor core measurement system 302 may measure a value of
one or more selected state variables of the nuclear reactor core 202 at one or more locations within
the nuclear reactor core 202 of reactor 101. For instance, the reactor core measurement system
302 may measure the temperature or rate-of-change of temperature of the nuclear reactor core 202
at one or more locations within the nuclear reactor core 202 of reactor 101. In another instance,
the reactor core measurement system 302 may measure the pressure or rate-of-change of pressure
of the nuclear reactor core 202 at one or more locations within the nuclear reactor core 202 of

reactor 101. In another instance, the reactor core measurement system 302 may measure the
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neutron flux or rate-of-change of neutron flux of the nuclear reactor core 202 at one or more

locations within the nuclear reactor core 202 of reactor 101.

[00167] In step 330, the one or more processors 106 of controller 102 may generate a measured
reactor core parameter distribution utilizing the measurements from the reactor core measurement
system 302. For example, the one or more processors 106 of controller 102 may generate a
measured reactor core parameter distribution utilizing a set of state variable values acquired at
multiple locations within the nuclear reactor core 202 by the reactor core measurement system
302. Tor instance, the one or more processors 106 of controller 102 may generate a measured
power density distribution utilizing a set of temperature, pressure and/or neutron flux values
acquired at multiple locations within the nuclear reactor core 202 by the reactor core measurement

system 302.

[00168] In step 332, the one or more processors 106 of controller 102 may generate a reactor core
parameter distribution for a simulated operated nuclear core. For example, the one or more
processors 106 of controller 102 may generate a reactor core parameter distribution for a simulated
operated nuclear core utilizing at least the initial, or starting, loading distribution of the core 202
of the nuclear reactor 101. For instance, the one or more processors 106 of controller 102 may
generate a power density distribution for a simulated operated nuclear core utilizing at least the

initial, or starting, loading distribution of the core 202 of the nuclear reactor 101.

[00169] In step 334, the one or more processors 106 compare the generated measured reactor core
parameter distribution of step 330 to one or more reactor core parameter distributions of a
simulated operated nuclear reactor core of step 332. For example, the one or more processors 106
may generate a deviation metric between the generated measured reactor core parameter
distribution of step 330 and the one or more reactor core parameter distributions of a simulated

operated nuclear reactor core of step 332.

[00170] In step 336, the one or more processors 106 may determine the operation compliance
state of the nuclear reactor core 202 of reactor 101 using the comparison of the generated measured
reactor core parameter distribution to one or more reactor core parameter distributions of a
simulated operated nuclear reactor core. In one embodiment, a deviation metric between the
generated measured reactor core parameter distribution and the one or more reactor core parameter
distributions of the simulated operated nuclear reactor core below (or at) a selected tolerance level

corresponds to an in-compliance state. In another embodiment, a deviation metric between the
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generated measured reactor core parameter distribution and the one or more reactor core parameter
distributions of the simulated operated nuclear reactor core above a selected tolerance level
corresponds to an out-of-compliance state. In the event the reactor core is in an in-compliance
state, the process 320 ends or moves back to step 326 to repeat the core measurement and analysis
steps 326-336. In the event the reactor core 202 is in an out-of-compliance state, the process 320

moves to step 338.

[00171] In step 338, after identifying a state of out-of-compliance for reactor core 202, the one or
more processors 106 of controller 102 may generate an additional loading distribution of the core
202. In one embodiment, the additional simulation process executed by the one or more processors
106 of controller 102 is configured to determine a set of simulated positions of a set of regions
within an additional simulated core suitable for reducing a deviation metric between at least one
reactor core parameter distribution of the additional simulated core and the received at least one
reactor core parameter distribution (received in step 322) associated with a state (e.g., equilibrium

state) of a core of a reference nuclear reactor below a selected tolerance level.

[00172] In step 340, after generating the additional loading distribution in step 338, the fuel
handler 204 may arrange one or more fuel assemblies 208 of the reactor core 202 according to the
set of simulated positions of a set of regions within the additional simulated core. After
arrangement of the fuel assemblies 208 of the reactor core 202, the process 320 ends or moves
back to step 326 to repeat the core measurement and analysis steps 326-336. It is recognized
that this process may be repeated indefinitely in order to maintain the reactor core 202 in a state

of compliance.

[00173] The one or more processors 106 of the controller 102 may be communicatively coupled
to the various sub-systems (e.g., core distribution source 103, controller of reactor 180, fuel handler
2504, fuel handler controller 206, reactor core measurement system 302 and the like)) of systems
100, 200 and 300 in any manner known in the art. For example, the one or more processors 106
may be communicatively coupled to the core measurement system 302 via a wireline (e.g., copper
wire, fiber optic cable, and the like) or wireless connection (e.g., RF coupling). By way of another
example, the one or more processors 106 may be communicatively coupled to the control system
180 of the reactor 101 via a wireline or wireless connection. In another example, the one or more
processors 106 may be communicatively coupled to a remote system (not shown), such as a remote

computer system or a control system of a remote nuclear reactor, via a wireline or wireless
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connection. In another example, the one or more processors 106 may be communicatively coupled
to any sub-system via a network. In this regard, the controller 102 may include a network interface
device (not shown) suitable for interfacing with a network, while a sub-system includes a network
interface device also suitable for interfacing with the network. The network interface devices may
include any network interface device known in the art. For instance, the network interface devices
may include a wireline-based interface device (e.g., DSL-based interconnection, Cable-based
interconnection, T9-based interconnection, and the like). In another instance, the network
interface devices may include a wireless-based interface device employing GSM, GPRS, CDMA,
EV-DO, EDGE, WiMAX, LTE, Wi-Fi protocols, and the like.

[00174] Following are a series of flowcharts depicting implementations. For ease of
understanding, the flowcharts are organized such that the initial flowcharts present
implementations via an example implementation and thereafter the following flowcharts present
alternate implementations and/or expansions of the initial flowchart(s) as either sub-component
operations or additional component operations building on one or more earlier-presented
flowcharts. Those having skill in the art will appreciate that the style of presentation utilized herein
(e.g., beginning with a presentation of a flowchart(s) presenting an example implementation and
thereafter providing additions to and/or further details in subsequent flowcharts) generally allows
for a rapid and easy understanding of the various process implementations. In addition, those
skilled in the art will further appreciate that the style of presentation used herein also lends itself

well to modular and/or object-oriented program design paradigms.

[00175] FIG. 4A illustrates an operational flow 400 representing example operations related to
generating a nuclear reactor core loading distribution. In FIG. 4A and in following figures that
include various examples of operational flows, discussion and explanation may be provided with
respect to the above-described examples of FIGS. 1A through 1P, and/or with respect to other
examples and contexts. However, it should be understood that the operational flows may be
executed in a number of other environments and contexts, and/or in modified versions of FIGS.
1A through 1P. Also, although the various operational flows are presented in the sequence(s)
illustrated, it should be understood that the various operations may be performed in other orders

than those which are illustrated, or may be performed concurrently.

[00176] After a start operation, the operational flow 400 moves to a receiving operation 410. The
receiving operation 410 depicts receiving at least one reactor core parameter distribution 103

associated with a state of a core of a nuclear reactor. For example, as shown in FIGS. 1A through
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1P, one or more processors 106 of the controller 102 are communicatively coupled to a core
parameter distribution source 104 and configured to receive one or more reactor core parameter
distributions 103 of a core of a nuclear reactor (e.g., reference nuclear reactor) in a given state
(e.g., equilibrium state, a state approaching equilibrium, or a state of equilibrium onset) from the
core parameter distribution source 104 (e.g., memory). For instance, the core parameter
distribution source 104 may include, but is not limited to, one or more memory devices configured
to store and/or maintain one or more reactor core parameter distributions 103 (e.g., measured
reactor core parameter distribution or simulated reactor core parameter distribution). Further, the
one or more processors 106 of the controller 102 may receive a reactor core parameter distribution
for a core of the nuclear reactor in a given state in the form of a database or map (e.g., two-
dimensional or three-dimensional map) indicative of the reactor core parameter as a function of

position within the core of the nuclear reactor.

[00177] Then, generating operation 420 depicts generating an initial fuel loading distribution for
a simulated BOC core of the nuclear reactor. For example, as shown in FIGS. 1A through 1P, one
or more processors 106 of the controller 102 may generate an initial fuel loading distribution for a

simulated BOC core of the nuclear reactor.

[00178] Then, selecting operation 430 depicts selecting an initial set of positions associated with
a set of regions within the simulated BOC core of the nuclear reactor. For example, as shown in
FIGS. 1A through 1P, the one or more processors 106 of the controller 102 may select an initial
set of positions associated with a set of regions 122 within the simulated BOC core 120 of the

nuclear reactor.

[00179] Then, generating operation 440 depicts generating an initial set of fuel design parameter
values utilizing at least one design variable of each of the set of regions. For example, as shown
in FIGS. 1A through 1P, the one or more processors 106 of the controller 102 may generate an
initial set of fuel design parameter values utilizing at least one design variable of each of the set of

regions.

[00180] Then, calculating operation 450 depicts calculating at least one reactor core parameter
distribution of the simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions of the simulated BOC

core. Dor example, as shown in FIGS. 1A through 1P, the one or more processors 106 of the
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controller 102 may calculate one or more reactor core parameter distributions of the simulated
BOC core utilizing the generated initial set of fuel design parameter values associated with the set

of regions located at the initial set of positions of the simulated BOC core.

[00181] Then, loading distribution generating step 460 depicts generating a loading distribution
by performing at least one perturbation process on the set of regions of the simulated BOC core in
order to determine a subsequent set of positions for the set of regions within the simulated BOC
core. For example, as shown in FIGS. 1A through 1P, the one or more processors 106 of the
controller 102 may generate a loading distribution by performing one or more perturbation
processes on the set of regions 122 of the simulated BOC 120 core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core. For instance, as
shown in FIG. 1P, the perturbation procedure 170 may iteratively vary the positions of the regions
122 within the simulated core 120 until a suitable loading distribution of the simulated BOC core

120 is achieved.

[00182] FIG. 4B illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. FIG. 4B illustrates example embodiments where the receiving operation 410 may include at

least one additional operation. Additional operations may include operation 412.

[00183] The operation 412 illustrates receiving at least one reactor core parameter distribution
associated with an equilibrium state of a core of a nuclear reactor. For example, as shown in FIGS.
1A through 1P, one or more processors 106 of controller 102 may receive one or more reactor core
parameter distributions 103 for a core of a nuclear reactor in an equilibrium state from a core
parameter distribution source 104. In this regard, the core parameter distribution source 104 may
store a reactor core parameter distribution for a core of a nuclear reactor in an equilibrium state.
Then, the one or more processors 106 of controller 102 may retrieve the reactor core parameter
distribution 103 for a core of a nuclear reactor in an equilibrium state stored in the core parameter

distribution source 104.

[00184] By way of another example, as shown in FIGS. 1A through 1P, one or more processors
106 of controller 102 may receive one or more reactor core parameter distributions 103 for a core
of a nuclear reactor in a state approaching equilibrium from a core parameter distribution source
104. In this regard, the core parameter distribution source 104 may store a reactor core parameter

distribution for a core of a nuclear reactor in a state approaching equilibrium. Then, the one or
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more processors 106 of controller 102 may retrieve the reactor core parameter distribution 103 for
a core of a nuclear reactor in a state approaching equilibrium stored in the core parameter

distribution source 104.

[00185] By way of another example, as shown in FIGS. 1A through 1P, one or more processors
106 of controller 102 may receive one or more reactor core parameter distributions 103 for a core
of a nuclear reactor at an onset of an equilibrium state from a core parameter distribution source
104. In this regard, the core parameter distribution source 104 may store a reactor core parameter
distribution for a core of a nuclear reactor at an onset of an equilibrium state. Then, the one or
more processors 106 of controller 102 may retrieve the reactor core parameter distribution 103 for
a core of a nuclear reactor at an onset of an equilibrium state stored in the core parameter

distribution source 104.

[00186] FIG. 5 illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. FIG. 5 illustrates example embodiments where the receiving operation 410 may include at

least one additional operation. Additional operations may include operations 502 and/or 504.

[00187] The operation 502 illustrates receiving at least one reactor core parameter distribution
associated with a state of a core of a thermal nuclear reactor. For example, as shown in FIGS. TA
through 1P, one or more processors 106 of controller 102 may receive one or more reactor core
parameter distributions 103 for a core of a thermal nuclear reactor from a core parameter
distribution source 104. In this regard, the core parameter distribution source 104 may store a
reactor core parameter distribution for a core of a reference thermal nuclear reactor. Then, the one
or more processors 106 of controller 102 may retrieve the reactor core parameter distribution 103
for a core of the reference thermal nuclear reactor stored in the core parameter distribution source

104.

[00188] In another embodiment, the operation 504 illustrates receiving at least one reactor core
parameter distribution associated with a state of a core of a fast nuclear reactor. For example, as
shown in FIGS. 1A through 1P, one or more processors 106 of controller 102 may receive one or
more reactor core parameter distributions 103 for a core of a fast nuclear reactor from a core
parameter distribution source 104. In this regard, the core parameter distribution source 104 may
store a reactor core parameter distribution for a core of a reference fast nuclear reactor. Then, the

one or more processors 106 of controller 102 may retrieve the reactor core parameter distribution
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103 for a core of the reference fast nuclear reactor stored in the core parameter distribution source

104.

[00189] FIG. 6 illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. FIG. 6 illustrates example embodiments where the receiving operation 410 may include at
least one additional operation. Additional operations may include an operation 602, and/or

operation 604.

[00190] In one embodiment, operation 602 illustrates receiving at least one reactor core parameter
distribution associated with a state of a core of a breed-and-burn nuclear reactor. For example, as
shown in FIGS. 1A through 1P, one or more processors 106 of controller 102 may receive one or
more reactor core parameter distributions 103 for a core of a breed-and-burn nuclear reactor from
a core parameter distribution source 104. In this regard, the core parameter distribution source 104
may store a reactor core parameter distribution for a core of a reference breed-and-burn nuclear
reactor. 'Then, the one or more processors 106 of controller 102 may retrieve the reactor core
parameter distribution 103 for a core of the reference breed-and-burn nuclear reactor stored in the

core parameter distribution source 104.

[00191] In another embodiment, operation 604 illustrates receiving at least one reactor core
parameter distribution associated with a state of a core of a traveling wave reactor. For example,
as shown in FIGS. 1A through 1P, one or more processors 106 of controller 102 may receive one
or more reactor core parameter distributions 103 for a core of a traveling wave nuclear reactor
from a core parameter distribution source 104. In this regard, the core parameter distribution source
104 may store a reactor core parameter distribution for a core of a reference traveling nuclear
reactor. 'Then, the one or more processors 106 of controller 102 may retrieve the reactor core
parameter distribution 103 for a core of the reference traveling wave nuclear reactor stored in the

core parameter distribution source 104.

[00192] FIG. 7 illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. FIG. 7 illustrates example embodiments where the receiving operation 410 may include at
least one additional operation. Additional operations may include an operation 702 and/or

operation 704.
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[00193] In one embodiment, the operation 702 illustrates receiving at least one reactor core
parameter distribution associated with a state of a core of a nuclear reactor, the core including at
least one fuel assembly. For example, as shown in FIGS. 1A through 1P, one or more processors
106 of controller 102 may receive one or more reactor core parameter distributions 103 for a core
of a nuclear reactor including one or more fuel assemblies from a core parameter distribution
source 104. In this regard, the core parameter distribution source 104 may store a reactor core
parameter distribution for a core of a nuclear reactor with one or more fuel assemblies. Then, the
one or more processors 106 of controller 102 may retrieve the reactor core parameter distribution
103 for a core of a nuclear reactor with one or more fuel assemblies stored in the core parameter

distribution source 104.

[00194] Further, operation 704 illustrates receiving at least one reactor core parameter distribution
associated with a state of a core of a nuclear reactor, the core including at least one fuel assembly
including at least one pin. For example, as shown in FIGS. 1A through 1P, one or more processors
106 of controller 102 may receive one or more reactor core parameter distributions 103 for a core
of a nuclear reactor including one or more fuel assemblies with one or more fuel pins from a core
parameter distribution source 104. In this regard, the core parameter distribution source 104 may
store a reactor core parameter distribution for a core of a nuclear reactor with one or more fuel
assemblies having one or more fuel pins. Then, the one or more processors 106 of controller 102
may retrieve the reactor core parameter distribution 103 for a core of a nuclear reactor with one or
more fuel assemblies having one or more fuel pins stored in the core parameter distribution source

104.

[00195] FIG. 8§ illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. FIG. 8 illustrates example embodiments where the receiving operation 410 may include at
least one additional operation. Additional operations may include an operation 802 and/or

operation 804.

[00196] The operation 802 illustrates receiving a power density distribution associated with a state
of a core of a nuclear reactor. For example, as shown in FIGS. 1A through 1P, one or more
processors 106 of controller 102 may receive one or more power density distributions for a given
state of a core of a nuclear reactor from a core parameter distribution source 104. In this regard,
the core parameter distribution source 104 may store a power density distribution for a given state

of a core of a nuclear reactor. Then, the one or more processors 106 of controller 102 may retrieve
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the power density distribution for a given state of a core of a nuclear reactor stored in the core
parameter distribution source 104. Further, the one or more processors 106 of the controller 102
may receive a power density distribution for a core of the nuclear reactor in the form of a database
or map (e.g., two-dimensional or three-dimensional map) indicative of the power generation

density as a function of position within the core of the nuclear reactor.

[00197] In another embodiment, operation 804 illustrates receiving a rate of change of a power
density distribution associated with a state of a core of a nuclear reactor. For example, as shown
in FIGS. 1A through 1P, one or more processors 106 of controller 102 may receive one or more
power density rate-of-change distributions for a given state of a core of a nuclear reactor from a
core parameter distribution source 104. In this regard, the core parameter distribution source 104
may store a power density rate-of-change distribution for a given state of core of a nuclear reactor.
Then, the one or more processors 106 of controller 102 may retrieve the power density rate-of-
change distribution for a given state of a core of a nuclear reactor stored in the core parameter
distribution source 104. Further, the one or more processors 106 of the controller 102 may receive
a power density rate-of-change distribution for a core of the nuclear reactor in the form of a
database or map (e.g., two-dimensional or three-dimensional map) indicative of the rate of change

of power generation density as a function of position within the core of the nuclear reactor.

[00198] FIG. 9 illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. FIG. 9 illustrates example embodiments where the receiving operation 410 may include at
least one additional operation. Additional operations may include an operation 902, 904 and/or

operation 906.

[00199] The operation 902 illustrates receiving a reactivity distribution associated with a state of
a core of a nuclear reactor. For example, as shown in FIGS. 1A through 1P, one or more processors
106 of controller 102 may receive one or more reactivity distributions for a given state of a core
of a nuclear reactor from a core parameter distribution source 104. In this regard, the core
parameter distribution source 104 may store a reactivity distribution for a given state of a core of
a nuclear reactor. Then, the one or more processors 106 of controller 102 may retrieve the
reactivity distribution for a given state of a core of a nuclear reactor stored in the core parameter
distribution source 104. Further, the one or more processors 106 of the controller 102 may receive

a reactivity distribution for a core of the nuclear reactor in the form of a database or map (e.g.,
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two-dimensional or three-dimensional map) indicative of reactivity as a function of position within

the core of the nuclear reactor.

[00200] In another embodiment, the operation 904 illustrates receiving a rate of change of a
reactivity distribution associated with a state of a core of a nuclear reactor. For example, as shown
in FIGS. 1A through 1P, one or more processors 106 of controller 102 may receive one or more
reactivity rate-of-change distributions for a given state of a core of a nuclear reactor from a core
parameter distribution source 104. In this regard, the core parameter distribution source 104 may
store a reactivity rate-of-change distribution for a given state of a core of a nuclear reactor. Then,
the one or more processors 106 of controller 102 may retrieve the reactivity rate-of-change
distribution for a given state of a core of a nuclear reactor stored in the core parameter distribution
source 104. Further, the one or more processors 106 of the controller 102 may receive a reactivity
rate-of-change distribution for a core of the nuclear reactor in the form of a database or map (e.g.,
two-dimensional or three-dimensional map) indicative of the rate of change of reactivity as a

function of position within the core of the nuclear reactor.

[00201] In another embodiment, the operation 906 illustrates receiving at least one reactor core
parameter distribution associated with a state of a core of a nuclear reactor, the core including
plutonium. For example, as shown in FIGS. 1A through 1P, one or more processors 106 of
controller 102 may receive one or more reactor core parameter distributions for a given state of a
nuclear reactor core including plutonium from a core parameter distribution source 104. In this
regard, the core parameter distribution source 104 may store a reactor core parameter distribution
for a given state of a nuclear reactor core including plutonium. Then, the one or more processors
106 of controller 102 may retrieve the reactor core parameter distribution for a given state of a

nuclear reactor core including plutonium stored in the core parameter distribution source 104.

[00202] FIG. 10 illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. FIG. 10 illustrates example embodiments where the reference generating operation 420 may
include at least one additional operation. Additional operations may include an operation 1002

and/or operation 1004.

[00203] The operation 1002 illustrates generating an initial fuel loading distribution for a
simulated BOC core of the nuclear reactor, at least a portion of the BOC core including recycled

nuclear fuel. For example, as shown in FIGS. 1A through 1P, the one or more processors 106 of
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the controller 102 may generate an initial fuel loading distribution for a simulated BOC core of the
nuclear reactor including recycled nuclear fuel. For instance, the one or more processors 106 of
the controller 102 may provide the spatial distribution of nuclear fuel (including fissile and non-
fissile material) throughout a simulated BOC core (e.g., throughout the fuel assemblies of a

simulated BOC core) including at least some recycled nuclear fuel (e.g., recycled uranium).

[00204] In another embodiment, operation 1004 illustrates generating an initial fuel loading
distribution for a simulated BOC core of the nuclear reactor, at least a portion of the BOC core
including unburned nuclear fuel. For example, as shown in FIGS. 1A through 1P, the one or more
processors 106 of the controller 102 may generate an initial fuel loading distribution for a
simulated BOC core of the nuclear reactor including recycled nuclear fuel. For instance, the one
or more processors 106 of the controller 102 may provide the spatial distribution of nuclear fuel
(including fissile and non-fissile material) throughout a simulated BOC core including at least

some unburned nuclear fuel (e.g., unburned uranium).

[00205] FIG. 11 illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. FIG. 11 illustrates example embodiments where the generating operation 420 may include at
least one additional operation. Additional operations may include an operation 1102 and/or

operation 1104.

[00206] The operation 1102 illustrates generating an initial fuel loading distribution for a
simulated BOC core of the nuclear reactor, at least a portion of the BOC core including enriched
nuclear fuel. For example, as shown in FIGS. 1A through 1P, the one or more processors 106 of
the controller 102 may generate an initial fuel loading distribution for a simulated BOC core of the
nuclear reactor including enriched nuclear fuel. For instance, the one or more processors 106 of
the controller 102 may provide the spatial distribution of nuclear fuel (including fissile and non-

fissile material) throughout a simulated BOC core including at least some enriched nuclear fuel.

[00207] In another embodiment, operation 1104 illustrates generating an initial fuel loading
distribution for a simulated BOC core of the nuclear reactor, at least a portion of the BOC core
including enriched uranium based nuclear fuel. For example, as shown in FIGS. 1A through 1P,
the one or more processors 106 of the controller 102 may generate an initial fuel loading
distribution for a simulated BOC core of the nuclear reactor including enriched uranium. For

instance, the one or more processors 106 of the controller 102 may provide the spatial distribution
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of nuclear fuel (including fissile and non-fissile material) throughout a simulated BOC core

including at least some enriched uranium.

[00208] FIG. 12 illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. FIG. 12 illustrates example embodiments where the reference generating operation 420 may
include at least one additional operation. Additional operations may include an operation 1202

and/or operation 1204.

[00209] The operation 1202 illustrates generating an initial fuel loading distribution for a
simulated BOC core of the nuclear reactor via at least one of user input and a controller. For
example, as shown in FIGS. 1A through 1P, the one or more processors 106 of the controller 102
may generate an initial fuel loading distribution for a simulated BOC core of the nuclear reactor
using at least one of user input and the controller 102. For instance, the one or more processors
106 of the controller 102 may provide the spatial distribution of nuclear fuel (including fissile and
non-fissile material) throughout a simulated BOC core utilizing a preprogrammed predictive
algorithm executed by the one or more processors 106 of the controller 102. In this regard, the
predictive algorithm may select the preferred initial fuel loading distribution based on a variety
parameters, such as, but not limited to, historical data correlating initial fuel loading distribution
starting points and quality of final fuel loading distribution, user selected initial fuel loading

distribution preferences and the like.

[00210] In another instance, the one or more processors 106 of the controller 102 may provide the
spatial distribution of nuclear fuel (including fissile and non-fissile material) throughout a
simulated BOC core utilizing user inputted data in conjunction with the controller 102. In this
regard, the user may select an initial fuel loading distribution based on a number of options
presented to the user of the user display 116. For example, the controller 102 may present the user
(e.g., present on display 116) with a plurality of initial fuel loading distributions based on an output
of a preprogrammed predictive algorithm. Based on this presentation of loading distributions on
display 116, the user may select the preferred initial loading distribution using a user input device

118.

[00211] In yet another instance, the one or more processors 106 of the controller 102 may provide
the spatial distribution of nuclear fuel (including fissile and non-fissile material) throughout a
simulated BOC core based primarily on user inputted data. In this regard, the user may select or

input an initial fuel loading distribution into the controller 102. For example, a user may select
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the initial fuel loading distribution by choosing the specific material or materials (fissile or non-
fissile) for each fuel assembly or each pin of each fuel assembly across the simulated BOC core.
Further, the user may make this initial fuel selection utilizing a graphical user interface 114 (e.g.,
display/mouse, touchscreen, display/keyboard and the like), allowing the user to select from a list
of possible nuclear fuel materials (e.g., fissile or non-fissile materials) at each of the simulated fuel
assemblies or pins of each of the simulated fuel assemblies throughout the simulated BOC core.
In this manner, the user, in a discretized manner, may build up the initial nuclear fuel loading
distribution across the simulated BOC core (e.g., built up with fuel assembly-level resolution or
built up with pin-level resolution). The selected initial loading distribution may then be read into
the memory 108 of the controller 102 and used by the one or more processors 106 in subsequent

steps of the present invention.

[00212] In another embodiment, operation 1204 illustrates generating an initial fuel loading
distribution for a simulated beginning-of-life (BOL) core of the nuclear reactor. For example, as
shown in FIGS. 1A through 1P, the one or more processors 106 of the controller 102 may generate
an initial fuel loading distribution for a simulated beginning-of-life (BOL) core of the nuclear
reactor. For instance, the one or more processors 106 of the controller 102 may provide the spatial
distribution of nuclear fuel (including fissile and non-fissile material) throughout a simulated BOL

core (e.g., throughout the fuel assemblies of a simulated BOL core) of the nuclear reactor.

[00213] FIG. 13 illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. FIG. 13 illustrates example embodiments where the generating operation 420 may include at
least one additional operation. Additional operations may include an operation 1302 and/or

operation 1304.

[00214] The operation 1302 illustrates randomly generating an initial fuel loading distribution for
a simulated BOC core of the nuclear reactor. For example, as shown in FIGS. 1A through 1P, the
one or more processors 106 of the controller 102 may randomly generate an initial fuel loading
distribution for a simulated BOC core of the nuclear reactor. For instance, the one or more
processors 106 of the controller 102 may apply a preprogrammed algorithm configured to
randomly select the spatial distribution of nuclear fuel (including fissile and non-fissile material)

across the simulated BOC core.

[00215] In another embodiment, operation 1304 illustrates generating an initial fuel loading

distribution for a simulated BOC core of the nuclear reactor, the simulated BOC core of the nuclear
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reactor including a plurality of simulated fuel assemblies. or example, as shown in FIGS. 1A
through 1P, the one or more processors 106 of the controller 102 may generate an initial fuel
loading distribution through a plurality of simulated fuel assemblies for a simulated BOC core of
the nuclear reactor. Por instance, the one or more processors 106 of the controller 102 may provide
the spatial distribution of nuclear fuel (including fissile and non-fissile material) throughout
simulated BOC core by providing the type and quantity of material within each of the fuel
assemblies throughout the simulated BOC core. Further, the initial fuel loading distribution may
be resolved at the pin-level of each fuel assembly of the simulated BOC core. In this regard, the
one or more processors 106 of the controller 102 may provide the spatial distribution of nuclear
fuel (including fissile and non-fissile material) throughout the BOC core by providing the type and
quantify of material within each fuel pin of each fuel assembly throughout the simulated BOC

core.

[00216] FIG. 14 illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. TIG. 14 illustrates example embodiments where the selecting operation 430 may include at
least one additional operation. Additional operations may include an operation 1402, 1404 and/or

operation 1406.

[00217] The operation 1402 illustrates selecting an initial set of positions associated with a set of
regions within the simulated BOC core of the nuclear reactor, each of the initial set of positions
corresponding to one of the set of regions. F'or example, as shown in FIGS. 1A through 1P, one or
more processors 106 of controller 102 may select an initial set of positions (e.g., X, y, Z positions)
associated with a set of regions within the simulated BOC core of the nuclear reactor. Further, the
one or more processors 106 of the controller 102 may assign a relative position to each of a set of
regions 122 within the simulated BOC core 120 of the nuclear reactor. In this regard, each region
as delineated by the controller 102 may encompass a selected volume (e.g., selected by controller

102 or selected via user input) of the nuclear fuel within the simulated BOC core 120.

[00218] In another embodiment, the operation 1404 illustrates selecting an initial set of positions
associated with a set of regions within the simulated BOC core of the nuclear reactor, each of the
initial set of positions corresponding to one of the set regions, each region encompassing at least
one fuel assembly. For example, as shown in FIGS. 1A through 1P, one or more processors 106
of controller 102 may select an initial set of positions (e.g., X, y, z positions) associated with a set

of regions 122 within the simulated BOC core 120 of the nuclear reactor, whereby each region
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encompasses one or more fuel assemblies 124 of the simulated BOC core 120. Further, the one or
more processors 106 of the controller 102 may assign a relative position to each region
encompassing one or more fuel assemblies 124 within the simulated BOC core 120 of the nuclear
reactor. For instance, as shown in FIG. 11, the one or more processors 106 of the controller 102
are configured to select an initial set of positions 140 of the set of regions 122, whereby each region
122 encompasses a single fuel assembly 124 of the BOC core 120. In another instance, as shown
in FIG. 1], the one or more processors 106 of the controller 102 are configured to select an initial
set of positions 140 of the set of regions 122, whereby each region 122 encompasses multiple fuel

assemblies 124 of the BOC core 120.

[00219] In another embodiment, the operation 1406 illustrates selecting an initial set of positions
associated with a set of regions within the simulated BOC core of the nuclear reactor, each of the
initial set of positions corresponding to one of the set of regions, each of the set of regions being a
three dimensional region having a selected volume. For example, as shown in FIGS. 1A through
1P, one or more processors 106 of controller 102 may select an initial set of positions 140
associated with a set of regions 122 within the simulated BOC core 120 of the nuclear reactor,
whereby each region is a three dimensional region having a selected volume. Further, the one or
more processors 106 of the controller 102 may assign a relative position to each three dimensional

region of selected volume within the simulated BOC core 120 of the nuclear reactor.

[00220] FIG. 15 illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. TIG. 15 illustrates example embodiments where the selecting operation 430 may include at
least one additional operation. Additional operations may include an operation 1502 and/or

operation 1504.

[00221] In another embodiment, the operation 1502 illustrates selecting an initial set of positions
associated with a set of regions within the simulated BOC core of the nuclear reactor, each of the
initial set of positions corresponding to one of the set of regions, each of the set of regions being a
three dimensional region having a selected shape. For example, as shown in FIGS. 1A through 1P,
one or more processors 106 of controller 102 may select an initial set of positions 140 associated
with a set of regions 122 within the simulated BOC core 120 of the nuclear reactor, whereby each
region is a three dimensional region having a selected shape (e.g., hexagonoid, cuboid, cylinder,

ellipsoid, sphere, disc, ring and the like). Further, the one or more processors 106 of the controller
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102 may assign a relative position to each three dimensional region of selected shape within the

simulated BOC core 120 of the nuclear reactor.

[00222] In another embodiment, the operation 1504 illustrates selecting an initial set of positions
associated with a set of regions within the simulated BOC core of the nuclear reactor, each of the
initial set of positions corresponding to one of the set of regions, the set of regions including a
selected number of regions. For example, as shown in FIGS. 1A through 1P, one or more
processors 106 of controller 102 may select an initial set of positions 140 associated with a set of
regions 122 including a selected number of regions. Further, the one or more processors 106 of
the controller 102 may assign a relative position to each region of the selected number of regions

within the simulated BOC core 120 of the nuclear reactor.

[00223] FIG. 16 illustrates alternative embodiments of the example operational flow 400 of FIG.
16. TFIG. 16 illustrates example embodiments where the generating operation 440 may include at
least one additional operation. Additional operations may include an operation 1602, 1604 and/or

operation 1606.

[00224] The operation 1602 illustrates generating an initial set of fuel design parameter values
utilizing a thermodynamic variable of each of the set of regions. For example, as shown in FIGS.
1A through 1P, one or more processors 106 of controller 102 may generate an initial fuel design
parameter value 141 utilizing a thermodynamic variable (e.g., temperature, pressure and the like)
for each region 122. For instance, as shown in FIG. 11, one or more processors 106 of controller
102 may generate an initial fuel design parameter value for a given region 122 utilizing a
thermodynamic variable for the given region 122. In another instance, as shown in FIG. 1L, one
or more processors 106 of controller 102 may generate an initial fuel design parameter value for a
given region 122 utilizing a thermodynamic variable for the region 122 and regions 123a-123f

adjacent to the given region 122.

[00225] In another embodiment, the operation 1604 illustrates generating an initial set of fuel
design parameter values utilizing a neutronic parameter of each of the set of regions. For example,
as shown in FIGS. 1A through 1P, one or more processors 106 of controller 102 may generate an
initial set of fuel design parameter values utilizing a neutronic parameter associated with the
simulated nuclear fuel within of each of the set of regions. For instance, as shown in FIG. 11, one

or more processors 106 of controller 102 may generate an initial fuel design parameter value for a
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given region 122 utilizing a neutronic parameter for the given region 122. In another instance, as
shown in FIG. 1L, one or more processors 106 of controller 102 may generate an initial fuel design
parameter value for a given region 122 utilizing a neutronic parameter for region 122 and regions

123a-123f adjacent to the given region 122.

[00226] In another embodiment, the operation 1606 illustrates generating an initial set of fuel
design parameter values utilizing a k-infinity value of each of the set of regions. For example, as
shown in FIGS. TA through 1P, one or more processors 106 of controller 102 may generate an
initial set of fuel design parameter values utilizing a k-infinity value associated with the nuclear
fuel within each of the set of regions. For instance, as shown in FIG. 11, one or more processors
106 of controller 102 may generate an initial fuel design parameter value for a given region 122
utilizing a k-infinity value for the given region 122. In another instance, as shown in FIG. 1L, one
or more processors 106 of controller 102 may generate an initial fuel design parameter value for a
given region 122 utilizing a k-infinity value for region 122 and regions 123a-123f adjacent to the

given region 122.

[00227] FIG. 17 illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. FIG. 17 illustrates example embodiments where the generating operation 440 may include at

least one additional operation. Additional operations may include an operation 1702.

[00228] The operation 1702 illustrates generating an initial set of enrichment values utilizing at
least one design variable of each of the set of regions. For example, as shown in FIGS. 1A through
1P, one or more processors 106 of controller 102 may generate an initial set of simulated nuclear
fuel enrichment value utilizing one or more design variables (e.g., thermodynamic variable,
neutronic parameter and the like) for each region 122. For instance, as shown in FIG. 11, one or
more processors 106 of controller 102 may generate an initial set of enrichment values for a given
region 122 utilizing a design variable for the given region 122. In another instance, as shown in
FIG. 1L, one or more processors 106 of controller 102 may generate an initial set of enrichment
values for a given region 122 utilizing a design variable for region 122 and regions 123a-123f

adjacent to the given region 122.
[00229] FIG. 18 illustrates alternative embodiments of the example operational flow 400 of FIG.

4A. FIG. 18 illustrates example embodiments where the generating operation 440 may include at

least one additional operation. Additional operations may include an operation 1802 and/or 1804.
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[00230] The operation 1802 illustrates generating an initial set of pin dimension values associated
with a set of pins of a fuel assembly of the simulated BOC core of the nuclear reactor utilizing at
least one design variable of each of the set of regions. For example, as shown in FIGS. 1A through
1P, one or more processors 106 of controller 102 may generate an initial set of pin dimension
values associated with a set of pins of a fuel assembly 124 of the simulated BOC core 120 of the
nuclear reactor utilizing one or more design variables of each of the set of regions 122. For
instance, as shown in FIG. 11, one or more processors 106 of controller 102 may generate an initial
set of pin dimension values associated with a set of pins of a fuel assembly 124 of the simulated
BOC core 120 of the nuclear reactor utilizing a design variable for the given region 122. In another
instance, as shown in FIG. 1L, one or more processors 106 of controller 102 may generate an initial
set of pin dimension values associated with a set of pins of a fuel assembly 124 of the simulated
BOC core 120 of the nuclear reactor utilizing a design variable for region 122 and each of the

regions 123a-122f adjacent to the given region 122.

[00231] In another embodiment, the operation 1804 illustrates generating an initial set of pin
configuration values associated with a set of pins of a fuel assembly of the simulated BOC core of
the nuclear reactor utilizing at least one design variable of each of the set of regions. For example,
as shown in FIGS. 1A through 1P, one or more processors 106 of controller 102 may generate an
initial set of pin configuration values associated with a set of pins of a fuel assembly 124 of the
simulated BOC core 120 of the nuclear reactor utilizing one or more design variables of each of
the set of regions 122. For instance, one or more processors 106 of controller 102 may generate
an initial set of pin pitch values associated with a set of pins of a fuel assembly 124 of the simulated
BOC core 120 of the nuclear reactor utilizing one or more design variables of each of the set of
regions 122. In another instance, one or more processors 106 of controller 102 may generate an
initial number of pins within a set of pins of a fuel assembly 124 of the simulated BOC core 120

of the nuclear reactor utilizing one or more design variables of each of the set of regions 122.
[00232] FIG. 19 illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. FIG. 19 illustrates example embodiments where the generating operation 440 may include at

least one additional operation. Additional operations may include an operation 1902.

[00233] In another embodiment, the operation 1902 illustrates generating an initial set of pin

geometry values associated with a set of pins of a fuel assembly of the simulated BOC core of the
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nuclear reactor utilizing at least one design variable of each of the set of regions. For example, as
shown in FIGS. TA through 1P, one or more processors 106 of controller 102 may generate an
initial set of pin geometry values associated with a set of pins of a fuel assembly 124 of the
simulated BOC core 120 of the nuclear reactor utilizing one or more design variables of each of
the set of regions 122. For instance, one or more processors 106 of controller 102 may generate
an initial set of pin size values (e.g., pin length values, pin thickness/radius values and the like)
associated with a set of pins of a fuel assembly 124 of the simulated BOC core 120 of the nuclear
reactor utilizing one or more design variables of each of the set of regions 122. In another instance,
one or more processors 106 of controller 102 may generate an initial set of pin shapes (e.g.,
hexagonoid, cylinder, prism and the like) associated with a set of pins of a fuel assembly 124 of
the simulated BOC core 120 of the nuclear reactor utilizing one or more design variables of each

of the set of regions 122.

[00234] FIG. 20 illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. FIG. 20 illustrates example embodiments where the generating operation 440 may include at

least one additional operation. Additional operations may include an operation 2002.

[00235] In another embodiment, the operation 2002 illustrates generating an initial set of pin
composition values associated with a set of pins of a fuel assembly of the simulated BOC core of
the nuclear reactor utilizing at least one design variable of each of the set of regions. For example,
as shown in FIGS. 1A through 1P, one or more processors 106 of controller 102 may generate an
initial set of pin composition values associated with a set of pins of a fuel assembly 124 of the
simulated BOC core 120 of the nuclear reactor utilizing one or more design variables of each of
the set of regions 122. For instance, one or more processors 106 of controller 102 may generate a
set of fuel smear densities associated with a set of pins of a fuel assembly 124 of the simulated
BOC core 120 of the nuclear reactor utilizing one or more design variables of each of the set of
regions 122. In another instance, one or more processors 106 of controller 102 may generate a set
of fissile content values (i.e., relative amount of fissile material in each pin) associated with a set
of pins of a fuel assembly 124 of the simulated BOC core 120 of the nuclear reactor utilizing one
or more design variables of each of the set of regions 122. In another instance, one or more
processors 106 of controller 102 may generate a set of fertile content values (i.e., relative amount
of fertile material in each pin) associated with a set of pins of a fuel assembly 124 of the simulated
BOC core 120 of the nuclear reactor utilizing one or more design variables of each of the set of

regions 122. In another instance, one or more processors 106 of controller 102 may generate a set
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of non-fissile/non-fertile content values (i.e., relative amount of non-fissile/non-fertile material in
each pin (e.g., amount of zirconium in each pin)) associated with a set of pins of a fuel assembly
124 of the simulated BOC core 120 of the nuclear reactor utilizing one or more design variables
of each of the set of regions 122. By way of another example, as shown in FIGS. 1A through 1P,
one or more processors 106 of controller 102 may generate an initial set of pin composition values
as a function of position and/or fuel assembly location across the simulated BOC core of the
nuclear reactor utilizing one or more design variables of each of the set of regions 122. In this
regard, the one or more processors 106 of controller 102 may control both the fuel composition of
each pin of the fuel assemblies of the simulated BOC core and the manner in which the fuel

composition varies across the various fuel assemblies of the simulated BOC core.

[00236] FIG. 21 illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. FIG. 21 illustrates example embodiments where the generating operation 440 may include at

least one additional operation. Additional operations may include an operation 2102 and/or 2104.

[00237] The operation 2102 illustrates generating an initial set of fuel design parameter values
utilizing at least one design variable of each of a set of pins of the set of regions, wherein each of
the initial set of fuel design parameter values is associated with one of the set of regions of the
simulated BOC core of the nuclear reactor. For example, as shown in FIGS. 1A through 1P, one
or more processors 106 of controller 102 may generate an initial set of fuel design parameter values
associated with one of the set of regions of the simulated BOC core 120 utilizing at least one design
variable for each of the set of pins. Further, each of the initial set of fuel design parameter values
may be associated with one of the set of regions of the simulated BOC core of the nuclear reactor.
In this regard, the initial set of fuel design parameter values may be generated at the “multi-pin”
level (i.e., region including multiple pins) using pin-level inputs for the one or more design

variables.

[00238] The operation 2104 illustrates generating an initial set of fuel design parameter values
utilizing at least one design variable of each of a set of pins of the set of regions, wherein each of
the initial set of fuel design parameter values is associated with one of the pins of each of the set
of regions of the simulated BOC core of the nuclear reactor. For example, as shown in FIGS. 1A
through 1P, one or more processors 106 of controller 102 may generate an initial set of fuel design
parameter values associated with a set of pins of a fuel assembly 124 of the simulated BOC core

120 utilizing at least one design variable of each of the set of pins. Further, each of the initial set
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of fuel design parameter values may be associated with one of the pins of each of the set of regions
of the simulated BOC core of the nuclear reactor. In this regard, the initial set of fuel design
parameter values may be generated at the “pin-level” of the simulated reactor core using pin-level

inputs for the one or more design variables.

[00239] FIG. 22 illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. FIG. 22 illustrates example embodiments where the calculating operation 450 may include at

least one additional operation. Additional operations may include an operation 2202 and/or 2204.

[00240] The operation 2202 illustrates calculating a power density distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values associated with the set
of regions located at the initial set of positions of the simulated BOC core. For example, as shown
in FIGS. TA through 1P, using the generated initial set of fuel design parameter values
corresponding to the regions 122 located at the initial positions of the simulated BOC core 120,
the one or more processors 106 of controller 102 may calculate a power density distribution for

the simulated BOC core 120.

[00241] In another embodiment, 2204 illustrates calculating a rate of change of a power density
distribution of the simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions of the simulated BOC
core. For example, as shown in FIGS. 1A through 1P, using the generated initial set of fuel design
parameter values corresponding to the regions 122 located at the initial positions of the simulated
BOC core 120, the one or more processors 106 of controller 102 may calculate a rate-of-change

of power density distribution for the simulated BOC core 120.

[00242] FIG. 23 illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. FIG. 23 illustrates example embodiments where the calculating operation 450 may include at

least one additional operation. Additional operations may include an operation 2302 and/or 2304.

[00243] The operation 2302 illustrates calculating a reactivity distribution of the simulated BOC
core utilizing the generated initial set of fuel design parameter values associated with the set of
regions located at the initial set of positions of the simulated BOC core. For example, as shown in
FIGS. 1A through 1P, using the generated initial set of fuel design parameter values corresponding

to the regions 122 located at the initial positions of the simulated BOC core 120, the one or more
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processors 106 of controller 102 may calculate a reactivity distribution for the simulated BOC core

120.

[00244] In another embodiment, operation 2304 illustrates calculating a rate of change of a power
density distribution of the simulated BOC core utilizing the generated initial set of fuel design
parameter values associated with the set of regions located at the initial set of positions of the
simulated BOC core. For example, as shown in FIGS. 1A through 1P, using the generated initial
set of fuel design parameter values corresponding to the regions 122 located at the initial positions
of the simulated BOC core 120, the one or more processors 106 of controller 102 may calculate a

rate-of-change of reactivity distribution for the simulated BOC core 120.

[00245] FIG. 24 illustrates alternative embodiments of the example operational flow 400 of FIG.
4A. FIG. 24 illustrates example embodiments where the generating operation 460 may include at

least one additional operation. Additional operations may include an operation 2402.

[00246] The operation 2402 illustrates generating a loading distribution by performing at least
one perturbation process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core, the subsequent
set of positions defining the loading distribution for the simulated BOC core. For example, as
shown in FIGS. 1A through 1P, the one or more processors 106 of the controller 102 may generate
a loading distribution by performing at least one perturbation process on the set of regions 122 of
the simulated BOC core 120 in order to determine a subsequent set of positions for the set of
regions within the simulated BOC core, the subsequent set of positions defining the loading
distribution for the simulated BOC core 120. For instance, the subsequent positions of regions
122 outputted from the perturbation process 170 may serve to define a loading distribution (i.e.,
spatial distribution of fertile and non-fertile components of nuclear fuel in reactor core) for the

simulated BOC core 120.
[00247] FIG. 25 illustrates alternative embodiments of the example operational flow 400 of FIG.

4A. FIG. 25 illustrates example embodiments where the generating operation 460 may include at

least one additional operation. Additional operations may include an operation 2502.

-81 -



10

15

20

25

30

WO 2015/077406 PCT/US2014/066531

[00248] The operation 2502 illustrates generating a loading distribution by performing at least
one perturbation process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core, wherein the
subsequent set of positions reduce a deviation metric between the at least one reactor core
distribution of the simulated BOC core and the received at least one reactor core parameter
distribution associated with a state of a core of a nuclear reactor below a selected tolerance level.
For example, as shown in FIGS. 1A through 1P, the one or more processors 106 of the controller
102 may generate a loading distribution by performing at least one perturbation process on the set
of regions 122 of the simulated BOC core 120 in order to determine a subsequent set of positions
for the set of regions 122 within the simulated BOC core 120. Further, the subsequent set of
positions may serve to reduce a deviation metric between the at least one reactor core distribution
of the simulated BOC core and the received at least one reactor core parameter distribution
associated with a state of a core of a nuclear reactor below a selected tolerance level. For instance,
as shown in FIG. 10, the perturbation procedure 170 may iteratively vary the positions of the
regions 122 within the simulated core 120 until a deviation metric (e.g., difference, spatially
averaged difference, maximum difference, minimum difference, aggregated global deviation
metric and the like) between the one or more calculated reactor core distributions of the simulated
BOC core and the received one or more reactor core parameter distributions associated with a state

of a core of a reference nuclear reactor is reduced below a selected tolerance level.

[00249] FIG. 26 illustrates an operational flow 2600 representing example operations related to
generating a nuclear reactor core loading distribution. FIG. 26 illustrates an example embodiment
where the example operational flow 400 of FIG. 4A may include at least one additional operation.

Additional operations may include an operation 2602, 2604, 2606 and/or 2608.

[00250] The operation 2602 illustrates reporting the subsequent set of positions of the set of
regions of the simulated BOC core. For example, as shown in FIGS. 1A through 1P, the one or
more processors 106 of controller 102 may report the subsequent set of positions of the set of
regions of the simulated BOC core to a destination. For instance, the one or more processors 106
of controller 102 may transmit one or more signals indicative of the subsequent set of positions of

the set of regions 122 of the simulated BOC core 120 to a destination.

[00251] In another embodiment, operation 2604 illustrates reporting the subsequent set of

positions of the set of regions of the simulated BOC core to a display. For example, as shown in
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FIGS. 1A through 1P, the one or more processors 106 of controller 102 may report the subsequent
set of positions of the set of regions of the simulated BOC core to a display (e.g., display associated
with controller 102, display of remote system, display of nuclear reactor control system and the
like). For instance, the one or more processors 106 of controller 102 may transmit one or more
signals indicative of the subsequent set of positions of the set of regions 122 of the simulated BOC

core 120 to a display.

[00252] In another embodiment, operation 2606 illustrates reporting the subsequent set of
positions of the set of regions of the simulated BOC core to a memory. For example, as shown in
FIGS. 1A through 1P, the one or more processors 106 of controller 102 may report the subsequent
set of positions of the set of regions of the simulated BOC core to a memory (e.g., memory of
controller 102, memory of remote system, memory of nuclear reactor control system and the like).
For instance, the one or more processors 106 of controller 102 may transmit one or more signals
indicative of the subsequent set of positions of the set of regions 122 of the simulated BOC core

120 to a display.

[00253] In another embodiment, operation 2608 illustrates reporting the subsequent set of
positions of the set of regions of the simulated BOC core to a control system of a nuclear reactor.
For example, as shown in FIGS. 1A through 1P, the one or more processors 106 of controller 102
may report the subsequent set of positions of the set of regions of the simulated BOC core to a
control system of a nuclear reactor (e.g., reactor 101 of FIG. 2A). For instance, the one or more
processors 106 of controller 102 may transmit one or more signals indicative of the subsequent set
of positions of the set of regions 122 of the simulated BOC core 120 to a control system of a

nuclear reactor (e.g., reactor 101 of FIG. 2A).

[00254] FIG. 27A illustrates an operational flow 2700 representing example operations related to
arranging one or more fuel assemblies of a nuclear reactor core according to a generated nuclear
reactor core loading distribution. In FIG. 27A and in following figures that include various
examples of operational flows, discussion and explanation may be provided with respect to the
above-described examples of FIGS. 1A through 2D, and/or with respect to other examples and
contexts. However, it should be understood that the operational flows may be executed in a
number of other environments and contexts, and/or in modified versions of FIGS. 1A through 2D.

Also, although the various operational flows are presented in the sequence(s) illustrated, it should
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be understood that the various operations may be performed in other orders than those which are

illustrated, or may be performed concurrently.

[00255] After a start operation, the operational flow 2700 moves to a receiving operation 2710.
The receiving operation 2710 depicts receiving at least one reactor core parameter distribution 103
associated with a state (e.g., equilibrium state) of a core of a nuclear reactor (e.g., reference nuclear
reactor). For example, as shown in FIGS. 1A through 2D, one or more processors 106 of the
controller 102 are communicatively coupled to a core parameter distribution source 104 and
configured to receive one or more reactor core parameter distributions 103 of a core of a nuclear
reactor in a given state (e.g., equilibrium state, a state approaching equilibrium, or a state of
equilibrium onset) from the core parameter distribution source 104 (e.g., memory). Further, the
one or more processors 106 of the controller 102 may receive a reactor core parameter distribution
for a core of the nuclear reactor in a given state in the form of a database or map (e.g., two-
dimensional or three-dimensional map) indicative of the reactor core parameter as a function of

position within the core of the nuclear reactor.

[00256] Then, generating operation 2720 depicts generating an initial fuel loading distribution for
a simulated BOC core of the nuclear reactor. For example, FIGS. 1A through 2D, one or more
processors 106 of the controller 102 may generate an initial fuel loading distribution for a

simulated BOC core of the nuclear reactor.

[00257] Then, selecting operation 2730 depicts selecting an initial set of positions associated with
a set of regions within the simulated BOC core of the nuclear reactor. For example, FIGS. 1A
through 2D, the one or more processors 106 of the controller 102 may select an initial set of

positions associated with a set of regions within the simulated BOC core of the nuclear reactor.

[00258] Then, generating operation 2740 depicts generating an initial set of fuel design parameter
values utilizing at least one design variable of each of the set of regions. For example, as shown
in FIGS. 1A through 2D, the one or more processors 106 of the controller 102 may generate an
initial set of fuel design parameter values utilizing at least one design variable of each of the set of

regions.

[00259] Then, calculating operation 2750 depicts calculating at least one reactor core parameter
distribution of the simulated BOC core utilizing the generated initial set of fuel design parameter

values associated with the set of regions located at the initial set of positions of the simulated BOC
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core. lor example, FIGS. 1A through 2D, the one or more processors 106 of the controller 102
may calculate one or more reactor core parameter distributions of the simulated BOC core utilizing
the generated initial set of fuel design parameter values associated with the set of regions located

at the initial set of positions of the simulated BOC core.

[00260] Then, loading distribution generating step 2760 depicts generating a loading distribution
by performing at least one perturbation process on the set of regions of the simulated BOC core in
order to determine a subsequent set of positions for the set of regions within the simulated BOC
core. For example, the one or more processors 106 of the controller 102 may generate a loading
distribution by performing one or more perturbation processes on the set of regions of the
simulated BOC core in order to determine a subsequent set of positions for the set of regions within

the simulated BOC core.

[00261] Then, arranging operation 2770 depicts arranging at least one fuel assembly of a core of
a nuclear reactor according to the subsequent set of positions of the set of regions of the simulated
BOC core. Tor example, as shown in FIGS. 1A through 2D, the one or more processors 106 of
the controller 102 may direct the fuel handler 204 to arrange one or more fuel assemblies of the
core 202 of the nuclear reactor 101 according to the subsequent set of positions of the set of regions
of the simulated BOC core in the loading distribution generated by the one or more processors
106. For instance, the one or more processors 106 may transmit a signal representative of the
subsequent set of positions of the set of regions 122 of the generated loading distribution to a fuel
handler controller 206. In turn, the controller 206 may direct the fuel handler 204 to arrange (e.g.,
replace, re-position, and the like) one or more fuel assemblies of the core 202 of the nuclear reactor
101 according to the subsequent set of positions of the set of regions 122 of the simulated BOC

core 120 in the loading distribution generated by the one or more processors 106.

[00262] FIG. 278 illustrates alternative embodiments of the example operational flow 2700 of
FIG. 27A. FIG. 27B illustrates example embodiments where the receiving operation 2710 may

include at least one additional operation. Additional operations may include operation 2712.

[00263] The operation 2712 illustrates receiving at least one reactor core parameter distribution
associated with an equilibrium state of a core of a nuclear reactor. For example, as shown in FIGS.
1A through 2D, one or more processors 106 of controller 102 may receive one or more reactor

core parameter distributions 103 for a core of a nuclear reactor in an equilibrium state from a core
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parameter distribution source 104. By way of another example, as shown in FIGS. 1A through 2D,
one or more processors 106 of controller 102 may receive one or more reactor core parameter
distributions 103 for a core of a nuclear reactor in a state approaching equilibrium from a core
parameter distribution source 104. By way of another example, as shown in FIGS. 1A through
2D, one or more processors 106 of controller 102 may receive one or more reactor core parameter
distributions 103 for a core of a nuclear reactor at an onset of an equilibrium state from a core

parameter distribution source 104.

[00264] FIG. 28 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. HIG. 28 illustrates example embodiments where the receiving operation 2710 may include

at least one additional operation. Additional operations may include operations 2802 and/or 2804.

[00265] The operation 2802 illustrates receiving at least one reactor core parameter distribution
associated with a state of a core of a thermal nuclear reactor. For example, as shown in FIGS. TA
through 2D, one or more processors 106 of controller 102 may receive one or more reactor core
parameter distributions 103 for a core of a thermal nuclear reactor from a core parameter
distribution source 104. In this regard, the core parameter distribution source 104 may store a
reactor core parameter distribution for a core of a reference thermal nuclear reactor. Then, the one
or more processors 106 of controller 102 may retrieve the reactor core parameter distribution 103
for a core of the reference thermal nuclear reactor stored in the core parameter distribution source

104.

[00266] In another embodiment, the operation 2804 illustrates receiving at least one reactor core
parameter distribution associated with a state of a core of a fast nuclear reactor. For example, as
shown in FIGS. 1A through 2D, one or more processors 106 of controller 102 may receive one or
more reactor core parameter distributions 103 for a core of a fast nuclear reactor from a core
parameter distribution source 104. In this regard, the core parameter distribution source 104 may
store a reactor core parameter distribution for a core of a reference fast nuclear reactor. Then, the
one or more processors 106 of controller 102 may retrieve the reactor core parameter distribution
103 for a core of the reference fast nuclear reactor stored in the core parameter distribution source

104.
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[00267] FIG. 29 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. HIG. 29 illustrates example embodiments where the receiving operation 2710 may include
at least one additional operation. Additional operations may include an operation 2902, and/or

operation 2904.

[00268] In one embodiment, operation 2902 illustrates receiving at least one reactor core
parameter distribution associated with a state of a core of a breed-and-burn nuclear reactor. For
example, as shown in FIGS. 1A through 2D, one or more processors 106 of controller 102 may
receive one or more reactor core parameter distributions 103 for a core of a breed-and-burn nuclear
reactor from a core parameter distribution source 104. In this regard, the core parameter
distribution source 104 may store a reactor core parameter distribution for a core of a reference
breed-and-burn nuclear reactor. Then, the one or more processors 106 of controller 102 may
retrieve the reactor core parameter distribution 103 for a core of the reference breed-and-burn

nuclear reactor stored in the core parameter distribution source 104.

[00269] In another embodiment, operation 2904 illustrates receiving at least one reactor core
parameter distribution associated with a state of a core of a traveling wave reactor. For example,
as shown in FIGS. 1A through 2D, one or more processors 106 of controller 102 may receive one
or more reactor core parameter distributions 103 for a core of a traveling wave nuclear reactor
from a core parameter distribution source 104. In this regard, the core parameter distribution source
104 may store a reactor core parameter distribution for a core of a reference traveling nuclear
reactor. 'Then, the one or more processors 106 of controller 102 may retrieve the reactor core
parameter distribution 103 for a core of the reference traveling wave nuclear reactor stored in the

core parameter distribution source 104.

[00270] FIG. 30 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. HIG. 30 illustrates example embodiments where the receiving operation 2710 may include
at least one additional operation. Additional operations may include an operation 3002, 3004

and/or operation 3006.

[00271] The operation 3002 illustrates receiving a power density distribution associated with a
state of a core of a nuclear reactor. For example, as shown in FIGS. 1A through 2D, one or more
processors 106 of controller 102 may receive one or more power density distributions for a given

state of a core of a nuclear reactor from a core parameter distribution source 104. In this regard,
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the core parameter distribution source 104 may store a power density distribution for a given state
of a core of a nuclear reactor. Then, the one or more processors 106 of controller 102 may retrieve
the power density distribution for a given state of a core of a nuclear reactor stored in the core
parameter distribution source 104. Further, the one or more processors 106 of the controller 102
may receive a power density distribution for a core of the nuclear reactor in the form of a database
or map (e.g., two-dimensional or three-dimensional map) indicative of the power generation

density as a function of position within the core of the nuclear reactor.

[00272] In another embodiment, operation 3004 illustrates receiving a rate of change of a power
density distribution associated with a state of a core of a nuclear reactor. For example, as shown
in FIGS. 1A through 2D, one or more processors 106 of controller 102 may receive one or more
power density rate-of-change distributions for a given state of a core of a nuclear reactor from a
core parameter distribution source 104. In this regard, the core parameter distribution source 104
may store a power density rate-of-change distribution for a given state of core of a nuclear reactor.
Then, the one or more processors 106 of controller 102 may retrieve the power density rate-of-
change distribution for a given state of a core of a nuclear reactor stored in the core parameter
distribution source 104. Further, the one or more processors 106 of the controller 102 may receive
a power density rate-of-change distribution for a core of the nuclear reactor in the form of a
database or map (e.g., two-dimensional or three-dimensional map) indicative of the rate of change

of power generation density as a function of position within the core of the nuclear reactor.

[00273] In another embodiment, operation 3006 illustrates receiving a reactivity distribution
associated with a state of a core of a nuclear reactor. For example, as shown in FIGS. 1A through
2D, one or more processors 106 of controller 102 may receive one or more reactivity distributions
for a given state of a core of a nuclear reactor from a core parameter distribution source 104. In
this regard, the core parameter distribution source 104 may store a reactivity distribution for a
given state of a core of a nuclear reactor. Then, the one or more processors 106 of controller 102
may retrieve the reactivity distribution for a given state of a core of a nuclear reactor stored in the
core parameter distribution source 104. Further, the one or more processors 106 of the controller
102 may receive a reactivity distribution for a core of the nuclear reactor in the form of a database
or map (e.g., two-dimensional or three-dimensional map) indicative of reactivity as a function of

position within the core of the nuclear reactor.
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[00274] FIG. 31 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. HIG. 31 illustrates example embodiments where the receiving operation 2710 may include
at least one additional operation. Additional operations may include an operation 3102, and/or

operation 3104.

[00275] The operation 3102 illustrates receiving a rate of change of a reactivity distribution
associated with a state of a core of a nuclear reactor. For example, as shown in FIGS. 1A through
2D, one or more processors 106 of controller 102 may receive one or more reactivity rate-of-
change distributions for a given state of a core of a nuclear reactor from a core parameter
distribution source 104. In this regard, the core parameter distribution source 104 may store a
reactivity rate-of-change distribution for a given state of a core of a nuclear reactor. Then, the one
or more processors 106 of controller 102 may retrieve the reactivity rate-of-change distribution for
a given state of a core of a nuclear reactor stored in the core parameter distribution source 104.
Further, the one or more processors 106 of the controller 102 may receive a reactivity rate-of-
change distribution for a core of the nuclear reactor in the form of a database or map (e.g., two-
dimensional or three-dimensional map) indicative of the rate of change of reactivity as a function

of position within the core of the nuclear reactor.

[00276] In another embodiment, the operation 3104 illustrates receiving at least one reactor core
parameter distribution associated with a state of a core of a nuclear reactor, the core including
plutonium. For example, as shown in FIGS. 1A through 2D, one or more processors 106 of
controller 102 may receive one or more reactor core parameter distributions for a given state of a
nuclear reactor core including plutonium from a core parameter distribution source 104. In this
regard, the core parameter distribution source 104 may store a reactor core parameter distribution
for a given state of a nuclear reactor core including plutonium. Then, the one or more processors
106 of controller 102 may retrieve the reactor core parameter distribution for a given state of a

nuclear reactor core including plutonium stored in the core parameter distribution source 104.

[00277] FIG. 32 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. HIG. 32 illustrates example embodiments where the receiving operation 2710 may include
at least one additional operation. Additional operations may include an operation 3202 and/or

operation 3204.
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[00278] The operation 3202 illustrates receiving at least one reactor core parameter distribution
associated with a state of a core of a nuclear reactor, the core including at least one fuel assembly.
For example, as shown in FIGS. 1A through 2D, one or more processors 106 of controller 102
may receive one or more reactor core parameter distributions 103 for a core of a nuclear reactor
including one or more fuel assemblies from a core parameter distribution source 104. In this regard,
the core parameter distribution source 104 may store a reactor core parameter distribution for a
core of a nuclear reactor with one or more fuel assemblies. Then, the one or more processors 106
of controller 102 may retrieve the reactor core parameter distribution 103 for a core of a nuclear

reactor with one or more fuel assemblies stored in the core parameter distribution source 104.

[00279] Further, operation 3204 illustrates receiving at least one reactor core parameter
distribution associated with a state of a core of a nuclear reactor, the core including at least one
fuel assembly including at least one pin. For example, as shown in FIGS. 1A through 2D, one or
more processors 106 of controller 102 may receive one or more reactor core parameter
distributions 103 for a core of a nuclear reactor including one or more fuel assemblies with one or
more fuel pins from a core parameter distribution source 104. In this regard, the core parameter
distribution source 104 may store a reactor core parameter distribution for a core of a nuclear
reactor with one or more fuel assemblies having one or more fuel pins. Then, the one or more
processors 106 of controller 102 may retrieve the reactor core parameter distribution 103 for a core
of a nuclear reactor with one or more fuel assemblies having one or more fuel pins stored in the

core parameter distribution source 104.

[00280] FIG. 33 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 33 illustrates example embodiments where the reference generating operation 2720
may include at least one additional operation. Additional operations may include an operation

3302 and/or operation 3304.

[00281] The operation 3302 illustrates generating an initial fuel loading distribution for a
simulated BOC core of the nuclear reactor, at least a portion of the BOC core including recycled
nuclear fuel. For example, as shown in FIGS. 1A through 2D, the one or more processors 106 of
the controller 102 may generate an initial fuel loading distribution for a simulated BOC core of the
nuclear reactor including recycled nuclear fuel. For instance, the one or more processors 106 of
the controller 102 may provide the spatial distribution of nuclear fuel (including fissile and non-
fissile material) throughout a simulated BOC core (e.g., throughout the fuel assemblies of a

simulated BOC core) including at least some recycled nuclear fuel (e.g., recycled uranium).
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[00282] In another embodiment, operation 3304 illustrates generating an initial fuel loading
distribution for a simulated BOC core of the nuclear reactor, at least a portion of the BOC core
including unburned nuclear fuel. For example, as shown in FIGS. 1A through 2D, the one or more
processors 106 of the controller 102 may generate an initial fuel loading distribution for a
simulated BOC core of the nuclear reactor including recycled nuclear fuel. For instance, the one
or more processors 106 of the controller 102 may provide the spatial distribution of nuclear fuel
throughout a simulated BOC core including at least some unburned nuclear fuel (e.g., unburned

uranium).

[00283] FIG. 34 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 34 illustrates example embodiments where the generating operation 2720 may include
at least one additional operation. Additional operations may include an operation 3402 and/or

operation 3404.

[00284] The operation 3402 illustrates generating an initial fuel loading distribution for a
simulated BOC core of the nuclear reactor, at least a portion of the BOC core including enriched
nuclear fuel. For example, as shown in FIGS. 1A through 2D, the one or more processors 106 of
the controller 102 may generate an initial fuel loading distribution for a simulated BOC core of the
nuclear reactor including enriched nuclear fuel. For instance, the one or more processors 106 of
the controller 102 may provide the spatial distribution of nuclear fuel throughout a simulated BOC

core including at least some enriched nuclear fuel.

[00285] In another embodiment, operation 3404 illustrates generating an initial fuel loading
distribution for a simulated BOC core of the nuclear reactor, at least a portion of the BOC core
including enriched uranium based nuclear fuel. For example, as shown in FIGS. 1A through 2D,
the one or more processors 106 of the controller 102 may generate an initial fuel loading
distribution for a simulated BOC core of the nuclear reactor including enriched uranium. For
instance, the one or more processors 106 of the controller 102 may provide the spatial distribution

of nuclear fuel throughout a simulated BOC core including at least some enriched uranium.

[00286] FIG. 35 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 35 illustrates example embodiments where the reference generating operation 2720
may include at least one additional operation. Additional operations may include an operation

3502 and/or operation 3504.
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[00287] The operation 3502 illustrates generating an initial fuel loading distribution for a
simulated BOC core of the nuclear reactor via at least one of user input and a controller. For
example, as shown in FIGS. 1A through 2D, the one or more processors 106 of the controller 102
may generate an initial fuel loading distribution for a simulated BOC core of the nuclear reactor
using user input and/or the controller 102. For instance, the one or more processors 106 of the
controller 102 may provide the spatial distribution of nuclear fuel (including fissile and non-fissile
material) throughout a simulated BOC core utilizing a preprogrammed predictive algorithm
executed by the one or more processors 106 of the controller 102. In this regard, the predictive
algorithm may select the preferred initial fuel loading distribution based on a variety parameters,
such as, but not limited to, historical data correlating initial fuel loading distribution starting points
and quality of final fuel loading distribution, user selected initial fuel loading distribution

preferences and the like.

[00288] In another instance, the one or more processors 106 of the controller 102 may provide the
spatial distribution of nuclear fuel throughout a simulated BOC core utilizing user inputted data in
conjunction with the controller 102. In this regard, the user may select an initial fuel loading
distribution based on a number of options presented to the user via user display 116. For example,
the controller 102 may present the user (e.g., present on display 116) with a plurality of initial fuel
loading distributions based on an output of a preprogrammed predictive algorithm. Based on this
presentation of loading distributions on display 116, the user may select the preferred initial

loading distribution using a user input device 118.

[00289] In yet another instance, the one or more processors 106 of the controller 102 may provide
the spatial distribution of nuclear fuel throughout a simulated BOC core based primarily on user
inputted data. In this regard, the user may select or input an initial fuel loading distribution into
the controller 102. For example, a user may select the initial fuel loading distribution by choosing
the specific material or materials (fissile or non-fissile) for each fuel assembly or each pin of each
fuel assembly across the simulated BOC core. Further, the user may make this initial fuel selection
utilizing a graphical user interface 114 (e.g., display/mouse, touchscreen, display/keyboard and
the like), allowing the user to select from a list of possible nuclear fuel materials (e.g., fissile or
non-fissile materials) at each of the simulated fuel assemblies or pins of each of the simulated fuel
assemblies throughout the simulated BOC core. In this manner, the user, in a discretized manner,
may build up the initial nuclear fuel loading distribution across the simulated BOC core (e.g., built

up with fuel assembly-level resolution or built up with fuel pin-level resolution). The selected
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initial loading distribution may then be read into the memory 108 of the controller 102 and used

by the one or more processors 106 in subsequent steps of the present invention.

[00290] In another embodiment, operation 3504 illustrates generating an initial fuel loading
distribution for a simulated beginning-of-life (BOL) core of the nuclear reactor. For example, as
shown in FIGS. 1A through 2D, the one or more processors 106 of the controller 102 may generate
an initial fuel loading distribution for a simulated beginning-of-life (BOL) core of the nuclear
reactor. For instance, the one or more processors 106 of the controller 102 may provide the spatial
distribution of nuclear fuel throughout a simulated BOL core (e.g., throughout the fuel assemblies

of a simulated BOL core) of the nuclear reactor.

[00291] FIG. 36 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 36 illustrates example embodiments where the generating operation 2720 may include
at least one additional operation. Additional operations may include an operation 3602 and/or

operation 3604.

[00292] The operation 3602 illustrates randomly generating an initial fuel loading distribution for
a simulated BOC core of the nuclear reactor. For example, as shown in FIGS. 1A through 2D, the
one or more processors 106 of the controller 102 may randomly generate an initial fuel loading
distribution for a simulated BOC core of the nuclear reactor. For instance, the one or more
processors 106 of the controller 102 may apply a preprogrammed algorithm configured to
randomly select the spatial distribution of nuclear fuel (e.g., spatial distribution of fissile and non-

fissile material) across the simulated BOC core.

[00293] In another embodiment, operation 3604 illustrates generating an initial fuel loading
distribution for a simulated BOC core of the nuclear reactor, the simulated BOC core of the nuclear
reactor including a plurality of simulated fuel assemblies. or example, as shown in FIGS. 1A
through 2D, the one or more processors 106 of the controller 102 may generate an initial fuel
loading distribution through a plurality of simulated fuel assemblies for a simulated BOC core of
the nuclear reactor. Por instance, the one or more processors 106 of the controller 102 may provide
the spatial distribution of nuclear fuel (e.g., spatial distribution of fissile and non-fissile material)
throughout simulated BOC core by providing the type and quantity of material within each of the
fuel assemblies throughout the simulated BOC core 120. Further, the initial fuel loading
distribution may be resolved at the pin-level of each fuel assembly of the simulated BOC core. In

this regard, the one or more processors 106 of the controller 102 may provide the spatial
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distribution of nuclear fuel throughout the simulated BOC core by providing the type and quantity

of material within each fuel pin of each fuel assembly throughout the simulated BOC core 120.

[00294] FIG. 37 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 37 illustrates example embodiments where the selecting operation 2730 may include
at least one additional operation. Additional operations may include an operation 3702 and/or

operation 3704.

[00295] The operation 3702 illustrates selecting an initial set of positions associated with a set of
regions within the simulated BOC core of the nuclear reactor, each of the initial set of positions
corresponding to one of the set of regions. For example, as shown in FIGS. 1A through 2D, one
or more processors 106 of controller 102 may select an initial set of positions (e.g., X, y, z positions)
associated with a set of regions 122 within the simulated BOC core of the nuclear reactor. Further,
the one or more processors 106 of the controller 102 may assign a relative position to each of a set
of regions within the simulated BOC core 120 of the nuclear reactor. In this regard, each region as
delineated by the controller 102 may encompass a selected volume (e.g., selected by controller or

selected via user input) of the nuclear fuel within the simulated BOC core 120.

[00296] In another embodiment, the operation 3704 illustrates selecting an initial set of positions
associated with a set of regions within the simulated BOC core of the nuclear reactor, each of the
initial set of positions corresponding to one of the set regions, each region encompassing at least
one fuel assembly. For example, as shown in FIGS. 1A through 2D, one or more processors 106
of controller 102 may select an initial set of positions (e.g., X, y, z positions) associated with a set
of regions 122 within the simulated BOC core 120 of the nuclear reactor, whereby each region
encompasses one or more fuel assemblies 124 of the simulated BOC core 120. Further, the one or
more processors 106 of the controller 102 may assign a relative position to each region
encompassing one or more fuel assemblies 124 within the simulated BOC core 120 of the nuclear
reactor. For instance, as shown in FIG. 11, the one or more processors 106 of the controller 102
are configured to select an initial set of positions 140 of the set of regions 122, whereby each region
122 encompasses a single fuel assembly 124 of the BOC core 120. In another instance, as shown
in FIG. 1], the one or more processors 106 of the controller 102 are configured to select an initial
set of positions 140 of the set of regions 122, whereby each region 122 encompasses multiple fuel

assemblies 124 of the BOC core 120.
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[00297] FIG. 38 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 38 illustrates example embodiments where the selecting operation 2730 may include

at least one additional operation. Additional operations may include an operation 3802.

[00298] In one embodiment, the operation 3802 illustrates selecting an initial set of positions
associated with a set of regions within the simulated BOC core of the nuclear reactor, each of the
initial set of positions corresponding to one of the set of regions, each of the set of regions being a
three dimensional region having a selected volume. For example, as shown in FIGS. 1A through
2D, one or more processors 106 of controller 102 may select an initial set of positions 140
associated with a set of regions 122 within the simulated BOC core 120 of the nuclear reactor,
whereby each region is a three dimensional region having a selected volume. Further, the one or
more processors 106 of the controller 102 may assign a relative position to each three dimensional

region of selected volume within the simulated BOC core 120 of the nuclear reactor.

[00299] FIG. 39 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 39 illustrates example embodiments where the selecting operation 2730 may include

at least one additional operation. Additional operations may include an operation 3902.

[00300] In one embodiment, the operation 3902 illustrates selecting an initial set of positions
associated with a set of regions within the simulated BOC core of the nuclear reactor, each of the
initial set of positions corresponding to one of the set of regions, each of the set of regions being a
three dimensional region having a selected shape. For example, as shown in FIGS. 1A through 2D,
one or more processors 106 of controller 102 may select an initial set of positions 140 associated
with a set of regions 122 within the simulated BOC core 120 of the nuclear reactor, whereby each
region is a three dimensional region having a selected shape (e.g., hexagonoid, cuboid, cylinder,
ellipsoid, sphere, disc, ring and the like). Further, the one or more processors 106 of the controller
102 may assign a relative position to each three dimensional region of selected shape within the

simulated BOC core 120 of the nuclear reactor.

[00301] FIG. 40 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 40 illustrates example embodiments where the selecting operation 2730 may include

at least one additional operation. Additional operations may include an operation 4002.

[00302] In another embodiment, the operation 4002 illustrates selecting an initial set of positions

associated with a set of regions within the simulated BOC core of the nuclear reactor, each of the
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initial set of positions corresponding to one of the set of regions, the set of regions including a
selected number of regions. For example, as shown in FIGS. 1A through 2D, one or more
processors 106 of controller 102 may select an initial set of positions 140 associated with a set of
regions 122 including a selected number of regions. Further, the one or more processors 106 of
the controller 102 may assign a relative position to each region of the selected number of regions

within the simulated BOC core 120 of the nuclear reactor.

[00303] FIG. 41 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 41 illustrates example embodiments where the generating operation 2740 may include

at least one additional operation. Additional operations may include an operation 4102.

[00304] The operation 4102 illustrates generating an initial set of fuel design parameter values
utilizing a thermodynamic variable of each of the set of regions. For example, as shown in FIGS.
1A through 2D, one or more processors 106 of controller 102 may generate an initial fuel design
parameter value 141 utilizing a thermodynamic variable (e.g., temperature, pressure and the like)
for each region 122. For instance, as shown in FIG. 11, one or more processors 106 of controller
102 may generate an initial fuel design parameter value for a given region 122 utilizing a
thermodynamic variable 145 for the given region 122. In another instance, as shown in FIG. 1L,
one or more processors 106 of controller 102 may generate an initial fuel design parameter value
for a given region 122 utilizing a thermodynamic variable for the region 122 and regions 123a-

123f adjacent to the given region 122.

[00305] FIG. 42 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 42 illustrates example embodiments where the generating operation 2740 may include
at least one additional operation. Additional operations may include an operation 4202 and/or

4204.

[00306] The operation 4202 illustrates generating an initial set of fuel design parameter values
utilizing a neutronic parameter of each of the set of regions. For example, as shown in FIGS. 1A
through 2D, one or more processors 106 of controller 102 may generate an initial set of fuel design
parameter values utilizing a neutronic parameter associated with the simulated nuclear fuel within
of each of the set of regions. For instance, as shown in FIG. 11, one or more processors 106 of
controller 102 may generate an initial fuel design parameter value for a given region 122 utilizing

a neutronic parameter for the given region 122. In another instance, as shown in FIG. 1L, one or
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more processors 106 of controller 102 may generate an initial fuel design parameter value for a
given region 122 utilizing a neutronic parameter for region 122 and regions 123a-123f adjacent to

the given region 122.

[00307] In another embodiment, the operation 4204 illustrates generating an initial set of fuel
design parameter values utilizing a k-infinity value of each of the set of regions. For example, as
shown in FIGS. 1A through 2D, one or more processors 106 of controller 102 may generate an
initial set of fuel design parameter values utilizing a k-infinity value associated with the nuclear
fuel within each of the set of regions. For instance, as shown in FIG. 11, one or more processors
106 of controller 102 may generate an initial fuel design parameter value for a given region 122
utilizing a k-infinity value for the given region 122. In another instance, as shown in FIG. 1L, one
or more processors 106 of controller 102 may generate an initial fuel design parameter value for a
given region 122 utilizing a k-infinity value for region 122 and regions 123a-123f adjacent to the

given region 122.

[00308] FIG. 43 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 43 illustrates example embodiments where the generating operation 2740 may include

at least one additional operation. Additional operations may include an operation 4302.

[00309] The operation 4302 illustrates generating an initial set of enrichment values utilizing at
least one design variable of each of the set of regions. For example, as shown in FIGS. 1A through
2D, one or more processors 106 of controller 102 may generate an initial set of simulated nuclear
fuel enrichment value utilizing one or more design variables (e.g., thermodynamic variable,
neutronic parameter and the like) for each region 122. For instance, as shown in FIG. 11, one or
more processors 106 of controller 102 may generate an initial set of enrichment values for a given
region 122 utilizing a design variable for the given region 122. In another instance, as shown in
FIG. 1L, one or more processors 106 of controller 102 may generate an initial set of enrichment
values for a given region 122 utilizing a design variable for region 122 and regions 123a-123f

adjacent to the given region 122.

[00310] FIG. 44 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 44 illustrates example embodiments where the generating operation 2740 may include
at least one additional operation. Additional operations may include an operation 4402 and/or

operation 4404.
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[00311] The operation 4402 illustrates generating an initial set of pin dimension values associated
with a set of pins of a fuel assembly of the simulated BOC core of the nuclear reactor utilizing at
least one design variable of each of the set of regions. For example, as shown in FIGS. 1A through
2D, one or more processors 106 of controller 102 may generate an initial set of pin dimension
values associated with a set of pins of a fuel assembly 124 of the simulated BOC core 120 of the
nuclear reactor utilizing one or more design variables of each of the set of regions 122. For
instance, as shown in FIG. 11, one or more processors 106 of controller 102 may generate an initial
set of pin dimension values associated with a set of pins of a fuel assembly 124 of the simulated
BOC core 120 of the nuclear reactor utilizing a design variable for the given region 122. In another
instance, as shown in FIG. 1L, one or more processors 106 of controller 102 may generate an initial
set of pin dimension values associated with a set of pins of a fuel assembly 124 of the simulated
BOC core 120 of the nuclear reactor utilizing a design variable for region 122 and regions 123a-

123f adjacent to the given region 122.

[00312] In another embodiment, the operation 4404 illustrates generating an initial set of pin
configuration values associated with a set of pins of a fuel assembly of the simulated BOC core of
the nuclear reactor utilizing at least one design variable of each of the set of regions. For example,
as shown in FIGS. 1A through 2D, one or more processors 106 of controller 102 may generate an
initial set of pin configuration values associated with a set of pins of a fuel assembly 124 of the
simulated BOC core 120 of the nuclear reactor utilizing one or more design variables of each of
the set of regions 122. For instance, one or more processors 106 of controller 102 may generate
an initial set of pin pitch values associated with a set of pins of a fuel assembly 124 of the simulated
BOC core 120 of the nuclear reactor utilizing one or more design variables of each of the set of
regions 122. In another instance, one or more processors 106 of controller 102 may generate an
initial number of pins within a set of pins of a fuel assembly 124 of the simulated BOC core 120

of the nuclear reactor utilizing one or more design variables of each of the set of regions 122.
[00313] FIG. 45 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 45 illustrates example embodiments where the generating operation 2740 may include

at least one additional operation. Additional operations may include an operation 4502.

[00314] In another embodiment, the operation 4502 illustrates generating an initial set of pin

geometry values associated with a set of pins of a fuel assembly of the simulated BOC core of the
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nuclear reactor utilizing at least one design variable of each of the set of regions. For example, as
shown in FIGS. 1A through 2D, one or more processors 106 of controller 102 may generate an
initial set of pin geometry values associated with a set of pins of a fuel assembly 124 of the
simulated BOC core 120 of the nuclear reactor utilizing one or more design variables of each of
the set of regions 122. For instance, one or more processors 106 of controller 102 may generate
an initial set of pin size values (e.g., pin length values, pin thickness/radius values and the like)
associated with a set of pins of a fuel assembly 124 of the simulated BOC core 120 of the nuclear
reactor utilizing one or more design variables of each of the set of regions 122. In another instance,
one or more processors 106 of controller 102 may generate an initial set of pin shapes (e.g.,
hexagonoid, cylinder, prism and the like) associated with a set of pins of a fuel assembly 124 of
the simulated BOC core 120 of the nuclear reactor utilizing one or more design variables of each

of the set of regions 122.

[00315] FIG. 46 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 46 illustrates example embodiments where the generating operation 2740 may include

at least one additional operation. Additional operations may include an operation 4602.

[00316] In another embodiment, the operation 4602 illustrates generating an initial set of pin
composition values associated with a set of pins of a fuel assembly of the simulated BOC core of
the nuclear reactor utilizing at least one design variable of each of the set of regions. For example,
as shown in FIGS. 1A through 2D, one or more processors 106 of controller 102 may generate an
initial set of pin composition values associated with a set of pins of a fuel assembly 124 of the
simulated BOC core 120 of the nuclear reactor utilizing one or more design variables of each of
the set of regions 122. For instance, one or more processors 106 of controller 102 may generate a
set of fuel smear densities associated with a set of pins of a fuel assembly 124 of the simulated
BOC core 120 of the nuclear reactor utilizing one or more design variables of each of the set of
regions 122. In another instance, one or more processors 106 of controller 102 may generate a set
of fissile content values (i.e., relative amount of fissile material in each pin) associated with a set
of pins of a fuel assembly 124 of the simulated BOC core 120 of the nuclear reactor utilizing one
or more design variables of each of the set of regions 122. In another instance, one or more
processors 106 of controller 102 may generate a set of fertile content values (i.e., relative amount
of fertile material in each pin) associated with a set of pins of a fuel assembly 124 of the simulated
BOC core 120 of the nuclear reactor utilizing one or more design variables of each of the set of

regions 122. In another instance, one or more processors 106 of controller 102 may generate a set
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of non-fissile/non-fertile content values (i.e., relative amount of non-fissile/non-fertile material in
each pin (e.g., amount of zirconium in each pin)) associated with a set of pins of a fuel assembly
124 of the simulated BOC core 120 of the nuclear reactor utilizing one or more design variables
of each of the set of regions 122. By way of another example, as shown in FIGS. 1A through 2D,
one or more processors 106 of controller 102 may generate an initial set of pin composition values
as a function of position and/or fuel assembly location across the simulated BOC core of the
nuclear reactor utilizing one or more design variables of each of the set of regions 122. In this
regard, the one or more processors 106 of controller 102 may control both the fuel composition of
each pin of the fuel assemblies of the simulated BOC core and the manner in which the fuel

composition varies across the various fuel assemblies of the simulated BOC core.

[00317] FIG. 47 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 47 illustrates example embodiments where the generating operation 2740 may include

at least one additional operation. Additional operations may include an operation 4702 and/or

4704.

[00318] The operation 4702 illustrates generating an initial set of fuel design parameter values
utilizing at least one design variable of each of a set of pins of the set of regions, wherein each of
the initial set of fuel design parameter values is associated with one of the set of regions of the
simulated BOC core of the nuclear reactor. For example, as shown in FIGS. 1A through 2D, one
or more processors 106 of controller 102 may generate an initial set of fuel design parameter values
associated with one of the set of regions of the simulated BOC core 120 utilizing at least one design
variable for each of the set of pins. Further, each of the initial set of fuel design parameter values
may be associated with one of the set of regions of the simulated BOC core of the nuclear reactor.
In this regard, the initial set of fuel design parameter values may be generated at the “multi-pin”
level (i.e., region including multiple pins) using pin-level inputs for the one or more design

variables.

[00319] The operation 4704 illustrates generating an initial set of fuel design parameter values
utilizing at least one design variable of each of a set of pins of the set of regions, wherein each of
the initial set of fuel design parameter values is associated with one of the pins of each of the set
of regions of the simulated BOC core of the nuclear reactor. For example, as shown in FIGS. 1A

through 2D, one or more processors 106 of controller 102 may generate an initial set of fuel design
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parameter values associated with a set of pins of a fuel assembly 124 of the simulated BOC core
120 utilizing at least one design variable of each of the set of pins. Further, each of the initial set
of fuel design parameter values may be associated with one of the pins of each of the set of regions
of the simulated BOC core of the nuclear reactor. In this regard, the initial set of fuel design
parameter values may be generated at the “pin-level” (i.e., each region includes a single pin) of

the simulated reactor core using pin-level inputs for the one or more design variables.

[00320] FIG. 48 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 48 illustrates example embodiments where the calculating operation 2750 may include
at least one additional operation. Additional operations may include an operation 4802 and/or

4804.

[00321] The operation 4802 illustrates calculating a power density distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values associated with the set
of regions located at the initial set of positions of the simulated BOC core. For example, as shown
in FIGS. 1A through 2D, using the generated initial set of fuel design parameter values
corresponding to the regions 122 located at the initial positions of the simulated BOC core 120,
the one or more processors 106 of controller 102 may calculate a power density distribution for

the simulated BOC core 120.

[00322] In another embodiment, 4804 illustrates calculating a rate of change of a power density
distribution of the simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions of the simulated BOC
core. For example, as shown in FIGS. 1A through 2D, using the generated initial set of fuel design
parameter values corresponding to the regions 122 located at the initial positions of the simulated
BOC core 120, the one or more processors 106 of controller 102 may calculate a rate-of-change

of power density distribution for the simulated BOC core 120.

[00323] FIG. 49 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 49 illustrates example embodiments where the calculating operation 2750 may include
at least one additional operation. Additional operations may include an operation 4902 and/or

4904.
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[00324] The operation 4902 illustrates calculating a reactivity distribution of the simulated BOC
core utilizing the generated initial set of fuel design parameter values associated with the set of
regions located at the initial set of positions of the simulated BOC core. For example, as shown in
FIGS. 1A through 2D, using the generated initial set of fuel design parameter values corresponding
to the regions 122 located at the initial positions of the simulated BOC core 120, the one or more
processors 106 of controller 102 may calculate a reactivity distribution for the simulated BOC core

120.

[00325] In another embodiment, operation 4904 illustrates calculating a rate of change of a power
density distribution of the simulated BOC core utilizing the generated initial set of fuel design
parameter values associated with the set of regions located at the initial set of positions of the
simulated BOC core. For example, as shown in FIGS. 1A through 2D, using the generated initial
set of fuel design parameter values corresponding to the regions 122 located at the initial positions
of the simulated BOC core 120, the one or more processors 106 of controller 102 may calculate a

rate-of-change of reactivity distribution for the simulated BOC core 120.

[00326] FIG. 50 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 50 illustrates example embodiments where the generating operation 2760 may include

at least one additional operation. Additional operations may include an operation 5002.

[00327] The operation 5002 illustrates generating a loading distribution by performing at least
one perturbation process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core, the subsequent
set of positions defining the loading distribution for the simulated BOC core. For example, as
shown in FIGS. 1A through 2D, the one or more processors 106 of the controller 102 may generate
a loading distribution by performing at least one perturbation process on the set of regions 122 of
the simulated BOC core 120 in order to determine a subsequent set of positions for the set of
regions within the simulated BOC core, the subsequent set of positions defining the loading
distribution for the simulated BOC core 120. For instance, the subsequent positions of regions
122 outputted from the perturbation process 170 may serve to define a loading distribution (i.e.,
spatial distribution of fertile and non-fertile components of nuclear fuel in reactor core) for the

simulated BOC core 120.
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[00328] FIG. 51 illustrates alternative embodiments of the example operational flow 2700 of FIG.
27A. FIG. 51 illustrates example embodiments where the generating operation 2760 may include

at least one additional operation. Additional operations may include an operation 5102.

[00329] The operation 2502 illustrates generating a loading distribution by performing at least
one perturbation process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core, wherein the
subsequent set of positions reduce a deviation metric between the at least one reactor core
distribution of the simulated BOC core and the received at least one reactor core parameter
distribution associated with a state of a core of a nuclear reactor below a selected tolerance level.
For example, as shown in FIGS. 1A through 2D, the one or more processors 106 of the controller
102 may generate a loading distribution by performing at least one perturbation process on the set
of regions 122 of the simulated BOC core 120 in order to determine a subsequent set of positions
for the set of regions 122 within the simulated BOC core 120. Further, the subsequent set of
positions may serve to reduce a deviation metric between the at least one reactor core distribution
of the simulated BOC core and the received at least one reactor core parameter distribution
associated with a state of a core of a nuclear reactor below a selected tolerance level. For instance,
as shown in FIG. 1P, the perturbation procedure 170 may iteratively vary the positions of the
regions 122 within the simulated core 120 until a deviation metric (e.g., difference, spatially
averaged difference, maximum difference, minimum difference, aggregated global deviation
metric and the like) between the one or more calculated reactor core distributions of the simulated
BOC core and the received one or more reactor core parameter distributions associated with a state

of a core of a reference nuclear reactor is reduced below a selected tolerance level.

[00330] FIG. 52A illustrates alternative embodiments of the example operational flow 2700 of
FIG. 27A. FIG. 52A illustrates example embodiments where the arranging operation 2770 may
include at least one additional operation. Additional operations may include an operation 5202

and/or 5204.

[00331] The operation 5202 illustrates, responsive to the loading distribution determination,
arranging at least one fuel assembly of the core of the nuclear reactor according to the subsequent
set of simulated positions of the set of regions of the simulated BOC nuclear reactor core. For
example, as shown in FIGS. 1A through 2D, upon determining the loading distribution of the

simulated BOC core 120, one or more processors 106 of the controller 102 may direct the fuel
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handler 204 to arrange one or more fuel assemblies 208 of the reactor core 202 of reactor 101 in
accordance with the subsequent set of simulated positions of the set of regions 122 of the simulated
BOC nuclear reactor core 120. For instance, one or more processors 106 of the controller 102 may
transmit a command signal 207 indicative of the set of subsequent set of positions of the set of
regions of the simulated BOC nuclear reactor core 120 to the fuel handler controller 206. In turn,
the fuel handler controller 206 may transmit a command signal 209 encoded with instructions
necessary for the fuel handler 204 to arrange one or more fuel assemblies 208 of the reactor core
202 of reactor 101 in accordance with the subsequent set of positions of the set of regions 122 of

the simulated BOC nuclear reactor core 120.

[00332] In another embodiment, the operation 5204 illustrates, responsive to a user input,
arranging at least one fuel assembly of the core of the nuclear reactor according to the subsequent
set of simulated positions of the set of regions 122 of the simulated BOC nuclear reactor core 120.
For example, as shown in FIGS. 1A through 2D, in response to a signal from a user input device
118, one or more processors 106 of the controller 102 may direct the fuel handler 204 to arrange
one or more fuel assemblies 208 of the reactor core 202 of reactor 101 in accordance with the
subsequent set of simulated positions of the set of regions 122 of the simulated BOC nuclear
reactor core 120. TFor instance, upon receiving a command signal from a user input device 118
indicative of a user selection, one or more processors 106 of the controller 102 may transmit a
command signal 207 indicative of the subsequent set of simulated positions of the set of regions
122 of the simulated BOC nuclear reactor core 120 to the fuel handler controller 206. In turn, the
fuel handler controller 206 may transmit a command signal 209 encoded with instructions
necessary for the fuel handler 204 to arrange one or more fuel assemblies 208 of the reactor core
202 of reactor 101 in accordance with the subsequent set of simulated positions of the set of regions

122 of the simulated BOC nuclear reactor core 120.

[00333] FIG. 52B illustrates alternative embodiments of the example operational flow 2700 of
FIG. 27A. FIG. 52B illustrates example embodiments where the arranging operation 2770 may
include at least one additional operation. Additional operations may include an operation 5206

and/or 5208.

[00334] The operation 5206 illustrates arranging at least one fuel assembly of a core of a thermal
nuclear reactor according to the set of simulated positions of the set of regions of the simulated

BOC nuclear reactor core. For example, as shown in FIGS. 1A through 2D, one or more processors
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106 of the controller 102 may direct the fuel handler 204 to arrange one or more fuel assemblies
208 of the reactor core 202 of a thermal nuclear reactor in accordance with the subsequent set of
simulated positions of the set of regions 122 of the simulated BOC nuclear reactor core 120. For
instance, one or more processors 106 of the controller 102 may transmit a command signal 207
indicative of the subsequent set of simulated positions of the set of regions 122 of the simulated
BOC nuclear reactor core 120 to the fuel handler controller 206. In turn, the fuel handler controller
206 may transmit a command signal 209 encoded with instructions necessary for the fuel handler
204 to arrange one or more fuel assemblies 208 of the reactor core 202 of a thermal nuclear reactor
in accordance with the subsequent set of simulated positions of the set of regions 122 of the

simulated BOC nuclear reactor core 120.

[00335] The operation 5208 illustrates arranging at least one fuel assembly of a core of a fast
nuclear reactor according to the set of simulated positions of the set of regions of the simulated
BOC nuclear reactor core. For example, as shown in FIGS. 1A through 2D, one or more processors
106 of the controller 102 may direct the fuel handler 204 to arrange one or more fuel assemblies
208 of the reactor core 202 of a fast nuclear reactor in accordance with the subsequent set of
simulated positions of the set of regions 122 of the simulated BOC nuclear reactor core 120. For
instance, one or more processors 106 of the controller 102 may transmit a command signal 207
indicative of the subsequent set of simulated positions of the set of regions 122 of the simulated
BOC nuclear reactor core 120 to the fuel handler controller 206. In turn, the fuel handler controller
206 may transmit a command signal 209 encoded with instructions necessary for the fuel handler
204 to arrange one or more fuel assemblies 208 of the reactor core 202 of a fast nuclear reactor in
accordance with the subsequent set of simulated positions of the set of regions 122 of the simulated

BOC nuclear reactor core 120.

[00336] FIG. 52C illustrates alternative embodiments of the example operational flow 2700 of
FIG. 27A. TFIG. 52C illustrates example embodiments where the arranging operation 2770 may
include at least one additional operation. Additional operations may include an operation 5210

and/or 5212.

[00337] The operation 5210 illustrates arranging at least one fuel assembly of a core of a breed-
and-burn nuclear reactor according to the set of simulated positions of the set of regions of the
simulated BOC nuclear reactor core. For example, as shown in FIGS. 1A through 2D, one or more

processors 106 of the controller 102 may direct the fuel handler 204 to arrange one or more fuel

- 105 -



10

15

20

25

30

WO 2015/077406 PCT/US2014/066531

assemblies 208 of the reactor core 202 of a breed-and-burn nuclear reactor in accordance with the
subsequent set of simulated positions of the set of regions 122 of the simulated BOC nuclear
reactor core 120. For instance, one or more processors 106 of the controller 102 may transmit a
command signal 207 indicative of the subsequent set of simulated positions of the set of regions
122 of the simulated BOC nuclear reactor core 120 to the fuel handler controller 206. In turn, the
fuel handler controller 206 may transmit a command signal 209 encoded with instructions
necessary for the fuel handler 204 to arrange one or more fuel assemblies 208 of the reactor core
202 of a breed-and-burn nuclear reactor in accordance with the subsequent set of simulated

positions of the set of regions 122 of the simulated BOC nuclear reactor core 120.

[00338] In another embodiment, the operation 5212 illustrates arranging at least one fuel assembly
of a core of a traveling wave nuclear reactor according to the set of simulated positions of the set
of regions of the simulated BOC nuclear reactor core. For example, as shown in FIGS. 1A through
2D, one or more processors 106 of the controller 102 may direct the fuel handler 204 to arrange
one or more fuel assemblies 208 of the reactor core 202 of a traveling wave nuclear reactor in
accordance with the subsequent set of simulated positions of the set of regions 122 of the simulated
BOC nuclear reactor core 120. For instance, one or more processors 106 of the controller 102 may
transmit a command signal 207 indicative of the subsequent set of simulated positions of the set
of regions 122 of the simulated BOC nuclear reactor core 120 to the fuel handler controller 206.
In turn, the fuel handler controller 206 may transmit a command signal 209 encoded with
instructions necessary for the fuel handler 204 to arrange one or more fuel assemblies 208 of the
reactor core 202 of a traveling wave nuclear reactor in accordance with the subsequent set of

simulated positions of the set of regions 122 of the simulated BOC nuclear reactor core 120.

[00339] FIG. 52D illustrates alternative embodiments of the example operational flow 2700 of
FIG. 27A. FIG. 52D illustrates example embodiments where the arranging operation 2770 may

include at least one additional operation. Additional operations may include an operation 5214

and/or 5216.

[00340] The operation 5214 illustrates translating at least one fuel assembly of the core of the
nuclear reactor from an initial location to a subsequent location according to the subsequent set of
positions of the set of regions of the simulated BOC core. For example, as shown in FIGS. 1A
through 2D, one or more processors 106 of the controller 102 may direct the fuel handler 204 to

translate one or more fuel assemblies 208 of the core 202 of the nuclear reactor 101 from an initial
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location to a subsequent location according to the subsequent set of positions of the set of regions
122 of the simulated BOC nuclear reactor core 120. For instance, one or more processors 106 of
the controller 102 may direct the gripper 214 of fuel handler 204 to withdraw a selected fuel
assembly 212 and move the selected fuel assembly to a new location within the nuclear reactor
core 202 according to the subsequent set of simulated positions of the set of regions 122 of the

simulated BOC nuclear reactor core 120.

[00341] In another embodiment, the operation 5216 illustrates replacing at least one fuel assembly
of the core of the nuclear reactor according to the subsequent set of simulated positions of the set
of regions of the simulated BOC core. For example, as shown in FIGS. 1A through 2D, one or
more processors 106 of the controller 102 may direct the fuel handler 204 to replace one or more
fuel assemblies 208 of the core 202 of the nuclear reactor 101 according to the subsequent set of
positions of the set of regions 122 of the simulated BOC nuclear reactor core. 120. For instance,
one or more processors 106 of the controller 102 may direct the gripper 214 of fuel handler 204 to
withdraw a selected fuel assembly 212 and move the selected fuel assembly to a storage location
outside of the reactor core 202. In turn, the one or more processors 106 may direct the gripper 214
(or an additional gripper) to insert a new fuel assembly into the reactor core 202 at the location of
the removed fuel assembly 212. It is noted herein that by repeating this process the system 200
may form (or re-assemble) the reactor core 202 in accordance with the set of simulated positions

of the set of regions of the simulated BOC nuclear reactor core.

[00342] FIG. 53 illustrates an operational flow 5300 representing example operations related to
arranging one or more fuel assemblies of a nuclear reactor core according to a generated nuclear
reactor core loading distribution. FIG. 53 illustrates an example embodiment where the example
operational flow 5300 of FIG. 53 may include at least one additional operation. Additional

operations may include reporting operations 5302, 5304 and/or 5306.

[00343] The operation 5302 illustrates reporting the subsequent set of positions of the set of
regions of the simulated BOC core. For example, as shown in FIGS. 1A through 2D, the one or
more processors 106 of controller 102 may report the subsequent set of positions of the set of
regions of the simulated BOC core to a destination. For instance, the one or more processors 106
of controller 102 may transmit one or more signals indicative of the subsequent set of positions of

the set of regions of the simulated BOC core to a destination.
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[00344] In another embodiment, the operation 5304 illustrates reporting the subsequent set of
positions of the set of regions of the simulated BOC core to a display. For example, as shown in
FIGS. 1A through 2D, the one or more processors 106 of controller 102 may report the subsequent
set of positions of the set of regions of the simulated BOC core 120 to a display (e.g., audio or
visual display). For instance, the one or more processors 106 of controller 102 may transmit one
or more signals indicative of the subsequent set of positions of the set of regions of the simulated

BOC core 120 to a display unit 116.

[00345] In another embodiment, the operation 5306 illustrates reporting the subsequent set of
positions of the set of regions of the simulated BOC core to a memory. For example, as shown in
FIGS. 1A through 2D, the one or more processors 106 of controller 102 may report the subsequent
set of positions of the set of regions of the simulated BOC core to a memory device. For instance,
the one or more processors 106 of controller 102 may transmit one or more signals indicative of
the subsequent set of positions of the set of regions of the simulated BOC core 120 to a memory

device 108.

[00346] FIG. 54 illustrates alternative embodiments of the example operational flow 5300 of FIG.
53. TIG. 54 illustrates example embodiments where the reporting operation 5302 may include at

least one additional operation. Additional operations may include an operation 5402.

[00347] The operation 5402 illustrates reporting the subsequent set of positions of the set of
regions of the simulated BOC core to a control system of the nuclear reactor. For example, as
shown in FIGS. 1A through 2D, the one or more processors 106 of controller 102 may report the
subsequent set of positions of the set of regions of the simulated BOC core 120 to a control system
180 of the nuclear reactor 101. For instance, the one or more processors 106 of controller 102 may
transmit one or more signals indicative of the subsequent set of positions of the set of regions of

the simulated BOC core 120 to a control system 180 of the nuclear reactor 101.

[00348] FIG. 55 illustrates an operational flow 5500 representing example operations related to
determining an operation compliance state of a core of a nuclear reactor. In FIG. 55 and in
following figures that include various examples of operational flows, discussion and explanation
may be provided with respect to the above-described examples of FIGS. 1A through 3D, and/or
with respect to other examples and contexts. However, it should be understood that the operational

flows may be executed in a number of other environments and contexts, and/or in modified
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versions of FIGS. 1A through 3D. Also, although the various operational flows are presented in
the sequence(s) illustrated, it should be understood that the various operations may be performed

in other orders than those which are illustrated, or may be performed concurrently.

[00349] After a start operation, the operational flow 5500 moves to an initial loading distribution
determining operation 5510. The determining operation 5510 depicts determining an initial
loading distribution of a core of a nuclear reactor utilizing a BOC simulation process to generate
a simulated BOC nuclear reactor core. For example, as shown in FIGS. 1A through 3D, one or
more processors 106 of the controller 102 are configured to determine an initial loading
distribution of a core of a nuclear reactor utilizing a BOC simulation process to generate a
simulated BOC nuclear reactor core 120. For instance, the one or more processors 106 of
controller 102 may implement a process, such as, but not limited to process 400 of the present

disclosure in order to generate a simulated BOC nuclear reactor core.

[00350] Then, arranging step operation 5520 depicts arranging at least one fuel assembly of the
core of the nuclear reactor according to a set of simulated positions of a set of regions of the
simulated BOC nuclear reactor core. For example, as shown in FIGS. 1A through 3D, one or more
processors 106 of the controller 102 may direct the fuel handler 204 of system 300 to arrange (e.g.,
translate or replace) one or more fuel assemblies 208 of reactor core 202 according to a set of

simulated positions of a set of regions of the simulated BOC nuclear reactor core 120.

[00351] Then, core operating operation 5530 depicts operating the core of the nuclear reactor for
a selected time interval. Por example, as shown FIGS. 1A through 3D, the nuclear reactor system
300 may operate the core 202 of nuclear reactor 101. Pollowing operation of the reactor core 202
for a selected time interval, the one or more processors 106 of the controller 102 may execute a

core measuring step.

[00352] Then, measured core parameter distribution generating operation 5540 depicts generating
a measured reactor core parameter distribution utilizing at least one measurement of at least one
reactor core parameter at one or more locations within the core of the nuclear reactor. For example,
as shown in FIGS. 1A through 3D, the system 300 may include a reactor core measurement system
302 configured to measure one or more reactor core parameters at one or more locations of the
nuclear reactor core 202. Then, based on the measurements from the reactor core measurement
system 302, the one or more processors 106 of the controller 102 may generate a measured reactor

core parameter distribution. For instance, based on the measurements from the reactor core
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measurement system 302, the one or more processors 106 of controller 102 may generate at least
one of a measured power density distribution, a measured power density rate-of-change

distribution, a measured reactivity distribution, a measured reactivity rate-of-change distribution.

[00353] Then, comparing operation 5550 depicts comparing the generated measured reactor core
parameter distribution to at least one reactor core parameter distribution of a simulated operated
nuclear reactor core. Por example, FIGS. 1A through 3D, the one or more processors 106 of
controller 102 may generate a simulated operated nuclear reactor core representative of an operated
state of the initial simulated nuclear reactor core 120. In turn, the one or more processors 106 of
the controller 102 may compare one or more generated measured reactor core parameter
distributions to one or more reactor core parameter distribution of the simulated operated nuclear

reactor core.

[00354] Then, operation compliance determining step 5560 depicts determining an operational
compliance state of the core of the nuclear reactor using the comparison between the generated
measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core. For example, FIGS. 1A through 3D,
the one or more processors 106 of the controller 102 determine an operational compliance state of
the core 202 of the nuclear reactor 101 based on the results of the comparison between the one or
more generated measured reactor core parameter distributions and the one or more reactor core

parameter distributions of the simulated operated nuclear reactor core.

[00355] FIG. 56 illustrates alternative embodiments of the example operational flow 5500 of FIG.
55. FIG. 56 illustrates example embodiments where the initial loading distribution determining
operation 5510 may include at least one additional operation. Additional operations may include

operation 5602 and/or 5604.

[00356] The operation 5602 illustrates determining an initial loading distribution of a core of a
nuclear reactor utilizing a BOC simulation process to generate a simulated BOC thermal nuclear
reactor core. For example, as shown in FIGS. 1A through 3D, one or more processors 106 of the
controller 102 are configured to determine an initial loading distribution of a core of a nuclear
utilizing a BOC simulation process to generate a simulated BOC thermal nuclear reactor core. For

instance, the one or more processors 106 of controller 102 may implement a process, such as, but
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not limited to process 400 of the present disclosure in order to generate a simulated BOC thermal

nuclear reactor core.

[00357] In another embodiment, the operation 5604 illustrates determining an initial loading
distribution of a core of a nuclear reactor utilizing a BOC simulation process to generate a
simulated BOC fast nuclear reactor core. For example, as shown in FIGS. 1A through 3D, one or
more processors 106 of the controller 102 are configured to determine an initial loading
distribution of a core of a nuclear utilizing a BOC simulation process to generate a simulated BOC
fast nuclear reactor core. For instance, the one or more processors 106 of controller 102 may
implement a process, such as, but not limited to process 400 of the present disclosure in order to

generate a simulated BOC fast nuclear reactor core.

[00358] FIG. 57 illustrates alternative embodiments of the example operational flow 5500 of FIG.
55. FIG. 57 illustrates example embodiments where the initial loading distribution determining
operation 5510 may include at least one additional operation. Additional operations may include

operation 5702 and/or 5704.

[00359] The operation 5702 illustrates determining an initial loading distribution of a core of a
nuclear reactor utilizing a BOC simulation process to generate a simulated BOC breed-and-burn
nuclear reactor core. For example, as shown in FIGS. 1A through 3D, one or more processors 106
of the controller 102 are configured to determine an initial loading distribution of a core of a
nuclear utilizing a BOC simulation process to generate a simulated BOC breed-and-burn nuclear
reactor core. For instance, the one or more processors 106 of controller 102 may implement a
process, such as, but not limited to process 400 of the present disclosure in order to generate a

simulated BOC breed-and-burn nuclear reactor core.

[00360] In another embodiment, the operation 5704 illustrates determining an initial loading
distribution of a core of a nuclear reactor utilizing a BOC simulation process to generate a
simulated BOC traveling wave nuclear reactor core. For example, as shown in FIGS. 1A through
3D, one or more processors 106 of the controller 102 are configured to determine an initial loading
distribution of a core of a nuclear utilizing a BOC simulation process to generate a simulated BOC
traveling wave nuclear reactor core. Por instance, the one or more processors 106 of controller
102 may implement a process, such as, but not limited to process 400 of the present disclosure in

order to generate a simulated BOC traveling wave nuclear reactor core.
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[00361] FIG. 58 illustrates alternative embodiments of the example operational flow 5500 of FIG.
55. FIG. 58 illustrates example embodiments where the initial loading distribution determining
operation 5510 may include at least one additional operation. Additional operations may include

operation 5802.

[00362] The operation 5802 illustrates determining an initial loading distribution of a nuclear
reactor utilizing a beginning of cycle (BOC) simulation process, the BOC simulation process
configured to determine a set of simulated positions of a set of regions within a simulated BOC
nuclear reactor core suitable for reducing a deviation metric between at least one reactor core
parameter distribution of the simulated BOC nuclear reactor core and a received at least one reactor
core parameter distribution associated with a state of a core of a reference nuclear reactor below a
selected tolerance level. For example, as shown in FIGS. 1A through 3D, one or more processors
106 of the controller 102 are configured to determine an initial loading distribution of a nuclear
reactor utilizing a beginning of cycle (BOC) simulation process, the BOC simulation process
configured to determine a set of simulated positions of a set of regions within a simulated BOC
nuclear reactor core suitable for reducing a deviation metric between at least one reactor core
parameter distribution of the simulated BOC nuclear reactor core and a received at least one reactor
core parameter distribution associated with a state of a core of a reference nuclear reactor below a

selected tolerance level.

[00363] FIG. 59A illustrates alternative embodiments of the example operational flow 5500 of
FIG. 55. FIG. 59A illustrates example embodiments where the arranging operation 5520 may
include at least one additional operation. Additional operations may include operation 5902 and/or

5904.

[00364] The operation 5902 illustrates, responsive to the initial loading distribution determination,
arranging at least one fuel assembly of the core of the nuclear reactor according to the set of
simulated positions of the set of regions of the simulated BOC nuclear reactor core. For example,
as shown in FIGS. 1A through 3D, upon determining the initial loading distribution of the
simulated BOC core (e.g., simulated core 120), one or more processors 106 of the controller 102
may direct the fuel handler 204 to arrange one or more fuel assemblies 208 of the reactor core 202
of reactor 101 in accordance with the set of simulated positions of the set of regions of the

simulated BOC nuclear reactor core. For instance, upon determining the initial loading distribution
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of the simulated BOC core, one or more processors 106 of the controller 102 may transmit a
command signal 207 (see FIG. 2A) indicative of the set of simulated positions of the set of regions
of the simulated BOC nuclear reactor core to the fuel handler controller 206. In turn, the fuel
handler controller 206 may transmit a command signal 209 encoded with instructions necessary
for the fuel handler 204 to arrange one or more fuel assemblies 208 of the reactor core 202 of
reactor 101 in accordance with the set of simulated positions of the set of regions of the simulated

BOC nuclear reactor core.

[00365] In another embodiment, the operation 5904 illustrates, responsive to a user input,
arranging at least one fuel assembly of the core of the nuclear reactor according to the set of
simulated positions of the set of regions of the simulated BOC nuclear reactor core. For example,
as shown in FIGS. 1A through 3D, in response to a signal from a user input device 118, one or
more processors 106 of the controller 102 may direct the fuel handler 204 to arrange one or more
fuel assemblies 208 of the reactor core 202 of reactor 101 in accordance with the set of simulated
positions of the set of regions of the simulated BOC nuclear reactor core. For instance, upon
receiving a command signal from a user input device 118 indicative of a user selection, one or
more processors 106 of the controller 102 may transmit a command signal 207 (see FIG. 2A)
indicative of the set of simulated positions of the set of regions of the simulated BOC nuclear
reactor core to the fuel handler controller 206. In turn, the fuel handler controller 206 may transmit
a command signal 209 encoded with instructions necessary for the fuel handler 204 to arrange one
or more fuel assemblies 208 of the reactor core 202 of reactor 101 in accordance with the set of

simulated positions of the set of regions of the simulated BOC nuclear reactor core.

[00366] FIG. 59B illustrates alternative embodiments of the example operational flow 5500 of
FIG. 55. FIG. 59B illustrates example embodiments where the arranging operation 5520 may
include at least one additional operation. Additional operations may include operation 5906 and/or

5908.

[00367] The operation 5906 illustrates arranging at least one fuel assembly of a core of a thermal
nuclear reactor according to the set of simulated positions of the set of regions of the simulated
BOC nuclear reactor core. For example, as shown in FIGS. 1A through 3D, one or more processors
106 of the controller 102 may direct the fuel handler 204 to arrange one or more fuel assemblies
208 of the reactor core 202 of a thermal nuclear reactor in accordance with the set of simulated

positions of the set of regions of the simulated BOC nuclear reactor core. For instance, one or
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more processors 106 of the controller 102 may transmit a command signal 207 indicative of the
set of simulated positions of the set of regions of the simulated BOC nuclear reactor core to the
fuel handler controller 206. In turn, the fuel handler controller 206 may transmit a command signal
209 encoded with instructions necessary for the fuel handler 204 to arrange one or more fuel
assemblies 208 of the reactor core 202 of a thermal nuclear reactor in accordance with the set of

simulated positions of the set of regions of the simulated BOC nuclear reactor core.

[00368] In another embodiment, the operation 5908 illustrates arranging at least one fuel assembly
of a core of a fast nuclear reactor according to the set of simulated positions of the set of regions
of the simulated BOC nuclear reactor core. For example, as shown in FIGS. 1A through 3D, one
or more processors 106 of the controller 102 may direct the fuel handler 204 to arrange one or
more fuel assemblies 208 of the reactor core 202 of a fast nuclear reactor in accordance with the
set of simulated positions of the set of regions of the simulated BOC nuclear reactor core. For
instance, one or more processors 106 of the controller 102 may transmit a command signal 207
indicative of the set of simulated positions of the set of regions of the simulated BOC nuclear
reactor core to the fuel handler controller 206. In turn, the fuel handler controller 206 may transmit
a command signal 209 encoded with instructions necessary for the fuel handler 204 to arrange one
or more fuel assemblies 208 of the reactor core 202 of a fast nuclear reactor in accordance with

the set of simulated positions of the set of regions of the simulated BOC nuclear reactor core.

[00369] FIG. 59C illustrates alternative embodiments of the example operational flow 5500 of
FIG. 55. FIG. 59C illustrates example embodiments where the arranging operation 5520 may
include at least one additional operation. Additional operations may include operation 5910 and/or

5912.

[00370] The operation 5910 illustrates arranging at least one fuel assembly of a core of a breed-
and-burn nuclear reactor according to the set of simulated positions of the set of regions of the
simulated BOC nuclear reactor core. For example, as shown in FIGS. 1A through 3D, one or more
processors 106 of the controller 102 may direct the fuel handler 204 to arrange one or more fuel
assemblies 208 of the reactor core 202 of a breed-and-burn nuclear reactor in accordance with the
set of simulated positions of the set of regions of the simulated BOC nuclear reactor core. For
instance, one or more processors 106 of the controller 102 may transmit a command signal 207
indicative of the set of simulated positions of the set of regions of the simulated BOC nuclear

reactor core to the fuel handler controller 206. In turn, the fuel handler controller 206 may transmit
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a command signal 209 encoded with instructions necessary for the fuel handler 204 to arrange one
or more fuel assemblies 208 of the reactor core 202 of a breed-and-burn nuclear reactor in
accordance with the set of simulated positions of the set of regions of the simulated BOC nuclear

reactor core.

[00371] In another embodiment, the operation 5912 illustrates arranging at least one fuel assembly
of a core of a traveling wave nuclear reactor according to the set of simulated positions of the set
of regions of the simulated BOC nuclear reactor core. For example, as shown in FIGS. 1A through
3D, one or more processors 106 of the controller 102 may direct the fuel handler 204 to arrange
one or more fuel assemblies 208 of the reactor core 202 of a traveling wave nuclear reactor in
accordance with the set of simulated positions of the set of regions of the simulated BOC nuclear
reactor core. For instance, one or more processors 106 of the controller 102 may transmit a
command signal 207 indicative of the set of simulated positions of the set of regions of the
simulated BOC nuclear reactor core to the fuel handler controller 206. In turn, the fuel handler
controller 206 may transmit a command signal 209 encoded with instructions necessary for the
fuel handler 204 to arrange one or more fuel assemblies 208 of the reactor core 202 of a traveling
wave nuclear reactor in accordance with the set of simulated positions of the set of regions of the

simulated BOC nuclear reactor core.

[00372] FIG. 59D illustrates alternative embodiments of the example operational flow 5500 of
FIG. 55. FIG. 59D illustrates example embodiments where the arranging operation 5520 may
include at least one additional operation. Additional operations may include operation 5914 and/or

5916.

[00373] The operation 5914 illustrates translating at least one fuel assembly of the core of the
nuclear reactor from an initial location to a subsequent location according to the set of simulated
positions of a set of regions of the simulated BOC nuclear reactor core. For example, as shown in
FIGS. 1A through 3D, one or more processors 106 of the controller 102 may direct the fuel handler
204 to translate one or more fuel assemblies 208 of the core 202 of the nuclear reactor 101 from
an initial location to a subsequent location according to the set of simulated positions of the set of
regions of the simulated BOC nuclear reactor core. For instance, one or more processors 106 of
the controller 102 may direct the gripper 214 of fuel handler 204 to withdraw a selected fuel

assembly 212 and move the selected fuel assembly to a new location within the nuclear reactor
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core 202 according to the set of simulated positions of the set of regions of the simulated BOC

nuclear reactor core.

[00374] In another embodiment, the operation 5916 illustrates replacing at least one fuel assembly
of the core of the nuclear reactor according to the set of simulated positions of a set of regions of
the simulated BOC nuclear reactor core. For example, as shown in FIGS. 1A through 3D, one or
more processors 106 of the controller 102 may direct the fuel handler 204 to replace one or more
fuel assemblies 208 of the core 202 of the nuclear reactor 101 according to the set of simulated
positions of a set of regions of the simulated BOC nuclear reactor core. For instance, one or more
processors 106 of the controller 102 may direct the gripper 214 of fuel handler 204 to withdraw a
selected fuel assembly 212 and move the selected fuel assembly to a storage location outside of
the reactor core 202. In turn, the one or more processors 106 may direct the gripper 214 (or an
additional gripper) to insert a new fuel assembly into the reactor core 202 at the location of the
removed fuel assembly 212. It is noted herein that by repeating this process the system 300 may
form (or re-assemble) the reactor core 202 in accordance with the set of simulated positions of the

set of regions of the simulated BOC nuclear reactor core.

[00375] FIG. 60 illustrates alternative embodiments of the example operational flow 5500 of FIG.
55. FIG. 60 illustrates example embodiments where the generating operation 5540 may include at

least one additional operation. Additional operations may include operation 6002.

[00376] The operation 6002 illustrates generating a measured reactor core parameter distribution
utilizing at least one measurement of at least one state variable at one or more locations within the
core of the nuclear reactor. For example, as shown in FIGS. 1A through 3D, the system 300 may
include a reactor core measurement system 302 configured to measure one or more state variable
(e.g., temperature, rate-of-change of temperature, pressure, rate-of-change of pressure, neutron
flux, rate-of-change of neutron flux and the like) values at one or more locations within the nuclear
reactor core 202. Then, based on the measurements from the reactor core measurement system
302, the one or more processors 106 of the controller 102 may generate a measured reactor core
parameter distribution. For instance, based on one or more measured values acquired by the
reactor core measurement system 302, the one or more processors 106 of controller 102 may
generate at least one of a measured power density distribution, a measured power density rate-of-
change distribution, a measured reactivity distribution and a measured reactivity rate-of-change

distribution.
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[00377] FIG. 61A illustrates alternative embodiments of the example operational flow 5500 of
FIG. 55. FIG. 61A illustrates example embodiments where the comparing operation 5550 may

include at least one additional operation. Additional operations may include operation 6102.

[00378] The operation 6102 illustrates comparing the generated measured reactor core parameter
distribution to at least one reactor core parameter distribution of a simulated operated nuclear
reactor core, the simulated operated nuclear reactor core generated utilizing at least the initial
loading distribution. For example, as shown in FIGS. 1A through 3D, the one or more processors
106 of controller 102 may generate a simulated operated core representative of an operational stat
of the initial simulated core 120, described previously herein. In this regard, the one or more
processors 106 may utilize the initial loading distribution of reactor core 202 as an input to the
model routine implemented to determine the time-evolved simulated operate core. It is recognized
herein that the initial loading distribution of reactor core 202 may correspond with the simulated
BOC core 120, as described previously herein. Then, the one or more processors 106 may compare
the generated measured reactor core parameter distribution to the one or more reactor core

parameter distributions of the simulated operated nuclear reactor core.

[00379] FIG. 61B illustrates alternative embodiments of the example operational flow 5500 of
FIG. 55. FIG. 61B illustrates example embodiments where the comparing operation 5550 may

include at least one additional operation. Additional operations may include operation 6104.

[00380] The operation 6104 illustrates calculating a deviation metric between the generated
measured reactor core parameter distribution and at least one reactor core parameter distribution
of a simulated operated nuclear reactor core. For example, as shown in FIGS. 1A through 3D, the
one or more processors 106 of controller 102 may calculate a deviation metric between the
generated measured reactor core parameter distribution and the one or more reactor core parameter
distributions of the simulated operated nuclear reactor core. FPurther, the deviation metric may
include, but is not limited to, a difference (e.g., difference at a common position), a relative
difference, a ratio, an averaged difference (e.g., spatially averaged difference), maximum
difference (e.g., maximum difference between any two or more common positions), minimum
difference (e.g., minimum difference between two or more common positions), aggregated

deviation (e.g., global deviation metric) or any other deviation metric known in the art.
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[00381] FIG. 62 illustrates alternative embodiments of the example operational flow 5500 of FIG.
55. FIG. 62 illustrates example embodiments where the comparing operation 5550 may include

at least one additional operation. Additional operations may include operation 6202 and/or 6204.

[00382] The operation 6202 illustrates comparing the generated measured reactor core power
density distribution to at least one reactor core power density distribution of a simulated operated
nuclear reactor core. F'or example, as shown in FIGS. 1A through 3D, the one or more processors
106 of controller 102 may generate a power density distribution for a simulated operated core
representative of a time-lapsed operational state of the initial simulated core 120, described
previously herein. Then, the one or more processors 106 may compare the generated measured
reactor core power density distribution to the one or more reactor core power density distributions

of the simulated operated nuclear reactor core.

[00383] In another embodiment, the operation 6204 illustrates comparing the generated measured
reactor core power density rate-of-change distribution to at least one reactor core power density
rate-of-change distribution of a simulated operated nuclear reactor core. For example, as shown in
FIGS. 1A through 3D, the one or more processors 106 of controller 102 may generate a power
density rate-of-change distribution for a simulated operated core representative of a time-lapsed
operational state of the initial simulated core 120. Then, the one or more processors 106 may
compare the generated measured reactor core power density rate-of-change distribution to the one
or more reactor core power density rate-of-change distributions of the simulated operated nuclear

reactor core.

[00384] FIG. 63 illustrates alternative embodiments of the example operational flow 5500 of FIG.
55. FIG. 63 illustrates example embodiments where the comparing operation 5550 may include

at least one additional operation. Additional operations may include operation 6302 and/or 6304.

[00385] The operation 6302 illustrates comparing the generated measured reactor core reactivity
distribution to at least one reactor core reactivity distribution of a simulated operated nuclear
reactor core. For example, as shown in FIGS. 1A through 3D, the one or more processors 106 of
controller 102 may generate a reactivity distribution for a simulated operated core representative

of a time-lapsed operational state of the initial simulated core 120. Then, the one or more
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processors 106 may compare the generated measured reactor core reactivity distribution to the one

or more reactor core reactivity distributions of the simulated operated nuclear reactor core.

[00386] In another embodiment, the operation 6304 illustrates comparing the generated measured
reactor core reactivity rate-of-change distribution to at least one reactor core reactivity rate-of-
change distribution of a simulated operated nuclear reactor core. For example, as shown in FIGS.
1A through 3D, the one or more processors 106 of controller 102 may generate a reactivity rate-
of-change distribution for a simulated operated core representative of a time-lapsed operational
state of the initial simulated core 120. Then, the one or more processors 106 may compare the
generated measured reactor core reactivity rate-of-change distribution to the one or more reactor

core reactivity rate-of-change distributions of the simulated operated nuclear reactor core.

[00387] FIG. 64 illustrates alternative embodiments of the example operational flow 5500 of FIG.
55. FIG. 64 illustrates example embodiments where the operational compliance determining
operation 5560 may include at least one additional operation. Additional operations may include

operation 6402.

[00388] The operation 6402 illustrates determining an operational compliance state using the
comparison between the generated measured reactor core parameter distribution and the at least
one reactor core parameter distribution of the simulated operated nuclear reactor core, wherein a
deviation metric between the generated measured reactor core parameter distribution and the at
least one reactor core parameter distribution of the simulated operated nuclear reactor core below
a selected tolerance level corresponds to an in-compliance state. For example, the one or more
processors 106 of controller 102 may determine whether a deviation metric calculated between the
generated measured reactor core parameter distribution and the one or more reactor core parameter
distributions of the simulated operated nuclear reactor core corresponds to an in-compliance state.
For instance, a determination that the deviation metric is at or below the selected tolerance level

may correspond with an in-compliance state for the nuclear reactor core 202.

[00389] FIG. 65 illustrates alternative embodiments of the example operational flow 5500 of FIG.
55. FIG. 65 illustrates example embodiments where the operational compliance determining
operation 5560 may include at least one additional operation. Additional operations may include

operation 6502.
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[00390] The operation 6502 illustrates determining an operational compliance state using the
comparison between the generated measured reactor core parameter distribution and the at least
one reactor core parameter distribution of the simulated operated nuclear reactor core, wherein a
deviation metric between the generated measured reactor core parameter distribution and the at
least one reactor core parameter distribution of the simulated operated nuclear reactor core above
a selected tolerance level corresponds to an out-of-compliance state. For example, as shown in
FIGS. 1A-3D, the one or more processors 106 of controller 102 may determine whether a deviation
metric calculated between the generated measured reactor core parameter distribution and the one
or more reactor core parameter distributions of the simulated operated nuclear reactor core
corresponds to an out-of-compliance state. For instance, a determination that the deviation metric
above the selected tolerance level may correspond with an out-of-compliance state for the nuclear

reactor core 202.

[00391] FIG. 66 illustrates an operational flow 6600 representing example operations related to
determining an operation compliance state of a core of a nuclear reactor. FIG. 66 illustrates an
example embodiment where the example operational flow 6600 of FIG. 66 may include at least
one additional operation. Additional operations may include an additional loading distribution

determining step 6602.

[00392] The operation 6602 illustrates, responsive to a determination of an out-of-compliance
state, determining an additional loading distribution of the core of the nuclear reactor utilizing an
additional simulation process, the additional simulation process configured to determine a set of
simulated positions of a set of regions within an additional simulated core suitable for reducing
the deviation metric between at least one reactor core parameter distribution of the additional
simulated core and the received at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor below a selected tolerance level. For example, as
shown in FIGS. 1A-3D, the one or more processors 106 of controller 102 may determine an
additional loading distribution of the core 202 via an additional core simulation process configured
to determine a set of simulated positions of a set of regions within an additional simulated core
suitable for reducing the deviation metric between one or more reactor core parameter distributions
of the additional simulated core and the received one or more reactor core parameter distributions
associated with a state (e.g., equilibrium state) of a core of a reference nuclear reactor below a

selected tolerance level.
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[00393] FIG. 67 illustrates an operational flow 6700 representing example operations related to
determining an operation compliance state of a core of a nuclear reactor. FIG. 67 illustrates an
example embodiment where the example operational flow 6700 of FIG. 67 may include at least

one additional operation. Additional operations may include an arranging step 6702.

[00394] The operation 6702 illustrates, responsive to the additional loading distribution
determination, arranging at least one fuel assembly of the core of the core of the nuclear reactor
according to the set of simulated positions of the set of regions of the simulated additional core.
For example, as shown in FIGS. 1A through 3D, upon determining the additional loading
distribution of the additional simulated core, one or more processors 106 of the controller 102 may
direct the fuel handler 204 to arrange one or more fuel assemblies 208 of the reactor core 202 of
reactor 101 in accordance with the set of simulated positions of the set of regions of the additional
simulated core of a nuclear reactor core. For instance, upon determining the initial additional
distribution of the additional simulated core, one or more processors 106 of the controller 102 may
transmit a command signal 307 (see FIG. 3A) indicative of the set of simulated positions of the
set of regions of additional simulated core of a nuclear reactor to the fuel handler controller 206.
In turn, the fuel handler controller 206 may transmit a command signal 309 encoded with
instructions necessary for the fuel handler 204 to arrange one or more fuel assemblies 208 of the
reactor core 202 of reactor 101 in accordance with the set of simulated positions of the set of

regions of the additional simulated nuclear reactor core.

[00395] FIG. 68 illustrates an operational flow 6800 representing example operations related to
determining an operation compliance state of a core of a nuclear reactor. FIG. 68 illustrates an
example embodiment where the example operational flow 6800 of FIG. 68 may include at least
one additional operation. Additional operations may include reporting operations 6802, 6804,

6806 and/or 6808.

[00396] The operation 6802 illustrates reporting the operation compliance state of the core of the
nuclear reactor. For example, as shown in FIGS. 1A through 3D, the one or more processors 106
of controller 102 may report the operation compliance state of the core of the nuclear reactor to a
destination. For instance, the one or more processors 106 of controller 102 may transmit one or
more signals indicative of the operational compliance state of the core 202 of the nuclear reactor

101 to a destination.
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[00397] In another embodiment, the operation 6804 illustrates reporting the operation compliance
state of the core of the nuclear reactor of the core of the nuclear reactor to a display. For example,
as shown in FIGS. 1A through 3D, the one or more processors 106 of controller 102 may report
the operation compliance state of the core of the nuclear reactor to a display (e.g., audio or visual
display). For instance, the one or more processors 106 of controller 102 may transmit one or more
signals indicative of the operational compliance state of the core 202 of the nuclear reactor 101 to

a display unit 116.

[00398] In another embodiment, the operation 6806 illustrates reporting the operation compliance
state of the core of the nuclear reactor of the core of the nuclear reactor to a memory. For example,
as shown in FIGS. 1A through 3D, the one or more processors 106 of controller 102 may report
the operation compliance state of the core of the nuclear reactor to a memory device. Por instance,
the one or more processors 106 of controller 102 may transmit one or more signals indicative of
the operational compliance state of the core 202 of the nuclear reactor 101 to a memory device

108.

[00399] In another embodiment, the operation 6806 illustrates reporting the operation compliance
state of the core of the nuclear reactor to a control system of the nuclear reactor. For example, as
shown in FIGS. 1A through 3D, the one or more processors 106 of controller 102 may report the
operation compliance state of the core of the nuclear reactor to control system 180 of the nuclear
reactor 101. For instance, the one or more processors 106 of controller 102 may transmit one or
more signals indicative of the operational compliance state of the core 202 of the nuclear reactor

101 to control system 180 of the nuclear reactor 101.

[00400] Those having skill in the art will recognize that the state of the art has progressed to the
point where there is little distinction left between hardware, software, and/or firmware
implementations of aspects of systems; the use of hardware, software, and/or firmware is generally
(but not always, in that in certain contexts the choice between hardware and software can become
significant) a design choice representing cost vs. efficiency tradeoffs. Those having skill in the art
will appreciate that there are various vehicles by which processes and/or systems and/or other
technologies described herein can be effected (e.g., hardware, software, and/or firmware), and that
the preferred vehicle will vary with the context in which the processes and/or systems and/or other
technologies are deployed. For example, if an implementer determines that speed and accuracy are

paramount, the implementer may opt for a mainly hardware and/or firmware vehicle; alternatively,
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if flexibility is paramount, the implementer may opt for a mainly software implementation; or, yet
again alternatively, the implementer may opt for some combination of hardware, software, and/or
firmware. Hence, there are several possible vehicles by which the processes and/or devices and/or
other technologies described herein may be effected, none of which is inherently superior to the
other in that any vehicle to be utilized is a choice dependent upon the context in which the vehicle
will be deployed and the specific concerns (e.g., speed, flexibility, or predictability) of the
implementer, any of which may vary. Those skilled in the art will recognize that optical aspects of

implementations will typically employ optically-oriented hardware, software, and or firmware.

[00401] In some implementations described herein, logic and similar implementations may
include software or other control structures. Electronic circuitry, for example, may have one or
more paths of electrical current constructed and arranged to implement various functions as
described herein. In some implementations, one or more media may be configured to bear a device-
detectable implementation when such media hold or transmit device-detectable instructions
operable to perform as described herein. In some variants, for example, implementations may
include an update or modification of existing software or firmware, or of gate arrays or
programmable hardware, such as by performing a reception of or a transmission of one or more
instructions in relation to one or more operations described herein. Alternatively or additionally,
in some variants, an implementation may include special-purpose hardware, software, firmware
components, and/or general-purpose components executing or otherwise invoking special-purpose
components. Specifications or other implementations may be transmitted by one or more instances
of tangible transmission media as described herein, optionally by packet transmission or otherwise

by passing through distributed media at various times.

[00402] Alternatively or additionally, implementations may include executing a special-purpose
instruction sequence or invoking circuitry for enabling, triggering, coordinating, requesting, or
otherwise causing one or more occurrences of virtually any functional operations described herein.
In some variants, operational or other logical descriptions herein may be expressed as source code
and compiled or otherwise invoked as an executable instruction sequence. In some contexts, for
example, implementations may be provided, in whole or in part, by source code, such as C++, or
other code sequences. In other implementations, source or other code implementation, using
commercially  available and/or techniques in the art, may be compiled/
/implemented/translated/converted into a high-level descriptor language (e.g., initially

implementing described technologies in C or C++ programming language and thereafter
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converting the programming language implementation into a logic-synthesizable language
implementation, a hardware description language implementation, a hardware design simulation
implementation, and/or other such similar mode(s) of expression). For example, some or all of a
logical expression (e.g., computer programming language implementation) may be manifested as
a Verilog-type hardware description (e.g., via Hardware Description Language (HDL) and/or Very
High Speed Integrated Circuit Hardware Descriptor Language (VHDL)) or other circuitry model
which may then be used to create a physical implementation having hardware (e.g., an Application
Specific Integrated Circuit). Those skilled in the art will recognize how to obtain, configure, and
optimize suitable transmission or computational elements, material supplies, actuators, or other

structures in light of these teachings.

[00403] The foregoing detailed description has set forth various embodiments of the devices
and/or processes via the use of block diagrams, flowcharts, and/or examples. Insofar as such block
diagrams, flowcharts, and/or examples contain one or more functions and/or operations, it will be
understood by those within the art that each function and/or operation within such block diagrams,
flowcharts, or examples can be implemented, individually and/or collectively, by a wide range of
hardware, software, firmware, or virtually any combination thereof. In one embodiment, several
portions of the subject matter described herein may be implemented via Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs), digital signal processors
(DSPs), or other integrated formats. However, those skilled in the art will recognize that some
aspects of the embodiments disclosed herein, in whole or in part, can be equivalently implemented
in integrated circuits, as one or more computer programs running on one or more computers (e.g.,
as one Or more programs running on one or more computer systems), as one or more programs
running on one Or more processors (e.g., as one Or more programs running on one Or more
microprocessors), as firmware, or as virtually any combination thereof, and that designing the
circuitry and/or writing the code for the software and or firmware would be well within the skill
of one of skill in the art in light of this disclosure. In addition, those skilled in the art will appreciate
that the mechanisms of the subject matter described herein are capable of being distributed as a
program product in a variety of forms, and that an illustrative embodiment of the subject matter
described herein applies regardless of the particular type of signal bearing medium used to actually
carry out the distribution. Examples of a signal bearing medium include, but are not limited to, the
following: a recordable type medium such as a floppy disk, a hard disk drive, a Compact Disc
(CD), a Digital Video Disk (DVD), a digital tape, a computer memory, etc.; and a transmission

type medium such as a digital and/or an analog communication medium (e.g., a fiber optic cable,
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a waveguide, a wired communications link, a wireless communication link (e.g., transmitter,

receiver, transmission logic, reception logic, etc.), etc.).

[00404] In a general sense, those skilled in the art will recognize that the various embodiments
described herein can be implemented, individually and/or collectively, by various types of electro-
mechanical systems having a wide range of electrical components such as hardware, software,
firmware, and/or virtually any combination thereof; and a wide range of components that may
impart mechanical force or motion such as rigid bodies, spring or torsional bodies, hydraulics,
electro-magnetically actuated devices, and/or virtually any combination thereof. Consequently, as
used herein "electro-mechanical system" includes, but is not limited to, electrical circuitry
operably coupled with a transducer (e.g., an actuator, a motor, a piezoelectric crystal, a Micro
Electro Mechanical System (MEMS), etc.), electrical circuitry having at least one discrete
electrical circuit, electrical circuitry having at least one integrated circuit, electrical circuitry
having at least one application specific integrated circuit, electrical circuitry forming a general
purpose computing device configured by a computer program (e.g., a general purpose computer
configured by a computer program which at least partially carries out processes and/or devices
described herein, or a microprocessor configured by a computer program which at least partially
carries out processes and/or devices described herein), electrical circuitry forming a memory
device (e.g., forms of memory (e.g., random access, flash, read only, etc.)), electrical circuitry
forming a communications device (e.g., a modem, communications switch, optical-electrical
equipment, etc.), and/or any non-electrical analog thereto, such as optical or other analogs. Those
skilled in the art will also appreciate that examples of electro-mechanical systems include but are
not limited to a variety of consumer electronics systems, medical devices, as well as other systems
such as motorized transport systems, factory automation systems, security systems, and/or
communication/computing systems. Those skilled in the art will recognize that electro-mechanical
as used herein is not necessarily limited to a system that has both electrical and mechanical

actuation except as context may dictate otherwise.

[00405] In a general sense, those skilled in the art will recognize that the various aspects described
herein which can be implemented, individually and/or collectively, by a wide range of hardware,
software, firmware, and/or any combination thereof can be viewed as being composed of various
types of "electrical circuitry." Consequently, as used herein "electrical circuitry” includes, but is
not limited to, electrical circuitry having at least one discrete electrical circuit, electrical circuitry

having at least one integrated circuit, electrical circuitry having at least one application specific
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integrated circuit, electrical circuitry forming a general purpose computing device configured by
a computer program (e.g., a general purpose computer configured by a computer program which
at least partially carries out processes and/or devices described herein, or a microprocessor
configured by a computer program which at least partially carries out processes and/or devices
described herein), electrical circuitry forming a memory device (e.g., forms of memory (e.g.,
random access, flash, read only, etc.)), and/or electrical circuitry forming a communications device
(e.g., a modem, communications switch, optical-electrical equipment, etc.). Those having skill in
the art will recognize that the subject matter described herein may be implemented in an analog or

digital fashion or some combination thereof.

[00406] Those skilled in the art will recognize that at least a portion of the devices and/or
processes described herein can be integrated into a data processing system. Those having skill in
the art will recognize that a data processing system generally includes one or more of a system
unit housing, a video display device, memory such as volatile or non-volatile memory, processors
such as microprocessors or digital signal processors, computational entities such as operating
systems, drivers, graphical user interfaces, and applications programs, one or more interaction
devices (e.g., a touch pad, a touch screen, an antenna, etc.), and/or control systems including
feedback loops and control motors (e.g., feedback for sensing position and/or velocity; control
motors for moving and/or adjusting components and/or quantities). A data processing system may
be implemented utilizing suitable commercially available components, such as those typically

found in data computing/communication and/or network computing/communication systems.

[00407] One skilled in the art will recognize that the herein described components (e.g.,
operations), devices, objects, and the discussion accompanying them are used as examples for the
sake of conceptual clarity and that various configuration meodifications are contemplated.
Consequently, as used herein, the specific exemplars set forth and the accompanying discussion
are intended to be representative of their more general classes. In general, use of any specific
exemplar is intended to be representative of its class, and the non-inclusion of specific components

(e.g., operations), devices, and objects should not be taken limiting.

[00408] Although a user is shown/described herein as a single illustrated figure, those skilled in
the art will appreciate that the user may be representative of a human user, a robotic user (e.g.,
computational entity), and/or substantially any combination thereof (e.g., a user may be assisted

by one or more robotic agents) unless context dictates otherwise. Those skilled in the art will
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appreciate that, in general, the same may be said of “sender’” and/or other entity-oriented terms as

such terms are used herein unless context dictates otherwise.

[00409] With respect to the use of substantially any plural and/or singular terms herein, those
having skill in the art can translate from the plural to the singular and/or from the singular to the
plural as is appropriate to the context and/or application. The various singular/plural permutations

are not expressly set forth herein for sake of clarity.

[00410] The herein described subject matter sometimes illustrates different components contained
within, or connected with, different other components. It is to be understood that such depicted
architectures are merely exemplary, and that in fact many other architectures may be implemented
which achieve the same functionality. In a conceptual sense, any arrangement of components to
achieve the same functionality is effectively "associated" such that the desired functionality is
achieved. Hence, any two components herein combined to achieve a particular functionality can
be seen as "associated with" each other such that the desired functionality is achieved, irrespective
of architectures or intermedial components. Likewise, any two components so associated can also
be viewed as being "operably connected", or "operably coupled,”" to each other to achieve the
desired functionality, and any two components capable of being so associated can also be viewed
as being "operably couplable,” to each other to achieve the desired functionality. Specific examples
of operably couplable include but are not limited to physically mateable and/or physically
interacting components, and/or wirelessly interactable, and/or wirelessly interacting components,

and/or logically interacting, and/or logically interactable components.

[00411] In some instances, one or more components may be referred to herein as “configured to,”

kX

“configurable to, “operable/operative to,” “adapted/adaptable,” “able to,”
“conformable/conformed to,” etc. Those skilled in the art will recognize that such terms (e.g.,
“configured t0”) can generally encompass active-state components and/or inactive-state

components and/or standby-state components, unless context requires otherwise.

[00412] While particular aspects of the present subject matter described herein have been shown
and described, it will be apparent to those skilled in the art that, based upon the teachings herein,
changes and modifications may be made without departing from the subject matter described
herein and its broader aspects and, therefore, the appended claims are to encompass within their

scope all such changes and modifications as are within the true spirit and scope of the subject
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matter described herein. It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims (e.g., bodies of the appended claims) are generally
intended as “open” terms (e.g., the term “including” should be interpreted as “including but not
limited to,” the term “having” should be interpreted as “having at least,” the term “includes” should
be interpreted as “includes but is not limited to,” etc.). It will be further understood by those within
the art that if a specific number of an introduced claim recitation is intended, such an intent will
be explicitly recited in the claim, and in the absence of such recitation no such intent is present.
For example, as an aid to understanding, the following appended claims may contain usage of the
introductory phrases "at least one" and "one or more" to introduce claim recitations. However, the
use of such phrases should not be construed to imply that the introduction of a claim recitation by
the indefinite articles "a" or "an" limits any particular claim containing such introduced claim
recitation to claims containing only one such recitation, even when the same claim includes the
introductory phrases "one or more" or "at least one" and indefinite articles such as "a" or "an" (e.g.,
“a” and/or “an” should typically be interpreted to mean “at least one” or “one or more”); the same
holds true for the use of definite articles used to introduce claim recitations. In addition, even if a
specific number of an introduced claim recitation is explicitly recited, those skilled in the art will
recognize that such recitation should typically be interpreted to mean at least the recited number
(e.g., the bare recitation of "two recitations," without other modifiers, typically means at least two
recitations, or two or more recitations). Furthermore, in those instances where a convention
analogous to “at least one of A, B, and C, etc.” is used, in general such a construction is intended
in the sense one having skill in the art would understand the convention (e.g., ““ a system having at
least one of A, B, and C” would include but not be limited to systems that have A alone, B alone,
C alone, A and B together, A and C together, B and C together, and/or A, B, and C together, etc.).
In those instances where a convention analogous to “at least one of A, B, or C, etc.” is used, in
general such a construction is intended in the sense one having skill in the art would understand
the convention (e.g., ““ a system having at least one of A, B, or C” would include but not be limited
to systems that have A alone, B alone, C alone, A and B together, A and C together, B and C
together, and/or A, B, and C together, etc.). It will be further understood by those within the art
that typically a disjunctive word and/or phrase presenting two or more alternative terms, whether
in the description, claims, or drawings, should be understood to contemplate the possibilities of
including one of the terms, either of the terms, or both terms unless context dictates otherwise. For
example, the phrase “A or B” will be typically understood to include the possibilities of “A” or

“B” or “A and B.
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[00413] With respect to the appended claims, those skilled in the art will appreciate that recited
operations therein may generally be performed in any order. Also, although various operational
flows are presented in a sequence(s), it should be understood that the various operations may be
performed in other orders than those which are illustrated, or may be performed concurrently.
Examples of such alternate orderings may include overlapping, interleaved, interrupted, reordered,
incremental, preparatory, supplemental, simultaneous, reverse, or other variant orderings, unless

E NI

context dictates otherwise. Furthermore, terms like “responsive to,” “related to,” or other past-
tense adjectives are generally not intended to exclude such variants, unless context dictates

otherwise.

[00414]  Aspects of the subject matter described herein are set out in the following numbered

clauses:

[00415] 1. A computer-implemented method comprising:

receiving at least one reactor core parameter distribution associated with a state of a core
of a reference nuclear reactor;

generating an initial fuel loading distribution for a simulated beginning-of-cycle (BOC)
core of a nuclear reactor;

selecting an initial set of positions associated within a set of regions within the simulated
BOC core of the nuclear reactor;

generating an initial set of fuel design parameter values utilizing at least one design
variable of each of the set of regions;

calculating at least one reactor core parameter distribution of the simulated BOC core
utilizing the generated initial set of fuel design parameter values associated with the set of regions
located at the initial set of positions of the simulated BOC core; and

generating a loading distribution by performing at least one perturbation process on the
set of regions of the simulated BOC core in order to determine a subsequent set of positions for

the set of regions within the simulated BOC core.

[00416] 2. The method of clause 1, wherein the receiving at least one reactor core parameter
distribution associated with a state of a core of a reference nuclear reactor includes:
receiving at least one reactor core parameter distribution associated with an

equilibrium state of a core of a reference nuclear reactor.
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[00417] 3. The method of clause 1, wherein the receiving at least one reactor core parameter
distribution associated with a state of a core of a reference nuclear reactor includes:
receiving at least one reactor core parameter distribution associated with a state of a

core of a reference thermal nuclear reactor.

[00418] 4. The method of clause 1, wherein the receiving at least one reactor core parameter
distribution associated with a state of a core of a reference nuclear reactor includes:
receiving at least one reactor core parameter distribution associated with a state of a

core of a reference fast nuclear reactor.

[00419] 5. The method of clause 1, wherein the receiving at least one reactor core parameter
distribution associated with a state of a core of a reference nuclear reactor includes:
receiving at least one reactor core parameter distribution associated with a state of a

core of a reference breed-and-burn nuclear reactor.

[00420] 6. The method of clause 1, wherein the receiving at least one reactor core parameter
distribution associated with a state of a core of a reference nuclear reactor includes:
receiving at least one reactor core parameter distribution associated with a state of a

core of a reference traveling wave reactor.

[00421] 7. The method of clause 1, wherein the receiving at least one reactor core parameter
distribution associated with a state of a core of a reference nuclear reactor includes:
receiving at least one reactor core parameter distribution associated with a state of a

core of a reference nuclear reactor, the core including at least one fuel assembly.

[00422] 8. The method of clause 7, wherein the receiving at least one reactor core parameter
distribution associated with a state of a core of a reference nuclear reactor, the core including at
least one fuel assembly includes:

receiving at least one reactor core parameter distribution associated with a state of a
core of a reference nuclear reactor, the core including at least one fuel assembly including at

least one pin.

[00423] 9. The method of clause 1, wherein the receiving at least one reactor core parameter

distribution associated with a state of a core of a reference nuclear reactor includes:
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receiving a power density distribution associated with a state of a core of a reference

nuclear reactor.

[00424] 10. The method of clause 1, wherein the receiving at least one reactor core parameter
distribution associated with a state of a core of a reference nuclear reactor includes:
receiving a rate of change of a power density distribution associated with a state of a

core of a reference nuclear reactor.

[00425] 11. The method of clause 1, wherein the receiving at least one reactor core parameter
distribution associated with a state of a core of a reference nuclear reactor includes:
receiving a reactivity distribution associated with a state of a core of a reference

nuclear reactor.

[00426] 12. The method of clause 1, wherein the receiving at least one reactor core parameter
distribution associated with a state of a core of a reference nuclear reactor includes:
receiving a rate of change of a reactivity distribution associated with a state of a core of

a reference nuclear reactor.

[00427] 13. The method of clause 1, wherein the receiving at least one reactor core parameter
distribution associated with a state of a core of a reference nuclear reactor includes:
receiving at least one reactor core parameter distribution associated with a state of a

core of a reference nuclear reactor, the core including plutonium.

[00428] 14. The method of clause 1, wherein the generating an initial fuel loading distribution
for a simulated beginning-of-cycle (BOC) core of a nuclear reactor includes:

generating an initial fuel loading distribution for a simulated beginning-of-cycle
(BOC) core of a nuclear reactor, at least a portion of the BOC core including recycled nuclear

fuel.

[00429] 15. The method of clause 1, wherein the generating an initial fuel loading distribution
for a simulated beginning-of-cycle (BOC) core of a nuclear reactor includes:
generating an initial fuel loading distribution for a simulated beginning-of-cycle (BOC)

core of a nuclear reactor, at least a portion of the BOC core including unburned nuclear fuel.
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[00430] 16. The method of clause 1, wherein the generating an initial fuel loading distribution
for a simulated beginning-of-cycle (BOC) core of a nuclear reactor includes:
generating an initial fuel loading distribution for a simulated beginning-of-cycle (BOC)

core of a nuclear reactor, at least a portion of the BOC core including enriched nuclear fuel.

[00431] 17. The method of clause 16, wherein the generating an initial fuel loading
distribution for a simulated beginning-of-cycle (BOC) core of a nuclear reactor, at least a
portion of the BOC core including enriched nuclear fuel includes:

generating an initial fuel loading distribution for a simulated beginning-of-cycle (BOC)
core of a nuclear reactor, at least a portion of the BOC core including enriched uranium based

nuclear fuel.

[00432] 18. The method of clause 1, wherein the generating an initial fuel loading distribution
for a simulated beginning-of-cycle (BOC) core of a nuclear reactor includes:
generating an initial fuel loading distribution for a simulated beginning-of-cycle (BOC)

core of a nuclear reactor via at least one of user input and a controller.

[00433] 19. The method of clause 1, wherein the generating an initial fuel loading
distribution for a simulated beginning-of-cycle (BOC) core of a nuclear reactor includes:
generating an initial fuel loading distribution for a simulated beginning-of-life (BOL)

core of a nuclear reactor.

[00434] 20. The method of clause 1, wherein the generating an initial fuel loading distribution
for a simulated beginning-of-cycle (BOC) core of a nuclear reactor includes:
randomly generating an initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor.

[00435] 21. The method of clause 1, wherein the generating an initial fuel loading distribution
for a simulated beginning-of-cycle (BOC) core of a nuclear reactor includes:

generating an initial fuel loading distribution for a simulated beginning-of-cycle (BOC)
core of a nuclear reactor, the simulated beginning-of-cycle (BOC) core of the nuclear reactor

including a plurality of simulated fuel assemblies.
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[00436] 22. The method of clause 1, wherein the selecting an initial set of positions associated
with a set of regions within the simulated BOC core of the nuclear reactor includes:

selecting an initial set of positions associated with a set of regions within the simulated
BOC core of the nuclear reactor, each of the initial set of positions corresponding to one of the

set of regions.

[00437] 23. The method of clause [00436], wherein the selecting an initial set of positions
associated with a set of regions within the simulated BOC core of the nuclear reactor, each of
the initial set of positions corresponding to one of the set of regions includes:

selecting an initial set of positions associated with a set of regions within the simulated
BOC core of the nuclear reactor, each of the initial set of positions corresponding to one of the

set regions, each region encompassing at least one fuel assembly.

[00438] 24. The method of clause [00436], wherein the selecting an initial set of positions
associated with a set of regions within the simulated BOC core of the nuclear reactor, each of
the initial set of positions corresponding to one of the set of regions includes:

selecting an initial set of positions associated with a set of regions within the simulated
BOC core of the nuclear reactor, each of the initial set of positions corresponding to one of the
set of regions, each of the set of regions being a three dimensional region having a selected

volume.

[00439] 25. The method of clause [00436], wherein the selecting an initial set of positions
associated with a set of regions within the simulated BOC core of the nuclear reactor, each of
the initial set of positions corresponding to one of the set of regions includes:

selecting an initial set of positions associated with a set of regions within the simulated
BOC core of the nuclear reactor, each of the initial set of positions corresponding to one of the
set of regions, each of the set of regions being a three dimensional region having a selected

shape.
[00440] 26. The method of clause [00436], wherein the selecting an initial set of positions

associated with a set of regions within the simulated BOC core of the nuclear reactor, each of

the initial set of positions corresponding to one of the set of regions includes:
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selecting an initial set of positions associated with a set of regions within the simulated
BOC core of the nuclear reactor, each of the initial set of positions corresponding to one of the

set of regions, the set of regions including a selected number of regions.

[00441] 27. The method of clause 1, wherein the generating an initial set of fuel design
parameter values utilizing at least one design variable of each of the set of regions, includes:
generating an initial set of fuel design parameter values utilizing a thermodynamic

variable of each of the set of regions.

[00442] 28. The method of clause 1, wherein the generating an initial set of fuel design
parameter values utilizing at least one design variable of each of the set of regions includes:
generating an initial set of fuel design parameter values utilizing a neutronic parameter

of each of the set of regions.

[00443] 29. The method of clause 28, wherein the generating an initial set of fuel design
parameter values utilizing a neutronic parameter of each of the set of regions includes:
generating an initial set of fuel design parameter values utilizing a k-infinity value of

each of the set of regions.

[00444] 30. The method of clause 1, wherein the generating an initial set of fuel design
parameter values utilizing at least one design variable of each of the set of regions includes:
generating an initial set of enrichment values utilizing at least one design variable of

each of the set of regions.

[00445] 31. The method of clause 1, wherein the generating an initial set of fuel design

parameter values utilizing at least one design variable of each of the set of regions includes:
generating an initial set of pin dimension values associated with a set of pins of a fuel

assembly of the simulated BOC core of the nuclear reactor utilizing at least one design variable

of each of the set of regions.
[00446] 32. The method of clause 31, wherein the generating an initial set of pin dimension

values associated with a set of pins of a fuel assembly of the simulated BOC core of the nuclear

reactor utilizing at least one design variable of each of the set of regions includes:
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generating an initial set of pin configuration values associated with a set of pins of a
fuel assembly of the simulated BOC core of the nuclear reactor utilizing at least one design

variable of each of the set of regions.

[00447] 33. The method of clause 31, wherein the generating an initial set of pin dimension
values associated with a set of pins of a fuel assembly of the simulated BOC core of the nuclear
reactor utilizing at least one design variable of each of the set of regions includes:

generating an initial set of pin geometry values associated with a set of pins of a fuel
assembly of the simulated BOC core of the nuclear reactor utilizing at least one design variable

of each of the set of regions.

[00448] 34. The method of clause 31, wherein the generating an initial set of pin dimension
values associated with a set of pins of a fuel assembly of the simulated BOC core of the nuclear
reactor utilizing at least one design variable of each of the set of regions includes:

generating an initial set of pin composition values associated with a set of pins of a fuel
assembly of the simulated BOC core of the nuclear reactor utilizing at least one design variable

of each of the set of regions.

[00449] 35. The method of clause 1, wherein the generating an initial set of fuel design
parameter values utilizing at least one design variable of each of the set of regions includes:
generating an initial set of fuel design parameter values utilizing at least one design
variable of each of a set of pins of the set of regions, wherein each of the initial set of fuel design
parameter values is associated with one of the set of regions of the simulated BOC core of the

nuclear reactor.

[00450] 36. The method of clause [00449], wherein the generating an initial set of fuel design
parameter values utilizing at least one design variable of each of the set of regions, wherein each
of the initial set of fuel design parameter values is associated with one of the set of regions of the
simulated BOC core of the nuclear reactor includes:

generating an initial set of fuel design parameter values utilizing at least one design
variable of each of a set of pins of the set of regions, wherein each of the initial set of fuel design
parameter values is associated with one of the pins of each of the set of regions of the simulated

BOC core of the nuclear reactor.
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[00451] 37. The method of clause 1, wherein the calculating at least one reactor core
parameter distribution of the simulated BOC core utilizing the generated initial set of fuel design
parameter values associated with the set of regions located at the initial set of positions of the
simulated BOC core includes:

calculating a power density distribution of the simulated BOC core utilizing the
generated initial set of fuel design parameter values associated with the set of regions located at

the initial set of positions of the simulated BOC core.

[00452] 38. The method of clause 1, wherein the calculating at least one reactor core
parameter distribution of the simulated BOC core utilizing the generated initial set of fuel design
parameter values associated with the set of regions located at the initial set of positions of the
simulated BOC core includes:

calculating a rate of change of a power density distribution of the simulated BOC core
utilizing the generated initial set of fuel design parameter values associated with the set of

regions located at the initial set of positions of the simulated BOC core.

[00453] 39. The method of clause 1, wherein the calculating at least one reactor core
parameter distribution of the simulated BOC core utilizing the generated initial set of fuel design
parameter values associated with the set of regions located at the initial set of positions of the
simulated BOC core includes:

calculating a reactivity distribution of the simulated BOC core utilizing the generated
initial set of fuel design parameter values associated with the set of regions located at the initial

set of positions of the simulated BOC core.

[00454] 40. The method of clause 1, wherein the calculating at least one reactor core
parameter distribution of the simulated BOC core utilizing the generated initial set of fuel design
parameter values associated with the set of regions located at the initial set of positions of the
simulated BOC core includes:

calculating a rate of change of a reactivity distribution of the simulated BOC core
utilizing the generated initial set of fuel design parameter values associated with the set of

regions located at the initial set of positions of the simulated BOC core.

[00455] 41. The method of clause 1, wherein the generating a loading distribution by

performing at least one perturbation process on the set of regions of the simulated BOC core in
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order to determine a subsequent set of positions for the set of regions within the simulated BOC
core includes:

generating a loading distribution by performing at least one perturbation process on the
set of regions of the simulated BOC core in order to determine a subsequent set of positions for
the set of regions within the simulated BOC core, the subsequent set of positions defining the

loading distribution for the simulated BOC core.

[00456] 42. The method of clause 1, wherein the generating a loading distribution by
performing at least one perturbation process on the set of regions of the simulated BOC core in
order to determine a subsequent set of positions for the set of regions within the simulated BOC
core includes:

generating a loading distribution by performing at least one perturbation process on the
set of regions of the simulated BOC core in order to determine a subsequent set of positions for
the set of regions within the simulated BOC core, wherein the subsequent set of positions reduce
a deviation metric between the at least one reactor core distribution of the simulated BOC core
and the received at least one reactor core parameter distribution associated with a state of a core

of a reference nuclear reactor below a selected tolerance level.

[00457] 43. The method of clause 1, further comprising

reporting the subsequent set of positions of the set of regions of the simulated BOC core.

[00458] 44. The method of clause 43, wherein the reporting the subsequent set of positions of
the set of regions of the simulated BOC core includes:
reporting the subsequent set of positions of the set of regions of the simulated BOC

core to a display.

[00459] 45. The method of clause 43, wherein the reporting the subsequent set of positions of
the set of regions of the simulated BOC core includes:
reporting the subsequent set of positions of the set of regions of the simulated BOC

core to a memory.

[00460] 46. The method of clause 43, wherein the reporting the subsequent set of positions of

the set of regions of the simulated BOC core includes:
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reporting the subsequent set of positions of the set of regions of the simulated BOC

core to a control system of the nuclear reactor.

[00461] 47. A non-transitory computer-readable medium comprising program instructions,

wherein the program instructions are executable to:

receive at least one reactor core parameter distribution associated with a state of a core
of a reference nuclear reactor;
generate an initial fuel loading distribution for a simulated beginning-of-cycle (BOC) core of a
nuclear reactor;

select an initial set of positions associated with a set of regions within the simulated BOC
core of the nuclear reactor;

generate an initial set of fuel design parameter values utilizing at least one design
variable of each of the set of regions;
calculate at least one reactor core parameter distribution of the simulated BOC core utilizing the
generated initial set of fuel design parameter values associated with the set of regions located at
the initial set of positions of the simulated BOC core; and

generate a subsequent loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a subsequent set of

positions for the set of regions within the simulated BOC core.

[00462] 48. The non-transitory computer-readable medium of clause 47, wherein the received
at least one reactor core parameter distribution is associated with an equilibrium state of a core

of a reference nuclear reactor.

[00463] 49. The non-transitory computer-readable medium of clause 47, wherein the received
at least one reactor core parameter distribution is associated with a state of a core of a reference

thermal nuclear reactor.
[00464] 50. The non-transitory computer-readable medium of clause 47, wherein the received

at least one reactor core parameter distribution is associated with a state of a core of a reference

fast nuclear reactor.
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[00465] 51. The non-transitory computer-readable medium of clause 47, wherein the received
at least one reactor core parameter distribution is associated with a state of a core of a reference

breed-and-burn nuclear reactor.

[00466] 52. The non-transitory computer-readable medium of clause 47, wherein the received
at least one reactor core parameter distribution is associated with a state of a core of a reference

traveling wave nuclear reactor.

[00467] 53. The non-transitory computer-readable medium of clause 47, wherein the received
at least one reactor core parameter distribution associated with a state of a core of a reference
nuclear reactor includes:

a power density distribution associated with a state of a core of a reference nuclear

reactor.

[00468] 54. The non-transitory computer-readable medium of clause 47, wherein the received
at least one reactor core parameter distribution associated with a state of a core of a reference
nuclear reactor includes:

a rate of change of a power density distribution associated with a state of a core of a

reference nuclear reactor.

[00469] 55. The non-transitory computer-readable medium of clause 47, wherein the received
at least one reactor core parameter distribution associated with a state of a core of a reference
nuclear reactor includes:

a reactivity distribution associated with a state of a core of a reference nuclear reactor.

[00470] 56. The non-transitory computer-readable medium of clause 47, wherein the received
at least one reactor core parameter distribution associated with a state of a core of a reference
nuclear reactor includes:

a rate of change of a reactivity distribution associated with a state of a core of a

reference nuclear reactor.
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[00471] 57. The non-transitory computer-readable medium of clause 47, wherein the received
at least one reactor core parameter distribution associated with a state of a core of a reference
nuclear reactor includes:

at least one reactor core parameter distribution associated with a state of a core of a

reference nuclear reactor including at least one fuel assembly.

[00472] 58. The non-transitory computer-readable medium of clause 47, wherein the received
at least one reactor core parameter distribution associated with a state of a core of a reference
nuclear reactor includes:

at least one reactor core parameter distribution associated with a state of a core of a

reference nuclear reactor including at least one fuel assembly including at least one fuel pin.

[00473] 59. The non-transitory computer-readable medium of clause 47, wherein the received
at least one reactor core parameter distribution associated with a state of a core of a reference
nuclear reactor includes:

at least one reactor core parameter distribution associated with a state of a core of a

reference nuclear reactor including plutonium.

[00474] 60. The non-transitory computer-readable medium of clause 47, wherein at least a

portion of the simulated BOC core includes recycled nuclear fuel.

[00475] 61. The non-transitory computer-readable medium of clause 47, wherein at least a

portion of the simulated BOC core includes unburned nuclear fuel.

[00476] 62. The non-transitory computer-readable medium of clause 47, wherein at least a

portion of the BOC core includes enriched nuclear fuel.

[00477] 63. The non-transitory computer-readable medium of clause 47, wherein at least a

portion of the simulated BOC core includes enriched uranium based nuclear fuel.

[00478] 64. The non-transitory computer-readable medium of clause 47, wherein the

simulated BOC core includes a plurality of simulated fuel assemblies.
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[00479] 65. The non-transitory computer-readable medium of clause 47, wherein the
generated initial fuel loading distribution for a simulated beginning-of-cycle (BOC) core of a
nuclear reactor includes:

a randomly generated initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor.

[00480] 66. The non-transitory computer-readable medium of clause 47, wherein each of the
selected initial set of positions associated with a set of regions within the simulated BOC core of

the nuclear reactor corresponds to one of the set of regions.

[00481] 67. The non-transitory computer-readable medium of clause 66, wherein each of the
selected initial set of positions associated with a set of regions within the simulated BOC core of
the nuclear reactor corresponds to one of the set regions, wherein each region encompasses at

least one fuel assembly.

[00482] 68. The non-transitory computer-readable medium of clause 47, wherein each of the
set of regions within the simulated BOC core of the nuclear reactor includes:

a three dimensional region having a selected volume.

[00483] 69. The non-transitory computer-readable medium of clause 47, wherein each of the
set of regions within the simulated BOC core of the nuclear reactor includes:

a three dimensional region having a selected shape.

[00484] 70. The non-transitory computer-readable medium of clause 47, wherein the set of
regions within the simulated BOC core of the nuclear reactor includes:

a set of regions having a selected number of regions.

[00485] 71. The non-transitory computer-readable medium of clause 47, wherein the
generating an initial set of fuel design parameter values utilizing at least one design variable of
each of the set of regions includes:

generating an initial set of fuel design parameter values utilizing a thermodynamic

variable of each of the set of regions.
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[00486] 72. The non-transitory computer-readable medium of clause 47, wherein the
generating an initial set of fuel design parameter values utilizing at least one design variable of
each of the set of regions includes:

generating an initial set of fuel design parameter values utilizing a neutronic parameter

of each of the set of regions.

[00487] 73. The non-transitory computer-readable medium of clause 70, wherein the
generating an initial set of fuel design parameter values utilizing a neutronic parameter of each
of the set of regions includes:

generating an initial set of fuel design parameter values utilizing a k-infinity value of

each of the set of regions.

[00488] 74. The non-transitory computer-readable medium of clause 47, wherein the
generating an initial set of fuel design parameter values utilizing at least one design variable of
each of the set of regions includes:

generating an initial set of enrichment values utilizing at least one design variable of

each of the set of regions.

[00489] 75. The non-transitory computer-readable medium of clause 47, wherein the
generating an initial set of fuel design parameter values utilizing at least one design variable of
each of the set of regions includes:

generating an initial set of pin dimension values associated with a set of pins of a fuel
assembly of the simulated BOC core of the nuclear reactor utilizing at least one design variable

of each of the set of regions.

[00490] 76. The non-transitory computer-readable medium of clause 47, wherein the
generating an initial set of fuel design parameter values utilizing at least one design variable of
each of the set of regions includes:

generating an initial set of fuel design parameter values utilizing at least one design
variable of each of the set of regions, wherein each of the initial set of fuel design parameter
values is associated with one of the set of regions of the simulated BOC core of the nuclear

reactor.
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[00491] 77. The non-transitory computer-readable medium of clause 75, wherein the
generating an initial set of fuel design parameter values utilizing at least one design variable of
each of the set of regions, wherein each of the initial set of fuel design parameter values is
associated with one of the set of regions of the simulated BOC core of the nuclear reactor
includes:

generating an initial set of fuel design parameter values utilizing at least one design
variable of each of a set of pins of the set of regions, wherein each of the initial set of fuel design
parameter values is associated with one of the pins of each of the set of regions of the simulated

BOC core of the nuclear reactor.

[00492] 78. The non-transitory computer-readable medium of clause 47, wherein the
calculating at least one reactor core parameter distribution of the simulated BOC core utilizing
the generated initial set of fuel design parameter values associated with the set of regions located
at the initial set of positions of the simulated BOC core includes:

calculating a power density distribution of the simulated BOC core utilizing the
generated initial set of fuel design parameter values associated with the set of regions located at

the initial set of positions of the simulated BOC core.

[00493] 79. The non-transitory computer-readable medium of clause 47, wherein the
calculating at least one reactor core parameter distribution of the simulated BOC core utilizing
the generated initial set of fuel design parameter values associated with the set of regions located
at the initial set of positions of the simulated BOC core includes:

calculating a rate of change of a power density distribution of the simulated BOC core
utilizing the generated initial set of fuel design parameter values associated with the set of

regions located at the initial set of positions of the simulated BOC core.

[00494] 80. The non-transitory computer-readable medium of clause 47, wherein the
calculating at least one reactor core parameter distribution of the simulated BOC core utilizing
the generated initial set of fuel design parameter values associated with the set of regions located
at the initial set of positions of the simulated BOC core includes:

calculating a reactivity distribution of the simulated BOC core utilizing the generated
initial set of fuel design parameter values associated with the set of regions located at the initial

set of positions of the simulated BOC core.
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[00495] 81. The non-transitory computer-readable medium of clause 47, wherein the
calculating at least one reactor core parameter distribution of the simulated BOC core utilizing
the generated initial set of fuel design parameter values associated with the set of regions located
at the initial set of positions of the simulated BOC core includes:

calculating a rate of change of a reactivity distribution of the simulated BOC core
utilizing the generated initial set of fuel design parameter values associated with the set of

regions located at the initial set of positions of the simulated BOC core.

[00496] 82. The non-transitory computer-readable medium of clause 47, wherein the
generating a subsequent loading distribution by performing at least one perturbation process on
the set of regions of the simulated BOC core in order to determine a subsequent set of positions
for the set of regions within the simulated BOC core includes:

generating a subsequent loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a subsequent set
of positions for the set of regions within the simulated BOC core, the subsequent set of positions

defining the loading distribution for the simulated BOC core.

[00497] 83. The non-transitory computer-readable medium of clause 47, wherein the
generating a subsequent loading distribution by performing at least one perturbation process on
the set of regions of the simulated BOC core in order to determine a subsequent set of positions
for the set of regions within the simulated BOC core includes:

generating a subsequent loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a subsequent set
of positions for the set of regions within the simulated BOC core, wherein the subsequent set of
positions reduce a deviation metric between the at least one reactor core parameter distribution
of the simulated BOC core and the received at least one reactor core parameter distribution

associated with a state of a core of a reference nuclear reactor below a selected tolerance level.
[00498] 84. The non-transitory computer-readable medium of clause 47, wherein the program

instructions are further executable to:

report the subsequent set of positions of the set of regions of the simulated BOC core.
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[00499] 85. The non-transitory computer-readable medium of clause 83, wherein the
subsequent set of positions of the set of regions of the simulated BOC core are reported to a

display.

[00500] 86. The non-transitory computer-readable medium of clause 83, wherein the
subsequent set of positions of the set of regions of the simulated BOC core are reported to a

memory.

[00501] 87. The non-transitory computer-readable medium of clause 83, wherein the
subsequent set of positions of the set of regions of the simulated BOC core are reported to a

control system of the nuclear reactor.

[00502] 88. A system comprising:

a controller including one or more processors operable to execute program instructions
maintained on a non-transitory computer-readable medium, the program instructions configured
to:

receive at least one reactor core parameter distribution associated with a state of a core
of a reference nuclear reactor;

generate an initial fuel loading distribution for a simulated beginning-of-cycle (BOC)
core of a nuclear reactor;

select an initial set of positions associated with a set of regions within the simulated BOC
core of the nuclear reactor, each of the initial set of positions corresponding to one of the set of
regions;
generate an initial set of fuel design parameter values utilizing at least one design variable of each
of the set of regions, wherein each of the initial set of fuel design parameter values is associated
with one of the set of regions of the simulated BOC core of the nuclear reactor;

calculate at least one reactor core parameter distribution of the simulated BOC core
utilizing the generated initial set of fuel design parameter values associated with the set of regions
located at the initial set of positions of the simulated BOC core; and
generate a subsequent loading distribution by performing at least one perturbation process on the
set of regions of the simulated BOC core in order to determine a subsequent set of positions for
the set of regions within the simulated BOC core, the subsequent set of positions defining the
loading distribution for the simulated BOC core, wherein the subsequent set of positions reduce

the difference between the at least one reactor core parameter distribution of the simulated BOC
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core and the received at least one reactor core parameter distribution associated with a state of a

core of a reference nuclear reactor below a selected tolerance level.

[00503] 89. The system of clause 88, wherein the received at least one reactor core parameter

distribution are associated with an equilibrium state of a core of a reference nuclear reactor.

[00504] 90. The system of clause 88, wherein the received at least one reactor core parameter

distribution are associated with a state of a core of a reference thermal nuclear reactor.

[00505] 91. The system of clause 88, wherein the received at least one reactor core parameter

distribution are associated with a state of a core of a reference fast nuclear reactor.

[00506] 92. The system of clause 88, wherein the received at least one reactor core parameter

distribution are associated with a state of a core of a reference breed-and-burn nuclear reactor.

[00507] 93. The system of clause 88, wherein the received at least one reactor core parameter

distribution are associated with a state of a core of a reference traveling wave nuclear reactor.

[00508] 94. The system of clause 88, wherein the received at least one reactor core parameter
distribution associated with a state of a core of a reference nuclear reactor includes:
a power density distribution associated with a state of a core of a reference nuclear

reactor.

[00509] 95. The system of clause 88, wherein the received at least one reactor core parameter
distribution associated with a state of a core of a reference nuclear reactor includes:
a rate of change of a power density distribution associated with a state of a core of a

reference nuclear reactor.

[00510] 96. The system of clause 88, wherein the received at least one reactor core parameter
distribution associated with a state of a core of a reference nuclear reactor includes:

a reactivity distribution associated with a state of a core of a reference nuclear reactor.

[00511] 97. The system of clause 88, wherein the received at least one reactor core parameter

distribution associated with a state of a core of a reference nuclear reactor includes:
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a rate of change of a reactivity distribution associated with a state of a core of a

reference nuclear reactor.

[00512] 98. The system of clause 88, wherein the received at least one reactor core parameter
distribution associated with a state of a core of a reference nuclear reactor includes:
at least one reactor core parameter distribution associated with a state of a core of a

reference nuclear reactor including at least one fuel assembly.

[00513] 99. The system of clause 88, wherein the received at least one reactor core parameter
distribution associated with a state of a core of a reference nuclear reactor includes:
at least one reactor core parameter distribution associated with a state of a core of a

reference nuclear reactor including at least one fuel assembly including at least one fuel pin.

[00514] 100. The system of clause 88, wherein the received at least one reactor core
parameter distribution associated with a state of a core of a reference nuclear reactor includes:
at least one reactor core parameter distribution associated with a state of a core of a

reference nuclear reactor including plutonium.

[00515] 101. The system of clause 88, wherein at least a portion of the simulated BOC core

includes recycled nuclear fuel.

[00516] 102. The system of clause 88, wherein at least a portion of the simulated BOC core

includes unburned nuclear fuel.

[00517] 103. The system of clause 88, wherein at least a portion of the simulated BOC core

includes enriched nuclear fuel.

[00518] 104. The system of clause 88, wherein at least a portion of the simulated BOC core

includes enriched uranium based nuclear fuel.

[00519] 105. The system of clause 88, wherein the simulated BOC core includes a plurality of

simulated fuel assemblies.
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[00520] 106. The system of clause 88, wherein the generated initial fuel loading distribution
for a simulated beginning-of-cycle (BOC) core of a nuclear reactor includes:
a randomly generated initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor.

[00521] 107. The system of clause 88, wherein each of the selected initial set of positions
associated with a set of regions within the simulated BOC core of the nuclear reactor

corresponds to one of the set of regions.

[00522] 108. 'The system of clause 107, wherein each of the selected initial set of positions
associated with a set of regions within the simulated BOC core of the nuclear reactor
corresponds to one of the set of regions, wherein each region encompassing at least one fuel

assembly.

[00523] 109. The system of clause 88, wherein each of the set of regions within the simulated
BOC core of the nuclear reactor includes:

a three dimensional region having a selected volume.

[00524] 110. The system of clause 88, wherein each of the set of regions within the simulated
BOC core of the nuclear reactor includes:

a three dimensional region having a selected shape.

[00525] 111. The system of clause 88, wherein the set of regions within the simulated BOC
core of the nuclear reactor includes:

a set of regions having a selected number of regions.

[00526] 112. 'The system of clause 88, wherein the generating an initial set of fuel design
parameter values utilizing at least one design variable of each of the set of regions includes:
generating an initial set of fuel design parameter values utilizing a thermodynamic

variable of each of the set of regions.

[00527] 113. 'The system of clause 88, wherein the generating an initial set of fuel design

parameter values utilizing at least one design variable of each of the set of regions includes:
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generating an initial set of fuel design parameter values utilizing a neutronic parameter

of each of the set of regions.

[00528] 114. 'The system of clause 113, wherein the generating an initial set of fuel design
parameter values utilizing a neutronic parameter of each of the set of regions includes:
generating an initial set of fuel design parameter values utilizing a k-infinity value of

each of the set of regions.

[00529] 115. 'The system of clause 88, wherein the generating an initial set of fuel design
parameter values utilizing at least one design variable of each of the set of regions includes:
generating an initial set of enrichment values utilizing at least one design variable of

each of the set of regions.

[00530] 116. 'The system of clause 88, wherein the generating an initial set of fuel design

parameter values utilizing at least one design variable of each of the set of regions includes:
generating an initial set of pin dimension values associated with a set of pins of a fuel

assembly of the simulated BOC core of the nuclear reactor utilizing at least one design variable

of each of the set of regions.

[00531] 117. 'The system of clause 88, wherein the generating an initial set of fuel design
parameter values utilizing at least one design variable of each of the set of regions includes:
generating an initial set of fuel design parameter values utilizing at least one design
variable of each of the set of regions, wherein each of the initial set of fuel design parameter
values is associated with one of the set of regions of the simulated BOC core of the nuclear

reactor.

[00532] 118. 'The system of clause 117, wherein the generating an initial set of fuel design
parameter values utilizing at least one design variable of each of the set of regions includes:
generating an initial set of fuel design parameter values utilizing at least one design
variable of each of a set of pins of the set of regions, wherein each of the initial set of fuel design
parameter values is associated with one of the pins of each of the set of regions of the simulated

BOC core of the nuclear reactor.
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[00533] 119. The system of clause 88, wherein the calculating at least one reactor core
parameter distribution of the simulated BOC core utilizing the generated initial set of fuel design
parameter values associated with the set of regions located at the initial set of positions of the
simulated BOC core includes:

calculating a power density distribution of the simulated BOC core utilizing the
generated initial set of fuel design parameter values associated with the set of regions located at

the initial set of positions of the simulated BOC core.

[00534] 120. The system of clause 88, wherein the calculating at least one reactor core
parameter distribution of the simulated BOC core utilizing the generated initial set of fuel design
parameter values associated with the set of regions located at the initial set of positions of the
simulated BOC core includes:

calculating a rate of change of a power density distribution of the simulated BOC core
utilizing the generated initial set of fuel design parameter values associated with the set of

regions located at the initial set of positions of the simulated BOC core.

[00535] 121. 'The system of clause 88, wherein the calculating at least one reactor core
parameter distribution of the simulated BOC core utilizing the generated initial set of fuel design
parameter values associated with the set of regions located at the initial set of positions of the
simulated BOC core includes:

calculating a reactivity distribution of the simulated BOC core utilizing the generated
initial set of fuel design parameter values associated with the set of regions located at the initial

set of positions of the simulated BOC core.

[00536] 122. The system of clause 88, wherein the calculating at least one reactor core
parameter distribution of the simulated BOC core utilizing the generated initial set of fuel design
parameter values associated with the set of regions located at the initial set of positions of the
simulated BOC core includes:

calculating a rate of change of a reactivity distribution of the simulated BOC core
utilizing the generated initial set of fuel design parameter values associated with the set of

regions located at the initial set of positions of the simulated BOC core.

[00537] 123. 'The system of clause 88, wherein the generating a subsequent loading

distribution by performing at least one perturbation process on the set of regions of the simulated
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BOC core in order to determine a subsequent set of positions for the set of regions within the
simulated BOC core includes:

generating a subsequent loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a subsequent set
of positions for the set of regions within the simulated BOC core, the subsequent set of positions

defining the loading distribution for the simulated BOC core.

[00538] 124. The system of clause 88, wherein the generating a subsequent loading
distribution by performing at least one perturbation process on the set of regions of the simulated
BOC core in order to determine a subsequent set of positions for the set of regions within the
simulated BOC core includes:

generating a subsequent loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a subsequent set
of positions for the set of regions within the simulated BOC core, wherein the subsequent set of
positions reduce a deviation metric between the at least one reactor core parameter distribution
of the simulated BOC core and the received at least one reactor core parameter distribution

associated with a state of a core of a reference nuclear reactor below a selected tolerance level.

[00539] 125. The system of clause 88, wherein the controller is further configured to:

report the subsequent set of positions of the set of regions of the simulated BOC core.

[00540] 126. 'The system of clause 125, further comprising:
a display configured to receive the subsequent set of positions of the set of regions of

the simulated BOC core reported by the controller.

[00541] 127. 'The system of clause 88, further comprising:
a memory configured to receive the subsequent set of positions of the set of regions of

the simulated BOC core reported by the controller.

[00542] 128. 'The system of clause 88, further comprising:
a control system of a nuclear reactor configured to receive the subsequent set of

positions of the set of regions of the simulated BOC core reported by the controller.

[00543] 129. A method, comprising:
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receiving at least one reactor core parameter distribution associated with a state of a core
of a reference nuclear reactor;

generating an initial fuel loading distribution for a simulated beginning-of-cycle (BOC)
core of a nuclear reactor;

selecting an initial set of positions associated with a set of regions within the simulated
BOC core of the nuclear reactor;

generating an initial set of fuel design parameter values utilizing at least one design
variable of each of the set of regions;

calculating at least one reactor core parameter distribution of the simulated BOC core
utilizing the generated initial set of fuel design parameter values associated with the set of regions
located at the initial set of positions of the simulated BOC core; and
generating a loading distribution by performing at least one perturbation process on the set of
regions of the simulated BOC core in order to determine a subsequent set of positions for the set
of regions within the simulated BOC core; and

arranging at least one fuel assembly of a core of a nuclear reactor according to the

subsequent set of positions of the set of regions of the simulated BOC core.

[00544] 130. The method of clause [00502], wherein the receiving at least one reactor core
parameter distribution associated with a state of a core of a reference nuclear reactor includes:
receiving at least one reactor core parameter distribution associated with an

equilibrium state of a core of a reference nuclear reactor.

[00545] 131. The method of clause [00502], wherein the receiving at least one reactor core
parameter distribution associated with a state of a core of a reference nuclear reactor includes:
receiving at least one reactor core parameter distribution associated with a state of a

core of a reference thermal nuclear reactor.

[00546] 132. The method of clause 129, wherein the receiving at least one reactor core
parameter distribution associated with a state of a core of a reference nuclear reactor includes:
receiving at least one reactor core parameter distribution associated with a state of a

core of a reference fast nuclear reactor.
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[00547] 133. The method of clause 129, wherein the receiving at least one reactor core
parameter distribution associated with a state of a core of a reference nuclear reactor includes:
receiving at least one reactor core parameter distribution associated with a state of a

core of a reference breed-and-burn nuclear reactor.

[00548] 134. The method of clause 129, wherein the receiving at least one reactor core
parameter distribution associated with a state of a core of a reference nuclear reactor includes:
receiving at least one reactor core parameter distribution associated with a state of a

core of a reference traveling wave reactor.

[00549] 135. The method of clause 129, wherein the receiving at least one reactor core
parameter distribution associated with a state of a core of a reference nuclear reactor includes:
receiving a power density distribution associated with a state of a core of a reference

nuclear reactor.

[00550] 136. The method of clause 129, wherein the receiving at least one reactor core
parameter distribution associated with a state of a core of a reference nuclear reactor includes:
receiving a rate of change of a power density distribution associated with a state of a

core of a reference nuclear reactor.

[00551] 137. The method of clause 129, wherein the receiving at least one reactor core
parameter distribution associated with a state of a core of a reference nuclear reactor includes:
receiving a reactivity distribution associated with a state of a core of a reference

nuclear reactor.

[00552] 138. The method of clause 129, wherein the receiving at least one reactor core

parameter distribution associated with a state of a core of a reference nuclear reactor includes:

receiving a rate of change of a reactivity distribution associated with a state of a core of

a reference nuclear reactor.

[00553] 139. The method of clause 129, wherein the receiving at least one reactor core
parameter distribution associated with a state of a core of a reference nuclear reactor includes:
receiving at least one reactor core distribution associated with a state of a core of a

reference nuclear reactor, the core including plutonium.
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[00554] 140. The method of clause 129, wherein the receiving at least one reactor core
parameter distribution associated with a state of a core of a reference nuclear reactor includes:
receiving at least one reactor core parameter distribution associated with a state of a

core of a reference nuclear reactor, the core including at least one fuel assembly.

[00555] 141. The method of clause 140, wherein the receiving at least one reactor core
parameter distribution associated with a state of a core of a reference nuclear reactor, the core
including at least one fuel assembly includes:

receiving at least one reactor core parameter distribution associated with a state of a
core of a reference nuclear reactor, the core including at least one fuel assembly including at

least one pin.

[00556] 142. The method of clause 129, wherein the generating an initial fuel loading

distribution for a simulated beginning-of-cycle (BOC) core of the nuclear reactor includes:
generating an initial fuel loading distribution for a simulated beginning-of-cycle

(BOC) core of a nuclear reactor, at least a portion of the BOC core including recycled nuclear

fuel.

[00557] 143. The method of clause 129, wherein the generating an initial fuel loading
distribution for a simulated beginning-of-cycle (BOC) core of a nuclear reactor includes:
generating an initial fuel loading distribution for a simulated beginning-of-cycle (BOC)

core of a nuclear reactor, at least a portion of the BOC core including unburned nuclear fuel.

[00558] 144. The method of clause 129, wherein the generating an initial fuel loading

distribution for a simulated beginning-of-cycle (BOC) core of a nuclear reactor includes:

generating an initial fuel loading distribution for a simulated beginning-of-cycle (BOC)

core of a nuclear reactor, at least a portion of the BOC core including enriched nuclear fuel.
[00559] 145. The method of clause 144, wherein the generating an initial fuel loading

distribution for a simulated beginning-of-cycle (BOC) core of a nuclear reactor, at least a

portion of the BOC core including enriched nuclear fuel includes:
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generating an initial fuel loading distribution for a simulated beginning-of-cycle (BOC)
core of a nuclear reactor, at least a portion of the BOC core including enriched uranium based

nuclear fuel.

[00560] 146. The method of clause 129, wherein the generating an initial fuel loading
distribution for a simulated beginning-of-cycle (BOC) core of a nuclear reactor includes:
generating an initial fuel loading distribution for a simulated beginning-of-cycle (BOC)

core of a nuclear reactor via at least one of user input and a controller.

[00561] 147. The method of clause 129, wherein the generating an initial fuel loading
distribution for a simulated beginning-of-cycle (BOC) core of a nuclear reactor includes:
generating an initial fuel loading distribution for a simulated beginning-of-life (BOL)

core of a nuclear reactor.

[00562] 148. The method of clause 129, wherein the generating an initial fuel loading
distribution for a simulated beginning-of-cycle (BOC) core of a nuclear reactor includes:
randomly generating an initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor.

[00563] 149. The method of clause 129, wherein the generating an initial fuel loading

distribution for a simulated beginning-of-cycle (BOC) core of a nuclear reactor includes:
generating an initial fuel loading distribution for a simulated beginning-of-cycle (BOC)

core of a nuclear reactor, the simulated beginning-of-cycle (BOC) core of the nuclear reactor

including a plurality of simulated fuel assemblies.

[00564] 150. The method of clause 129, wherein the selecting an initial set of positions

associated with a set of regions within the simulated BOC core of the nuclear reactor includes:
selecting an initial set of positions associated with a set of regions within the simulated

BOC core of the nuclear reactor, each of the initial set of positions corresponding to one of the

set of regions.

[00565] 151. The method of clause 150, wherein the selecting an initial set of positions
associated with a set of regions within the simulated BOC core of the nuclear reactor, each of

the initial set of positions corresponding to one of the set of regions, includes:
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selecting an initial set of positions associated with a set of regions within the simulated
BOC core of the nuclear reactor, each of the initial set of positions corresponding to one of the

set regions, each region encompassing at least one fuel assembly.

[00566] 152. The method of clause 150, wherein the selecting an initial set of positions
associated with a set of regions within the simulated BOC core of the nuclear reactor, each of
the initial set of positions corresponding to one of the set of regions includes:

selecting an initial set of positions associated with a set of regions within the simulated
BOC core of the nuclear reactor, each of the initial set of positions corresponding to one of the
set of regions, each of the set of regions being a three dimensional region having a selected

volume.

[00567] 153. The method of clause 150, wherein the selecting an initial set of positions
associated with a set of regions within the simulated BOC core of the nuclear reactor, each of
the initial set of positions corresponding to one of the set of regions includes:

selecting an initial set of positions associated with a set of regions within the simulated
BOC core of the nuclear reactor, each of the initial set of positions corresponding to one of the
set of regions, each of the set of regions being a three dimensional region having a selected

shape.

[00568] 154. The method of clause 150, wherein the selecting an initial set of positions
associated with a set of regions within the simulated BOC core of the nuclear reactor, each of
the initial set of positions corresponding to one of the set of regions includes:

selecting an initial set of positions associated with a set of regions within the simulated
BOC core of the nuclear reactor, each of the initial set of positions corresponding to one of the

set of regions, the set of regions including a selected number of regions.

[00569] 155. 'The method of clause 129, wherein the generating an initial set of fuel design
parameter values utilizing at least one design variable of each of the set of regions, wherein each
of the initial set of fuel design parameter values is associated with one of the set of regions of the
simulated BOC core of the nuclear reactor includes:

generating an initial set of fuel design parameter values utilizing a thermodynamic

variable of each of the set of regions.
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[00570] 156. 'The method of clause 129, wherein the generating an initial set of fuel design
parameter values utilizing at least one design variable of each of the set of regions, wherein each
of the fuel design parameter values is associated with one of the set of regions of the simulated
BOC core of the nuclear reactor includes:

generating an initial set of fuel design parameter values utilizing a neutronic parameter

of each of the set of regions.

[00571] 157. 'The method of clause 156, wherein the generating an initial set of fuel design
parameter values utilizing a neutronic parameter of each of the set of regions includes:
generating an initial set of fuel design parameter values utilizing a k-infinity value of

each of the set of regions.

[00572] 158. 'The method of clause 129, wherein the generating an initial set of fuel design
parameter values utilizing at least one design variable of each of the set of regions includes:
generating an initial set of enrichment values utilizing at least one design variable of

each of the set of regions.

[00573] 159. The method of clause 129, wherein the generating an initial set of fuel design

parameter values utilizing at least one design variable of each of the set of regions includes:
generating an initial set of pin dimension values associated with a set of pins of a fuel

assembly of the simulated BOC core of the nuclear reactor utilizing at least one design variable

of each of the set of regions.

[00574] 160. The method of clause 159, wherein the generating an initial set of pin dimension
values associated with a set of pins of a fuel assembly of the simulated BOC core of the nuclear
reactor utilizing at least one design variable of each of the set of regions includes:

generating an initial set of pin configuration values associated with a set of pins of a
fuel assembly of the simulated BOC core of the nuclear reactor utilizing at least one design

variable of each of the set of regions.
[00575] 161. 'The method of clause 159, wherein the generating an initial set of pin dimension

values associated with a set of pins of a fuel assembly of the simulated BOC core of the nuclear

reactor utilizing at least one design variable of each of the set of regions includes:
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generating an initial set of pin geometry values associated with a set of pins of a fuel
assembly of the simulated BOC core of the nuclear reactor utilizing at least one design variable

of each of the set of regions.

[00576] 162. 'The method of clause 159, wherein the generating an initial set of pin dimension
values associated with a set of pins of a fuel assembly of the simulated BOC core of the nuclear
reactor utilizing at least one design variable of each of the set of regions includes:

generating an initial set of pin composition values associated with a set of pins of a fuel
assembly of the simulated BOC core of the nuclear reactor utilizing at least one design variable

of each of the set of regions.

[00577] 163. 'The method of clause 129, wherein the generating an initial set of fuel design
parameter values utilizing at least one design variable of each of the set of regions includes:
generating an initial set of fuel design parameter values utilizing at least one design
variable of each of a set of pins of the set of regions, wherein each of the initial set of fuel design
parameter values is associated with one of the set of regions of the simulated BOC core of the

nuclear reactor.

[00578] 164. 'The method of clause 163, wherein the generating an initial set of fuel design
parameter values utilizing at least one design variable of each of the set of regions, wherein each
of the initial set of fuel design parameter values is associated with one of the set of regions of the
simulated BOC core of the nuclear reactor includes:

generating an initial set of fuel design parameter values utilizing at least one design
variable of each of a set of pins of the set of regions, wherein each of the initial set of fuel design
parameter values is associated with one of the pins of each of the set of regions of the simulated

BOC core of the nuclear reactor.

[00579] 165. The method of clause 129, wherein the calculating at least one reactor core
parameter distribution of the simulated BOC core utilizing the generated initial set of fuel design
parameter values associated with the set of regions located at the initial set of positions of the
simulated BOC core includes:

calculating a power density distribution of the simulated BOC core utilizing the
generated initial set of fuel design parameter values associated with the set of regions located at

the initial set of positions of the simulated BOC core.
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[00580] 166. The method of clause 129, wherein the calculating at least one reactor core
parameter distribution of the simulated BOC core utilizing the generated initial set of fuel design
parameter values associated with the set of regions located at the initial set of positions of the
simulated BOC core includes:

calculating a rate of change of a power density distribution of the simulated BOC core
utilizing the generated initial set of fuel design parameter values associated with the set of

regions located at the initial set of positions of the simulated BOC core.

[00581] 167. The method of clause 129, wherein the calculating at least one reactor core
parameter distribution of the simulated BOC core utilizing the generated initial set of fuel design
parameter values associated with the set of regions located at the initial set of positions of the
simulated BOC core includes:

calculating a reactivity distribution of the simulated BOC core utilizing the generated
initial set of fuel design parameter values associated with the set of regions located at the initial

set of positions of the simulated BOC core.

[00582] 168. The method of clause 129, wherein the calculating at least one reactor core
parameter distribution of the simulated BOC core utilizing the generated initial set of fuel design
parameter values associated with the set of regions located at the initial set of positions of the
simulated BOC core includes:

calculating a rate of change of a reactivity distribution of the simulated BOC core
utilizing the generated initial set of fuel design parameter values associated with the set of

regions located at the initial set of positions of the simulated BOC core.

[00583] 169. The method of clause 129, wherein the determining a loading distribution by
performing at least one perturbation process on the set of regions of the simulated BOC core in
order to determine a subsequent set of positions for the set of regions within the simulated BOC
core includes:

generating a loading distribution by performing at least one perturbation process on the
set of regions of the simulated BOC core in order to determine a subsequent set of positions for
the set of regions within the simulated BOC core, the subsequent set of positions defining the

loading distribution for the simulated BOC core.
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[00584] 170. The method of clause 129, wherein the generating a loading distribution by
performing at least one perturbation process on the set of regions of the simulated BOC core in
order to determine a subsequent set of positions for the set of regions within the simulated BOC
core includes:

generating a loading distribution by performing at least one perturbation process on the
set of regions of the simulated BOC core in order to determine a subsequent set of positions for
the set of regions within the simulated BOC core, wherein the subsequent set of positions reduce
a deviation metric between the at least one reactor core parameter distribution of the simulated
BOC core and the received at least one reactor core parameter distribution associated with a

state of a core of a reference nuclear reactor below a selected tolerance level.

[00585] 171. The method of clause 129, wherein the arranging at least one fuel assembly of a
core of a nuclear reactor according to the subsequent set of positions of the set of regions of the
simulated BOC core includes:

responsive to the loading distribution determination, arranging at least one fuel
assembly of a core of a nuclear reactor according to the subsequent set of positions of the set of

regions of the simulated BOC core.

[00586] 172. 'The method of clause 129, wherein the arranging at least one fuel assembly of a
core of a nuclear reactor according to the subsequent set of positions of the set of regions of the
simulated BOC core includes:

responsive to a user input, arranging at least one fuel assembly of a core of a nuclear
reactor according to the subsequent set of positions of the set of regions of the simulated BOC

core.

[00587] 173. 'The method of clause 129, wherein the arranging at least one fuel assembly of a
core of a nuclear reactor according to the subsequent set of positions of the set of regions of the
simulated BOC core includes:

arranging at least one fuel assembly of a core of a thermal nuclear reactor according to

the subsequent set of positions of the set of regions of the simulated BOC core.
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[00588] 174. The method of clause 129, wherein the arranging at least one fuel assembly of a
core of a nuclear reactor according to the subsequent set of positions of the set of regions of the
simulated BOC core includes:

arranging at least one fuel assembly of a core of a fast nuclear reactor according to the

subsequent set of positions of the set of regions of the simulated BOC core.

[00589] 175. The method of clause 129, wherein the arranging at least one fuel assembly of a
core of a nuclear reactor according to the subsequent set of positions of the set of regions of the
simulated BOC core includes:

arranging at least one fuel assembly of a core of a breed-and-burn nuclear reactor

according to the subsequent set of positions of the set of regions of the simulated BOC core.

[00590] 176. The method of clause 129, wherein the arranging at least one fuel assembly of a
core of a nuclear reactor according to the subsequent set of positions of the set of regions of the
simulated BOC core includes:

arranging at least one fuel assembly of a core of a traveling wave nuclear reactor

according to the subsequent set of positions of the set of regions of the simulated BOC core.

[00591] 177. The method of clause 129, wherein the arranging at least one fuel assembly of a
core of a nuclear reactor according to the subsequent set of positions of the set of regions of the
simulated BOC core includes:

translating at least one fuel assembly of a core of a nuclear reactor from an initial
location to a subsequent location according to the subsequent set of positions of the set of

regions of the simulated BOC core.

[00592] 178. The method of clause 129, wherein the arranging at least one fuel assembly of a
core of a nuclear reactor according to the subsequent set of positions of the set of regions of the
simulated BOC core includes:

replacing at least one fuel assembly of a core of a nuclear reactor according to the

subsequent set of positions of the set of regions of the simulated BOC core.

[00593] 179. The method of clause 129, further comprising:
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reporting the subsequent set of positions of the set of regions of the simulated BOC

core.

[00594] 180. 'The method of clause 179, wherein the reporting the subsequent set of positions
of the set of regions of the simulated BOC core includes:
reporting the subsequent set of positions of the set of regions of the simulated BOC

core to a display.

[00595] 181. 'The method of clause 179, wherein the reporting the subsequent set of positions
of the set of regions of the simulated BOC core includes:
reporting the subsequent set of positions of the set of regions of the simulated BOC

core to a memory.

[00596] 182. 'The method of clause 179, wherein the reporting the subsequent set of positions
of the set of regions of the simulated BOC core includes:
reporting the subsequent set of positions of the set of regions of the simulated BOC

core to a control system of the nuclear reactor.

[00597] 183. A non-transitory computer-readable medium comprising program instructions,

wherein the program instructions are executable to:

receive at least one reactor core parameter distribution associated with a state of a core
of a reference nuclear reactor;

generate an initial fuel loading distribution for a simulated beginning-of-cycle (BOC)
core of a nuclear reactor;

select an initial set of positions associated with a set of regions within the simulated BOC
core of the nuclear reactor;

generate an initial set of fuel design parameter values utilizing at least one design
variable of each of the set of regions;
calculate at least one reactor core parameter distribution of the simulated BOC core utilizing the
generated initial set of fuel design parameter values associated with the set of regions located at

the initial set of positions of the simulated BOC core; and
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generate a subsequent loading distribution by performing at least one perturbation process on the
set of regions of the simulated BOC core in order to determine a subsequent set of positions for
the set of regions within the simulated BOC core; and

arrange at least one fuel assembly of a core of a nuclear reactor according to the

subsequent set of positions of the set of regions of the simulated BOC core.

[00598] 184. The non-transitory computer-readable medium of clause 183, wherein the
received at least one reactor core parameter distribution are associated with an equilibrium state

of a core of a reference nuclear reactor.

[00599] 185. The non-transitory computer-readable medium of clause 183, wherein the
received at least one reactor core parameter distribution are associated with a state of a core of a

reference thermal nuclear reactor.

[00600] 186. The non-transitory computer-readable medium of clause 183, wherein the
received at least one reactor core parameter distribution are associated with a state of a core of a

reference fast nuclear reactor.

[00601] 187. The non-transitory computer-readable medium of clause 183, wherein the
received at least one reactor core parameter distribution are associated with a state of a core of a

reference breed-and-burn nuclear reactor.

[00602] 188. The non-transitory computer-readable medium of clause 183, wherein the
received at least one reactor core parameter distribution are associated with a state of a core of a

reference traveling wave nuclear reactor.

[00603] 189. The non-transitory computer-readable medium of clause 183, wherein the
received at least one reactor core parameter distribution associated with a state of a core of a
reference nuclear reactor includes:

a power density distribution associated with a state of a core of a reference nuclear

reactor.
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[00604] 190. The non-transitory computer-readable medium of clause 183, wherein the
received at least one reactor core parameter distribution associated with a state of a core of a
reference nuclear reactor includes:

a rate of change of a power density distribution associated with a state of a core of a

reference nuclear reactor.

[00605] 191. The non-transitory computer-readable medium of clause 183, wherein the
received at least one reactor core parameter distribution associated with a state of a core of a
reference nuclear reactor includes:

a reactivity distribution associated with a state of a core of a reference nuclear reactor.

[00606] 192. The non-transitory computer-readable medium of clause 183, wherein the
received at least one reactor core parameter distribution associated with a state of a core of a
reference nuclear reactor includes:

a rate of change of a reactivity distribution associated with a state of a core of a

reference nuclear reactor.

[00607] 193. The non-transitory computer-readable medium of clause 183, wherein the
received at least one reactor core parameter distribution associated with a state of a core of a
reference nuclear reactor includes:

at least one reactor core parameter distribution associated with a state of a core of a

reference nuclear reactor including at least one fuel assembly.

[00608] 194. The non-transitory computer-readable medium of clause 183, wherein the
received at least one reactor core parameter distribution associated with a state of a core of a
reference nuclear reactor includes:

at least one reactor core parameter distribution associated with a state of a core of a

reference nuclear reactor including at least one fuel assembly including at least one fuel pin.
[00609] 195. The non-transitory computer-readable medium of clause 183, wherein the

received at least one reactor core parameter distribution associated with a state of a core of a

reference nuclear reactor includes:
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at least one reactor core parameter distribution associated with a state of a core of a

reference nuclear reactor including plutonium.

[00610] 196. The non-transitory computer-readable medium of clause 183, wherein at least a

portion of the simulated BOC core includes recycled nuclear fuel.

[00611] 197. The non-transitory computer-readable medium of clause 183, wherein at least a

portion of the simulated BOC core includes unburned nuclear fuel.

[00612] 198. The non-transitory computer-readable medium of clause 183, wherein at least a

portion of the BOC core includes enriched nuclear fuel.

[00613] 199. The non-transitory computer-readable medium of clause 183, wherein at least a

portion of the simulated BOC core includes enriched uranium based nuclear fuel.

[00614] 200. The non-transitory computer-readable medium of clause 183, wherein the

simulated BOC core includes a plurality of simulated fuel assemblies.

[00615] 201. The non-transitory computer-readable medium of clause 183, wherein the
generated initial fuel loading distribution for a simulated beginning-of-cycle (BOC) core of a
nuclear reactor includes:

a randomly generated initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor.

[00616] 202. The non-transitory computer-readable medium of clause 183, wherein each of
the selected initial set of positions associated with a set of regions within the simulated BOC

core of the nuclear reactor corresponds to one of the set of regions.

[00617] 203. 'The non-transitory computer-readable medium of clause 202, wherein each of
the selected initial set of positions associated with a set of regions within the simulated BOC
core of the nuclear reactor corresponds to one of the set of regions, wherein each region

encompasses at least one fuel assembly.
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[00618] 204. The non-transitory computer-readable medium of clause 183, wherein each of
the set of regions within the simulated BOC core of the nuclear reactor includes:

a three dimensional region having a selected volume.

[00619] 205. The non-transitory computer-readable medium of clause 183, wherein each of
the set of regions within the simulated BOC core of the nuclear reactor includes:

a three dimensional region having a selected shape.

[00620] 206. The non-transitory computer-readable medium of clause 183, wherein the set of
regions within the simulated BOC core of the nuclear reactor includes:

a set of regions having a selected number of regions.

[00621] 207. The non-transitory computer-readable medium of clause 183, wherein the
generating an initial set of fuel design parameter values utilizing at least one design variable of
each of the set of regions includes:

generating an initial set of fuel design parameter values utilizing a thermodynamic

variable of each of the set of regions.

[00622] 208. The non-transitory computer-readable medium of clause 183, wherein the
generating an initial set of fuel design parameter values utilizing at least one design variable of
each of the set of regions includes:

generating an initial set of fuel design parameter values utilizing a neutronic parameter

of each of the set of regions.

[00623] 209. The non-transitory computer-readable medium of clause 208, wherein the
generating an initial set of fuel design parameter values utilizing a neutronic parameter of each
of the set of regions includes:

generating an initial set of fuel design parameter values utilizing a k-infinity value of

each of the set of regions.
[00624] 210. The non-transitory computer-readable medium of clause 183, wherein the

generating an initial set of fuel design parameter values utilizing at least one design variable of

each of the set of regions includes:
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generating an initial set of enrichment values utilizing at least one design variable of

each of the set of regions.

[00625] 211. The non-transitory computer-readable medium of clause 183, wherein the
generating an initial set of fuel design parameter values utilizing at least one design variable of
each of the set of regions includes:

generating an initial set of pin dimension values associated with a set of pins of a fuel
assembly of the simulated BOC core of the nuclear reactor utilizing at least one design variable

of each of the set of regions.

[00626] 212. The non-transitory computer-readable medium of clause 183, wherein the
generating an initial set of fuel design parameter values utilizing at least one design variable of
each of the set of regions includes:

generating an initial set of fuel design parameter values utilizing at least one design
variable of each of the set of regions, wherein each of the initial set of fuel design parameter
values is associated with one of the set of regions of the simulated BOC core of the nuclear

reactor.

[00627] 213. 'The non-transitory computer-readable medium of clause 212, wherein the
generating an initial set of fuel design parameter values utilizing at least one design variable of
each of the set of regions, wherein each of the initial set of fuel design parameter values is
associated with one of the set of regions of the simulated BOC core of the nuclear reactor
includes:

generating an initial set of fuel design parameter values utilizing at least one design variable of
each of a set of pins of the set of regions, wherein each of the initial set of fuel design parameter
values is associated with one of the pins of each of the set of regions of the simulated BOC core

of the nuclear reactor.

[00628] 214. The non-transitory computer-readable medium of clause 183, wherein the
calculating at least one reactor core parameter distribution of the simulated BOC core utilizing
the generated initial set of fuel design parameter values associated with the set of regions located

at the initial set of positions of the simulated BOC core includes:
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calculating a power density distribution of the simulated BOC core utilizing the
generated initial set of fuel design parameter values associated with the set of regions located at

the initial set of positions of the simulated BOC core.

[00629] 215. The non-transitory computer-readable medium of clause 183, wherein the
calculating at least one reactor core parameter distribution of the simulated BOC core utilizing
the generated initial set of fuel design parameter values associated with the set of regions located
at the initial set of positions of the simulated BOC core includes:

calculating a rate of change of a power density distribution of the simulated BOC core
utilizing the generated initial set of fuel design parameter values associated with the set of

regions located at the initial set of positions of the simulated BOC core.

[00630] 216. 'The non-transitory computer-readable medium of clause 183, wherein the
calculating at least one reactor core parameter distribution of the simulated BOC core utilizing
the generated initial set of fuel design parameter values associated with the set of regions located
at the initial set of positions of the simulated BOC core includes:

calculating a reactivity distribution of the simulated BOC core utilizing the generated
initial set of fuel design parameter values associated with the set of regions located at the initial

set of positions of the simulated BOC core.

[00631] 217. 'The non-transitory computer-readable medium of clause 183, wherein the
calculating at least one reactor core parameter distribution of the simulated BOC core utilizing
the generated initial set of fuel design parameter values associated with the set of regions located
at the initial set of positions of the simulated BOC core includes:

calculating a rate of change of a reactivity distribution of the simulated BOC core
utilizing the generated initial set of fuel design parameter values associated with the set of

regions located at the initial set of positions of the simulated BOC core.

[00632] 218. 'The non-transitory computer-readable medium of clause 183, wherein the
generating a subsequent loading distribution by performing at least one perturbation process on
the set of regions of the simulated BOC core in order to determine a subsequent set of positions
for the set of regions within the simulated BOC core includes:

generating a subsequent loading distribution by performing at least one perturbation

process on the set of regions of the simulated BOC core in order to determine a subsequent set
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of positions for the set of regions within the simulated BOC core, the subsequent set of positions

defining the loading distribution for the simulated BOC core.

[00633] 219. The non-transitory computer-readable medium of clause 183, wherein the
generating a subsequent loading distribution by performing at least one perturbation process on
the set of regions of the simulated BOC core in order to determine a subsequent set of positions
for the set of regions within the simulated BOC core includes:

generating a subsequent loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a subsequent set
of positions for the set of regions within the simulated BOC core, wherein the subsequent set of
positions reduce a deviation metric between the at least one reactor core parameter distribution
of the simulated BOC core and the received at least one reactor core parameter distribution

associated with a state of a core of a reference nuclear reactor below a selected tolerance level.

[00634] 220. The non-transitory computer-readable medium of clause 183, wherein the
arranging at least one fuel assembly of a core of a nuclear reactor according to the subsequent
set of positions of the set of regions of the simulated BOC core includes:

responsive to the loading distribution determination, arranging at least one fuel
assembly of a core of a nuclear reactor according to the subsequent set of positions of the set of

regions of the simulated BOC core.

[00635] 221. 'The non-transitory computer-readable medium of clause 183, wherein the
arranging at least one fuel assembly of a core of a nuclear reactor according to the subsequent
set of positions of the set of regions of the simulated BOC core includes:

responsive to a user input, arranging at least one fuel assembly of a core of a nuclear
reactor according to the subsequent set of positions of the set of regions of the simulated BOC

core.

[00636] 222. 'The non-transitory computer-readable medium of clause 183, wherein the
arranging at least one fuel assembly of a core of a nuclear reactor according to the subsequent
set of positions of the set of regions of the simulated BOC core includes:

arranging at least one fuel assembly of a core of a thermal nuclear reactor according to

the subsequent set of positions of the set of regions of the simulated BOC core.
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[00637] 223. 'The non-transitory computer-readable medium of clause 183, wherein the
arranging at least one fuel assembly of a core of a nuclear reactor according to the subsequent
set of positions of the set of regions of the simulated BOC core includes:

arranging at least one fuel assembly of a core of a fast nuclear reactor according to the

subsequent set of positions of the set of regions of the simulated BOC core.

[00638] 224. 'The non-transitory computer-readable medium of clause 183, wherein the
arranging at least one fuel assembly of a core of a nuclear reactor according to the subsequent
set of positions of the set of regions of the simulated BOC core includes:

arranging at least one fuel assembly of a core of a breed-and-burn nuclear reactor

according to the subsequent set of positions of the set of regions of the simulated BOC core.

[00639] 225. 'The non-transitory computer-readable medium of clause 183, wherein the
arranging at least one fuel assembly of a core of a nuclear reactor according to the subsequent
set of positions of the set of regions of the simulated BOC core includes:

arranging at least one fuel assembly of a core of a traveling wave nuclear reactor

according to the subsequent set of positions of the set of regions of the simulated BOC core.

[00640] 226. 'The non-transitory computer-readable medium of clause 183, wherein the
arranging at least one fuel assembly of a core of a nuclear reactor according to the subsequent
set of positions of the set of regions of the simulated BOC core includes:

translating at least one fuel assembly of a core of a nuclear reactor from an initial
location to a subsequent location according to the subsequent set of positions of the set of

regions of the simulated BOC core.

[00641] 227. 'The non-transitory computer-readable medium of clause 183, wherein the
arranging at least one fuel assembly of a core of a nuclear reactor according to the subsequent
set of positions of the set of regions of the simulated BOC core includes:

replacing at least one fuel assembly of a core of a nuclear reactor according to the

subsequent set of positions of the set of regions of the simulated BOC core.

[00642] 228. The non-transitory computer-readable medium of clause 183, wherein the
program instructions are further executable to:

report the subsequent set of positions of the set of regions of the simulated BOC core.
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[00643] 229. The non-transitory computer-readable medium of clause 228, wherein the
subsequent set of positions of the set of regions of the simulated BOC core are reported to a

display.

[00644] 230. The non-transitory computer-readable medium of clause 228, wherein the
subsequent set of positions of the set of regions of the simulated BOC core are reported to a

memory.

[00645] 231. The non-transitory computer-readable medium of clause 228, wherein the
subsequent set of positions of the set of regions of the simulated BOC core are reported to a

control system of the nuclear reactor.

[00646] 232. A nuclear reactor system comprising:

a controller configured to:

receive at least one reactor core parameter distribution associated with a state of a core
of a reference nuclear reactor;

generate an initial fuel loading distribution for a simulated beginning-of-cycle (BOC)
core of a nuclear reactor;

select an initial set of positions associated with a set of regions within the simulated BOC
core of the nuclear reactor, each of the initial set of positions corresponding to one of the set of
regions;
generate an initial set of fuel design parameter values utilizing at least one design variable of each
of the set of regions, wherein each of the initial set of fuel design parameter values is associated
with one of the set of regions of the simulated BOC core of the nuclear reactor;
calculate at least one reactor core parameter distribution of the simulated BOC core utilizing the
generated initial set of fuel design parameter values associated with the set of regions located at
the initial set of positions of the simulated BOC core; and

generate a subsequent loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a subsequent set of
positions for the set of regions within the simulated BOC core, the subsequent set of positions
defining the loading distribution for the simulated BOC core, wherein the subsequent set of

positions reduce the difference between the at least one reactor core parameter distribution of the
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simulated BOC core and the received at least one reactor core parameter distribution associated
with a state of a core of a reference nuclear reactor below a selected tolerance level; and

a nuclear reactor, the nuclear reactor including a nuclear reactor core including a
plurality of fuel assemblies arrangeable according to the subsequent loading distribution

determined by the controller.

[00647] 233. 'The nuclear reactor system of clause 232, wherein the received at least one
reactor core parameter distribution are associated with an equilibrium state of a core of a

reference nuclear reactor.

[00648] 234. The nuclear reactor system of clause 232, wherein the received at least one
reactor core parameter distribution are associated with a state of a core of a reference thermal

nuclear reactor.

[00649] 235. The nuclear reactor system of clause 232, wherein the received at least one
reactor core parameter distribution are associated with a state of a core of a reference fast

nuclear reactor.

[00650] 236. The nuclear reactor system of clause 232, wherein the received at least one
reactor core parameter distribution are associated with a state of a core of a reference breed-and-

burn nuclear reactor.

[00651] 237. The nuclear reactor system of clause 232, wherein the received at least one
reactor core parameter distribution are associated with a state of a core of a reference traveling

wave nuclear reactor.

[00652] 238. The nuclear reactor system of clause 232, wherein the received at least one
reactor core parameter distribution associated with a state of a core of a reference nuclear reactor
includes:

a power density distribution associated with a state of a core of a reference nuclear

reactor.
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[00653] 239. The nuclear reactor system of clause 232, wherein the received at least one
reactor core parameter distribution associated with a state of a core of a reference nuclear reactor
includes:

a rate of change of a power density distribution associated with a state of a core of a

reference nuclear reactor.

[00654] 240. The nuclear reactor system of clause 232, wherein the received at least one
reactor core parameter distribution associated with a state of a core of a reference nuclear reactor
includes:

a reactivity distribution associated with a state of a core of a reference nuclear reactor.

[00655] 241. The nuclear reactor system of clause 232, wherein the received at least one
reactor core parameter distribution associated with a state of a core of a reference nuclear reactor
includes:

a rate of change of a reactivity distribution associated with a state of a core of a

reference nuclear reactor.

[00656] 242. The nuclear reactor system of clause 232, wherein the received at least one
reactor core parameter distribution associated with a state of a core of a reference nuclear reactor
includes:

at least one reactor core parameter distribution associated with a state of a core of a

reference nuclear reactor including at least one fuel assembly.

[00657] 243. The nuclear reactor system of clause 232, wherein the received at least one
reactor core parameter distribution associated with a state of a core of a reference nuclear reactor
includes:

at least one reactor core parameter distribution associated with a state of a core of a

reference nuclear reactor including at least one fuel assembly including at least one fuel pin.
[00658] 244. The nuclear reactor system of clause 232, wherein the received at least one

reactor core parameter distribution associated with a state of a core of a reference nuclear reactor

includes:
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at least one reactor core parameter distribution associated with a state of a core of a

reference nuclear reactor including plutonium.

[00659] 245. The nuclear reactor system of clause 232, wherein at least a portion of the

simulated BOC core includes recycled nuclear fuel.

[00660] 246. The nuclear reactor system of clause 232, wherein at least a portion of the

simulated BOC core includes unburned nuclear fuel.

[00661] 247. The nuclear reactor system of clause 232, wherein at least a portion of the

simulated BOC core includes enriched nuclear fuel.

[00662] 248. The nuclear reactor system of clause 232, wherein at least a portion of the

simulated BOC core includes enriched uranium based nuclear fuel.

[00663] 249. The nuclear reactor system of clause 232, wherein the simulated BOC core

includes a plurality of simulated fuel assemblies.

[00664] 250. The nuclear reactor system of clause 232, wherein the generated initial fuel
loading distribution for a simulated beginning-of-cycle (BOC) core of a nuclear reactor includes:
a randomly generated initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor.

[00665] 251. The nuclear reactor system of clause 232, wherein each of the selected initial set
of positions associated with a set of regions within the simulated BOC core of the nuclear

reactor corresponds to one of the set of regions.

[00666] 252. The nuclear reactor system of clause 251, wherein each of the selected initial set
of positions associated with a set of regions within the simulated BOC core of the nuclear
reactor corresponds to one of the set of regions, each region encompassing at least one fuel

assembly.

[00667] 253. The nuclear reactor system of clause 232, wherein each of the set of regions

within the simulated BOC core of the nuclear reactor includes:
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a three dimensional region having a selected volume.

[00668] 254. The nuclear reactor system of clause 232, wherein each of the set of regions
within the simulated BOC core of the nuclear reactor includes:

a three dimensional region having a selected shape.

[00669] 255. The nuclear reactor system of clause 232, wherein the set of regions within the
simulated BOC core of the nuclear reactor includes:

a set of regions having a selected number of regions.

[00670] 256. The nuclear reactor system of clause 232, wherein the generating an initial set of
fuel design parameter values utilizing at least one design variable of each of the set of regions
includes:

generating an initial set of fuel design parameter values utilizing a thermodynamic

variable of each of the set of regions.

[00671] 257. The nuclear reactor system of clause 232, wherein the generating an initial set of
fuel design parameter values utilizing at least one design variable of each of the set of regions
includes:

generating an initial set of fuel design parameter values utilizing a neutronic parameter

of each of the set of regions.

[00672] 258. The nuclear reactor system of clause 257, wherein the generating an initial set of
fuel design parameter values utilizing a neutronic parameter of each of the set of regions
includes:

generating an initial set of fuel design parameter values utilizing a k-infinity value of

each of the set of regions.

[00673] 259. The nuclear reactor system of clause 232, wherein the generating an initial set of
fuel design parameter values utilizing at least one design variable of each of the set of regions
includes:

generating an initial set of enrichment values utilizing at least one design variable of

each of the set of regions.
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[00674] 260. The nuclear reactor system of clause 232, wherein the generating an initial set of
fuel design parameter values utilizing at least one design variable of each of the set of regions
includes:

generating an initial set of pin dimension values associated with a set of pins of a fuel
assembly of the simulated BOC core of the nuclear reactor utilizing at least one design variable

of each of the set of regions.

[00675] 261. The nuclear reactor system of clause 232, wherein the generating an initial set of
fuel design parameter values utilizing at least one design variable of each of the set of regions
includes:

generating an initial set of fuel design parameter values utilizing at least one design
variable of each of the set of regions, wherein each of the initial set of fuel design parameter
values is associated with one of the set of regions of the simulated BOC core of the nuclear

reactor.

[00676] 262. The nuclear reactor system of clause 261, wherein the generating an initial set of
fuel design parameter values utilizing at least one design variable of each of the set of regions
includes:

generating an initial set of fuel design parameter values utilizing at least one design
variable of each of a set of pins of the set of regions, wherein each of the initial set of fuel design
parameter values is associated with one of the pins of each of the set of regions of the simulated

BOC core of the nuclear reactor.

[00677] 263. 'The nuclear reactor system of clause 232, wherein the calculating at least one
reactor core parameter distribution of the simulated BOC core utilizing the generated initial set
of fuel design parameter values associated with the set of regions located at the initial set of
positions of the simulated BOC core includes:

calculating a power density distribution of the simulated BOC core utilizing the
generated initial set of fuel design parameter values associated with the set of regions located at

the initial set of positions of the simulated BOC core.

[00678] 264. The nuclear reactor system of clause 232, wherein the calculating at least one

reactor core parameter distribution of the simulated BOC core utilizing the generated initial set
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of fuel design parameter values associated with the set of regions located at the initial set of
positions of the simulated BOC core includes:

calculating a rate of change of a power density distribution of the simulated BOC core
utilizing the generated initial set of fuel design parameter values associated with the set of

regions located at the initial set of positions of the simulated BOC core.

[00679] 265. 'The nuclear reactor system of clause 232, wherein the calculating at least one
reactor core parameter distribution of the simulated BOC core utilizing the generated initial set
of fuel design parameter values associated with the set of regions located at the initial set of
positions of the simulated BOC core includes:

calculating a reactivity distribution of the simulated BOC core utilizing the generated
initial set of fuel design parameter values associated with the set of regions located at the initial

set of positions of the simulated BOC core.

[00680] 266. The nuclear reactor system of clause 232, wherein the calculating at least one
reactor core parameter distribution of the simulated BOC core utilizing the generated initial set
of fuel design parameter values associated with the set of regions located at the initial set of
positions of the simulated BOC core includes:

calculating a rate of change of a reactivity distribution of the simulated BOC core
utilizing the generated initial set of fuel design parameter values associated with the set of

regions located at the initial set of positions of the simulated BOC core.

[00681] 267. The nuclear reactor system of clause 232, wherein the generating a subsequent
loading distribution by performing at least one perturbation process on the set of regions of the
simulated BOC core in order to determine a subsequent set of positions for the set of regions
within the simulated BOC core includes:

generating a subsequent loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a subsequent set
of positions for the set of regions within the simulated BOC core, the subsequent set of positions

defining the loading distribution for the simulated BOC core.

[00682] 268. The nuclear reactor system of clause 232, wherein the generating a subsequent

loading distribution by performing at least one perturbation process on the set of regions of the
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simulated BOC core in order to determine a subsequent set of positions for the set of regions
within the simulated BOC core includes:

generating a subsequent loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a subsequent set
of positions for the set of regions within the simulated BOC core, wherein the subsequent set of
positions reduce a deviation metric between the at least one reactor core parameter distribution
of the simulated BOC core and the received at least one reactor core parameter distribution

associated with a state of a core of a reference nuclear reactor below a selected tolerance level.

[00683] 269. 'The nuclear reactor system of clause 232, further comprising:
a fuel assembly handler configured to arrange at least one fuel assembly of the nuclear
reactor core according to the subsequent set of positions of the set of regions of the simulated

BOC core.

[00684] 270. 'The nuclear reactor system of clause 269, wherein the fuel assembly handler
configured to arrange at least one fuel assembly of the nuclear reactor core according to the
subsequent set of positions of the set of regions of the simulated BOC core includes:

a fuel assembly handler communicatively coupled to the controller, the fuel assembly
handler configured to arrange at least one fuel assembly of the nuclear reactor core according to
the subsequent set of positions of the set of regions of the simulated BOC core in response to the

subsequent loading distribution determination.

[00685] 271. 'The nuclear reactor system of clause 269, wherein the fuel assembly handler
configured to arrange at least one fuel assembly of the nuclear reactor core according to the
subsequent set of positions of the set of regions of the simulated BOC core includes:

a fuel assembly handler communicatively coupled to the controller, the fuel assembly
handler configured to arrange at least one fuel assembly of the nuclear reactor core according to
the subsequent set of positions of the set of regions of the simulated BOC core in response to a

signal from a user input device.
[00686] 272. The nuclear reactor system of clause 269, wherein the fuel assembly handler

configured to arrange at least one fuel assembly of the nuclear reactor core according to the

subsequent set of positions of the set of regions of the simulated BOC core includes:
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a fuel assembly handler configured to arrange at least one fuel assembly of a core of a
thermal nuclear reactor according to the subsequent set of positions of the set of regions of the

simulated BOC core.

[00687] 273. 'The nuclear reactor system of clause 269, wherein the fuel assembly handler
configured to arrange at least one fuel assembly of the nuclear reactor core according to the
subsequent set of positions of the set of regions of the simulated BOC core includes:

a fuel assembly handler configured to arrange at least one fuel assembly of a core of a
fast nuclear reactor according to the subsequent set of positions of the set of regions of the

simulated BOC core.

[00688] 274. 'The nuclear reactor system of clause 269, wherein the fuel assembly handler
configured to arrange at least one fuel assembly of the nuclear reactor core according to the
subsequent set of positions of the set of regions of the simulated BOC core includes:

a fuel assembly handler configured to arrange at least one fuel assembly of a core of a
breed-and-burn nuclear reactor according to the subsequent set of positions of the set of regions

of the simulated BOC core.

[00689] 275. 'The nuclear reactor system of clause 269, wherein the fuel assembly handler
configured to arrange at least one fuel assembly of the nuclear reactor core according to the
subsequent set of positions of the set of regions of the simulated BOC core includes:

a fuel assembly handler configured to arrange at least one fuel assembly of a core of a
traveling wave nuclear reactor according to the subsequent set of positions of the set of regions

of the simulated BOC core.

[00690] 276. 'The nuclear reactor system of clause 269, wherein the fuel assembly handler
configured to arrange at least one fuel assembly of the nuclear reactor core according to the
subsequent set of positions of the set of regions of the simulated BOC core includes:

fuel assembly handler configured to translate at least one fuel assembly of a core of a
nuclear reactor from an initial location to a subsequent location according to the subsequent set

of positions of the set of regions of the simulated BOC core.
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[00691] 277. 'The nuclear reactor system of clause 269, wherein the fuel assembly handler
configured to arrange at least one fuel assembly of the nuclear reactor core according to the
subsequent set of positions of the set of regions of the simulated BOC core includes:

fuel assembly handler configured to replace at least one fuel assembly of a core of a
nuclear reactor according to the subsequent set of positions of the set of regions of the simulated

BOC core.

[00692] 278. The nuclear reactor system of clause 277, wherein the controller is further
configured to:

report the subsequent set of positions of the set of regions of the simulated BOC core.

[00693] 279. 'The nuclear reactor system of clause 278, further comprising:
a display configured to receive the subsequent set of positions of the set of regions of

the simulated BOC core reported by the controller.

[00694] 280. 'The nuclear reactor system of clause 278, further comprising:
a memory configured to receive the subsequent set of positions of the set of regions of

the simulated BOC core reported by the controller.

[00695] 281. 'The nuclear reactor system of clause 278, further comprising:
a control system of the nuclear reactor configured to receive the subsequent set of

positions of the set of regions of the simulated BOC core reported by the controller.

[00696] 282. A method, comprising:

determining an initial loading distribution of a core of a nuclear reactor utilizing a
beginning-of-cycle (BOC) simulation process to generate a simulated BOC nuclear reactor core;

arranging at least one fuel assembly of the core of the nuclear reactor according to a set
of simulated positions of a set of regions of the simulated BOC nuclear reactor core;

operating the core of the nuclear reactor for a selected time interval;

generating a measured reactor core parameter distribution utilizing at least one
measurement of at least one reactor core parameter at one or more locations within the core of the
nuclear reactor;

comparing the generated measured reactor core parameter distribution to at least one

reactor core parameter distribution of a simulated operated nuclear reactor core; and
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determining an operational compliance state of the core of the nuclear reactor using the
comparison between the generated measured reactor core parameter distribution and the at least

one reactor core parameter distribution of the simulated operated nuclear reactor core.

[00697] 283. The method of clause 282, wherein the determining an initial loading distribution
of a core of a nuclear reactor utilizing a beginning-of-cycle (BOC) simulation process to generate
a simulated BOC nuclear reactor core includes:

determining an initial loading distribution of a core of a nuclear reactor utilizing a
beginning-of-cycle (BOC) simulation process to generate a simulated BOC thermal nuclear

reactor core.

[00698] 284. The method of clause 282, wherein the determining an initial loading distribution
of a core of a nuclear reactor utilizing a beginning-of-cycle (BOC) simulation process to generate
a simulated BOC nuclear reactor core includes:

determining an initial loading distribution of a core of a nuclear reactor utilizing a
beginning-of-cycle (BOC) simulation process to generate a simulated BOC fast nuclear reactor

core.

[00699] 285. The method of clause 282, wherein the determining an initial loading distribution
of a core of a nuclear reactor utilizing a beginning-of-cycle (BOC) simulation process to generate
a simulated BOC nuclear reactor core includes:

determining an initial loading distribution of a core of a nuclear reactor utilizing a
beginning-of-cycle (BOC) simulation process to generate a simulated BOC breed-and-burn

nuclear reactor core.

[00700] 286. The method of clause 282, wherein the determining an initial loading distribution
of a core of a nuclear reactor utilizing a beginning-of-cycle (BOC) simulation process to generate
a simulated BOC nuclear reactor core includes:

determining an initial loading distribution of a core of a nuclear reactor utilizing a
beginning-of-cycle (BOC) simulation process to generate a simulated BOC traveling wave nuclear

reactor core.

[00701] 287. 'The method of clause 282, wherein the determining an initial loading distribution

of a nuclear reactor utilizing a beginning-of-cycle (BOC) simulation process includes:
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determining an initial loading distribution of a core of a nuclear reactor utilizing a
beginning-of-cycle (BOC) simulation process, the BOC simulation process configured to
determine a set of simulated positions of a set of regions within a simulated BOC nuclear reactor
core suitable for reducing a deviation metric between at least one reactor core parameter
distribution of the simulated BOC nuclear reactor core and the received at least one reactor core
parameter distribution associated with a state of a core of a reference nuclear reactor below a

selected tolerance level.

[00702] 288. The method of clause 282, wherein the determining an operational compliance
state using the comparison between the generated measured reactor core parameter distribution
and the at least one reactor core parameter distribution of the simulated operated nuclear reactor
core includes:

determining an operational compliance state using the comparison between the
generated measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core, wherein a deviation metric between
the generated measured reactor core parameter distribution and the at least one reactor core
parameter distribution of the simulated operated nuclear reactor core below a selected tolerance

level corresponds to an in-compliance state.

[00703] 289. The method of clause 282, wherein the determining an operational compliance
state using the comparison between the generated measured reactor core parameter distribution
and the at least one reactor core parameter distribution of the simulated operated nuclear reactor
core includes:

determining an operational compliance state using the comparison between the
generated measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core, wherein a deviation metric between
the generated measured reactor core parameter distribution and the at least one reactor core
parameter distribution of the simulated operated nuclear reactor core above a selected tolerance

level corresponds to an out-of-compliance state.

[00704] 290. The method of clause 289, further comprising:
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responsive to a determination of an out-of-compliance state, determining an additional
loading distribution of the core of the nuclear reactor utilizing an additional simulation process,
the additional simulation process configured to determine a set of simulated positions of a set of
regions within an additional simulated core suitable for reducing the deviation metric between at
least one reactor core parameter distribution of the additional simulated core and the received at
least one reactor core parameter distribution associated with a state of a core of a reference nuclear

reactor below a selected tolerance level.

[00705] 291. The method of clause 290, further comprising:
responsive to the additional loading distribution determination, arranging at least one
fuel assembly of the core of the core of the nuclear reactor according to the set of simulated

positions of the set of regions of the additional simulated core.

[00706] 292. The method of clause 282, further comprising:

reporting the operation compliance state of the core of the nuclear reactor.

[00707] 293. The method of clause 292, wherein the reporting the operation compliance state
of the core of the nuclear reactor includes:

reporting the operation compliance state of the core of the nuclear reactor to a display.

[00708] 294. The method of clause 292, wherein the reporting the operation compliance state
of the nuclear reactor core includes:

reporting the operation compliance state of the core of the nuclear reactor to a memory.

[00709] 295. The method of clause 292, wherein the reporting the operation compliance state
of the core of the nuclear reactor includes:
reporting the operation compliance state of the core of the nuclear reactor to a control

system of the nuclear reactor.
[00710] 296. The method of clause 282, wherein the arranging at least one fuel assembly of

the core of the nuclear reactor according to a set of simulated positions of a set of regions of the

simulated BOC nuclear reactor core includes:
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responsive to the initial loading distribution determination, arranging at least one fuel
assembly of the core of the nuclear reactor according to the set of simulated positions of the set

of regions of the simulated BOC nuclear reactor core.

[00711] 297. The method of clause 282, wherein the arranging at least one fuel assembly of
the core of the nuclear reactor according to a set of simulated positions of a set of regions of the
simulated BOC nuclear reactor core includes:

responsive to a user input, arranging at least one fuel assembly of the core of the
nuclear reactor according to the set of simulated positions of the set of regions of the simulated

BOC nuclear reactor core.

[00712] 298. The method of clause 282, wherein the arranging at least one fuel assembly of
the core of the nuclear reactor according to a set of simulated positions of a set of regions of the
simulated BOC nuclear reactor core includes:

arranging at least one fuel assembly of a core of a thermal nuclear reactor according to

the set of simulated positions of the set of regions of the simulated BOC nuclear reactor core.

[00713] 299. The method of clause 282, wherein the arranging at least one fuel assembly of
the core of the nuclear reactor according to a set of simulated positions of a set of regions of the
simulated BOC nuclear reactor core includes:

arranging at least one fuel assembly of a core of a fast nuclear reactor according to the

set of simulated positions of the set of regions of the simulated BOC nuclear reactor core.

[00714] 300. The method of clause 282, wherein the arranging at least one fuel assembly of
the core of the nuclear reactor according to a set of simulated positions of a set of regions of the
simulated BOC nuclear reactor core includes:

arranging at least one fuel assembly of a core of a breed-and-burn nuclear reactor
according to the set of simulated positions of the set of regions of the simulated BOC nuclear

reactor core.
[00715] 301. The method of clause 282, wherein the arranging at least one fuel assembly of

the core of the nuclear reactor according to a set of simulated positions of a set of regions of the

simulated BOC nuclear reactor core includes:
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arranging at least one fuel assembly of a core of a traveling wave nuclear reactor
according to the set of simulated positions of the set of regions of the simulated BOC nuclear

reactor core.

[00716] 302. The method of clause 282, wherein the arranging at least one fuel assembly of
the core of the nuclear reactor according to a set of simulated positions of a set of regions of the
simulated BOC nuclear reactor core includes:

translating at least one fuel assembly of the core of the nuclear reactor from an initial
location to a subsequent location according to the set of simulated positions of a set of regions of

the simulated BOC nuclear reactor core.

[00717] 303. The method of clause 282, wherein the arranging at least one fuel assembly of
the core of the nuclear reactor according to a set of simulated positions of a set of regions of the
simulated BOC nuclear reactor core includes:

replacing at least one fuel assembly of the core of the nuclear reactor according to the

set of simulated positions of a set of regions of the simulated BOC nuclear reactor core.

[00718] 304. The method of clause 282, wherein the generating a measured reactor core
parameter distribution utilizing at least one measurement of at least reactor core parameter at
one or more locations within the core of the nuclear reactor includes:

generating a measured reactor core parameter distribution utilizing at least one
measurement of at least one state variable at one or more locations within the core of the nuclear

reactor.

[00719] 305. The method of clause 282, wherein the comparing the generated measured
reactor core parameter distribution to at least one reactor core parameter distribution of a
simulated operated nuclear reactor core includes:

comparing the generated measured reactor core parameter distribution to at least one
reactor core parameter distribution of a simulated operated nuclear reactor core, the simulated

operated nuclear reactor core generated utilizing at least the initial loading distribution.
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[00720] 306. The method of clause 282, wherein the comparing the generated measured
reactor core parameter distribution to at least one reactor core parameter distribution of a
simulated operated nuclear reactor core includes:

calculating a deviation metric between the generated measured reactor core parameter
distribution and at least one reactor core parameter distribution of a simulated operated nuclear

reactor core.

[00721] 307. The method of clause 282, wherein the comparing the generated measured
reactor core parameter distribution to at least one reactor core parameter distribution of a
simulated operated nuclear reactor core includes:

comparing a generated measured reactor core power density distribution to at least one

reactor core power density distribution of a simulated operated nuclear reactor core.

[00722] 308. The method of clause 282, wherein the comparing the generated measured
reactor core parameter distribution to at least one reactor core parameter distribution of a
simulated operated nuclear reactor core includes:

comparing a generated measured reactor core rate of change of a power density
distribution to at least one reactor core rate of change of a power density distribution of a

simulated operated nuclear reactor core.

[00723] 309. The method of clause 282, wherein the comparing the generated measured
reactor core parameter distribution to at least one reactor core parameter distribution of a
simulated operated nuclear reactor core includes:

comparing a generated measured reactivity distribution to at least one reactor core

reactivity distribution of a simulated operated nuclear reactor core

[00724] 310. The method of clause 282, wherein the comparing the generated measured
reactor core parameter distribution to at least one reactor core parameter distribution of a
simulated operated nuclear reactor core includes:

comparing a generated measured reactor core rate of change of a reactivity distribution
to at least one reactor core rate of change of reactivity distribution of a simulated operated

nuclear reactor core.
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[00725] 311. A non-transitory computer-readable medium comprising program instructions,

wherein the program instructions are executable to:

determine an initial loading distribution of a core of a nuclear reactor utilizing a
beginning-of-cycle (BOC) simulation process to generate a simulated BOC nuclear reactor core;

arrange at least one fuel assembly of the core of the nuclear reactor according to a set of
simulated positions of a set of regions of the simulated BOC nuclear reactor core;

operate the core of the nuclear reactor for a selected time interval;

generate a measured reactor core parameter distribution utilizing at least one
measurement of at least one reactor core parameter at one or more locations within the core of the
nuclear reactor;

compare the generated measured reactor core parameter distribution to at least one
reactor core parameter distribution of a simulated operated nuclear reactor core; and

determine an operational compliance state of the core of the nuclear reactor using the
comparison between the generated measured reactor core parameter distribution and the at least

one reactor core parameter distribution of the simulated operated core.

[00726] 312. The non-transitory computer-readable medium of clause 311, wherein the
determining an initial loading distribution of a core of a nuclear reactor utilizing a beginning-of-
cycle (BOC) simulation process to generate a simulated BOC nuclear reactor core includes:
determining an initial loading distribution of a core of a nuclear reactor utilizing a
beginning-of-cycle (BOC) simulation process to generate a simulated BOC thermal nuclear

reactor core.

[00727] 313. The non-transitory computer-readable medium of clause 311, wherein the
determining an initial loading distribution of a core of a nuclear reactor utilizing a beginning-of-
cycle (BOC) simulation process to generate a simulated BOC nuclear reactor core includes:
determining an initial loading distribution of a core of a nuclear reactor utilizing a
beginning-of-cycle (BOC) simulation process to generate a simulated BOC fast nuclear reactor

core.
[00728] 314. The non-transitory computer-readable medium of clause 311, wherein the

determining an initial loading distribution of a core of a nuclear reactor utilizing a beginning-of-

cycle (BOC) simulation process to generate a simulated BOC nuclear reactor core includes:
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determining an initial loading distribution of a core of a nuclear reactor utilizing a
beginning-of-cycle (BOC) simulation process to generate a simulated BOC breed-and-burn

nuclear reactor core.

[00729] 315. The non-transitory computer-readable medium of clause 311, wherein the
determining an initial loading distribution of a core of a nuclear reactor utilizing a beginning-of-
cycle (BOC) simulation process to generate a simulated BOC nuclear reactor core includes:
determining an initial loading distribution of a core of a nuclear reactor utilizing a
beginning-of-cycle (BOC) simulation process to generate a simulated BOC traveling wave nuclear

reactor core.

[00730] 316. The non-transitory computer-readable medium of clause 311, wherein the
determining an initial loading distribution of a core of a nuclear reactor utilizing a beginning-of-
cycle (BOC) simulation process to generate a simulated BOC nuclear reactor core includes:
determining an initial loading distribution of a core of a nuclear reactor utilizing a
beginning-of-cycle (BOC) simulation process, the BOC simulation process configured to
determine a set of simulated positions of a set of regions within a simulated BOC nuclear reactor
core suitable for reducing a deviation metric between at least one reactor core parameter
distribution of the simulated BOC nuclear reactor core and the received at least one reactor core
parameter distribution associated with a state of a core of a reference nuclear reactor below a

selected tolerance level.

[00731] 317. The non-transitory computer-readable medium of clause 311, wherein the
determining an operational compliance state of the core of the nuclear reactor using the
comparison between the generated measured reactor core parameter distribution and the at least
one reactor core parameter distribution of the simulated operated core includes:

determining an operational compliance state using the comparison between the
generated measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core, wherein a deviation metric between
the generated measured reactor core parameter distribution and the at least one reactor core
parameter distribution of the simulated operated nuclear reactor core below a selected tolerance

level corresponds to an in-compliance state.
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[00732] 318. The non-transitory computer-readable medium of clause 311, wherein the
determining an operational compliance state using the comparison between the generated
measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core includes:

determining an operational compliance state using the comparison between the
generated measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core, wherein a deviation metric between
the generated measured reactor core parameter distribution and the at least one reactor core
parameter distribution of the simulated operated nuclear reactor core above a selected tolerance

level corresponds to an out-of-compliance state.

[00733] 319. The non-transitory computer-readable medium of clause 318, further comprising:

responsive to a determination of an out-of-compliance state, determining an additional
loading distribution of the core of the nuclear reactor utilizing an additional simulation process,
the additional simulation process configured to determine a set of simulated positions of a set of
regions within an additional simulated core suitable for reducing the deviation metric between at
least one reactor core parameter distribution of the additional simulated core and the received at
least one reactor core parameter distribution associated with a state of a core of a reference nuclear

reactor below a selected tolerance level.

[00734] 320. The non-transitory computer-readable medium of clause 319, further comprising:
responsive to the additional loading distribution determination, arranging at least one
fuel assembly of the core of the core of the nuclear reactor according to the set of simulated

positions of the set of regions of the additional simulated core.

[00735] 321. The non-transitory computer-readable medium of clause 311, further
comprising:

reporting the operation compliance state of the core of the nuclear reactor.
[00736] 322. The non-transitory computer-readable medium of clause 321, wherein the

reporting the operation compliance state of the core of the nuclear reactor includes:

reporting the operation compliance state of the core of the nuclear reactor to a display.
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[00737] 323. The non-transitory computer-readable medium of clause 321, wherein the
reporting the operation compliance state of the core of the nuclear reactor includes:

reporting the operation compliance state of the core of the nuclear reactor to a memory.

[00738] 324. The non-transitory computer-readable medium of clause 321, wherein reporting
the operation compliance state of the core of the nuclear reactor includes:
reporting the operation compliance state of the core of the nuclear reactor to a control

system of the nuclear reactor.

[00739] 325. 'The non-transitory computer-readable medium of clause 311, wherein the
arranging at least one fuel assembly of the core of the nuclear reactor according to a set of
simulated positions of a set of regions of the simulated BOC nuclear reactor core includes:
responsive to the initial loading distribution determination, arranging at least one fuel
assembly of the core of the nuclear reactor according to the set of simulated positions of the set

of regions of the simulated BOC nuclear reactor core.

[00740] 326. 'The non-transitory computer-readable medium of clause 311, wherein the
arranging at least one fuel assembly of the core of the nuclear reactor according to a set of
simulated positions of a set of regions of the simulated BOC nuclear reactor core includes:
responsive to a user input, arranging at least one fuel assembly of the core of the
nuclear reactor according to the set of simulated positions of the set of regions of the simulated

BOC nuclear reactor core.

[00741] 327. 'The non-transitory computer-readable medium of clause 311, wherein the

arranging at least one fuel assembly of the core of the nuclear reactor according to a set of

simulated positions of a set of regions of the simulated BOC nuclear reactor core includes:
arranging at least one fuel assembly of a core of a thermal nuclear reactor according to

the set of simulated positions of the set of regions of the simulated BOC nuclear reactor core.
[00742] 328. The non-transitory computer-readable medium of clause 311, wherein the

arranging at least one fuel assembly of the core of the nuclear reactor according to a set of

simulated positions of a set of regions of the simulated BOC nuclear reactor core includes:
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arranging at least one fuel assembly of a core of a fast nuclear reactor according to the

set of simulated positions of the set of regions of the simulated BOC nuclear reactor core.

[00743] 329. The non-transitory computer-readable medium of clause 311, wherein the
arranging at least one fuel assembly of the core of the nuclear reactor according to a set of
simulated positions of a set of regions of the simulated BOC nuclear reactor core includes:
arranging at least one fuel assembly of a core of a breed-and-burn nuclear reactor
according to the set of simulated positions of the set of regions of the simulated BOC nuclear

reactor core.

[00744] 330. The non-transitory computer-readable medium of clause 311, wherein the
arranging at least one fuel assembly of the core of the nuclear reactor according to a set of
simulated positions of a set of regions of the simulated BOC nuclear reactor core includes:
arranging at least one fuel assembly of a core of a traveling wave nuclear reactor
according to the set of simulated positions of the set of regions of the simulated BOC nuclear

reactor core.

[00745] 331. 'The non-transitory computer-readable medium of clause 311, wherein the
arranging at least one fuel assembly of the core of the nuclear reactor according to a set of
simulated positions of a set of regions of the simulated BOC nuclear reactor core includes:

translating at least one fuel assembly of the core of the nuclear reactor from an initial

location to a subsequent location according to the set of simulated positions of a set of regions of

the simulated BOC nuclear reactor core.

[00746] 332. 'The non-transitory computer-readable medium of clause 311, wherein the

arranging at least one fuel assembly of the core of the nuclear reactor according to a set of

simulated positions of a set of regions of the simulated BOC nuclear reactor core includes:
replacing at least one fuel assembly of the core of the nuclear reactor according to the

set of simulated positions of a set of regions of the simulated BOC nuclear reactor core.

[00747] 333. The non-transitory computer-readable medium of clause 311, wherein the

generating a measured reactor core parameter distribution utilizing at least one measurement of

at least one reactor core parameter at one or more locations within the core of the nuclear reactor

includes:
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generating a measured reactor core parameter distribution utilizing at least one
measurement of at least one state variable at one or more locations within the core of the nuclear

reactor.

[00748] 334. 'The non-transitory computer-readable medium of clause 311, wherein the
comparing the generated measured reactor core parameter distribution to at least one reactor
core parameter distribution of a simulated operated nuclear reactor core includes:

comparing the generated measured reactor core parameter distribution to at least one
reactor core parameter distribution of a simulated operated nuclear reactor core, the simulated

operated nuclear reactor core generated utilizing at least the initial loading distribution.

[00749] 335. The non-transitory computer-readable medium of clause 311, wherein the
comparing the generated measured reactor core parameter distribution to at least one reactor
core parameter distribution of a simulated operated nuclear reactor core includes:

calculating a deviation metric between the generated measured reactor core distribution

and at least one reactor core distribution of a simulated operated nuclear reactor core.

[00750] 336. 'The non-transitory computer-readable medium of clause 311, wherein the
comparing the generated measured reactor core parameter distribution to at least one reactor
core parameter distribution of a simulated operated nuclear reactor core includes:

comparing a generated measured reactor core power density distribution to at least one

reactor core power density distribution of a simulated operated nuclear reactor core.

[00751] 337. 'The non-transitory computer-readable medium of clause 311, wherein the
comparing the generated measured reactor core parameter distribution to at least one reactor
core parameter distribution of a simulated operated nuclear reactor core includes:
comparing a generated measured reactor core rate of change of a power density
distribution to at least one reactor core rate of change of a power density distribution of a

simulated operated nuclear reactor core.
[00752] 338. The non-transitory computer-readable medium of clause 311, wherein the

comparing the generated measured reactor core parameter distribution to at least one reactor

core parameter distribution of a simulated operated nuclear reactor core includes:
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comparing a generated measured reactivity distribution to at least one reactor core

reactivity distribution of a simulated operated nuclear reactor core.

[00753] 339. The non-transitory computer-readable medium of clause 311, wherein the
comparing the generated measured reactor core parameter distribution to at least one reactor
core parameter distribution of a simulated operated nuclear reactor core includes:

comparing a generated measured reactor core rate of change of a reactivity distribution
to at least one reactor core rate of change of reactivity distribution of a simulated operated

nuclear reactor core.

[00754] 340. A nuclear reactor system, comprising:

a nuclear reactor including a nuclear reactor core, the nuclear reactor core including a plurality of
fuel assemblies; and
a controller configured to:

determine an initial loading distribution of the nuclear reactor core utilizing a beginning-
of-cycle (BOC) simulation process to generate a simulated BOC nuclear reactor core;

generate a measured reactor core parameter distribution utilizing at least one
measurement of at least one reactor core parameter at one or more locations within the core of the
nuclear reactor, following operation of the nuclear reactor for a selected time interval;
compare the generated measured reactor core parameter distribution to at least one reactor core
parameter distribution of a simulated operated nuclear reactor core generated utilizing at least the
initial loading distribution; and

determine an operational compliance state of the core of the nuclear reactor using the
comparison between the generated measured reactor core parameter distribution and the at least
one reactor core parameter distribution of the simulated operated nuclear reactor core,
wherein the plurality of fuel assemblies of the nuclear reactor core are arrangeable according to a
set of simulated positions of a set of regions of at least one of the simulated BOC nuclear reactor

core and an additional simulated operated nuclear reactor core.

[00755] 341.  The nuclear reactor system of clause 340, wherein the determining an initial
loading distribution of the core of the nuclear reactor utilizing a beginning-of-cycle (BOC)
simulation process to generate a simulated BOC nuclear reactor core includes:

determining an initial loading distribution of the core of the nuclear reactor utilizing a

beginning-of-cycle (BOC) simulation process, the BOC simulation process configured to
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determine a set of simulated positions of a set of regions within a simulated BOC nuclear reactor
core suitable for reducing a deviation metric between at least one reactor core parameter
distribution of the simulated BOC nuclear reactor core and the received at least one reactor core
parameter distribution associated with a state of a core of a reference nuclear reactor below a

selected tolerance level.

[00756] 342. The nuclear reactor system of clause 340, wherein the determining an operational
compliance state of the core of the nuclear reactor using the comparison between the generated
measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core includes:

determining an operational compliance state using the comparison between the
generated measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core, wherein a deviation metric between
the generated measured reactor core parameter distribution and the at least one reactor core
parameter distribution of the simulated operated nuclear reactor core below a selected tolerance

level corresponds to an in-compliance state.

[00757] 343. The nuclear reactor system of clause 340, wherein the determining an operational
compliance state of the core of the nuclear reactor using the comparison between the generated
measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core includes:

determining an operational compliance state using the comparison between the
generated measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core, wherein a deviation metric between
the generated measured reactor core parameter distribution and the at least one reactor core
parameter distribution of the simulated operated nuclear reactor core above a selected tolerance

level corresponds to an out-of-compliance state.

[00758] 344. The nuclear reactor system of clause 343, wherein the controller is further
configured to:

responsive to a determination of an out-of-compliance state, determine an additional
loading distribution of the core of the nuclear reactor utilizing an additional simulation process,
the additional simulation process configured to determine a set of simulated positions of a set of

regions within the additional simulated core suitable for reducing the deviation metric between at
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least one reactor core parameter distribution of the additional simulated core and a received at
least one reactor core parameter distribution associated with a state of a core of a reference nuclear

reactor below a selected tolerance level.

[00759] 345. 'The nuclear reactor system of clause 340, further comprising:
a fuel assembly handler configured to arrange at least one fuel assembly of the core of
the nuclear reactor according to the set of simulated positions of the set of regions of at least one

of the simulated BOC nuclear reactor core and the additional simulated nuclear reactor core.

[00760] 346.  The nuclear reactor system of clause 345, wherein the fuel assembly handler
configured to arrange at least one fuel assembly of the core of the nuclear reactor according to the
set of simulated positions of the set of regions of at least one of the simulated BOC nuclear reactor
core and the additional simulated nuclear reactor core includes:

a fuel assembly handler communicatively coupled to the controller, the fuel assembly
handler configured to arrange at least one fuel assembly of the core of the nuclear reactor
according to the set of simulated positions of the set of regions of at least one of the simulated
BOC nuclear reactor core and the additional simulated nuclear reactor core, in response to a signal

from a user interface device.

[00761] 347.  The nuclear reactor system of clause 345, wherein the fuel assembly handler
configured to arrange at least one fuel assembly of the core of the nuclear reactor according to the
set of simulated positions of the set of regions of at least one of the simulated BOC nuclear reactor
core and the additional simulated nuclear reactor core includes:

a fuel assembly handler communicatively coupled to the controller, the fuel assembly
handler configured to arrange at least one fuel assembly of the core of the nuclear reactor
according to the set of simulated positions of the set of regions of the simulated BOC nuclear

reactor core, in response to the initial loading distribution determination.

[00762] 348.  The nuclear reactor system of clause 345, wherein the fuel assembly handler
configured to arrange at least one fuel assembly of the core of the nuclear reactor according to the
set of simulated positions of the set of regions of at least one of the simulated BOC nuclear reactor
core and the additional simulated nuclear reactor core includes:

a fuel assembly handler communicatively coupled to the controller, the fuel assembly

handler configured to arrange at least one fuel assembly of the core of the nuclear reactor
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according to the set of simulated positions of the set of regions of the additional simulated nuclear

reactor core, in response to the additional loading distribution determination.

[00763] 349.  The nuclear reactor system of clause 345, wherein the fuel assembly handler
configured to arrange at least one fuel assembly of the core of the nuclear reactor according to the
set of simulated positions of the set of regions of at least one of the simulated BOC nuclear reactor
core and the additional simulated nuclear reactor core includes:

a fuel assembly handler configured to translate at least one fuel assembly of the core of
the nuclear reactor from an initial location to a subsequent location according to the set of
simulated positions of the set of regions of at least one of the simulated BOC nuclear reactor core

and the additional simulated nuclear reactor core.

[00764] 350.  The nuclear reactor system of clause 345, wherein the fuel assembly handler
configured to arrange at least one fuel assembly of the core of the nuclear reactor according to the
set of simulated positions of the set of regions of at least one of the simulated BOC nuclear reactor
core and the additional simulated nuclear reactor core includes:

a fuel assembly handler configured to replace at least one fuel assembly of the core of
the nuclear reactor according to the set of simulated positions of the set of regions of at least one

of the simulated BOC nuclear reactor core and the additional simulated nuclear reactor core.

[00765] 351. The nuclear reactor system of clause 340, wherein the determining an operational
compliance state of the core of the nuclear reactor using the comparison between the generated
measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core includes:

determining an operational compliance state using the comparison between the
generated measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core, wherein a deviation metric between
the generated measured reactor core parameter distribution and the at least one reactor core
parameter distribution of the simulated operated nuclear reactor core below a selected tolerance

level corresponds to an in-compliance state.

[00766] 352. The nuclear reactor system of clause 340, wherein the determining an operational

compliance state of the core of the nuclear reactor using the comparison between the generated
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measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core includes:

determining an operational compliance state using the comparison between the
generated measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core, wherein a deviation metric between
the generated measured reactor core parameter distribution and the at least one reactor core
parameter distribution of the simulated operated nuclear reactor core above a selected tolerance

level corresponds to an out-of-compliance state.

[00767] 353. The nuclear reactor system of clause 352, wherein the controller is further
configured to:

responsive to a determination of an out-of-compliance state, determine an additional
loading distribution of the core of the nuclear reactor utilizing an additional simulation process,
the additional simulation process configured to determine a set of simulated positions of a set of
regions within the additional simulated core suitable for reducing the deviation metric between at
least one reactor core parameter distribution of the additional simulated core and a received at
least one reactor core parameter distribution associated with a state of a core of a reference nuclear

reactor below a selected tolerance level.

[00768] 354. The nuclear reactor system of clause 340, wherein the nuclear reactor includes:

a thermal nuclear reactor.

[00769] 355. The nuclear reactor system of clause 340, wherein the nuclear reactor includes:

a fast nuclear reactor

[00770] 356. The nuclear reactor system of clause 340, wherein the nuclear reactor includes:

a breed-and-burn nuclear reactor

[00771] 357. The nuclear reactor system of clause 340, wherein the nuclear reactor includes:

a traveling wave nuclear reactor.

[00772] 358. The nuclear reactor system of clause 340, wherein the controller is further
configured to:

report the operational compliance state of the core of the nuclear reactor.
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[00773] 359. The nuclear reactor system of clause 358, wherein the controller is further
configured to:

report the operational compliance state of the core of the nuclear reactor to a display.

[00774] 360. The nuclear reactor system of clause 358, wherein the controller is further
configured to:

report the operational compliance state of the core of the nuclear reactor to a memory.

[00775] 361. The nuclear reactor system of clause 358, wherein the controller is further
configured to:
report the operational compliance state of the core of the nuclear reactor to a control

system of the nuclear reactor.

[00776] 362. 'The nuclear reactor system of clause 340, wherein the comparing the generated
measured reactor core parameter distribution to at least one reactor core parameter distribution
of a simulated operated nuclear reactor core includes:

comparing a generated measured reactor core power density distribution to at least one

reactor core power density distribution of a simulated operated nuclear reactor core

[00777] 363. 'The nuclear reactor system of clause 340, wherein the comparing the generated
measured reactor core parameter distribution to at least one reactor core parameter distribution
of a simulated operated nuclear reactor core includes:

calculating a deviation metric between the generated measured reactor core distribution

and at least one reactor core distribution of a simulated operated nuclear reactor core.

[00778] 364. 'The nuclear reactor system of clause 340, wherein the comparing the generated
measured reactor core parameter distribution to at least one reactor core parameter distribution
of a simulated operated nuclear reactor core includes:

comparing a generated measured reactor core rate of change of a power density
distribution to at least one reactor core rate of change of a power density distribution of a

simulated operated nuclear reactor core
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[00779] 365. 'The nuclear reactor system of clause 340, wherein the comparing the generated
measured reactor core parameter distribution to at least one reactor core parameter distribution
of a simulated operated nuclear reactor core includes:

comparing a generated measured reactivity distribution to at least one reactor core

reactivity distribution of a simulated operated nuclear reactor core

[00780] 366. The nuclear reactor system of clause 340, wherein the comparing the generated
measured reactor core parameter distribution to at least one reactor core parameter distribution
of a simulated operated nuclear reactor core includes:

comparing a generated measured reactor core rate of change of a reactivity distribution
to at least one reactor core rate of change of a reactivity distribution of a simulated operated

nuclear reactor core.

[00781] 367. The nuclear reactor system of clause 340, wherein at least a portion of the

simulated operated nuclear reactor core includes recycled nuclear fuel.

[00782] 368. The nuclear reactor system of clause 340, wherein at least a portion of the

simulated operated nuclear reactor core includes unburned nuclear fuel.

[00783] 369. The nuclear reactor system of clause 340, wherein at least a portion of the

simulated operated nuclear reactor core includes enriched nuclear fuel.

[00784] 370. The nuclear reactor system of clause 340, wherein at least a portion of the

simulated operated nuclear reactor core includes enriched uranium based nuclear fuel.

[00785] 371. The nuclear reactor system of clause 340, wherein the simulated operated

nuclear reactor core includes a plurality of simulated fuel assemblies.
[00786] 372. 'The nuclear reactor system of clause 340, further comprising:

a reactor core measurement system operably coupled to the core of the nuclear reactor

and communicatively coupled to the controller.
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[00787] 373. The nuclear reactor system of clause 372, wherein the reactor core measurement

system is configured to perform at least one measurement of at least one state variable at one or

more locations within the core of the nuclear reactor.

[00788] 374. The nuclear reactor system of clause 373, wherein the controller is further
configured to generate the measured reactor core parameter distribution utilizing the at least one
measurement of at least one state variable at one or more locations within the core of the nuclear

reactor from the reactor core measurement system.
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CLAIMS

1. A method, comprising:

determining an initial loading distribution of a core of a nuclear reactor utilizing a
beginning-of-cycle (BOC) simulation process to generate a simulated BOC nuclear reactor core;

arranging at least one fuel assembly of the core of the nuclear reactor according to a set of
simulated positions of a set of regions of the simulated BOC nuclear reactor core;

operating the core of the nuclear reactor for a selected time interval;

generating a measured reactor core parameter distribution utilizing at least one
measurement of at least one reactor core parameter at one or more locations within the core of the
nuclear reactor;

comparing the generated measured reactor core parameter distribution to at least one
reactor core parameter distribution of a simulated operated nuclear reactor core; and

determining an operational compliance state of the core of the nuclear reactor using the
comparison between the generated measured reactor core parameter distribution and the at least

one reactor core parameter distribution of the simulated operated nuclear reactor core.

2. The method of claim 1, wherein the determining an initial loading distribution of a
core of a nuclear reactor utilizing a beginning-of-cycle (BOC) simulation process to generate a
simulated BOC nuclear reactor core includes:

determining an initial loading distribution of a core of a nuclear reactor utilizing a
beginning-of-cycle (BOC) simulation process to generate at least one of a simulated BOC thermal
nuclear reactor core, a simulated BOC fast nuclear reactor core, a simulated BOC breed-and-burn

nuclear reactor core and a simulated BOC traveling wave nuclear reactor core .

3. The method of claim 1, wherein the determining an initial loading distribution of a
nuclear reactor utilizing a beginning-of-cycle (BOC) simulation process includes:

determining an initial loading distribution of a core of a nuclear reactor utilizing a
beginning-of-cycle (BOC) simulation process, the BOC simulation process configured to
determine a set of simulated positions of a set of regions within a simulated BOC nuclear reactor
core suitable for reducing a deviation metric between at least one reactor core parameter

distribution of the simulated BOC nuclear reactor core and the received at least one reactor core
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parameter distribution associated with a state of a core of a reference nuclear reactor below a

selected tolerance level.

4. The method of claim 1, wherein the determining an operational compliance state
using the comparison between the generated measured reactor core parameter distribution and the
at least one reactor core parameter distribution of the simulated operated nuclear reactor core
includes:

determining an operational compliance state using the comparison between the generated
measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core, wherein a deviation metric between the
generated measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core below a selected tolerance level

corresponds to an in-compliance state.

5. The method of claim 1, wherein the determining an operational compliance state
using the comparison between the generated measured reactor core parameter distribution and the
at least one reactor core parameter distribution of the simulated operated nuclear reactor core
includes:

determining an operational compliance state using the comparison between the generated
measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core, wherein a deviation metric between the
generated measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core above a selected tolerance level

corresponds to an out-of-compliance state.

6. The method of claim 5, further comprising:

responsive to a determination of an out-of-compliance state, determining an additional
loading distribution of the core of the nuclear reactor utilizing an additional simulation process,
the additional simulation process configured to determine a set of simulated positions of a set of
regions within an additional simulated core suitable for reducing the deviation metric between at
least one reactor core parameter distribution of the additional simulated core and the received at
least one reactor core parameter distribution associated with a state of a core of a reference nuclear

reactor below a selected tolerance level.
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7. The method of claim 6, further comprising:
responsive to the additional loading distribution determination, arranging at least one fuel
assembly of the core of the core of the nuclear reactor according to the set of simulated positions

of the set of regions of the additional simulated core.

8. The method of claim 1, further comprising:

reporting the operation compliance state of the core of the nuclear reactor.

0. The method of claim 1, wherein the arranging at least one fuel assembly of the core
of the nuclear reactor according to a set of simulated positions of a set of regions of the simulated
BOC nuclear reactor core includes:

responsive to the initial loading distribution determination, arranging at least one fuel
assembly of the core of the nuclear reactor according to the set of simulated positions of the set of

regions of the simulated BOC nuclear reactor core.

10. The method of claim 1, wherein the arranging at least one fuel assembly of the core
of the nuclear reactor according to a set of simulated positions of a set of regions of the simulated
BOC nuclear reactor core includes:

arranging at least one fuel assembly of a core of at least one of a thermal reactor, a fast
nuclear reactor, a breed-and-burn reactor and a traveling wave reactor according to the set of

simulated positions of the set of regions of the simulated BOC nuclear reactor core.

11. The method of claim 1, wherein the arranging at least one fuel assembly of the core
of the nuclear reactor according to a set of simulated positions of a set of regions of the simulated
BOC nuclear reactor core includes:

translating at least one fuel assembly of the core of the nuclear reactor from an initial
location to a subsequent location according to the set of simulated positions of a set of regions of

the simulated BOC nuclear reactor core.
12. The method of claim 1, wherein the arranging at least one fuel assembly of the core

of the nuclear reactor according to a set of simulated positions of a set of regions of the simulated

BOC nuclear reactor core includes:
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replacing at least one fuel assembly of the core of the nuclear reactor according to the set

of simulated positions of a set of regions of the simulated BOC nuclear reactor core.

13. The method of claim 1, wherein the generating a measured reactor core parameter
distribution utilizing at least one measurement of at least reactor core parameter at one or more
locations within the core of the nuclear reactor includes:

generating a measured reactor core parameter distribution utilizing at least one
measurement of at least one state variable at one or more locations within the core of the nuclear

reactor.

14. The method of claim 1, wherein the comparing the generated measured reactor core
parameter distribution to at least one reactor core parameter distribution of a simulated operated
nuclear reactor core includes:

comparing the generated measured reactor core parameter distribution to at least one
reactor core parameter distribution of a simulated operated nuclear reactor core, the simulated

operated nuclear reactor core generated utilizing at least the initial loading distribution.

15. The method of claim 1, wherein the comparing the generated measured reactor core
parameter distribution to at least one reactor core parameter distribution of a simulated operated
nuclear reactor core includes:

calculating a deviation metric between the generated measured reactor core parameter
distribution and at least one reactor core parameter distribution of a simulated operated nuclear

reactor core.

16. The method of claim 1, wherein the comparing the generated measured reactor core
parameter distribution to at least one reactor core parameter distribution of a simulated operated
nuclear reactor core includes:

comparing a generated measured reactor core power density distribution to at least one

reactor core power density distribution of a simulated operated nuclear reactor core.
17. The method of claim 1, wherein the comparing the generated measured reactor core

parameter distribution to at least one reactor core parameter distribution of a simulated operated

nuclear reactor core includes:
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comparing a generated measured reactor core rate of change of a power density
distribution to at least one reactor core rate of change of a power density distribution of a simulated

operated nuclear reactor core.

18. The method of claim 1, wherein the comparing the generated measured reactor core
parameter distribution to at least one reactor core parameter distribution of a simulated operated
nuclear reactor core includes:

comparing a generated measured reactivity distribution to at least one reactor core

reactivity distribution of a simulated operated nuclear reactor core

19. The method of claim 1, wherein the comparing the generated measured reactor core
parameter distribution to at least one reactor core parameter distribution of a simulated operated
nuclear reactor core includes:

comparing a generated measured reactor core rate of change of a reactivity distribution to
at least one reactor core rate of change of reactivity distribution of a simulated operated nuclear

reactor core.

20. A non-transitory computer-readable medium comprising program instructions, wherein the

program instructions are executable to:

determine an initial loading distribution of a core of a nuclear reactor utilizing a beginning-
of-cycle (BOC) simulation process to generate a simulated BOC nuclear reactor core;

arrange at least one fuel assembly of the core of the nuclear reactor according to a set of
simulated positions of a set of regions of the simulated BOC nuclear reactor core;

operate the core of the nuclear reactor for a selected time interval;

generate a measured reactor core parameter distribution utilizing at least one measurement
of at least one reactor core parameter at one or more locations within the core of the nuclear reactor;

compare the generated measured reactor core parameter distribution to at least one reactor
core parameter distribution of a simulated operated nuclear reactor core; and

determine an operational compliance state of the core of the nuclear reactor using the
comparison between the generated measured reactor core parameter distribution and the at least

one reactor core parameter distribution of the simulated operated core.
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21. The non-transitory computer-readable medium of claim 20, wherein the
determining an initial loading distribution of a core of a nuclear reactor utilizing a beginning-of-
cycle (BOC) simulation process to generate a simulated BOC nuclear reactor core includes:

determining an initial loading distribution of a core of a nuclear reactor utilizing a
beginning-of-cycle (BOC) simulation process to generate at least one of a simulated BOC thermal
nuclear reactor core, a simulated BOC fast nuclear reactor core, a simulated BOC breed-and-burn

nuclear reactor core and a simulated BOC traveling wave nuclear reactor core.

22. The non-transitory computer-readable medium of claim 20, wherein the
determining an initial loading distribution of a core of a nuclear reactor utilizing a beginning-of-
cycle (BOC) simulation process to generate a simulated BOC nuclear reactor core includes:

determining an initial loading distribution of a core of a nuclear reactor utilizing a
beginning-of-cycle (BOC) simulation process, the BOC simulation process configured to
determine a set of simulated positions of a set of regions within a simulated BOC nuclear reactor
core suitable for reducing a deviation metric between at least one reactor core parameter
distribution of the simulated BOC nuclear reactor core and the received at least one reactor core
parameter distribution associated with a state of a core of a reference nuclear reactor below a

selected tolerance level.

23. The non-transitory computer-readable medium of claim 20, wherein the
determining an operational compliance state of the core of the nuclear reactor using the comparison
between the generated measured reactor core parameter distribution and the at least one reactor
core parameter distribution of the simulated operated core includes:

determining an operational compliance state using the comparison between the generated
measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core, wherein a deviation metric between the
generated measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core below a selected tolerance level

corresponds to an in-compliance state.

24. The non-transitory computer-readable medium of claim 20, wherein the
determining an operational compliance state using the comparison between the generated
measured reactor core parameter distribution and the at least one reactor core parameter

distribution of the simulated operated nuclear reactor core includes:
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determining an operational compliance state using the comparison between the generated
measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core, wherein a deviation metric between the
generated measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core above a selected tolerance level

corresponds to an out-of-compliance state.

25. The non-transitory computer-readable medium of claim 24, further comprising:

responsive to a determination of an out-of-compliance state, determining an additional
loading distribution of the core of the nuclear reactor utilizing an additional simulation process,
the additional simulation process configured to determine a set of simulated positions of a set of
regions within an additional simulated core suitable for reducing the deviation metric between at
least one reactor core parameter distribution of the additional simulated core and the received at
least one reactor core parameter distribution associated with a state of a core of a reference nuclear

reactor below a selected tolerance level.

26. The non-transitory computer-readable medium of claim 25, further comprising:
responsive to the additional loading distribution determination, arranging at least one fuel
assembly of the core of the core of the nuclear reactor according to the set of simulated positions

of the set of regions of the additional simulated core.

27. A nuclear reactor system, comprising:
a nuclear reactor including a nuclear reactor core, the nuclear reactor core including a
plurality of fuel assemblies; and
a controller configured to:
determine an initial loading distribution of the nuclear reactor core
utilizing a beginning-of-cycle (BOC) simulation process to generate a
simulated BOC nuclear reactor core;
generate a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more locations
within the core of the nuclear reactor, following operation of the nuclear reactor

for a selected time interval;
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compare the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear

reactor core generated utilizing at least the initial loading distribution; and
determine an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution

of the simulated operated nuclear reactor core,

wherein the plurality of fuel assemblies of the nuclear reactor core are arrangeable
according to a set of simulated positions of a set of regions of at least one of the simulated

BOC nuclear reactor core and an additional simulated operated nuclear reactor core.

28. The nuclear reactor system of claim 27, wherein the determining an initial loading
distribution of the core of the nuclear reactor utilizing a beginning-of-cycle (BOC) simulation
process to generate a simulated BOC nuclear reactor core includes:

determining an initial loading distribution of the core of the nuclear reactor utilizing a
beginning-of-cycle (BOC) simulation process, the BOC simulation process configured to
determine a set of simulated positions of a set of regions within a simulated BOC nuclear reactor
core suitable for reducing a deviation metric between at least one reactor core parameter
distribution of the simulated BOC nuclear reactor core and the received at least one reactor core
parameter distribution associated with a state of a core of a reference nuclear reactor below a

selected tolerance level.

29. The nuclear reactor system of claim 27, wherein the determining an operational
compliance state of the core of the nuclear reactor using the comparison between the generated
measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core includes:

determining an operational compliance state using the comparison between the generated
measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core, wherein a deviation metric between the
generated measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core below a selected tolerance level

corresponds to an in-compliance state.
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30. The nuclear reactor system of claim 27, wherein the determining an operational
compliance state of the core of the nuclear reactor using the comparison between the generated
measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core includes:

determining an operational compliance state using the comparison between the generated
measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core, wherein a deviation metric between the
generated measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core above a selected tolerance level

corresponds to an out-of-compliance state.

31. The nuclear reactor system of claim 30, wherein the controller is further configured
to:

responsive to a determination of an out-of-compliance state, determine an additional
loading distribution of the core of the nuclear reactor utilizing an additional simulation process,
the additional simulation process configured to determine a set of simulated positions of a set of
regions within the additional simulated core suitable for reducing the deviation metric between at
least one reactor core parameter distribution of the additional simulated core and a received at least
one reactor core parameter distribution associated with a state of a core of a reference nuclear

reactor below a selected tolerance level.

32. The nuclear reactor system of claim 27, further comprising:
a fuel assembly handler configured to arrange at least one fuel assembly of the core of the
nuclear reactor according to the set of simulated positions of the set of regions of at least one of

the simulated BOC nuclear reactor core and the additional simulated nuclear reactor core.

33. The nuclear reactor system of claim 32, wherein the fuel assembly handler
configured to arrange at least one fuel assembly of the core of the nuclear reactor according to the
set of simulated positions of the set of regions of at least one of the simulated BOC nuclear reactor
core and the additional simulated nuclear reactor core includes:

a fuel assembly handler communicatively coupled to the controller, the fuel assembly
handler configured to arrange at least one fuel assembly of the core of the nuclear reactor according

to the set of simulated positions of the set of regions of at least one of the simulated BOC nuclear
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reactor core and the additional simulated nuclear reactor core, in response to a signal from a user

interface device.

34. The nuclear reactor system of claim 32, wherein the fuel assembly handler
configured to arrange at least one fuel assembly of the core of the nuclear reactor according to the
set of simulated positions of the set of regions of at least one of the simulated BOC nuclear reactor
core and the additional simulated nuclear reactor core includes:

a fuel assembly handler communicatively coupled to the controller, the fuel assembly
handler configured to arrange at least one fuel assembly of the core of the nuclear reactor according
to the set of simulated positions of the set of regions of the simulated BOC nuclear reactor core,

in response to the initial loading distribution determination.

35. The nuclear reactor system of claim 32, wherein the fuel assembly handler
configured to arrange at least one fuel assembly of the core of the nuclear reactor according to the
set of simulated positions of the set of regions of at least one of the simulated BOC nuclear reactor
core and the additional simulated nuclear reactor core includes:

a fuel assembly handler communicatively coupled to the controller, the fuel assembly
handler configured to arrange at least one fuel assembly of the core of the nuclear reactor according
to the set of simulated positions of the set of regions of the additional simulated nuclear reactor

core, in response to the additional loading distribution determination.

36. (ORIGINAL) The nuclear reactor system of claim 27, wherein the determining an
operational compliance state of the core of the nuclear reactor using the comparison between the
generated measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core includes:

determining an operational compliance state using the comparison between the generated
measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core, wherein a deviation metric between the
generated measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core below a selected tolerance level

corresponds to an in-compliance state.

37. (ORIGINAL) The nuclear reactor system of claim 27, wherein the determining an

operational compliance state of the core of the nuclear reactor using the comparison between the
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generated measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core includes:

determining an operational compliance state using the comparison between the generated
measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core, wherein a deviation metric between the
generated measured reactor core parameter distribution and the at least one reactor core parameter
distribution of the simulated operated nuclear reactor core above a selected tolerance level

corresponds to an out-of-compliance state.

38. The nuclear reactor system of claim 37, wherein the controller is further configured
to:

responsive to a determination of an out-of-compliance state, determine an additional
loading distribution of the core of the nuclear reactor utilizing an additional simulation process,
the additional simulation process configured to determine a set of simulated positions of a set of
regions within the additional simulated core suitable for reducing the deviation metric between at
least one reactor core parameter distribution of the additional simulated core and a received at least
one reactor core parameter distribution associated with a state of a core of a reference nuclear

reactor below a selected tolerance level.

39, The nuclear reactor system of claim 27, wherein the nuclear reactor includes:
at least one of a thermal nuclear reactor, a fast nuclear reactor, a breed-and-burn nuclear

reactor and a traveling wave nuclear reactor.

40. The nuclear reactor system of claim 27, wherein the comparing the generated
measured reactor core parameter distribution to at least one reactor core parameter distribution of
a simulated operated nuclear reactor core includes:

comparing a generated measured reactor core power density distribution to at least one

reactor core power density distribution of a simulated operated nuclear reactor core

41. The nuclear reactor system of claim 27, wherein the comparing the generated
measured reactor core parameter distribution to at least one reactor core parameter distribution of
a simulated operated nuclear reactor core includes:

calculating a deviation metric between the generated measured reactor core distribution

and at least one reactor core distribution of a simulated operated nuclear reactor core.
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42. The nuclear reactor system of claim 27, wherein at least a portion of the simulated
operated nuclear reactor core includes at least one of recycled nuclear fuel, unburned nuclear fuel

and enriched nuclear fuel.

43. The nuclear reactor system of claim 27, wherein the simulated operated nuclear

reactor core includes a plurality of simulated fuel assemblies.

44. The nuclear reactor system of claim 27, further comprising:

a reactor core measurement system operably coupled to the core of the nuclear reactor and

communicatively coupled to the controller.

45. The nuclear reactor system of claim 44, wherein the reactor core measurement
system is configured to perform at least one measurement of at least one state variable at one or

more locations within the core of the nuclear reactor.

46. The nuclear reactor system of claim 45, wherein the controller is further configured
to generate the measured reactor core parameter distribution utilizing the at least one measurement
of at least one state variable at one or more locations within the core of the nuclear reactor from

the reactor core measurement system.
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BOC core utilizing the generated initial set of fuel design parameter values
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process on the set of regions of the simulated BOC core in order to determine a
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design variable of each of the set of regions

450 calculating at least one reactor core parameter distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values
associated with the set of regions located at the initial set of positions in the
simulated BOC core

460 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

FIG. 10
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Start /

410 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

420 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

I1102 generating an initial fuel loading distribution for a simulated beginning- |

of -cycle (BOC) core of the nuclear reactor, at least a portion of the BOC core |
including enriched nuclear fuel |

I 1104 generating an initial fuel loading distribution for a simulated I
| beginning-of-cycle (BOC) core of the nuclear reactor, at least a portion of

I
: I_the BOC core including enriched uranium based nuclear fuel JI

430 selecting an initial set of positions associated with a set of regions within the
simulated BOC core of the nuclear reactor

440 generating an initial set of fuel design parameter values utilizing at least one
design variable of each of the set of regions

450 calculating at least one reactor core parameter distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values
associated with the set of regions located at the initial set of positions in the
simulated BOC core

460 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

FIG. 11
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410 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

420 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

: 1202 generating an initial fuel ! | 1204 generating an initial fuel loading

I
| loading distribution for a simulated I | distribution for a simulated |

beginning-of-cycle (BOC) core of the I | beginning-of-life (BOL) core of the |
nuclear reactor via at least one of I I nuclear reactor |
user input and a controller I :

430 selecting an initial set of positions associated with a set of regions within the
simulated BOC core of the nuclear reactor

440 generating an initial set of fuel design parameter values utilizing at least one
design variable of each of the set of regions

450 calculating at least one reactor core parameter distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values
associated with the set of regions located at the initial set of positions in the
simulated BOC core

460 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

FIG. 12
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410 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

420 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

| 1302 randomly generating an initial | 1304 generating an initial fuel loadmg-i

| fuel loading distribution for a | | distribution for a simulated

| simulated beginning-of-cycle (BOC) | I beginning-of-cycle (BOC) core of the

| core of the nuclear reactor |, nuclear reactor, the simulated |
| I beginning-of-cycle (BOC) core of the
| | nuclear reactor including a plurality |
: |

— e e — — — — —— — —— —— — — — — — e e— — — ——— —— —— — —— —— — — —

430 selecting an initial set of positions associated with a set of regions within the
simulated BOC core of the nuclear reactor

440 generating an initial set of fuel design parameter values utilizing at least one
design variable of each of the set of regions

450 calculating at least one reactor core parameter distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values
associated with the set of regions located at the initial set of positions in the
simulated BOC core

460 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

FIG. 13
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410 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

420 generating an initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor
I

430 selecting an initial set of positions associated with a set of regions within the
simulated BOC core of the nuclear reactor

:1402 selecting an initial set of positions associated with a set of regions within

the simulated BOC core of the nuclear reactor, each of the initial set of
| positions corresponding to one of the set of regions

| 1406 selecting an initial set of

| positions associated with a set of

| regions within the simulated BOC

| core of the nuclear reactor, each of

|I 1404 selecting an initial set of I
|
|

| the initial set of positions :
|
|
|

|! positions associated with a set of
|'regions within the simulated BOC

|' core of the nuclear reactor, each of
|!'the initial set of positions

|! corresponding to one of the set of
I'regions, each region encompassing
| one or more fuel assemblies

Icorresponding to one of the set of
|regions, each of the set of regions
| being a three dimensional region

440 generating an initial set of fuel design parameter values utilizing at least one
design variable of each of the set of regions

450 calculating at least one reactor core parameter distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values
associated with the set of regions located at the initial set of positions in the

simulated BOC core
I

460 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

FIG.14
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410 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

420 generating an initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor
I

430 selecting an initial set of positions associated with a set of regions within the
simulated BOC core of the nuclear reactor

[1402 selecting an initial set of positions associated with a set of pins of each of |

a set of regions within the simulated BOC core of the nuclear reactor, each of

| the initial set of positions corresponding to one of the set of regions

|I 1502 selecting an initial set of
|! positions associated with a set of
I' regions within the simulated BOC | regions within the simulated BOC
|! core of the nuclear reactor, each of | core of the nuclear reactor, each of

I I 1504 selecting an initial set of I
I I
I I
|!the initial set of positions : | the initial set of positions :
I I
I I
I I

| positions associated with a set of

|! corresponding to one of the set of | corresponding to one of the set of
I'regions, each of the set of regions regions, the set of regions including
|'being a three dimensional region a selected number of regions

440 generating an initial set of fuel design parameter values utilizing at least one
design variable of each of the set of regions

450 calculating at least one reactor core parameter distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values
associated with the set of regions located at the initial set of positions in the

simulated BOC core
I

460 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

FIG.15
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410 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

420 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

430 selecting an initial set of positions associated with a set of regions within the
simulated BOC core of the nuclear reactor

440 generating an initial set of fuel design parameter values utilizing at least one
design variable of each of the set of regions

| 1602 generating an initial set of fuel
| design parameter values utilizing a | design parameter values utilizing a |
| thermodynamic variable of each of | neutronic parameter of each of the |
| the set of regions | set of regions. |

I 1604 generating an initial set of fuel |
I
I
I
| V1 s T T |
I
I
I
I

1606 generating an initial set of
| Ifuel design parameter values
I utilizing a k-infinity value of
: I_each of the set of regions

450 calculating at least one reactor core parameter distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values
associated with the set of regions located at the initial set of positions in the
simulated BOC core

460 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

FIG. 16

SUBSTITUTE SHEET (RULE 26)




WO 2015/077406 PCT/US2014/066531

39/98
/ 400

410 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

420 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

430 selecting an initial set of positions associated with a set of regions within the
simulated BOC core of the nuclear reactor

440 generating an initial set of fuel design parameter values utilizing at least one
design variable of each of the set of regions

11702 generating an initial set of enrichment values utilizing at least one |
Idesign variable of each of the set of regions |

450 calculating at least one reactor core parameter distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values
associated with the set of regions located at the initial set of positions in the
simulated BOC core

460 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

FIG. 17
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410 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

420 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

430 selecting an initial set of positions associated with a set of regions within the
simulated BOC core of the nuclear reactor

440 generating an initial set of fuel design parameter values utilizing at least one

design variable of each of the set of regions

:1802 generating an initial set of pin dimension values associated with a set of |
pins of a fuel assembly of the simulated BOC core of the nuclear reactor |

| utilizing at least one design variable of each of the set of regions |

| 11804 generating an initial set of pin configuration values associated with a |
set of pins of a fuel assembly of the simulated BOC core of the nuclear |
reactor utilizing at least one design variable of each of the set of regions | |

I

450 calculating at least one reactor core parameter distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values
associated with the set of regions located at the initial set of positions in the
simulated BOC core

460 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

FIG. 18
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410 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

420 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

430 selecting an initial set of positions associated with a set of regions within the
simulated BOC core of the nuclear reactor

440 generating an initial set of fuel design parameter values utilizing at least one
design variable of each of the set of regions

:1802 generating an initial set of pin dimension values associated with a set of |
pins of a fuel assembly of the simulated BOC core of the nuclear reactor
utilizing at least one design variable of each of the set of regions

| 11902 generating an initial set of pin geometry values associated with a set
of pins of a fuel assembly of the simulated BOC core of the nuclear reactor
utilizing at least one design variable of each of the set of regions

I

450 calculating at least one reactor core parameter distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values
associated with the set of regions located at the initial set of positions in the
simulated BOC core

460 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

FIG. 19
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410 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

420 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

430 selecting an initial set of positions associated with a set of regions within the
simulated BOC core of the nuclear reactor

440 generating an initial set of fuel design parameter values utilizing at least one

design variable of each of the set of regions

:1802 generating an initial set of pin dimension values associated with a set of |
pins of a fuel assembly of the simulated BOC core of the nuclear reactor |

| utilizing at least one design variable of each of the set of regions |

| 12002 generating an initial set of pin composition values associated with a | |

| 1set of pins of a fuel assembly of the simulated BOC core of the nuclear |
||
|

: : reactor utilizing at least one design variable of each of the set of regions

450 calculating at least one reactor core parameter distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values
associated with the set of regions located at the initial set of positions in the
simulated BOC core

460 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

FIG. 20
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410 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

420 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

430 selecting an initial set of positions associated with a set of regions within the
simulated BOC core of the nuclear reactor

440 generating an initial set of fuel design parameter values utilizing at least one
design variable of each of the set of regions

| 2102 generating an initial set of fuel design parameter values utilizing at least
| one design variable of each of a set of pins of the set of regions, wherein

| each of the initial set of fuel design parameter values is associated with one

| of the set of regions of the simulated BOC core of the nuclear reactor

: 12104 generating an initial set of fuel design parameter values utilizing at | |
| | least one design variable of each of a set of pins of the set of regions, |
| | wherein each of the initial set of fuel design parameter values is |
| | associated with one of the pins of each of the set of regions of the |
| | simulated BOC core of the nuclear reactor |

450 calculating at least one reactor core parameter distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values
associated with the set of regions located at the initial set of positions in the
simulated BOC core

460 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

FIG. 21
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410 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

420 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

430 selecting an initial set of positions associated with a set of regions within the
simulated BOC core of the nuclear reactor

440 generating an initial set of fuel design parameter values utilizing at least one
design variable of each of the set of regions

450 calculating at least one reactor core parameter distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values
associated with the set of regions located at the initial set of positions in the
simulated BOC core

|-2202 calculating a power density r2204 calculating a rate of change of

I
:distribution of the simulated BOC I Ta power density distribution of the
|core utilizing the generated initial | ' simulated BOC core utilizing the
Iset of fuel design parameter values | generated initial set of fuel design
I associated with the set of regions | parameter values associated with

I located at the initial set of positions | the set of regions located at the
Iof the simulated BOC core | initial set of positions of the

I : Isimulated BOC core

460 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

FIG. 22
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410 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

420 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

430 selecting an initial set of positions associated with a set of regions within the
simulated BOC core of the nuclear reactor

440 generating an initial set of fuel design parameter values utilizing at least one
design variable of each of the set of regions

450 calculating at least one reactor core parameter distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values
associated with the set of regions located at the initial set of positions in the

——— ——————— — — — — — — — e ———— ——— — — — — — — —

| 2302 calculating a reactivity 12304 calculating a rate of change of
| distribution of the simulated BOC | a reactivity distribution of the

| core utilizing the generated initial | simulated BOC core utilizing the

| set of fuel design parameter values | generated initial set of fuel design

| associated with the set of regions | parameter values associated with

| located at the initial set of positions | |the set of regions located at the

| of the simulated BOC core | initial set of positions of the

|
|
|
|
|
|
|
| |simulated BOC core

460 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

FIG. 23
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410 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

420 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

430 selecting an initial set of positions associated with a set of regions within the
simulated BOC core of the nuclear reactor

440 generating an initial set of fuel design parameter values utilizing at least one
design variable of each of the set of regions

450 calculating at least one reactor core parameter distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values
associated with the set of regions located at the initial set of positions in the
simulated BOC core

460 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

| 2402 generating a loading distribution by performing one or more

| perturbation processes on the set of regions of the simulated BOC core in

| order to determine a subsequent set of positions for the set of regions within
| the simulated BOC core, the subsequent set of positions defining the loading
| distribution for the simulated BOC core

End FIG. 24
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410 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

420 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

430 selecting an initial set of positions associated with a set of regions within the
simulated BOC core of the nuclear reactor

440 generating an initial set of fuel design parameter values utilizing at least one
design variable of each of the set of regions

450 calculating at least one reactor core parameter distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values
associated with the set of regions located at the initial set of positions in the
simulated BOC core

460 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

| 2502 generating a loading distribution by performing one or more

| perturbation processes on the set of regions of the simulated BOC core in

| order to determine a subsequent set of positions for the set of regions within
| the simulated BOC core, wherein the subsequent set of positions reduce a

| deviation metric between the at least one reactor core distribution of the

| simulated BOC core and the received at least one reactor core parameter

| distribution associated with a state of a core of a nuclear reactor below a

| selected tolerance level I

FIG. 25
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410 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

420 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

430 selecting an initial set of positions associated with a set of regions within the
simulated BOC core of the nuclear reactor

440 generating an initial set of fuel design parameter values utilizing at least one
design variable of each of the set of regions

450 calculating at least one reactor core parameter distribution of the simulated
BOC core utilizing the generated initial set of fuel design parameter values
associated with the set of regions located at the initial set of positions in the
simulated BOC core

460 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

12602 reporting the subsequent set of positions of the set of regions of the
| simulated BOC core

I

_________ - e | __________II
| 1 2604 reporting the | | 2606 reporting the | 12608 reporting the I
| subsequent set of | . subsequent set of | | subsequent set of I

| positions of the set of | | positions of the set of | | positions of the set of ||

| regions of the simulated | | regions of the simulated | | regions of the simulated | |

| I BOC core to a display | ,BOC core to a memory | I BOC core to a control I
| : | : | Isystem of a nuclear I
o L _____ reactor___ __ _ | J
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core

FIG. 27A
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

12712 receiving at least one reactor core parameter distribution associated |
tNith an equilibrium state of a core of a reference nuclear reactor |

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core

FIG. 27B
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2710 receiving at least one reactor core parameter distribution associated with a

state of a core of a reference nuclear reactor

{2802 receiving at least one reactor |
 core parameter distribution |
I associated with a state of a core of :
| |

{2804 receiving at least one reactor
| core parameter distribution

Iassociated with a state of a core of
I

a reference thermal nuclear reactor a reference fast nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core

FIG. 28
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

:2902 receiving at least one reactor

 core parameter distribution

I associated with a state of a core of
a reference breed-and-burn nuclear

:2904 receiving at least one reactor
core parameter distribution
Iassociated with a state of a core of

a reference traveling wave nuclear

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a

state of a core of a reference nuclear reactor

| 3002 receiving a power | |3004 receiving a rate of | | 3006 receiving a
| density distribution | |change of a power | | reactivity distribution
| associated with a state | |density distribution | | associated with a state

| of a core of a reference | |associated with a state | | of a core of a reference |

| nuclear reactor | | of a core of a reference | | nuclear reactor
I | Inuclear reactor I

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core

FIG. 30
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2710 receiving at least one reactor core parameter distribution associated with a

state of a core of a reference nuclear reactor

e - L T T
I3102 receiving a rate of change of a I {3104 receiving at least one reactor
Ireactivity distribution associated I  core distribution associated with a
Iwith a state of a core of a reference | Istate of a core of a reference

I nuclear reactor : nuclear reactor, the core including

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

1 3202 receiving at least one reactor core parameter distribution associated w1th

| a state of a core of a reference nuclear reactor, the core including at least |
| onefgel_asiemby _______________________ |
I 3204 receiving at least one reactor core parameter distribution associated I
I |w1th a state of a core of a reference nuclear reactor, the core including at |

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor
I3302 generating an initial fuel I 3304 generating an initial fuel I
loading distribution for a simulated I loading distribution for a simulated
beginning-of-cycle (BOC) core of the | beginning-of-cycle (BOC) core of the
nuclear reactor, at least a portion nuclear reactor, at least a portion

I
of the BOC core including recycled : of the BOC core including unburned

|
|
|
|
|
I_nuclear fuel I_nuclear fuel

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

I3402 generating an initial fuel loading distribution for a simulated beginning-

of-cycle (BOC) core of the nuclear reactor, at least a portion of the BOC core
including enriched nuclear fuel

| 13404 generating an initial fuel loading distribution for a simulated |
Ibeginning-of-cycle (BOC) core of the nuclear reactor, at least a portion of |
I

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a

state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

:3502 generating an initial fuel | 3504 generating an initial fuel

loading distribution for a simulated | loading distribution for a simulated
Ibeginning-of-cycle (BOC) core of the | beginning-of-life (BOL) core of the
| nuclear reactor via at least one of | nuclear reactor

:user input and a controller |

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

I3602 randomly generating an initial | |

Ifuel loading distribution for a I loading distribution for a simulated |
Isimulated beginning-of-cycle (BOC) I beginning-of-cycle (BOC) core of the |
core of the nuclear reactor nuclear reactor, the simulated |
I beginning-of-cycle (BOC) core of the |

nuclear reactor including a plurality :

e 4 Of simulated fuel assemblies |

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

I——————————————————————————————‘

I 3702 selecting an initial set of positions associated with a set of regions
Iwithin the simulated BOC core of the nuclear reactor, each of the initial set

Iof positions corresponding to one of the set of regions

| 13704 selecting an initial set of positions associated with a set of regions |
| | within the simulated BOC core of the nuclear reactor, each of the initial |
| l set of positions corresponding to one of the set of regions, each region |
| Iencompassing one or more fuel assemblies |

r

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

I—————————————————————————————_‘

3702 selecting an initial set of positions associated with a set of regions
within the simulated BOC core of the nuclear reactor, each of the initial set

| of positions corresponding to one of the set of regions

| 13802 selecting an initial set of positions associated with a set of regions |
| 'within the simulated BOC core of the nuclear reactor, each of the initial |
| | set of positions corresponding to one of the set of regions, each of the set |
| !_of regions being a three dimensional region having a selected volume |

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

I—————————————————————————————_‘

3702 selecting an initial set of positions associated with a set of regions
within the simulated BOC core of the nuclear reactor, each of the initial set

| of positions corresponding to one of the set of regions

| 13902 selecting an initial set of positions associated with a set of regions |
| 'within the simulated BOC core of the nuclear reactor, each of the initial |
| | set of positions corresponding to one of the set of regions, each of the set |
| !_of regions being a three dimensional region having a selected shape |

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

I—————————————————————————————_‘

3702 selecting an initial set of positions associated with a set of regions
within the simulated BOC core of the nuclear reactor, each of the initial set

| of positions corresponding to one of the set of regions

| | 4002 selecting an initial set of positions associated with a set of regions |
| 'within the simulated BOC core of the nuclear reactor, each of the initial |
| !set of positions corresponding to one of the set of regions, the set of |
| I_regions including a selected number of regions |

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 at least one fuel assembly of a core of a nuclear reactor according to the
subsequent set of positions of the set of regions of the simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

I ———————————————————————————— |

4102 generating an initial set of fuel design parameter values utilizing a

I
Ithermodynamic variable of each of the set of regions |
I

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

4202 generating an initial set of fuel design parameter values utilizing a
neutronic parameter of each of the set of regions

| |4204 generating an initial set of fuel design parameter values utilizing a k- I
| | infinity value of each of the set of regions I

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

1
4302 generating an initial set of enrichment values utilizing at least one |
IdeSIgn variable of each of the set of regions |

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

| 4402 generating an initial set of pin dimension values associated with a set of
| pins of a fuel assembly of the simulated BOC core of the nuclear reactor
| utilizing at least one design variable of each of the set of regions

I I4404 generating an initial set of pin configuration values associated with a

I
: :set of pins of a fuel assembly of the simulated BOC core of the nuclear I
| reactor utilizing at least one design variable of each of the set of regions |

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

|4402 generating an initial set of pin dimension values associated with a set of |
| pins of a fuel assembly of the simulated BOC core of the nuclear reactor I
| utilizing at least one design variable of each of the set of regions I

of pins of a fuel assembly of the simulated BOC core of the nuclear reactor |
| utilizing at least one design variable of each of the set of regions

.- _ - L _____ 1

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

|4402 generating an initial set of pin dimension values associated with a set of |
| Pins of a fuel assembly of the simulated BOC core of the nuclear reactor |
| utilizing at least one design variable of each of the set of regions I

| 14602 generating an initial set of pin composition values associated with a |
| set of pins of a fuel assembly of the simulated BOC core of the nuclear |
| lreactor utilizing at least one design variable of each of the set of regions |

L - - - - - - . ________ !

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor
I

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

| 4702 generating an initial set of fuel design parameter values utilizing at least
| one design variable of each of a set of pins of the set of regions, wherein each
| of the initial set of fuel design parameter values is associated with one of the
| set of regions of the simulated BOC core of the nuclear reactor

| 4704 generating an initial set of fuel design parameter values utilizing at |
| least one design variable of each of a set of pins of the set of regions, |
| wherein each of the initial set of fuel design parameter values is associated |
| with one of the pins of each of the set of regions of the simulated BOC core |

of the nuclear reactor |

L e e 4

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in

the simulated BOC core
I

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

| 4802 calculating a power density

| distribution of the simulated BOC

| core utilizing the generated initial
| set of fuel design parameter values
| associated with the set of regions

| located at the initial set of

| positions of the simulated BOC

| core

| 4804 calculating a rate of change

| of a power density distribution of

| the simulated BOC core utilizing

| the generated initial set of fuel

| desigh parameter values associated
| with the set of regions located at

| the initial set of positions of the

|
|
|
|
|
|
| | simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor
I

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

| 4902 calculating a reactivity | 4904 calculating a rate of change
| distribution of the simulated BOC | of a reactivity distribution of the

| core utilizing the generated initial | simulated BOC core utilizing the

| set of fuel design parameter values | | generated initial set of fuel design
| associated with the set of regions | parameter values associated with
| located at the initial set of | the set of regions located at the

| positions of the simulated BOC | initial set of positions of the

I
I
I
I
I
I
| core I | simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor
I

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

| 5002 generating a loading distribution by performing one or more I
| perturbation processes on the set of regions of the simulated BOC core in I
| order to determine a subsequent set of positions for the set of regions I
| within the simulated BOC core, the subsequent set of positions defining the |
| loading distribution for the simulated BOC core I

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor
I

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

5102 generating a loading distribution by performing one or more

perturbation processes on the set of regions of the simulated BOC core in

order to determine a subsequent set of positions for the set of regions

within the simulated BOC core, wherein the subsequent set of positions

reduce a deviation metric between the at least one reactor core parameter
|distribution of the simulated BOC core and the received at least one reactor |
| core parameter distribution associated with the state of the core of a

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor
I

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core

| 5202 responsive to the loading | 15204 responsive to a user input, |
| distribution determination, | larranging at least one fuel assembly |
| arranging at least one fuel assembly | |of a core of a nuclear reactor |
| of a core of a nuclear reactor | laccording to the subsequent set of |
| according to the subsequent set of | |positions of the set of regions of the |
| positions of the set of regions of the | |simulated BOC core |
I

| simulated BOC core
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor
I

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core

| 5206 arranging at least one fuel

| assembly of a core of a thermal

| nuclear reactor according to the

| subsequent set of positions of the

| set of regions of the simulated BOC
| core

| 5208 arranging at least one fuel |
| assembly of a core of a fast nuclear |
| reactor according to the subsequent |
| set of positions of the set of regions |

|
|
|
|
| | of the simulated BOC core |
|
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor
I

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core

| 5210 arranging at least one fuel
| assembly of a core of a breed-and- | assembly of a core of a traveling
| burn nuclear reactor according to | wave nuclear reactor according to

| 15212 arranging at least one fuel |
I I
I I
| the subsequent set of positions of | |the subsequent set of positions of |
I I
I I
I I

| the set of regions of the simulated | the set of regions of the simulated

| BOC core | BOC core

I I

e e e e e e e e e e e = = T -
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor
I

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core

| 5214 translating at least one fuel

| assembly of a core of a nuclear

| reactor from an initial location to a
| subsequent location according to

| the subsequent set of positions of

| the set of regions of the simulated
| BOC core

15216 replacing at least one fuel |
| assembly of a core of a nuclear |
| reactor according to the subsequent |
| set of positions of the set of regions |
| of the simulated BOC core |
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-

cycle (BOC) core of a nuclear reactor
I

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core

[5302 reporting the subsequent set of positions of the set of regions of the

simulated BOC core

I

I r—————-—————— — — = r—————-—-————-— —— = I
| | 5304 reporting the subsequent set of | 5306 reporting the subsequent set of |

| | positions of the set of regions of the | positions of the set of regions of the |

| | simulated BOC core to a display | simulated BOC core to a memory |
I_I_ _____________ o Lo e T - J|
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2710 receiving at least one reactor core parameter distribution associated with a
state of a core of a reference nuclear reactor

2720 generating an initial fuel loading distribution for a simulated beginning-of-
cycle (BOC) core of a nuclear reactor

2730 selecting an initial set of positions associated with a set of regions within
the simulated BOC core of the nuclear reactor

2740 generating an initial set of fuel design parameter values utilizing at least
one design variable of each of the set of regions

2750 calculating at least one reactor core parameter distribution of the
simulated BOC core utilizing the generated initial set of fuel design parameter
values associated with the set of regions located at the initial set of positions in
the simulated BOC core

2760 generating a loading distribution by performing at least one perturbation
process on the set of regions of the simulated BOC core in order to determine a
subsequent set of positions for the set of regions within the simulated BOC core

2770 arranging at least one fuel assembly of a core of a nuclear reactor
according to the subsequent set of positions of the set of regions of the
simulated BOC core

| 15402 reporting the subsequent set of positions of the set of regions of the I
| | simulated BOC core to a control system of the nuclear reactor I
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5510 determining an initial loading distribution of a core of a nuclear reactor
utilizing a beginning of cycle (BOC) simulation process to generate a simulated
BOC nuclear reactor core

5520 arranging at least one fuel assembly of the core of the nuclear reactor
according to a set of simulated positions of a set of regions of the simulated BOC
nuclear reactor core

5530 operating the core of the nuclear reactor for a selected time interval

5540 generating a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor

5550 comparing the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear
reactor core

5560 determining an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution
of the simulated operated nuclear reactor core
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5510 determining an initial loading distribution of a core of a nuclear reactor
utilizing a beginning of cycle (BOC) simulation process to generate a simulated
BOC nuclear reactor core

| 5602 determining an initial loading | | 5604 determining an initial loading |
| distribution of a core of a nuclear | | distribution of a core of a nuclear

| reactor utilizing a beginning of cycle | | reactor utilizing a beginning of cycle |
| (BOC) simulation process to generate | | (BOC) simulation process to generate
| @ simulated BOC thermal nuclear : | a simulated BOC fast nuclear reactor |

— e — e — —— —— —— —— —— —— — — — — e —— e — —— ——— —— —— —— —— — —— —t

5520 arranging at least one fuel assembly of the core of the nuclear reactor
according to a set of simulated positions of a set of regions of the simulated BOC
nuclear reactor core

5530 operating the core of the nuclear reactor for a selected time interval

5540 generating a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor

5550 comparing the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear
reactor core

5560 determining an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution
of the simulated operated nuclear reactor core
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5510 determining an initial loading distribution of a core of a nuclear reactor
utilizing a beginning of cycle (BOC) simulation process to generate a simulated
BOC nuclear reactor core

i-5702 determining an initial loading | 15704 determining an initial loading |
| distribution of a core of a nuclear | I distribution of a core of a nuclear |
| reactor utilizing a beginning of cycle | Ireactor utilizing a beginning of cycle |
| (BOC) simulation process to generate | (BOC) simulation process to generate |
| a simulated BOC breed-and-burn | Ia simulated BOC traveling wave I
Lnuclear reactor core | I nuclear reactor core I

— e — e — —— —— —— —— —— — — —— — — e — e — —— ——— ——— —— —— —— — —— — —

5520 arranging at least one fuel assembly of the core of the nuclear reactor
according to a set of simulated positions of a set of regions of the simulated BOC
nuclear reactor core

5530 operating the core of the nuclear reactor for a selected time interval

5540 generating a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor

5550 comparing the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear
reactor core

5560 determining an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution
of the simulated operated nuclear reactor core
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5510 determining an initial loading distribution of a core of a nuclear reactor
utilizing a beginning of cycle (BOC) simulation process to generate a simulated

| 5802 determining an initial loading distribution of a nuclear reactor utilizing a 1|
| beginning of cycle (BOC) simulation process, the BOC simulation process

| configured to determine a set of simulated positions of a set of regions within

| a simulated BOC nuclear reactor core suitable for reducing a deviation metric I
| between at least one reactor core parameter distribution of the simulated

| BOC nuclear reactor core and a received at least one reactor core parameter I
| distribution associated with a state of a core of a reference nuclear reactor
| below a selected tolerance level |

5520 arranging at least one fuel assembly of the core of the nuclear reactor
according to a set of simulated positions of a set of regions of the simulated BOC
nuclear reactor core

5530 operating the core of the nuclear reactor for a selected time interval

5540 generating a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor

5550 comparing the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear
reactor core

5560 determining an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution
of the simulated operated nuclear reactor core
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5510 determining an initial loading distribution of a core of a nuclear reactor
utilizing a beginning of cycle (BOC) simulation process to generate a simulated
BOC nuclear reactor core

5520 arranging at least one fuel assembly of the core of the nuclear reactor
according to a set of simulated positions of a set of regions of the simulated BOC

nuclear reactor core

r—————————=—= = — — — = r—-—————"————— ===
| 5902 responsive to the initial |5904 responsive to a user input, |

I

| loading distribution determination, | | arranging at least one fuel assembly |
| arranging at least one fuel assembly | |of the core of the nuclear reactor |
|of the core of the nuclear reactor | |according to the set of simulated |
| according to the set of simulated | | Positions of the set of regions of the |
| Positions of the set of regions of the | |simulated BOC nuclear reactor core |
| simulated BOC nuclear reactor core | |

5530 operating the core of the nuclear reactor for a selected time interval

5540 generating a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor

5550 comparing the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear
reactor core

5560 determining an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution
of the simulated operated nuclear reactor core
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5510 determining an initial loading distribution of a core of a nuclear reactor
utilizing a beginning of cycle (BOC) simulation process to generate a simulated
BOC nuclear reactor core

5520 arranging at least one fuel assembly of the core of the nuclear reactor
according to a set of simulated positions of a set of regions of the simulated BOC
nuclear reactor core

I'5908 arranging at least one fuel
assembly of a core of a fast nuclear
reactor according to the set of

I 5906 arranging at least one fuel I
I
simulated positions of the set of :
I
I

assembly of a core of a thermal :
nuclear reactor according to the set I
of simulated positions of the set of I
regions of the simulated BOC I
nuclear reactor core I

regions of the simulated BOC
nuclear reactor core

5530 operating the core of the nuclear reactor for a selected time interval

5540 generating a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor

5550 comparing the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear
reactor core

5560 determining an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution
of the simulated operated nuclear reactor core
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5510 determining an initial loading distribution of a core of a nuclear reactor
utilizing a beginning of cycle (BOC) simulation process to generate a simulated
BOC nuclear reactor core

5520 arranging at least one fuel assembly of the core of the nuclear reactor
according to a set of simulated positions of a set of regions of the simulated BOC
nuclear reactor core

I'5910 arranging at least one fuel I I'5912 arranging at least one fuel I
Iassembly of a core of a breed-and- I Iassembly of a core of a traveling I
burn nuclear reactor according to I | wave nuclear reactor according to I
I the set of simulated positions of the I I the set of simulated positions of the I
| set of regions of the simulated BOC I | set of regions of the simulated BOC I
I I

nuclear reactor core I nuclear reactor core

5530 operating the core of the nuclear reactor for a selected time interval

5540 generating a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor

5550 comparing the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear
reactor core

5560 determining an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution
of the simulated operated nuclear reactor core
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5510 determining an initial loading distribution of a core of a nuclear reactor
utilizing a beginning of cycle (BOC) simulation process to generate a simulated
BOC nuclear reactor core

5520 arranging at least one fuel assembly of the core of the nuclear reactor
according to a set of simulated positions of a set of regions of the simulated BOC

nuclear reactor core

! 5914 translating at least one fuel | r5916 replacing at least one fuel

assembly of the core of the nuclear : assembly of the core of the nuclear
reactor from an initial location to a I reactor according to the set of
subsequent location according to I simulated positions of the set of
the set of simulated positions of a I regions of the simulated BOC

set of regions of the simulated BOC I nuclear reactor core

(nuclear reactor core T 4

5530 operating the core of the nuclear reactor for a selected time interval

5540 generating a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor

5550 comparing the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear
reactor core

5560 determining an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution
of the simulated operated nuclear reactor core
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5510 determining an initial loading distribution of a core of a nuclear reactor
utilizing a beginning of cycle (BOC) simulation process to generate a simulated
BOC nuclear reactor core

5520 arranging at least one fuel assembly of the core of the nuclear reactor
according to a set of simulated positions of a set of regions of the simulated BOC
nuclear reactor core

5530 operating the core of the nuclear reactor for a selected time interval

5540 generating a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor

|6002 generating a measured reactor core parameter distribution utilizing at |
| least one measurement of at least one state variable at one or more |
| locations within the core of the nuclear reactor |

5550 comparing the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear
reactor core

5560 determining an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution
of the simulated operated nuclear reactor core
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5510 determining an initial loading distribution of a core of a nuclear reactor
utilizing a beginning of cycle (BOC) simulation process to generate a simulated
BOC nuclear reactor core

5520 arranging at least one fuel assembly of the core of the nuclear reactor
according to a set of simulated positions of a set of regions of the simulated BOC
nuclear reactor core

5530 operating the core of the nuclear reactor for a selected time interval

5540 generating a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor

5550 comparing the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear
reactor core

— e — e —— —— — —— — —— — —— —— —— — —— — — — — — — — — — — — — — —

| 6102 comparing the generated measured reactor core parameter distribution
| to at least one reactor core parameter distribution of a simulated operated

| nuclear reactor core, the simulated operated nuclear reactor core generated
| utilizing at least the initial loading distribution

5560 determining an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution
of the simulated operated nuclear reactor core
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5510 determining an initial loading distribution of a core of a nuclear reactor
utilizing a beginning of cycle (BOC) simulation process to generate a simulated
BOC nuclear reactor core

5520 arranging at least one fuel assembly of the core of the nuclear reactor
according to a set of simulated positions of a set of regions of the simulated BOC
nuclear reactor core

5530 operating the core of the nuclear reactor for a selected time interval

5540 generating a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor

5550 comparing the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear
reactor core

I6104 calculating a deviation metric between the generated measured reactor |

core parameter distribution and at least one reactor core parameter |
:distribution of a simulated operated nuclear reactor core I

5560 determining an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution
of the simulated operated nuclear reactor core
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5510 determining an initial loading distribution of a core of a nuclear reactor
utilizing a beginning of cycle (BOC) simulation process to generate a simulated
BOC nuclear reactor core

5520 arranging at least one fuel assembly of the core of the nuclear reactor
according to a set of simulated positions of a set of regions of the simulated BOC
nuclear reactor core

5530 operating the core of the nuclear reactor for a selected time interval

5540 generating a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor

5550 comparing the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear
reactor core

:-6202 comparing a generated -: :-6204 comparing a generated -:
measured reactor core power density | measured reactor core rate of change |
distribution to at least one reactor | |of a power density distribution to at |
core power density distribution of a | least one reactor core rate of change |

|simulated operated nuclear reactor | |of a power density distribution of a |

| core | |simulated operated nuclear reactor |

L e ___ | (o€ _ o ____ |

5560 determining an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution
of the simulated operated nuclear reactor core
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5510 determining an initial loading distribution of a core of a nuclear reactor
utilizing a beginning of cycle (BOC) simulation process to generate a simulated
BOC nuclear reactor core

5520 arranging at least one fuel assembly of the core of the nuclear reactor
according to a set of simulated positions of a set of regions of the simulated BOC
nuclear reactor core

5530 operating the core of the nuclear reactor for a selected time interval

5540 generating a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor

5550 comparing the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear

reactor core
r—-—-————————— = —— = r—-——————————= ===
| 6302 comparing a generated | 6304 comparing a generated |

I
| measured reactivity distribution to | | measured reactor core rate of |
| at least one reactor core reactivity | | change of a reactivity distribution to |
| distribution of a simulated operated | | at least one reactor core rate of |
| huclear reactor core | | change of reactivity distribution of a |

| |simulated operated nuclear reactor |

|| core |

5560 determining an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution
of the simulated operated nuclear reactor core
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5510 determining an initial loading distribution of a core of a nuclear reactor
utilizing a beginning of cycle (BOC) simulation process to generate a simulated
BOC nuclear reactor core

5520 arranging at least one fuel assembly of the core of the nuclear reactor
according to a set of simulated positions of a set of regions of the simulated BOC
nuclear reactor core

5530 operating the core of the nuclear reactor for a selected time interval

5540 generating a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor

5550 comparing the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear
reactor core

5560 determining an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution
of the simulated operated nuclear reactor core

| between the generated measured reactor core parameter distribution and the
| at least one reactor core parameter distribution of the simulated operated

| nuclear reactor core, wherein a deviation metric between the generated

| measured reactor core parameter distribution and the at least one reactor

| core parameter distribution of the simulated operated nuclear reactor core
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5510 determining an initial loading distribution of a core of a nuclear reactor
utilizing a beginning of cycle (BOC) simulation process to generate a simulated
BOC nuclear reactor core

5520 arranging at least one fuel assembly of the core of the nuclear reactor
according to a set of simulated positions of a set of regions of the simulated BOC
nuclear reactor core

5530 operating the core of the nuclear reactor for a selected time interval

5540 generating a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor

5550 comparing the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear
reactor core

5560 determining an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution
of the simulated operated nuclear reactor core

| between the generated measured reactor core parameter distribution and the
| at least one reactor core parameter distribution of the simulated operated

| core, wherein a deviation metric between the generated measured reactor

| core parameter distribution and the at least one reactor core parameter

| distribution of the simulated operated nuclear reactor core above a selected
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5510 determining an initial loading distribution of a core of a nuclear reactor
utilizing a beginning of cycle (BOC) simulation process to generate a simulated
BOC nuclear reactor core

5520 arranging at least one fuel assembly of the core of the nuclear reactor
according to a set of simulated positions of a set of regions of the simulated BOC
nuclear reactor core

5530 operating the core of the nuclear reactor for a selected time interval

5540 generating a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor

5550 comparing the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear
reactor core

5560 determining an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution
of the simulated operated nuclear reactor core

6602 responsive to a determination of an out-of-compliance state, determining
an additional loading distribution of the core of the nuclear reactor utilizing an
additional simulation process, the additional simulation process configured to
determine a set of simulated positions of a set of regions within an additional
simulated core suitable for reducing a deviation metric between at least one
reactor core parameter distribution of the additional simulated core and a
received at least one reactor core parameter distribution associated with a state
of a core of a reference nuclear reactor below a selected tolerance level
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5510 determining an initial loading distribution of a core of a nuclear reactor
utilizing a beginning of cycle (BOC) simulation process to generate a simulated

BOC nuclear reactor core

5520 arranging at least one fuel assembly of the core of the nuclear reactor
according to a set of simulated positions of a set of regions of the simulated BOC
nuclear reactor core

5530 operating the core of the nuclear reactor for a selected time interval

5540 generating a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor

5550 comparing the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear

reactor core

5560 determining an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution
of the simulated operated nuclear reactor core

6602 responsive to a determination of an out-of-compliance state, determining I
an additional loading distribution of the core of the nuclear reactor utilizing an
additional simulation process, the additional simulation process configured to
determine a set of simulated positions of a set of regions within a simulated
existing core suitable for reducing a deviation metric between at least one
reactor core parameter distribution of the simulated existing core and a received
at least one reactor core parameter distribution associated with a state of a core
of a nuclear reactor below a selected tolerance level

6702 responsive to the additional loading distribution determination, arranging at |
least one fuel assembly of the core of the nuclear reactor according to the set of |
simulated positions of the set of regions of the additional simulated core |
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5510 determining an initial loading distribution of a core of a nuclear reactor
utilizing a beginning of cycle (BOC) simulation process to generate a simulated
BOC nuclear reactor core

5520 arranging at least one fuel assembly of the core of the nuclear reactor
according to a set of simulated positions of a set of regions of the simulated BOC

nuclear reactor core

5530 operating the core of the nuclear reactor for a selected time interval

5540 generating a measured reactor core parameter distribution utilizing at least
one measurement of at least one reactor core parameter at one or more
locations within the core of the nuclear reactor

5550 comparing the generated measured reactor core parameter distribution to
at least one reactor core parameter distribution of a simulated operated nuclear
reactor core

5560 determining an operational compliance state of the core of the nuclear
reactor using the comparison between the generated measured reactor core
parameter distribution and the at least one reactor core parameter distribution
of the simulated operated nuclear reactor core

re - - - - -=--=- r-----"--=-"--- r-—"—"=—"—¥=——-—"=—-=-

| | 6804 reporting the | {6806 reporting the | i-6808 reporting the I
| | operation compliance | | operation compliance | |operation compliance |
| | state of the core of the | |state of the core of the | |state of the core of the |
| | nuclear reactor to a I | nuclear reactor to a I | nuclear reactor to a I
| | display | | memory | | control system of the |
|| I | |nuclear reactor I
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