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https://teams.microsoft.com/l/meetup-join/19%3ameeting_MTY4ZWVmODItNTgxYS00MDEwLWE3MTktYjM3ZGU1ZWMxYTcw%40thread.v2/0?context=%7b%22Tid%22%3a%22e8d01475-c3b5-436a-a065-5def4c64f52e%22%2c%22Oid%22%3a%2266bab7d1-1870-45b8-b9c3-fae68a50fac1%22%7d

10:00 am - 10:10 am Opening Remarks / Advanced Reactor Integrated Schedule NRC

R R D RZETE T B Environmental Center of Expertise Licensing Review Overview and Enhancements NRC

10:45 am —11:00 am Introduction to the New Fuels Atlas NRC

RO IR BB ET R Update on SCALE/MELCOR Non-LWR Source Term and Fuel Cycle Demonstration NRC

Project

11:30 am - 12:00 pm Nuclear Supplier QA Program Qualification: ISO 9001 Supplemental Nuclear Energy
Requirements Institute (NEI)

12:00 pm - 1:00 pm Lunch Break All

1:00 pm —1:30 pm Insights on Role of Advisory Committee on Reactor Safeguards (ACRS) During NRC

Initial Licensing Reviews
1:30 pm - 2:30 pm Advanced Reactor Population-Related Siting Considerations NEI
2:30 pm — 2:45 pm Break All

. 2 USNRC

United States Nuclear Regulatory Commissi

Protecting People and the Environment



Time Agenda (continued)
NRC

2:45 pm - 3:15 pm MACCS Consequence Analysis Demonstration Calculations

3:15 pm —4:15 pm Factory-Fabricated Transportable Micro-Reactor Licensing and Deployment NRC
Considerations

4:15 pm - 4:30 pm Break All

4:30 pm - 5:00 pm Risk-Informed Approach to Package Approval for Transportable Microreactors NRC

5:00 pm —5:05 pm Future Meeting Planning and Concluding Remarks NRC
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Availability of
Interim Joint
Re pOrt on. Interim report available through link on:

https://www.nrc.gov/reactors/new-

CI aSSIfl Catlo n Of reactors/advanced/international-
Structu res cooperation/collaboration-with-canada.html
/

Also available in NRC ADAMS at ML23172A201

SyStemS; d nd Feedback is welcome, especially related to enhancing
usefulness for potential license applicants
Components

Final report expected to be issued this fall

Contact: Steve.Jones@nrc.gov or Jorge.Hernandez@nrc.gov



https://www.nrc.gov/reactors/new-reactors/advanced/international-cooperation/collaboration-with-canada.html
https://www.nrc.gov/reactors/new-reactors/advanced/international-cooperation/collaboration-with-canada.html
https://www.nrc.gov/reactors/new-reactors/advanced/international-cooperation/collaboration-with-canada.html
mailto:Steve.Jones@nrc.gov
mailto:Jorge.Hernandez@nrc.gov

NRC’s Advanced Reactor Readiness
By the Numbers

Statistics since 2018

Work on more than Completed more than Completed more than

35 policy issues 10 advanced reactor design 75 topical
reference models to make report/white paper
future assessments more reviews

efficient. 33% faster than the

generic schedule goal.

created more than
60 guidance documents.

Completed
Kairos
construction
permit safety
review 50%
Established core faster thap
review teams of More than 140 public I (EEmEe

Canada collaboration generated guull 8-10 technical staff engagements per year schedule goal.

more than 10 work plans, per application, on advanced reactor-

10 NRC/DOE
MOUs

focused on
advanced reactor
collaboration.

9 NRC/CNSC joint reports. \
new reactor review

experience.

The NRC’s strategic transformation and modernization enables the safe deployment of ADVANCED REACTORS



Advanced Reactor Integrated Schedule of Activities

The updated Advanced Reactor Integrated Schedule

is publicly available on NRC Advanced Reactors website at:

https://www.nrc.gov/reactors/new-reactors/advanced/integrated-review-schedule.html
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https://www.nrc.gov/reactors/new-reactors/advanced/integrated-review-schedule.html

Advanced Reactor Integrated Schedule of Activities

Strategy 1 Knowledge, Skills, and Capability Legend
Strategy 2 Computer Codes and Review Tools Concurrence (Division/Interoffice) « EDO Concurrence Period
Strategy3  Guidance [ Federal Register Publication Commission Review Period*
Strategy 4 Consensus Codes and Standards Public Comment Period ¥ ACRS SC/FC (Scheduled or Planned)
Strategy 5 Policy and Key Technical lssues Draft lssuance of Deliverable External Stakeholder Interactions
Strateqy 6 Communication Final lzssuance of Deliverable 1 Public Meeting (Scheduled or Planned) Version
Present Day T3
O 2022 202 |
g Regutatory Activity %J § g % % g I
EQUIAIONY AC = =|a|=|7|= Z e | |20 —|TNZ (2|E|ed|[>|® 1
o
Q 28 % :g_%g%gﬂ‘g-ﬂEEEGE§§¥329355-53355|
g a !
Dewvelopment of non-Light Water Reactor (LWR) Training for X 1
Advanced Reactors (Adv. Rxs) (NEIMA Section 103(a)(5)) |
, FAST Reactor Technology % x i
High Temperature Gas-cooled Reactor (HTGR) Technology KX 1
Molten Salt Reactor (MSR) Technology ¥ |
Competency Modeling to ensure adequate workforce skillset 4 i
Identification and Assessment of Availlable Codes X I
Development of Non-LWR Computer Models and Analytical Tools I
Code Assessment Reporis Volume 1 (Systems Analysis) X !
1
Reference plant model for Heat Pipe-Cooled Micro ¥ 1
Reactor I
Reference plant model for Sodium-Cooled Fast 1
Reactor (updafe from version 1 fo 2)*** !
Reference plant model for Moften-5alf-Cooled " i
Pebble Bed Reactor {update from version 1 to 2)*** 1
Reference plant model for Monolith-type Micro- i
Reactor 1
Reference plant model for Gas-Cooled Pebble Bed ¥ :
Reactor (update from version 1 to 2)*** |
Reference plant model for Molten-5alf-Fueled 1
Thermal Reactor (update from version 1 to 2)*** |
1
Ciode Assessment Reports Volume 2 (Fuel Perf. Anaylsis) 4 I
FAST code assessment for metallic fus! X :
FAST code assessment for TRISO fuel X :
Code Assessment Reports Volume 3 (Sowce Term ¥ 1
Non-LWR MELCOR (Source Term) Demonstration " i
Project ! 1
Reference SCALE/MELCOR plant model for " I

https://www.nrc.gov/reactors/new-reactors/advanced/integrated-review-schedule.html , <@ U.S.NRC
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https://www.nrc.gov/reactors/new-reactors/advanced/integrated-review-schedule.html

Environmental Center of Expertise
Licensing Review Overview and Enhancements

Kenneth Erwin
Office of Nuclear Material Safety and Safeguards
Division of Rulemaking, Environmental, and Financial Support
Environmental Center of Expertise

Advanced Reactor Stakeholder Meeting
July 20, 2023




Principle Legislation, Regulations, and Qutcome

Environmental Review Safety Review
Impacts ON the environment FROM the facility Impacts ON the facility FROM the environment

 National Environmental Policy Act (NEPA) * Atomic Energy Act (1954)

(1969) * Energy Reorganization Act of (1974)
* National Historic Preservation Act (1966), * 10 CFR Parts as applicable (e.g., 20, 40, 50, 52,

Endangered Species Act (1973), others 70,71,72,100)
e 10CFRPart51 * Risk Informed
* Impact-focused analyses e Reasonable assurance of adequate protection
* Disclosure document (CatEx, EA/FONSI, (SER)

EIS/ROD)

Other Important Statutes

e National Waste Policy Act (1982)

Energy Policy Act (2005)

Nuclear Energy Innovation and Modernization Act (amended 2019)

CatEx — Category Exclusion

EA — Environmental Assessment

FONSI - Finding of No Significant Impact
Title 41 of Fixing America’s Surface Transportation Act (FAST-41) (2015) EIS — Environmental Impact Stategnas

Fiscal Responsibility Act (2023) ROD - Record of Dect ?‘7 U.S. NRC

United States s Nuclear Regulatory Commission

Protecting People and the Environment


https://www.congress.gov/bill/118th-congress/house-bill/3746

Licensing Process and the Environmental Review

Letter
Evaluation T
Report

Applicati m Mandatory Commission
pplication ontested Hearing Hearing* Decision

Environmental %
Review

ACRS - Advisory Committee on Reactor Safeguards
NEPA - National Environmental Policy Act

Safety

[ atoy |

Review J -

Pre-Application
Activities

Draft
NEPA
Document

Final
NEPA
Document

*Required for early site permits, construction permits, or combined licenses 2.”) l | S NRC
O . .

United States Nuclear Regulatory Commission
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————————————————————
Resource Areas Analyzed in NRC’s NEPA Reviews*

Air Quality/ .
Meteorology Describe the “affected
environment” (baseline
Visual/Noise Alternative Sites/ Fuel Cycle/ conditions) for each resource
\ Impacts Energy Sources Transportation area and then the consequences

Radiation Protection/ of the action (impact level).

Postulated Accidents

P

Analyze “cumulative impacts”
Aquatic from past, present, or reasonably
nvironmental Justice Ecology foreseeable future actions

= USNRC

Typical resources analyzed in new reactor NEPA reviews e S S

Protecting People and the Environment




Coordination with

Federal, State, local, L/ US Army Corps
and Tribal " of Engineers.

Government Agencies

&
S

TMENT OF AGRICU U.S.AIR FORCE

NATIONAL ASSOCIATION
OF TRIBAL HISTORIC
PRESERVATION OFFICERS

NCSHPO

Mational Conference of State Historic Preservation Officers

NATIONAL
PARK
SERVICE

# USNRC

United States Nuclear Regulatory Commission
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NRC Environmental Center of Expertise (ECOE)

 @Genesis: Established in October 2019.

* Organization: Centralized Branches From Different Offices Into One Division
in the Office Material Safety and Safeguards (NMSS)

* Mission: Performs NRC-wide NEPA Reviews
— Streamlined processes, procedures, and guidance
— Developed common skillsets, knowledge management, project tracking

— Created NEPA “Toolbox,” Project Management Handbook, and internal NRC web pages
(Nuclepedia)

e Strategic Plan: Implement NRC’s Mission and Vision (Link)
— Ensure the safe and secure use of radioactive materials
— Continue to foster a healthy organization
— Inspire stakeholder confidence in the NRC

United States Nuclear Regulatory Commission

Protecting People and the Environment


https://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr1614/v8/index.html

NRC Environmental Center of Expertise (ECOE)

* Transformation: Improve the efficiency and effectiveness of NRC’s
environmental review process

* Implemented Formal Internal Self Assessments and Transformation
Efforts

— Streamlined reviews and focus more on impacts that matter

— Solicited input from staff, management, business line owners, stakeholders
— Ensured NRC’s NEPA obligations are met and defensible

United States Nuclear Regulatory Commission

Protecting People and the Environment




Transformation Efforts

* Manage Projects using commercial project management software and apply agile
project management techniques for workload optimization
— Track project schedules, skillsets, and priority across all business lines in NRC (>200 projects)
— Allows for prioritization, flexibility, and agility
— Ensure targets and goals are met

* Incorporation of Lessons Learned
— Clinch River Early Site Permit (ML19190A078)
— Feedback from Public Meetings (ANR Stakeholder, Scoping, Draft EIS meetings)

— Regulatory Information Conference (RIC) Sessions in 2020 (RIC 2020), 2021 (RIC 2021), and 2023
(RIC 2023 Environmental and RIC 2023 Siting)

— Various stakeholder input (ML20065N155) and responses (ML20147A540) and (ML20183A475)
— Regulatory Guide 4.2 Update and Feedback (2018) (ML18071A400)

— Internal Review of New Reactor Reviews Lessons Learned Report for Environmental Reviews
conducted in 2017

=, USNRC
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https://www.nrc.gov/docs/ML1919/ML19190A078.pdf
https://www.nrc.gov/public-involve/conference-symposia/ric/past/2020/docs/abstracts/sessionabstract-21.html
https://www.nrc.gov/public-involve/conference-symposia/ric/past/2021/docs/abstracts/sessionabstract-2.html
https://ric.nrc.gov/docs/abstracts/sessionabstract-4.html
https://ric.nrc.gov/docs/abstracts/sessionabstract-24.html
https://www.nrc.gov/docs/ML2006/ML20065N155.html
http://www.nrc.gov/docs/ML2014/ML20147a540.pdf
http://www.nrc.gov/docs/ML2018/ML20183A475.pdf
https://www.nrc.gov/docs/ML1807/ML18071A400.pdf

Transformation Outcomes

* Developed Advanced Nuclear Reactor (ANR) Generic Environmental Impact
Statements (GEIS) (ML21222A044)
— Technology Neutral, Performance Based (Site and Plant Parameter Envelopes) Framework
— Use of bounding analysis and related concepts
— Under review by the Commission

 Update to License Renewal Generic Environmental Impact Statements (GEIS) (FRN)
— Incorporated lessons learned from previous License Renewal reviews
— Accelerated schedule per Commission direction

* Improved NEPA documentation
— Developed Templates

— Improved Readability/Reduction in Redundancy
— Increased use of Incorporation by Reference

=, USNRC
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https://www.nrc.gov/docs/ML2122/ML21222A044.html
https://www.federalregister.gov/documents/2023/03/03/2023-04102/renewing-nuclear-power-plant-operating-licenses-environmental-review

Transformation Outcomes

e Continued Full Participation in Congressional and Administration Efforts and Situational Awareness,
As Appropriate

— Nuclear Energy Innovation Capabilities Act (Law)

— Nuclear Energy Innovation and Modernization Act (Law)
— Advance Act (Proposal)

— FRA (Law)

— FAST-41 Implementation through Federal Permitting Improvement Steering Council (FPISC)
(Administration Website)

— Council on Environmental Quality (CEQ) Guidance Updates (FRN)
— CEQ Regulatory Changes (CEQ Website)
— Executive Orders

10 CFR Part 51 SECY Paper and Alternatives Analysis Concepts Therein (ML202121393)
* |nitiated Update to Environmental Standard Review Plan (January 2023)

* Preparation of Brownfield Paper (November 2022)

Developed MOUs with Other NEPA Responsible Agencies (i.e., Department of Energ

=, USNRC
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https://www.congress.gov/bill/115th-congress/senate-bill/97/text
https://www.congress.gov/bill/115th-congress/senate-bill/512
https://www.epw.senate.gov/public/index.cfm/2023/4/capito-carper-whitehouse-introduce-bipartisan-nuclear-energy-bill-the-advance-act
https://www.congress.gov/bill/118th-congress/house-bill/3746
https://www.permits.performance.gov/
https://www.federalregister.gov/public-inspection/2023-00158/guidance-national-environmental-policy-act-guidance-on-consideration-of-greenhouse-gas-emissions-and
https://ceq.doe.gov/laws-regulations/regulations.html
https://www.nrc.gov/docs/ML2021/ML20212L393.pdf

Enhancing Advanced Reactor Reviews

* Robust Pre-application Engagement and Readiness Assessments

— Support and Implement Business Line Owner’s Efforts
* Regulatory Review Roadmap (ML17312B567) — Encourages Regulatory Engagement Plans (REPs)
* NEI 18-06, “Guidelines for Development of a Regulatory Engagement Plan” (non-public NEI document)

— Pre-application Engagement to Explain NEPA Requirements and Support Readiness
Assessments and use of NRR Office Instruction LIC 116

* Expanded Use of Public Meetings and Regulatory Audits
— NMSS follows NRR Office Instruction LIC-111
— Optimization based on lessons learned
 Optimized use of Requests for Additional Information (RAIs)
— NMSS follows NRR Office Instruction LIC-115
— Management review of RAls before issuance
— Coordination with business line owner
Transparency through use of Dashboards

ﬂ US.NRC

s Nuclear Regulatory Commission

Protec zngP eople and /) Environment


https://www.nrc.gov/docs/ML1731/ML17312B567.pdf
http://www.nrc.gov/docs/ML2010/ML20104B698.pdf
https://www.nrc.gov/docs/ML1922/ML19226A274.pdf
https://www.nrc.gov/docs/ML2114/ML21141A238.pdf

Enhancing Staff Capability and Capacity

* Multidisciplinary core review teams to focus reviews, as appropriate
* Formal Qualification Program for Project Managers and Technical Reviewers
— Building capacity for multiple ongoing reviews
— Hiring new staff
— Training staff on advanced reactor, fuel cycle, and license renewal technology
— Use of contractors for flexibility and agility

* Pre-application engagement with staff regarding site-specific NEPA resource technical
review areas will support efficient reviews

* Timely information on industry plans supports effective NRC resource planning

United States Nuclear Regulatory Commission

Protecting People and the Environment



Successfully Implementing Enhancements

* Kairos Hermes Test Reactor Construction Permit (CP) review

— Draft EIS (Link) issued September 29, 2022, Final EIS expected September 2023; With
Significant Improvements to Transparency, Accountability, and Readability

— Supporting 21-month review schedule
* Dashboards
e Audits
* Internal project controls
e Multidisciplinary core review team

* Abilene Christian University Molten Salt Research Reactor CP review
— Innovative use of Environmental Assessment (FRN)
* Pre-application reviews ongoing with multiple developers/site owners

— Regulatory Engagement Plans

— Successful completion of Pre-application Readiness Assessments, Public Meetings, and
Site Visits
— Pre-application assessments enhance readiness and quality of applicatio

ﬂ US.NRC
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https://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr2263/index.html
https://www.federalregister.gov/documents/2022/11/28/2022-25890/abilene-christian-university

Successfully Implementing Enhancements

e Support for Rulemakings and Policy Issues
— 10 CFR Part 53 EA (FRN)
— Catex (FRN)
— Fusion (Website)

— Accident Tolerant Fuel (Website)



https://www.regulations.gov/docket/NRC-2019-0062/document
https://www.federalregister.gov/documents/2021/05/07/2021-09675/categorical-exclusions-from-environmental-review
https://www.nrc.gov/cdn/doc-collection-news/2023/23-029.pdf
https://www.nrc.gov/reactors/power/atf.html

Next Steps

* Continue stakeholder engagement through our pre-application
readiness assessments/engagements and periodic advanced
reactor public meetings

— Share best practices with prospective applicants
* Continue to make enhancements to internal processes based

on lessons learned from ongoing reviews and stakeholder
iInput

— Continue to assess our review processes during ongoing reviews

 Examine use of programmatic or sitewide EISs

United States Nuclear Regulatory Commission

Protecting People and the Environment



Abbreviations/Acronyms

10 CFR —Title 10 of the Federal Codes of Regulations
ACRS — Advisory Committee on Reactor Safeguards
ANR — Advanced Nuclear Reactor

BL — Business Line

CatEx — Category Exclusion

CEQ — Council on Environmental Quality

EA — Environmental Assessment

ECOE — Environmental Center of Expertise

EIS — Environmental Impact Statement

FAST-41 - Title 41 of Fixing America’s Surface Transportation Act
FONSI - Finding of No Significant Impact

FRN — Federal Register Notice

GEIS — Generic Environmental Impact Statement
MOU — Memorandum of Understanding

NRC — Nuclear Regulatory Commission

NEPA — National Environmental Policy Act

NMSS — Office of Nuclear Material Safety and Safeguards
RAI — Request for additional information

RIC — Regulatory Information Conference

ROD — Record of Decision

SLR — Subsequent License Renewal ?'J U S NRC

United States Nuclear Regulatory Commission
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Introduction to
the New Fuels
Atlas

Chris Markley
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New Fuels Environment

New fuels arena is evolving
quickly

Purpose: Enhance ability to
identify and process information

Outcome: New Fuels Atlas

Enhanced communications
Infographic
New Fuels Website

Enhanced organization

Regulatory Planner
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‘\X/ New Fuels Infographic
e

» Looks at all phases of the front and
back end of the fuel cycle

Provides the who, the what, and the
NOW

Highlights information for public  new Fuels -

stakeholders s oo e | E

~ Framework supports current N
environment

» NRC has tools available to regulate
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the Who - ’)’ &
The Nuclear Regulatory Commission (NRC) Regulatory tools

. is an independent agency that oversees include:
Re ss for new non-light water reactor FUELS the civilian use of nuclear materials. « Licensing - adequate protection
ENRICHMENT FUEL FABRICATION SPENT FUEL STORAGE * Oversight Sirolensureicompllance
- * Research - to suppor
the What R h-t t
. Industry is expected to deploy new nuclear development of
e - fuel technologies. Here we focus on technical bases
! - & @ 1 N, = el * International Activities -
advanced non-light water reactor fuel like multilateral and bilateral
metals and salts. information exchanges
UF6 TRANSPORTATION FRESH FUEL IRRADIATED FUEL the How - * Rulemaking - to codify -
TRANSPORTATION TRANSPORTATION : -
The NRC’s current regulatory framework Sy e e s ==

can support deployment of anticipated

the Who, the What, and the How... new nuclear fuels.

New Fuels
Licensing
Activities

Related Information:

e Accident Tolerant Fuel

e High-Assay Low-Enriched
Uranium (HALEU)

e NEIMA Review Schedules
e Hearing Opportunities

uswiadJo4ug
13 uoi3dadsuy

Regulatory
Framework
W3I1s19n0 B
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Regulatory
Framework
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N
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Materials Properties & Compatibility, MC&A: Material Control and Accounting, T: Thermal Analysis, WM: Waste

e Public Involvement



https://www.nrc.gov/about-nrc/regulatory/licensing.html
https://www.nrc.gov/reactors/operator-licensing/oversight-programs.html
https://www.nrc.gov/about-nrc/regulatory/research.html
https://www.nrc.gov/reactors/new-reactors/advanced/international-cooperation.html
https://www.nrc.gov/about-nrc/ip/intl-organizations.html
https://www.nrc.gov/about-nrc/ip/bilateral-relations.html
https://www.nrc.gov/about-nrc/regulatory/rulemaking/rulemaking-process.html
https://www.nrc.gov/reactors/atf.html
https://www.nrc.gov/materials/new-fuels/haleu.html
https://www.nrc.gov/materials/new-fuels/haleu.html
https://www.nrc.gov/about-nrc/generic-schedules.html
https://www.nrc.gov/about-nrc/regulatory/adjudicatory/hearing-license-applications.html
https://www.nrc.gov/public-involve.html
https://www.nrc.gov/
https://www.nrc.gov/reactors/new-reactors/advanced.html
https://www.nrc.gov/reactors/new-reactors/advanced.html
https://www.nrc.gov/waste/spent-fuel-storage/regs-guides-comm.html
https://www.nrc.gov/materials/fuel-cycle-fac/oversight.html
https://www.nrc.gov/materials/new-fuels/licensing-activities.html
https://www.nrc.gov/materials/fuel-cycle-fac/licensing.html
https://www.nrc.gov/materials/fuel-cycle-fac/regs-guides-comm.html
https://www.nrc.gov/materials/fuel-cycle-fac/new-fac-licensing.html
https://www.nrc.gov/info-finder/fc/index.html#facility-list
https://www.nrc.gov/materials/fuel-cycle-fac/oversight.html
https://www.nrc.gov/reactors/new-reactors/advanced/rulemaking-and-guidance/fuel-cycle.html
https://www.nrc.gov/materials/fuel-cycle-fac/ur-enrichment.html
https://www.nrc.gov/materials/fuel-cycle-fac/fuel-fab.html
https://www.nrc.gov/materials/transportation/certification.html
https://www.nrc.gov/materials/transportation/regs-guides-comm.html
https://www.nrc.gov/waste/spent-fuel-transp.html
https://www.nrc.gov/materials/transportation.html
https://www.nrc.gov/waste/spent-fuel-transp/flyer-security-irradiated-reactor-fuel-tansit.pdf
https://www.nrc.gov/materials/transportation/oversight.html
https://www.nrc.gov/waste/spent-fuel-storage/licensing.html
https://www.nrc.gov/waste/spent-fuel-storage/oversight.html
https://www.nrc.gov/waste/spent-fuel-storage/regs-guides-comm.html
https://www.nrc.gov/materials/fuel-cycle-fac/oversight.html
https://www.nrc.gov/materials/fuel-cycle-fac/ur-enrichment.html
https://www.nrc.gov/waste/spent-fuel-transp.html
https://www.nrc.gov/materials/transportation/oversight.html

New Fuels Website

@ D J &) New Fuels | NRC.gov X [—'—

E n r] C h m e n t &~ O () https://www.nrc.gov/materials/new-fuels html

Fa b ri C a ti O n NUCLEAR REACTORS RVGRZLRVENIS Rl RADIOACTIVE WASTE NUCLEAR SECURITY  PUBLIC MEETINGS & INVOLVEMENT  NRC LIBRARY  ABOUT NRC

Home » Nuclear Materials

‘é NaVigation New Fuels _
L] L] L]
U t] l] Za t] O n Types of Nuclear Materials New Fuels Infographic
Traditional light-water reactor (LWR) fuel consists of uranium oxide fuel pellets enriched up

to 5 weight percent uranium-235 (U-235), within an array of zirconium-based cladding. The

Transportation

Fuel Cycle Facilities New Fuels Licensing Activities

nuclear industry is designing reactor fuels with operational conditions that differ significantly
S a fe ty Medical, Industrial, & Academic Uses of from traditional LWR fuels in that they may take different forms and include new materials. High-Assay Low-Enriched Uranium
Nuclear Materials We recognize that there are considerations for these new fuel technologies across the (HALEU)
entire nuclear fuel cycle, including enrichment, fuel fabrication, transportation, in-reactor
hd ° Materials Transportation requirements, reprocessing and spent fuel storage and disposal.
Environmental Protection S —
National Materials Program The NRC licenses and regulates the Nation's civilian use of radioactive materials to provide

reasonable assurance of adequate protection of public health and safety and to promote the Advanced Reactor Fuel

: Toolboxes common defense and security and to protect the environment. The NRC considers public
S eC u r] ty a n d S a fe g u a rd S involvement in, and information about, our activities to be a cornerstone of strong, fair Accident Tolerant Fuel
Working Groups regulation of the nuclear industry.
S t k h ld E t Uranium Recovery The NRC can review and regulate near-term uses of these fuel designs, including review of
a e O e r n ga ge m e n applications with the current regulatory framework. The Infographic below shows the
regulatory tools we have in place to oversee an advanced fuel cycle. These tools include @

licensing, oversight, rulemaking, and research. The infographic is interactive with links to
Fusion Energy Systems the relevant programmatic areas.

ATF-Related Licensing Actions

5 . 1130 AM
G )
7/17/2023



https://www.nrc.gov/materials/new-fuels.html

The Regulatory Planner

» Organizational tool

. N o N
» For each technology v ' .

Cc n a
. . ... It Materials ¢ Spent Fuel T Spent Fuel
Conversion  Enrichment Fabrication
Transport Storage Transport

» Fuel cycle phase
» Programmatic area

Licensing Licensing Licensing Licensing Licensing Licensing

Oversight

Oversight Oversight Oversight

Oversight Oversight

Rulemaking

Rulemaking Rulemaking

Rulemaking

Rulemaking Rulemaking

Research Research Research Research Research Research

Outreach Outreach Outreach Outreach Outreach Outreach

TRISO METAL Molten Salt




Any Questions?
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Update on SCALE / MELCOR non-LWR Source
Term and Fuel Cycle Demonstration Project

Advanced Reactor Stakeholder Meeting
July 2023

Lucas Kyriazidis & Shawn Campbell
Office of Nuclear Regulatory Research
Division of Systems Analysis
Fuel & Source Term Code Development Branch
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NRC'’s Strategy for Preparing for non-LWR Applications

NRC’s Readiness Strategy for Non-LWRs

Volume #1
Systems
S_tmte #3 Analysis
Review Processes

Strateqy #1

Technical Skill omputer Codes & Tools

Strateqy #4 tfateqid Strategy #6
Codes & Standards Policy Issues Communications
Volume #5 Volume #2
Nuclear Fuel Fuel
. . Cycle IAP Strateqy #2 Performance
* |APs are planning tools that describe:

Computer
Codes and
Tools

Work, resources, and sequencing of work to achieve readiness

Strategy #2 — Computer Codes and Review Tools

— Identifies computer code & development activities

Volume #4 Volume #3

; ; Source Term,
Licensing & &
Dose
. Consequence
— Identifies key phenomena

— Assess available experimental data & needs

2 USNRC

United States Nuclear Regulatory Commission

Protecting People and the Environment


https://adamsxt.nrc.gov/navigator/AdamsXT/content/downloadContent.faces?objectStoreName=MainLibrary&vsId=%7b592F0390-B94C-449D-9612-E45FE0FC5BA3%7d&ForceBrowserDownloadMgrPrompt=false
https://www.nrc.gov/docs/ML2003/ML20030A176.pdf
https://adamsxt.nrc.gov/navigator/AdamsXT/content/downloadContent.faces?objectStoreName=MainLibrary&vsId=%7bF16EE9F4-DB7D-C8C8-8670-6FF743000003%7d&ForceBrowserDownloadMgrPrompt=false
https://www.nrc.gov/docs/ML2003/ML20030A178.pdf
https://www.nrc.gov/docs/ML2108/ML21085A484.pdf
https://www.nrc.gov/docs/ML2030/ML20308A744.pdf

NRC’s Non-LWR Demonstration Projects & Codes

REVISION |

{USNR( JANUARY 31, 2020

Frovectin m,.&— S —

NRC Non-Light Water Reactor (Non-
LWR) Vision and Strategy, Volume 3 —
Computer Code Development Plans for
Severe Accident Progression, Source
Term, and Consequence Analysis

Technical
Readiness

Regulatory
Readiness

Communication

Volume #3

*, ‘DGE
NAnona\ Labor? atory

scale

NRC’s comprehensive neutronics package

Cross-section processing

Decay heat analyses

Criticality safety

Radiation shielding

Radionuclide inventory & depletion
generation

Reactor core physics

@ Sandia
Nationga|
Laboratorjg
@n ELCOR

NRC’s comprehensive severe accident
progression and source term code
* Accident progression
* Thermal-hydraulic response
* Core heat-up, degradation, and
relocation
* Fission product release and transport
behavior

REVISION 1
R USNRC
Protecting Peoy ,.r dl’ om

NRC Non-Light Water Reactor (Non-
LWR) Vision and Strategy, Volume 5 —
Radionuclide Characterization, Criticality,
Shielding, and Transport in the Nuclear
Fuel Cycle

Technical
Readiness

Regulatory
Readiness

Communication

Goal of Volume 3 & 5 is demonstration of SCALE & MELCOR for
simulating non-LWRs

Volume #5

13 L USNRC

United States Nuclear Regulatory Commission

I’ratectzng Peaple and the Environment



https://www.nrc.gov/docs/ML2003/ML20030A178.pdf
https://www.nrc.gov/docs/ML2030/ML20308A744.pdf

General Approach

1. Build SCALE core models and MELCOR full-
plant models

N

N
2. Select scenarios that demonstrate code [ tess.
capabilities for key phenomena

3. Perform simulations & code assessments on
SCALE & MELCOR

| Modeling Gaps |

hS / Assessment \ d

2 USNRCI

#OAK RIDGE Natioual
al Labc Laboratories

\\\

Representative

\

The scenarios and design assumptions were chosen to show capabilities of the new modeling features added to the
codes.

There is no significance to the magnitude of the releases in the MELCOR demonstration calculations.

The results are not intended to provide accident source terms for use in licensing decisions.

Conditions

A

Initial and |
Boundary /

~— _—

Code VN |
Development Simulating ]

Accidents

& t around Key
Phenomena

//
//
. S
\\
\
|

Sensitivity
Studies

Y

h - I
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Volume 3
Severe Accident Progression & Source Term

United States Nuclear Regulatory Commission
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Availability of Volume 3 Reference Material 3 OAK RIDGE

National Laboratory

Public Workshop: SCALE/MELCOR Non-LWR
Source Term Demonstration Project

Five Major Types of Non-LWRs Analyzed under Volume 3

September 13, 2022

2021 T g |
« Heat Pipe Reactor — INL Design A L
* High-Temperature Gas-Cooled Pebble-bed Reactor —- PBMR-400
 Molten-salt-cooled Pebble-bed Reactor — UCB Mark 1 e T L ST

« Heat-pipe reactor workshop on June 29, 2021
« Slides 3
« Video Recording Exim

» SCALE report @

* MELCOR report [

« High-temperature gas-cooled reactor workshop on July 20, 2021

2022 |
* Molten-salt-fueled Reactor —- MSRE

* MELCOR report [

i S Od i u m -COO I e d F a St Re a Cto r - A B T R « Fluoride-salt-cooled high-temperature reactor workshop on September 14, 2021

« Slides

+ Video Recording Ex™
* SCALE report 3
» MELCOR report

« Molten-salt-fueled reactor workshop on September 13, 2022
« Slides 3
« Video Recording Exim

» SCALE report @

« Sodium-cooled fast reactor workshop on September 20, 2022

« Slides 1
+ Video Recording Ex0

Public workshop videos, slides, reports at advanced reactor source term webpage

SCALE input models available here.
MELCOR input models available upon request.

June 29, 2021

July 20, 2021

September 14, 2021

September 13, 2022

September 20, 2022

Sandia

National

Laboratories I
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https://www.nrc.gov/reactors/new-reactors/advanced/nuclear-power-reactor-source-term.html#:%7E:text=Advanced%20Reactor%20Source%20Term%20Demonstration
https://code.ornl.gov/scale/analysis/non-lwr-models-vol3

Non-LWR Designs Considered & Project Scope

RUSNRC

% OAK RIDGE ﬁg,’;ﬂ',";‘a,
National Laboratory Laboratories
High-Temp. Gas Cooled Reactor Sodium-Cooled Fast Reactor Molten Salt-Cooled Reactor Molten Salt-Fueled Reactor Heat Pipe Reactor

PBMR-400

* 400 MWth reactor, graphite
moderated

* Helium-cooled & TRISO-particle
pebble-fueled at 10 wt.% U-235

 Fuel discharged at high burnup (90
GWd/MTIHM)

~85cm  |IES
fuel height l

ABTR

» 250 MWth pool-type reactor,
utilizing metallic U / HT-9 fuel rods

» Reactor fueled with U-Pu-Zr fuel
slugs

* Liquid sodium coolant

UCB Mk1 PB-FHR

» 236 MWth reactor at atmospheric
pressures

* Flibe cooled & Pebble fueled
(TRISO) at 19.9 wt.% U-235

* Online refueling

MSRE

» 10 MWth reactor, graphite
moderated at near atmospheric
pressures

» Reactor fueled with liquid dissolved
fuel in molten salt (34.5 wt. % U-
235)

30 Core Modal

INL Design A

200 e

height

* 5 MWth with a 5-year operating

lifetime

* 1,134 heat pipes fueled with UO,

fuel (19.75 wt.% U-235)

» Reactivity controlled via control

drums

37
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Heat Pipe Reactor — INL Design A #,&KRIDGE ) S,

Accidents Modeled

» Transient overpower

» Loss-of-heat sink

» Anticipated transient w/o SCRAM

Insights Gained on BDBA Behavior I
* Following scram, passive heat dissipation into reactor cavity ends the release from fuel
» Reactor building bypass requires two failures in a single heat pipe — one in the
i condenser region and another in the evaporator region
. BE— - + Significant uncertainty in the release fractions depending upon the assumptions. No
- significance to the magnitude of release.
lodine: Reactor Building Cesium: Reactor Building
Release to the 10
reactor building | E E ladd %"
4__“__:___“___--“_-_:::-5'-.‘ Cladding g "
;essel ------ 1r i
wall A
g [+] I
2 '
€ ,
Gas E —_——
plenum g 0 5 10 15 20 25 0 5 10 15 20 25
Time [h] Time [h]
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Pebble-Bed Gas-Cooled Reactor — PBMR-400 LOAKRIDGE () 2%,
National Laboratory Laboratories
TRISO Failure Fraction LE+0D — Cesium Release Fraction from the Pebbles
o1 —Base case
Low Gr k 1.E-01 ¢
——High Grk
1.1X decay heat 1.E-02 ¢
0.01 +— 0.9X decay heat [ e B et & ==cfpe—=——=
~ Low pebble emissivity T 1E03 ¢ —=" - e T‘?f-_-—_i_f B
= High pebble emissivity e E #: =—==E"=S -
2 - = -Low pebble porosity 2 1.E-04
§ 0.001 4+————High pebble porosity E Iy —Ease&:a:e I
g —Blocked RCCS 1.E-05 L4 : ?w rr a
‘:i[ B J____.__-—_—_—d—-'—'—'-'—'"_"ﬂ'—'_:d'—'_'_'_:_: E E,'I !I-I'lgl)'&l l:ﬁa{:gy heat
= ] & I —— 0.9X decay heat
- - 1.E-08 3 Low pebble emissivity | B
0.0001 i High pebble emissivity
e R s -« . = L ~tigh pebole porosty |
repair building building - rzl:; r:aec‘::c;iill
Crane central room 1.E-08 —— Blocked RCCS |
0.00001 +——— b P e T -
R 0 2 48 72 96 120 144 168 1.E-09 - -
s "'g\ e Time (hr) 0 24 43 72 96 120 144 168
Accidents Modeled
- » Depressurized loss-of-forced circulation
Reactor I
comervin o Insights Gained on BDBA Behavior L
r « Graphite oxidation from air ingress does not generate sufficient heat to impact fuel
g e st » Passive heat dissipation into reactor cavity limits release from fuel failure
s s T » Alow graphite conductivity has the largest impact on the peak fuel temperature
39
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1000 +
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900 +

750

Temperature (deg-C)

650 +

600 +

550 +

500

800

750

~
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Temperature (deg-C)
4]
o

Pebble-Bed Molten-Salt-Cooled — UCB Mark 1 %OARIDGE () i

ATWS with variable DRACS

Peak Fuel Temperatures

850

800 +

700 +

—O0xDRACS
—1xDRACS
—2xDRACS
—3xDRACS

AN

1 10 100 1000 10000 100000

Time (sec)

Peak Fuel Temperatures

—1xDRACS
—2xDRACS

\
A\

% —3xDRACS [
I
K

End of the Xenon transient

and a return to power.

00 4+ v | I P PRI AR R
85000 90000 95000 100000 105000 110000 115000 120000 125000 130000 135000

Time (sec)

2 USNRC!

National Laborator

Laboratories

Accidents Modeled

» Anticipated transient w/o SCRAM
« Station-wide blackout

» Loss-of-coolant accident I

Insights Gained on BDBA Behavior i

 For ATWS, fuel heat-up was limited by reactivity feedback & passive
decay heat removal system

« For SBO, with failure of the passive decay heat removal system,
coolant boiling occurred over the course of several days

 For LOCA, with one train of decay heat removal system operating,
coolant boiling was possibly averted.

« For LOCA, with failure of the passive decay heat removal system,
fuel damage occurred.

40



Accidents Modeled
» Full reactor inventory molten salt spill without water
» Full reactor inventory molten salt spill with water

Insights Gained on BDBA Behavior

» Auxiliary filter operation increases the release rate of noble gases to
the environment while also filtering airborne aerosols

« Aerosol releases to the environment are reduced due to settling in the
reactor cell, capture in the filter, and capture in the condensing tank in
the water spill cases

* The aerosol mass in the reactor building also spanned many orders of
magnitude depending on scenario assumptions

Release Fraction (-)

Molten-Salt-Fueled Reactor — MSRE

~2 USNRCI

All results of cerium in the reactor building

Ce in the Reactor Building

Sandia
National
Laboratories

1.E-01

; ——MCA1 "

i ——MCA2
1.E-02 + -~ -MCA3

i ——MCA4

[ - --MCA5
1.E-03 + MCAE

: - --MCA7

i —MCAS No water spill & noHVAC ___
1.E-04 + -~ -McCAs R L
1B05 +— Np water spill & HVAC
1.E-06

Water spill & ho HVAC i

1.E-07 T —— — Water spill casps & HVAC I
1.E-08

12 1
Time (hr)

8

24

41



2 USNRCI

Sodium-Cooled Fast Reactor — ABTR LONK RibGr (7] S,

Peak fuel temperature

1300 r
1200 — ———~~ -~~~ " ~“~--eRTAARAOARmAAALAAOTTT
F - - =-Core exit Tsat 1~
3.0% insertion
1100 i ——2.5% insertion
a2 F ——2.0% insertion
° ——1.5% insertion
-g 1000 & ——0.9% insertion _
Accidents Modeled - '“‘ I
» Unprotected transient overpower 20 -
« Unprotected loss-of-flow 200 | i
« Single blocked assembly :
e 1 Il;o T Ill{oo IIII I;soo IIII II{AOOO
Time (sec)
Insights Gained on BDBA Behavior e
. DRACS heat removal and core power g
With ULOF, core power eventually converges 10000 T R ERErs e ] 333
on the DRACS heat removal rate TORACS e A2 TT] [
. . T e Frial v 1n Molten debris is
» Single blocked assembly leads to rapid fuel  romace sore power [y T susponecty
damage . i _fizzizz core power —: :H
2 —— 1xDRACS M Bl
5 —— Dampers at 1% open M n Solid debris is
—___‘Hg_
100 T
-‘_"‘N‘_____li_ Lower reflector
10 T L i L L i T L i F|°Wl:]f::p=r"a|"°"i"" T Molten debris in
1 10 100 ) 1000 10000 100000 inlet plenum
Time (sec) 42




. 2 USNRCI
What have we learned & where are we going? :g,é{ RivGr () R

al Lab Laboratories

SCALE & MELCOR Volume 3 Models Support Readiness for NRC Non-LWR Licensing
Reviews
. Leveraged UCB Mk1 to Support NRR’s review of the Hermes Construction Permit Application

Additional SCALE & MELCOR Code Enhancements & Capabilities In-Progress

. Integration of SCALE’s ORIGEN module into MELCOR for higher fidelity MSR transient analyses i
. Capability to model multiple working fluids in the same MELCOR plant model

. Demonstrate capability for horizontal heat pipe reactors

. Refinement of specialized models (e.g., fluid freezing and cascading heat pipe failures)

. Fission product chemistry refinement ‘

New Upcoming NRC Public Works for Additional Studies
SCALE & MELCOR Demonstration Calculations for a Molten Chloride Fast Spectrum Reactor
. Public report — SCALE modeling of the sodium-cooled fast-spectrum ABTR

. Public report — MELCOR Accident Progression and Source Term Demonstration Calculations for a
Sodium-Cooled Fast-Spectrum Reactor ‘
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Volume 5
Radionuclide Characterization, Criticality, Shielding,
and Transport for the Nuclear Fuel Cycle

United States Nuclear Regulatory Commission
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Reminder: General Approach %OAKRIDGE () fhy
. Repr'e§entative
Build SCALE core models and MELCOR RS ‘
mo d e | S \\\Cond/t/ons//,‘
— I
Select scenarios that demonstrate code X Code ) | N
THT enti Simulating
capabilities for key phenomena | s Development | fstens
“‘x\ Modeling Gaps /,9‘ & F?P:Zﬁgmeig
| " Assessment \ N
Perform simulations & code assessments on A 4
SCALE & MELCOR hy
Sensitivity
Studies |
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LWR Nuclear Fuel Cycle & Regulations

Protect workers, public and the environment against
radiological and non-radiological hazards that arise from fuel
cycle operations.

e Radiation hazards

* Radiological hazards

* Non-radiological (chemical) hazard

Extraction: Mining and Milling (U.0g)
(Mining, no NRC role; Milling Part 20)

Away from
Reactor
Storage (IF5I)
(Part 71, 72)

Permanent
Disposition
(Part 60, 63,
71,72)

[ Conversion Ur.O:
> UF,
(Part 30, 40,
?{].?3‘”?5‘] y I
T W
" )

Enrichment UF.
(Part 30, 40,

.

Low Level
VWaste

Reactor
Utilization
(Part 50, 74,

e
L
A f

.H%

70,73, 76)  —
. .

—

Fuel
Fabrication
v,
(Part 30, 40,
70,73, 76)

(Part 61)

(Part 63/71/72)

Spent Fuel Storage Spent Fuel
— Out of Pool Storage - Pool
{(Part 50.68)
w -

Low Level
Waste
(Part 61)

v 2 USNRC

tates Nuclear Regulatory Commission

Protecting People and the Environment



Project Scope - Non-LWR Fuel Cycle

Stages in scope for Volume 5

Enrichment Fresh Fuel Fuel Utilization

UF, Transportation Fuel Fabrication (including on-site

UF; enrichment L L L Transportation L spent fuel storage)

Stages out of scope for Volume 5

Uranium Mining & Milling e Not envisioned to change from current methods.

Power Production e Addressed in Volume 3 — Source Term& Consequence work

Spent Fuel Off-site Storage &
Transportation

e Large uncertainties & lack of information

Spent Fuel Final Disposal e Large uncertainties & lack of information

a7 Q U.S.NRC

United States Nuclear Regulatory Commission

Protecting People and the Environment



Non-LWR Designs Considered

RUSNRC

% OAK RIDGE ﬁg,’;ﬂ',";‘a,
National Laboratory Laboratories
High-Temp. Gas Cooled Reactor Sodium-Cooled Fast Reactor Molten Salt-Cooled Reactor Molten Salt-Fueled Reactor Heat Pipe Reactor

PBMR-400

* 400 MWth reactor, graphite
moderated

* Helium-cooled & TRISO-particle
pebble-fueled at 10 wt.% U-235

 Fuel discharged at high burnup (90
GWd/MTIHM)

~85cm  |IES
fuel height l

ABTR

» 250 MWth pool-type reactor,
utilizing metallic U / HT-9 fuel rods

» Reactor fueled with U-Pu-Zr fuel
slugs

* Liquid sodium coolant

UCB Mk1 PB-FHR

» 236 MWth reactor at atmospheric
pressures

* Flibe cooled & Pebble fueled
(TRISO) at 19.9 wt.% U-235

* Online refueling

MSRE

» 10 MWth reactor, graphite
moderated at near atmospheric
pressures

» Reactor fueled with liquid dissolved
fuel in molten salt (34.5 wt. % U-
235)

30 Core Modal

INL Design A

200 e

height

* 5 MWth with a 5-year operating

lifetime

* 1,134 heat pipes fueled with UO,

fuel (19.75 wt.% U-235)

» Reactivity controlled via control

drums
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Representative Fuel Cycle Designs

| HPR tuel cycle }US%%“C‘
Developed 5 non-LWR fuel cycle design concepts I NIETERIES
*  HPR-INL Design A t e EUSREC
¢ HTGR -PBMR-400 - E 3 / o R ‘ I
* FHR-UCB Mark 1 _ }Ubl{})};@l
" MSR-MSRE Designs to be documented in publicly 'y PENEI [ — —
" OSFR-ABIR available report later this year = 1l —~ — — @1

' USNRC
Qe () iR

b
s

Design concepts identify potential processes & methods
* What shipping package could transport HALEU-enriched UF6?

—————
ssssss

What are the hazards associated> |

* How is spent SFR fuel moved? What are the hazards associated?
* How is fissile salt manufactured for MSRs? What are the various

kinds of fissile salt that may be used? What are the hazards?

Used as the Initial and Boundary Conditions for developing SCALE & MELCOR models

1w RUSNRC

United States Nuclear Regulatory Commission

Protecting People and the Environment



non-LWR Fuel Cycle Demonstration Project —High Temperature Gas-Cooled Reactors

HTGR Fuel Cycle Highlights
* Use of HALEU (19.75 wt.% U-235) Public Workshop: SCALE/ MELCOR Non-LWR Fuel Cycle Demonstration Project
* No approved commercial-sized transport packages (UF6 & e T e (FE e b R
fresh pebbles) February 28, 2023
 New chemicals and processes for TRISO particle and pebble
manufacturing
* TRISO fabrication = Sol gel process ; pebble manufacturing !
e Continuous fuel circulation, loading, and removal _ _ e

- Process: X-energy

Accidents Modeled
1. Criticality due to HALEU-enrichments — UF, and fuel pebble
operations '”i‘:""“’m

2. Hazards associated with new chemicals (e.g., spills, water
interaction, fire)

3. Fission product release from damaged fuel pebbles during
fuel handling

5w T USNRC

United S Nuclear Regulatory Commissi
Protecting People and the Environment




SCALE & MELCOR Analyses for Selected Accidents from the HTGR Fuel Cycle

Criticality-related Analyses

Water ingress into the DN30-X during UF, transport

* Simulated UF; enriched to 10 & 20 wt. % U-235
* Shown to be subcritical

0.64 -
62
0.60-

j .58
0.56-
154

Q.52

Control red

UFg

PSP +——

3D view of SCALE model

0

1o 20 a0 40
Distance between packages [cm)

50

Spent Fuel Pebble Inventory & Fission

Product Release

Spent Fuel Storage Tank Release

* Spent fuel tank holding 620,000 pebbles simulated

* Approx. 500 pebbles discharged daily / 1284 days to fill
SFT

* Total decay heat and inventory of SFT determined

} Decay time= 0 days

} Decay time= 1 days

dischargéd pebbles
slices filled day after day
]

} Decay time= 1283 days

} Decay time= 1284 days

Spent fuel tank

1279 layers of fuel
pe!:»bles
]

00277 KW
0.0276 KW

In-Facility UF, Release

UF, Cylinder Rupture
* UF6 cylinders are overfilled & heated =2 resulting in
rupture and release

rIsland

Auxiliary
Compartment

Building
Filter

4.
Stairwell
Environment

Storage
Compartment

|

51 R USNRC
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Future Work for Volume 5

New Upcoming Planned Workshop
. September 2023 — Sodium Fast Reactor Nuclear Fuel Cycle Analyses
. 2024 — Molten Salt Fueled Reactor Nuclear Fuel Cycle Analyses

Upcoming Public Report(s)

. Summer 2023 — Non-LWR Fuel Cycles for Severe Accident Simulations

Additional SCALE & MELCOR Code Enhancements & Capabilities In-Progress

. New capabilities planned in SCALE for handling irregular geometries in SCALE (fuel reprocessing)
. Leveraging newly developed capabilities to SCALE & MELCOR from Volume 3

Commissio

2 2 USNRC

tecting People and the Environment



Nuclear Supplier QA Program
Qualification: ISO 9001
Supplemental Requirements

Mark Richter-Technical Advisor
Nuclear Energy Institute

July 20, 2023

NUCLEAR
ENERGY
INSTITUTE




Context

= Development plans for advanced reactors is of a scope and scale
not before seen in our industry

= The current operating fleet must be supported for 40-60 years or
more of safe and reliable operations

= The current supply chain will be challenged to meet the dynamic
and growing demand as well as aggressive timelines for new parts
and components

= Anticipated supply chain challenges will require new and
transformative quality management approaches

= Opportunity for NRC to demonstrate regulatory leadership as a
modern regulator, seeking new efficiencies in regulatory processes
during a period of dynamic industry growth

©2023 Nuclear Energy Institute 54



1ISO-9001 Approach to Meet Appendix B

= |SO-9001 is already employed in many other industries and some
nuclear suppliers already have ISO-9001 programs

= NEI is developing a process whereby an ISO 9001 QA program, with
enhancements, could be used as a framework for meeting the
requirements of 10CFR50, Appendix B, leading to a more nimble and
responsive supply chain. It is anticipated that this will be helpful in both
maintaining the operating fleet as well as developing and deploying
several hundred advanced reactors over the next decade.

= NOT proposing ISO 9001 as a replacement for 10 CFR Part 50
Appendix B

©2023 Nuclear Energy Institute 55



Not Starting From Scratch

NRC SECY-03-0117 “Approaches for Adopting More Widely Accepted
International Quality Standards” compares ISO-9001-2000 against the
existing 10 CFR Part 50 Appendix B requirements and recommends that
supplemental requirements would be needed

EPRI 1007937 “Analysis and Comparison of ANSI/ISO/ASQ Q9001:2000
with 10CFR50 Appendix B: ISO-9001 Gap Analysis and EPRI 1002976, An
In-Depth Review of Licensee Procurement Options for Use with 1SO-9001
Suppliers”

Other regulated industries utilizing an 1ISO-9001 based quality program
and their regulating bodies have recognized the need for and
implemented supplemental requirements

©2023 Nuclear Energy Institute 56



Implementation of NEI 22-04

Decomposes each Appendix B criterion into discrete requirements and
identifies comparable requirements from 1SO 9001

Note potential gaps for compliance with the regulation

Provide recommendations for addressing the gaps and are implemented
contractually by the Appendix B purchaser and potential ISO-9001

supplier

Purchaser maintains 10 CFR Part 21 responsibilities, and
supplier/vendor will impose the reporting requirements for
nonconformances with sub-tier supplier(s)

©2023 Nuclear Energy Institute 57



Status and Next Steps

= NEI 22-04 “Nuclear Supplier QA Program Qualification: 1ISO 9001
supplemental requirements” rev. O is essentially complete

= |SO-9001 supplier dry run assessments informed final draft
(Assessments of Pioneer Motor Bearing and Penn United Complete)

= NEI 22-04 undergoes broad industry review (Q3 2023)
= NEI participates in pre-submittal meeting with NRC (Q3 2023)

= NEI submits for NRC review and endorsement (Q4 2023)

©2023 Nuclear Energy Institute 58



Questions?
mar@nei.org

©2023 Nuclear Energy Institute 59



Advanced Reactor Stakeholder Public Meeting

Lunch Break
Meeting will resume at 1:00 pm EST

Microsoft Teams Meeting
Bridgeline: 301-576-2978
Conference ID: 501 432 683#

@ USNRC
United States Nuclear Regulatory Commission
rotecting Peo, he Envi; z

P g People and nvironmen


https://teams.microsoft.com/l/meetup-join/19%3ameeting_MTY4ZWVmODItNTgxYS00MDEwLWE3MTktYjM3ZGU1ZWMxYTcw%40thread.v2/0?context=%7b%22Tid%22%3a%22e8d01475-c3b5-436a-a065-5def4c64f52e%22%2c%22Oid%22%3a%2266bab7d1-1870-45b8-b9c3-fae68a50fac1%22%7d

United States Nuclear Regulatory Commission

Protecting People and the Environment

NRC Staff Interactions with ACRS on
Kairos Hermes Construction Permit
Safety Review

Advanced Reactor Stakeholder Meeting
July 20, 2023

Matthew Hiser
Senior Project Manager
Advanced Reactor Licensing Branch 1
Division of Advanced Reactors and Non-Power Production and Utilization Facilities
U.S. Nuclear Regulatory Commission




Background

e Kairos submitted 11 topical reports prior to the Hermes
construction permit (CP) application

— All 11 topicals were approved prior to issuing the final Hermes CP
safety evaluation

— 8 of the 11 topical reports were reviewed by ACRS between 2020 and
early 2023 (see Appendix Il of ACRS letter)

* ACRS had strong familiarity with the Kairos technology and key
technical topics involved in the Hermes CP application review

{’,p‘\J : 7 U S N RC
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United States Nuclear Regulatory Commission
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https://www.nrc.gov/reactors/new-reactors/advanced/licensing-activities/pre-application-activities/kairos.html
https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML23130A183

Timeline of ACRS Interactions on Hermes CP

April 2022: Kairos and NRC staff presented Hermes CP overview

January — March 2023

— NRC staff provided preliminary Hermes CP SE chapters and key appendices to
ACRS for review (all available in ADAMS under docket #05007513)

March — May 2023: NRC staff and Kairos briefed ACRS on Hermes CP
safety analysis and review

— Kairos subcommittee: March 1, March 23-24, April 4, April 18

— Full committee: May 3-4

May 16, 2023: ACRS letter issued
June 20, 2023: NRC staff response to ACRS letter issued
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https://www.nrc.gov/docs/ML2211/ML22119A253.pdf
https://www.nrc.gov/docs/ML2308/ML23087A087.pdf
https://www.nrc.gov/docs/ML2310/ML23109A130.pdf
https://www.nrc.gov/docs/ML2312/ML23123A022.pdf
https://www.nrc.gov/docs/ML2312/ML23129A092.pdf
https://www.nrc.gov/docs/ML2313/ML23137A260.pdf
https://www.nrc.gov/docs/ML2316/ML23164A162.pdf
https://www.nrc.gov/docs/ML2313/ML23130A183.pdf
https://www.nrc.gov/docs/ML2316/ML23160A255.pdf

Staff Insights from ACRS Review of Hermes CP

» Staff appreciates the timely and thorough review of the Hermes CP
application and safety evaluation

* ACRS used a risk-informed approach to focus on the most safety
significant aspects of the design to ensure that the review was efficient
and thorough

* ACRS review of preliminary safety evaluation chapters while the final
safety evaluation was being assembled expedited ACRS review and
accelerated project schedule
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Questions?

Contact me by e-mail at Matthew.Hiser@nrc.gov or by telephone
at (301) 415-2454

s R USNRC
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U.S. NRC ADVISORY COMMITTEE ON REACTOR
SAFEGUARDS (ACRS) REVIEWS OF
NEW FACILITY APPLICATIONS

Joy Rempe, Chairman
Advanced Reactor Stakeholder Meeting
July 20, 2023



ACRS Overview

* Provides Commissioners independent technical reviews of, and advice
on, safety of proposed or existing reactor facilities, adequacy of proposed
safety standards, and adequacy of NRC safety research program

— Statutorily mandated by Atomic Energy Act of 1954, as amended
— Operational practices governed by Federal Advisory Committee Act (FACA)

* Independent of NRC staff. Reports directly to the Commission, which
appoints ACRS members

For additional information about ACRS, see: https://www.nrc.gov/about-nrc/regulatory/advisory/acrs.html



https://www.nrc.gov/about-nrc/regulatory/advisory/acrs.html

ACRS Review of Proposed Facility

* Integrated review of applicant submittals (and associated staff safety
evaluation) including:

— Safety Analysis Reports (for construction permit, operating license, early site
permits, design certification, and standard design approvals)

— Topical Reports and possibly other supporting documents (white papers,
technical reports, etc.)

e Typically includes one or more subcommittee meetings and at least one
full committee meeting prior to issuance of ACRS letter report.
— Portion of meetings open to public, allowing opportunities for public comments

— Portion of meetings may be closed to allow discussion of proprietary
information




ACRS Review of Proposed Facility (cont’d)

* ACRS developing ‘best-practices’ guidance™ to promote streamlined
reviews focused on safety and risk significant aspects

— Implements lessons learned from recent design-centered reviews

— Lead ACRS member and ACRS staff work with cognizant NRR staff to develop
committee engagement plan to optimize review schedule

— ACRS review completed after staff draft safety evaluation report completed™

« Typically includes topics™  such as: overall design (emphasizing unique and
novel aspects), safety functions and principal design criteria, safety-related
structures, systems, and components, licensing basis event selection, fuel
qualification, safety analysis methods and results, and source term.

*Guidance, along with name of lead ACRS member for each design-centered subcommittee to be posted on
https://www.nrc.gov/about-nrc/regulatory/advisory/acrs.html.
"*ACRS reviews may be concurrent with staff completion of some safety evaluation report chapters.
“*Representative topics, not comprehensive.
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Acronyms

= BWR - Boiling Water Reactor

» CFR — Code of Federal Register

= DiD — defense-in-depth

= EAB — exclusion area boundary

= | PZ - low population zone

= LWR - light water reactor

= MWth — megawatt thermal

= PCD - population center distance

= PDD - population density distance

" ppsm — persons per square mile

* PWR — Pressurized Water Reactor

= SAMA — Severe Accident Mitigation Alternatives

= SECY — Commission paper

= SOARCA - State-of-The-Art Reactor Consequence Analysis
= SRM - Staff Requirements Memorandum ©2023 Nuciear Energy Insitute 7




Background

= 10 CFR Part 100.21 requirement:

“(h) Reactor sites should be located away from very densely
populated centers. Areas of low population density are, generally,
preferred. However, in determining the acceptability of a
particular site located away from a very densely populated center
but not in an area of low density, consideration will be given to
safety, environmental, economic, or other factors, which may
result in the site being found acceptables.”
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Guidance for Implementation

= Regulatory Guide (RG) 4.7, “General Site Suitability Criteria for
Nuclear Power Stations”

« Current criterion: population density not exceeding 500 persons
per square mile (ppsm) out to 20 miles

» Based on large light water reactor experience
» SRM-SECY-20-0045 directed NRC staff to revise RG 4.7 guidance
relating to 10 CFR 100.21(h) to include provisions for advanced
reactor designs

* No greater than 500 ppsm out to twice the distance at which 1
rem dose for the 30-day exposure period is calculated based on
design-specific events
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Industry’s Effort to Provide Feedback

= Goal — Assess NRC'’s pre-decisional white paper, “Alternative Approaches to
Address Population-Related Siting Considerations”™ made public in April 2023
and provide industry’s observations to inform further discussions
= Objectives
* Put the population-density siting consideration in context with other siting
elements and defense-in-depth considerations

« Compare the level of protection afforded as proposed by NRC for advanced
reactors to that currently applied to existing LWRs

* |dentify whether NRC's guidance would result in undue burden (i.e., excessive
restrictions on siting) for advanced reactors

= Scope — Cover all advanced reactor designs except the following
« Large (gigawatt scale) designs
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Population-Density Siting Consideration
iIn Context




NRC Advanced Reactor Policy Statement

* At least the same degree of protection of the environment, public health &
safety, and common defense and security

= Enhanced margins of safety and/or use of simplified, inherent, passive or other
iInnovative means to accomplish safety & security functions

= Designs that incorporate the defense-in-depth philosophy
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Siting Criteria / Limitations

= Power reactor siting has
typically involved
assessment of a variety of
distances, most of which
are depicted in Fig. 1

= Each provides functional
and defense-in-depth (DiD)
purposes

= Siting criteria protect from
societal impacts & provides
DiD to minimize societal
Impacts should containment
fail*

*as we understand it; based on TID

14844 (1962)

Densely Populated Center of More R Y
Than About 25,000 residents

']
0 5 Miles 10 ‘ J 20

d EAB - radial distanceto the exclusion area boundary (EAB)

dLPI— radial dismnceto the low populationzone (LPZ)
dPCD— populaton center distance (PCD) to the nearest boundary of a densely populated center

dZD — 20 mile outward radia distance (population density of <500 persons per square mile—RG4.7)

Source: NRC SECY 20-0045 Figure 1
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Siting Criteria / Limitations (con'’t)

= Prior to 1973, PDD was not considered (no d.,;-— only dgag , dpzand dpcp)

= WASH-1308 (1973) suggested need for an Ré and that there SF\OU|d be a PDD,
but different approach (equivalent to ~1600 ppsm

= RG 4.7, RO (1974) did not include PDD (no d.,;-— only dgag , dpzand dpcp)

= RG 4.7, R1 (1975) added PDD, but it was d,

« 500 ppsm, different than what was proposed in WASH-1308

« No reference to a dose basis
* RG4.7,R2 (1998) changed PDD to d,,

* No reference to a dose basis

« States only that “Numerical values in this guide are generally consistent with
past NRC practice and reflect consideration of severe accidents, as well as
cSIemographic and geographic conditions characteristics of the United

tates.”
= ORNL/TM-2019/1197 (2019) evaluated various alternatives to the current
requirements that would achieve a reduction of about an order of magnitude
versus large LWRs, including ratio of thermal output and case-be-case, design-
specific review, but did not recommend a specific dose criterion
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Compare the Level of Protection




How does the proposed PDD criterion compare
to the existing 20-mile PDD for Large LWRs?

= Existing basis for 20-mile PDD

« Deterministically set for current large LWRs; no calculation of the dose at that distance
required.

« NRC states in the pre-decisional white paper that the 20-mile distance was based on
insights from probabilistic risk assessments and other studies associated with light-
water reactor designs.

« Have not found documentation for original basis other than as summarized on previous
slide.

= NRC proposed alternative advanced reactor PDD

« Distance that is “equal to twice the distance at which a hypothetical individual could
receive a calculated TEDE of 1 rem over a period of 1 month from the release of
radionuclides following postulated accidents”

«  We could not find a clear technical basis for this criterion and so the basis is not well-
understood

« Dose at PDD (twice the distance to 1 rem) will be much less than 1 rem, on the order of
doses from background radiation
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What model inputs and assumptions does
NRC expect applicants to use?

= Some do not appear to be specified in NRC’s pre-decisional white paper,
“Alternative Approaches to Address Population-Related Siting Considerations”

= Based on past practice, we assumed the NRC might expect the most
conservative case

* No credit for shielding with normal activity; individual is modeled as
residing outdoors unprotected for 30 days

* 95% Weather — WD Maximum; very conservative weather assumptions
= Note: industry does not believe the worst case is necessary, but wanted to
start from the worst case that we believed the NRC might expect

* |n any case, we compare models done with consistent assumptions
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Population Density Distance (PDD) Dose
Historical Effectiveness

* Jensen Hughes conducted a scoping atmospheric dispersion
consequence analysis using the WinMACCS code

= Scoping model purpose: to estimate dose calculated using the existing
(LWR based) PDD siting criterion (i.e., the level of protection actually
provided by the 20-mile limit for the current fleet) for comparison with
the NRC proposal for advanced reactors of twice the distance to 1 rem
dose over 30 days
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LWR Scoping WInMACCS Model Inputs

and Assumptions

= Started with NRC Linear No-Threshold (LNT) Point Estimate Sample Problem
distributed with WinMACCS version 3.10

= Core inventory taken from the NRC’s SOARCA for the Surry reactor and
ratioed up by 50% (effectively representing 3819 M\Wth)

« reasonably representative of a “typical” large LWR
* Radionuclide release magnitudes (to the environment) based on calculating an
average of the total release fraction of the highest releases from 13 recent
SAMA analyses (both PWR and BWR) using a frequency screening

«  WIinMACCS typical three plume model/assumptions used for total
release
= Surry meteorology data per example data with WinMACCS code
= Dose was calculated for 30 days, with no credit for protective actions
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LWR Scoping WInMACCS Model

= Eight cases

« (Cases 1 -4 represent the 30-day dose for individuals who maintain
normal activity during the release and thereafter

« (Cases 5 — 8 eliminate credit for shielding with normal activity; individual
IS modeled as residing outdoors unprotected for 30 days

« Cases reflect four different levels of weather conditions assumptions
= Case 8 results are the most restrictive
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LWR Scoping WInNMACCS Model Results

= Observation: The Commission has previously stated that the current
generation of plants is adequately safe

« Current 20-mile distance results in acceptable societal risks

* Doses for large LWR at 20 miles for 30 days do not pose undue health
risks

= Applying NRC proposed twice the distance to 1 rem over 30 days

* This dose criterion is orders of magnitude less than what is currently
accepted by NRC

« Distances produced using this criterion would be an order of magnitude
more than 20 miles

 NRC proposed criterion is excessively restrictive on siting
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Advanced Reactor Scoping WinMACCS Model

= Estimates calculated for two advanced reactor designs based on the generic
LWR WIinMACCS model (assumed representative of others)
« High-Temperature Gas Reactor with tri-structural isotropic (TRISO) fuel

« Molten Salt Reactor
* Release-related inputs for these scoping HTGR and MSR models were based

on data developed by Sandia in SAND2020-0402 for performing simplified

scoping assessments of advanced reactors
» Used a postulated maximum credible accident (MCA) based upon review of

the Sandia study
« Small core inventory, e.g., 250 MWth

« Assumed percentage of fuel damage; percentage of fission product
migration from fuel to environment; degraded containment
= Dose was calculated for 30 days, with no credit for protective actions (same as
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Advanced Reactor Scoping WinMACCS
Model Results

= Observations from large LWR model results (slide 16) also applicable
to advanced reactors

* NRC proposed PDD estimates for advanced reactors would be
excessively more conservative than what the NRC currently finds
acceptable for large LWRs

= |f the current level of protection for the existing LWR fleet is used, the
PDD for these advanced reactors could be well within a site boundary

* NRC's proposed PDD approach would create excessive restrictions on
the ability to site advanced reactors — far beyond what NRC imposes
on large LWRs today when the comparative size of source terms in
considered
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ldentify Whether NRC Approach
Results in Undue Restrictions on Siting




Does NRC approach Appropriately Credit

Safety Features of Advanced Reactors?

= SRM-SECY-20-0045 approved the staff's recommended option to revise the
guidance in RG 4.7 to include technology-inclusive, risk-informed, and
performance-based criteria for population densities that are based on
estimates of radiological consequences from design-specific events

« NRC'’s proposed PDD criterion would result in siting restrictions that do
not reflect the potential for enhanced safety and reduced risks
associated with radiological releases from advanced reactor designs

« More guidance needed to balance realistic/conservative assumptions

 The impact on micro-reactors was not analyzed, but can be anticipated
as consistent with other observations

« Layers of DiD applied in the design deserve credit, as applicable, e.g.,
small source term, slow accident progression, low operating pressure
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Summary Observations




Key Take-Aways for Further Discussion

= Alternate dose criterion should be developed to be more representative of the
currently accepted level of protection for large LWR licensing.

* The proposed criterion associated with very low frequency events is
excessively conservative compared to previous large LWR licensing and
compared to the annual exposure of the public from natural and man-
made sources (e.g., medical procedures).

« The undue burden created by excessive conservatism significantly
restricts advanced reactor siting as compared to the NRC's currently
accepted approach for large LWRs.

= Clarity is needed on the modeling assumptions, which heavily influence dose
criterion calculations, including consideration with respect to the realistic
exposure risk to the public that would be acceptable to the NRC

= NEI is preparing a white paper with more detail on our observations to inform
NRC'’s consideration of revisions to draft guidance.
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Purpose

* The purpose of this project was to:

— Assess the capabilities of the MACCS code to analyze a selected conceptual advanced
reactor design under a postulated accident scenario.

— ldentify potential gaps that may exist in conducting such an analysis, both technical and
practical.

— Exercise new models (e.g., nearfield models) and new settings (i.e., inventory and source
term) in the MACCS code for the selected advanced reactor design.

* The project continued similar code readiness work using SCALE and MELCOR:

— Oak Ridge National Lab (ORNL) developed a SCALE model to compute the radionuclide
core inventory of the Idaho National Lab (INL) Design A conceptual reactor design.

— Sandia National Labs (SNL) developed a MELCOR model to simulate postulated accidents
of the INL Design A conceptual reactor design.

2 USNRC
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Project Approach

All MACCS analyses used the following inputs:

— An example inventory from a demonstration SCALE model (ORNL/TM
2021/2021)

— An example source term and reactor building dimensions from a
MELCOR demonstration model (SAND2022-2745)

— Weather and regional characteristics from an existing (Sequoyah
Nuclear Plant) site

— Other general settings defined in the MACCS parameter guidance
report (NUREG/CR-7270)
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Project Approach

 The main analysis used the following settings:

— A radionuclide list for consequence analysis from SAND2022-12018
based on example inventory from the demonstration SCALE model

— The Regulatory Guide 1.145 full model for nearfield transport

e Sensitivity analyses evaluated the following characteristics:
— Radionuclide lists for consequence analysis
— Dose exposure periods
— Nearfield models
— Release timings

- -
United States Nuclear Regulatory Commission
rotecting Peo, he Envi; z

P g People and nvironmen



Project Approach

* The project used MACCS v4.1.

* All reported doses are projected doses in the ambient
environment.

 The MACCS calculations sample from a range of weather
conditions as input. The mean, 5% quantile, and 95t quantile
MACCS outputs represent the distribution of results due to
weather uncertainty.

@ USNRC
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Example Accident Scenario Description

To demonstrate code capabilities, the
MELCOR team selected accident conditions
for the MELCOR INL Design A model.

This effort produced an example accident
progression and source term for a transient
overpower (TOP) accident scenario.

The MACCS calculations use the example
atmospheric release from the MELCOR
demonstration project as input

The MACCS demonstration calculations do
not reflect realistic radiological
consequences outside of the conditions
assumed in the MELCOR analysis.

Radiation Shield

Core Barrel

Side Reflector
(AlI203)

Control Drum

Fuel Elements
(1134 total)

Active Core (hexagon)

Emergency Shutdown Rod

INL Design A reactor vessel cross-section (from
figure 3-1 of SAND2022-2745)
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MELCOR Release Path: 1

Source Term* e FTETD e

.
=]
|

rozo——
DPQCEPERF T PON

a

* Two release pathways from building at
5.15 mand 9.15 m (16.9 ft and 64 ft).

* Release begins in less than 1 hour.

Release Fraction (10*-6)
=]
(=]

T T T T
20000 40000 60000 80000
MELCOR Time (seconds)

MELCOR Release Path: 2

e Relatively small amount of release

nefore MELCOR cutoff time of 24 hours. TR EE
* Project divided plume into 28, S =
1-hour segments. B e

MELCOR Time (seconds)

*Note: Consequence results are shown to illustrate code capabilities only. Actual @ US.NRC
consequences would be based on design, site, and scenario-specific factors. Prosecting People and the Environmen




Example of Main Analysis Results*

Peak Dose, 4-Day Exposure
(Weather-Distributed Results)

Conceptual Regulatory Criteria

Q
(7p]
o
a
Distance
@ \ean 5th Quantile 95th Quantile
*Note: Consequence results are shown to illustrate code capabilities only. Actual 00 “USNRC
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consequences would be based on design, site, and scenario-specific factors. Protecting People and the Environment




Sensitivity Analysis of Radionuclides

* MACCS guidance recommends
using a subset of radionuclides
from the LWR core for analysis

e That list was expanded to
include additional radionuclides
from the conceptual HPR core

Recommended Radionuclide List for LWR
Applications (from NUREG/CR-7270, Table 2-2)

Additional Radionuclides from draft
SAND2022-12018, Table 4-2

Co-58 Y-90 Ru-103 Te-132 Ba-137m Nd-147 Ag-111 Ge-77 Pm-149 Sn-121
Co-60 Y-91m Ru-105 1-131 Ba-139 Np-239 As-77 Nb-95m Pm-151 Sn-123
Kr-85 Y-91 Ru-106 -132 Ba-140 Pu-238 Cd-115 Nd-149 Pr-145 Sn-125
Kr-85m | Y-92 Rh-103m 1-133 La-140 Pu-239 Cd-115m | Pd-109 Sb-125 Sn-127
Kr-87 Y-93 Rh-105 1-134 La-141 Pu-240 Eu-154 Pm-147 Sm-151 Te-125m
Kr-88 Zr-95 Rh-106 1-135 La-142 Pu-241 Eu-155 Pm-148 Sm-153 U-234
Rb-86 Zr-97 Te-127 Xe-133 Ce-141 Am-241 Eu-156 Pm-148m | Sm-156 U-237
Rb-88 Nb-95 Te-127m Xe-135 Ce-143 Cm-242 . . ]
Sr89 | Nb-97 | Te129 | Xe-135m | Ce-144 | Cm-244 Additional Daughter Radionuclides
Sr-90 Nb-97m Te-129m Cs-134 Pr-143 Sb-127

Sr-91 Mo-99 Te-131 Cs-136 Pr-144 Sb-129 [ In-115m [ In-115 | Th-230 [ Ra-226 | Rn-222 |
Sr-92 Tc-99m Te-131m Cs-137 Pr-144m

00 USNRC
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Sensitivity Analysis of Radionuclides™

* A sensitivity using the
updated radionuclide list
shows little cha nge in the Peak Dose Ratio (Weather-Averaged Results)
results. 1.0035

* The ratio of the peak doses o
from the new radionuclide 1.002

list compared to the LWR list

shows minimal increase in 1.001
1.0005
consequence. :

* Note: this did not evaluate S A 0 o N 5 o T 0 o G o 0 0 o 0 o
radionuclides important to MRS R

ing.eStion Consequencesl e 5] years 30days ddays ==@==] day ==@==? hours
which is based on a
separate list

*Note: Consequence results are shown to illustrate code capabilities only. Actual 102 (QfUS NRC

United y Commission
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Sensitivity Analysis of Dose Exposure Period™

+ The analyzed exposure Peak Dose (Weather-Averaged Results)

periods begin at the start s
of the accident. Release o
begins quickly at less than on
1 hour. = 1805
* Longer exposure periods g 1E06
cause greater doses. N ig;
At 2 hours, only a fraction 109
of the release has 1E10
occurred, and no plume 1E11
segments have travelled Qgsfiam‘i@;»‘*‘;e;*‘;soigﬁ*‘:gee»“‘;@*‘;&“‘ o ,L;.;i@;@*‘;@}&}of;@
beyond 5 km (3.1 mi). OF o7 of of o7 of o o U
@51 years 30 days Adays e=@e=1day ==@=2 hours
*Note: Consequence results are shown to illustrate code capabilities only. Actual 103 @QSNBWC

consequences would be based on design, site, and scenario-specific factors. Prosecing People and e Environmens



Sensitivity Analysis of Dose Exposure Period™

e Exposures during plume
passage and exposures
to short lived 100%
radionuclides occur only .
in the early phase of the
accident.

* Nevertheless, exposure
to ground contamination

Projected Dose Comparison (0-0.1 km)

60%

40%

Relative Dose

over the long term is the 20 e cos - 8%
dominant contributor to oo — — 1
the overaII Ilfetlme dOSG 2 hours 1 day 4 days 30 days 51vyears
projection
*Note: Consequence results are shown to illustrate code capabilities only. Actual 100 US Nl%mC

consequences would be based on design, site, and scenario-specific factors. roseting Fraple and e Entiromens



Sensitivity Analysis of Nearfield Modeling

Using the weather conditions of the Sequoyah Nuclear Plant, the project compared the
following three MACCS nearfield modeling approaches:

(1) Regulatory Guide (RG) 1.145 Partial Model (with Area Source)

(2) RG 1.145 Full Model (with Point Source)

(3) Ramsdell and Fosmire Model (with Point Source)

Both options 1 and 2 are based on the nearfield modeling approach described in RG 1.145.

— Option 1 is a partial implementation of RG 1.145. This model does not directly account for
building wake. Instead, the project uses an area source based on the building size to model the
building wake zone.

— Option 2 is a full implementation of RG 1.145. This modeling approach considers the effects of
both building wake mixing and ambient plume meander.

Option 3 is based on the Ramsdell and Fosmire nearfield modeling approach used by
ARCON96. (SAND2021-6924)

Options 2 and 3 are new models available in MACCS version 4.1

' USNRC
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Sensitivity Analysis of
Nearfield Modeling®

 The amount of plume spread in the
different models notably impacts
doses in the first 40 km (25 mi).

* Because the Ramsdell and Fosmire
Model has the most spread, it has
the lowest peak doses of the three
nearfield models.

 The two RG 1.145 models have
similar peak doses after roughly 1 km
(0.62 mi), whereas the Ramsdell and
Fosmire Model does not have the
same peak doses until approximately
40 km (25 mi).

Peak Dose (Weather-Averaged Results)
1E-02

1.E-03
1.E-04

1.E-05

Dose (Sv)

1.E-06
1.E-07 ——

1.E-08

,»\tj\\ ,],\PQ ) & V\éo 0)\50 (O\éo ,\\e@ %\'«(Q c)\'éQ ¢ & & Q\é(\ oj\ké\ Q@\ %\b& Q\k'@
7 O 97 o7 7 o7 7 07 97 o7 N7 AT > (O A N N
SN AN NSRS A

e=@==Ramsdell and Fosmire Model RG 1.145 Partial Model RG 1.145 Full Model

Peak Dose Ratio (Weather-Averaged Results)

12
1
0.8
=
(%]
~ 06
=
(%]
0.4
02 o
0
S E E E E EE EE EEEEEE S
N AT Y 2 95 6 AY @Y of &Y aY oY oY oF oF oY o
T N2 AR 8T 0T T P AR P YT Y Y 9 O oY Y
7 oY o7 o o7 o o' o AR Rl

==@=PRamsdell and Fosmire Model / RG 1.145 Full Model RG 1.145 Partial Model / Full Model

*Note: Consequence results are shown to illustrate code capabilities only. Actual
consequences would be based on design and site-specific factors.
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Sensitivity Analysis of Nearfield Modeling*®

* There are 64 compass directions in the
analysis. Direction 1 represents north,

and ascending numbers represent a Dose, 0.2-0.3 km (Weather-Averaged Results)
clockwise direction. 1.2E-04
 The double peak results are due to the
meteorological conditions at the 1.0E-04
Sequoyah Nuclear Plant site, which has
two dominant wind directions. 8.0E-05
* The RG 1.145 Full Model has the 5
narrowest plume, and therefore it has & *%°%
the highest doses in the dominant wind ~
4.0E-05

directions.
e The Ramsdell and Fosmire Model has

. . 2.0E-05
more horizontal plume spread, creating W
a more uniform dose.

0.0E+00
° The Ramsdell and Fosmire Model 1 3 5 7 9111315171921 232527 293133353739 41434547 495153555759 6163
ShOWS d |OW€I" dOSG In a” dll’ECtIOﬂS, e R amsdell and Fosmire Model RG 1.145 Partial Model RG 1.145 Full Model
likely because of vertical plume spread.
*Note: Consequence results are shown to illustrate code capabilities only. o “USNRC

United States Nuclear Regulatory Commission
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Sensitivity Analysis of Release Timing

MACCS assumes that reactor shutdown occurs at the beginning of an accident
scenario. MACCS begins calculating decay and ingrowth at this time.

The TOP scenario is different in that shutdown does not immediately occur.

The reactor is postulated to operate for roughly an hour when the reactor power
level steadily increases. This presents a few issues in computing offsite
consequences:

— Since reactor shutdown does not immediately occur, the holdup time between reactor
shutdown and the start of release is shorter than MACCS anticipates.

— The calculation of the core inventory assumes steady-state operation. If the reactor
power level changes, it may not fully represent the new composition from the shift in
fission rate before shutdown.

— Release can begin before reactor shutdown. MACCS is designed only to calculate decay
and ingrowth from a core inventory given at a fixed time. It does not model production
of fission and activation products during release.

@ US.NRC
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Sensitivity Analysis of Release Timing

* A shift in the release .timing. o Peak Dose Ratio (Weather-Averaged Results)
impacts the dose. This sensitivity

evaluates the dose over a 7-day o e
. : el e e e O e e e e G e
exposure period. oo
* The TOP release has a start time of 0.99
0.94 hours; a shift of -0.94 hours > ggf . S S D S S S s g
represents an immediate release. = o8 W
. . ' —— - g o e '
* Despite a shift by up to 4 days, the ” 095 -
projected dose remained within g:
about 6 percent. o
e Nearly half of this range (3 091
ercent) can be attributed to a CECEECEEFEEEEEELEEFELEEEEE
P ) fmi : o SV P N o8 0 N P O %:C” R O N N NP
change in release timing of just 3 PN LN G o & S
hours (i.e., from -0.94 to 2 hours). N A
emes ()94 Hours === Hours 1 Hour 2 Hours
===/ Hours === & Hours ol ) 1 HoOUrs e 06 HoUrs
Note: Consequence results are shown to illustrate code capabilities only. Actual 00 B USNRC

United States Nuclear Regulatory Commission
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Summary Results

The MELCOR analysis selected accident conditions during a TOP accident scenario that produced an
example source term of the INL Design A conceptual design.

The sensitivity analysis of the nearfield models using the weather conditions of the Sequoyah Nuclear
Plant site shows the following:

— The RG 1.145 Full Model has the highest peak dose.

— The Ramsdell and Fosmire Model has the most plume spread.

— The two RG 1.145 Models align quickly after 1 km.

— The Ramsdell and Fosmire Model may not align the RG 1.145 Models until 40 km (25 mi).

The other sensitivity analyses show the following:
— Exposure to ground contamination over the long term is the dominant contributor to the overall lifetime dose projection in
this example.

— The use of an expanded subset of radionuclides in this example consequence analysis showed only a minimal increase in
consequence.

— Asshiftin the release timing for this example source term has a small impact on the projected peak dose.
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Conclusions

The results of our evaluation confirm that, despite some limitations, analysts can use the flexibility of
the MAACCS code to analyze the offsite consequences of an advanced reactor design under a
postulated accident scenario.

The evaluation exercise provided valuable practical experience in implementing new ORIGEN
inventories and MELCOR source terms in MACCS.

As new source terms of new and advanced reactor designs become available, RES staff may assess
whether further enhancements to the MACCS code are needed.

The project has identified several candidate future research activities:

continue to demonstrate MACCS capabilities using as input the core radionuclide inventory and
atmospheric release from the example SCALE and MELCOR demonstration calculations,

continue the evaluation of radionuclides in non-LWR inventories important to dose and expanding these
evaluations to include ingestion doses,

develop a method to analyze or conservatively bound accidents with simultaneous release and fission, and

develop methods to analyze or conservatively bound the impact of additional radionuclide chemical and
physical forms and how they may transform in the environment.
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Goals of this Presentation

* Inform stakeholders about regulatory approaches the NRC staff is
developing for consideration by the Commission for fuel loading and
operational testing at the factory

* Inform stakeholders about other licensing and deployment topics and
potential near-term strategies and next steps the NRC staff is

considering
e Receive feedback from stakeholders
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Conceptual Deployment Model for Factory-Fabricated
Transportable Micro-Reactors

Factory or Transportation to the
Manufacturing Facility Deployment Site

Deployment Site — ' Transportation from
Power Operation i the Deployment Site

—

Decommissioning or
|
i
|
! Stand-alone, self-contained !
i
I
i
i

Refurbishing Facility
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Reactors may | oo

contain spent or
irradiated fuel

Reactors may micro-reactor design

contain fresh or
irradiated fuel

Fabricate the reactor,
load fuel, and potentially
operate the reactor for | =31 .
functional testing

Remove fuel and
decommission the reactor,
recycle components and
systems, or refurbish and
refuel the reactor for
redeployment

—— B
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Regulatory Approaches for Fuel Loading at the Factory

The NRC staff is developing approaches for licensing fuel loading
at the factory under the existing regulations for consideration by
the Commission:

— Facility operating license issued pursuant to 10 CFR Part 50 that limits operation to fuel
loading

— Combined license issued pursuant to 10 CFR Part 52 that limits operation to fuel loading

— Manufacturing license for manufacture and possession of the utilization facilities and a
license to possess special nuclear material issued pursuant to 10 CFR Part 70 with
provisions for the utilization facilities to include features to preclude criticality

{fUSNRC
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Regulatory Approaches for Operational Testing at the Factory

 The NRC staff is developing approaches for licensing operational
testing at the factory under the existing regulations for
consideration by the Commission:

— Construction permit issued pursuant to 10 CFR Part 50, potentially covering many
reactors, that would be converted to 10 CFR Part 50 facility operating licenses that limit
operation to that needed for operational testing

— Combined licenses issued pursuant to 10 CFR Part 52, potentially issued at the same
time based on one application, that limit operation to that needed for operational testing

— Construction permit issued pursuant to 10 CFR Part 50, potentially for many commercial
non-power reactors, that would be converted to facility operating licenses that limit
operation to that needed for operational testing

2 USNRC
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Other Licensing and Deployment Topics and
Potential Near-Term Strategies and Next Steps

Considerations related to initial fuel load and authorization to operate at the
deployment site for reactors that arrive pre-loaded with fuel

« Deployment strategies that include loading fuel or operational testing at a manufacturing facility would
result in fueled reactors arriving at the deployment site

« Several requirements in the Atomic Energy Act of 1954, as amended (AEA), and 10 CFR Parts 50 and 52
that are related to public notifications, the opportunity for hearing, authorization to operate the facility, and
others are premised on fuel being initially loaded at the deployment site

« The NRC staff is considering whether there is a suitable alternative to “initial loading of fuel” at the
deployment site that could be used as an alternate milestone and would accomplish the underlying
purpose of the AEA and regulations

' USNRC
S.
United States Nuclear Regulatc on

gulatory Commissic

Protecting People and the Environment



Other Licensing and Deployment Topics and
Potential Near-Term Strategies and Next Steps

Timeframe for authorization to operate at the deployment site

» Factory-fabricated transportable micro-reactors may have significantly simpler and shorter construction
activities at the deployment site compared to large light water reactors and could be ready to begin
operation in days to weeks to a few months after obtaining a construction permit or combined license

« Several requirements in the AEA and 10 CFR Part 50 and Part 52 that are related to the environmental
review, the schedule for intended operation, public notifications, the opportunities for hearing, authorization
to operate the facility, and others include timeframes that could add up to many months in total

» For licensing under 10 CFR Part 52, the NRC staff plans to clarify the circumstances under which the
schedule for intended operation and initial fuel load can be accelerated and is considering ways to
streamline public notifications, hearings, and the authorization to operate, as appropriate

« For licensing under 10 CFR Part 50, the NRC staff is considering opportunities to expedite steps in the
processing and review of applications for facility operating licenses, such as acceptance review and
docketing, milestones for hearings, and the supplement to the environmental impact statement
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Other Licensing and Deployment Topics and
Potential Near-Term Strategies and Next Steps

Licensing replacement reactors

Factory-fabricated transportable micro-reactors might be periodically replaced with reactors of the same
design at the end of their lives or fuel cycles, and each reactor would be required to have its own
combined license or facility operating license

A licensee might have multiple fueled reactors on site in various states of operation and shutdown to allow
for transition from the operating reactor to the replacement reactor with minimal downtime. This would
need to be considered in the safety and environmental reviews

The NRC staff previously addressed similar concepts and considered licensing options for multi-module
facilities in SECY-11-0079, “License Structure for Multi-module Facilities Related to Small Modular Nuclear
Power Reactors,” dated June 12, 2011 (ADAMS Accession No. ML110620459)

The NRC staff is considering approaches under 10 CFR Part 50 and Part 52 where the construction permit
application or combined license application would cover all reactors envisioned to be operated at the
deployment site and each reactor would be authorized to begin operation under its own facility operating
license or combined license once the Commission had made the required findings
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Other Licensing and Deployment Topics and
Potential Near-Term Strategies and Next Steps

Autonomous and remote operations

Proposed designs for factory-fabricated transportable micro-reactors (and potential designs for other types of
reactors) might include autonomous and remote operational characteristics to reduce the number of operators
and other categories of personnel at the facility site

As previously noted in SECY-20-0093, “Policy and Licensing Considerations Related to Micro-Reactors,” dated
October 6, 2020 (ADAMS Accession No. ML20129J985), both autonomous and remote operations raise potential
policy-related matters

The NRC staff plans to further develop its understanding of the industry deployment models for factory-fabricated
transportable micro-reactors with respect to industry plans for remote and autonomous operations, identify any
gaps in the existing human factors engineering review needed to address the deployment models, and develop
the technical bases for any new guidance that may be needed

As part of the proposed Part 53 rulemaking provided to the Commission, the NRC staff has proposed a new risk-
informed, performance-based, technology-inclusive cybersecurity framework that would require licensees to
demonstrate protection against cyberattacks in a manner that is commensurate with the potential consequences
from those attacks
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Other Licensing and Deployment Topics and
Potential Near-Term Strategies and Next Steps

Transportation of fueled reactors

Factory-fabricated transportable micro-reactor developers (and potentially developers of floating nuclear
power plants that use reactors with higher power levels) envision transporting fueled reactors from a
fabrication site or a refurbishment and refueling facility to the deployment site for operation and later
removing fueled reactors from the deployment site at the end of their useful lives or fuel cycles

Transportation packages for factory-fabricated transportable micro-reactors may consist of the reactor itself
or the reactor plus additional overpack, as needed. Packages for transporting a micro-reactor from the
factory to the deployment site could be either a Type A fissile (Type AF) or Type B fissile (Type BF)
package, as defined in 10 CFR Part 71

The NRC staff intends to use the existing regulatory framework (primarily 10 CFR Part 71) to review
transportation of fueled commercial micro-reactors in the near term, which may include the use of the
alternate test criteria in 10 CFR 71.41(c), the special package authorization option in 10 CFR 71.41(d), or
exemptions, as appropriate
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Other Licensing and Deployment Topics and
Potential Near-Term Strategies and Next Steps

Storage of fuel after irradiation in a power reactor

* Depending on the duration between withdrawal of the fuel from the reactor (or the final reactor shutdown)
and placement into a dry storage facility, different regulations may apply to the storage of the reactor fuel

» The definition of spent fuel in 10 CFR 72.3 includes criteria that the fuel has been withdrawn from a
nuclear reactor following irradiation and has undergone at least one year's decay since being used as a
source of energy in a power reactor

» In order to store irradiated power reactor fuel that had been withdrawn from a reactor for less than a year
in an independent spent fuel storage installation, the licensee would be required to apply for a specific
license under 10 CFR Part 72 and request and justify exemptions addressing the one-year decay time
requirement in the regulations

« The NRC staff intends to engage with stakeholders as they further develop their strategies for handling and
storage of irradiated and spent fuel generated in factory-fabricated transportable micro-reactors

' USNRC
S.
United States Nuclear Regulatc on

gulatory Commissic

Protecting People and the Environment



Other Licensing and Deployment Topics and
Potential Near-Term Strategies and Next Steps

Decommissioning process and decommissioning funding assurance

Factory-fabricated transportable micro-reactor deployment models might involve transporting a reactor
away from the deployment site to a facility at a different location for decommissioning at the end of its life or
for refurbishment and refueling before re-deployment

Depending on the activities to be conducted at a decommissioning facility or a refurbishment and refueling
facility, the facility may need to be licensed under a combination of the regulations in 10 CFR Part 30 for
byproduct material, Part 50 or 52 for a facility operating license or combined license, Part 70 for special
nuclear material, and Part 72 for spent fuel storage

The deployment site licensee would need to establish decommissioning funding assurance that considers
the cost of removing the reactor from the site and decommissioning it elsewhere in addition to the cost of
decommissioning activities at the deployment site. The NRC staff may consider site-specific
decommissioning cost estimates that appropriately account for all activities at both locations and all waste
disposal costs

' USNRC
S.
United States Nuclear Regulatc on

gulatory Commissic

Protecting People and the Environment



Other Licensing and Deployment Topics and
Potential Near-Term Strategies and Next Steps

Siting in densely populated areas

« Some micro-reactor license applicants might seek to site reactors at locations that are inconsistent with the
current Commission policy and the regulations in 10 CFR 100.21(b), i.e., a location within a population
center of 25,000 residents or more

« The NRC staff is currently revising the population-related siting guidance in Regulatory Guide (RG) 4.7,
“General Site Suitability Criteria for Nuclear Power Stations,” Revision 3, issued March 2014 (ADAMS
Accession No. ML12188A053) to provide technology-inclusive, risk-informed, and performance-based
criteria to assess certain population-related issues in siting advanced reactors

* In the near term, the staff will continue its effort to revise RG 4.7 and will review license applications in
accordance with current Commission policy that allows alternative population-related criteria but precludes
siting a commercial power reactor, no matter the size or type of reactor, within a population center of 25,000
residents or more
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Other Licensing and Deployment Topics and
Potential Near-Term Strategies and Next Steps

Commercial maritime applications

« The NRC staff is aware of growing interest in commercial maritime applications of factory-fabricated
transportable micro-reactors and other reactor technologies for stationary power production, marine vessel
propulsion, production of decarbonized fuels, and other uses

« Depending on the particular application, deployment of commercial maritime reactors could introduce a

host of policy issues and legal matters, especially for nuclear propulsion in the international shipping
industry

« The NRC staff will continue to engage with stakeholders and monitor developments related to commercial
maritime applications and assess the need for future Commission direction
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Other Licensing and Deployment Topics and
Potential Near-Term Strategies and Next Steps

Commercial space applications

« The NRC staff is aware that developers are considering space applications of factory-fabricated

transportable micro-reactors. However, the NRC staff is not aware of any plans for fully commercial space
applications

* In the case of a fully commercial space application of a factory-fabricated transportable micro-reactor, the
NRC'’s established regulatory jurisdiction and licensing authority would cover the related terrestrial activities
prior to launch activities, which would be under the authority of the Federal Aviation Administration’s Office
of Commercial Space Transportation (a part of the Department of Transportation)

« If developers engage the NRC staff on terrestrial activities related to commercial space applications of
factory-fabricated transportable micro-reactors, the NRC staff intends to apply the established regulatory
framework, as informed by the potential licensing approaches and strategies outlined in this presentation
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Other Licensing and Deployment Topics and
Potential Near-Term Strategies and Next Steps

Commercial mobile applications

Factory-fabricated transportable micro-reactor deployment models might include scenarios where the reactor
would be operated on an as-needed, where-needed basis, such as for disaster relief or to meet temporary
increases in demand

The current regulatory framework for reactor licensing is not conducive to this deployment strategy because the
regulations in 10 CFR Part 100 apply to every site at which a reactor may be operated, and NRC's
implementation of the National Environmental Policy Act relies on performing an environmental review that
contemplates a particular site

The AEA and regulations in 10 CFR Parts 50 and 52 for licensing utilization facilities also require opportunities for
public hearings before the Commission can issue a facility operating license or authorize operation under a
combined license. These may take a minimum of several months to complete, limiting the ability to rapidly deploy
a reactor to meet immediate, short-term needs

The NRC staff will monitor developments in the commercial sector related to deployment models and the demand
for commercial mobile micro-reactor licensing. The staff will assess the need for future Commission direction,
rulemaking, and coordination with other Federal agencies in this area
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Next Steps

* Publish a draft white paper to further stakeholder engagement in
August 2023

* Develop a Commission paper on licensing and deployment
considerations factory-fabricated transportable micro-reactors:
— Request Commission direction on regulatory approaches for loading
fuel and operational testing at the factory

— Provide information on other topics, including the NRC staff’s related
near-term strategies and next steps
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Discussion ltems

* Are there other approaches that the NRC staff should consider
for loading fuel and operational testing at the factory that
would not involve rulemaking?

* Are there other near-term strategies the NRC staff should
consider for the other identified topics?

* Other feedback or questions for the NRC staff.
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Advanced Reactor Stakeholder Public Meeting

Break

Meeting will resume at 4:30 pm EST

Microsoft Teams Meeting
Bridgeline: 301-576-2978
Conference ID: 501 432 683#
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https://teams.microsoft.com/l/meetup-join/19%3ameeting_MTY4ZWVmODItNTgxYS00MDEwLWE3MTktYjM3ZGU1ZWMxYTcw%40thread.v2/0?context=%7b%22Tid%22%3a%22e8d01475-c3b5-436a-a065-5def4c64f52e%22%2c%22Oid%22%3a%2266bab7d1-1870-45b8-b9c3-fae68a50fac1%22%7d

Transportable Microreactor
Package Approval

Advanced Reactor Stakeholder Meeting
July 20, 2023

Bernard White and Olivia Hunsberger
Storage and Transportation Licensing Branch
Division of Fuel Management
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
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Purpose

Inform external stakeholders of the NRC activities related to
transportable microreactors.

Importance and benefit of timely pre-application engagements
in the regulatory process.

138 %USNRC

Prot gP pl d l] E nment




Overview

Package approval standards
Package approval regulatory approaches
Microreactor Package Approval

Risk-Informed Methodology

135 (2) US NRC
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Package Approval Standards

* Prescriptive performance-based regulations
* Tests and conditions

— Normal conditions of transport
— Hypothetical accident conditions

e Post-test criteria
— Criticality safety
— Maximum dose rates

— Containment criteria
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Package Tests

WS F 50 Feet
J0-Foot For 30 Minutes Underwater

Drop ' For 8 Hours
40-Inch Orop

(RP

[Unyiclding Zurface]
Free Drop Puncture Thermal Immersion

Normal conditions of transport
(10 CFR 71.71 & 49 CFR 173.465)

Hot and cold temperatures

Reduced and increased external
pressure

Vibration

Water spray

Free drop (1 foot)
Penetration test

Hypothetical accident conditions
(10 CFR 71.73)

30-foot drop test in most damaging
orientation

40-inch puncture test
30-minute fire test
Water immersion test
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Post-Test Performance Criteria

* Criticality safety
— Single package (10 CFR 71.55)
— Array of packages (10 CFR 71.59)

* Maximum dose rates for normal transport
(10 CFR 71.47 & 49 CFR 173.441)

* Additional criteria for Type B packages (10 CFR 71.51)

— Containment for normal conditions of transport and hypothetical
accident conditions

— Maximum dose rates after hypothetical accident conditions
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Package Approval Regulatory Approaches

Final Draft: Micro-reactors Licensing Strategies (ML21328A819)

10 CFR 71.41(c)

— Limited to changes to tests for normal conditions of transport and hypothetical
accident conditions

— No changes to acceptance criteria
— Shipper controls for equivalent level of safety

10 CFR 71.41(d)

— One-time shipment of large packages
— Special package authorization
— Equivalent level of safety

Exemptions via 10 CFR 71.12

139 ?) US NRC
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https://www.nrc.gov/docs/ML2132/ML21328A189.pdf

Microreactor Package Pre-Application Engagements

* Provide staff with knowledge on specific designs and technologies

* Enhances quality of applications
* Helps NRC to understand future needs and inform its budget

* Ensures applicants and regulator have shared understanding of
— the applicable requirements
— review approach and

— whether data gaps exist (e.g., testing) that need to be addressed, as these
may be the critical path, impacting the overall schedule

* Allows NRC to plan for package reviews
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Risk-Informed Methodology

NRC is reviewing a risk-informed methodology (ML23066A201) for
limited number of shipments for a single transportable microreactor.

Staff can approve exemptions that meet criteria in §71.12, unless directed
to send to Commission.
Uncertainties on the use of risk-informed methodology:

— May only be used by one reactor vendor

— Number and type of exemptions requested for a transportable microreactor
package approval

Planning a Commission paper on risk-informed methodology.

Significant number of transportable microreactor package approvals
needing exemptions would likely warrant Commission direction.

{fUSNRC
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https://adamsxt.nrc.gov/navigator/AdamsXT/document/documentProperties.jsp?objectType=document&objectStoreName=MainLibrary&vsId=%7b05F73D8F-98A9-C85B-BE69-86BD05E00000%7d&id=Package,%7bFADD9FBE-4595-43E6-B85B-8F2B7707A2E9%7d,%7bE57BE6B4-0DDF-CF4B-8689-86BD05E00000%7d&verion=current

Closing Remarks

NRC is ready to review packages for transportable microreactors.

NRC regulatory framework in 10 CFR Part 71 is adequate for
approving transportable microreactors.

Package approval method could be package/reactor dependent.

NRC is aware of numerous transportable microreactor designs
but has not had pre-application engagement on most of them.
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CONTACT US

Bernard White, Yoira Diaz-Sanabria, Chief

Storage and Transportation
Licensing Branch

Yoira.Diaz-Sanabria@nrc.gov
301-415-6577 301-415-8064

Sr. Project Manager
Bernard.White@nrc.gov
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Future Meeting Planning

* The next periodic stakeholder meetings in 2023 are scheduled
for September 14, October 25, and December 7.

* |f you have suggested topics, please reach out to Steve Lynch
at Steven.Lynch@nrc.gov
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How Did We Do?

* Click link to NRC public meeting information:

https://www.nrc.gov/pmns/mtg?do=details&Code=20230270

* Then, click link to NRC public feedback form:

Meeting Feedback

eeting Feedback Form

Meeting Dates and Times
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