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PILOT APPLICATION FOR DG-1353 EXECUTIVE SUMMARY

Intfroduction

This application structure is being submitted! as a pilot for draft regulatory guide (DG)-13853,
“Guidance For A Technology-Inclusive, Risk-Informed, and Performance-Based Approach to
Inform the Content of Applications for Licenses, Certifications, and Approvals for Non-Light-
Water Reactors.” In public meetings, NRC staff issued a call for designers to pilot the upcoming
draft guidance. Oklo is offering this pilot of the guidance as an example for NRC staff in
evaluation of the possible benefits, drawbacks, or other impacts of a proposed guidance. The
goal is not to show the impacts of the guidance in a final form, but for illustrative purposes in a
possible application structure how the guidance may be used for a particular design, and

, further how the implications of its use might affect a submittal to the NRC on a relatively
holistic basis. Although the Draft Guidance intends to reference a future NEI report, for the
purposes of the preparation of this report, the Licensing Modernization Project report “Risk-
Informed Performance-Based Guidance for Non-Light Water Reactor Licensing Basis
Development,” Revision L, issued May 25, 2018 was used.

The DG-1353 provides an alternative means for performing the necessary tasks of analyzing
licensing basis events and for assessing safety-relation of structures, systems, and components
(SSCs) as well as defense-in-depth. The guidance is part of a broader transformation of the
NRC to more effectively regulate potential new technologies, which is described in SECY-18- .
0060, “Achieving Modern Risk-Informed Regulation,” and other documents.

Of particular concern to NRC staff is ensuring that the level of detail submitted and reviewed in
regulatory review is appropriate to that required to make decisions, especially safety decisions
on the design in question. Excessive detail would slow review, and utilize unnecessary federal
resources, while too little detail would have the same effect, due to the need for the NRC to ask
questions on detail not provided but needed to reach a decision.

It is expected that the proposed guidance could provide a framework for both applicants and the
NRC to have more regulatory certainty on level of detail required for applications. The DG-
1353 framework provides a baseline for what SSCs are safety-related or important to safety,
and therefore a relative basis for application content as far as level of information necessary and
appropriate for topics required by regulation to be addressed in an application. This pilot
submittal in particular may provide one perspective on how analysis of licensing basis events,
safety-relation and importance to safety of structures, systems, and components, and resulting
evidence of defense-in-depth may affect level of detail to meet existing regulatory requirements
in a possible application. The structure of this pilot submittal was developed directly from
regulatory requirements for application structure. These requirements are outlined in Title 10
to the Code of Federal Regulations (10 CFR) sections as appropriate for different approval,
certification, permits, or licensing pathways. For example, for a standard design certification,
rules for contents of applications are specified in 10 CFR 52.46 and 52.47. For a standard
design approval, rules for contents of applications is given in 10 CFR 52.136 and 10 CFR 52.137.
For a combined license (COL) application, rules for contents of applications are given in 10 CFR
52.77, 52.79, and 52.80. In the interest of holistic application of the concepts covered in the DG-
1353, the requirements for a COL application were followed.
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Structure

The NRC does not require applicants to follow a certain structure for applications. The
application structure which has been used for prior operating commercial reactors, that is,

- conventional light water reactors, was developed after several light water reactors had been

designed, approved by the regulatory body, and built and operated. It was based on light water
reactors and is only appropriate to large degree to light water reactors (LWRs). Therefore, it is
in the interest of the NRC and applicants seeking to submit an application for a non-LWR
application not to follow the existing voluntary guidance for LWRs while meeting all existing
regulatory requirements and/or intent as given in the relevant sections of the code of federal
regulations. The structure submitted here was developed in an interactive way with NRC staff.
It is not considered final but potentially representative of a way to clearly illustrate application
relevance with regulatory requirements, even for a non-LWR. :

Con’r‘e.n’r

This pilot submittal takes the form as laid out in the regulations for requirements for combined
licenses (10 CFR 52.77, 10 CFR 52.79, and 10 CFR 52.80). These regulations have relatively
few LWR-specific requirements, as opposed to the correlating guidance for applicants and the

- regulator; Regulatory Guide (RG) 1.206, “Combined License Applications for Nuclear Power

Plants (LWR Edition)” and NUREG-0800, “Standard Review Plan for the Review of Safety
Analysis Reports for Nuclear Power Plants: LWR Edition,” respectively. Additionally, RG 1.70,
“Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants (LWR
Edition),” was also used generally to iriform this proposal and guidance for review of safety
analysis reports may also be useful. '

Following 10 CFR 52.77, 10 CFR 52.79, and 10 CFR 52.80 effectively gives five primary parts,

or the final safety analysis report + 4 separate categories. These five primary parts are:

¢ 10 CFR 50.33 Requirements (from 10 CFR 52.77: “Contents of applications; general
information);

e Final Safety Analysis Report Requirements (from 10 CFR 52.79: “Contents of
applications; technical information in final safety analysis report”);

e Proposed Inspection, Tests, Analysis and Acceptance Criteria (from 10 CFR 52.80:
“Contents of Applications; additional technical information,” part a);

e The Environmental Report (from 10 CFR 52.80: “Contents of Applications; additional
technical information,” part-b);-and

Oklo-2018-R10-P, Rev. 0

e The Requirements from 50.54(hh)(2) for Loss of Largé Area of Plant (from 10 CFR 52.80:
“Contents of Applications; additional technical information,” part d).

Two other high-level parts may be added to this structure or separated out from the FSAR
requirements section to mimic past application structures: Technical Specifications (which will
largely refer to the FSAR Section 23) and Departures/Exemptions. However, both are outside
the scope of this pilot. The focus of effort for this pilot submittal is the content of the FSAR.
The level of detail required in each part and each section of each part is informed by the
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principles contained in DG-1353. Where detail in a part or section is out of the scope of this
pilot, it 1s indicated.

By using this format, the tie of the submittal to the regulations for each section or part is clear.
In general, the order of the FSAR sections in this report directly follow the order of the
regulation, with the exception of sections specifically noted as being applicable to light water
reactors.

For NRC staff review, there is also guidance in 52.81, “Standards for review of applications.”
While 52.81 refers generally to 10 CFR Parts 20, 50, 51, 54, 55, 73, and 100, it provides a non-
guidance related standard for review of applications and must be an option and indeed be
fundamental as the existing critical regulation governmg review of applications regardless of
structure.

Scope and Information Types

This pilot submittal is scoped to only include non-safeguards information. Additionally, it is
scoped to analyze internal events for an operating plant. Other sections may be noted as
outside the scope of this pilot, as noted within the relevant section. Some portions may note

" areas of analysis yet to be completed. It is the intent that the level of detail for sections within

the scope, with the provision that-only internal events are analyzed, is near to the amount of
information required for an actual application.

The goal was to allow for as much as possible to be made public, so there are frequently only
portions of single sentences withheld. Portions considered to be withheld per reasons given in
10 CFR 2.390 are marked within brackets “{“ at the beginning of the portion, and “}” at the
conclusion of the portion. Any figures, tables, or footnotes included in line with text within
brackets is to be treated with the same characterization. Immediately following each withheld
portion, the reasoning is given based on reasons within the affidavit, within section 4(c). The
reasons are given between (i) and (xi) within the affidavit section 4(c): Because of this, the
shorthand within the rationale immediately following each withheld section will refer to which
items (i)-(xi) are the reasons for the information to be withheld because trade secret and
commercial or financial information and privileged or confidential. Additionally, pages
containing such portions are marked at the top of the page with a box. Portions of export-
controlled information, per definition by 10 CFR 810, are also within brackets, and following
each bracket containing export controlled information, a marking within brackets is prov1ded as
“feci},” which is shorthand for “export controlled information.”
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1 PURPOSE AND SCOPE

Title 10 to the Code of Federal Regulations (10 CFR) Section 50.77, “Contents of applications;
general information,” requires that 10 CFR 50.33, “Contents of applications; general
information,” be met. Section 50.33 to 10 CFR requires general company information and

ﬁnanmal information.

‘The purpose of this section is to include relevant information as required by

10 CFR 50.33. Information pertaining to 10 CFR Part 30, “Rules of general applicability to
domestic licensing of byproduct material,” 10 CFR Part 40, “Domestic licensing of source
material,” and 10 CFR Part 70, “Domestic licensing of special nuclear material,” is not discussed
in this section. Additionally, information related to the requirements of 10 CFR 50.33(f),

10 CFR 50.33(1), and 10 CFR 50.33() is excluded from this document. Paragraph h to

10 CFR 50.38 is excluded because it likely does not apply to the Oklo design.

2 GENERAL APPLICANT INFORMATION

This section satisfies 10 CER 50.33(a), 10 CFR 50.33(b), 10 CFR 50.33(c), and 10 CFR 50.}33(d)
requirements.

The applicant is Oklo Inc. (Oklo). Oklo is located at 230 E. Caribbean Dr., Sunnyvale,

CA 94089. Oklo is a privately funded company focused on commercialization of its compact fast
reactor design. This unique design utilizes well-known materials and commercial-grade
components to manage design uncertainties and expedite commercialization.

Oklo is incorporated in the state of Delaware with headquarters in Sunnyvale, CA. The
principal officers and their names, addresses, and citizenships are listed:

Jacob DeWitte Caroline Cochran
CEO Cco0 .

230 E. Caribbean Dr. 230 E. Caribbean Dr.
Sunnyvale, CA ' Sunnyvale, CA

U.S. Citizen U.S. Citizen

Oklo-is an entirely privately funded company, committed to bringing the reactor design

described here to market during over 5 vears in development. Oklo was incorporated in 2013,
m}{am, o ) And 55 working with multiple
national laboratories. The company anticipates funding the proposed activity as well as

completing the remaining steps in commercialization, including design and licensing activities,
with additional rounds of private financing.

Oklo has had successful funding rounds including dedicated investors who are committed to

Oklo’s mission and to rapidly bringing this technology to the commercial market. It is due to
the small size and the simplicity of the Oklo reactor that private investors are able to fund

“design and construction. Oklo’s board of directors sets milestones and oversees company

progress. The chair of the Oklo board is also President of YCombinator, which has a portfolio of
companies worth over $100 billion dollars, and brings this experience and insight to Oklo’s
management team. To date, Oklo has been committed and has excelled at meeting milestones
which has been corroborated through investor due diligence.

- Oklo-2018-R10-P, Rev. 0 ' . ‘ 12
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Oklo has won the following awards: the top MIT team at the MIT Clean Energy Prize (2013),
the winner of the energy track at the MIT 100k (20183), finalist at MassChallenge (2013), winner
of the MassChallenge Gold Award (2013), and acceptance into the selective accelerator
YCombinator (2014). Oklo was also featured in a Harvard Business School case (2015) and in a
documentary about advanced nuclear, The New Fire (2018), in addition to numerous press
articles over the years since its launch in 2013. Oklo has received three Gateway for
Accelerated Innovation in Nuclear (GAIN) vouchers, totaling over $1 million in value.

Oklo has several currently interested customers as well as a well-developed market strategy.
Detailed market studies and projections have been verified through investor due diligence. In
addition, Oklo has been the recipient of awards to work formally with engaged markets
including winning the Alaska Center for Microgrid Technologies Commercialization competition
award from the Alaska Center for Energv and Power.

{(ii), (iv), (ix)-Gx)}

Oklo is majority owned by U.S. investors and employees and currently employs only U.S.
citizens. Oklo currently does not have any partnerships or foreign ownership interests that
would affect export control requirements. The company has a well-developed export control
policy in place that controls export-controlled information and requires each and every employee
and contractor to comply with U.S. export laws and regulations to the full extent that such laws
and regulations apply to the proposed activity. Oklo has been diligent to maintain all possibly
export-controlled information properly over its more than 5 years in development.

2.0 Class of License Application

This section satisfies 10 CFR 50.33(e) requirements.

-${GD)-(v), (vd), (ix)-(xi)}

Special nuclear material shall be in the form of reactor fuel and spent fuel, in accordance with
limitations for storage and amounts required for reactor operation, as described in this pilot
submittal. Byproduct, source, and special nuclear material shall be in the form of sealed
neutron sources for reactor startup and sealed sources for reactor instrumentation, radiation
monitoring equipment, calibration, and fission detectors in amounts as required. Following the
10 CFR 52.103(g) finding, byproduct, source, and special nuclear material in amounts as

Oklo-2018-R10-P, Rev. 0 13
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required. without restriction to chemical or physical form, will be used for sample analysis,
instrument and equipment calibration. or associated with radioactive appalatus or components.

Ed

2.1 Financial Qualification

This section is required by 10 CFR 50.33(f) but is excluded for this pilot submittal.

2.2 Radiological Emergency Response Plans
This section satisfies 10 CFR 50.33(g) requirements.

This document provides a preliminarv draft of an emergencv preparedness plan in
Section 15.

H-Gv), (). (x)-(x}
2.3 Generation and Distribution of Electric Energy

This section is required by 10 CFR 50.33(i) but is excluded for this pilot submittal.

2.4 Defense Information

’

This section is required by 10 CFR 5'0;33(3') but is excluded for this document. This pilot
submittal does not contain restricted data or other defense information.

2.5 Decommissioning Information

This section outlines the approach for satisfying 10 CFR 50.33(k) requirements: -Paragraph kto-
10 CFR 50.33 requires complies with 10 CFR 50.75, “Reporting and recordkeeping for
decommissioning planning.”

Paragraph c to 10 CFR 50.75 provides minimum amounts necessary for decommissionin

{()-(iv), (), (ix)- (i)}

Before a company begins operation of a nuclear facility, it must establish or maintain a
financial mechanism, such as a trust or guarantee, to ensure that there will be sufficient funds
to pay for the decommissioning of its facility. There are many factors that affect
decommissioning costs for the current nuclear fleet, but they usually range between $300-400
million [1]. Decommissioning may be the retirement process used for the first Oklo plants and
will be the ultimate retirement process. The burden of decommissioning will be much smaller
for Olklo than that of the current nuclear fleet due to Oklo’s small size.

{(i1)-Gv), (). (=)-(si)}

Oklo-2018-R10-P; Rev. 0 14
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The decommissioning fund amount is calculated from the thermal power rating of the nuclear
facility. In Oklo’s case, that rating is significantly smaller than a large nuclear

reactor. Therefore, it is likely that the necessary decommissioning fund will be much smaller or
that the necessary funds may be secured through a bond or credit that is some fraction of the
amount required for commercial nuclear reactors.
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1 SITING INFORMATION

1.0 Purpose and Scope
Title 10 to the Code of Federal Regulations (10 CFR) Section 52.79(a)(1) requires that “the final

to enable the Commission to reach a final conclusion on all safety matters that must be resolved
by the Commission before issuance of a combined license:

(i) The boundaries of the site;
(ii) The proposed general location of each facility on the site;

(iii) The seismic, meteorological, hydrologic, and geologic characteristics of the
proposed site with appropriate consideration of the most severe of the natural
phenomena that have been historically reported for the site and surrounding
area and with sufficient margin for the limited accuracy, quantity, and time in
which the historical data have been accumulated; -

(iv) The location and description of any nearby industrial, military, or
transportation facilities and routes;

(v) The existing and projected future population profile of the area surrounding
the site;

(vi) A description and safety assessment of the site on which the facility is to be
located. The assessment must contain an analysis and evaluation of the major
structures, systems, and components of the facility that bear significantly on the
acceptability of the site under the radiological consequence evaluation factors
identified in paragraphs (a)(1)(vi)(A) and (a)(1)(vi)(B) of this section. In
performing this assessment, an applicant shall assume a fission product releasel
from the core into the containment assuming that the facility is operated at the
ultimate power level contemplated. The applicant shall perform an evaluation
and analysis of the postulated fission product release, using the expected
demonstrable containment leak rate and any fission product cleanup systems
intended to mitigate the consequences of the accidents, together with applicable
site characteristics, including site meteorology, to evaluate the offsite radiological
consequences. Site characteristics must comply with part 100 of this chapter.
The evaluation must determine that:

(A) An individual located at any point on the boundary of the exclusion area
“for any 2-hour period following the onset of the postulated fission product
release, would not receive a radiation dose in excess of 25 rem 6 total effective
dose equivalent (TEDE).

1 The fission product release assumed for this evaluation should be based upon a major accident, hypothesized
for purposes of site analysis or postulated from considerations of possible accidental events. These accidents
have generally been assumed to result in substantial meltdown of the core with subsequent release into the
containment of appreciable quantities of fission products.
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(B) An individual located at any point on the outer boundary of the low -
population zone, who is exposed to the radioactive cloud resulting from the
postulated fission product release (during the entire period of its passage)
would not receive a radiation dese in excess of 25 rem TEDE

The purpose of this section is to provide an initial description of the site of the Oklo plant.
Ultimately, the purpose of this section is to provide “information sufficient to enable the
Commission to reach a final conclusion on all safety matters that must be resolved by the
Commission before issuance of a combined license,” in other words, information which is not
necessary to reach a conclusion on safety matters required to be resolved by the Commission
prior to the issuance of a license will be minimized. By utilizing draft regulatory guide (DG)-
1353, “Guidance For A Technology-Inclusive, Risk-Informed, and Performance-Based Approach
to Inform the Content of Applications for Licenses, Certifications, and Approvals for Non-Light-
Water Reactors,” an alternative path for performing the necessary tasks of analyzing licensing
basis events and for assessing safety-relation of structures, systems, and components (SSCs) as
well as defense-in-depth is provided.. This framework, then, can provide a baseline for what
SSCs are safety-related or important to safety, and therefore a relative basis for application
content as far as level of information necessary and appropriate for topics required by
regulation-to be addressed in an application.

1.0.1 Meteorological Considerations

Site-specific information is typically employed as part of performing offsite dose :
estimations. However, the atmospheric radionuclide dispersion calculation performed as part of
the dose estimations for the Oklo reactor’s design basis accident analysis (see Section 5)
assumed exceptionally conservative weather conditions so as to bound the potential dose beyond
the site boundary. As such, the meteorological information presented describes these bounding
conditions, which will be conservative compared to any U.S. location-specific conditions. {

o2

103 - Hydrologic Considerations

Hydrologic characteristics of the site are important for characterization as part of the analysis
to determine escape pathways of liquid effluents. As the Oklo plant does not employ any water-
based cooling in the reactor system, power conversion system, or any auxiliary systems, no
radioactive liquid effluents are generated and as such, hydrologic site impacts are minimal. As
a result, information op site hydrologic characteristics is not included.
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1.0.4 Seismic and Geologic Considerations
Additionally, the present pilot effort is currently only scoped to include internal events for a

plant. As a result, site-specific information on seismic and geologic characteristics is not
included for this pilot, but further seismic analysis will be performed.

1.1 Evaluation

1.1.1  Site Description

An Oklo plant includes onl a single building on tile site. which is described in Section 2.7.2.

{G)-G@v), (vi), (is)-(xi)}

As no other buildings are present on the site, no adjacent building obstruction factors were
incorporated into the radionuclide dispersion analysis that formed part of the dose calculation,
which increases the conservatism of the analysis. Additionally, the size of the Oklo site building
was modeled as negligible to minimize building wake effects or self-obstruction of the emitted
plume, which reduces the dependence of the dose calculation on the actual building dimensions.
Not including the building wake effects is another conservative assumption compared with
historical light water reactor assumptions on dispersion. Historically, large light water reactors
incorporated substantive dispersion factors on plumes, which result in reduced dose
calculations. -By neglecting any building effects or effects from natural artifacts, these
calculations are more conservative than these calculations done for existing plants. Releases
were assumed to be emitted at approximately ground level.

1.1.2  Conservative Atmospheric Dispersion Assumptions

Meteorological conditions for the dose calculation in Section 5 are selected to be the most
bounding possible to provide the widest applicability while retaining conservatism. In practice,
this means considering the atmospheric stability as Pasquill class F during the entire period of
radiological release. The wind speed is taken as 1 m/s, the lowest possible value accepted by the
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radiological release modeling tool employed2. No ground deposition is credited, with 100% of
the plume reflecting off the ground and continuing to travel downwind. Plume meander is set
to zero (no meander), as is plume rise.

2 The tool used for the dose analysis here is the MELCOR Accideﬁt Consequence Code System, or MACCS.
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2 DESCRIPTION AND ANALYSIS OF STRUCTURES SYSTEMS,
AND COMPONENTS

2.0 Purpose and Scope

Title 10 to the Code of Federal Regulations (10 CFR) Section 52.79(a)(2) requires, in part:
A description and analysis of the structures, systems, and components of the
facility with emphasis upon performance requirements, the bases, with technical

justification therefor, upon which these requirements have been established, and
the evaluations required to show that safety functions will be accomplished...

The purpose of this section is to provide an overview of the structures, systems, and components
(SSCs) that are part of the Oklo design.

{Gi)-Gv), (vi), (ix)-(i)} For this pilot, all
SSCs are only described for normal operation.

Although no specific guidance is applied, Regulatory Guide 1.206, “Combined License
Applications for Nuclear Power Plants,” is used to partially inform the organization of this
section.

3 Specifically, the version issued in June of 2007 is used.
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2.1  Reactor System

2.1.1  Summary Description

The reactor system is designed to generate heat that can be moved to the power conversion
system by way of the heat transport system and the heat exchanger system. This section
describes the design of the mechanical and nuclear components of the Oklo reactor systemf,
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The thermal design for the Oklo plant provides adequate coolirig for the fuel and the core.
components during steady-state, full-power conditions via the heat transport system. As the
Oklo plant does not include a flowing coolant t;'avgling through the core, many of the concerns

of thermal and hydraulic behavior need not be considered (e.z_ critical heat flux_flow velocities,
coolarit and moderator voids).
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{G@)-Giv), (vi), (ix)-(xi)}

The reactor uses various instrumentation systems to monitor core performance; neutron flux
monitors, cell temperature sensors, and other instrumentation systems are used to provide the
operating parameters, trips, and alarms. More information on instrumentation and control
systems is provided in Section 2.5.

2.1.2 Reactor Core System

H-Gd)feci)

2.1.2.1 Description of the Reactor Core _SysTem
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{@)-GDHeci} Since the

‘Oklo core operates at a very, low burnup, little to no fission gas is expected.{
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Figure 2.3.
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Ha)-=)Hect) Because each heat pipe is a sealed. independent heat transport device,

the heat pipes offer redundant and reliable cooling, and together form the heat transport system
that removes heat from the fuel. More information on the heat pipes is located in Section 2.2.

He)-(xidHeci}

2.1.2.2 Design Bases of the Reactor Core System

{(i@)-(v), (vi), (x)-(xd}

Performance design bases during normal operation include the following:

¢ The reactor core system is not damaged during normal operation and anticipated
operational occurrences,

o The reactor core system is designed to produce appropriate amounts of heat to be
transferred to the power conversion system,

¢ The reactor core system retains fission products during all modes of operation.

e The reactor core system is designed to limit eutectic formations _
Ho-el,

e The reactor core system is designed such that the net effect of the prompt inherent
nuclear feedback characteristics compensates for a rapid increase in reactivity, and

¢ The reactor core system is designed such that power oscillations are suppressed.

2.1.2.3 Materials of the Reactor Core System

Supporting reactor structures are constructed using stamless steel chosen f01 its low neutronic
absorption in the fast spectrum, s erating a nce. and stren h
at Oklo's operating conditions.
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HO-()Heci}

For purposes of this report, the discussion of material characteristics is focused on the fuel,
including the fuel-steel chemical interaction, as this is considered the bounding analysis.

2.1.23.1 Fuellype

The reactor core svstem employs a metal fuel, a metal alloy{

Ha)-=). Metal uranium alloy fuel has a long history of use
in U.S. fast reactors, beginning with the Experimental Breeder Reactor I (EBR-I) in 1951 and
employed most extensively in the Experimental Breeder Reactor I (EBR-II), which ceased
operating in 1994 [2]. Over 130,000 metal fuel pins were irradiated in the experiments over
decades {3].

operating conditions [4].

conductivity of metal fuel is high, whieh helps to reduce peak fuel temperatures and preclude
local hot spots. In addition, the low heat capacity limits the amount of stored heat in the fuel
while operating at temperature, enabling easier cooling of the fuel when shutting down or
rogressing through an abnormal event.

Table 2-4.

He)-DHeci} ‘ \

2.1.2.3.2 Fission-Gas Generation and Fuel Swell

During irradiation, fission gases form void pores in the fuel, which in turns causes metal fuel to
swell. Once the fuel swells by approximately a third of its volume. the fission gas voids
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‘interconnect and the fission gasses are released to the upper plenum, with very little additional
swelling?. ' '

{@-=)}Heci} The interconnection of the fission gas voids typically
oceurs at a burnup of 2-3 at.%, which means that at lower burnups. most fission gases are

HO-G)}ect}

2.1.2.3.3 Eutectic Formation Considerations

Although the melting (solidus) temperature for the fuel is hich Ha)-} a more
relevant limit for the Oklo fuel {G)-(xiy}eci} arises from
considerations relating to eutectic formations. Eutectic effects between steel and fuel have been
- analyzed at length, for instance for the Integral Fast Reactor project and were ically referred
to as fuel-clad chemical interactions.

{0)-=i)Hec) Effects
caused by fuel-steel chemical interaction occur at elevated temperatures where interdiffusion
occurs between the uranium component of the fuel and the stainless steel and begi
lower melting-point eutectic.

A correlation developed by Argonne National Laboratory (ANL) and applied to the safety
analyses in Section 5 shows that this process begins around 720 C but proceeds very slowly at
this temperature (< 0.01 pm/s), increasing exponentially with temperature until reaching a rate
of 0.1 nm/s at 830 C [7]. This ANL correlation was developed. using fuel at burnups which far
exceed the burnup of the Oklo fuel, such that the application of the rate curve described by this
correlation to the Oklo reactor is conservative. Lanthanide fission products and fuel alloying
element redistribution enhance fuel-steel chemical interaction. These effects occur in hlgh
burnup fuel, so they are not expected to be relevant for the Oklo reactor.

2.1.2.4 Performance and Evaluation of the Reactor Core System
2.1.2.4.1 Fast Neutron Spectrum
The Oklo reactor operates as a fast spectrum reactor, where neutrons born at fission energies of

'2-3 MeV slow down only to about 1 keV to 1 MeV. Fast spectrum reactors generally are less
sensitive to material selection because more materials are transparent to neutrons at those

1))} Fast spectrum reactors also
do not experience significant sensitivity to fission product poisoning effects, since most strong

thermal-siectrum absorbers like xenon-135 have vei’ small cross-sections at hiih eneri'es.

5 Accordingly. metal fuels designed for reaching high burnups include enough volume to allow the fuel to swell
to this degree before contacting its enclosure. which helps to limit the stress applied to the fuel enclosure by the
fuel itself. The Oklo fuel is not designed for high burnup operation.
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2.1.2.4.2 Core Power Distribution.

{0)-)Heci} Small fast reactor cores, like the
Oklo core, operate with relatively low radial and axial power peaking factors compared to most
other reactor types due in large part to the unusually long mean free path of fast neutrons in
the core-and the small size of the core. The use of heat pipes in the Oklo design contribiites to
the long mean free path in the Oklo core. The vapor in each heat pipe has a density on the
order of 1 x 10-3 g/lem3. In other words, the vapor is essentially seen as a void by neutrons, with
a very small probability of collision. :

{)-)} Since the total neutron cross-
section decreases with increasing incident neutron energy, a faster spectrum contributes to a
large mean free path. A large neutron mean free path reduces core power peaking, helps the
core to-react to transients in a unified manner, and limits susceptibility to localized effects.
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Ko =i}eci} The axial power distribution is shown in Figure 2-6.
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Figure 2-6. Axial power peaking profile in the peak reactor cell

2.1.2.43 Pedak Fuel Temperature

{®-
(s){eci} A significant conservative assumption was made in the calculation of fuel temperature
distributions: the thermal conductivity of the fuel was taken at one-half of its nominal
value. This was done to account for the degradation in thermal conductivity associated with
increasing p01031ty genelated during irradiation, with 50% being the most conservativ

conductivity degradation factor of 50% introduces significant conservatism to the preliminary
Oklo core design and analysis.

=
—
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Har-GDHed)
2.1.2.4.4 Inherent Feedbdack Mechanisms

The primary type of inherent feedback mechanism, which responds to operating condition

) changes in the Oklo reactor core, is the temperature feedback coefficient of reactivity. The Oklo

core possesses negative temperature feedback coefficients of reactivity, which contribute to safe
behavior during transient conditions. The feedback coefficient components of interest in the
Oklo reactor.are the fuel thiermal expansion coefficient of reactivity, the fuel Doppler coefficient
of reactivity, and the structural material thermal expansion coefficient of reactivity:

The fuel thermal expansion temperature coefficient of reactivity is the reactivity.change in the
core associated with the material expansion with increasing temperature of the metal fuel. The

. fuel Doppler coefficient is the reactivity change associated with the broadening of the fuel’s

reaction cross-sections with increased teniperature.

{)-=)}Heci} The structural expansion coefficient is the largest

e
, ,
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component of the net temperature coefficient of reactivity. primarily due to grid plate
expansion. {

Ho-Gay

Other temperature coefficients of reactivity can help contribute to the net reactivity

coefficient. However, these additional components will operate on slightly slower timescales
since they rely on heat generated in the fuel to be conducted radially outward through the core.
Their contribution to the net coefficient is expected to be large and negative, so neglecting them
for the present analysis introduces another large degree of conservatism.

2.1.2.4.5 Analytic Tools

Oklo is using various modeling and simulation codes to perform its core design and

analysis. The following section describes these codes and their application, as sunimarized in -
Table 2-6. These codes are organized by function into the following sections: fuel behavior,
reactor physics, and thermal analysis. Each code within a section contains a general overview
of the code, a description of Oklo’s use of the code, and some relevant verification or validation

information.
Table 2-6. Summary of analytical tools wused for Oklo core design
Computer code Type Application Technique
BISON Fuel Behavior Mode! fuel and Finite element-based code,
simulate fuel solves fully-coupled 3D
behavior during thermomechanics and
jrradiation species diffusion equations
SERPENT Reactor Physics Analyze physicsand 3D continuous-energy
. core modeling Monte Carlo physics burnup
calculation code for reactor
analysis applications
MCNP ~ Reactor Physics Analyze shielding; General purpose Monte

Benchmiark other Carlo particle transport code

reactor physics codes  for wide range of
applications by treating 3D
configuration of materials in
geometric cells

_-
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ANSYS Thermal Analyze steady-state 2D and 3D thermal analysis
and transient
temperature

evolution of the core,
heat conduction,
thermal core design

Flownex SE Thermal Model auxiliary 1D thermal fluid analysis
cooling system
performance and
power conversion
heat exchanger
analysis

Fuel Behavior

Fuel behavior codes are used to evaluate how the fuel behaves during various reactor operating
conditions. Fuel behavior analysis can be divided into two scenarios: steady-state and
transients. The phenomenology of metal fuel behavior is considerably different than oxide fuel,
and its safety characteristics are underpinned by its high thermal conductivity, low stored heat,
expansion behavior during severe transients, and its resilience during irradiation. This
simplifies the physics of interest, particularly at low burnups like those achieved in the Oklo
design. Oklo’s fuel performance code flow chart is shown in Figure 2-9.

BISON is a finite element-based nuclear fuel performance code applicable to a variety of fuel
forms. BISON is built using the Idaho National Laboratory’s (INL) Multiphysics Object-
Oriented Simulation Environment (MOOSE). MOOSE is a parallel finite-element-based
framework for solving systems of coupled non-linear partial differential equations. MOOSE
supports the use of two and three-dimensional meshes and implicit time integration [8]. BISON
solves the fully-coupled equations of thermomechanics and species diffusion for three-
dimensional geometries. BISON is capable of analyzing a variety of fuel forms, including metal
fuel.

Oklo uses BISON to model its fuel and simulate fuel behavior during irradiation. BISON -
provides the three-dimensional capabilities to model the unique geometry of the Oklo fuel
design. The key parameters used in the Oklo fuel model include an input file that describes
thermal and mechanical material models, boundary conditions, initial conditions, power history,
and a mesh provided either directly in the input file or through a separate mesh file.

Quality of software developed by INL is tightly controlled using issue tracking, automatic
testing or merge requests, and collaborative code review. BISON has been evaluated for NQA-1
compliance for R&D software [9], [10]. BISON, through MOOSE, is supported by more than
2000 tests. All new INL codes must be supported by testing. BISON includes verification tests
for linear elasticity, large strain behavior, heat transfer, contact, and many other capabilities
[11].

Oklo may also use stand-alone fuel failure models to support source term analyses. Some of
these models are used in the SAS4A code. It is important to note that at temperatures below
fuel melting, radionuclide release from failed metal fuel is dominated by those radionuclides
that have migrated to the gap and fission gas plenum during irradiation. For low burnup fuel,
the quantity of radionuclides that have migrated to the gap and plenum is comparatively small,
so potential total releases are also comparatively small.
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Inputs

- Unique fuel geometry
- Material properties
- Reactor operating parameters

BISON

Outputs

- Fuel‘shape change
- Fuel temperature distribution

Figure 2-9. Fuel performance code flow chart

Reactor Physics Codes

QOklo uses reactor physics codes across two categories: steady-state and long timescale dynamics
to evaluate physics changes in the core arising from burnup effects during operation, and short
timescale kinetics to evaluate neutron flux distributions during transients. '

Oklo predominantly uses high-fidelity, three-dimensional, continuous energy Monte Carlo
neutron transport codes to evaluate its steady-state and long timescale dynamic core '
behavior. Such high-fidelity tools are not typically used in the design process for nuclear
reactors due to the long simulation times required and are instead used for benchmarking and
validation purposes of simplified tools. However, the small size and tightly-coupled neutronic
behavior of the Oklo core enable the use of these benchmarking Monte Carlo codes for core
design and analysis throughout its fuel cycle in a reasonable manner. The significant neutron
streaming present in the core generally challenges the capabilities of deterministic codes,
including conventional cross-section generation. However, these physics are readily captured
via Monte Carlo methods. '

Oklo models the short timescale kinetic behavior of the reactor using a point kinetics

model. The point kineties parameters of the core are generated using Monte Carlo tools. Point
kinetics provide a good representation of a small, tightly-coupled system like the Oklo core, so
using Monte Carlo tools to generate these parameters gives the greatest accuracy for a point-
kinetics-based kinetics simulation. {
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}@-}eci}) Serpent is a three-dimensional, continuous-energy Monte Carlo reactor physics
burnup calculation code specifically designed for reactor analysis applications. The standard
output includes effective and infinite multiplication factors, point-kinetic parameters, effective
delayed neutron fractions, and precursor group decay constants. User-defined tallies can be set
up for calculating various integral reaction rates and spectral quantities, such as tallying power
distributions throughout the core [12]. Serpent incorporates an internal burnup calculation
capability that enables Serpent to be used to simulate fuel depletion as a completely integrated,
stand-alone application. Extensive effort has been put into optimizing the calculation routines-
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and the code is capable of running detailed burnup calculations-similar to deterministic codes
within a reasonable calculation time. The overall running time can be further 1educed by -
parallelization [13].

Oklo uses Serpent for reactor physics analysis and core design modeling. Serpent has the
advantage of being a recently developed tool with faster processing times than other Monte
Carlo tools. The input files are easy to use with the Oklo design, and the code does not require
the significant amounts of pre- and post-processing traditionally associated with legacy tools.

For code validation, each Serpent update is checked by comparison to the genéral-purpose
program Monte Carlo N-Particle (MCNP) code by running a standard set of assembly
calculation problems. Effective multiplication factors and tallied reaction rates are within the
statistical accuracy of the reference results when the same ACE libraries are used in the
calculations. Validation against MCNP has also been carried out with equally good results for
calculations involving individual nuclides, by comparing the flux spectra produced by the two
codes. :

MCNP is a general-purpose Monte Carlo particle transport code that can be used for neutron,
photon. electron, or coupled neutron/photon/electron transport. Specific areas of application
include, but are not limited to, radiation protection and dosimetry, radiation shielding,
radiography, medical physics, nuclear criticality safety, detector design and analysis, reactor
design, decontamination, and decommissioning. The code treats an arbitrary three-dimensional
configuration of materials in geometric cells [14]. '

Oklo uses MCNP version 6.2 as a benchmarking tool. Although MCNP requires more
processing time, MCNP has been the standard tool for 3D Monte Carlo neutron transport

- analysis for decades. Like Serpent, it is capable of three-dimensional modeling with highly

complex geometric structures and employs the full-fidelity continuous energy representation of
neutron cross-sections.

For code validation, the MCNP reference collection includes several verification and validation

benchmark suites (over 60 suites each with multiple sets of verification problems). Los Alamos
National Laboratory invests substantial effort to ensure that production releases of MCNP and
MCNP data libraries have undergone rigorous testing, verification, and validation.

Oklo uses point kinetics to model short timescale transients. The small size, tightly-coupled
neutronic behavior, and limited excess reactivity of the Oklo core enables the use of point
kmetlcs as an accur ate means to analyze transient behavior. There is very little spatial

o
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Therimal Analysis
The strong thermal coupling of the core enables Oklo to use three-di
codes to simulate core temperature distributions [16]. [17].
packages are one tool to analyze core temperature behavior.
ANSYS offers a comprehensive software suite spanning a broad range of engineering
simulation. ANSYS has been used to evaluate steady-state and transient temperature
evolution in the Oklo core.
For code validation, ANSYS offers the ANSYS Verification Manual, a collection of analysis
problems for the user to test how ANSYS features and functions operate on a particular
system. ANSYS also provides a formal commitment to the requirements of NQA-1, Subpart 2.7,
Quality Assurance Requirements for Computer Software [15].
Oklo-2018-R10-P, Rev. 0 | | 54
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Flownex is a code used to model thermal-fluid system performance for both steady state and
transient analysis. Flownex is developed under both ISO 9001:2008 and NQA-1 certified quality
assurance. {
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Table 2.8.
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2.1.3 Reflector System

2.1.3.1 Description of the Reflector System

The reactor core is surrounded by a reflector system.
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}{(1)-(x1)}{em} As the reflector serves to enhance core reactivity and maintain core geometry in the
most reactive configuration, failure of the reflector system would only result in a less reactive
configuration.

12.1.3.2 Design Bases of the Reflector System

{(i)-Gv), (i), (x)-(xd}

Performance design bases during norinal operation include the following:

¢ The reflector system is designed to improve fuel utilization{,

2.1.3.3 Materials of the Reflector System

Oklo-2018-R10-P, Rev. 0
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1)-(X1)s1€q],

The maximum operating temperatures are expected to be much lower than the melting point for
the reflector system materials, staying well below their thermal design limits. '

2.1.3.4 Performance and Evaluation of the Reflector System

The reflector system is completel

During operation, the reflector system is a passive system that enhances fuel utilization. The
performance of the reflector system is analyzed using the neutron transport codes Serpent and
MCNP. These codes and their models are further described in Section 2.1.2. {
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'2.2 Heat Transport System

2.2.1  Description of the Heat Transport System

The heat transport system is responsible for transporting heat from the reactor core to the heat
exchanger system. The heat transport system is composed of heat pipes

‘}{(i)—(xi)){eci}. The only function of the heat transport system is to transport heat from
the fuel to the heat exchanger system during normal operation. The heat transport system is
not required for core cooling during accident scenarios and is not credited as a barrier in Section
4. ‘

heat pipes operate passively; thus, the heat transport system does not include pumps or an
external piping system. Because the heat pipes do not communicate hydraulically, this
multiplicity provides redundant and reliable cooling and increases defense-in-depth.

{6)-xi)}; as a result, they are often referred to

as thermal superconductors. Heat pipes can operate at a wide range of temperatures, and the
operational temperature range will depend upon heat pipe characteristics, including size,
materials, and other characteristics. The maximum power throughput of a heat pipe is
dependent on its operating temperature. When operated within specific operational
temperature range, heat pipe performance increases with temperature, automatically
maintaining proper power-flow ratios in the event of transients, including failure of neighh'orin_F
heat pipes.
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2.22 Heat Transport Design Bases

{GD)-Giv), (i), (ix)-(xi)} .

Performance design bases during normal operation include the following:

o The heat transport system passively transports heat generated in the fuel to the heat
exchanger for the power conversion system during power operation,

¢ The heat transport system is composed of materials that are chemically compatible with
one another and maintain acceptable performance under irradiation,

o The heat transport system complies with Oklo’s quality assurance plan to reduce
potential leaks and ruptures,

e The heat transport system is monitored continuously during operation to detect failures,
and

o The heat transport system accommodates operating temperatures while maintaining
appropriate mechanical limits during normal and abnormal loadings.

2.2.3 Materials of the Heat Transport System

2.2.3.1 Material Specification

The materials for the heat transport system were chosen to meet desien ob'eétives.

He-Gaecs)

2.2.3.1.1 Behavior in Radiation By
The materials used in the heat pipes are common materials in fast reactors with well

understood behavior during irradiation. The capture cross-sections in the fast spectrum are
very low; thus, the amount of activation is minimal.
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2.2.3.1.2 Impurity Induced Corrosion

Impurity induced corrosion was identified as the only si
operation.

material selection and fabrication processes can avoid this problem entirely through cleaning
and high-temperature bakeoff [18]. .

2.2.4 Performance and Evaluation of the Heat Transport System

2.2.4.1 Heat Transport

During normal operation, each heat pipe transports heat generated in the surrounding fuel to
the heat exchanger.

{6)-x)H{ect} The normal operation temperature is
not challenging to the heat pipes, as heat pipes safely operate at much higher temperatures.

As discussed in Section 5, the heat transport system is not required to maintain reactor cooling
during abnormal events.

2.2.4.2 Subatmospheric Pressurization

The heat pipes operate at subatmospheric pressure, which is enforced during fabrication. -This
low pressure is beneficial because it ensures that in the very unlikely case of a heat pipe breach
there is no pressure or possibility for outward explosion which would affect surrounding SSCs. {

2.24.3

2.2.4.4
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2.3 Heat Exchanger System

| 23.1 Description of the Heat Exchc:ngér System

The heat exchanger system is designed to transfer heat from the heat transport system to the
power conversion system, to convert it to electricity. After heat is generated in the reactor core, -
it is conducted to the heat transport system, which transports heat from the reactor core to the
heat exchanger system. The heat exchange1 system consists of heat exchanger units and
associated piping.
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2.3.2 Design Bases of the Heat Exchanger System

{(Gi)-Gv), (), (ix)- (=i}

Performance design bases during normal operation include the following:

o The heat exchanger system directs coolant to transfer heat from the heat transport
system to the power conversion system during normal operation,

"e The heat exchanger system is composed of materials that are chemically compatible with
one another and with the power conversion system coolant, and maintain acceptable
performance under irradiation,

¢ The heat exchanger system is capable of being monitored continuously during operation
to detect failure,

¢ The heat exchanger system complies with Oklo’s quality assurance plan to reduce
potential leaks and ruptures,

¢ The heat exchanger system is designed with considerations of operating temperatures,
pressures, flow rates, material degradation characteristics, creep, fatigue, stress
rupture, and other conditions under operating, maintenance, testing, and postulated
accident conditions, with relevant uncertainties, and '

¢ The heat exchanger system provides balanced pressures to the power conversion system.

233 Materials of the Heat Exchanger System

The heat exchanger system is constructed primarily of stainless steel. Stainless steel was
chosen because of its suitability at the operating temperature. pressure and heat flux

{(id), @v),

(i)-(xi)}.
2.3.4 Performance and Evaluation of the Heat Exchanger System
The primary function of the heat exchanger system during normal operation is to assure that

each heat pipe is able to transfer the proper amount of heat to the power conversion system
coolant.
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2.4  Engineered Performance Systems

2.4.1  Summary Description

The engineered performance systems are designed for flexibility in the operating margin of the
OKklo design.

2.4.2 Reactor Enclosure System

2.4.2.1 Description of the Reacfor Enclosure System
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Figure 2-22.
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The reactor enclosures do not serve as a pressure boundary because all portions of the core are

at or slightly below atmospheric pressure throughout the entire fuel cycle life. Additionally, the
reactor enclosures are not leak tight and are not assumed as such in Section 4 and Section 5. {
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2.4.3
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2.4.4  Air Cooling System

2.4.4.1 Description of the Air Cooling System

The air cooling system is a completely passive system that utilizes natural ¢
decav-heat levels of heat during all modes of operation.

{6)-xHea} Air flow
through the air cooling system is driven by the differential hydrostatic force between cool
outside air from the inlet to the module and heated air from the module to the air outlets.

The air cooling system operates continuously in all plant operating modes. The design has no
valve or active component.

{(D)-(xi)}eci)

24.42 Air Cooling System Design Bases

{G)-Gv), (vi), (is)-(s1)}

Performance design bases during normal operation include the following:

o The air cooling system functions to remove decay-heat levels of heat during all modes of
operation, '

o The air cooling system functions to maintain reactor enclosure temperatures within
their limits,

e The air cooling system functions to remove all decay heat indefinitely following a reactor
trip,

o The air cooling system is designed such that the air does not become significantly
activated, '

o The air cooling system functions completely passively without active equipment such as
fans and power sources, and

e The air cooling system is designed with sufficient redundancy to perform its functions.
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2.4.4.3 Materials of the Air Cooling System

The air cooling system is
and corrosion resistance.
He-ecit
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1|

constructed of materials selected for acceitable structural intei'iﬁ

2.4.4.4 Performance and Evaluation of the Air Cooling System

2.4.4.4.1 Modes Sf Operation

The air cooling system operates continuously in all plant operatingmodes. The air cooling
system is a passive system with no valves or active component:

{()-(x)Heci}

2.4.4.42 Instrumentation and Control

The air cooling system is

a passive system and. therefore. has no controls.

Oklo-2018-R10-P, Rev. 0
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2.5 Instrumentation and Confirol System

2.5.1  Summary Description
The instrumentation and control sysfem contains the components and systems required to
monitor and control performance of the Oklo plant. These systems are used for operational
control of the plant and include the following: '

o Reactor trip system (Section 2.5.2),

e Reactivity management system (Section 2.5.3),

- o Plant control system (Section 2.5.4),
. Post-accident monitoring system (Section 2.5.5), and
* Information aisplay system (Section 2.5.65.

2.5.2  Reactor Trip System

2.5.2.1 Description of the Reactor Trip System

The reactor trip system initiates actions necessary for reactor shutdown. The reactor trip

system also provides signals to other systems. including the reactivity mmanagement system and
information dsplsy systen. (A

1 I <3

The reactor trip system is composed of the sensors, initiating circuits, logic, bypasses, and

. actuated devices that ensure the reactor trips when monitored system parameters exceed -
preestablished limits. The reactor trip system has three divisions, each independent and
redundant from one another. Each division is capable of initiating and maintaining a reactor
trip regardless of the condition of the other two divisions. The reactor trip employs a redundant
and diverse design to ensure with a high degree of confidence that a reactor trip is initiated and
completed when setpoints are exceeded while reducing the likelihood of an inadvertent reactor

trip.

{©-(d)Hect}

2.5.2.1.1 Neutron Flux Instrumentation

{G)-xi){eci) Neutron flux detectors
determine core parameters such as overpower and provide continuous measurement of the
core’s global power distribution. Flux monitors provide the most rapid indication of any
potential overpower condition and are used to protect the integrity of the fuel for investment
protection reasons by initiating a reactor trip.
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Figure 2-25.
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Figure 2-26.
H0)-GdHect}
2.5.2.1.2 ‘Heat Pipe Temperature insfrumentation

The temperature limits in the Oklo d'esign are based on fuel temperature. Because heat pipes
are nearly isothermal. fuel temperatures can be inferred from heat pipe temperatures.

2.5.2.2 Designh Bases of the Reactor Trip System

{G)-(v), (vd), (ix)-(xi)}

Per_fdrmance design bases during normal operation include f_he following:

‘o The reactor trip 'sys,tem automatically initiates a reactor trip when preestablished
setpoints are exceeded during any condition of normal operation, including anticipated
operational occurrences,

. o
{©-(DHeci)
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o The reactor trip system allows periodic in-service testing when the reactor is in
operation,

¢ The reactor trip system seals in a reactor trip once initiated and requires deliberate
action to return to normal operation, and

o The reactor trip system is designed to fail in the tripped condition.

?.5.2.3 Materials of the Reactor Trip System

The materials in the reactor trip system are chosen to withstand nomhal and abnormal
conditions. i

2.5.2.4 Performance and Evaluation of the Reactor Trip System

2.5.2.4.1 Trip Signals

Initiating signals to trip the reactor include the following:

o Overpower{_}{(i)-(si)}{eci},

o Underpower{ _}{(i)-(xi)}(eci}, :

o Overtemperature{_}{(i)-(xi)}{eci}-

° Undertemperature{_}{(i)-(xi)}{eci}, and

o Ground acceleration that exceeds the operating basis earthquake.

It is important to note that the trip signals described here are for normal operations.

—

To ensure that a trip signal goes to completion, it is only necessary that the process sensors
(e.g., flux, temperature) remain in a tripped condition for a sufficient length of time to the seal-
in circuitry. Once this action is accomplished, the trip logic proceeds to initiate reactor trip
regardless of the state of the sensors that initiated the sequence of events.

2.5.2.4.2 Operating Conditions

The operating conditions for sensors in the reactor trip system are such as to withstand fhe
environment during normal operations. {

25245
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2.5.2.4.4 Tesiing

Prior to operation, the reactor trip system undergoes pre-service inspection, calibration, and
testing. During operation, the reactor trip system undergoes periodic in-service testing to
ensure its performance remains acceptable for asset protection reasons.
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2.5.3 Reactivity Management System

2.5.3.1 Description of the Reactivity Management System

The reactivity management system monitors performance parameters in the reactor and can
adjust core reactivity.

- 2.5.3.2 Design Bases of the Reactivily Mondgemenf System
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Performance design bases during normal operation include the following:

e The reactivity management system automatically maintains core criticality during
power operation,

- Y ¢ and

e The reactivity management system monitors reactor core performance.

2.5.3.3 Materials of the Reactivity Management System

The materials used in the reactivity management system are chosen to maintain acceptable
performance in expected normal and abnormal operating conditions. {

2554

{6)-(xi)Hec}
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2.5.4  Plant Control System

2.5.4.1 Description of the Planf Control System

The plant control system monitors plant-wide process parameters and can control components
in the power conversion system to ensure optimal operation of the Oklo plant. {

2.5.4.1.1

254.1.2

25413
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2.5.4.2 Design Bases of the Plant Control System

{GD)-Gv). (i), (x)-(=)}

Performance design bases during normal operation include the following:

e The plant control system monitors and controls performance of the power conversion
system,

e The plént control system allows initiation and termination of turbine bypass mode,
¢ The plant control system m.on_itors plant performance parameters, and
-» The plant control system allows a manual turbine trip.

2.5.4.3 Materials of the Plant Control System

Materlals in the plant control system are chosen to maintain acceptable performance in normal

2.5.4.4 Performance and Evaluation of the Plant Control System

2.5.4.4.1 Alarm Signals

The followmg conditions are examples of abnormal conditions that indicate that the plant has
exceeded or will exceed limits:

¢ Turbine trip,

Overspeed of turbine,

Underspeed of turbine,

Leak in the power conversion system,

I e
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2.5.4.4.2 Turbine Bypass

- Initiation and termination of turbine bypass mode is controlled by the plant control
' system. Turbine bypass mode directs the power conversion system coolant through a bypass

loop instead of the turbine-generator set during minor outages of the turbine. Specifically, the
valves used to direct flow through the power conversion system are controlled by the plant
control system.

2.5.4.43 Display

Measurements from the plant control system are sent to the information display system uéing
one-way, read-only signals for display and recording.

2.5.4.4.4 Testing

Prior to operation, the plant control system undergoes pre-service inspection, calibration, and
testing. During operation, the plant control system undergoes periodic in-service testing to
ensure its performancé remains acceptable.

Oklo-2018-R10-P, Rev. 0
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2.5.5 Post-Accident Monitoring System

2.5.5.1 Descriptfion of the Post-Accident Monitoring System

The post-accident monitoring system measures plant-wide process parameters after an accident
to ensure the reactor is shutdown.

25511 [
25512 |
25515 N

2.5.5.1.5

2551 I
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25517

25543 [ IR

2.5.5.2 Design Bases of the Post-Accident Monitoring System

{G)-Gv), (vi), (ix)-(xi)}

Performance design bases during normal operation include the following:

¢ The post-accident monitoring system ensures the reactor core remains shut down and
within fuel temperature limits{,

1 C———

1 I -

2.5.5.3 Materials of the Post-Accident Monitoring System

Materials in the post-accident monitoring system are chosen to maintain acceptable
performance in normal and off-normal operating conditions.

2.5.5.4 Performance and Evaluation of the Post-Accident Monitoring System

2.5.5.4.1 Power Source

Following an accident. the post-accident monitoring system continues to monitor the status of
255.42 | IR

Oklo-2018-R10-P, Rev..0




e

Oklo-2018-R10-P, Rev. 0

103




4"

. - I
;' O K L O Final Safety Analysis Report —

g
gy —

2.5.6.5.1 -

Oklo-2018-R10-P, Rev. 0 104




PN

O K L O ~ Final Safety Analysis Report

\ T4

2.6 Elecfric System

12.6.1  Summary Descripﬁo-n

The electric power systems supply. continuous power to equipment required for startup, normal
operation, and shutdown of the reactor under normal operating cond1t10ns This section is

{®-) The Oklo design is intended to serve communities in off-grid locations and 1s
completely grid independent. A connection to an offsite transmission grid is used only to .
distribute the power generated by the Oklo 1eact01 to electricity consumers. Thus, the

Ho) e} Systems that are used to shut down the reactor are passive and do not require electricity.
This is a key characteristic to Oklo’s inherent safety because these systems can be maintained
indefinitely in a safe shutdown through natural forces and simplicity of design. Therefore, the
design is independent of onsite and offsite power for safe operation.
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{(i)-@v), (vi), (x)-xi)} No specific description of materials or

performance and evaluation are provided for this pilot effort. {

262
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2.7  Auxiliary Systems |

27.1  Summary Descripﬁon ' ~

The auxiliary systems for the Oklo plant are those that are tvpically not associated with the

iroduction of heat for electric generation.
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{()-Gei)Heci}

2.7.5 Other Auxiliary Systems
Because these are auxiliary support system, they are only briefly described in this section. No
specific design bases, description of materials, or performance and evaluation are
provided. Additionally, this section shows a partial list of auxiliary systems, which is as follows:
e Potable and sanitary water system (Section 2.7.5.1), |
¢ Air conditioning, heating, cooling, and ventilation system (Section 2.7.5.2),

¢ Communication system (Section 2.7.5.3), and

¢ Lighting system (Section 2.7.5.4).

2.7.5.1 Potable and Sanitary Water System

The potable and sanitary water system provides water for general purposes throughout the
plant. The water is used for human consumption, sanitary and domestic purposes. Water for
the potable and sanitary water system will be site-specific and pretreated at the source to meet
applicable water quality standards. '

2.7.5.2  Air Conditioning, Heating, Cooling, and Ventilation System

The air conditioning, heating, cooling, and ventilation system serves the site building and is
designed to maintain a controlled environment for the comfort of personnel.

2.7.5.3 Communication System

The communication system provides reliable and effective communications inside the site
building (intra-plant) and with external locations (plant-to-offsite) during normal operation,

‘maintenance, transient, fire, and emergency conditions including loss of offsite power and
security-related events.

2.7.5.4 Lighting System
The plant lighting system provides adequate lighting during all plant operating conditions (e.g.,
normal operation, fire, and emergency conditions). The physical security system relies on

. normal plant lighting and emergeney plant lighting to support the successful implementation of
security functions.
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2.8  Power Conversion System

2.8.1 Description of the Power Conversion System

The power conversion system functions to convert heat energv-to electricity and to operate in
turbine bypass niode (see Section 2.5.4).

{(aa), (iv). (ix)-(xi)}

2.8.2 Power Conversion System Design Bases,

{G0)-Gv), (vi), (=)0}

Performance design bases during normal operation include the following;

e The power conversion system utilizes heat from the heat transport system to create
electricity during power operation.

¢ The power-conversion system pr ov1des the capability for complete bvpass flow in the
event of a turbine trip,

¢ The powei convérsion system provides the capability for storing the full volume of
coolant duri ing reactor maintenance, and

¢ The power conversion system turbine trips automatically under abnofmal conditions..
2.8.3 Materials of the Power Conversion System
The design, manufacture, shippi’ng_, and Qt;her- att;'ibutes of the power conversion system will '
comply with Oklo quality assurance. Further information for this section will be provided at a

later date.

2.8.4 Performance and Evaluation of the Powér Conversion S'ysfem

The performance and evaluation of the power conversion system will comply with Oklo quality
assurance. Further information for this section will be provided at a later: date.
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3 RADIOACTIVE MATERIALS TO BE PRODUCED IN
'OPERATION

3.0 Purpose and Scope
Title 10 to the Code of Federal Regulations (10 CFR) Section 52.79(a)(3) requires the following:

The kinds and quantities of radioactive materials expected to be produced in the
* operation and the means for controlling and limiting radioactive effluents and
radiation exposures within the limits set forth in part 20 of this chapter

The purpose of this section is to provide an overview of the radioactive materials that are
produced during normal operation of the Oklo reactor and how they are controlled.

3.0.1 Modes of Operation Considered

For purposes of this initial analysis, radioactive materials at normal operations are considered.

3.0.2 Source of Activation Considerations

Sources of activation aside from the fluence of the core are assumed to be negligible and are not
accounted for in this analysis. For the purpose of this preliminary analysis for the production of
radioactive materials during operation, the fluence from the core is used as the bounding

‘factor. The following are the considerations for this analysis:

e Spent fuel within the reactor core is the sole source of activation, and
¢ Radioactive materials considered are those produced resulting from normal operations.

The Oklo reactor is dehberatély designed to limit the total amount of radioactive materials
produced during operation. Any additional materials identified from addltlons to the design
that are exposed to the core radiation ﬁeld will be added and analyzed

3.1 |ntroduc’ﬂon

Radioactive materials that are produced during normal operation of the Oklo reactor include -
materials that may receive any exposure from the core radiation field. Although activation
levels vary depending on distance from the core, time irradiated, and shielding, all materials
within that core radiation field are discussed to provide a comprehensive understanding of the
management of those materials. Where possible, materials are deliberately chosen to hel
mitigate the secondary radiation effects, reducing exposure and dose rates.
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3.2 Controlling Sources of Radiation

Radioactive materials that are produced during normal operation of the Oklo reactor include
radioactive fluids and structural materials.

3.2.1  Fluids

Potential radioactive fluids, or effluents, inside the reactor module include fission products,
backfill gas, power conversion system coolant, and the air circulating through the air cooling
system. The total fission product inventory generated by end of fuel cycle life is expected to be
small and completely retained inside the fuel matrix. The backfill gas is inert and expected to
remain fully inside the reactor module. The power conversion system coolant is not expected to
reach substantial activation levels and is expected to remain completely within the enclosed
power conversion system. Lastly, the air circulating within the air cooling system has a low
residency time and is also not expected to activate. : '

3.2.1.1 Fission Products

The Oklo fuel

{G)-xi)Heci} Additionally, the Oklo reactor is not expected to operate with any
damaged reactor cells, which inhibits fission product release to the reactor module during
normal operations keeping both the capsule and the module shell radiologically clean. Further,
Section 5, describes deterministic safety analyses that evaluate consequences related to
potential fission: product releases.

3.2.1.2 Reactor Enclosure Backfill Gas

The reactor enclosures are backfilled with inert gas, which is expected to remain within the
reactor enclosures thr ough fuel cycle life. The Selpent Monte Carlo code, described in Section

} {0-GsDHeet)
3.2.1.3 Power Conversion System Coolant

The power conversion system coolant uses fluid _ Ha-xix} to transport heat from
the heat exchanger system to the power conversion system. The fluid is appropriately shielded

Oklo-2018-R10-P, Rev. 0 -114

m
—




4"\
‘lll’

O K L O Final Safety Analysis Report

by the axial shielding system and is removed from direct exposure of the core radiation field.
Because of the location and protected environment of the power conversion system, the fluid
activation levels are expected to be minimal. Additional analysis will be conducted to confirm
this expectation.

3.2.1.4 Air Cooling System Coolant

The air circulating through the air cooling system is air pulled in from the surrounding
environment. During normal operations, clean air passes through the air cooling system at a
flow velocity of 7.30 m/s. This high flow velocity minimizes residency time of the air in the air
cooling system leading to minimal irradiation if the air. The air cooling system is located
outside of the reactor enclosures, well protected from the core radiation field by the radial
modular shielding. Due to the protection of the air cooling system and the small residency time
of the air circulating through the air cooling system, it is expected that activation levels are
negligible.

3.2.2 Structural and Other Mofericls

Non-ﬂuld materlals 1nclude sfructur and other materials inside the reactor module that

components are shielded, stationary, and sealed during normal operations, precluding access to
core components. Therefore, structural materials and other materials are easily shielded and
mitigated to protect onsite personnel and the public from any additional exposure that would
originate from these materials.

Radiological significance of these materials during maintenance or decommissioning is outside
the scope of this pilot submittal and will be provided at a later date.
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4 PROBABILISTIC RISK ASSESSMENT

40 Purpose and Scope
Probabilistic risk assessment (PRA) is required by Title 10 to the Code of Federal Regulations
Section 52.79(a)(46) and is applied to the Oklo design during the design process. Specifically, it
is applied to confirm that risk to the public is acceptably low for licensing basis events.
The goal of this PRA is to evaluate the following items:

e The overall additional risk to the public from the Oklo design,

¢ The major contributors to that additional risk, and

¢ The impact of varying specified parameters to the overall risk.

40.1 Events Modeled

The following types of events have been modeled or accounted for in this preliminary PRA: '
e Accidents that are confined to a plant,
e Accidents that are assumed to occur at full power, and

e Accidents that involve only the spent fuel? within the reactor core as a source of
radioactivity.

The following have not been modeled or accounted for in this preliminary PRA but will likely be
part of future work:

e Risks from external eventss,
e Risks from acts of sabotage or normal plaht releases,
¢ Risks from human actions, and

. Acéidents at other operating conditions outside of full power.

7 Fuel is conservatively assumed to be 50% beyond the fuel cycle life for these analyses.
8 Seismic events have traditionally been considered the most limiting external events-for metallic fueled fast reactors, primarily
due to the possibility of large induced positive reactivity insertions caused by control rod motion relative to the core lattice

{(i-(xi}{eci}
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4.0.2 Consideration of Uncertainties

The level of detail of the PRA is consistent with this pilbt submittal. The values selected for
failure probabilities are considered to be broadly representative and thus acceptable at this
stage in the design process but may need to be supplemented as the design progresses.

4.1 Introduction to Dynamic Probabilistic Risk Assessment

4.1.1 Relationship to Traditional Safety Analysis

A traditional app’roach to safety analysis generally involves deterministic accident simulations
and results evaluations, which are then used to create probabilistic event sequences (i.e., event
trees) as part of assessing the potential risk of abnormal events. Simulation tools and general
engineering understanding of the various plant systems are used to inform multiple potential
progressions of abnormal events and the risk that their consequences pose to health and safety
of the public. Thus, in the traditional approach, the deterministic safety analysis tools are used
to implicitly inform the creation and analysis of probabilistic outcome estimations, such as
event trees, which are used in PRA.

Dynamic PRA (DPRA) is a more holistic use of PRA in which traditional PRA methods are
integrated directly with simulation tools, an approach enabled by modern computational
methods and computing power [20]. This integration enables the generation of a dynamic event
tree, which branches based on conditions achieved from simulations in real time. In the DPRA
approach, safety analysis tools are explicitly used to provide simulations of probabilistic '
outcomes. With DPRA, the dynamic event tree is also the actual safety code simulation. A
distinction no longer exists between performing safety analyses and constructing probabilistic

branching event sequences: both are done simultaneously, in a single analysis step.

A powerful capability of DPRA is that the safety response space can be more fully explored,
while also tracking the likelihood of each sequence. Properly employed, this enables a greater
understanding of the system behavior while also providing for increased focus on event
pathways with highest safety significance.

Ultimately, DPRA enables multiple risk and safety analyses to be evaluated

simultaneously. Because a range of inputs and outcomes can rapidly be modeled, effects of
uncertainties can quickly be assessed and analyzed directly [21]. This method can illuminate
events which may not have been thought of otherwise. Integrating PRA with safety analyses
may make PRA even more relevant and important for assessing first-of-a-kind reactors than old
existing reactors, despite that the opposite has been conjectured.®

In SECY-07-0192, “Agency Long-Term Research Activities for Fiscal Year 2009,” the NRC
recognized the potential for advanced PRA methodology. Among other benefits, advanced PRA
would: '

¢ Reduce reliance on unnecessary modeling simplifications (i.e. more phenomenological),

¢ Make process and results more scrutable,

9 Advisory Committee for Reactor Safeguards Transcript, ML18149A563, April 2018.
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o Leverage advances in compufational capabilitiés and technology developments, and
o Allow for ready production of uncertainty characterization.

The most promising approach to improving PRA through these advancements was identified as
the dynamic event tree approach [22]. This is the DPRA approach taken by Oklo.

4.1.2 Branching 'Condiﬁons

A DPRA analysis resembles a sensitivity study, where multiple simulations are run
concurrently so that the phase space of the system behavior is more fully understood. The
difference between the two lies primarily in how the range of simulations are actually
conducted: in a sensitivity study, one or more problem parameters are selected a priori and then
varied over a predefined range, performing a new, full simulation for each value or set of

values. Conversely, in a DPRA analysis, the user defines branching conditions, which are
problem parameters or characteristics at which point the simulation is split into multiple
additional simulations in real time, each with new parameter values or system states, to explore
multiple potential outcomes of that branching event as the event evolves.

These branching conditions reflect real-world states where system behavior may diverge. Each
branching condition is prescribed by the following parameters:

e The reactor state at which it is triggered, and

s The multiple resulting branch states that follow, togethel with the specified plobablhty
of that branch’s occurrence.

For example, a typical branching condition definition for a reactor safety DPRA is the set of

. reactor trip setpoint values, such as a temperature or flux. The user specifies this set of reactor
state values as part of a “reactor trip” branching condition, and if the simulation tool reaches
any of these set points, the simulation stops and several new simulation branches are spawned,
each capturing potential outcomes that may occur after reaching those conditions.

The user defines each of these potential outcomes in terms of how the plant state might differ at
that stopping criterion and provides the probability of occurrence for each branch. In the
reactor trip example, upon reaching a reactor trip setpoint, two branches may be defined: one
with a successful reactor scram (probability of 0.9999997/demand), and one with a reactor
scram failure (probability of 3 X 10-"/demand). The simulation tool will then be run for each of
these potential conditions, and an event tree tracking the multiple branching outcomes is
generated dynamically, which when combined with the user-defined branching probabilities and
initiating event frequency, forms the basis for the DPRA.

In addition to defining the problem conditions at which multiple potential outcomes may result,
the initiating event frequencies (i.e. failure probabilities) are defined. When the DPRA
generates the dynamic event tree, it uses the individual event frequencies to calculate the

- expected frequency of occurrence for each full sequence that is calculated upon
termination. These sequence probabilities are then displayed in the blocks of the dynamic event
tree graph where the sequence terminates. By convention, the full sequence of events that
leads to a particular end state is assigned the same numerical identifier as that end state.

Oklo-2018-R10-P, Rev. 0 118
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Methodology

The first step before performing the risk analysis is to establish a complete set of events. This
selection is aided by a systematic review of the following resources:

4.2.1

The Oklo reactor is a very small and simple system, so defining branching conditions is
straightforward. Reactor trip setpoints were kept constant for both the transient overpower

}H@-Mec) Next, specific branching conditions are applied for the increase of heat generation
(i.e., transient overpower) and the decrease of heat removal events.

4.2.2

{

Oklo-2018-R10-P, Rev. 0 . 119

Search over operating lifecycle for the normal mode of operation for the Oklo design,
Review of generic events to all nuclear reactors,

Review of metallic-fueled fast reactor operating experience,

Review of compact reactor operating experience and analytical methods,

Review of light water reactor events, and

Review of expert opinion on similar conceptual designs.

Reactor Trip Setpoint Branching Conditions

Transient Overpower
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4.2:2.2 Derivation of Branching Conditions PrObobilit_ife's,'

The transient overpower initiating event frequencies and reactor trip failure probabilities are
estimated based on a review of historical data sources, pmnanly focused on the PRISM
prelnmnary safety information document (PSID) and referencing historic hght water 1eacto1
operating data, where appropnate [19]. [23], [24]. {

4223
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4.2.2.4 Reactor Trip Setpoint Branching Conditions

Once a reactor trip setpoint has been reached during a transient overpower event. two outcomes

are iossible. The first is a successful reactor trip

}H@)-Gd)Hec). -

The second is a failed reactor trip

1 | |
| —
, H)-GidHeci}.

Note that for the transient overpower event analysis, failure of the power conversion system

heat removal during turbine bypass mode was initially modeled, but ultimately excluded from

the final reported results. These failed turbine bypass sequences are excluded because the
reguencies are exceptiona

He)-G)Hecd)

42.3 Decrease of Heat Removal

Py

4.2.3.1 Overview of Event

The power conversion system is the only significant credited means that is capable of fully
removing the heat generated by the reactor at full power that is modeled for this analysis.
Thus, bounding initiating events that involve a reduction of heat removal from the core while at
power entirely consist of those where the operation of the power conversion system is disrupted.

0klo-2018-R10-P, Rev. 0 ' ' . 121
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The most frequent power conversion system disruption is a turbine trip. with an estimated
frequency of occurrence of 1/reactor-yearl®. Upon a turbine trip, the power conversion system is
designed to open the turbine bypass valves and reject up to 100% of the full operating

load. However, in this analysis, the turbine bypass heat removal mode is conservatively
assumed to remove only 95% of nominal power. "

4.2.3.2 Derivation of Branching Conditions Probabilities

As with the transient overpower event, the failure probabilities for the decrease of heat removal
event are estimated based on historical data that is considered to be broadly representative.
Both the turbine trip frequency and the power conversion system heat rejection mode
availability are based on PRISM estimates for similar systems [19].

4.2.3.3 Initiating Event Branching Conditions

- The probability per demand of power conversion system turbine bypass failure is 2 x 103,

meaning that the turbine bypass heat rejection mode is available 99.8% of the time per
demand. With a turbine trip frequency of 1/reactor-year, successfully operating the turbine
bypass is estimated at a frequency of 0.998/reactor-year, and a failed turbine bypass initiating
event is thus estimated to have a frequency of 2 X 10-3/reactor year. For this analysis, the
values shown in Table 4-4 are used for the initiating event branching conditions.

Table 4-4. Decrease of heat removal initiating event branching conditions

Initiating event ' Estimated frequency
branching condition Cooling fraction per reactor-year

Turbine bypass heat

rremoval functional 0.95 9.98E-01
Turbine bypass heat

removal 0 2.00E-03
nonfunctional

{
1254

10 The Oklo DPRA discusses frequencies in terms of “reactor-year” because an Oklo unit (i.e., plant) is composed of a single
reactor and a single power conversion system.

(3]
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4.3 Results o .

Analvtical tools used for this DPRA include '
{G)-Gi)Heci} ADAPT, developed by Sandia National

Laboratory [23]. '

The Oklo design employs reactor trip setpoints, which initiate a reactor trip and a turbine
trip. The term “protected” means that, when called upon, reactor trip is successful. Conversely,
“unprotected” is used to mean that, when called upon, reactor trip is unsuccessful. {

231
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4.3.2 Dec'recse of Heat Removal

The decrease of heat removal initiating event branching condition included two outcomes: -

1. Successful operation of the power conversion system in bypass mode, with 95% of full
power heat removal, or

2. Failure of the power conversion system to operate in bypass mode, with 0% of full powe1
heat removal.

I <

No turbine trip is included upon reaching the reactor trip setpoint because the turbine is

assumed to have alreadi triﬁied as ﬁart of the initiating event. _

Oklo-2018-R10-P, Rev. 0
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}{(1) (x:l)}{em} With the falled turblne bypass branch of the initiating event. the ranching point

{()-(Heci}
4.3.3. Summary of Results
ravte +c. [

H@)-GxidHeci)

These DPRA results offer risk-informed insights on the progression of abnormal events for the
Oklo design. Specifically, the eight sequences modeled demonstrate that even unlikely

* I
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abnormalities are not exceptionally challenging to the Oklo plant. These DPRA results are
further analyzed and classified in Section 5.

Oklo-2018-R10-P, Rev. 0
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5 DESIGN AND PERFORMANCE O'F STRUCTURES, SYSTEMS,
AND COMPONENTS |

5.0 Purpose and Scope
Title 10 to the Code of Federal Regulations (10 CFR) Section 52.79(a)(5) requires the following:

An analysis and evaluation of the design and performance of structures, systems,
and components with the objective of assessing the risk to public health and
safety resulting from operation of the facility and including determination of the
margins of safety during normal operations and transient conditions anticipated
during the life of the facility, and the adequacy of structures, systems, and

. components provided for the prevention of accidents and the mitigation of the
consequences of accidents. Analysis and evaluation of ECCS cooling performance
and the need for high-point vents following postulated loss-of-coolant accidents
shall be performed in accordance with the requirements of §§ 50.46 and 50.46a of
this chapter. .

It is important to note that 10 CFR 50.46, “Acceptance criteria for emergency core cooling
systems for light-water nuclear power reactors,” does not apply to the Oklo design because the
Oklo design is not a light water reactor and does not require a corresponding system to the
emergency core cooling system. :

The purpose of this section is to document the methodology and approach to transient and
accident analyses performed by Oklo for the licensing basis as well as the methodology for
classification of structures, systems, and components (SSCs). These analyses cover a spectrum
of events within the design bases, referred to as design basis events (DBEs), as well as
consideration of beyond design basis events (BDBEs). The results of transient and accident
analyses demonstrate an adequate plant response to challenging conditions, conformance with
applicable regulations concerning SSC performance and postulated radiological consequences,
and show that adequate protection of the public is expected during the plant lifecycle. The goal
of this analysis is to identify any necessary safety-related functions from the DBE set, and the
corresponding SSCs. The method for licensing basis event (LBE) selection for the Oklo design is
risk-informed, drawing on probabilistic risk assessment (PRA) done at different stages of the
design but also imposing stricter bounds where data is unavailable.

5.0.1 Modes of Operation Considered

For purposes of this initial analysis, only events at normal operations are considered.

5.0.2 Applied Guidance

Oklo informed its LBE selection process via the Licensing Modernization Project (LMP) risk-
informed performance-based guidance, anticipated to be reviewed under draft regulatory guide
(D@G)-1853, “Guidance For A Technology-Inclusive, Risk-Informed, and Performance-Based
Approach to Inform the Content of Applications for Licenses, Certifications, and Approvals for
Non-Light-Water Reactors.” The specific LMP guidance used throughout this document is,
“Risk-Informed Performance-Based Guidance for Non-Light Water Reactor Licensing Basis

Oklo-2018-R10-P, Rev. 0 132
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Development,” Revision L, issued May 25, 2018. The LMP guidance is applied as much as is

OK L O Final Safety Analysis Report

appropriate and deviations or suggestions are noted as necessary.

5.1

5.1.1

Oklo recognizes that a general challenge to nonlight water reactor design analyses is limited
operating experience. However, many aspects of the Oklo design are built from technologies

Selection of Licensing Basis Events

Overview of Methodology

with extensive operating experience, for instance:

The existing data from thirty years of operation of metal fueled reactors such as the

Experimental Breeder Reactor (EBR)-II,

Mature probabilistic risk assessments of metal-fueled reactors such as the EBR-I1
reactor as well as the PRISM reactor, and :

Materials and components data from both reactor operation and experiments.

Regardless, Oklo intends to demonstrate a comprehensive analysis that utilizes appropriate
conservatisms to address uncertainty regarding the LBE selection processes. The LMP
guidance is one approach that is used within Oklo’s LBE selection process that is based on
conservative risk metrics.

The Oklo LBE selection process is a modified process that is based on the steps outlined in
Figure 3-2 of the LMP guidance [25] and includes the following steps:

1.

2.

6.

7.

Creating an exhaustive list of possible events and proposing initial LBEs,
Performing risk analysis,

Categorizing events and selecting bounding LBEs,

Evaluating the bounding LBEs against the frequency-consequence target,
Evaluating the bounding LBEs against the integrated risk targets,
Evaluating the boﬁﬁding DBAs for dose implication, and

Selecting safety functions.

Licensing basis event selection considered all events during normal operations. The frequencies

for LBEs are informed by the LMP guidance and are shown in Table 5-1; these frequencies are

largely equivalent to the ones documented in the LMP guidance.

Oklo-2018-R10-P, Rev. 0

Table 5-1. Frequencies of licensing basis events

Licensing Basis Event Category Frequency, f (per reactor-year)
Anticipated Operational Occurrence 1E-1 > f 2 1E-2
Design Basis Event 1E-2 > f 2 1E4
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Beyond Design Basis Event 1E-4 > f = 5E-7
Design Basis Accident Not applicable @

3 Since design basis accidents are analyzed under deterministic conditions
and have no basis in risk, frequency is not assigned.

5.1.2 Event Selection

The first step toward LBE selection is to establish a complete set of events. This selection was
aided by a systematic review of the following resources:

s Search over operating lifecycle, all sources of radioactivity, and the range of operating
modes and conditions for the Oklo design, '

¢ Review generic events to all nuclear reactors,
¢ Review metal-fueled fast reactor operating experience,
¢ Review compact reactor operating experience and analytical methods,
e Review light water reactor vevevnts, and
. e Review expert opinion on similar conceptual designs.
All events that had a potential challenge to the reactor were included in the initial list of

events. In the initial event selection step, there is no attempt to determine if an event was
inside or outside of the design basis; this distinetion is made later in the process.

5.1.3  Risk Analysis

Risk analysis was performed using a PRA, specifically by implementing dynamic PRA (DPRA).
It is important to note that a DPRA dynamic event tree is also the actual safety code simulation.
A distinction does not exist between performing safety analyses and constructing probabilistic
branching event sequences: both are done simultaneously, in a sihgle analysis step. The DPRA
1s shown in Section 4.

5.1.4 Event Categorization and Selection of Bounding Events
Abnormal events in the Oklo reactor generally arise from an imbalance between heat
generation and heat removal. This imbalance can occur due to either an increase or decrease in
heat generation or an increase or decrease in heat removal, in each case causing a departure
from nominal steady-state operation.
The resulting broad initial categories considered for the Oklo LBE analysis are the following:

e Reactivity insertion,

e Loss of cooling,

e Loss of heat sink, and

Oklo-2018-R10-P, Rev. 0 134
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e Overcooling.

These initial event categories are briefly discussed below to describe the bounding events
selected for this analysis.

5.1.4.1 Reactivily Insertion

{G)-(x)Heci} The transient overpower event is the bounding case for the sulplus
heat generation case and is discussed further in this report.

_}{(i)-(xi)}{eci} result in lower peak fuel temperatures than the bounding positive

reactivity insertion transient overpower event and as such are not discussed further in this
report.

5.1.4.2 Loss of Cooling

A loss of cooling in the Oklo design primarily involves some variation of loss of the heat pipes
since they are the mechanisms that transport heat away from the core.

{G)-xi)Heci} In the Oklo LBE analysis, loss of cooling is not analyzed as a
stand-alone LBE but is analyzed through the loss of heat sink events.

The loss of cooling events are essentially equivalent to the loss of heat sink events because the
power conversion system is the only credited system to.remove heat during normal

operations. For purposes of this preliminary analysis, the decrease of heat removal event is the
bounding event for the decrease of heat removal case, which includes the loss of cooling
category.

{(7)-(xi)Heci}

Oklo-2018-R10-P, Rev. 0 . 135
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5.1.4.3 Loss of Heat Sink

A loss of heat sink in the traditional sense, when applied to the Oklo design, would result in a
loss of the power conversion system or its subsystems to some extent. Some examples include a
turbine trip, an inadvertent opening of a turbine valve, a leak on a micro-level on the power
conversion system side, and a small piping break on the power conversion system side. As
discussed previously, the loss of heat sink events are analyzed together with the loss of cooling
events and genericized to the decrease of heat removal events.

I

5.1.4.4 Overcooling
Overcooling events for the Oklo reactor involve a failure of the power conversion system that
results in an excess removal of heat from the reactor. Through sensitivity studies, the

overcooling category of events resulted in peak fuel temperatures below nominal and are
therefore bounded by the decrease of heat removal event.

5.1.4.5 Summary of Bounding Events

The two bounding events for the Oklo design are transient overpower, for the surplus heat

_ generation case, and decrease of heat removal. These events and their subsequent event

sequences are detailed in the following sections.

Sequences resulting in frequencies under the LMP cutoff are not discussed in this section. For v
the Oklo analysis, this results in the exclusion of events with frequencies smaller than 10-
Tlreactor-year, which is directly from the LMP guidance [25].

5.1.4.5.1 Transient Overpower

Transient overpower is analyzed in Section 4.3.1 and is determined to have three event
sequences within the frequency cutoff. {

ravle 5-2. |

H)-Ga)Heci}

5.1.4.5.2 Decrease of Heat Removal

Decrease of heat removal is analyzed in Section 4.3.2 and is determined to have two sequences
within the frequency cutoff, as shown in Table 5-3.

0klo-2018-R10-P, Rev. 0 . : ' 136
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Table 5-5. Decrease of heat removol sequences
Event Sequence
Frequency
Name Description (1/reactor-year)
' ' Turbirie trip, turbine bypass functional
Minor decreaseé of heat rénioval with 95% heat removal via power 9.98E-01
conversion system
Turbine trip, turbine bypass
- o .
‘Protected major decréase of heat removal nonfunctional with 0% heat removal via 2,00E-03

power conversion system, with a
réactor trip

5.1.5  Analysis of Events Against the Frequency-Consequence Target

5.1.5.1 Background dand Applied Considerations

The frequency-consequence target (F-C target) is replicated in Figure 5-1 [25]. The ﬁ-ax‘is is
adjusted from the LMP giiidance to be linear.
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Figure 5-1. Frequency consequence targel
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It is important to note that the LMP guidance intends the F-C target to be used as a guide,
instead of as a strict limit, stated as follows [25]:

Oklo-2018-R10-P, Rev. 0
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The figure doés not define specific acceptanceé criteria for the- analy51s of LBEs but rather
a tool to focus the attention of the designer and those reviewing the design and related
operational programs to the most 51gmf1cant events and possible means to address those
events. :

The selected frequency-consequence categories applied to the Oklo design LBE selection process
are replicated in Table 5-4; the selected categories are largely consistent with the LMP
guidance.

Table 5-4. Selected frequency-consequence categories for licensing basis events

‘Frequency (per Dose

Licensing Basls Event " .reactor-year)- (rem) Source
Anticipated , '
operational 1.00E-01 0.1 10CFR 20.1301
occurrence ‘
1.00E-02 1 PAG?®
Design basis event 1.00E-02 1 PAG?®
1.00E-04 25 10CFR50.34
Beyond design basis - n :

. event : 1.00E-04 25 10 CFR 50,34
1,00E-06 750 ' DG-1353
5.00E-07 750 DG-1353

aThe "PAG" refer to the Environmental Protection Agency's Protective
Action Guides.

'5_',1,5;,2 Methodology
5:1.52.1 @verview

The.basic process followed to analyze events against the F-C target starts with the. results :
obtained from the DPRA analysis in Section 4. These results include final core state conditions
similar to those obtained from a traditional Level 1 PRA, except that instead of Boolean result
states of “OK” or “CORE DAMAGE.” the actual core conditions of fuel teniperature and power
are included. The estimated frequency of occurrence for each event sequence is also obtained,

_based on the initiating event frequencies and SSC failure probabilities.

The resulting core ¢onditions are then used in a failure analysis to deterniine the consequences .
of éach event sequence. The estimated consequences of each event sequence are plotted against
their respective frequencies on the F-C curve.

5:.1.5.2.2 Event Sequence Frequency Determination

Event sequence frequencies are estimated with DPRA.
{o-

—
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i}ecit The DPRA tool used to drive the entire process is ADAPT, developed by Sandia National g

Laboratory [23]. The frequencies for the four analyzed event sequences are shown in Table 5-2
and Table 5-3.
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5.1.5.2.3 Consequence Anolysié

Ho)-GiMeci} Final témperatures for the analyzed transient overpower and decrease of ‘heat
removal events are not expected to remain high enough for damage to begin.
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{G)-<i){eci} Therefore, for the risk-informed portion of the LMP process, no dose
consequences are expected as a result, {

5.1.5.3 _
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5.1.6  Analysis of Events Against the Integrated Risk Targets

In addition to comparing the LBE to the F-C target, an integrated risk evaluation of the Oklo
plant as a whole is performed using tht{a criteria informed by the LMP and replicated below.

. The integrated risk of an entire Oklo plant is evaluated against three cumulative risk targets:

~ 1. The total frequency of exceeding a site boundary dose of 100 'mrem. from all LBEs shall
' not exceed 1l/reactor-yeari?, '

1o

The average individual risk of early fatality within one mile of the exclusion area
boundary (EAB) shall not exceed 5 X 10-//reactor-year to ensure that the Commission
safety goal qualitative health objective (QHO) for early fatality risk is met.

17 The guidance in the LMP explains that this metric is introduced to ensure that the consequences from the
entire range of LBEs from higher frequency, lower consequences to lower frequency, higher consequences are
considered. The value of 100 millirem is selected from the annual exposure limits in 10 CFR Part 20, “Standard
for protection against radiation.”
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3. The average individual risk of latent cancer fatalities within 10 miles of the EAB shall

not exceed 2 x 10-6/reactor-year to ensure that the Commission safety goal QHO for
latent cancer fatality risk is met.

5.1.6.1 First Integrated Risk Target

No risk-informed LBEs (shown in Figure 5-3) exceed a site boundary dose of 100 mrem,
therefore this target is met by default.

5.1.6.2 Second Integrated Risk Target

No risk-informed LBEs (shown in Figure 5-3) are shown to have any site bouﬁdary dose,
therefore this target is met by default. '

5.1.6.3 Third Integrated Risk Target

No risk-informed LBEs (shown in Figure 5-3) are shown to have any site boundary dose,
therefore this target is met by default.

5.1.7 Design Basis Accident Analysis

5.1.7.1 Overview

The LMP guidance requires the deterministic evaluation of desi
the Oklo LBEs, this is required for the two DBEs

i)-(si)i{eci}. For this analysis, all

active components are assumed to fail.
S =) ra::ive componenis such as barriers to

radionuclide release are assumed to be present but to have no leak tight capability; this is
accomplished by using an conservatively large leak rate.

As a first step in analyzing these DBAs. the deterministic active SSC failures mentioned above
are applied to the two DBEs.

{G)-c){eci} As the unprotected combined overpower and
loss of cooling accident bounds the unprotected loss of cooling-only accident, the remainder of

this DBA analysis will focus on this combined accident.

The accident analysis begins by simulating the core transient response to the deterministic

initiating event. The resulting peak temperature and power from the transient are then used to .

H@-&i)Heci} inventory of radionuclides exposed to a release pathway.

These available radionuclides are then applied to an estimated dose analysis. The dose analysis
consists of several steps, beginning with the identification of the dose-significant nuclides |
present in the core inventory and their associated activities. This is followed by an estimation
of the fraction of radionuclides expected to be released from the fuel and a subsequent release
pathway analysis to detéermine the fraction of radionuclides that escape to the environment.
Finally, atmospheric dispersion models are applied to obtain a resulting dose estimate at the
site boundary. Each step in this process is more fully described in the following sections.
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5.1.7:2 Transient Analysis

The combined unprotected transient overpower and loss of cooling DBA is initiated at 10
.seconds.

{0)-Gi)Hec} Fuel temperature increases due both to the power increase
as well as the loss of cooling. After 30 seconds, the inherent negative reactivity addition from

iner easmg fuel tempelatule due to the negatlve net tenmiperature feedback coéfficient of

{®)-Gei)Hecd}
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Figurs 5-4. Normalized power versus time during the combined unproizeted transient overpower and loss of
- cooling design basis accident
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5.1.7.4 Dose Andlysis

5.1.7.4.1 Dose-Significant Isotopes

The results discussed in this report are from the MELCOR Accident Consequence Code System
(MACCS) and correspond to a radiological dose at 100 m following a scenario involving fission
product release }{6)-Gi)eci). It is important to note that for purposes of this
pilot submittal, a Level 1 PRA, as derived by the DPRA, is used in conjunction with a simple
dose calculation, as produced by MACCS; this approach is consistent with current and prior
LMP guidance.

Since only certain radionuclides are significant in a source terni analysis, those radionuclides of
interest were utilized in the dose analysis. The radionuclides of interest were determined from
a report on source term methodology conducted by Argonne National Laboratory (ANL) and
Sandia National Laboratory [26]. The study calculated importance weights for each
radionuclide by simulating a direct release of a large quantity (108 Curies) of each

radionuclide. This simulation was done using the RASCAL code and calculated the
contributions of each nuclide to the estimated inhalation and immersion (cloudshine) dose. The
most ithportant dose contributors were then selected from this weighted list of nuclides and are
reported in Table 5-7.

Table 5-7. Dose-contributing isotopes [26]

Am-241 Cs-137  Kr-88 Pu-241  Sr-91 Xe-135
Am242  T131  Lal40 Rbes6 5192 Xe-135m
Ba-139  1-182 La-141 Rh-105 Tc-99m  Xe-138
Ba-140 1133 La-142  Ru-103 Te129  Y-90 |
Ce-141 1-134 Mo-99  Ru-105 Te-129m  Y-91
Ce-143 I-135 Nb-95 Ru-106 Te-131m  Y-92
Ce-144 Kr-83m Nd-147 Sb-127 Te182  Y-93
Om242 ~  Kr85  Np239 Sb-129 X§-131m  7r-95
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Cs-134 Kr-85m Pr-143 Sr-89  Xe-133  Zr-97
Cs-136 Kr-87  Pu-238 'Sr-90 Xe-133m

5.1.7.4.2 Radionuclide Inventory Activity

Activity is determined by multiplying specific activity by the mass of isotope present. Specific
activity values were determined analytically from half-life values provided by MACCS input
files in conjunction with the atomic weight of each nuclide. The masses of radiclogically-
significant isotopes present were extracted from a spent fuel vector generated by a depletion
calculation performed by the Serpent Monte Carlo neutron transport code; this spent fuel vector
demonstrates a conservative end-of-life fuel inventory. This is a conservative inventory because
it is caleulated over a fuel cycle life that is 50% longer than the anticipated cycle length to cover
uncertainties.

5.1.7.4.3 Radioisotope Release Fractions from the Fuel Matrix

Full fission gas release (i.e., fission gas escaping the fuel matrix) occurs in fuel where porosity

{(0)-(c)Heci}

By analyzmg data from fuel pms irr adlated in EBR-II, ANL obtained elemental release

resie 5.

19 Numerous case studies performed by INL estimate that fission gas release in sodium fast reactors is expected when fuel
porosity reached 24-25%
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5.1.7.4.4 Release Pathway Calculations

T T

Figure 5-7. Generic compartment model

The leak rates assumed throughout this analysis are 1 mass %/day, which is extremely
conservative for two reasons. A leak rate of 1 mass %/day is several orders of magnitude larger
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than typically assumed for similarly sized reactors?. Adetlonally, a mass leak rate is a more
conservative estimate than a volume leak rate because it disregards mixing and pressure
differentials t_hat would occur in the reactor enclosures plena. The assumption of such high leak
rates shows that no credit is being taken for these barriers to be leak tight. Since these barriers .
are physical structures. their presence is still modeled with these conservative leak fractions.

The numerical models deseribing the transfer of nuclides over time from the: startmg
compartment to subsequent- compartments are- shown in differential form in ‘the below
equations. It is important to note that these equations do not account for decay during the
compartment -to-compartment transfer process. Since radioactive decay i 1s a reduetion in isotope
mass, this exclusion is conservative.

Equiation 2. Generic differential equation for ﬁrst volume

dM,

T = Tl

Equation 8. Generic differential equation for second volume

am, - |
T —L, M, + Ly M,

Equation. 4. Generic differential equation for third volunie
| | M,
. g - Mtk

Equation 5. Generic diffcre,ntial equation for fourth volume’

dM,
o - M
where,

M, = radionuclide mass in the first volume,V, (g).
M, = ra'd'ionucl,i‘de mass in the second 'va.lume, V2 (9
M; = radionuclide mass in the third volume; V; (g)
M,, = radionuclide mass in the fourth volume, V, (g)
Ly = ﬁass leak rate from the first volume,V, into the 'secoﬁd volume, V? s Y
L, = mass leak rate from the second volume, V,,into.the third volume,V; (s )

L, = mass léak rate from the third voluine,Vs, into the fourth volume, V;; sV

20 [ eak rates for the confinements used in nonpower reactors that have a thermal power rating an oider of
_magnitude larger than the Oklo reactor are on the order of 103 volume %/day.
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5.1.7.4.5 Atmosphenc Conditions and Brecn‘hmg Rate

Constarit weather conditions were assumed in MACCS with inputs that influence atmospheric
dispetsion factors, %, to be the most conservative. Conservative values were those values that
would produce the largest site boundary dose, For example, the release was assumed to be a
ground release with stable atmosphenc conditions, Pasqmll wind stablhty class F’, and

mmunal wind speeds of 1 my/s, Fmally, a breathing rate of 3.5 x 10 4— was assumed [27]-

5.1.7.4.6 D‘ose-Conversion Factors

The dose conver sion factors are typically obtamed fiom the Environmental Protection Agency
Fede).al Gmdance Reports No. 11; “Limiting Values of Radionuclide Intake and Air :
Concentration and Dose Conversion Factors for Inhalation, Submersion, and Ingestion,” and |
No. 12; “External’ Exposule to Radionuclides in Air, Water, -and Soil.”

5.1.7.4.7 Daughter Products

Ti MACCS, daughter decay after release to the environment is accounted for six generations
before losing significance: For this analysis, all daughters were considered significant. This is
an overly conservative decision as not all daughter products carry dose nnphcatlons

5.1.7.4.8 Colculdﬁon of Total Effective Dose Equivalent

It is important to note that since the goal of the MACCS calculations was to estimate total
effective dose equivalent (TEDE) at a set distance, only effective dose equivalent (EDE) and
committed effective dose equivalent (CEDE) were calculated ‘This means that shielding factors
wére set in MACCS in such a way to provide complete protectlon from incurred dose to the skin
and from gloundshme

MACCS was used to perform a préliminary two hour dose estimate for an Oklo reactor

—}{(n) ()}-at'a 100 m site boundary this is an appropnate analy51s

because it is consistent with analysis that should be performed for DBAs [25]. This dose
esthatxon was calculated by modehng a single non-evacuatmg, relocating cohort. Normal and

{6)-=D} The peak dose is well within the acceptable limits for'a
BA,; as defined in the and 10 CFR 50.34, “Contents of applications; technical
information,” and 10 CFR Part 100, “Reactor site criteria.” '

The summiary of inputs and conservative assumptions is shown in Table 5-9.

Table 5-9. Resiilt and conservatisms for deterministic dose analysis

Assumption in Analysis ) Implication.
I -

Spent fuel vector is 50% longer than ‘anticipated cycle length Overly conservative radionuclide inventory

Leakage of 1 mass %/day ’ ' Barriers are not leak tight

No radioactive decay during leakage _ Overly conservative radionuclide invéntory

All daughter products considered significant Overly conservative radionuclide inventory
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Use of release fractions at higher burnup ' Overly conservative radionuclide inventory

Pasquill wind stability class F R Overly conservative atmospheric dispersion

High breathing rate Overly conservative dose

Release assumed to be ground release Overly conservative dose

Wind speed is lowest possible ' , Overly conservative dose

Distance: ‘ _ 100m

O | o
5.1.8  Safety Functions

The top safety goal of the Oklo reactor is to minimize the risk to the public and the environment
by controlling dose. Dose is determined by the total amount of radionuclides released and the
atmosphenc dispersion parameters. Because the latter is 1nﬂuenced by conditions external to

{@-(=)}Heci}

Events for the LBE selection process are identified if they challenge the safety function. From
the preceding evaluation against the F-C target, the bounding Oklo risk-informed LBEs are not
shown to come within a range considered challenging to the reactor. For the DBA analysis, the
identified DBA results in a dose within the regulatory limits. Since all active SSCs are assumed
to fail for this DBA analysis, there are no identified safety functions.

5.2 Safety Classification and Performance Criteria for Structures,
Systems, and Components

52.1  Overview of Methodology

The SSC safety classification process classifies SSCs on the basis of the SSC safety functions
reflected in the LBEs. Although the SSCs are classified, the resulting performance and special
treatment requirements are for the specific functions identified in the LBEs. This process is
described as an SSC function classification process rather than an SSC classification process
because only those SSCs whose functions prevent or mitigate accidents represented in the LBEs
are of concern. A given SSC may perform other functions that are not relevant to LBE
prevention or mitigation or perform functions with a different safety classification. The Oklo
LBE selection process is a modified process that is based on the steps outlined in Figure 4-1 of
the LMP guidance [25] and includes the following steps:

1. Determination of required and safety-significant functions,

2. Determination of SSCs to perform safety-significant functilons,
3. Classification of SSCs,

4. Determination of reliability and capability requirements, and

5. Determination of SSC design criteria and special treatment requirements.
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Definitions for “safety-significant,” “risk-significant,” “safety-related,” “nonsafety- related with
special treatment (NSRST),” and “nonsafety-related with no special treatment (NST)” are
informed by the LMP guidance and shown in Table 5-10; these definitions are identical to the
LMP guidance [25]. For this pilot, “important to safety” has been taken to be items which are
either safety-related or special treatment, that is, items which are risk-significant or have
identified to be important to defense-in-depth. This definition of items important to safety is
essentially what is defined in the LMP guidance as safety-significant. The definition of
important to safety is useful for the portions of the pilot which have to do with the
interpretation of application requirements such as 52.79(a)(10), “Electrical Equipment
Important to Safety,” and 52.79(a)(11), with regard to 50.55a(e), “Quality Group C
Components.”

Table 5-10. Definition of classification terms

Safety- Safety-related SSCs selected by the designer from the SSCs that are

Significant available to perform the required safety functions to mitigate
the consequences of DBEs and BDBEs to within the LBE F-C
target.

SSCs selected by the designer and relied on to perform
required safety functions for DBAs with consequences greater
than the 10 CFR 50.34 dose limits,

Nonsafety-related ~ Nonsafety-related SSCs relied on to perform risk-significant

with special functions. Risk-significant SSCs are those that perform

treatment functions that prevent or mitigate any LBE from exceeding the
F-C target or make significant contributions to the cumulative
risk metrics selected for evaluating the total risk from all
analyzed LBEs.

Non-safety-related SSCs relied on to perform functions
requiring special treatment for DID adequacy.

Not Safety- Nonsafety-related  All other SSCs (with no special treatment reqdired).

Significant with no special
. - treatment

5.2.2 Determination of Required and Safety-Significant F,uncﬂoné

The purpose of this task is to define the safety functions that are required to meet the

10 CFR 50.34 dose requirements for all the DBAs as well as othe1 safety functions 1egarded as .

safety-51gmﬁcant

5.2.2.1 Determination of Required Safety Functions

The LMP guidance defines “required safety functions” as those that are necessary to meet the
following two criteria: .

1. Ensure that the LBEs meet the F-C target requirements, and

2. Ensure that the dose requirements are met for DBAs.

. {(D)-Gv), (vi), (i=)-(=D)}
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5.2.2.2 Determination of Safety-Significant Functions

The LMP guidance discusses that there may be additional functions that are classified as
safety-significant if necessary to meet certain risk-significant functions. The LMP guidance
states, “A risk significant SSC function is one that is necessary to keep one or more LBEs within

" the F-C Target or is significant in relation to one of the LBE cumulative evaluation risk metrie
limits.” [25]

Risk is determined by frequency multiplied by consequence.

525

.!((ii)-(iV), (i), (ix)-(xi)} .

5.2.4 Classification of SSCs

5.2.4.1 Seismic Consideratfions

The criteria for the plant design bases that demonstrate the capability for SSCs to function
during and after vibratory ground motion associated with the safe shutdown earthquake (SSE)
are located in Appendix A, “Seismic and geologic siting criteria for nuclear power plants,” to 10
CFR Part 100. The SSE is defined as the maximum potential vibratory ground motion at the
generic plant site. Seismic evaluation is outside the scope of this pilot, however, a tentative
evaluation of seismic classification of SSCs is provided to more fully pilot the guidance and to
show implications of safety classification of SSCs for other portions of an application. The
seismic classification first look contained in this document is partially consistent with
Regulatory Guide (RG) 1.29, “Seismic Design Classification for Nuclear Power Plants,” Revision
5. Because the Oklo design is simple, SSCs are categorized as Category I seismic or Category 11
non-seismic. Category I SSCs are those SSCs that retain their integrity and functionality
during the SSE, whereas seismic Category IT SSCs are those SSCs that retain only their
integrity during the SSE. Generally, Category I SSCs are safety-related or have functions that
support or protect safety-related SSCs. Category II seismic SSCs are those SSCs that are non-
seismic; this category applies to SSCs that do not have a safety-related function but that are
designed to withstand an SSE without collapse. However, further seismic analysis will be
performed and assessments will be revisited using seismic analysis information.

Seismic events have traditionally been considered the most bounding external events for metal-
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