SCHEDULING NOTE
Title: MEETING WITH NRC STAKEHOLDERS (Public Meeting)

Purpose: Stakeholders will be invited to share their perspective on the NRC’s
regulatory programs, provide examples to illustrate their particular
concerns, and offer recommendations and solutions in a roundtable
discussion. The Commission is open to hearing about any topic
raised by presenters. However, the following topics are offered to
provide a general sense of the areas of Commission focus.

¢ Licensing efficiency and effectiveness;

Application of the backfit rule and processes for resolving backfitting

concermns;

Risk-informed regulatory approaches/risk-informed decision making;

Disposition of inspection findings;

Effectiveness of enforcement activities;

Prioritization of regulatory activities;

Resolution of stakeholder comments in rulemaking and regulatory

analyses;

Project Aim initiatives;

o Effectiveness of public engagement and conduct of public meetings; and

o Effectiveness of current regulatory framework on advanced technology
development and innovation of current technology.

Scheduled: July 26, 2016
9:00 am

Duration: Approx. 7 hours, with a 1.5 hour break for lunch
Location: NRC Auditorium
Chairman and Commissioners to provide opening remarks 5 mins.
Participants: Presentations:
Maria Korsnick, Chief Operating Officer, NEI 7 mins.
Shelley Buck, Tribal Council President, Prairie Island Indian Community 7 mins.
David Lochbaum, Director, Nuclear Safety Project, Union of Concerned 7 mins.

Scientists

Dennis Koehl, Chief Executive Officer, STPNOC 7 mins.
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Dr. Ashley Finan, Senior Project Manager for Energy Innovation,
Clean Air Task Force

Discussion*

Break

Dr. Allison M. Macfarlane, George Washington University, Professor of
Public Policy and International Affairs; Director, Center for
International Science and Technology Policy; Director,
International Science and Technology Policy M.A. Program

Jackson Brossy, Executive Director, Navajo Nation Washington Office

Philip D. Moeller, Senior Vice President, Edison Electric Institute

Janet Schlueter, Senior Director Radiation and Materials Safety, NEI

Gary Mignogna, President and Chief Executive Officer, AREVA

Katie Sweeney, Senior Vice President, Legal Affairs, and General
Counsel, National Mining Association

Discussion*

Lunch

Dale Atkinson, Chief Operating Officer and Chief Nuclear Officer, NuScale

Paul Gunter, Director, Reactor Oversight Project, Beyond Nuclear

Peter Gaillard, Manager Licensing Operations, TerraPower LLC

Jeffrey Merrifield, Partner, Pillsbury Law

Bryan Hanson, Chief Nuclear Officer, Exelon

Dr. Yassin Hassan, Nuclear Engineering Department Heads
Organization, and Head, Department of Nuclear Engineering,
Texas A&M University

Discussion*

Break
Sherrie Flaherty, Chairman, Organization of Agreement States

7 mins.

30 mins.
10 mins.

7 mins.

7 mins.
7 mins.
7 mins.
7 mins.

7 mins.

30 mins.
90 mins.
7 mins.
7 mins.
7 mins.
7 mins.
7 mins.

7 mins.

30 mins.

10 mins.
7 mins.



Fred Fahey, MD, SNMMI Past President and Medical Rep to CRCPD,
Director of Nuclear Medicine/PET Physics, Boston Children’s
Hospital, Professor of Radiology, Harvard Medical School

Anna Jerry, International Representative, International Brotherhood
of Electrical Workers (IBEW)

David Heacock, President and Chief Nuclear Officer, Dominion Nuclear

Jim Riccio, Nuclear Policy Analyst, Greenpeace

Wayne Norton, President and CEO of Connecticut Yankee Atomic
Power Co. and Yankee Rowe Nuclear Power Station; Chief
Nuclear Officer of Maine Yankee; and Principal Spokesperson for
Decommissioning Plant Coalition

Discussion*

Closing remarks

Also at the table but not presenting:

Chairman and Commissioners
SECY

7 mins.

7 mins.

7 mins.

7 mins.

7 mins.

30 mins.

5 mins.

In the room and introduced but not at the table: OGC, EDO, DEDQOs, CFO, NRR,

NMSS., NRO, and NSIR.

*No specific Commission Q&A period — clarifying questions and/or an opportunity to
discuss a recommendation or proposed solution. Stakeholders are invited to initiate/

participate in this discussion period.



NRC Stakeholders Meeting
July 26, 2016
Gary M. Mignogna Talking Points

| appreciate this opportunity to share my thoughts with the NRC. Thank you for hosting this
industry stakeholder meeting.

Suppliers are struggling to introduce new products in a reasonable time frame, including new
reactors, under the current regulatory timeframes.

I’d like to provide an industry supplier perspective on the current state of licensing efficiency in
three specific areas: Topical Reports for fuel designs, digital instrumentation & control systems,
and new reactor designs.

The First Topic is Topical Reports for Fuel Designs:

The timely completion of Topical Report reviews is showing a negative trend over the last 10
years. The average time up until 2006 for the NRC to review and approve Topical Reports was
14 months; this average has increased to 51 months in 2016 with the longest being submitted
76 months ago and not yet approved. Hence, we can no longer wait for the NRC to review and
approve Topical Reports before introducing new fuel products; which then requires licensees to
introduce the same technical content for review in multiple License Amendment Requests;
which in turn causes the NRC considerable resource inefficiency with multiple review teams
reviewing the same information.

Working with the NRC staff we are starting to make some progress in this process through
frequent status meetings and more effective use of audits. We appreciate the additional
interface time where we can reach a common understanding of issues and reach resolution so
much quicker when we communicate in real time rather than relying on Requests for Additional
Information as the primary communication path.

However, I'm concerned that our licensing process will still not move fast enough to get
important new fuel innovations deployed in a reasonable amount of time to meet licensee
needs. New fuel products improve uranium efficiency; while Accident Tolerant Fuels will
improve safety margins in the near term by a few hours; and, Enhanced Accident Tolerant Fuels
have the potential to improve coping times up to 72 hours. Progress on these innovations can
be improved by applying the on-going initiatives and by applying the following requested
initiatives.



We greatly appreciate the staff taking the initiative to revise LIC-500 to include a new
prioritization scheme as well as metrics for review and approval times as were in previous
revisions of LIC-500. Please continue to give the revisions focused attention.

’

We request that you allocate additional resources to Topical Report reviews to “catch-up”.
Additionally, restore the value of precedence and established standards in the review and
approval process to minimize the influence of individual reviewer preferences. Restore the
discipline in the use of LIC-101 governing licensing reviews. And, define the level of
“reasonable assurance of safety and compliance” for judging the technical adequacy of
licensing requests and establishing consistent acceptance standards for use by reviewers.

Consider a new process where the precedence of approvals of codes and methods accepted in
a LAR can subsequently be accepted in a Topical Report without a whole new team reviewing

the same content from scratch. That is, allow NRC acceptance precedence to be applied from
LARs to Topical Reports just as you do when going from Topical Reports to LARs.

Further, it would be helpful for the NRC and DOE to be aligned with each other and with the
licensees and vendors to deploy Accident Tolerant Fuel lead test segments, rods, or assemblies
—depending on the technology —in 2019. Please factor this into your priorities.

The Second Topic is Safety Related Digital I&C Systems:

Digital 1&C modifications for non-safety related systems have been successfully implemented at
all sites and their benefits are being realized. Many of these modifications, such as Turbine and
Feedwater Controls, have resulted in increased reliability and fault tolerance, resulting in fewer
transients, trips and operational challenges. However, even after the successful
implementation of safety related digital reactor protection and emergency safeguard systems
at three US nuclear units and dozens worldwide, the industry is still struggling with the
timeliness, efficiency, and predictability of the licensing and oversight processes for subsequent
Safety Digital I&C upgrades.

We acknowledge and welcome the NRC effort on the Digital I&C Integrated Action Plan.
Currently there is a significant amount of effort by the NRC staff, utilities, vendors, Nuclear
Energy Institute, Electric Power Research Institute, and the DOE to improve and modernize the
Regulatory infrastructure that is used for safety related Digital I&C designs. We will fully
support and will continue to cooperate with the NRC staff in their effort to develop clear
technical guidance and consistent regulatory requirements so we can implement safety related
digital I1&C projects on a reasonable schedule and cost-effective budget.

We request that you please keep your resources dedicated to this important effort and
continue to work efficiently with a sense of purpose towards more pragmatic solutions to



specific regulatory issues such as common cause failures while maintaining the quality and
integrity of these systems vital to safety.

The Third Topic is New Reactor Designs:

The Design Certification review and approval process has been an arduous and financially
painful experience for the major suppliers. The cost for a Design Certification for light water
reactors similar to those already operating is between $600M and $1B. This does not include
the detailed design effort; which, in fact, is much less than the licensing process itself; quite
inverted from an historical perspective.

Further, we have seen that many LARs and design changes have been required during
construction; some of which are arguably not improving the safety of the unit. And, even after
completion of multiple units proving the design, regulation requires a resubmittal of the DC for
renewal after 15 years for another approval cycle. This inefficient process significantly
increases the cost of new nuclear units and significantly discourages future investments while
doing little to impact safety.

Although we don’t see the need for a renewal requirement, at a minimum, we again request
that you follow NRC acceptance precedence when folding LAR resolutions into the DC
resubmittal and not launch a new team to review the same content for renewal.

| have identified areas for improvement in Topical Reports, Safety Related Digital 1&C, and New
Reactor Licensing. We acknowledge that vendors must incorporate lessons learned and
implement improvements to do our share to increase efficiency. Please know that we are
committed to improve. We are eager to be part of the solution to assure a safe and cost
effective nuclear future.

Thank you again for the opportunity to present our concerns. We appreciate your leadership
and that of the senior staff to drive efficiency as well as safety.



NRC Stakeholder Meeting

Maria Korsnick
Chief Operating Officer
Nuclear Energy Institute

July 26, 2016
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Key Focus Areas

* NRC Efficiency and Effectiveness
- Organizational Discipline
- Regulatory Discipline

e Risk-Informed Culture and Processes

e Stable and Predictable Regulatory
Framework




NRC Efficiency and Effectiveness

e QOrganizational Discipline
- We commend efforts under Project AIM
- Important to establish processes to maintain gained
efficiencies (sustainability)
e Regulatory Discipline
- Backfit rule should be viewed as a tool to ensure
resources are properly focused

- Adherence to established processes (e.g., RAls)

- Additional metrics should be established and shared
to support performance measurement



- ¢

Risk-Informed Culture and Processes

® Progress in risk-informed regulatory activities
has slowed in recent years

- Risk-informed processes improve focus on safety
and security

®* Processes are needed for dispositioning of
issues having little or no impact on plant
safety
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Stable and Predictable Regulatory Framework

e Commission involvement in rulemaking

® Prioritization of regulatory activities and
actions

e Accountability to resource estimates

* Decommissioning rulemaking

°* Advanced technology regulatory framework




NRC Meeting with Stakeholders

Shelley Buck
Tribal Council President
Prairie Island Indian Community

Welch, Minnesota
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This map was compiled from unknown sources by the
Bureau of Indian Affairs (BIA) at 1:2,000,000 scale.

Map Information:
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The numbers on the map represent the locations of
Indian reservations. Please reference these numbers
with the accompanying sheets entitled

"Indian Reservations- BIA/CAST 5/96”.
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The NRC and Federally Recognized Indian Tribes

» NRC Tribal Policy Statement

» Trust Responsibility

» Government-to-Government Consultation
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Topics

NRC’s Safety Culture Goal vs.
Reality

NRC’s Safety Conscious Work
Environment Goal vs. Reality

Climate is Changing in the
Wrong Direction

Need for Changing this Climate



Safety Culture Goal

“The NRC defines nuclear safety
culture as the core values and
behaviors resulting from a
collective commitment by leaders
and individuals to emphasize
safety over competing goals to
ensure protection of people and
the environment.”

Source: NRC Safety Culture Policy Statement




Safety Culture As-is

“Compared to 2009, NRC has
significantly decreased in eight
categories, including Differing
Views processes, Engagement,
Empowerment and Respect, ...,
NRC Mission & Strategic Plan, ...
Elevating Concerns ...”

Source: 2015 NRC Safety Culture and Climate Survey
(ML16106A012)




Safety Culture As-is

“Quality Focus: ... a larger portion
of participants feel that great
pressure is put on meeting
metrics rather than on producing
quality work”

Source: 2015 NRC Safety Culture and Climate Survey
(ML16106A012)




Safety Culture As-is

“Open Collaborative Work
Environment: Although participants
think NRC has a collective mind-set
for a collaborative work
environment, many do not think this
mind-set actually translates into
collaborate working conditions.
Participants feel that values such as
openness and collaboration are no

longer practiced.”

Source: 2015 NRC Safety Culture and Climate Survey
(ML16106A012)




Safety Conscious
Work Environment Goal

“A safety conscious work
environment is maintained where
personnel feel free to raise safety
concerns without fear of
retaliation, intimidation,
harassment or discrimination.”

Source: NRC Safety Culture Policy Statement




Safety Conscious
Work Environment As-is

“Elevating Concerns and
Empowerment: ... Other
employees feel that although
there is a strong encouragement
to elevate concerns, it is
stigmatizing to actually do so.”

Source: 2015 NRC Safety Culture and Climate Survey
(ML16106A012)




Safety Conscious
Work Environment As-is

“Differing Views Processes: ... A
majority of participants feel the
non-concurrence program was put
in place only to document
disagreements and are concerned
that if you disagree with your
manager it can, and most likely
will, affect your career path and
advancement.”

Source: 2015 NRC Safety Culture and Climate Survey
(ML16106A012)




Safety Conscious
Work Environment As-is

“... many of the [non-concurrence
program] submitters believed they
experienced some type of
negative consequence as a result
of submitting a non-concurrence.

Source: 2014 Non-Concurrence Process Assessment
(ML14056A294)




Safety Conscious
Work Environment As-is

“75 percent believed that their
performance evaluations were
adversely affected, 63 percent felt
they were excluded from work
activities, and 25 percent thought
they were passed over for career
development.”

Source: 2014 Non-Concurrence Process Assessment
(ML14056A294)




Safety Conscious
Work Environment As-is

6% of 209 workers exiting the
NRC said that dissatisfaction with
inaction by the agency was a
factor in their decision to leave

4% of the 209 workers exiting the
NRC said that fear of reprisal for
raising a differing view was a
factor in their decision to leave

Source: NRC Exit Survey (April 2015 - March 2016)
(ML16109A345)




Climate Change in Wrong Direction

“Differing View Processes:
Assesses employee awareness
and perceived effectiveness of
the Differing Professional
Opinions and the Non-
concurrence process.”

2015: 47% Total Favorable Score

2012: 50% Total Favorable Score

Source: 2015 NRC Safety Culture and Climate Survey
(ML16106A012)




Climate Change in Wrong Direction

“Quality Focus: Evaluates
employees’ perception of NRC
safety culture, how safe they feel
at work, and NRC’s commitment
to public safety.”

2015: 51% Total Favorable Score

2012: 54°% Total Favorable Score

Source: 2015 NRC Safety Culture and Climate Survey
(ML16106A012)




Perception Gap

Overall SES*

Differing Views 47 81
Quality Focus 51 77
Elevating Concerns 60 89

* 1t’s hard to solve problems you don’t
see.

Source: 2015 NRC Safety Culture and Climate Survey
(ML16106A012)




Need for Climate Change

“l can disclose a suspected
violation of any law, rule or
regulation without fear of
reprisal”

2015: 74.8%

2010: 80.2%”

Source: 2016 Federal Employee Viewpoint Survey Report
(ML16102A305)




Need for Climate Change

“l1 am frequently worried about the
following impacting the future of
the NRC:

Nuclear Events 13%

Project AIM 50%7”

Source: 2015 NRC Safety Culture and Climate Survey
(ML16106A012)




Need for Climate Change

“l believe the results of this
survey will be used to make my
agency a better place to work?”

2015: 56.4%

2010: 72.2%”

Source: 2016 Federal Employee Viewpoint Survey Report
(ML16102A305)




Need for Climate Change

“l believe the results of this
survey will be used to make my
agency a better place to work?”

s cas Please prove
gl them wrong!

2010: 72.2%”

Source: 2016 Federal Employee Viewpoint Survey Report
(ML16102A305)
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CLEANAIR

TASK FORCE

CATF Introduction

* Non-profit environmental organization founded
in 1996 |

e (Qffices in the US and China

e Dedicated to accelerating commercialization of
zero emissions energy technology through
policy and business actions

* Major focus on CCS and advanced nuclear
(helped to establish Nuclear Innovation
Alliance) |

 Funded by philanthropic foundations



NUCLEAR
INNOVATION
ALLIANCE

Enabling Nuclear Innovation:
Strategies for Advanced Reactor
Licensing




NIA Mission & Modes of Operation

The NIA leads advanced nuclear energy
iInnovation.

» We assemble companies, investors, experts, and
stakeholders to advance nuclear energy
innovation and enable innovative reactor
commercialization through favorable energy

policy and funding.

e We research, develop, and advocate policies
that enable the efficient licensing and timely

early-stage demonstration of advanced (eactQf

technol@gie&earinnovationalliance.org LT_T ,OAVNACTéO N




NIA Strategic Priorities

— A staged and more technology-inclusive licensing
process

— A test bed & demonstration platform where
nuclear innovators in the private sector can
demonstrate advanced technologies

— Cooperation to provide for international
commercial testing, demonstration, and
deployment of advanced technologies.

— Financial support for early stage technology
development and early commercial deployment.

NUCLEAR
INNOVATION
ALLIANCE




Introd

. General Fusion

Helion Energy
TWR
SuperCritical

ucing the Ad

PB-FHR GAM
Hioteho National Ignition &

i EN . :

Hybrid
General Atomics NumerEx
[ri Alpha
P MIFTI Z Machine
EM2 and MHR

vanced Nuclear Indus

. Starcore Nuclear

Integral MSR

Y TAP, ,
L eadir-S100 ;‘ . # . ‘

Fusion
SeienceLanter Lawrenceville Plasma Physics
. Westinghouse ‘ i Princeton Plasma Physics Laboratory
STAR Lightbridge y rperqy
ARC-100 .
DOE Next Gen Lockheed Martin
HyperV W SCHTGR
L-ESSTAR :
R it ' Reactor Design Types
. ol -
® )\oiten Sait Reacio
smATHR @ PRISM g, i i
ki) @ Fluonide Salt-cooled High
' Temperatuie Reactor
LETR ® | quic Metal-cooled Fast Reactor
® High Temperatuie Gas Reacto;
® Pehbile Bed Reactol
Nuclear Rattery Reactc
T“’”"”" @ Designs Advanced Nuclear Fuels
Small Modular Reactor
@ Fuiston Beacic
@ SuperLritical O Reactor

third way

fresh thinking



Key Challenges to Commercialization

* Regulations designed for light water technologies do not
easily fit advanced reactors, requiring major revisions to
requirements, exemptions, and high costs and long time
periods interacting with the regulator.

* The current licensing process (Part 50 and Part 52)
requires a major investment of time and money, without
interim steps that provide concrete feedback.

Some innovators need to build a prototype or
demonstration reactor.

NUCLEAR
INNOVATION
ALLIANCE




Current Project Risk/Investment Profile Relative to Licensing

Concept & Conceptual
Business Design, Testing &
Case Pre-Application Detailed Design, Detailed Construction &
Development Interactions Engineering Testing, & Licensing Startup Operation

Cumulative
<4+— Investment
Required

Project
Risk

l




Desirable Project Risk/Investment Profile Relative to Licensing

Conceptual Detailed Design,
Concept & Design, Detailed Detailed
Business Testing & Engineering Engineering &
Case Pre-Application Testing, Third Stage Construction &
Development Interactions & Licensing of Licensing Startup Operation

Cumulative
<«— Investment
Required

<4— Project
Risk




Goal

* A process that
— Incorporates discrete stages;

— Is more predictable, efficient, and cost-effective
for advanced reactors;

— Is more technology-inclusive; and

— Maximizes the use of current regulations while
recognizing limitations of LWR-centric features.

NUCLEAR
INNOVATION
ALLIANCE




Key Team Members

e Ed Wallace

— Former head of licensing for NuScale and PBMR, regulatory affairs for Exelon
and TVA, 30+ years experience in nuclear regulation from the vendor/utility side.

e David Matthews

— 38 years at NRC in various roles including Director of the Division of New
Reactor Licensing; Director of Division of Regulatory Improvement Programs.

Prior experience with decommissioning, emergency preparedness, and operating
reactor oversight.

e Chip Cameron

— 30+ years experience in the legal, technical, and policy aspects of nuclear
licensing and regulation. Former Assistant General Counsel for Rulemaking and
Fuel Cycle in NRC Office of the General Counsel; Dispute resolution specialist
for NRC; various related projects in private practice.

e Joe Gray
— 20 years at NRC in various legal roles including legal assistant to several

commissioners and a chairman, Associate General Counsel for Licensing and
Regulation, and other positions in the Office of General Counsel.

— In Private practice, experience with nuclear licensing (including the Seabrook
plant), and regulatory matters.

NUCLEAR
INNOVATION
ALLIANCE




Report Issued April 2016

Download the Report at:
www.nuclearinnovationalliance.org

Enabling Nuclear Innovation

Strategies for Advanced
Reactor Licensing Lead Author

Ashley E. Finan, Ph.D., Clean Air Task Force
Technical Contributors

Francis “Chip” Cameron, CameronGray, LLC
Joseph R. Gray, CameronGray, LLC
David B. Matthews, Nuclear Energy

Consultants, Inc.
Edward G. Wallace, GNBC Associates, Inc.

A Report by the
Nuclear Innovation Alliance
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Staged Licensing

* Alicensing project plan, along with topical
reports and the standard design approval can
be used to define stages.

e Staff guidance and policy decisions will be
needed to implement this (a rulemaking is not
required).

NUCLEAR
INNOVATION
ALLIANCE




Licensing Project Plan

* Industry and NRC Practices have led to inefficiencies
— Late identification of the need for guidance
— Limited front-end planning of regulatory engagement
— Delayed licensing submittals
— Lack of management engagement

* A Licensing Project Plan will help to mitigate those issues

— Defines working relationship between NRC and applicant, including
communication protocol

— Defines review components for each stage of licensing (project
schedules, testing requirements, deliverables, and NRC review
budgets)

— Forms the basis for an agreed application schedule between NRC and
developer and provides a mechanism for accountability

NUCLEAR
INNOVATION
ALLIANCE




Statement of Licensing Feasibility

Provides early-stage feedback on whether a preliminary
reactor design is consistent with current NRC regulations.
(Pre-licensing)

Does not represent a commitment by NRC to issue a
license

It would offer important benefits:

— It would standardize a review phase that, because of its limited
cost and duration, could be used by stakeholders to compare
available design options;

— it would provide early feedback to the applicant, allowing timely
alterations in approach to better meet regulatory expectations
Based on CNSC Vendor Design Review Phase 1

Staff guidance and policy decisions will be needed to
implement this

NUCLEAR
INNOVATION
ALLIANCE




" Elements
of Staged
Licensing

Reports Decisions

Standard Design Approval (s)

Combined
Operating
License

Construction
Permit

Operating

License NU C L EAR
OPTIONAL STEPS INNOVATION
ALLIANCE




Risk-Informed Performance Based
Licensing

* I[mmediate Term:
— Address Advanced Reactor Policy Issues

— Revise LWR-centric requirements, while increasing
the use of risk-informed and performance based
techniques and guidance for advanced reactors

— Continue to move forward with the DOE/NRC
Advanced Reactor Licensing Initiative

e Medium Term

— Develop and implement a technology-inclusive
licensing and regulatory framework for advanced

reactors

NUCLEAR
INNOVATION
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Policy Recommendations

* Revise the NRC’s budget structure so that
licensees and applicants reimburse it for
activities related to their regulation, with
Congress funding other agency-related activities

Appropriate funds for the NRC to prepare for
advanced reactor licensing

Continue funding to DOE for competitively
awarded grants for early efforts to license
advanced reactors

NUCLEAR
INNOVATION
ALLIANCE




We intend these recommendations to serve as
a foundation for appropriate deliberation and,
soon after, decisive action to improve the
regulatory pathway for advanced nuclear
energy technologies. This is critically important

work that will enable society to capture the
immense future benefits of advanced nuclear

power.

NUCLEAR
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Thank you

Ashley Finan
617.733.5458
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* Non-profit environmental organization founded
in 1996

* Offices in the US and China

* Dedicated to accelerating commercialization of
zero emissions energy technology through
policy and business actions

* Major focus on CCS and advanced nuclear
(helped to establish Nuclear Innovation
Alliance)

* Funded by philanthropic foundations
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NIA Mission & Modes of Operation

The NIA leads advanced nuclear
energy innovation.

« We assemble companies, investors, experts, and
stakeholders to advance nuclear energy innovation
and enable innovative reactor commercialization
through favorable energy policy and funding.

We research, develop, and advocate policies that
enable the efficient li censmg and timely early-stage
demonstration of advanced reactor technologies.

NUCLEAR

www.nuclearinnovationalliance.org i LT_T?AVNAJ,'EON
> 4




NIA Strategic Priorities

— A staged and more technology-inclusive licensing
process

— A test bed & demonstration platform where

nuclear innovators in the private sector can
demonstrate advanced technologies

— Cooperation to provide for international
commercial testing, demonstration, and
deployment of advanced technologies.

— Financial support for early stage technology
development and early commercial deployment.

NUCLEAR
INNOVATION

ALLIANCE
2




Advisory Committee

Amir Afzali, Southern Nuclear Company

Todd Allen, Idaho National Laboratory
Suzanne Baker, Idaho National Laboratory
Willis Bixby, Gen4 Energy

David Blee, US Nuclear Infrastructure Council
Sam Brinton, Bipartisan Policy Center
Gilbert Brown, UMass Lowell

Jacopo Buongiorno, Massachusetts Institute of
Technology

Caroline Cochran, Oklo
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Why Nuclear Energy is Important (1 of 2)

Climate, Environment, and Global
Development

To avoid climate catastrophe, global

power emissions need to be near-zero
by 2050-2070.

We have to do this while increasing
world electricity consumption 3-4 times
and controlling conventional air
pollutants.

We only have three options to make
that happen: nuclear, renewables and
CCS.

But all three have big challenges.

We have only one chance to do this
right — to maximize the chance of
success, we need all the options in play.

Change in TPED, 2010-2035

**1 1 billion people
****' ® OECD
?*****' @ Non OECD
TRRXKRKK

LY ¥.0.8,.2.5.3,8.




Even aggressive renewables projections suggest
significant fossil use in 2040 if nothing else
changes

Projected Global 2040 Electric Generation by Fuel
other

renewables —
3%

Source: CATF, using
Bloomberg New Energy
Finance New Energy Outlook
2015 for GW, adjusted for
capacity factors per IEA, and
further assuming 409%
capacity factor for wind and
25%, CF for solar.




Why Nuclear Energy is Important (2 of 2)

« Economy
— Nuclear supports energy diversity, and provides reliable, price-
stable power.

— Nuclear energy supports domestic manufacturing and highly-
skilled jobs.

« Security

Nuclear energy does not rely on frequent fuel deliveries, and so
provides a buffer against fuel disruptions.

US influence on nuclear safety and non-proliferation depends
on strong US participation in the nuclear industry.

Abundant affordable energy lifts populations out of poverty and
Increases security.

Preventing climate change, and the population displacement it

will cause, will enhance global security and well-being.
' NUCLEAR
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Why Advanced Nuclear Energy is Important

* Designed for key markets and today’s priorities:

US Priorities: spent fuel utilization, renewables grid integration,
regulated markets, coal retirements, reduced or eliminated water
consumption

Developing countries: Ease of operation, smaller plants, long fuel
cycles, proliferation-resistance, cheaper than coal

All markets: faster construction and factory-built
Passive safety systems

No offsite contamination in accident scenarios
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Introducing the Advanced Nuclear Industry
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Key Challenges to Commercialization

* Regulations designed for light water technologies do not
easily fit advanced reactors, requiring major revisions to
requirements, exemptions, and high costs and long time
periods interacting with the regulator.

* The current licensing process (Part 50 and Part 52)
requires a major investment of time and money, without
interim steps that provide concrete feedback.

Some innovators need to build a prototype or
demonstration reactor.
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Current Project Risk/Investment Profile Relative to Licensing

Concept & Conceptual
Business Design, Testing &
Case Pre-Application
Development Interactions

e ————— ]

Detailed Design, Detailed
Engineering Testing, & Licensing

Construction &
Startup Operation

Cumulative
<4+— Investment
Required

Project
Risk

l




Desirable Project Risk/Investment Profile Relative to Licensing

Conceptual Detailed Design,
Concept & Design, Detailed Detailed
Business Testing & Engineering Engineering &
Case Pre-Application Testing, Third Stage Construction &
Development Interactions & Licensing of Licensing Startup Operation

Cumulative
<4— Investment
Required

<4+— Project
Risk




NIA Advanced Reactor Licensing
Initiative




Goal

* A process that
— Incorporates discrete stages;

— |s more predictable, efficient, and cost-
effective for advanced reactors;

— |s more technology-inclusive; and

— Maximizes the use of current regulations
while recognizing limitations of LWR-centric
features.
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Process

Held a meeting of innovators and stakeholders to
identify the key challenges

Held an expert workshop in DC in October 2014 to
brainstorm approaches

Developed a strategy that was approved and funded (by
foundations and individuals)

Recruited an expert team to develop and research the
iIdeas, legal framework, and options

Throughout the process, we incorporated feedback
from the NRC, the industry, experts, and other
stakeholders

Results were reviewed by individual experts, the
Nuclear Energy Institute, and other stakeholders
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Key Team Members
« Ed Wallace

— Former head of licensing for NuScale and PBMR, regulatory affairs for _
Exelon and TVA, 30+ years experience in nuclear regulation from the
vendor/utility side.

David Matthews

— 38 years at NRC in various roles including Director of the Division of New
Reactor Licensing; Director of Division of Regulatory Improvement
Programs. Prior experience with decommissioning, emergency
preparedness, and operating reactor oversight.

Chip Cameron

— 30+ years experience in the legal, technical, and policy aspects of nuclear
licensing and regulation. Former Assistant General Counsel for Rulemaking
and Fuel Cycle in NRC Office of the General Counsel; Dispute resolution
specialist for NRC; various related projects in private practice.

Joe Gray

— 20 years at NRC in various legal roles including legal assistant to several
commissioners and a chairman, Associate General Counsel for Licensing
and Regulation, and other positions in the Office of General Counsel.

— In Private practice, experience with nuclear licensing (including the
Seabrook plant), and regulatory matters.
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Report Outline

* |ntroduction
— Importance of Nuclear Energy Innovation
— Challenges to Nuclear Energy Innovation

* Advanced Reactor Development and
Deployment Process

« Useful Models for Improving Advanced
Reactor Regulation

— Historical Practices at NRC and AEC
— Canadian Nuclear Safety Commission
— UK Office of Nuclear Regulation

— US FDA and FAA
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Report Outline Cont’d

Multiple Mechanisms for Staging Advanced Reactor
Licensing, Including:

— Licensing Project Plan

— Standard Design Approval

— Statement of Licensing Feasibility

— Topical Reports

Providing a more technology-inclusive licensing
Process

Preparing and clarlfymg an advanced reactor
demonstration licensing process

Recommendations
Appendices
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Regulatory Recommendations

NUCLEAR
INNOVATION
ALLIANCE




Staged Licensing

* A licensing project plan, along with topical
reports and the standard design approval
can be used to define stages.

« Staff guidance and policy decisions will
be needed to implement this (a
rulemaking is not required).
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Licensing Project Plan

* |Industry and NRC Practices have led to inefficiencies
— Late identification of the need for guidance
— Limited front-end planning of regulatory engagement
— Delayed licensing submittals
— Lack of management engagement

« A Licensing Project Plan will help to mitigate those issues

— Defines working relationship between NRC and applicant, including
communication protocol

— Defines review components for each stage of licensing (project
schedules, testing requirements, deliverables, and NRC review
budgets)

— Forms the basis for an agreed application schedule between NRC
and developer and provides a mechanism for accountability
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Statement of Licensing Feasibility

Provides early-stage feedback on whether a preliminary
reactor design is consistent with current NRC
regulations. (Pre-licensing)

Does not represent a commitment by NRC to issue a
license

It would offer important benefits:

— it would standardize a review phase that, because of its
limited cost and duration, could be used by stakeholders to
compare available design options;

— it would provide early feedback to the applicant, allowing
timely alterations in approach to better meet regulatory
expectations

Based on CNSC Vendor Design Review Phase 1

Staff guidance and policy decisions will be needed to

implement this NUCLEAR
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Flexibility of the Standard Design Approval

This figure is meant to be representative. It isn’t exhaustive and is not Optional Standard
expected to represent all possible or acceptable SDA topics. Configurations

|

Reactor
Coolant

J— s s Energy
System ( Desalination | Sl

Reactor
Support
Systems

Instrumentation 'Y 4 Power
A and Controls 4Ff _ Conversion

Fuel, ‘ ~ Secondary W
Reactor, moe Heat Transfer — Process \
Containment | Loop ‘ e Hydrogen _ Heat—Other /
ptiona ' /
Reactor Fuel

: Standard
e : Handlin
Building Soich ?‘ Configurations

Engineered
Safety | ‘ Process /' District

Features 4 Heat—Liquid Heating
Fuel

Each of the Standard Design Approvals must satisfy the interfacing boundary conditions for safety and licensing.

Possible SDA scope; multiple topics Once SDAs are in place, a variety of end-use
could be combined. applications are possible, provided they meet
appropriate boundary conditions.




LICENSING PROJECT PLAN
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Risk-Informed Performance Based
Licensing

* Immediate Term:
— Address Advanced Reactor Policy Issues

— Revise LWR-centric requirements, while increasing
the use of risk-informed and performance based
techniques and guidance for advanced reactors

— Continue to move forward with the DOE/NRC
Advanced Reactor Licensing Initiative

e Medium Term

— Develop and implement a technology-inclusive
licensing and regulatory framework for advanced
reactors

NUCLEAR
INNOVATION

ALLIANCE
30




Preparing and Clarifying an Advanced
Reactor Demonstration Licensing
Process

« NRC and DOE, in cooperation with

stakeholders should clarify terminology and

resolve discrepancies and gaps in statutes,
regulations, and practice

NRC should develop guidelines for advanced
reactor demonstrations nearing readiness for
review
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Other Recommendations
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Policy Recommendations

* Revise the NRC’s budget structure so that
licensees and applicants reimburse it for
activities related to their regulation, with
Congress funding other agency-related
activities
Appropriate funds for the NRC to prepare for
advanced reactor licensing

Continue funding to DOE for competitively
awarded grants for early efforts to license
advanced reactors
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Industry Recommendations

Industry has an important role to play as a
constructive participant in all of the above
recommendations, but also has primary responsibility
for several actions:

— Coordinate and deliver a consistent message about
technology-inclusive advanced reactor priorities.

— Inform the NRC as early as possible of prospective
applicants’ intent to request review.

— Take a more active role in communicating with the
NRC, DOE and other stakeholders on the challenges
and opportumtles associated with various advanced

reactor designs.

— Pursue the development of codes, standards and
conventions for advanced nuclear power, working with

the appropriate research and standards organizations.
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We intend these recommendations to serve as
a foundation for appropriate deliberation and,
soon after, decisive action to improve the
regulatory pathway for advanced nuclear
energy technologies. This is critically

Important work that will enable society to
capture the immense future benefits of
advanced nuclear power.

NUCLEAR
INNOVATION

ALLIANCE
35




Thank you

Ashley Finan
©17.733.5458

NUCLEAR
INNOVATION
ALLIANCE




Enabling Nuclear Innovation

Strategies for Advanced
Reactor Licensing

J.';‘bf&j\r}*@.‘z Phos Js
EAIO0 K 3
}i’/ ‘jy[z: . -‘4:"-1’1{

Ae
2y
4

A Report by the
Nuclear Innovation Alliance




Enabling Nuclear Innovation

Strategies for Advanced
Reactor Licensing

LEAD AUTHOR
Ashley E. Finan, Ph.D., Clean Air Task Force

TECHNICAL CONTRIBUTORS
Francis “Chip” Cameron, CameronGray, LLC
Joseph R. Gray, CameronGray, LLC
David B. Matthews, Nuclear Energy Consultants, Inc.
Edward G. Wallace, GNBC Associates, Inc.

NUCLEAR
INNOVATION
ALLIANCE

A Report by the Nuclear Innovation Alliance

April 2016



NUCLEAR INNOVATION ALLIANCE

Enabling Nuclear Innovation:
Strategies for Advanced Reactor Licensing

April 2016
© 2016 Nuclear Innovation Alliance
All Rights Reserved.

NUCLEAR
INNOVATION
ALLIANCE

www.nuclearinnovationalliance.org

This report is available online at:

http.//www.nuclearinnovationalliance.org/#!advanced-

reactor-licensing/xqkhn

DESIGN
David Gerratt/NonProfitDesign.com

EDITING
Rusty Russell/thewritingcounselor.net

COVER PHOTOS

Clockwise from top left: “Hydrides in Spent Fuel”

© Tammy Trowbridge and Joe Pehrson;

“Uranium Fenced In” © Scott Ploger;
“Crystallographic Zircaloy” © Tammy Trowbridge;
“Crystal Blue Persuasion” © Yuedong Wu; “Alloys
That Can Take The Heat” © Tammy Trowbridge and
Joe Pehrson; “Particles Suspended” © Scott Ploger.

Visit artsci.inl.gov for more information.

Acknowledgements

This report was made possible through the generous
support of the Laura and John Arnold Foundation, the
Pritzker Innovation Fund, Ross Koningstein, Ray Rothrock,
and Jim Swartz.

The authors would like to thank the following individuals and
organizations for their invaluable contributions and counsel:
Todd Allen, George Apostolakis, Jim Kinsey, Marilyn Kray,
Peter Lyons, Adam Reichenbach, Paul Roege, Dan Stout,
Gen4 Energy, Nuclear Energy Institute, NuScale Power,
Southern Nuclear Operating Company, Terrestrial Energy,
Transatomic Power, X-energy, and the Nuclear Innovation
Alliance Policy and Advisory Committees.

Clean Air Task Force, Energy Innovation Reform Project,
Third Way, and The Breakthrough Institute endorse the
recommendations of this report.

DISCLAIMER

This report emerges from the knowledge and experience of a core

team of industry and regulatory experts, as well as a broader range

of inputs that address the specific needs of stakeholder communities.
Not all of the issues that the team brought up are included in this
report, nor did all parties agree on the relative importance of or solution
to each of the issues raised here. Thus, although they recognize the
many valuable contributions to this effort, the authors and NIA assume
full responsibility for this document’s contents, conclusions, and
recommendations. The views expressed are those of the authors

and not necessarily those of the funders.



STRATEGIES FOR ADVANCED REACTOR LICENSING

Contents
EXQCULIVEO:SUMMIAIY i .oiovcoimmisimsansiaisiiseriessnsassiis vl osons sive st s s cssssssmsnsssssnvins 2
A. . Regulatory RecomMentdations . cc.sussss sadeinusdsnspsennnmnssssssavsusssisss et valiamsin s yrrsaies 3
B.. Policy, ReCOMMENAAtIONS ....icuerrsvusnsssusssussssnsnsnsasssrsnsansssnsssuss nasanassasnsnavnsmnssnns 5
C. Industry ReCOMMENAAtIONS . ...ivuiiiiiiiiieiiee et e e e e e e e e e e e ea e aneenns 6
Lo IIEOAUCEHION ..o e e s eseeeeeeaeeesesesseeesesseses e eesesssesseseseaseasessesseseesseeeens 7
A. Nuclear Innovation: Importance and Potential.............cccceeviiiiiiciiiinieeieininnnan 7
B. Challenges to Nuclear INNOVAtION.......cuuivueiiieieei e e e e aaeeens 8
C. Guide fOr the REAUEN .......iiiiiiiieie e e e s 12
Il. Reactor Development and Deployment ProCess ........c..coeeuevvviiiiiiiniieieinieennenneeneennnns 14
Ill. Useful Regulatory Models and Observations ............ccccceiviiiiiiiiiiii e ccceeee s 17
A. Historical Practices at the NRC and the AEC..........ccooiviiiiiiiiiiiiiiiic e 17
1. EArly AEC PracCliCes ..uiuuiiiiiiiiiiii et e e e e s e e e eans 17
2. Post-ERA DOE and NRC NON-LWR PractiCes.........couevuiiruiuuiiinieiiiiiiiieeeeeeeeennn 18
B. UK Office of Nuclear Regulation and Canadian Nuclear Safety Commission.......... 19
1. Pre-Licensing DeSIEN REVIEW .......ueiiiiiiiiiiiiiiieiiie e e e e e aae e 20
2. Cost Limitation Agreements for Pre-Licensing Review Activities ..................... 24
3. More Flexible ReGUIALION ......ccuvuuiieeieiiiii e e ee e 24
4. PUBIC PartiCipation......iuuuiiiiiie e et e e an e aanas 25
C. Federal Aviation AdminiStration............eeeiiiieiii e 26
1. FAA REZUIGLOIY PrOCESS ...ivuuiiiiiiiiiiiiiietie et eee e e re s e s s ras e en s eneenes 26
2. FAA Use of Risk-Informed and Performance-Based Regulation....................... 28
D.. ' Food and.Drug AOMINISIIAtION s isissmssssatsmiisismsses e sisvstnssvsssnsssisnsmasonsnsssasnns 29
1. FDA Mission and SHUCTUIE . scoseussssnsissminssvssasssssss isasssssisnnvssaavassassans s innsns 29
2. Drug APProval PrOCESS usesisvvwsiesssuseininssasnsssnsssss b sssssss suiiisss samesanisonsamssssims 30

3. Development and Regulation of New Technologies ..........covvuvvuiviiiiiiieineinennns 31



iv NUCLEAR INNOVATION ALLIANCE

IV. Mechanisms for Staging Advanced Reactor Licensing...........c..cccecoveeiiiiiiiiiiiiiincnnnennne. 32
A: Developing a Licensing Project Plan . i unirmprsmsissmsmmssssmmnisnsssssssvissis svis s ssomavanss 32
B. Using Topical Reports to Create a Staged Approach.....c..cceeeeeieeireiincrnnrnnrnerneraeneenns 34

1. How' Topital, RePOrLS-WOKK v tsetuasss v sdintiknasss suisvnnnhusnis s aanrnnsniodsosns s sarecsssniss 34
2. Execution of a Staged Topical REPOrt Program........ceuuveuuniiueeeneeiiieeiiieeenieeennneennns 36
BC T [o] o] [or= 1 Il 2{=To o] g fl 21=T 1<) 1 - OO PPN 37
4. Topical Report ReVIEW DUIration .......ccuuiiiiiiiiiiie e e e e e eanes 38
5. Limitations of Topical Report CONCIUSIONS .....ivuiurieiiiiiieiieiiee e e aeans 38
6. Actions by NRC Needed to Implement this Approach........cccoeeeeiiiiiiiiiiiiieiceieeeennes 38
C. Using the Standard Design Approval to Create a Staged Approach ..........ccceveevveennnns 38
1. How Standard Design Approval WOrKS........couueeueeieiieiiie e e ea e 39
2. Execution of a Standard Design Approval within a Staged Process..........ccoevvuneeneen 39
3. Standard Design Approval BENEfitS.....iuuuiiiiiiiiiiii e 43
4. Standard Design Approval Review DUration .......cc.coeeeuiiiiiiiiiiiiieieeeceeee e 43
5. Specific Conclusions from Standard Design Approval ..........ceeeeeieeieiieiiieeineiieennns 44
6. Limitations of Standard Design Approval CoONClUSIONS ......cvveviiieiiiieiiieiieeiieeeieeanns 44
D. Providing a Statement of Licensing Feasibility.........c..covuuiiiiiiniiiieiiiei e, 44
Staged Licensing RESUIS i ammssisvmmssesimemsssveoms v s vmviis s soessessmiss sivvavessssmses 45
1. Benefits and CRAIGNZEES s usasissassisvsnimvssisnass vasnsies sizssneussss vasssnssmsias sossnansvsvsmisss 45
2. Improved Timeling POtential .«.cusssssssssuisivissnvenssvunus ssussvsnss sessss svmssns sessmvisansinsss 46
F. Finality of Decisions in a Staged Licensing ProCeSs ......c.ccceviveriimscimsiinssiinnssinansiennsss 48
V. Other Possible Improvements to Advanced Reactor Licensing ..............cocoeevviiiiiiiinnnnnns 49
A. Providing a More Technology-Inclusive LiCENSING ProCeSS......cuuuiviiiiiiiiieiieeiieeiieeanns 49
1. Probabilistic Risk Assessment as a Regulatory ToOl..........cceuveieiiiiiiiniiiiiineiinenns 49
2. Past and Current NRC Initiatives and PractiCes...........ccuvvrvrinniiiiiniiiiiininiiinccneen, 50
3. RECOMMENTALIONS 1ouscrasinsmsnsusnivsisnsnsssnnmnmssannssidessssissstnistunenassssansnsannnssnesssiivasss 52
B. Preparing and Clarifying an Advanced Reactor Demonstration Licensing Process........ 52
1. Summary of Current DOE and NRC ResponsibilitieS.......cvvviiuiiiiiiiiiiiiiieiieiceeiienns 53

2 KOV [SBUIBS woruss alihismmmmmrirsis vnms S5es ovavsanssin voss wnsis sasmsn o RRVRAEVEF 8 SRAaRS F oo N e R RS 54



STRATEGIES FOR ADVANCED REACTOR LICENSING

VI. RecOmMMENAAtiONS ..........cc.uiiiiiiiiiiiiii e e e e e e e e v e e e e e e e eaans 55
A, REBUIBTOTY . corirenceririsririmeiinnisssssansrevenssasaresssenssasssnssnssssnesesssvenmansnssntnsnsssnsnin srannsssrsse 55
B o PONIOY st st s s o 3o A s S5 Smim e i ST st G e sl S P b A T e 58
O | o [T I s 58
ADDROVIBRIONS . ovcusmcmmmmmonusnssmonsnssssomssnm vy s s s ows s s s oo 505 s 65 i esis S eavas seiava s sa v was sabaaw 59
Appendix A: The Advanced Reactor Development and Deployment Process ........................ 61
A. Development Process Stakeholder TIMEliNeS....c.ccciviuuuersisiciimmisiossissimmisiassssenssivesnss 61
B. "Reducing Program RISK...s«sssssssussssssummssvssessonssnavensommpssmssimismsiaisesnissssmissssimsos 62
C. Enhancing Stakeholder AlIBNMENt.....c.cuvessssvassmmivessssiisvanssssiasssssssassns snnspsssansssanioases 65
Appendix B: The Legal ConteXt ..........ocuviiiiiiiiiiiiiiiiiii e e s s s e ea e e eneneenes 67
Figures
Figure ES-1 Available Stages for Licensing an Advanced Reactor ..........ccoevvvviieiiiiiieiiiieeennnnn. 4
Figure I-1 Desirable Project Risk/Investment Profile Relative to Licensing...........ccoevvueennnn. 10
Figure I-2  Current Project Risk/Investment Profile Relative to Licensing...........cccevevvveeennnnn. 10
Figure [I-1  Stakeholder Activities and TIMelINE.......c..uiiiiiiiiiieiiee e 15
Figure [Il-1  The FAA'S Five-phase Regulatory ProCESS.....c.uiiuueiiieeiiieeiieeiee e 27
Figure 12  Phases in the Drug Development and Approval ProCESS ......c.uvevvvineivneineennennnnnn. 31
Figure IV-1  Flexible use of Standard Design APpProvals .......cceeueviuieiiieeiiiiieiieeieeeee e 40
Figure IV-2  Available Stages for Licensing an Advanced Reactor .........cceevuuvviviiiiiieeinneennnnnn. 45

Figure IV-3
Figure VI-1
Figure A-1

Figure A-2

Improved Timeline for Advanced FOAK Reactors with Staged Licensing Approach 47

Available Stages for Licensing an Advanced Reactor .........cccuuvveviiiiiiiiiinennnnennnns 57
Stakeholder Activities and TiImMeliN: ..o covmsiisisnivarssisinininnisessvonsosssessnnssssioscosnnmas 63
Stakeholder Activies and Timeline with Conceptual Program Stages................... 64

v



2 NUCLEAR INNOVATION ALLIANCE

EXECUTIVE SUMMARY

HE PURPOSE OF THIS REPORT
is to propose strategies that facilitate the
efficient, cost-effective, and predictable
licensing of advanced nuclear power plants
in the United States. These are nuclear plants that
would generate clean, safe, sustainable, reliable,
affordable, and proliferation-resistant energy
through the use of innovative technologies, and
that would improve the quality of our lives and
the health of our environment.

In the US and elsewhere, dozens of
innovative start-up companies and other
stakeholders are pioneering new designs
that promise to lower risk and cost,

and reduce deployment barriers.

Specifically, this report is intended to lay the
foundation for a consultation among stakeholders
that results in a licensing process for advanced
nuclear reactors. Such a process would incorporate
discrete stages for improved project risk manage-
ment and, where appropriate, risk-informed and
performance-based strategies.

The need for an advanced reactor licensing
process is urgent. The world will double or triple its
energy demand in 30 years, driven by an emerging
middle class in the developing world and the need
to bring electricity to 1.4 billion people who lack
it today. At the same time, many analyses point to
the pressing need, by 2050, to reduce global carbon
emissions by 80% or more if we are to avoid the
worst impacts of climate change. A more rapid ex-
pansion of nuclear power, though an essential part

of the solution, faces stiff challenges. Accidents
raise public fears about safety; large cost overruns
and protracted schedules deter investors and
owners; and concern over spent nuclear fuel
disposal and weapons proliferation continues
to block expansion in some parts of the world.
Innovation will be necessary if these challenges
are to be addressed. In the US and elsewhere, dozens
of innovative start-up companies and other stake-
holders are pioneering new designs that promise to
lower risk and cost, and reduce deployment barriers.
But, despite the American talent for developing
advanced nuclear reactor technologies, the transition
from design to commercialization and deployment
—both in the US and globally—has been slow.
Two of the most critical barriers are the lack of a
clear and efhicient pathway for a first demonstration
project, and continuing doubt that the Nuclear
Regulatory Commission (NRC) will be able to issue
a license for a non-light water reactor in a time
frame compatible with private-sector needs. 7hese
obstacles must be addressed before we can realize the
benefits of the next generation of nuclear technology.
Many other hurdles exist, including technology
challenges, supply chain limitations, a difficult
market environment, inaction on nuclear waste
management, and restrictions on international
cooperation. In addition, clean air policy must be
updated to recognize the benefits of nuclear power.
Progress on all of these fronts is urgently required.
The analysis here focuses on a key initial
obstacle—a nuclear regulatory process badly in
need of an update. It is important to keep in
mind that addressing this challenge is a necessary
first step; other steps will be required.
Current NRC regulation confronts the licensing
of advanced technologies with two major challenges.



First, NRC design certification or approval calls

for enormous front-loaded investment during a
protracted development and licensing phase—
without a staged structure to provide applicants
with clear, early feedback on an agreed schedule
and with appropriate finality. Second, current
regulation primarily evolved to oversee light water
technologies; it must be adapted to the features and
performance characteristics of advanced reactors. The
latter rely on substantially different fuels, cooling
systems, and safety strategies, and require novel
operating strategies.

To develop a workable path forward using
staged licensing and an evaluation process suitable
to advanced, non-light water reactors, the Nuclear
Innovation Alliance (NIA) consulted with nuclear
innovators, safety experts, former NRC staff and
Commissioners, members of the financial commu-
nity, and other nuclear industry stakeholders. The
NIA also examined nuclear reactor licensing systems
in the United Kingdom and Canada, and scrutinized
analogous regulatory systems administered in the
United States by the Federal Aviation Administra-
tion and the Food and Drug Administration.

Based on this research and analysis, the NIA
offers the following recommendations:

A. Regulatory Recommendations

1. To structure a staged review of advanced reactors
and support long-range resource planning by
the agency and the applicant, the NRC and
industry should develop and employ guidelines
for a licensing project plan (LPP). The LPP
would be a living document that serves as a
roadmap for the entire process, defining—in
as much detail as possible—project schedules,
testing requirements, deliverables, and NRC
review budgets. The most effective approach
will be for the applicant and the NRC to design
a licensing project plan that establishes mile-
stones corresponding to meaningful stage-gates
along a given project’s development pathway
and that take full advantage of the NRC's readi-
ness to review specific aspects of the design. To
provide the foundation for open communication
and effective project management, we recom-
mend that, as soon as a potential applicant
initiates interaction with the NRC, the agency
produce an initial LPP establishing guidelines
that define the working relationship among the
parties. This should help to ensure rapid resolu-
tion of conflicts and efficient progress. The
NRC and potential applicants should discuss
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the appropriate contents of an LPP during this
initial engagement period, and the LPP should
be built up with additional detail as the project
progresses and it is possible to foresee upcoming
interactions. Much of the responsibility for de-
signing an effective LPP lies with the applicant;
the applicant will need to understand a project’s
design, development, deployment, and invest-
ment milestones in order to propose correspond-
ing licensing milestones. At the same time,
NRC expectations for the level of design detail
must correspond to the particular milestone,
and be clearly communicated to potential
developers. (See Section IV.A for further detail.)

. The NRC should promote and applicants

should use topical reports and the standard
design approval as tools to introduce stages into
the advanced reactor licensing process, while
emphasizing the need to achieve a level of final-
ity that supports staged decision making. These
tools can be employed under current regula-
tions, if the proper staff guidance and policies
are put in place; the proposed licensing project
plan could structure their use. (See Chapter

IV for further detail.)

. The NRC should develop and employ an op-

tional statement of licensing feasibility process
with time frames and budgets to be agreed
upon in the licensing project plan. This would
permit it to more easily assess whether an appli-
cant’s design intent was conceptually aligned
and consistent with established regulatory re-
quirements. Doing so would offer important
benefits: (i) it would standardize a review phase
that, because of its limited cost and duration,
could be used by stakeholders to compare avail-
able design options; (ii) it would provide early
feedback to the applicant, allowing timely al-
terations in approach to better meet regulatory
obligations; and (iii) it would provide useful
structure to pre-application engagement.

(See Section IV.D for further detail.)

Figure ES-1 (p. 4) depicts the elements
that could be used to support the staged licens-
ing of an advanced reactor, structured by an
LPP. This can be implemented under existing
NRC authority; it would not require an Act
of Congress.

. The Commission and license applicants should

work together to adapt the agency’s light water

3
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FIGURE ES-1

Available Stages for Licensing an Advanced Reactor
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OPTIONAL STEPS

reactor (LWR)-centric requirements so that they
are better suited to advanced reactors seeking
licenses in the near term, while, wherever
appropriate, increasing the use of risk-informed
and performance-based techniques. For new
technologies, alternative approaches to the ex-
emption process should be considered. Recently,
applicants have used the practice of seeking re-
lief from certain inapplicable or partially appli-
cable requirements. For example, during recent
licensing activities for light water small modular
reactors, applicants experienced increased cost

LICENSING PROJECT PLAN

Policy
Decisions

Design
Certification

Early Site
Permit

and slower review due to difficulty in executing
the NRC’s exemption processes. Advanced reac-
tor designers from both traditional industrial
organizations and small start-ups are concerned
with the cost and schedule uncertainty associated
with the exemption process (as well as potential
negative perception that applicants are trying to
avoid stringent safety regulation). As a result,
they are hesitant to submit applications without
first being assured that exemption requests will
be meaningfully processed. A means should be
available earlier in the process for the NRC and



the applicant to reach agreement on alternative
compliance strategies for specific requirements
that are only partially applicable or are not
applicable at all. The LPP would be a natural
place to do this, once the NRC and stakehold-
ers have identified promising approaches. This
will increase efficiency and effectiveness in the
design and regulation of advanced technologies
without sacrificing safety or security. (See
Section IV.A for further detail.)

5. The NRC and DOE should continue to move
forward with the DOE/NRC Advanced Reactor
Licensing Initiative." This will help to establish
and clarify acceptable approaches for creating
the underlying design criteria associated with
these concepts, thereby removing a portion
of the regulatory uncertainty associated with
advanced non-I\WRs. (See Section V.A for
further detail.)

6. Given the substantial investments that have
already been made by industry and DOE in
pre-application reports and proposals for ad-
vanced reactors (including the Next Generation
Nuclear Plant), and by NRC staff in evaluating
them, the NIA recommends that (i) the NRC
complete its evaluation and the Commission
issue its decisions or opinions at this stage of
the application, and (ii) generic issues raised
by DOE and NRC be resolved through the
issuance of guidance for advanced reactor
applicants. (See Section V.A for further detail.)

7. At the same time that the NRC pursues the
above initiatives, the NRC should designate
a special technical team to develop a plan to
implement a technology-inclusive licensing
and regulatory framework for advanced reactors
based on risk-informed and performance-based
principles. The technical team should propose
a roadmap for putting the new framework
into practice by 2025, and then be given the
administrative flexibility and resources to
succeed. Because this framework will not be
ready immediately, it should remain optional
(similar to the Part 52 licensing processes as
an alternative to the Part 50 process)—at least
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until it is fully demonstrated. That way, its
development will not delay current projects.

(See Section V.A for further detail.)

To provide a clear and achievable regulatory
pathway for developing and deploying advanced
demonstration reactors, the NRC should:

i. In collaboration with stakeholders, clarify
terminology and resolve discrepancies and
gaps in statutes, regulations, and practice;

ii. Using terminology revised pursuant to (i)
above, clarify responsibility for reviewing
potential applications;

iii. Develop guidelines for advanced reactor
demonstrations to support the review
process; and

iv. Provide or develop guidelines for prototype
plant regulation (as defined in 10 CFR
50.2 and referenced in 10 CFR 50.43(e))
and conversion to commercial operation.

(See Section V.B for further detail.)

The NRC should continue development and
execution of advanced reactor technology
knowledge management and training oppor-
tunities for NRC staff. Mid- and upper-level
managers should be included in these programs.
Funding will be needed to support this.

(See Section V.B for further detail.)

B. Policy Recommendations

1.

Congress should revise the NRC’s budget struc-
ture so that, instead of a 90% fee-based, 10%
public funding model, licensees and applicants
reimburse the NRC for activities related to their
regulation, with Congress funding other agency-
related activities—including the development
of new regulations for advanced technologies,
R&D, international programs, and other ini-
tiatives not related to a specific licensee. The
nuclear fleet operating today was licensed by

an NRC that had been fully funded by Congress,
before the advent of current fee-recovery rules.
Unlike that earlier generation of reactors, licens-
ing of the AP1000s now under construction has
been supported by substantial cost-shared fund-
ing from DOE. To prepare for the licensing

of advanced reactors, the NRC faces a greater

1. This was most recently described in the following report: US Department of Energy, Office of Nuclear Energy, Guidance for Developing
Principal Design Criteria for Advanced (Non-Light Water) Reactors, December, 2014. /t1p://pbadupws. nre.gov/docs/ML 1435/

ML 14353A246.pdf.
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challenge that will require consistent public
funding.

2. Congress should appropriate funds for the
NRC to prepare for advanced reactor licensing,
including but not limited to:

* Development and implementation of strate-
gies to stage and expedite the advanced
reactor licensing process;

* Development and implementation of a
risk-informed, performance-based licensing
framework for advanced non-light water
reactors;

» Efforts to prepare the process of licensing
advanced demonstration reactors; and

¢ Staff training or the hiring of experts.

3. To expand available financial resources for
advanced reactor companies, Congress should
continue to fund DOE to competitively award
grants for early efforts to license advanced reac-
tor companies, including but not limited to:

* Pre-application engagement with the NRC;

* Developing a licensing project plan; and

* Applying for a statement of licensing feasi-
bility or similar early-stage design review.

The DOE Gateway for Accelerated Innovation in
Nuclear (GAIN) initiative’s small business voucher
program is one possible mechanism for this.

C. Industry Recommendations

Industry has an important role to play as a
constructive participant in all of the above recom-
mendations, but also has primary responsibility
for several actions:

1. Industry stakeholders should cooperate to
deliver a coordinated message to the NRC
regarding technology-inclusive advanced
reactor priorities.

2. Prospective applicants should proactively
address the NRC’s need for information about
future projects by informing the agency as early
as possible of their intent to request NRC
review. By capturing this information in regu-
latory issue summaries, the NRC will have a
stronger basis to support research, as well as
budgetary estimates and requests.

3. Industry should take a more active role in
communicating with the NRC, DOE, and
other stakeholders on the challenges and
opportunities associated with various advanced
reactor designs, including R&D priorities.

4. Working with appropriate research and stan-
dards organizations, industry should pursue
the development of codes, standards, and
conventions for advanced nuclear power.

We intend these recommendations to serve as

a foundation for appropriate deliberation and
prioritization and, soon after, decisive action

to improve the regulatory pathway for advanced
nuclear energy technologies. This is critically
important work that will enable society to cap-
ture the immense future benefits of advanced
nuclear power.



CHAPTER |

INTRODUCTION

HE PURPOSE OF THIS REPORT
is to propose strategies that facilitate efficient,
cost-effective, and predictable licensing
of advanced nuclear power plants in the
United States. These are nuclear plants that will
generate clean, safe, sustainable, reliable, affordable,
proliferation-resistant energy through the use of
innovative technologies, and that will improve
the quality of our lives and the health of our
environment—nationally and internationally.
Specifically, this report is intended to lay the
foundation for a dialog among stakeholders that
will result in an improved process for licensing
advanced nuclear reactors. Such a process would
incorporate discrete stages for project risk manage-
ment and, where appropriate, risk-informed and
performance-based strategies.
The need for such a process is urgent.

A. Nuclear Innovation:
Importance and Potential
The world will double or triple its energy demand
by 2050, driven by an emerging middle class in the
developing world and the need to bring electricity
to 1.4 billion people who lack it today. At the same
time, many analyses point to the pressing need, by
2050, to reduce global carbon emissions by 80% or
more if we are to avoid the direst impacts of climate
change. This will require an enormous transformation
of existing electricity generation capacity. Increasingly,
analytic models projecting future global energy
needs signal an important role for nuclear power,
particularly given its low-carbon emission profile
and its reliability.

But a more rapid expansion of nuclear tech-
nology faces stiff challenges. Accidents raise public
fears about safety; large cost overruns and protracted
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schedules deter investors and owners; and concern
over spent nuclear fuel disposal and weapons pro-
liferation continues to block expansion in some
parts of the world.

This network is ready to advance a
generation of safer and more affordable

nuclear energy.

Fortunately, nuclear technology is not standing
still. In the US and elsewhere, dozens of innovative
start-up companies and other stakeholders are
pioneering new designs reliant on different fuels
and reactor technologies—designs that emphasize
inherent safety, lower cost, less waste, and reduced
proliferation risk compared with existing reactors.
Among these new approaches are reactors that
(i) instead of being custom built, are centrally man-
ufactured in smaller modules, potentially reducing
both direct costs and financing; (ii) rely on such
coolants as molten salts and gases; (iii) provide
adequate passive cooling, even in the absence of
an external energy supply; (iv) operate at or near
atmospheric pressure, reducing the possibility of
rapid loss of coolant; and (v) consume nuclear
waste as fuel, addressing two problems at once.

Historically, the United States has led the world
in nuclear technology innovation. Decades of
public and private investment created a strong net-
work of inventors, engineers, financiers, regulators,
business interests, technologies, and experimental
facilities. This network is ready to advance a gen-
eration of safer and more affordable nuclear energy.

But nuclear energy development in the US has
stalled since late in the last century. The primary
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causes include political controversy, market factors,
and project management failures, complicated

by the scale and complexity of existing nuclear
technologies.

Nuclear power is a key tool for meeting
global environmental and public health goals.

Today, however, innovative reactor designs
promise to lower risk and cost, and reduce deploy-
ment barriers. The challenge is to accelerate that
innovation, while maintaining the important
strategic and economic advantages of continued US
leadership in this area. These advantages include:

*  Energy security: reactor designs that use domesti-
cally available fuel rely on a secure energy source.

*  Price-stable reliable power: nuclear power has
low and predictable operating costs, unlike
fossil fuels (particularly natural gas) and can
operate as a baseload resource; many new
designs are also meant to operate on-demand.

*  Domestic economic benefits: in addition to pro-
viding price-stable power, the nuclear industry
supports high-paying manufacturing and
technology jobs.

*  Influence on global nuclear safety. US involvement
in the global nuclear power industry provides
leverage in helping to set global standards for
nuclear safety.

*  Influence on global nuclear security: to maintain
influence in international discussions about
nuclear security and safeguards, the US must
remain at the forefront of nuclear power
technology.

*  Sustainability: nuclear power is a key tool
for meeting global environmental and public
health goals, including decreased emissions
of both greenhouse gasses and conventional
pollutants, reduced land impacts, a smaller
energy consumption footprint, and greater
access to useful energy (particularly electricity).

B. Challenges to Nuclear Innovation
Despite the American talent for developing ad-
vanced nuclear energy technologies, the transition
from design to commercialization and deployment,
both in the US and globally, has been slow. Many
hurdles exist, some of which relate to the regulatory
system, while others do not. Although this report
focuses on identifying and mitigating challenges
posed by regulation, it is useful to recognize that
other challenges exist as well.

1. CHALLENGES UNRELATED
TO NUCLEAR REGULATION

*  Market Environment: In the United States,
low energy demand growth and low natural gas
prices jointly contribute to a difficult environ-
ment for nuclear power. Power market structure
in many regions also poses an obstacle. For
example, subsidy and dispatch policies that
favor intermittent renewables over more capital-
intensive baseload generation lead to operating
losses at existing nuclear plants.

*  Public Policy: US clean energy policy is sup-
ported by tax incentives, renewable portfolio
standards, carbon pricing in some markets and,
most recently, the renewable incentive provisions
of EPA’s Clean Power Plan. In general, political
and public discourse have focused exclusively
on how incentives such as these will advance
renewable resources like solar and wind. The
discussion has not included nuclear energy,
despite the fact that it currently provides about
two-thirds of America’s carbon-free electricity.
Indeed, nuclear energy has the potential to
decarbonize much of the power sector, and
ultimately—through process heat applications
and synthetic fuel production—other sectors
as well.

*  Inaction on Nuclear Waste: Lack of federal action
to create a permanent nuclear waste repository
or to implement an interim solution hampers
nuclear power development in several ways.

It erodes public confidence, creates complex
legacy issues, demands much time and atten-
tion from policymakers and industry, and quite
directly prevents the siting of new nuclear
power plants in certain states.

*  Technological Challenges: Although most ad-
vanced reactors under development are based
on technologies originally tested many years
ago, many also rely on new materials and tech-
nologies, or at least ones introduced in the
intervening decades. Either way, these newer
approaches often have not been tested in
nuclear reactor environments. As a result, some
advanced reactor designs will require lengthy
fuel qualification testing in test reactors, others
may require extensive materials tests or the
development of new materials, and still others
will have to await the refinement of chemical
processes or the creation of new ones. Low
levels of government R&D investment in
advanced reactors and the lack of a fast neutron
test reactor compound these technical challenges.



*  Supply Chain Limitations: Due to lagging
reactor construction, the nuclear energy supply
chain in the US is eroding. As a result, the
options for procuring many essential compo-
nents are limited and skilled construction labor
is in short supply. These issues are not likely
to be resolved until US nuclear construction
undergoes a resurgence.

2. CHALLENGES CONTAINING A NUCLEAR

REGULATION COMPONENT
A critical obstacle to financing innovative nuclear
power technologies is that there is no clear pathway
for an initial demonstration project. At the dawn of
the nuclear power age, demonstration reactors were
heavily supported and often managed by the federal
government. It is generally accepted that demon-
stration of today’s advanced reactors will require
coalitions backed by strong private-sector partners.
Even so, government-owned sites and other public
resources may prove to be indispensable. Either
way, the demonstration project approach has yet
to be endorsed by key stakeholders—and, even
assuming it is, the private sector and DOE (or
DOD) will have to work out the contractual
details. By providing a policy, funding, and testing
platform for qualified nuclear innovators, the risk,
cost, and difficulty of initial demonstrations could
be greatly reduced and the innovation process
accelerated.

This demonstration challenge contains two
components related to nuclear regulation:

1. Itis possible that demonstration reactors could
be built under DOE safety oversight authority
or under existing NRC authority. In either case,
NRC involvement early in the process will be
essential to ensuring a tight connection between
the expertise gained from the demonstration
phase of a project and the technical substance of
the commercial license application subsequently
filed with the NRC. If the NRC plays the primary
role in licensing and regulating a demonstration
project, it might draw on older processes and
practices that have not recently been used, or
on new ones that are not currently well-defined
or well-understood. Either way, the NRC and
DOE will find it necessary to further develop
their knowledge of advanced technology. This
challenge is discussed further in Section V.B.

2. With no fast flux test reactor in the US and
no practical and proven pathway for creating a
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demonstration reactor here, international part-
nerships are becoming increasingly valuable.

In some cases, the US export control regime
imposes burdens on these partnerships, resulting
in delays, added cost, and missed opportuni-
ties. NRC involvement in quality assurance

for international testing can be important for
later use of test results in the US. There may

be opportunities to smooth the process for reg-
ulating international nuclear energy coopera-
tion and to enable greater NRC observation

of international work.

3. CHALLENGES PRIMARILY RELATED

TO NUCLEAR REGULATION
Current NRC regulation presents two major chal-
lenges to the licensing of advanced technologies.
First, NRC design approval calls for enormous
front-loaded investment during a protracted devel-
opment and licensing phase; there is no staged
design approval structure providing applicants
with clear, early, and periodic feedback on an
agreed schedule. Second, existing regulation has
been designed primarily for light water technolo-
gies; it is not easily adapted to the features and
performance characteristics of advanced reactors,
which rely on substantially different fuels, cooling
systems, and safety strategies, and also exhibit
novel operating characteristics.

a. Need for a Staged Licensing Process

The development and commercialization of an
advanced nuclear power technology can be a multi-
billion-dollar investment played out over a decade
or more. New technology investments this large are
best made in graduated steps; with each infusion of
investment, some of the project risk must be retired
in order to attract new investors with a lower risk
appetite. In many industries, the bulk of the risk
lies in the technology (e.g., that it might fail to
work), or the market (e.g., that no one will want

to buy the product). Although both of these risks
also are present in nuclear energy, another risk—
regulatory risk—is seen as particularly inimical to
innovation, because it is so difficult to predict and
to manage. At present, little evidence exists that a
non-light water reactor can be licensed in a time
frame compatible with private-sector requirements.
That makes it even more important that investments
be stepwise—Dbeginning with modest sums and
increasing as risk is reduced. At a time when key
stakeholders are working to better adapt nuclear
regulation to the needs of technological innovation,

9
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a staged licensing process should at least be an ideal
to strive for. Figure I-1 provides a schematic illus-
tration of this type of stepwise licensing invesment/
risk profile. The picture today looks more like that
illustrated in Figure I-2.

This state of affairs did not happen by chance.
In the mid-to-late 1980s, the light water reactor
industry and the NRC actually sought to develop,
in 10 CFR Part 52, a licensing process with fewer
stages, but clearer ones. They also sought a process
that would reduce the number of adjudicatory
hearings without decreasing their useful input.
This process, described in more detail in Appendix
B, is currently in use in the United States at the
V.C. Summer and Vogtle projects.” The other NRC
licensing approach, which is based on 10 CFR Part
50 and has been in use since the 1970s, is being
applied to the reactivation of Watts Bar Unit 2.

The current system is best suited for applications
that support a completed design and are backed by
a commercial order. Here, the Part 52 process mini-
mizes regulatory risk. Nonetheless, neither the Part
50 nor Part 52 process currently provides for design
review and approval via a clear set of stages, with
strong regulator feedback, during the licensing pro-
cess—a necessary approach for advanced reactors
with dramatically new designs. Although this is
a barrier to significant private and venture-based
investment, its impact is even broader. For a new
technology to succeed, investments must be made
in many forms by many parties. Entrepreneurs
invest their time and energy in a project that they
believe can succeed; industrial partners direct in-
kind resources to building partnerships and devel-
oping aspects of plant design; potential suppliers
devote resources to capacity building, while creating
new parts for advanced technology; prospective
owners must select sites and develop operations
teams long before the design is licensed; even
prospective employees dedicate their time and
education in preparing to join innovative compa-
nies and industries. All of these contributions are
burdened by a regulatory process that does not
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promote incremental progress through the
achievement of defined milestones along the
licensing path.

Adjusting the licensing process to establish
distinct review stages, and better aligning these
stages with those typical for the development of
and investment in new technology would facilitate
the commercialization of innovative reactor designs.
Not only would this approach enable the current
crop of innovators to move forward, it would
also encourage more students, entrepreneurs, and
companies to enter the development pipeline.

In this report, we suggest several mechanisms
for achieving this type of staged process. They are
not the ultimate answer, but can serve as starting
points from which the NRC, advanced reactor
developers, and other stakeholders can work to
develop a new, more effective model.

Adjusting the licensing process to establish
distinct review stages would facilitate the
commercialization of innovative reactor
designs.

b. Transition from LWR-centric to Advanced
Reactor Guidelines
Current NRC regulations provide detailed guide-
lines for license applications for and approval of
light water reactors (LWRs). Recently, the NRC
offered a way to adapt this to advanced LWRs:
the applicant can ask the NRC to collaboratively
develop a design specific review standard (DSRS)
keyed to its reactor technology.® With changes
based on experience, a similar process could be
useful for non-LWR advanced reactors—whether
molten salt, high-temperature gas prismatic,
sodium fast pool-type, or others. However, the task
of developing the necessary inputs for a non-LWR
DSRS would fall heavily on the first applicant, thus
erecting a much higher regulatory barrier than what

2 The Part 52 process—consisting of a design certification (DC) followed by a combined operating license (COL) for construction and
operation—provides a more predictable regulatory pathway for light water reactors built by large regulated utilities. It does so by resolv-
ing an issue that arose in the older Part 50 process. Under 10 CFR Part 50, a construction permit (CP) was issued before the design was
complete; an operating license (OL) would be issued following construction and non-nuclear testing. However, an OL was not assured.
This led to extremely costly delays after construction had been completed. Combining the CP and OL into a COL reduces the risk of
this type of delay, but adds several requirements at the front end: (i) that a complete design be submitted prior to the start of construc-
tion; (ii) that any design changes be carefully presented and approved; and (iii) that a lengthy series of inspections and tests confirm

that the plant is being built as designed and will operate as expected.

3 See NRC NUREG 0800 Standard Review Plan-Introduction—Part 2 Standard Review Plan for the Review of Safety Analysis Reports
for Nuclear Power Plants: Light-Water Small Modular Reactor Edition. hrtp://jpbadupws. nre.govidocs/ML1320/ML13207A315. pdf.
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IWR applicants must currently surmount.” Because
the time and cost of completing that process is
unknown, it represents a major barrier to invest-
ment in and development of new designs.

"Two approaches exist for addressing this

challenge, and they should be pursued in parallel:

i. The NRC can develop and adopt a risk-
informed, performance-based regulatory
framework. This would allow for consider-
ation of advanced technology based primar-
ily on risk and performance criteria, rather
than on prescriptive specifications that
must be crafted anew for each technology.
Because entirely new regulatory guidance
will not be required for each new design
concept, this approach will reduce barriers
to innovation. Although it may take several
years to implement fully, immediate, mean-
ingful progress is also possible: several key
parts of the advanced reactor safety case
can be rendered more technology neutral by
incorporating risk information or perfor-
mance-based techniques. Specific examples
include the event selection process, contain-
ment requirements, and emergency plan-
ning. This work was initiated during the
Next Generation Nuclear Plant Project,
with parts pursued via the SMR program.
The NRC could rapidly adopt a perfor-
mance-based pathway by revising its
policies.

ii. Given the limitations of the risk-informed
framework (e.g., the long lead-time and the
need to develop the framework at the same
time that reactors are under review), some
near-term changes can help to mitigate the
challenges that today’s advanced reactor
developers face. For example, government
support of and NRC resource allocation
to development of regulatory guidance for
advanced reactors would help to pave a
pathway for innovation. This work could be
performed via an expansion or extension of
the current DOE/NRC Advanced Reactor
Licensing Initiative. Nonetheless, these
short-term strategies should not divert the
NRC or the nuclear industry from pursuing
the risk-informed framework as well.

As we make clear in this report, staging the licensing
process will also help to establish a clear step-wise
pathway for the successful licensing of advanced
designs. This will in turn address a critical investor
concern and facilitate commitment of additional
private capital to advanced nuclear development.

C. Guide for the Reader

This report consists of ten sections:

Executive Summary

The Executive Summary provides an overview
of key recommendations.

I. Introduction

The Introduction presents the context, explaining
why advanced nuclear reactors are important, not-
ing critical barriers that they face, and outlining
the key changes required in the licensing process
to enable advanced reactor innovations to reach
the market.

II. Reactor Development and
Deployment Process

This chapter describes how nuclear reactors are
developed and deployed, an essential predicate
to understanding how a project’s staged licensing
structure can be coordinated with a more
organized approach to sequential risk reduction.

II1. Useful Regulatory Models
and Lessons

This chapter describes several regulatory models,
nuclear and otherwise, that offer useful lessons for
ways in which the advanced nuclear power plant
licensing process may be improved in the United
States.

IV. Mechanisms for Staging Advanced

Reactor Licensing

This chapter outlines proposed mechanisms for
introducing discrete stages to the licensing process,
as a way to better align with innovation and
deployment.

4 Although NRC developed a design specific review standard (DSRS) for the NuScale and a partial DSRS for the B&W mPower Small
Modular LWR, a DSRS for a non-LWR will diverge far more from existing LIWR guidance and thus present a far greater challenge.
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Artist’s rendition of the Transatomic Power Molten Salt Reactor plant. The Transatomic Power reactor, which is based on technology first
developed at Oak Ridge National Laboratory in the 1960’s, is walk-away safe and has the potential to run on spent nuclear fuel.

V. Other Potential Improvements in the Appendix A: Advanced Reactor
Advanced Reactor Licensing Process Development and Deployment Process
This chapter discusses additional improvements Appendix A describes the advanced reactor devel-
that would help to inspire nuclear innovation, in- opment and deployment process, and recommends
cluding the development of a risk-informed, perfor-  the introduction of distinct phases into the com-
mance-based licensing framework and the drafting mercialization process, reducing program risk and
of clearer guidelines for the licensing of advanced increasing stakeholder alignment.

reactor demonstration projects.
Appendix B: Legal Context
VI. Recommendations
Appendix B provides the detailed legal context
This chapter sets forth detailed recommendations for the options explored in this report, as well as
for the development of advanced reactor licensing for its recommendations and conclusions.
strategies that encourage innovation.

Abbreviations

This section provides a guide to the abbreviations
and acronyms used in the report.

*d102) JaM0d d1wolesuel) ©
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CHAPTER Il

REACTOR DEVELOPMENT AND
DEPLOYMENT PROCESS

HE LICENSING PROCESS FOR
advanced reactors should not be considered
in a vacuum. The creation of stages in the
licensing process will be most effective
if those stages are coordinated with logical phases
in the design, development, deployment, and
investment process (the “development process”)
for advanced reactors. Even independent of the
licensing process, a more orderly and thoughtful
execution of phases and coordination of stake-
holders in the development cycle might serve
to expedite the process.

In simplified form, this chapter lays out a
typical development and deployment timeline for
nuclear power plants, and identifies key stakeholder
groups. More details, including a description of
key stakeholder relationships and a conceptual
layout of program phases that help to organize
the process, are provided in Appendix A; a more
detailed description of staged licensing will be pre-
sented in Chapter IV. The current chapter provides
context for the entire project development cycle.

The existing design, licensing, and delivery
process for new reactor designs costs too
much and takes far too long.

The existing design, licensing, and delivery
process for new reactor designs and specific reactor
projects costs too much and takes far too long.

To help the reader fully appreciate the complexity
and interrelationships of the major phases and types
of stakeholders, Figure II-1 graphically illustrates
the current development and deployment pathway

for an advanced light water reactor (ALWR). This
figure reflects a composite of the various major
activities that must be completed to bring a first-
of-a-kind (FOAK) project from the pre-conceptual
stage to full operation. The stakeholder groups
include investors, designers, regulators, builders,
operators, owners, and the public, and were chosen
to represent the typical (and broad) range of insti-
tutions that participate in a FOAK program. Each
has a distinct set of interests, including institutional
motivation, risk tolerance, and time frame.

The stakeholders’ primary involvement includes
some or all of the following activities:

* Finance,

*  Design,

* Licensing,

* Construction,

* Plant Testing,

*  Owner Operations, and

* Public Participation.

The activities and sub-activities in Figure II-1
reflect current practices and expectations of the
licensing process spelled out in 10 CFR Part 52.
Based on actual experience with current ALWR
designs (using averages derived from public data),
it would take more than 25 years to complete the
full set of sub-activities listed here. One reason for
the lengthy development timeline is that initial
NRC reviews take a long time, often reach widely
varying conclusions, and require applicants to
prepare extensive responses to agency comments.
Delays have also arisen from unsteady funding,
poor design execution and integration, limited
pre-application engagement with the NRC, failure
to incorporate construction methods into design,
failure of the owner to adequately prepare for



FIGURE 11-1
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operation, and protracted intervention proceedings.  holders. That is, each party would benefit from a

Indeed, the historical evidence suggests that, at more organized development approach. Concrete
one time or another, each of the stakeholders has phases with defined outcomes will enable stake-
negatively affected the development process. Lack holders to more easily make rational long-term
of alignment on major points of decision can create  commitments to the program. This in turn could
a nearly continuous series of unanticipated or lead to faster commercialization and thus nearer-
poorly timed results, leading to delays and cost term deployment of technologies that address the
overruns. global need for clean, reliable energy. Preliminary
Regulatory experience shows that the need to recommendations for introducing distinct phases
establish a clear system of phasing and integrate it into the commercialization process, reducing pro-
with discrete risk reduction applies not only to the gram risk, and increasing stakeholder alignment

regulatory process, but, analogously, to all stake- are detailed in Appendix A.
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USEFUL REGULATORY MODELS
AND OBSERVATIONS

AFETY EVALUATIONS OF

advanced (non-light water) reactors are

not a wholly new undertaking. The NRC

and its predecessors have evaluated and
even approved non-light water reactors, some of
which were built and operated in the United States
in the early days of nuclear power. A number of
observations can be made about those efforts.

Similarly, guidance can be drawn from other

regulatory authorities, both nuclear and non-nuclear.
This chapter n looks to the US Atomic Energy
Commission, the NRC, the Canadian Nuclear
Safety Commission (CNSC), the United King-
dom’s Office of Nuclear Regulation (ONR), the
US Federal Aviation Administration (FAA), and
the US Food and Drug Administration (FDA) for
best practices and strategies that point to desirable
adjustments in the NRC’s processes, as well as
changes to avoid.

A. Historical Practices at the NRC

and the AEC
The United States has a long history of licensing
a range of reactor types. Primary responsibility orig-
inally resided with the Atomic Energy Commission
(AEC), as authorized by the Atomic Energy Act
of 1954 (AEA). The Energy Reorganization Act
of 1974 (ERA) divided the duties of the AEC
between the NRC and the Energy Research and
Development Administration (ERDA). ERDA—
which in 1977 merged with another agency to
become the DOE—was given authority over nucle-
ar research, testing, and development. The NRC,
on the other hand, took charge of licensing and
regulating commercial reactor development, includ-
ing prototype and demonstration reactors. Consid-

erable precedent from the AEC era supports the
licensing of non-light water reactors, although its
current applicability may be limited. Still, a few
precedents post-date the creation of the NRC
and remain useful.

Key points that we take from this early

experience include:

* The NRC and its predecessor have in the
past reviewed advanced reactors, assigning
dedicated teams to examine particular
designs. Such a team may be the most
effective way to develop a strategy to improve
the review process for all advanced designs
and to implement a more risk-informed
process.

* Further examination of the computer codes
and other sources of knowledge that support
past advanced reactor evaluations may assist
the NRC in preparing to evaluate current
advanced reactors.

* Knowledge transfer from NRC staff involved
in these early reviews should receive high
priority.

1. EARLY AEC PRACTICES
With construction starting in 1949 and power
production following in 1951, the experimental
breeder reactor (EBR)-1 in the United States ush-
ered in the non-military era of nuclear development
worldwide. US government policy was highly
supportive of nuclear energy development, and the
Cooperative Power Reactor Demonstration Program
backed the development and demonstration of
advanced reactor concepts for nearly two decades.
During this period, a wide range of reactors was

17
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developed and built, including many non-LWR
reactor types.” Numerous one-of-a-kind research
and test reactors were licensed and constructed, in-
cluding those that generated electricity, produced
isotopes, and powered space missions.

To support these programs, the Atomic Energy
Act provided the AEC with licensing authority. A
more complete discussion of the legal powers granted
to the AEC and NRC is provided in Appendix B.

The practice during this period was to issue
construction permits (CPs) following mandatory
hearings, and then operating licenses (OLs), after
the resolution of any issues raised in discretionary
public hearings requested by third parties. For the
carliest reactors, expert judgment was the primary
method of evaluation. As time went on, more
focused regulations were issued, based on prior
experience in licensing, building, and operating
the early reactors. At both the CP and OL stages,
it was common for the AEC or NRC to attach
conditions to a permit or license, and require the
developer to meet those conditions by certain
construction or operation milestones. The Atomic
Safety and Licensing Board (ASLB) would conduct
the hearings mandated prior to issuance of the CP.
The ASLB would conduct a second hearing at the
OL stage as well, but only if it had been requested
by a person or entity whose interests might be
affected by the operating license. Prior to issuance
of the CP and OL, the Advisory Committee on
Reactor Safeguards (ACRS) also would conduct
an independent review of the permit and license
applications, then provide an opinion to the Com-
mission. On this foundation, the Commission
would grant or deny a license. Many of these plants
were licensed under §104(b) of the Atomic Energy
Act, which set the review standards for research and
demonstration reactors. There, the Commission
followed the statutory directive that it impose “the
minimum amount of such regulations and terms
of license as will permit [it] to fulfill its obligations
under” the AEA.

The non-light water reactors licensed and
operated under the AEC included:

*  Peach Bottom I, a 40-MWe High-Temperature

Gas Reactor (HTGR) (OL issued in 1967);

¢ Fort St. Vrain, a 350-MWe HTGR (OL issued
in 1973);

* Hallam Nuclear Generating Station, a 75-MWe
Sodium Graphite Reactor (OL issued in 1963);

¢ Fermi I Nuclear Power Plant, a 69-MWe
Sodium-Cooled Fast Breeder Reactor
(OL issued in 1963); and

* Piqua Nuclear Power Facility, a 12.5-MWe
Organically-Cooled and Moderated Reactor
(OL issued in 1963).°

In some cases, provisional licenses were granted
to first-of-a-kind demonstration plants.” Once the
demonstration period was deemed complete, the
provisional licenses would be converted to regular
§103 operating licenses and regulated under the
usual provisions applicable to all commercial reactors.
Until this practice was stopped in the late 1960s,
the AEC awarded provisional operating licenses
to numerous electricity-generating reactors.®

From 1960-1970, as LWR experience grew,
the regulatory framework was greatly expanded
and refined. Late in the decade, the AEC began
to develop and issue general design criteria (GDC).
All of this activity reflected the needs of a growing
[\WR-centric industry, as well as an agency that
required more stable and structured regulatory
standards.

2. POST-ERA DOE AND NRC NON-LWR PRACTICES
Enacted in 1974, the ERA split the AEC into
two parts in order to address several issues, among
them concern about lack of regulatory indepen-
dence, need for greater disclosure of safety issues,
and desire to separate the AEC’s promotional and
oversight functions. Formed soon after, the NRC
was given licensing authority for commercial, in-
dustrial, and medical nuclear facilities, as well as for
some that were research-related. The promotional
activities of the AEC were transferred to the Energy
Research and Development Administration (ERDA).
One of the programs that the AEC and ERDA
promoted involved the fast breeder reactor. The
fast breeder program was the NRC'’s principal non-

S Flanagan, G. E “Previous Experience ‘Licensing/Authorizing’ Non-IWRs in the US—How It Was Done and Who Did What”
September 2015. http://pbadupws.nre.govidocs/ ML1524/ML15245A643.pdf.

Ibid.

Plants that initially operated under provisional licenses include Haddam Neck, Oyster Creek, Palisades, Ginna, Maine Yankee,

and Indian Point.

8 See 10 CFR 50.57 footnote 1.



LWR licensing-related initiative in the early 1980s.
In 1983, after review, the NRC granted the Clinch
River breeder reactor a limited work authorization.
But this did not lead to a construction permit.
Instead, for reasons of cost and need, Congress
canceled the project in 1983.”

By the mid-1980s, interest in the development
of new reactor technology was growing. Several ad-
vanced LWR and non-IWR designs had progressed
to the point that the NRC was accepting for review
and comment preliminary design information
documents. Although not so formal that it could
result in a license, the process was extensive. Five
non-LWR designs underwent this type of review,
with the NRC issuing draft preliminary safety
evaluation reports (SERs) for three of them.

These were:
* Sodium Advanced Fast Reactor Liquid Metal

Reactor (LMR) (3600 MWt) (NUREG-1369),
* GE-Hitachi PRISM Liquid Metal Reactor

(LMR) (350 MW1t) (NUREG-1368), and
*  Modular High Temperature Gas Reactor

(HTGR) (471 MWt) (NUREG-1338).

Each of these preliminary SERs provided develop-
ers with valuable feedback on the licensability of

a given reactor design—as well as on the need for
additional design, analysis, testing, and research
before final design documents were considered
substantially complete and ready for agency review.
Although not binding on the NRC today, these
agency reports (NUREGS) continue to serve as
important reference points for developers of each
of these technologies.

The reviews also identified a number of policy
issues important to the licensing of advanced
non-LWR reactors, and they proposed courses of
action to address several specialized issues that these
advanced reactor designs presented.'” Although
more recent pre-application programs—NGNP
and NuScale—have succeeded in advancing the
discussion, most of the policy issues from that
earlier era remain."' These include licensing basis

Graphite reflector
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event selection criteria, use of mechanistic source
terms, functional containment performance, and
emergency preparedness. Resolving those issues
would assist in reducing the uncertainties that
surround the licensing of advanced reactors.

B. UK Office of Nuclear Regulation and
Canadian Nuclear Safety Commission

The NRC in the United States, the United King-

dom Office of Nuclear Regulation (ONR), and

the Canadian Nuclear Safety Commission (CNSC)

9 Flanagan, G. F. “Previous Experience ‘Licensing/Authorizing’ Non-LWRs in the US—How It Was Done and Who Did What”
September 2015. hrtp:/lpbadupws.nrc.govidocs/ML1524/ML15245A643. pdf.

10 SECY-93-092, “Issues Pertaining to the Advanced Reactor (PRISM, MHTGR, and PIUS) and CANDU 3 Designs and their Relation-
ship to Current Regulatory Requirements,” guided subsequent activities by providing specific guidance to NRC staff and useful feedback
to advanced reactor developers. Today, many of the issues have been highlighted again, driven by continuing industry and DOE interest
in advanced reactor development. See generally, PBMR, Toshiba 4S, NGNP, DOE, and generic and specific SMR work advanced by
NEI, NuScale, and B&W/Generation mPower. See also SECY-10-034, “Potential Policy, Licensing, and Key Technical Issues for Small

Modular Nuclear Reactor Designs.”

11 SECY-015-0077: “Options for Emergency Preparedness for Small Modular Reactors and other New Technologies.” hrp://pbadupws.nre.

govldocs/ML1503/ML15037A176. pdf.

Steam Generator
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have a great deal in common. They share similar
missions and principles, for instance. But they also
differ in key respects, several of which offer useful
examples of alternative ways to regulate nuclear
technologies, while maintaining high safety standards.
Here, we will highlight differences in (i) pre-licensing
design review, (ii) cost control, (iii) prescriptive
regulations, and (iv) public participation.

Staged approaches allow the regulator to
provide key licensability information to reactor
design vendors earlier in the licensing process.

Key points from the UK ONR and the CNSC

include:

* Pre-licensing design reviews in the UK and
Canada are more structured than in the US,
and offer useful formal feedback based on
earlier-stage design. Although positive findings
in the UK’s generic design assessment and
vendor design review are necessarily provi-
sional (they await further design detail, con-
firmatory analysis, and a full license applica-
tion), this early feedback is of significant
assistance to developers.

* Canada’s vendor design review offers a prom-
ising model for an optional NRC “statement
of licensing feasibility” that could emerge
from structured pre-license application inter-
actions between NRC staff and developers.

¢ The UK'’s generic design assessment provides
for a staged process that could be instructive
in developing a similar approach for the
NRC'’s licensing process.

* The UK will enter into a limitation of liability
agreement during pre-licensing review that
provides the vendor with certainty about its
expenses. The NRC could take similar steps to
increase transparency and cost-effectiveness.

* The UK ONR has adopted a goal-setting
approach to regulation that is less prescriptive
than the NRC’s framework. This provides a
greater measure of flexibility to potential
advanced reactor applicants—for example,
by encouraging more innovative engineering
techniques. It may be possible for the NRC
to develop risk-informed or performance-based
regulations for certain key areas integral to
the licensing of advanced reactors. The design
basis event selection process is one such
area that would benefit from this approach.

1. PRE-LICENSING DESIGN REVIEW

All three regulatory regimes offer formal pre-licensing
reviews of reactor designs. The key difference among
them, however, is that both the UK and Canadian
pre-licensing reviews are structured and staged,
whereas the NRC's is not. The Canadian Vendor
Design Review (VDR) Program and the UK’s
Generic Design Assessment (GDA) Program con-
sist of distinct phases or steps. At the end of each
one, the regulator issues a public report stating
whether the reactor design has met the requirements
for that phase or step. If not, the design cannot
proceed to the next one. These staged approaches
allow the regulator to provide key licensability
information to reactor design vendors earlier in
the licensing process than is currently possible
with the NRC.

In the US, the NRC’s policy is to encourage
early discussions with potential applicants, such
as utilities and reactor designers. This helps to de-
velop the agency’s understanding of the technology,
and to identify and resolve potential licensing issues.
These discussions are conducted prior to the sub-
mission of a license application. Typically, the
entity seeking to build a new reactor will meet
with NRC staff to present technical details of the
proposed design, as well as an overall schedule and
plan. Then, agency staff will request that the entity
provide a list of topical and technical reports on
pertinent areas (e.g., quality assurance program
description, design overview, and core nuclear
design). These help to prepare the staff for the
expected application submittal. They also are
considered in scheduling staff resources.

Although the pre-license application process
can be beneficial to the NRC and to the parties, it
does not result in any formal statement from the
NRC on the expected licensability of the proposed
design.

The step-wise pre-licensing design review
processes in Canada and the UK provide earlier
opportunities for reactor vendors to demonstrate
to their investors and potential investors that
the reactor design technology will be licensable.
This increases the likelihood of continued and
perhaps greater investor funding of advanced reac-
tor designs. A step-wise process will also increase
assurances to investors that a reactor project is
more likely to be constructed, particularly in
light of the lengthy licensing processes developers
face in all three nations.



a. CNSC Vendor Design Review

CNSC offers reactor vendors the opportunity to
participate in a pre-licensing vendor design review
(VDR). The process is optional. Section 21(1)(a)
of Canada’s Nuclear Safety and Control Act (NSCA)
gives CNSC the authority to “enter into arrange-
ments, including an arrangement to provide train-
ing, with any person, any department or agency
of the Government of Canada or of a province,
any regulatory agency or department of a foreign
government or any international agency” in order
to achieve its objectives. Under this authority, at
the request of a reactor design vendor and with a
signed service agreement identifying a fixed scope
of work, the CNSC will undertake a pre-licensing
review of a vendor’s reactor design. This process is
described in CNSC guidance document GD-385,
Pre-licensing Review of a Vendor’s Reactor Design
(May 2012).”

As an option, but not a licensing prerequisite,
VDR serves as a tool to mitigate risk. Its primary
purpose is to apprise the vendor of the overall ac-
ceptability of the reactor design. This standardized
process evaluates whether fundamental barriers
could prevent licensing of the design in Canada.

It is available when the vendor’s conceptual design
is essentially complete and the basic engineering
program has begun. VDR protects proprietary
information, while providing data to the public
through an executive summary.

This review allows for early identification and
resolution of potential regulatory or technical issues
arising in the design process, particularly issues that
could result in significant changes to the design or
safety case. Because it enables vendors and utilities
to communicate, identify, and address regulatory
issues sufficiently early to minimize delays in licensing
and facility construction, a VDR produces license
applications of higher quality. It also facilitates
vendor-initiated discussions with potential licensees
interested in the vendor’s technology and with
potential investors seeking greater assurance that
the technology works. If a VDR finds that the
design is not viable, this early determination
saves the parties from needless development
and licensing expense.

A VDR can begin once a vendor has made
reasonable progress in preliminary design engineer-
ing. This means that the basic architecture of impor-
tant safety systems conforms to the vendor’s reactor

STRATEGIES FOR ADVANCED REACTOR LICENSING

Terrestrial Energy has announced that it is submitting
its Integral Molten Salt Reactor (IMSR) design to the
CNSC for Phase | of its Vendor Design Review.

design guides and requirements. At this time, the

following should be nearing completion:

*  Design guides that describe design philosophies,
safety philosophies, and rules that designers
must follow when performing their work,
including safety requirements (e.g., applicable
codes and standards);

* Design requirements for important safety
systems that establish, among other things,
minimum performance requirements and
reliability targets;

* The vendor’s overall management system as
it applies to the design of the proposed plant’s
(or small reactor’s) structures, systems, and
components; and

12 “Pre-licensing Review of a Vendor’s Reactor Design” (GD-385). CNSC. May 2012. http://nuclearsafety gc.calpubs_catalogueluploads/May-
2012-GD-385-Pre-licensing-Review-of-a-Vendors-Reactor-Design_e.pdf
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TerraPower explores the features and performance characteristics of the fuel and fuel assemblies for their sodium-cooled

reactor in their Bellevue, WA based laboratory.

* Design and safety analysis that approaches the
level of information needed for a preliminary
safety analysis report.

The outcome of the VDR process is not a detailed
review nor does it involve certification of the entire
design. Rather, it consists of a broad sample of key
topics related to safety. The CNSC performs far
more detailed design scrutiny when it reviews the
license application for a specific site. Nevertheless,
VDR results can inform licensing activities. Assum-
ing that the vendor shares results with the interested
utility, the latter can shape its own licensing sub-
missions by drawing on information obtained
from the VDR process.

The VDR pre-licensing process is accomplished
in three phases of increasing levels of review, as
follows.

Phase 1-Compliance with Regulatory Require-
ments. Requiring approximately 5,000 hours of
CNSC staff time over the course of a year, this
phase addresses whether the vendor design intent
demonstrates an understanding of Canadian require-
ments. Nineteen focus areas can be examined, and
the applicant chooses which focus areas to submit
for review. A vendor can initiate a Phase 1 review
once the conceptual design is complete, and the

preliminary engineering program is either at an
advanced stage or has been completed.

CNSC will provide the vendor with a Phase 1
summary report containing findings for each review
focus area and the bases for those findings. For
all focus areas successfully completing the review
process, CNSC issues the following statement:

Canadian Nuclear Safety Commission staff has
completed a Phase 1 pre-licensing review of a
vendor’s reactor design for the [vendor/reactor
design]. In the following key areas, CNSC
staff has determined that the design intent is
compliant with the CNSC regulatory require-
ments and meets the expectations for new
nuclear power plant [small reactor] designs

in Canada: [list of review focus areas].

CNSC will also identify any focus area in which
the vendor must complete additional work in
order to demonstrate its intent to meet applicable
requirements.

CNSC treats the Phase 1 report as commer-
cially sensitive information and thus does not
disclose it to the public. However, CNSC also
posts an executive summary on its public web site,
communicating, in general terms, the results of
the review.



Phase 2—Pre-licensing Assessment. This phase
requires approximately 10,000 hours of CNSC
staff time and takes roughly eighteen months to
two years to perform. A vendor can initiate a Phase
2 review once the design’s preliminary engineering
program is either well under way or complete.
Phase 2 follows up on issues identified in Phase 1,
while assessing the design for fundamental barriers
to licensing. In other words, Phase 2 examines
whether the vendor is addressing Canadian design
and safety analysis requirements for specific design
aspects. The Phase 2 review also uses the 19 review
focus areas, but it requires more detailed informa-
tion for each focus area so staff can assess whether
the reactor design and supporting analyses meet
Phase 2 objectives. The results of a Phase 2 review
assist the vendor’s development of a preliminary
safety analysis report, which in turn provides support
for a site-specific construction license application.

CNSC will prepare a Phase 2 summary similar
to the Phase 1 summary, with findings for each
review focus area and the bases for those findings.
CNSC issues the following statement for all
compliant focus areas:

Canadian Nuclear Safety Commission staff
has completed a Phase 2 pre-licensing review
of a vendor’s reactor design for [vendor/reactor
design]. This review provides a further level of
assurance that [vendor] has taken into account
regulatory requirements and expectations.
Based on the Phase 2 review, CNSC staff con-
cludes that there are no fundamental barriers
to licensing the [design] design in Canada.

CNSC will also issue a statement identifying any
focus area in which the vendor must complete
additional work in order to demonstrate its intent
to meet applicable requirements:

This statement is subject to the successful com-
pletion of [vendor/reactor]’s planned activities,
in particular those related to: [list of review
focus areas].

As with the Phase 1 report, CNSC does not
disclose to the public the contents of the Phase 2
report, but does post a non-confidential executive
summary on its web site.

Phase 3—Pre-construction Follow-Up. Once
Phases 1 and 2 are complete, and its detailed
engineering program for non-site-specific design
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is underway, the vendor may initiate the Phase 3
process. This generally begins once the vendor is
supporting an entity (e.g., a utility) that is prep-
aring an application for a construction license.
Phase 3 allows the vendor to follow up directly with
CNSC in greater detail on one or more areas cov-
ered in Phase 1 or 2. The Phase 3 goal is to obtain
thorough review of selected topics to avoid detailed
CNSC reassessment of those areas during con-
struction license review.

CNSC will deliver to the vendor a Phase 3
summary report at the end of the Phase 3 review
period. The report will contain either a summary of
the discussions or any additional findings for each
focus area, along with the bases for those findings.
As with the first two phases, the Phase 3 report is
treated as commercially sensitive, but, again, CSNC
posts a non-confidential executive summary on
its web site.

The GDA process is intended to give the
operator of a new nuclear plant a clear signal
through a staged process.

b. UK Generic Design Acceptance
Under the licensing regime in the United Kingdom,
it is anticipated that new nuclear power plant
projects will be based on a design acceptance
confirmation (DAC) obtained through the UK’s
generic design assessment (GDA) process. There,
the Office of Nuclear Regulation (ONR) assesses
the safety case for the generic design of a specific
reactor. The GDA process is intended to give the
operator of a new nuclear plant a clear signal—
through a staged process—of whether the new reac-
tor design would, in principle, meet regulatory re-
quirements if a license were sought based on that
design. Because of the advantages afforded to both
reactor vendors and new reactor developers, ONR
believes that new nuclear power stations in the
UK will be based on a reactor design that has
undergone a GDA. A GDA does not replace the
site-specific licensing process, but it is expected to
make a significant contribution to ONR’s assess-
ment of the license applicant’s safety case.

As with most government agencies, ONR
has limited resources. Obtaining a spot in the
ONR review queue can be challenging for reactor
developers, contributing to the uncertainty of
cost and schedule.
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The GDA process is carried out in four steps,
with the assessment becoming more detailed with
each step. ONR publishes an update at the end of
each step, highlighting any concerns or technical
issues that have been raised. In addition, the Envi-
ronment Agency conducts both preliminary and
detailed assessments, followed by a consultation.
The GDA process is intended to offer a number
of advantages over the existing approach, including
(i) early involvement with reactor designers so that
design changes can be addressed prior to construc-
tion; (ii) a staged process that allows ONR to
identify key design issues early on, thus reducing
a developer’s financial and regulatory exposure;
(iii) the separation of design issues from site issues;
(iv) a level of transparency that allows the public
to view detailed design information on a website
and submit comments; and (v) regular feedback
on how the agency’s assessments are progressing.

After the reactor vendor has prepared the de-
sign, safety case, and security submissions (Step 1),
the next three steps in the GDA process, ONR
estimates, collectively take about 48 months. The
breakdown is as follows: approximately 6-8
months for fundamental design, safety case, and
security claims overview (Step 2); an additional 12
months for overall design, safety case, and security
arguments review (Step 3); and an additional
28 months for the detailed design, safety case, and
security evidence assessment (Step 4). After ONR
has completed its assessments, additional steps may
be required if one or more issues remain unresolved.

If ONR is satisfied with the submissions, it will
publicly disclose after each step any fundamental
safety or security concerns that might thwart the
issuance of a DAC, or that might prevent the design
from proceeding to the next step. For a recent
example of a smoothly advancing process, which
involved ONR review of Hitachi-GE’s UK advanced
boiling water reactor (ABWR) design, the agency
issued the following announcement at the comple-
tion of Step 3: “ONR has concluded that sufficient
progress has been made by Hitachi-GE to move
into the final assessment stage, which Hitachi-GE
expects to be complete in December 2017.7"

The GDA process leads to generic (i.e., not
site-specific) Pre-Construction Safety and Security
Reports. After Step 4, it results in one of three
potential outcomes: provision of a DAC, provision
of an interim DAC identifying outstanding generic

design acceptance issues, or provision of no DAC.
A DAC issued by ONR is effective for a period of
up to 10 years, absent significant new information
undermining its issuance. A DAC implies that
ONR is confident that the generic design is capable
of being built and operated in a safe and secure
manner on a site bounded by the generic site en-
velope. It follows that ONR gives weight to the
DAC when assessing the adequacy of an applicant’s
request to construct and operate a nuclear reactor
on a specific site. (Naturally, the reactor proposal
itself would be subject to more specific assessment,
as well as licensing.)

ONR will authorize an interim DAC if it is
generally satisfied with the generic safety and secu-
rity aspects of the submissions, even if certain issues
remain. When additional information submissions
are filed to resolve those issues, ONR will approve a
full DAC. On the other hand, if ONR finds a sig-
nificant, unacceptable shortfall in the design, safety,
or security of the submissions it received, it will
deny the DAC request and explain why it did so.

2. COST LIMITATION AGREEMENTS FOR
PRE-LICENSING REVIEW ACTIVITIES
The UK’s ONR will also enter into limitation
of liability agreements with a reactor vendor or
potential license applicant setting a ceiling on costs
ONR can incur—and be reimbursed by the private
party—for pre-license application review activities.
It is typical for a reactor vendor or potential appli-
cant to engage the UK regulator in pre-licensing
discussions and information sharing aimed at iden-
tifying potential licensing issues early in the process.
A cost limitation agreement provides the vendor
or license applicant with certainty that pre-license
application discussions will not exceed a specified
cost. In the US, the NRC could take similar steps
to increase the transparency and cost-effectiveness
of its proceedings.

3. MORE FLEXIBLE REGULATION

NRC and CNSC reactor licensing regulations are
far more prescriptive than the ONR’s performance-
based regulations. In the UK, the ONR sets objec-
tives, and then license applicants must demonstrate
that they meet them. The ONR prefers this strategy
because it can achieve the required high levels of
nuclear safety while allowing an operator greater
access to innovation and to approaches better

13 “UK ABWR progresses to final stage of assessment.” UK ONR. October 30, 2015. hp://news.onr.org.uk/2015/10/uk-abwr-progresses-to-

[final-stage-of-assessment
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tailored to the operator’s circumstances. It also
encourages the adoption of sound practices and
continuous improvement.

In the UK, the ONR trades more certain licens-
ing guidelines for increased regulatory flexibility.
With respect to design-basis accidents, for example,
ONR does not follow the US practice of using as
license criteria fault sequences and analytical assump-
tions that are defined by the agency. Rather, ONR
sets more general regulatory expectations and then
requires licensees to determine—and justify—how
best to achieve them. This approach facilitates the
use of probabilistic methods to identify key accident
sequences and to ensure that the safety case is com-
plete. That, in turn, creates room for innovative
engineering approaches that may not be contem-
plated (or allowed) by a more deterministic set of
limiting accidents. In short, an objective-setting
approach provides a greater measure of flexibility
to potential advanced reactor applicants. Although
it is unlikely that the NRC would replace all of its
prescriptive regulations with performance-based
ones, it may be possible to introduce the latter
approach in certain areas integral to the licensing
of advanced reactors—especially non-light water
technologies. The design basis event selection pro-
cess is one key area that would benefit from this.
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An objective-setting approach provides a
greater measure of flexibility to potential
advanced reactor applicants.

4. PUBLIC PARTICIPATION

All three regulatory regimes provide the public with
multiple opportunities to participate in and provide
input into the reactor licensing processes. The

US licensing system provides public participation
opportunities that are considerably more formal
than those of the UK and Canada. In the United
States, members of the public, state and local gov-
ernments, and non-governmental organizations can
become formal parties in nuclear licensing hearings
and fully participate in the adjudicatory process.
The level and extent of public participation in the
US is often considered a major source of delay

in the licensing process.

The UK licensing process provides no similar
opportunity. Although the Canadian licensing
process allows the public to participate in CNSC
hearings, these hearings are more legislative than
adjudicatory in nature, which means that they
provide an opportunity for the public to submit
evidence and testimony, but do not take a formal

VSA800 ©@
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“trial-like” approach to contested issues.

All three licensing processes provide a variety
of options for public involvement and public input
in nuclear reactor licensing decisions. The sharpest
distinction among them is the extent to which the
public can directly challenge a proposal by becom-
ing a full-fledged party to a formal adjudicatory
proceeding. To participate in an NRC adjudication,
members of the public, adverse state and local
governments, and anti-nuclear interests must
demonstrate that the construction or operation
of the proposed reactor may adversely affect their
interests. Upon such a showing, these individuals
or entities may intervene, with the objective of
demonstrating to the administrative law judges
overseeing the proceeding that the reactor should
not be licensed or, alternatively, that the application
should be amended to address the concerns raised.
Such interveners are empowered to submit their
own evidence, cross-examine witnesses, and take
other formal steps. In the UK and Canada, mem-
bers of the public, local governments, and other
interest groups also have the opportunity to express
their opposition to the licensing of a nuclear plant,
but not to the extent permitted in the US.

C. Federal Aviation Administration

A number of observations can be made about the
Federal Aviation Administration’s (FAA’) regulatory
process, though it is important to note that the
FAA, like the NRC, is not perfect and should not
be held up as an ideal in every respect. The lessons
presented here are drawn from areas where the

FAA excels.

Key points from the FAA include:

* The FAA has established the values of safety,
excellence, integrity, people, and innovation
at the center of its regulatory work. The
NRC'’s “Principles of Good Regulation” include
independence, openness, efficiency, clarity,
and reliability. The NRC could consider adding
innovation to its core values and making it
a key element of continual improvement.

* The first step in the FAA regulatory process
is to define the working relationship between
the FAA and the applicant. This provides
a foundation for effective communication

and rapid resolution of conflicts. The nuclear
regulatory process would benefit from a
similar first step.

* The FAA’s project-specific certification plan
(PSCP) is a possible model for our proposed
licensing project plan (LPP). An LPP would
help to establish a collaborative roadmap
for licensing a given project with agreed
upon milestones and deliverables.

e Although the FAA has embraced some risk-
informed regulation, its experience suggests
that a level of prescriptive regulation will
remain. This is likely to be the case in the
nuclear energy sphere as well. It is important
for both the NRC and industry to recognize
that the transition to more risk-informed
or performance-based regulation does not
have to—and probably cannot—exclude all
prescriptive aspects (nor will this transition
happen overnight).

* Standards development organizations are
considered useful partners in the effort
to develop new regulations, as they bring
additional resources and expertise to bear.

1. FAA REGULATORY PROCESS

The Federal Aviation Administration (FAA) exists
to “provide the safest, most efficient acrospace system
in the world” by striving to “reach the next level of
safety, efficiency, environmental responsibility and
global leadership.”'* The FAA has a dual mission
that involves both regulating and promoting air
travel. This is important to keep in mind when
comparing the NRC and the FAA, because the
NRCs role is not to promote nuclear energy, but
rather to ensure that its use does not compromise
public health and safety, or the common defense
and security—in other words, to regulate it. DOE
is charged with nuclear technology research, devel-
opment, and promotion. This separation was estab-
lished by the Energy Reorganization Act of 1974
and is considered essential to maintaining an inde-
pendent regulator. To ensure the safety of planes
flown in US airspace, the FAA employs approxi-
mately 7,000 people in aviation safety and has an
annual budget of slightly more than $15 billion."
At the center of the FAAs regulatory work are the
values of safety, excellence, integrity, people, and

14 https:/fwww.faa.govlabout/mission

15 FAA Budget Estimate, FY2015. https:/lwww. transportation.govisites/dot.gov/files/docs/ FAA-FY201 5-Budget-Estimates. pdf



innovation. The NRC should consider adding
innovation to its core values, because it is a key
element of continual improvement and connection
to future nuclear technology developments. This is
not to suggest that the NRC should promote tech-
nology innovation, but rather that it should strive
to incorporate into its regulatory function innova-
tion that enhances its effectiveness and efficiency.

a. The FAA Phased Process
The FAA's five-phase regulatory process is highly
prescriptive, although it often bases its rules on
industry standards.'® Approval comes in the form
of a type certification. A useful overview of the pro-
cess can be found in 7he FAA and Industry Guide to
Product Certification, Second Edition (CPI Guide)."”
As the NRC makes changes in the advanced nucle-
ar reactor licensing process, it would serve both the
agency and industry to develop a similar document,
particularly one that outlines consensus guidelines
for an effective and efficient regulatory process.
The first part of the FAAs certification process
requires the FAA and the applicant to agree upon
a “Partnership for Safety Plan” (PSP)."® Subsequent
interactions are broken down into five phases:

i. Conceptual design,

ii. Requirements definition,

iii Compliance planning,

iv. Implementation, and

v. Post certification.

Certification is structured around the building
blocks of the PSP, the project specific certification
plan (PSCP), and phase evaluation checklists, each
of which is further described below.

b. FAA Partnership for Safety Plan

The PSP is an umbrella agreement between the
FAA and the applicant. The following excerpt from
the CPI Guide describes the purpose and vision

of the PSP:

The purpose of this Partnership for Safety
Plan (PSP) is to define a working relationship
between the Aircraft Certification Service of
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FIGURE 111-1
The FAA’s Five-phase Regulatory Process

Design Phase

O T SR

ReptoRants Compliance Implementation b
Definition P P Certification

Phase Phase

Conceptual

Planning Phase Phase

the Federal Aviation Administration (FAA)

and Applicant. It provides the foundation from
which to build mutual trust, leadership, team-
work, and efficient business practices. This Plan
enables the FAA, Applicant, and their staffs to
expedite certification projects by focusing on
safety significant issues. It is the mutual goal

of the FAA and Applicant to meet or exceed
the expectations of this agreement to achieve
the following vision:

Vision of the Product Certification Process

A credible and concise product certification
process that results in:

»  Timely and efficient product type design
and production approvals

*  Clearly defined and understood roles,
responsibilities, and accountability of all
stakeholders

»  Timely identification and resolution of the
certification basis, potential safety issues,
and business practice requirements

*  Optimal delegation using safety manage-
ment concepts with appropriate controls
and oversight

In the establishment of this PSP, it is under-
stood that a cooperative working relationship
is required for this process to be effective. To
achieve this Vision, it is understood that the
Applicant and FAA team members will work

in accordance with the guidelines contained
in this PSP

16 T. Murphy in correspondence with K. Shield. 2015.

17 The FAA and Industry Guide to Product Certification Second Edition hetp://www.faa.govlaircrafilair_cert/design_approvals/media/ CPI

guide_II.pdf
18 Ibid.
19 Ibid
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The PSP contains guidelines for:

* Corporate planning,

e Communication and coordination,

*  Delegation,

*  Production quality system evaluation,
* Issues resolution process, and

¢ Performance measures.

The PSP is a tool for ensuring effective communi-
cation, clear protocols, rapid assessment of issues,
and resolution of disagreements. A similar tool

in the nuclear regulatory process could help to
improve resource planning and effectiveness, while
reducing delays and ill will caused by miscommu-
nication, lack of communication, and uncertain
responsibility. This could be the first section of
the licensing project plan (LPP) that we propose.

c. FAA Project-Specific Certification Plan

The PSPC defines and documents a product cer-
tification plan between the FAA and the applicant.
It is a living document, to which changes are made
if the FAA and applicant agree they are needed. It
is intended to be developed as soon as a project is
considered viable and resources are committed to
certification. It includes the following sections:

Purpose
Effectivity
Product certification

1. Project description
Project schedule
Certification basis
Means of compliance
Communication and coordination
Delegation
Testing plan (a.) General (b.) Flight test
(c.) Conformity

8. Compliance documentation
Production certification
Post certification requirements

Noawnmas D

Project issues planning
Continuous improvement
Signatories

The PSPC is a useful model for the licensing

project plan that we propose in Section IV.A.

2. FAA USE OF RISK-INFORMED AND

PERFORMANCE-BASED REGULATION
Recent efforts by the aviation industry and the FAA
to make regulation less prescriptive have resulted in
incremental changes, but not a complete transition
to a risk-informed model. Officials in the FAA’s
rulemaking office told the GAO that about 20%
of the agency’s regulations are performance-based.”
The FAA seems to struggle with challenges relating
to risk-informed and performance-based licensing
in ways similar to those faced by the NRC.

The FAA conducted a review of its Part 23:
Small Airplanes regulations in 2009 and found
that the regulations have

continually become more prescriptive in reacting
to specific design features of the day. The result
of the combination of all of these specific rules
is the loss of the original intent of airworthiness
design regulations and a lack of flexibility to
quickly address today’s airplanes.”!

In 2013, a similar report by the Part 23 Reorganiza-
tion Aviation Rulemaking Committee described
these regulations as “prescriptive in nature, written
to address out-of-date technologies and structured
based upon broad assumptions, including airplane
weight and propulsion type, which are becoming
less accurate and more constraining as time pro-
gresses.” The report expresses concern that numer-
ous load requirements and materials regulations

are overly prescriptive.”?

The FAA experience may be taken as a note of
caution to those working to reduce the prescriptive
nature of NRC regulations: not all risk/reward
formulae allow for risk-informed and performance-
based regulation; thus, some level of prescriptive
regulation is likely to remain. For new technologies,
however, the FAA works closely with industry to
determine how regulations need to be written or
changed to incorporate innovation. Industry standards
often evolve more quickly than agency regulations;

20 Government Accountability Office. Aviation Safety: Certification and Approval Processes Are Generally Viewed as Working Well,
but Better Evaluative Information Needed to Improve Efficiency. GAO-11-14. October 2010.

21 Federal Aviation Administration. Part 23—Small Airplane Certification Process Study: Recommendations for General Aviation For the
Next 20 Years. 2009 page 16 hrtps://www.faa.gov/about/office_org/headquarters_offices/avsioffices/air/directorates_field/small_airplanes/medial

CPS_Part_23.pdf

22 14 CFR Part 23 Reorganization Aviation Rulemaking Committee. Recommendations for increasing the safety of small general aviation
airplanes certificated to 14 CFR part 23. 2013. p. iii hetps://www.faa.govlaboutloffice_org/headquarters_officeslavsloffices/air/directorates__

feeld/small_airplanes/media/P23_Reorg ARCFINAL.pdf:



by adopting these standards as regulations, the FAA
allows industry to identify economical changes,
while ensuring that they meet baseline safety goals.
A similar approach in the nuclear industry would
encourage standards-setting associations to play a
more active role in the development of advanced
nuclear technology requirements. It also could
allow the NRC to more quickly adopt less prescrip-
tive requirements while maintaining strong public
health and safety standards. It may be worthwhile
for the NRC to consult with the FAA to learn
about the challenges the FAA has faced and
successes it has achieved in increasing its use of
risk-informed and performance-based regulation.

D. Food and Drug Administration

Not all aspects of the FDA regulation and approval
process can or should be transferred to the NRC.
There are significant differences between the two
regulatory bodies, and between the types of prod-
ucts and activities they regulate. Similarities also
exist, however, and these suggest that the FDA’s
experience can help to guide the NRC.

Key points from the FDA include:

* The FDA’s staged approval process has proved
to be compatible with innovation and with
large high-risk investments. The stages provide
transparency that helps all parties judge the
likelihood that a product under development
will be successfully approved. This lends sup-
port to the hypothesis that a staged process
would enable greater investment and inno-
vation in advanced nuclear energy.

* A large set of different approval pathways can
be confusing and counterproductive. It may
be most effective to work to improve existing
pathways, while developing entirely novel
pathways only when a clear need exists and
significant advantage is to be gained.

* Given the many ways in which advanced
reactors differ from traditional LWRs, the
NRC should consider dedicating a special
team to exploring the potential benefit of
developing innovative licensing strategies
for such reactors.

* The FDA’s budget is provided through fees
(50%) and federal outlays (50%). At the NRC,
the share of the budget furnished by fees—
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90%—is much higher. Providing timely cost
sharing or grants from DOE to cover early
interactions may help projects get off the
ground in their initial stages. Beyond that,
reducing the portion of the NRC budget that
is covered by industry fees may enable the
agency to focus more effort on important,
forward-looking work that is of less immediate
benefit to ratepayers, but paves the way for
future evaluation of advanced nuclear
technologies.

The FDA underwent a significant effort in the
1960s and 1970s to increase its expertise in biolog-
ics; after that, the approval process for biologics be-
came more efficient. The NRC may need to make
a similar effort, increasing its expertise in advanced
reactors in order to facilitate the advanced reactor
licensing process.

1. FDA MISSION AND STRUCTURE
Like the FAA, the US Food and Drug Administra-
tion (FDA) has a dual-focus mission: to protect
“the public health by assuring the safety, efficacy,
and security of human and veterinary drugs, ...
[and to advance] public health by helping to speed
innovations that make medicines more effective,
safer, and more affordable.”” Fundamentally, the
FDA aims to prevent dangerous drugs from enter-
ing the marketplace, while it simultaneously pro-
motes medical advances. As explained in Section
IV.C, above, this is fundamentally different from
the NRC's role, which is to regulate but not to
promote. Comparisons should be drawn with
an awareness of this distinction.

The FDA's size has been steadily increasing;
in FY2015, the agency had 16,700 full-time
equivalent employees and a budget of approximate-
ly $4.5 billion.** There are multiple offices within
the FDA, but three are significant here because they
evaluate product approvals. The Center for Drug
Evaluation and Research (CDER), the largest of the
FDA centers, approves chemically derived products,
as well as some biologically derived therapeutic
products. The Center for Biologics Evaluation
and Research (CBER) regulates other biologics for
human use, including blood-based, vaccine, tissue,
and gene therapy products, as well as a small num-
ber of devices. Most devices, however, are regulated

23 FDA 2016. http:/fwww.fda.gov/AboutFDA/WhatWeDo

24 HHS. (2015); FDA, “Executive Summary All Purpose Table,” (2015).
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by the Center for Devices and Radiological Health
(CDRH), which approves medical devices and
products that emit radiation.”

Unlike the FDA’s Centers, the NRC evaluates
reactors within two departments—the Office of
Nuclear Reactor Regulation and the Office of New
Reactors—without differentiating on the basis
of reactor structure or type. Given the many ways
in which advanced reactors differ from traditional
[WRs and the potential benefits of developing
innovative licensing strategies for them, the NRC
may find it useful to dedicate a special team to this
effort. It may also be useful to direct a team to de-
velop a strategy for implementing a risk-informed,
performance-based framework for advanced reactors.
Recognizing that NRC staff size is decreasing as the
number of licensees declines, Congress may need
to be asked to budget funds for these teams, rather
than relying on NRC fees.

The FDA’s drug approval process incorporates
discrete stages that have proved compatible
with the development process and the
investment needed to support it.

Of the FDA’s budget, approximately half
consists of federal outlays and half is derived from
fees.” In contrast, as noted, 90% of the NRC’s
budget is fee based, with only 10% from outlays.
Although in both cases industry shoulders a large
share of the budget, the percentage at the NRC is
especially high. Providing cost sharing or grants
to cover early interactions with the NRC may help
projects in their initial stages get off the ground.
Beyond that, decreasing the part of the NRC’s
budget derived from fees may enable the agency to
focus more effort on important, forward-looking
work that is of less immediate benefit to ratepayers,
but paves the way for future evaluation of advanced
nuclear technologies.

2. DRUG APPROVAL PROCESS
The FDA approval process varies greatly, depending
on the type of drug, the existence of similar drugs

already in the marketplace, and the illness itself.
The “normal” drug application process for new
products requires two different applications: an
investigational new drug (IND) application, fol-
lowed by a new drug application (NDA) for drugs
and biologics submitted to CDER, or a biologics
license application (BLA) for those submitted to
CBER. An IND application is usually filed follow-
ing laboratory tests (in vitro and animal in vivo)
that demonstrate a drug’s probable safety for
humans, and is required before clinical trials begin.”
Clinical trials are conducted in three phases, and
their design must be outlined in the IND. Upon
completion of the clinical trials, the data are
submitted in the form of an NDA or BLA. On
average, the FDA approves drugs in two years,
though approval can take up to seven years. Total
development time—including R&D, clinical trials,
and FDA approval—ranges from 8 to 15 years.
Expedited pathways, which reduce FDA review
time to one year, also exist (there are four of them).
The FDA approves dozens of novel drugs and
hundreds of slightly altered drug delivery processes
(e.g., dosages and disease applications) annually.

As is true of nuclear power plants, the process
of developing and commercializing a new drug is
highly capital intensive. The FDA’s drug approval
process incorporates discrete stages that have
proved compatible with the development process
and the investment needed to support it. Table I1I-1
shows typical investment requirements for each
stage of the approval process.

The FDA has created a multitude of pathways
through which products may be approved; while
each of these provides a more convenient route
for a specific subset of products, variety can cause
problems. For example, confusion regarding which
types of biologics are regulated by which center—
and the fact that different centers apply different
regulations for similar or even identical products—
can unnecessarily complicate the approval process.
Although it is sometimes advantageous to recom-
mend new approval pathways that are cheaper or
faster, it also is important to realize that having
a multitude of pathways can increase confusion
around approval of emerging technological advances.
This should instill caution in NRC staff and stake-

25 FDA. How Drugs are Developed and Approved. August 18, 2015. hetp://www.fda.gov/Drugs/DevelopmentApprovalProcess/

HowDrugsareDevelopedandApproved/default. htm
26 HHS, FY2016 Budget in Brief. 14 (2015).

27 FDA. Drug Study Progression. CDER World. http://www.accessdata. fda.gov/scripts/cderworld/index.cfm?action=newdrugs:main&unit=2¢less

on=1&topic=6.



holders working to develop new licensing pathways.
It may be most effective to focus on improving
existing pathways, while developing entirely new
ones only when a clear need exists.

3. DEVELOPMENT AND REGULATION OF

NEW TECHNOLOGIES
In representing related but significantly different
products that require new specialization within
the regulatory agency, advanced reactor tech-
nologies in many ways mirror the emergence

STRATEGIES FOR ADVANCED REACTOR LICENSING 31

of biologics at the FDA. From the mid-1960s

to the late 1970s, the number of FDA employees
technically capable of analyzing biologics research
rapidly increased; this was followed by improve-
ments in the efficiency of the approval process
itself. Similarly, increasing the number of NRC
employees with engineering backgrounds relevant
to advanced reactor technologies may prompt the
agency to work more closely, competently, and
confidently with its counterparts in the private
sector.

FIGURE I11-2
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TABLE I11I-1
Drug Approval Stages and Investments?®

Elapsed Time Capital Required Market Value Historical Success
Stage (years) (millions) Purpose and Objective (millions) (probability)
Pre-clinical 1to5 $10 to $50 Pre-human validation $10 to $20 10%
Phase | 1-2 $5 to $20 Safety $10 to $50 65%
Phase I 2-3 $20 to $50 Efficacy and dose $50 to $100 50%
Phase llI 3 $40 to $100 Registration Trial $200 to $400 65%
New Drug Application 1 $20 to $50 Manufacturing Approval by FDA $500 to $1000 90%

28 Rothrock, Ray. Testimony before Blue Ribbon Commission on America’s Nuclear Future, Subcommittee on Reactor and Fuel Cycle

Technology. August 30, 2010.
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CHAPTER IV

MECHANISMS FOR STAGING
ADVANCED REACTOR LICENSING

CENTRAL RECOMMENDATION OF
this report is that topical reports and the
standard design approval should be used
as tools to introduce more progressive
stages into the advanced reactor licensing process.
To provide the foundation for effective project
management and to structure the licensing and pre-
licensing stages, we propose that a licensing project

A licensing project plan will improve
communications, efficiency, and project
execution.

plan (LPP) be introduced. Since the primary pur-
pose is to achieve a rapid evolution that provides
greater certainty, delivers early concrete feedback,
and complements the overall development and
deployment schedule discussed in Chapter II, it is
important to work within the existing regulatory
framework if at all possible. This chapter first
proposes and describes the licensing project plan;
discusses the legal context for the use of topical
reports, and explains what they are; and then sets
forth a proposal to create a staged system to apply
these tools. Next, the potential use of the standard
design approval (SDA) is considered, along with

a proposal for integrating it into a staged licensing
process. Finally, the development of a statement
of licensing feasibility is discussed, with a side note
on the finality of staged licensing decisions.

A. Developing a Licensing Project Plan
Commission Chairman Stephen G. Burns has
made the point on several occasions that effective
communication is important—that the NRC’s
independence does not require total isolation.”
We recommend the development of a licensing
project plan (LPP) that will improve communica-
tions, efficiency, and project execution. The LPP
should set out communication protocols and lay
out a detailed roadmap for a licensing project—
including a schedule, milestones, defined deliver-
ables, and NRC review budgets. It should be a
living document, to be updated with progressively
more detailed and precise plans as upcoming
activities become clear.

To establish open and effective lines of commu-
nication between the regulator and the applicant,
we recommend that, at the outset, the NRC adopt
the FAA's practice of establishing guidelines for the
working relationship between the regulator and the
applicant.’® The FAA’s mechanism for this is the
partnership for safety plan (PSP). More details on
the FAA’s PSP are contained in Section III.C and in
The FAA and Industry Guide to Product Certification,
Second Edition.”' We recommend that the NRC
implement this recommendation in the first chapter
of the licensing project plan.

The FAA’s PSP is intended to define the work-
ing relationship between the regulator and the
applicant, including communication protocols,
roles, responsibilities, accountability, and other

29 hutp:/lwww. nre.govireading-rm/doc-collections/commission/speeches/201 5/5-15-008. pdf.

30 The precise time for developing the LPP is something that the NRC and industry should further discuss, but it should be early in

the pre-application phase.

31 hup:/lwww.faa.govlaircrafilair_cert/design_approvalsimedia/CPI_guide_II.pdf



important aspects of their interaction. The goal of
that document is to provide the “foundation from
which to build mutual trust, leadership, teamwork,
and efficient business practices.” A similar agree-
ment in the LPP would enable the NRC and the
applicant to develop a cooperative working relation-
ship, supportive of a more efficient and harmoni-
ous regulatory process. But even with best efforts
and intentions, conflicts occur. In the past, many
opportunities to take swift corrective action have
been missed because communication channels
were impaired; the early establishment of commu-
nication protocols should help to ensure that in
the future these opportunities are recognized and
seized—with the result being effective forward
momentum.

As discussed in Chapter IT and in Appendix A,
the development, licensing, and deployment of
advanced reactors is complex, with the phases in-
terrelated. Uncertainties and delays in one area
can reverberate, causing problems and magnifying
delays in other phases. In the past, licensing delays
have been caused by poor planning and execution
on both sides. Still, a great deal of responsibility
lies with applicants, who must try to manage their
licensing deliverables in coordination with their
engineering, testing, and investment demands, as
well as their customer relationships—all of which

interact in ways that can be challenging to anticipate.

Notwithstanding that difficulty, the applicant must
still make a concerted effort to predict the schedules
of key stakeholders—particularly the schedules

STRATEGIES FOR ADVANCED REACTOR LICENSING

of their design, engineering, and licensing teams—
so that it can approach the NRC in an informed
manner.

The details of each nuclear power project are
different, but with advanced reactors this difference
is amplified. Many designs are currently under de-
velopment. Each has particular R&D needs and
requires distinctive strategies for delivering the final
product to market, while simultaneously navigating
an exceptionally challenging investment environment.
To make the strongest business case and safety
case, each project may rely on a different set of key
design features. This diversity has value. It increases
the likelihood that some projects will succeed.
However, it also means that no “one-size-fits-all”
set of stages will optimally align with the needs
of all applicants (or even with many). At the same
time, the readiness of the NRC and its contractors
to evaluate particular designs displays considerable
variation across topic areas and designs.

For these reasons, the most effective approach
will be for the applicant and the NRC to design a
joint licensing project plan that is specific to a given
project. The LPP would establish milestones that
correspond to meaningful stage-gates for a project’s
specific situation and that reflect awareness of the
NRC'’s readiness to review certain design aspects.
By using topical reports, standard design approvals,
and perhaps a statement of licensing feasibility, a
project team and the NRC will be in a position to
agree on an LPP that establishes clear, useful project
stages, and makes it easier to coordinate them with
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Cross-section of Transatomic Power’s proposed Molten Salt Reactor plant design. The company’s reactor, which is based
on technology first developed at Oak Ridge National Laboratory in the 1960’s, is walk-away safe and has the potential to

run on Spent Nuclear Fuel.
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parallel stages in the design, development, deploy-
ment, and investment processes.

The LPP should provide a roadmap similar to
the FAA’s PSCP.* It should be a living document,
one that will be revised by mutual agreement of the
applicant and the NRC as the project progresses
and more information becomes available. The LPP
should describe the project, and define the schedule
and deliverables in as much detail as possible. This
would include a plan to perform the testing and
analysis necessary for licensing. Other features may
be useful as well; the NRC and industry should
consider these as a more detailed LPP conceptual
outline is created. An LPP that carefully supports
the NRC’s and developer’s long-range planning
is essential to the efficient and timely execution
of the licensing program.

B. Using Topical Reports to Create a
Staged Approach
The use of topical reports in a more structured
manner can be accomplished under existing rules
without need for additional rulemaking. Nonethe-
less, substantial interaction with the NRC staff will
be required to set up this more structured process,
as it will include sequences and schedules for sub-
mittals, staff review timetables, and resource allo-
cations. Elements of this reorientation will likely
bring the agency’s budget into play, along with re-
lated policy issues, and this in turn will require staff
consultation with the Commission.* It also will
likely involve changes in internal staff procedures
(office letters, for example) and this, too, will
require consultation.

1. HOW TOPICAL REPORTS WORK

Topical reports (TRs) are one mechanism that the
NRC employs to make the licensing process more
efficient. Topical reports can be used as a supple-

mental mechanism to document technical nuclear

plant safety topics. TRs are submitted to the NRC

for review and approval, either in advance of a de-
sign certification, combined operating license, stan-
dard design approval, or construction permit appli-
cation, in parallel with them, or even after a COLA
has been submitted. The reports become part of
the official basis for issuing a DC, COL, SDA, or

CP—in which they are incorporated by reference.

They allow the NRC to review submittals from a

license applicant or licensee on a proposed method-

ology, design feature, operational requirement, or
other safety-related subject. When a TR has been
approved, the applicant can reference it in the
licensing petition. The purpose of a TR is to reduce
licensing time and effort by streamlining the review
and approval of a particular safety topic. Incorpo-
rating an approved TR by reference avoids repeated
reviews of the same subject in multiple applica-
tions. Topics typically addressed in TRs include:

* Systems and plant assessment reports, including
those that examine security, fire, and aircraft
impact;

 Safety analysis code reports needed for a
complete description of the evaluation models
used in the safety analysis;

* Analyses or documentation of select design

aspects, such as equipment qualification methods,

and seismic and environmental qualification;
and

Vendor data reports.

In regard to timing, the earliest TRs required are
those that the NRC has not previously evaluated
and that are intended to address long lead-time items.**
These are submitted prior to the application.

The NRC'’s internal process for reviewing
and approving TRs can be found in its licensing
instruction on the TR process.”> The licensing

32 More details on the FAA's PSCP are contained in Section III.C of this report, and in The FAA and Industry Guide to Product
Certification Second Edition. See hrtp://www.faa.gov/aircrafilair_cert/design_approvals/media/CPI_guide_II. pdf.

33 NRC Chairman Burns recently indicated in a speech and in a written statement to the Subcommittee on Energy of the U.S. House
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Committee on Science, Space, and Technology, that, although the NRC generally supports the idea of moving forward with a revised
regulatory framework for advanced reactors, the agency will “be able to optimize its planning processes and resource expenditures to
conduct licensing reviews when a complete and technically sufficient non-LWR application is presented for consideration.” Written
Statement at 10. From this, it may readily be inferred that any move by NRC staff to devote significant resources to early advanced
reactor design assessments will first require that staff consult with the Commission.

Technical reports may also be utilized during the pre-application or application period. These documents are similar to a topical report
but do not receive a separate NRC safety evaluation report. But, like TRs, they may be incorporated by reference into the application.
“White papers” are a form of pre-application documentation used to address a more general issue—for example, summarizing existing
regulatory requirements or guidance to provide context, or describing the strategic approach required to address a particular issue.

LIC-500, Revision 4, Topical Report Process, Office of Nuclear Reactor Regulation, U.S. Nuclear Regulatory Commission (December
21, 2009, ML091520370). Note that, although the licensing instruction was issued by the Office of Nuclear Reactor Regulation,
it also is applicable to and used by the Office of New Reactors.



instruction identifies four criteria® that should be

met before the NRC will accept a proposed TR

for review:

* The TR must deal with a specific safety-related
subject that requires a safety evaluation by NRC
staff—for example, component design, analytical
models or techniques, or performance testing
of components or systems that can be evaluated
independently of a specific license application
(Section 4.1.1A);

* The TR is likely to be used by multiple licensees
in a number of requests for licensing actions
(Section 4.1.1B);

* The TR contains complete and detailed infor-
mation on the specific subject presented. Con-
ceptual or incomplete preliminary information
will not be reviewed (Section 4.1.1C);¥ and

*  NRC approval of the report will increase the
efficiency of the review process for applications
that reference the report (Section 4.1.1D).

The licensing instruction states that exceptions to
the above criteria may be allowed on a case-by-case
basis, if NRC staff determines that an exception

is in the “public interest.” According to the instruc-
tion, this finding is particularly common for Cirite-
rion B (Section 4.1.1B)—that the TR is likely to be
used by multiple licensees for a number of licensing
requests. This is especially relevant for advanced
reactors planning to seek standard design approval
or design certification under 10 CFR Part 52 or
Part 50. Although the TRs pertinent to these pro-
cesses typically will not be applicable to “multiple
licensees,” the main goal of seeking NRC approval
is to improve the efficiency of the licensing process
—for instance, by referencing a TR in a future
application for standard design approval, for design
certification, or for a construction permit. The
NRC readily accepts and approves TRs submitted
in anticipation of design certifications or construc-
tion permits, and the same would be expected for
applications seeking standard design approval under
Subpart E of 10 CFR Part 52.%® Another exception
to Criterion B could involve a TR’s helping to re-
solve a safety-related issue, to advance a technology
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that reduces an operational burden, or to achieve
significant cost savings for industry.

Section 4.2 of the licensing instruction sets
forth the steps for the TR review process. These
cover the pre-submittal meeting between the appli-
cant and NRC staff, any fee exemption request sub-
mitted with the TR, the NRC acceptance review
period, staff requests for additional information,
and the issuance of the safety evaluation approving
the TR. All of these steps are discussed in further
detail in the licensing instruction, as well as on
the NRC’s website.

The NRC safety evaluation report is the key
approval document relevant to a TR. No environ-
mental reviews are required. Any deviations from
an approved topical report will result in a plant
or site-specific review.

The first step in the TR approval process is the
pre-submittal meeting. This is particularly impor-
tant for a standard design approval request under
10 CFR Part 52. Such a request may consist of a
series of linked TRs, although the overall plan to
which these TRs relate should be discussed with the
NRC early in the TR approval process (and, ideally,
during development of the licensing project plan).
This will provide some protection against an unex-
pected derailment or delay during the TR approval
process. As noted in an NEI position paper on pre-
application engagement for small modular reactors:

An applicant should develop a proposed listing
of the topical reports anticipated for technical
support of an application that is shared with
the NRC. In addition, overall licensing effort
should be developed and reviewed by the
NRC staff during the pre-application program

interactions.”

In the course of detailed physical design develop-
ment, equipment qualification testing, manufac-
turing, or construction, or as a result of industry
events, topical report revisions may be required

if assumptions, methods, or acceptance criteria
change materially as a result of new information.
Well-understood criteria exist for revising approved

36 Ibid. at page 2.

37 In this regard, the licensing instruction refers to the criteria in LIC-109, “Acceptance Review Procedures” (2009, ML0918100088).

38 Examples of topical reports in anticipation of a certified design application can be found in the quality assurance program for the design
certification of the B&W mPower Reactor (July 12, 2011, ML11216A165) and the NuScale Topical Report: Quality Assurance Program
Description for Design Certification of the NuScale Power Reactor (October 27, 2010, ML103210261).

39 “SMR Pre-application Engagement,” a position paper, Nuclear Energy Institute (January 2011).
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applications when new material information becomes
available. Examples of such criteria can be found

in 10 CFR 21 and 10 CFR 50.55. The possibility
of future changes should not necessarily preclude
submission of TRs that are fully prepared for NRC
review—although the probability of a major change
might be an exception.

In the early stages of design and licensing,
certain topics may be sufficiently complete that
they can be addressed in TRs, even though final
design information is not available for all topics.*
These TRs and their associated safety evaluation
reports can then be incorporated by reference
into subsequent license applications or related
procedures (including SDA, DCA, and COLAs).
Topical report approvals “represent a good-faith
commitment on the part of the NRC to accept the
conclusions of the topical report and the NRC’s
associated safety evaluation during future licensing
reviews, subject to changes in regulations or NRC
guidance.” This process provides the applicant
with substantial authoritative feedback. An ACRS
review can be conducted as well, providing further
assurance that the full license application will be
approved.

2. EXECUTION OF A STAGED TOPICAL

REPORT PROGRAM
Initial NRC engagement should include an over-
view of a licensing project plan (LPP), as described
in Section IV.A, which defines the review compo-
nents to be submitted to the NRC during each
stage of licensing. As discussed in Section IV.A, we
recommend that the specifics of each stage as well
as the overall review plan be customized to each
project. That way, the LPP can account both for
the applicants key concerns and design and develop-
ment schedule, and for the NRC’s review resources,
~ which may require a brief period of adjustment to
support review of a novel design.

Below we provide one example of what a staged
topical report program might look like, with the
caveat that this is not a proposal, but rather an
illustration to make this concept more concrete.
Brackets reference associated chapters in a standard
review plan that would be supported by the indi-
vidual topical reports (TRs) listed here.” Relevant
technical reports that might be included in each
stage are also shown.

. Conceptualization Stage

Quality Assurance Plan Topical Report
[Ch. 17]

Reactor Design Technical Report (initial
concept description) [Ch. 1]

Regulatory Gap Analysis Technical Report
(initial assessment) [Ch. 1]

PIRT, Test Facilities and IET/SET Plans
Technical Report [Ch. 15]

. Licensability Stage

Fuel Design and Testing Plan Topical
Report [Ch. 4]

Safety Analysis Development Plan Topical
or Technical Report [Ch. 4, 5, 15]

Codes and Methods Qualification Plan
Topical Report [Ch. 4, 5, 15]

Human Factors Development Plan Topical
Reports (early plans and methods) [Ch.18]
Preliminary PRA Technical Report [Ch. 19]
Risk-Informed SSC Classification Method-
ology Topical Report [Ch. 3, 19]

FOAK Safety Component Qualification
Plan [Ch. 3, multiple]

Setpoint Methodology Topical Report

[Ch. 8, 16]

Normal Source Term and Release Method-
ology (GALE equiv.) Topical Report

[Ch. 11,12, 15]

Accident Source Term Methodology [Ch. 15]
Containment Performance Topical Report
[Ch. 6, 15]

Emergency Planning Zone Size Topical
Report [ESP and Ch. 6, 15, 19]

Standard Design Approval (SDA SAR)
[Ch. Multiple]

. Technology Approval Stage

Specific Safety Analysis Code Qualification

Topical Reports (multiple) [Ch. 4, 5, 15]

IET/SET Testing Program Result Topical

Reports (multiple) [Ch. 3, 4, 5, 6, 7, 15]

Human Factors Engineering Topical
Reports (multiple) [Ch. 18]

Fuel Design and Performance Topical

Reports (multiple) [Ch. 4]

Safety Analysis Topical Reports (multiple)

[Ch. 6, 15]

41 See NUREG-0800 for chapter details.

40 TR approval would be subject to regulatory requirements addressing an applicant’s duties regarding the completeness and accuracy
of information. See, for example, 10 CFR 50.9(b) and 10 CFR 52.6(b).



3. TOPICAL REPORT BENEFITS

Generic findings for all licensing applications
and project types: A TR is a fungible product

if the boundary definitions and conditions of use
are set at appropriate points. This allows various
generic design features, methods, and capabilities
that fit the boundary conditions of the TR and
related SER to be referenced in a license applica-
tion or related procedure (SDA, DCA, COLA,
CP, or OL).

Timing: TRs can be submitted at any time, with
the timing dependent on applicant needs. The tim-
ing of NRC review is subject to the agency’s priori-
ties and resources, as well as the completeness of
the TR application. Other considerations also may
help determine when a TR is accepted for review.*
Applicants should inform the NRC of their inten-
tion to submit topical reports with as much notice
as possible, by responding to the NRC’s regulatory
issue summary (RIS) to enable NRC to plan its
resources appropriately.’ The applicant can request
that the NRC treat this information as proprietary
in accordance with 10 CFR 2.390, and this is a
routine practice.*

Finality: TRs are considered final until amended or
withdrawn. Finality has two elements: (i) the degree
to which, absent new information or direction from
higher authority, the reviewing entity’s decision

is considered to be the entity’s last word on the
subject; and (ii) the degree to which the reviewing
entity’s decision is binding on others. In the case

of TRs, the staff’s decision is final (element (i)) and
binding (element (ii)) on the staff and the applicant,
but not on the Commission or on adjudicatory
bodies that may consider the TR as part of a future
application. A TR has no expiration date, although
its applicability may be subject to technical condi-
tions. (Some topical reports referenced in major
applications of recent vintage were initially approved
in the early days of commercial nuclear power.)
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Incorporation into other Part 50 or Part 52
applications: TR findings can be incorporated by
reference into Part 50 or Part 52 applications, so
long as the TR is considered relevant to the appli-
cation.” To use TR findings in a major application,
any departure from the report’s conditions or its
stated applicability will require a detailed explana-
tion and, if necessary, a persuasive defense.

Program credibility (technical, performance,
schedule assurance, cost confidence): Developing
an application and, more importantly, securing its
review by the NRC confers significant credibility
in the eyes of a wide variety of stakeholders—par-
ticularly regarding whether the remaining work will
be completed on time. It also reinforces confidence
that the reviewed portion of the design is stable,
and this in turn increases comfort with stated cost
and scope. In particular, it substantially boosts the
credibility of new entrants who have little or no
experience with nuclear development and delivery,
and it also establishes a key milestone for project
team members who, during what can be a lengthy
regulatory process, might begin to feel that their
work was not moving forward.

Reduced execution risk for applicants: TRs are
stand-alone documents that may be submitted

for NRC review and approval at any time. Because
they can be precursors to a complete review of a
major application, they have the capacity to reduce
both the risk that the application will not be accept-
ed and the length of the review period, particularly
if the complexity or novelty of the TRs calls for ex-
tensive scrutiny. Additionally, TRs can protect pro-
prietary information from disclosure to competitors
or to the public. Finally, TRs can serve to summa-
rize a much larger body of work that supports NRC
review findings and references, and thus can make
it unnecessary to include in an application
exhaustive, detailed design and engineering data.

If appropriate, the NRC will employ design audits

42 See NRC Office Instruction LIC-500 “Topical Report Process” for a full description of NRC TR process management. NRC Office
Instruction LIC-109 “Acceptance Review Procedures” provides guidance for accepting a TR for technical review.

43 For example, see NRC Regulatory Issue Summary 2015-07. htep://pbadupws.nre.govldocs/ ML1410/ML14101A166.pdf.

44 See, for example, Southern Nuclear Operating Company’s “Response to NRC Regulatory Issue Summary 2015-07.”

hetp:/lpbadupws.nrc.govidocs/ML1516/ML15166A530.pdf.

45 According to the NRC, “plant-specific concerns must always be taken into account when actually using an approved topical report
in a specific licensing action. For this reason, the NRC verifies relevant criteria for approved topical reports during each licensing action
to ensure that the topical report’s conclusions are both valid and applicable to the particular licensing action under review.”
http:/fwww.nre.govlabout-nrelregulatoryllicensing/topical-reportsirequirements. html.
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and independent analyses to confirm the validity
of the work underlying a TR.

4. TOPICAL REPORT REVIEW DURATION
Several significant stages in the NRC’s review
of topical reports add value and credibility to an
application. They are listed below, along with
nominal time frames from initial submittal to the
milestone noted. The range of outcomes varies
depending on the complexity of the issues, agreed
milestone dates, timeliness of the applicant’s response,
and the speed with which the NRC closes open
items following its initial review of request for
additional information (RAI) responses.
* Initial receipt for review based on completeness
[2 months]
* Initial review comments and requests for
additional information (RAIs) [8 months]
*  Draft safety evaluation report (SER)
[14 months]
* ACRS review if required [16 months]
* Final SER and approval [20-24 months]
* Incorporation of final approval conditions

[3—6 months from date of SER]

The NRC should evaluate and suggest options for
expediting topical report review to support a more
efficient advanced reactor licensing process.

5. LIMITATIONS OF TOPICAL REPORT
CONCLUSIONS
A topical report is bounded by its context, the
adequacy of its technical information, and the
applications for use it defines. TRs can be amended
or corrected over time. This may be necessary if
new information comes to light, errors are found,
or, to extend the TR’s value, a broader set of appli-
cable uses is sought. The NRC can also impose
limitations as a result of its review. After a TR’s
draft SER is reviewed and accepted by the NRC,
the final SER is issued. The applicant incorporates
any required changes into the TR. At that point,
the composite document can serve as a final
reference in future licensing actions.

6. ACTIONS BY NRC NEEDED TO

IMPLEMENT THIS APPROACH
Although a change of this nature would not likely
be reviewed as a formal policy matter, it does repre-
sent a significant modification and one that may
be of interest to the nuclear industry, congressional
oversight bodies, and the public. Typically, it would
come to the Commission’s attention when NRC

staff informed the Commission that they were
using the TR process in a new way, and then sought
concurrence for one or more initial license applica-
tions. In this situation, Commission approval nor-
mally is secured when the NRC’s executive director
of operations submits a SECY memorandum to

the Commissioners, which describes the proposed
change. At times, the latter may schedule a public
meeting and ask the staff to outline the proposal
and answer questions. In the SECY, the staff would
summarize the reason for the request, available
resources, proposed schedule, legal and manage-
ment implications, alternatives, and implementation
strategy. The Commission’s response to such a re-
quest is typically in the form of a staff requirements
memorandum (SRM). It should be noted, however,
that this process generally happens only if one or
more members of the NRC staff serve as advocates
for an applicant’s request.

Once the Commission provides direction, the
next significant step is the initial engagement letter
from the applicant agreeing to the type of approach
advocated here.

As suggested, incremental resolution of specific
topics via TR review cumulatively creates confidence
that the underlying design will be licensed. More-
over, several TR review steps provide other benefits
to the applicant. Acceptance review completion
demonstrates that a valid safety issue with generic
applicability has been competently presented.
Requests for additional information (RAIs) im-
prove project planning and opportunities for risk
reduction by identifying areas of additional work
within or outside the scope of the TR, work that
can be either completed prior to a major applica-
tion or obviated by adopting alternative approaches.
In a major application, the draft SER previews the
safety findings of the final SER, while confirming
the generic issues to be resolved in advance of the
NRCs findings. If an ACRS review is conducted,
its technical conclusions—set forth in a letter to
the NRC—add credibility to the project and bolster
the stakeholders’ confidence. These conclusions
also increase the likelihood that the issue in ques-
tion will not be further explored by the ACRS if
it reviews the major application. The final SER
approval letter and published TR can be fully
referenced in future applications.

C. Using the Standard Design Approval
to Create a Staged Approach
Standard design approval (SDA) is a mechanism

identified in Subpart E of 10 CFR Part 52. The



SDA process is currently in place and usable “as is”
under existing NRC regulations, so rulemaking
would not be required to incorporate it into
staged licensing.

1. HOW STANDARD DESIGN APPROVAL

WORKS
Subpart E states that any person—including a
vendor, or a future applicant for design certification
or a reactor license—may file an application for
standard design approval of a proposed nuclear
reactor design. The SDA application can cover the
entire proposed reactor or a “major portion” of it.
The latter option may be most useful in the staged
licensing context, because it provides an opportu-
nity to secure NRC review of that portion of the
design most critical to the new product’s business
case or technology case. Successful NRC review
of such a key segment of the design will reduce the
overall risk of project failure. It also will provide
assurance to investors, prospective owners, sup-
pliers, and technology partners that the new
technology is viable, and worth the continued
investment of time and money.

An approved SDA can be referenced in any of
the following: (i) a combined license under Subpart
C of 10 CFR Part 52, (ii) a standard design certifi-
cation under Subpart B of 10 CFR Part 52, (iii)

a construction permit under 10 CFR Part 50, or
(iv) a manufacturing license under Subpart F of
10 CFR Part 52. Thus, like a topical report, an
approved SDA becomes part of the formal record
supporting the final, full license application.

Technical information that a standard design
approval applicant must submit for NRC review
is set forth in 10 CFR 52.137. Pursuant to that sec-
tion, an application for a standard design diverging
significantly from the light water reactor designs
licensed and commercially operating prior to the
promulgation of Part 52 in 1989, or one accom-
plishing its safety functions through simplified,
inherent, passive, or other innovative means,
must meet the requirements of 10 CFR 50.43(e).
Those mandate that the performance of each safety
feature of the design be demonstrated through
“either analysis, appropriate test programs, expe-
rience, or a combination thereof,” or that “there
has been acceptable testing of a prototype plant.”
Notably, although standard design approval requires
ACRS review, neither an adjudicatory hearing nor
Commission review is compulsory. Design approval
is conducted at the NRC staff level and, via 10
CFR 51.22(c)(22), is categorically excluded from
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environmental review. As with topical reports, this
does not curtail public participation, Commission
review, or later environmental review, but it does
allow a vendor to submit to design review prior to
securing a speciﬁc site, project, or owner. At this
initial stage, there may be insufficient project-level
detail to support site-specific reviews, and the long
delays and extensive labor associated with those
reviews could severely hamper early-stage project
design at a time when they are not yet necessary
to ensure public health and safety.

Successful NRC review of a key segment
of the design will provide assurance to
investors, prospective owners, suppliers,
and technology partners.

2. EXECUTION OF A STANDARD DESIGN
APPROVAL WITHIN A STAGED PROCESS
In this section, we suggest a starting point for
defining a “major portion” of the design, discuss the
importance of early coordination for establishing
the content of the SDA, and, as a useful example,
outline the general scope of an SDA covering a
hypothetical nuclear island.

a. Defining a “Major Portion” of the Design

In contrast to topical reports, experience with

SDAEs is limited. Few helpful precedents exist that
describe the use of SDAs in the context of advanced
reactors. As a result, it can be difficult to determine
what qualifies as a “major portion” of the design.
Subpart E is silent on the matter. 10 CFR 52.137
provides some clues, but ultimately this is a question
that will need to be resolved through discussions
with the NRC.

10 CFR 52.137 states that “items such as the
reactor core, reactor coolant system, instrumentation
and control systems, electrical systems, containment
system, other engineered safety features, auxiliary
and emergency systems, power conversion systems,
radioactive waste handling systems, and fuel han-
dling systems shall be discussed insofar as they are
pertinent.” Each of these items could be considered
a major portion of the design, but there is not yet
precedent for that determination. Multiple SDAs
are not prohibited in Part 52 Appendix E.

10 CFR 52.137 also requires a “description,
analysis, and evaluation of the interfaces between
the standard design and the balance of the nuclear
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FIGUéE Iv-1
Flexible Use of Standard Design Approvals

This figure is meant to be representative. It isn’'t exhaustive and is not Optional Standard
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Each of the Standard Design Approvals must satisfy the interfacing boundary conditions for safety and licensing.

Possible SDA scope; multiple topics Once SDAs are in place, a variety of end-use
could be combined. applications are possible, provided they meet
appropriate boundary conditions.

power plant.” The careful evaluation of these in- reviews. As with a DCA, COLA, CP, or topical
terfaces will be a crucial element of a successful report, the first step in a successful SDA review is to
SDA approach. Proper definition of interfaces can make sure that the application is accepted for review.
enable the insertion of an SDA into an overall plant  This requires either a clear precedent or a specific
design that could include a variety of end uses for agreement governing the scope of the submittal.
the produced energy, particularly after initial licens- The following list highlights some of the im-
ing of the baseline configuration. If an electricity portant topics on which agreement with the NRC
generation plant serves as the baseline, the SDA must be reached if the SDA is to support the devel-
process could be a useful way to confirm the licens-  opment process. Here, we assume that a standard
ability of, for example, a process heat application nuclear island constitutes the “major portion” of
for petrochemical facilities, for desalination the design, as defined by the SDA.
facilities, or for hydrogen production facilities. *  Standardized nuclear island definition. This
The potential flexible use of the SDA is establishes the boundary conditions around the
illustrated in Figure IV-1. nuclear reactor, the interfaces with the second-
ary heat transfer systems, the emergency core
b. Establishing an Agreed Content Outline cooling systems, the containment structure,
with the NRC the normal supporting systems for safe reactor
Successful use of the SDA as an element of a fully operation, the electrical and controls systems,
staged licensing strategy should begin with early the ultimate heat sink description, and the func-
agreement between the applicant and the NRC on tional interface conditions for all other systems
what the SDA, as part of a licensing project plan, and components necessary to support nuclear
must contain. island structures, systems, and components.
Whether one or multiple SDAs are envisioned, *  Identification of design specific review standard
it is essential to thoroughly understand how the sections or partial sections to be included in
SDA'’s content relates to topical and technical reports, an SDA. This is an explicit listing of all standard

as well as to DCA, CP, and COLA submittals and review plan sections for which a design-specific



review application is made. This listing should
be a product of early pre-application engagement,
starting at the conceptualization stage. Early
resolution helps to shape the developer’s techni-
cal work sequence and provide information that
allows the NRC to allocate resources for an
efficient review.

*  Use of referenced topical reports. Topical re-
ports are integral to the licensing plan. Relevant
TRs will be incorporated by reference into the
SDA’s scope and, later, the findings. Submission
of complete topical reports before or with the
SDA—and the SDAs justifiable reliance on
those reports—should be a priority of the project
management dialogue between the developer
and the NRC.

* Boundary conditions with CP, DCA, or
COLA. The SDA essentially encapsulates a
bounded discussion of safety management for
part of the nuclear facility. To conduct an effec-
tive safety review, agreement is needed on the
assumed physical boundaries of the structures,
systems, and components (SSCs) addressed in
the SDA, the performance requirements across
boundary points, and any safety interactions
that should be included in the safety analysis.

*  Safety analysis sufficiency for functional
design. The level of detail available to complete
a design safety analysis increases as the design
evolves from initial conceptualization to its final
as-built form. A review can be conducted at
several points to draw conclusions about safety.
For the SDA safety review, the functional design
should be well advanced. This implies that
margins and uncertainties will be sufficiently
understood to support definitive NRC findings.
Nonetheless, later updates may be required to
complete the development of technical specifi-
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cations, operational limits, and other elements
that depend on the final or even the as-built
design data. The limitations of the NRC find-
ings must be fully described in the application
and agreed to in the safety evaluation report.
One issue, one review, one position strategy.
In 2006, NRC staff developed a design-centered
review approach (DCRA), which later was
approved by the Commission and described

in RIS 2006-06. The DCRA applies to design
certification (DC) and combined operating
license (COL) applications. It is based on the
practice of industry’s standardizing COL appli-
cations (COLAs) that reference a particular
certified design. In an effort to optimize the
review process—including needed resources
and review schedules—this approach adopts,
to the maximum extent feasible, a “one issue,
one review, one position” strategy. Specifically,
NRC staff will conduct a technical review of
each reactor design issue and release one set of
findings to support its subsequent decisions on
the DC and on multiple COLAs. For the pro-
cess to be effective, it is essential that applicants
referencing a particular design make every effort
to standardize their applications. In this way,
the NRC staff’s technical review and findings
can be conducted and crafted using concepts
and language that align with the standard
application, known as the reference COLA

or R-COLA. If this is done, those findings be-
come applicable to later COLAs or S-COLAs
that reference the standard. Thus, the use of
SDAs meets the Commission’s objective of
“one issue, one review, one position” in a new
manner. Confirmation of the utility of SDAs
in R-COLA and S-COLA applications would

add confidence to this process.

46 See discussion of “safety finding” as used in final NRC SERs before approval of a DCA or COLA.
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c. Example of an SDA Scope

To better understand what an SDA might look like,
the major topical areas relating to the nuclear island
hypothetical are organized in the following table,

that an applicant must reach with the NRC on an
SDA. In actual practice, the specificity of details
would increase two or more levels (i.e., on the

order of 300—400 line items).?”

which generally illustrates the scope of agreement

SDA Application Chapter Coverage* Comments
1 - Introduction Some Providing design overview and gap analysis results; SDA boundary description and
interfaces with ESR DCA, COLA, Topical Reports
2 - Site Characteristics Some Defining environmental conditions for safety analysis
3 - Design of SSC Criteria Most Providing design information consistent with boundary definitions
4 - Reactor All Setting forth full reactor design
5 - Reactor Coolant System All Setting forth full reactor cooling design up to agreed boundary
6 - Engineered Safety Features All Describing passive and active features plus containment
7 - Instrumentation and Controls Most Providing design for safety and reactor controls; automation plan
8 - Electric Power Some Providing design for 1E power required for safety (AC or DC) and offsite power
functional designs
9 - Auxiliary Systems Some Providing design for risk significant SSC functional designs supporting PRA
10 - Steam and Power Conversion Limited Providing design for secondary heat exchanger to agreed boundary
11 - Radioactive Waste Management Limited Setting forth bounding source terms
12 - Radiation Protection Limited Setting forth functional requirements and boundary conditions
13 - Conduct of Operations Limited Providing detail needed to understand concept of operations, and instrumentation &
controls (I&C) and human factors engineering (HFE) requirements
14 - ITAAC / Initial Plant Testing Limited Providing information for reactor design topics only; general ITAAC approach
15 - Accident Analysis Most Providing analysis for reactor-island events
16 - Technical Specifications Limited Providing safety parameter limits for nuclear island SSCs
17 - QA and RA Some Providing QA plan only
18 - Human Factors Engineering Some Providing initial plans, functional analysis, PRA and human reliability analysis items
19 - Probabilistic Risk Assessment Most Establish to the extent Level 1, 2, 3 needed to support SSC classification and develop
margins and uncertainty bounds for plant safety and siting
Safeguards Information None
Environmental Report None
Tier 1 and ITAAC None
*Legend
Limited Only narrow topics included where development of information occurs early in the design
process and is necessary to complete SDA review
Some Select portions of the design require review in order to issue safety findings within the
; scope of the SDA
Most A substantial portion of the chapter is required to support SDA findings. Some interfacing
system features or events can be omitted from the SDA and reviewed in the DCA/COLA
when the corresponding information is submitted
All All portions of the chapter are required
None No development of the chapter needed

47 If a regulatory gap analysis has been prepared early in the pre-application process, this task can be simplified greatly. A gap analysis should
already have contributed to the development of a design specific review standard (DSRS), if one is used. It is also a typical work product
of any design and licensing process that secks to minimize regulatory surprises of the type inimical to efficient engineering workflow.
The detailed outline of DSRS sections included in the FSAR ensures that all subsequent sections are developed and included within the

DCA or COLA.




3. STANDARD DESIGN APPROVAL BENEFITS
Generic findings for all licensing applications
and project types: The SDA is a fungible product
if the boundary definitions and conditions of use
are set at appropriate points. That allows various
plant application selections to reference the SDA,
if they fit the SDA’s boundary conditions. These
plant application selections could include such
topics as process heat use, cogeneration products,
and plant configuration (e.g., single or multi-
module). The value of this approach is greatest
for reference plant configurations in R-COLAs
developed within 15 years of SDA approval.

Timing: The timing of an SDA is driven by the
development timeline of the entire nuclear plant
program. The functional development of the nuclear
island dictates functionality of the remainder of the
plant. Using an SDA focused on core nuclear SSC
design and performance may allow the NRC to
perform an early integrated review of the essential
elements of the nuclear design. This in turn has the
potential to expedite the review process and reduce
regulatory risk in later stages.

Finality: The staff’s safety findings based on their
review of an SDA, which are documented in a final
design approval, are similar to the findings made by
the staff in the SERs issued in conjunction with the
review of topical reports. When an SDA or topical
report is incorporated by reference in a later appli-
cation for a construction permit, operating license,
design certification, or combined license, the staffs
safety findings are subject to further review during
public hearings and rulemaking processes, as may
be required based on the specific permit, license,

or certification being sought. (See Section IV.B.3
and finality provisions in 10 CFR 52.145.)

Incorporation into other Part 50 or Part 52
applications: As with topical reports, SDA findings
can be incorporated by reference into Part 50 or
Part 52 applications so long as the SDA is consid-
ered active. The existing practice of incorporating
ESP or DCA results into a COLA, CP, or OL should
be considered precedents that also apply to an SDA.

Program credibility (technical, performance,
schedule assurance, cost confidence): Developing a
major application and, more importantly, securing
its review by the NRC accords a project substantial
credibility in the eyes of a wide variety of stakehold-
ers, particularly regarding whether the remaining
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work will be completed on time. It also provides
substantial confidence that the reviewed portion of
the design is stable, which in turn increases comfort
with stated cost and scope. Finally, it adds significant
credibility to new entrants who have little or no ex-
perience with nuclear development and delivery, and
provides a key milestone for project team members.

Reduced execution risk for COLA applicants:
The SDA resolves certain issues in much the same
way as a DCA. By substituting for significant
sections, the SDA simplifies both development and
review of the full COLA. This can decrease COLA
review time, particularly if it reduces the number
of requests for additional information (RAls) or
eliminates extended reviews of narrow COLA-
related topics. Pursuing an SDA also has the poten-
tial to identify critical issues at a much earlier point
in the licensing process. For example, if additional
testing or analysis becomes necessary, discovering
this one or two years earlier may allow the developer
to maintain the original program schedule.

Confirmation of direction and scope for future
applications: The results of the SDA review shed
light on the efficacy of future applications that vary
from the baseline configuration. For example, if the
successful review of a nuclear island concludes that
its back-end applications will have little or no im-
pact on its design, alternative application projects
can proceed with higher confidence of licensability.
This is particularly useful for advanced designs
seeking to provide services other than electric
power (e.g., use of nuclear energy as a heat supply).

4. STANDARD DESIGN APPROVAL REVIEW
DURATION

Several significant stages in the NRC'’s review of

a major application can individually add value and

credibility to a development program. The nominal

time frames for each stage, from initial submittal

to completion, are shown in brackets below. The

range of outcomes varies, depending on the com-

plexity of the issue raised, the applicant’s timeliness

in responding, and the NRC’s closure of open

items after it reviews initial RAI responses.

* Initial receipt for review based on completeness
[2 months]

* Initial review comments and requests for
additional information (RAIs) [8 months]

¢ Draft SER [14 months]

* ACRS review [16 months]

* Final SER and approval [20-24 months]
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The NRC should evaluate and suggest options for
expediting SDA review to support a more efficient
advanced reactor licensing process, especially in
cases where the SDA covers a major portion of
the design that has a more limited scope than the
nuclear island used as an example here.

Each milestone offers different benefits. The
initial acceptance for review confirms that the scope
and content of the work warrants application of
NRC resources. It also confirms that the pre-appli-
cation plan is ready for submittal. If on schedule,
it underscores the developer’s delivery capability.
The initial round of RAIs highlights any gaps or
flaws in the design that require remedial action.

If gaps or flaws are identified, the major application
submission arrives at a relatively early point, allow-
ing changes to be more readily accommodated in
subsequent work plans. The draft SER and inde-
pendent ACRS review confirm the adequacy of the
design in the areas reviewed and increase assurance
that NRC staff review has been thorough. Comple-
tion of the ACRS review also strengthens certainty
that the design is sound in the areas reviewed. The
final SER finalizes review of the SDA. This is highly
significant for future prospects of the design, as it
removes a large number of issues from further staff
review, absent a new, material fact that would alter

the original findings.

garding incomplete design or pending confirmatory
tests should be expected. In some cases, safety find-
ings covering reviewed portions of the design will
be contingent on the acceptable performance of
the overall plant or support system. In the case of
advanced reactors, for example, used fuel storage

or fuel handling events outside of the reactor

could limit siting conditions, even though reactor
operations are considered to be extremely safe.

In consequence, some residual risk of incomplete
or conditional approval remains, much in the same
way that design acceptance criteria, ITAAC or com-
missioning testing pose a slight risk of failure late
in the delivery process. It may nonetheless be useful
in some instances to have preliminary findings in
hand before expensive tests are completed. The in-
terim feedback may help the applicant to justify—
prior to final application and approval—the addi-
tional tasks required to validate that certain design
features or chemical/physical processes operate
as expected, and thus support the application.

If interim feedback will not be of assistance, the
applicant need not incorporate that step in its
licensing project plan (LPP). Nonetheless, iden-
tification of residual open items can help a broad
range of stakeholders assess their continued or
future involvement in the program.

D. Providing a Statement of
Licensing Feasibility

Developing an optional preliminary NRC review
milestone analogous to the VDR Phase 1 would

One regulatory product that many US advanced
reactor developers have requested is an early-stage
optional pre-application review akin to that issued

offer important benefits.

5. SPECIFIC CONCLUSIONS FROM STANDARD
DESIGN APPROVAL
Not all of the results of the SDA are final safety
findings. Certain specific conclusions from the
review may signal conditional approval subject to
further testing or analysis—steps that would be met
in the DCA or COLA, or by satisfying an ITAAC
during construction. Of these, some conditional
authorizations may highlight areas of uncertainty or,
for operational reasons, call for more conservative
margins than typical. These results can then be
re-addressed and refined in the COLA in a manner
that improves operational flexibility without under-
mining safety findings.

6. LIMITATIONS OF SDA CONCLUSIONS
NRC conclusions will necessarily be limited by the
state of design and testing. As a result, caveats re-

by the Canadian Nuclear Safety Commission
(CNSC) in the vendor design review (VDR) process
(see Section III.B.1.a for more details on the VDR).
One option to explore involves the NRC’s design-
ing and developing a process like the CNSC’s
VDR Phase 1, with defined focus areas and a limited
scope of review. The applicant and the NRC would
agree upon the selected focus areas for review, time-
frames, and review budgets in the licensing project
plan. The product of such a program might serve
as a statement of licensing feasibility.

Developing an optional preliminary NRC
review milestone analogous to the VDR Phase 1,
which assesses whether design intent is compliant
with regulatory requirements, would offer impor-
tant benefits—it would: (i) standardize a review
phase that, because of its limited cost and duration,
could be used by stakeholders to compare available
design options; (ii) provide early feedback to the
applicant, allowing timely alterations in approach



to better meet regulatory obligations; and (iii)
provide useful structure to pre-application
engagement.

E. Staged Licensing Results

1. BENEFITS AND CHALLENGES

Opportunities for multistage licensing exist in
current NRC regulations. Options are illustrated

in Figure IV-2. If these are pursued, the most sig-
nificant changes will occur in the internal processes
and planning of both the applicant and the NRC.
The development of a licensing project plan will
require both parties—but especially the applicant—
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to consider timelines and resources carefully. For
the most effective planning, the applicant will need
to understand the timelines of the various stake-
holders (with progressively increasing detail and
precision) and then implement a level of coordi-
nation that has been lacking in past development
efforts. For effective execution, both the applicant
and the NRC must be held accountable to the
agreed-upon schedule and deliverables.

The net benefit of this will be considerable. The
LPP will enable more effective communication and
quicker resolution of issues, while clarifying regula-
tory requirements and interpretations, and serving

FIGURE 1V-2
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as a project’s roadmap. It will enable both the ap-
plicant and the NRC to plan resource allocation

in accordance with the content and volume of
upcoming submissions and reviews. If the applicant
is able to integrate its design and licensing plans,

it can avoid surprises of the type that can lead to
design change delays or protracted agency reviews.
In short, by exposing problems early, time will
remain to fix them.

Realization of advanced nuclear energy
production in the next decade is a strong
possibility if proper policies are enacted.

The individual milestones created by a staged
licensing process will provide a clear signal to
applicants, investors, strategic partners, customers,
employees, and other stakeholders that a project is
moving forward according to plan. These also will
help new entrants establish earlier credibility, will
reduce the perceived likelihood of failure in licensing,
and will diminish the actual likelihood of schedule
slip by identifying critical issues and gaps promptly.

2. IMPROVED TIMELINE POTENTIAL

Many factors are expected to shorten the develop-
ment cycle for advanced nuclear reactors. Shorten-
ing this cycle is a must if nuclear innovation is to
move forward at a productive pace. Factors that
will help speed things along include new reactor
designs, modern design tools, factory fabrication
and field assembly, and the incorporation of licens-
ing considerations in integrated project planning.
Figure IV-3 illustrates the potential benefits, which
should be compared with the existing process in
Figure II-1. Even greater efficiency may be possible

for smaller designs or designs that accommodate
faster construction schedules. This illustration rep-
resents a first of a kind project; later projects would
proceed more rapidly. Further schedule reduction
would be possible for projects electing not to
participate in pre-licensing activities or electing

to pursue technology approval and project specific
approval more in parallel. Where the current
ALWR commercialization timeline has been on the
order of 25 years, this improved approach yields a
process, from pre-conceptual design to commercial
operation, of 15 years or less. Many advanced
reactor designs have already advanced several years
along this path, so realization of advanced nuclear
energy production in the next decade is a strong
possibility if proper policies are enacted in the US
as a whole and at the NRC. These polices would
include the regulatory adjustments discussed in this
chapter, but also corresponding funding support

to enable NRC’s development of new methods and
hiring of advanced reactor experts and consulting
expertise. A revision to the NRC’s current fee recov-
ery structure would be needed to fully enable this.*®
Funding support to reduce the burden of costly
NRC fees on license applicants will also be needed.
Industry and policymakers as a whole will need to
deliver a coordinated message to the NRC to enable
swift change, and should take a more active role in
communicating with the NRC, DOE, and other
stakeholders on the challenges involved in licensing
and technology development to support the broader
policy development. Another opportunity for in-
dustry to drive faster progress lies in coordination
with research and standards organizations to
develop codes, standards, and conventions for
advanced nuclear power, some of which could

be adopted by the NRC.

48 The FY2017 appropriation of $5 million for NRC work to develop regulatory infrastructure for advanced reactor technologies is an
excellent interim measure, but long-term support for this work will likely require a more systematic division of funding responsibilities

between taxpayers and licensees.



FIGURE V-3
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F. Finality of Decisions in a Staged
Licensing Process
Staging the licensing process under current regula-
tion will involve the use of a variety of regulatory
mechanisms and processes to issue decisions and
findings on (i) discrete technical issues (involving,
for example, the design, analysis, and expected
performance of specific structures, systems, or com-
ponents (SSCs) of a reactor facility); (ii) necessary
boundary conditions and interface requirements
for the SSCs being examined; (iii) integration and
interaction of one or more SSCs to form larger and
more complex elements of a reactor system; (iv) the
design of the entire nuclear power reactor or major
portions thereof (using a standard design approval
(SDA) under 10 CFR Part 52, Subpart E); and (v)
ultimately, combining all of the necessary elements
of a complete facility design into an application
for a license (DC, COL, or CP and OL).

The review mechanisms at each stage will differ.
As a result, the nature and finality of the findings
will vary, depending on the review mechanism. For
example, the topical report (TR) mechanism can be
applied to obtain findings on matters covered in (i),
(ii), and (iii) above. Topical report results can also
be used or referenced to obtain findings on matters

covered in (iv)*’ above. In the case of SDAs under
Subpart E of Part 52, applications will be reviewed
for compliance with the standards set out in 10
CEFR Parts 20, 50 and its appendices, 73, and 100.
(See 10 CFR 52.139.) The findings of acceptability
are “subject to appropriate terms and conditions”
(10 CFR 52.143) and will not be relied upon by
NRC staff or the ACRS if there is “significant new
information that substantially affects the earlier
determination or other good cause” (10 CFR
52.145). As to finality, NRC staff findings in topi-
cal report reviews and SDAs can be used and relied
upon by NRC staff (and, in the case of an SDA,
the ACRS) in the review of any individual facility
license application that incorporates them by refer-
ence, absent these exceptions: (i) if significant new
information later comes to light, (ii) if a new regu-
lation substantially affects the earlier determination,
or (iii) if other good cause exists. At the same time,
the determinations and reports by staff do not con-
stitute a commitment to issue a permit or license,
or in any way affect the authority of the Commis-
sion, the Atomic Safety and Licensing Board (ASLB),
or a presiding officer in any proceeding under 10

CEFR Part 2. (See 10 CFR 52.145.)

49 Topical report results can also be part of the application for any of the licenses described in (v), but the findings will not be binding on

the Commission.



CHAPTER V

STRATEGIES FOR ADVANCED REACTOR LICENSING

OTHER POSSIBLE IMPROVEMENTS
TO ADVANCED REACTOR LICENSING

A. Providing a More Technology-Inclusive
Licensing Process
ECHNOLOGY-INCLUSIVE LICENSING
approaches provide important safety and
economic benefits.”® Prescriptive require-
ments are necessarily developed around the
regulator’s expectations, and these tend to be based
on past experience. Because they cannot easily
incorporate novel approaches, these requirements
tend to place regulatory impediments and delays
in the path of innovation. That is a great disservice
when innovation incorporates the state of the art—
including decades of progress in materials science,
computing, manufacturing, and creative thinking
—and encompasses developments that can make
reactors safer and more economical. Society has
much to gain from a regulatory process that
expedites, rather than delays, the introduction
of advanced technologies.

Both at a high level and on a detailed level, the
use of technology-inclusive approaches can reduce
barriers to innovation by ensuring that no new
design concept or engineering approach is held
back by the absence of extensive regulatory guidance.
At a high level, the NRC should develop and im-
plement a risk-informed, performance-based frame-
work that relies less on prescriptive requirements.
Even though this can build on work already finished,
the full framework will take years to complete. Thus,
it has to begin now. At the same time, the NRC can

move more expeditiously to increase its use of
risk-informed, performance-based (RIPB) tech-
niques in circumstances offering particular benefit.
Industry will need to work with the NRC to iden-
tify appropriate situations, provide the necessary
analysis and justification, and help engineer this
change. Examples of fully-formed and nascent
RIPB approaches, at both the framework level
and for situational use, exist today. Efforts should
build upon these.

The next sections of this report discuss the use
of probabilistic risk assessment (PRA) as a safety
analysis tool, previous efforts by the NRC to develop
a risk-informed licensing framework, current uses
of RIPB regulation, and recommendations for
increasing the use of such regulation going
forward.

1. PROBABILISTIC RISK ASSESSMENT

AS A REGULATORY TOOL
A method key to accurate risk-informed decision-
making is probabilistic risk assessment, or PRA.
PRA assesses: (i) what can go wrong, (ii) how likely
that is, and (iii) what the probable consequences
will be.”’ By attempting to include all “initiating
events” (causes of accident scenarios), PRA can
be more thorough than expert judgment. However,
because PRA is limited by the quality and com-
pleteness of the PRA model used and its inputs,
a combination of PRA and traditional engineering

50 Here, “technology-inclusive” means using methods of evaluation that are formulated in a way that is as flexible as practicable for appli-
cation to a variety of reactor technologies. This can include the use of risk-informed and performance-based techniques, probabilistic
risk assessment, and other tools and methods, with the aim of minimizing prescriptive aspects of standards and evaluation techniques.

51 Apostolakis, G.E. Lecture Notes for MIT course 22.39 “Elements of Reactor Design, Operations, and Safety.” Fall 2006. htep://ocw. mit.
edulcourses/nuclear-engineering/22-39-integration-of-reactor-design-operations-and-safety-fall-2006/lecture-notes/lec7_ga.pdf.
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analysis may be optimal for high-level analyses
or where the model is incomplete.

The first major use of PRA in the commercial
nuclear industry was a 1975 study, described in
“Reactor Safety Study: An Assessment of Accident
Risk in US Commercial Nuclear Power Plants.”*>?
The Reactor Safety Study was undertaken in an
effort to quantitatively assess the risk posed by
reactor accidents, to develop approaches for such
assessments, and to identify areas for future safety
research.’® The NRC'’s assessment of plant safety
at the time focused in part on a set of postulated
severe accident sequences (called design basis
accidents, or DBAs) that were thought to provide
adequate insight into a plant’s ability to respond
to safety threats. These accident sequences were
developed based on engineering judgment
supported by experiments and computer codes.

What the quantitative probabilistic analysis of
the study suggested—and what received reinforce-
ment following the Three Mile Island nuclear
accident in 1979—was that design basis events,
although severely testing a plant’s safety response,
were not necessarily the most safery-significant
events. In fact, using a more systematic evaluation
process (that is, early PRA), it was possible to iden-
tify beyond-design basis accident sequences that
were more important from a public safety perspec-
tive than the traditional sequences used in NRC
assessments. A key lesson was that these accident
sequences deserved particular attention, and that
designers should employ safety systems or design
approaches to mitigate them. The Reactor Safety
Study also revealed that the likelihood of core
damage was higher than previously thought, and
that the public safety consequences of that damage
were lower than previously thought.”

A lesson from the many industry sponsored,
plant-specific PRAs that followed the Reactor Safety
Study was that each nuclear power plant has a
different set of vulnerabilities, requiring special
attention to operating procedures, maintenance

programs, and incident response strategies. For
advanced reactors that adopt novel ways to address
operation and safety, a strong case can be made for
using PRA to identify the most safety-significant
systems, structures, components, initiating events,
and accident scenarios. Experience suggests that
this approach will yield a more realistic picture
than deterministic approaches (e.g., engineering
judgment) can, standing alone. PRA will also
decrease costs by focusing resources and attention
on the systems that are the most crucial for safety,
and by enabling more elegant design and engineer-
ing solutions than those mandated by deterministic
methods—which are based on past experience

and thus are less adept at incorporating new ideas.
The most thorough safety analysis will come from
the combined use of a design-specific PRA, tradi-
tional engineering analysis, and performance-
based monitoring.

2. PAST AND CURRENT NRC INITIATIVES

AND PRACTICES
The NRC has undertaken several initiatives to
develop a more technology-neutral licensing process.
One involves the so-called “Part 53” program,
focusing on the development of a risk-informed,
performance-based (RIPB) regulatory framework
for advanced reactors. This effort began in the early
2000s, in part due to growing interest in non-LWR
reactors and the related recognition that existing
regulations and guidance were generally LWR-
%6 The Part 53 development program was
terminated several years later due to waning interest
in advanced reactors and the substantial cost and

centric.

time required to implement such a program. The
most recent examination of RIPB practices was
performed by the Risk Management Task Force,
which outlined a risk management regulatory
framework that would incorporate RIPB regulation.’’
This effort, led by then-Commissioner George
Apostolakis, culminated in the publication in 2012
of NUREG-2150: A Proposed Risk Management

52 It is alternately referred to as “The Reactor Safety Study,” WASH-1400, or “The Rasmussen Report,” as it was directed by Professor
Norman Rasmussen of MIT. hep:/fwww.osti.gov/scitech/serviets/purl/7339389.

53 Knief, R.A. Nuclear Engineering Theory and Technology of Commercial Nuclear Power Second Edition. 1992.

54 Ibid.

55 Apostolakis, G.E. Lecture Notes for MIT course 22.39 “Elements of Reactor Design, Operations, and Safety.” Fall 2006.

56

57

http:/focw.mit.edulcoursesinuclear-engineering/22-39-integration-of-reactor-design-operations-and-safety-fall-2006/ lecture-notes/lec7_ga.pdf.
See NUREG-1860 “Feasibility Study for a Risk-Informed and Performance-Based Regulatory Structure for Future Plant Licensing,
Volumes 1 and 2 (NUREG-1860)”, October 2007. http://www.nrc.gov/reading-rm/doc-collections/nuregs/stafflsr1 860l .

See NUREG-2150 “A Proposed Risk Management Regulatory Framework” April 2012, hutp://www.nre.gov/reading-rmldoc-collections/
nuregs/stafflsr2150. NUREG-2150 is the most recent examination of the use of RIPB practices. The recommendations of the report
have not been adopted and continue to be studies by industry and NRC staff.



Regulatory Framework. At present, the Commission
has not provided guidance on whether it intends to
move forward in the direction that NUREG-2150
recommends. However, on December 18, 2015,
NRC staff issued a memorandum, SECY-15-0168,
recommending that the Commission “use its exist-
ing regulatory framework to continue to make
risk-informed regulatory improvements in an
incremental manner.”*® In other words, staff recom-
mended that the Commission not seek to design

a new RIPB regulatory framework. However, the
staff also stated:

The staff believes that the adoption of a risk-
informed regulatory framework, similar in con-
cept to an RMRE would provide the greatest
benefits for new reactor designs that employ
non-traditional technologies (e.g., Generation
IV designs). The staff will continue to engage
stakeholders interested in pursuing such a
risk-informed framework.”

At the situational level, examples involving pro-
posals for or use of RIPB approaches can be found
in applications for operating reactors, in the recent
Small Modular Reactor Licensing Program, and
in the Next Generation Nuclear Plant NGNP)
Program. The NRC has also built a set of policy
positions and implementation plans for both PRA
and risk-informed decision-making. These include
a major 1995 policy statement on the “Use of
Probabilistic Risk Assessment Methods in Nuclear
Activities” that encouraged increasing reliance on
PRA in conjunction with the defense-in-depth
philosophy.®

Through Regulatory Guides 1.174, 1.175,
1.176, 1.177, and 1.178, the NRC has provided
guidance for using PRA to support changes in
the licensing basis (design, operation, and other
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modifications) for operating plants.®'

In 1999, the NRC promulgated 10 CFR 50.65,
commonly referred to as “the maintenance rule.”
The maintenance rule requires that licensees use
risk information to guide their maintenance activi-
ties, thus helping to ensure that plant safety is not
inadvertently degraded by a maintenance action.
Regulatory Guide 1.160, “Monitoring the Effective-
ness of Maintenance at Nuclear Power Plants,” pro-
vides methods for complying with 10 CFR 50.65.%
A related regulation is 10 CFR 50.69, “Risk-in-
formed categorization and treatment of structures,
systems, and components for nuclear power reactors.”

The success of these efforts demonstrates that
probabilistic risk assessments have matured to the
point that the NRC and industry fundamentally
agree on methods for applying PRA and, in limited
circumstances, for using those methods.**¢*

The most recent efforts to introduce risk-in-
formed methods have centered on small modular
light water reactors. Industry has proposed that
risk-informed approaches be used to set emergency
planning zones and control room staffing, and
manage security. The NRC is in the process of
reviewing the proposal for revised emergency plan-
ning zones. These approaches will also have direct
relevance to many advanced non-light water reac-
tors, so their development is of prime importance.

Even more relevant to advanced reactors have
been past efforts to employ risk-informed techniques
in the reactor evaluations in the 1980s and 1990s
and in the Next Generation Nuclear Plant (NGNP)
Project, as described in Section III.A. The NGNP
Project involved a high temperature, gas-cooled
reactor, an advanced design dramatically different
from an LWR. The project proposed to use PRA
for several applications, including:

* Input to selection of licensing basis events

(accident sequences);

58 SECY-15-0168: “Recommendations on Issues Related to Implementation of Risk Management Regulatory Framework”

http:/pbadupws.nre.govldocs/ML1530/ML15302A135. html.
59 Ibid.

60 USNRC, “Use of Probabilistic Risk Assessment Methods in Nuclear Activities: Final Policy Statement,” Federal Register,

Vol. 60, p. 42622 August 16, 1995.

61 For example, Regulatory Guide 1.174: “An Approach for Using Probabilistic Risk Assessment in Risk-Informed Decisions on
Plant-Specific Changes to the Licensing Basis.” http://pbadupws.nre.govldocs/ MLOO37/ML0O03740133. pdf:

62 http:llpbadupws.nre.govldocs/ML1136/ML113610098.pdf:

63 NRC Review of “Electric Power Research Institute’s Advanced Light Water Reactor Utility Requirements Document Vol. 3 Part 1 Passive
Plant Designs” NUREG-1242 August 1994 hutp:/lpbadupws.nre.gov/docs/ML1006/ML100610048.pdf provides useful insight into the
rationale for using risk-informed decisions for advanced passive LWRs.

64 Industry consensus standards have been and are being developed by the ANS and ASME Joint Committee on Nuclear Risk Management
(JCNRM). As these standards are completed, the NRC has endorsed them for use—sometimes with certain limitations—in individual
regulatory guides and review standards. Technology-independent standards are included in the library of standards under JCNRM’s

purview.
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* Input to safety classification of structures,
systems, and components; and
* Risk-informed evaluation of defense-in-depth.

Because the NGNP project has not proceeded on
schedule, licensing has not been completed and the
Commission has not made core policy decisions

on how to approach these PRA applications. Issues
raised in the NGNP review as well as earlier reviews
are relevant to many other advanced reactors under
development today. Their resolution would signifi-
cantly reduce the uncertainty that surrounds the
licensing of advanced reactors.

3. RECOMMENDATIONS

The NRC should designate a special technical
team to develop a plan to implement a technology-
inclusive licensing and regulatory framework for
advanced reactors based on risk-informed and per-
formance-based principles. The technical team should
propose a roadmap for putting the new framework
into practice by 2025, and then be given the ad-
ministrative flexibility and resources to succeed.
Because this framework will not be ready immedi-
ately, it should remain optional (similar to the Part
52 licensing processes as an alternative to the Part
50 process)—at least until it is fully demonstrated.
That way, its development will not delay current
projects.

At the same time, for advanced reactors pursu-
ing commercialization and licensing in the immedi-
ate future, the NRC and license applicants should
work together to adapt the agency’s light water
reactor (LWR)-centric requirements so that they are
better suited to advanced reactors seeking licenses
in the near term, while, wherever appropriate,
increasing the use of risk-informed and performance-
based techniques. The recent formation of the NRC
Risk Informed Licensing Initiatives team provides
a central place to pursue efforts to expand RIPB
strategies for currently operating reactors. Either
forming such a team for advanced reactors, or
expanding the size and responsibility of the current
team to include advanced reactor issues would
enable rapid progress.

For new technologies, alternative approaches
to the exemption process should be considered.
Recently, applicants have used the practice of seek-
ing relief from certain inapplicable or partially

applicable requirements. For example, during
recent licensing activities for light water small
modular reactors, applicants experienced increased
cost and slower review due to difficulty in executing
the NRC’s exemption processes. Advanced reactor
designers from both traditional industrial organiza-
tions and small start-ups are concerned with the
cost and schedule uncertainty associated with the
exemption process (as well as potential negative
perception that applicants are trying to avoid strin-
gent safety regulation). As a result, they are hesitant
to submit applications without first being assured
that exemption requests will be meaningfully
processed. A means should be available earlier in
the process for the NRC and the applicant to reach
agreement on alternative compliance strategies for
specific requirements that are only partially appli-
cable or are not applicable at all. The LPP would
be a natural place to do this, once the NRC and
stakeholders have identified promising approaches.
This will increase efficiency and effectiveness in

the design and regulation of advanced technologies
without sacrificing safety or security.

Another activity to lighten the burden of LWR-
centric regulations is the DOE/NRC Advanced
Reactor Licensing Initiative, described in “Guidance
for Developing Principal Design Criteria for
Advanced (Non-Light Water) Reactors,” a
report issued in December 2014.

Finally, given the substantial investments
that industry and the DOE already have made in
developing and submitting the NGNP and earlier
advanced reactor proposals (and that the NRC
has made in evaluating those proposals), we recom-
mended that NRC staff complete their evaluation
of the policy issues identified in those submittals,
and that the Commission review those evaluations
and issue its decisions.

B. Preparing and Clarifying an Advanced
Reactor Demonstration Licensing
Process

A critical obstacle to commercializing innovative

nuclear power technologies is that there is no clear

pathway for a first demonstration. Here we use the
term demonstration to encompass prototypes, test
reactors, pilot-scale reactors, research reactors, and
other first-of-a-kind projects that may be needed
to propel a new technology to commercialization.®

65 hitp:/lpbadupws.nre.govldocs/ ML 1435/ML14353A246.pdf

66 Confusion about terminology is also a problem in this area.



Although many early demonstration reactors were
heavily supported and often managed by the federal
government, it is generally accepted that advanced
reactors under development today will be demon-
strated by coalitions backed by major private-sector
partners. Nonetheless, as discussed in the Intro-
duction, a significant component of this challenge
continues to relate to regulation.

The procedure for licensing a demonstration
reactor is not well understood, partly because such
a reactor has not been built in the recent past. The
NRC should provide a clear and achievable regula-
tory pathway for developing, licensing, and deploy-
ing advanced reactor prototypes, demonstration
reactors, and test reactors, with provisions for
both power generating and non-power types.

The NRC and DOE will each play important
roles in advanced reactor demonstrations, but
neither DOE, nor NRC, nor the advanced reactor
community appears sufficiently prepared at this
point to support such a demonstration. The follow-
ing sections summarize the authority of DOE and
the NRC regarding demonstration facilities, and
highlight issues that will need to be addressed to
ready the licensing process for advanced demon-
stration reactors.

1. SUMMARY OF CURRENT DOE AND

NRC RESPONSIBILITIES
In brief, DOE is authorized to oversee research and
test its own reactors, if the purpose is to advance
R&D; NRC is authorized to license research and
test reactors that are privately owned and operated,
or are operated “for the purpose of demonstrating
the suitability for commercial application of such
a reactor.”

To be specific, NRC is responsible for (i) all
non-military reactors developed for commercial or
industrial power purposes, (ii) AEA §103-authorized

STRATEGIES FOR ADVANCED REACTOR LICENSING

research and development involving nuclear materials,
(iii) research reactors and prototype reactors, and
(iv) non-power reactors and nuclear testing facilities
for commercial or industrial purposes, pursuant

to AEA §104. NRC also is authorized to make
arrangements to conduct research and development
activities relating to the regulation of reactors with-
in its jurisdiction.®® The distinction between com-
mercial reactors and test facilities, set forth in

10 CFR 50.22, defines the former as a facility for
which more than 50% of the annual cost of owning
and operating the reactor is devoted to the produc-
tion of materials, products, or energy for sale or
commercial distribution, or is devoted to the sale
of services—other than research and development,
or training. Commercial reactors are licensed

under AEA §103. If a testing facility falls under

the 10-MW threshold, it could be licensed under
AEA §104c. This would generate more flexibility

in licensing, given that the Commission is directed
under AEA §104c¢ “to impose only such minimum
amount of regulation of the licensee as the Com-
mission finds will permit the Commission to fulfill
its obligations under [the AEA] to promote the
common defense and security and protect the
health and safety of the public....””

For its part, DOE is responsible for all military
reactors and has authority over all DOE-owned
reactors that collect research data, or test fuels or
materials. DOE is authorized to make arrangements
—via contracts, agreements, and loans—to conduct
research and development activities for reactors
within its jurisdiction. In its energy development
role, DOE holds the sole authority to use its own
facilities to conduct research “for others.”””

Whichever agency oversees a given demon-
stration reactor, the other agency will likely provide
technical support. Thus, it is important for the
NRC to be closely involved in either role so that

67 Energy Reorganization Act of 1974 §202(2)

68 Since the ERA, R&D under the AFA is divided by intent and purpose: (i) DOE is authorized to perform nuclear developmental (i.e.,
promotional) work and to conduct research that will support that work; (i) NRC R&D cannot be promotional, but rather is to focus
on confirming the adequacy of the agency’s regulations and guidance, as well as the safety analysis codes and processes used in nuclear
regulation and licensing. R&D to develop materials, components, and processes for advanced reactors would likely be deemed

promotional, and thus a job for DOE.

69 This same flexibility exists under 104b for demonstration reactors of the type developed prior to 1970, but specific legislation is required
to use this provision today. Authorization for the NGNP Program in the Energy Policy Act of 2005 specifically assigned to the NRC
responsibility for NGNP licensing activities, eliminating any ambiguity regarding the authority of the NRC and DOE over that program.

70 AEA §33 — Research for Others specifically provides that, “where the [Atomic Energy] Commission [here, DOE] finds private facilities
or laboratories are inadequate for the purpose, it is authorized to conduct for other persons, through its own facilities, such of those
activities and studies of the types specified in section 31 as it deems appropriate to the development of energy.” AEA §31 addresses R&D
related to nuclear processes; the theory and production of atomic energy; processes, materials and devices related to such production;

and many other topics.
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The NuScale Power Control Room Simulator is designed to simulate the operation of a 12-module NuScale power plant.

it becomes more familiar with advanced technol-
ogy, and ensures that the quality assurance program
is sufficiently robust to produce testing results

able to support a commercial license application.
Continuing development and execution of advanced
reactor technology knowledge management and
training opportunities for NRC staff would be
useful both for demonstration projects and for
commercial projects.

2. KEY ISSUES

Confusion about the licensing of advanced
demonstration reactors exists around terminology,
responsibility, and requirements.

Terms are not generally used consistently
among industry or the NRC, or even within the
relevant statutes. Although there have been some
efforts to improve this, we suggest that the NRC
and stakeholders identify which terms are useful,
determine which ones are defined by statutes and
regulations, resolve discrepancies where possible,
and identify any gaps that may need to be filled
by additional policies, regulations, or legislation.
In particular, definitions of production and utiliza-
tion facilities should be resolved; breeder reactors
that are not used for defense purposes may not have
been contemplated by otherwise-relevant statutes
and regulations. As a result, their classification
may be unclear, hindering efficient processing
of applications.

NRC responsibility for licensing non-power
reactors lies with the Research and Test Reactor
Branch of the Office of Nuclear Reactor Regula-
tion, but the locus of responsibility is less obvious
when the full spectrum of possible demonstration
reactors is considered. A clarification of respon-
sibility may follow naturally from a clarification
of terminology.

Regulatory guidelines have been developed
for only a few advanced reactor types. As potential
demonstration reactor applicants approach readi-
ness, it would facilitate agency evaluation if NRC
guidelines were expanded to address additional
advanced reactor types. These guidelines could be
developed using funds appropriated specifically
for this purpose, outside of the fee base. Other
improvements could include the development
of regulatory guidance for a demonstration that
is significantly smaller, less hazardous, or with a
shorter operating life than a commercial unit. It
would also be useful to develop guidelines address-
ing how a prototype plant (as defined in 50.2 and
referenced in 50.43(e)) could be used to support
the design certification or licensing of a first-of-
a-kind plant. The method for authorizing the
operation of the prototype and for converting it
to a regular commercial license after completion
of testing should be explained as well.
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RECOMMENDATIONS

HE PURPOSE OF THIS REPORT

has been to propose strategies that facilitate

the efficient, cost-effective, and predictable

licensing of power plants in the United
States. These are nuclear plants that would generate
clean, safe, sustainable, reliable, affordable, and
proliferation-resistant energy through the use of
innovative technologies, and that would improve
the quality of our lives and the health of our
environment.

Specifically, this report has set forth the foun-
dation for a consultation among stakeholders that
results in an improved process for licensing the
next generation of nuclear reactors. Such a process
would incorporate discrete stages for improved
project risk management and, where appropriate,
risk-informed and performance-based strategies.
Our major recommendations are set forth below
in three categories: regulatory, policy, and industry
recommendations.

A. Regulatory

1. To structure a staged review of advanced
reactors and support long-range resource
planning by the agency and the applicant,
the NRC and industry should develop and
employ guidelines for a licensing project
plan (LPP). The LPP would be a living
document that serves as a roadmap for the
entire process, defining—in as much detail
as possible—project schedules, testing
requirements, deliverables, and NRC review
budgets. The most effective approach will
be for the applicant and the NRC to design
a licensing project plan that establishes
milestones corresponding to meaningful

stage-gates along a given project’s develop-
ment pathway and that take full advantage
of the NRC’s readiness to review specific
aspects of the design. To provide the foun-
dation for open communication and effec-
tive project management, we recommend
that, as soon as a potential applicant initi-
ates interaction with the NRC, the agency
produce an initial LPP establishing guide-
lines that define the working relationship
among the parties. This should help to
ensure rapid resolution of conflicts and
efficient progress. The NRC and potential
applicants should discuss the appropriate
contents of an LPP during this initial
engagement period, and the LPP should be
built up with additional detail as the project
progresses and it is possible to foresee up-
coming interactions. Much of the respon-
sibility for designing an effective LPP lies
with the applicant; the applicant will need
to understand a project’s design, develop-
ment, deployment, and investment mile-
stones in order to propose corresponding
licensing milestones. At the same time,
NRC expectations for the level of design
detail must correspond to the particular
milestone, and be clearly communicated
to potential developers. (See Section IV.A
for further detail.)

. The NRC should promote and applicants

should use topical reports and the standard
design approval as tools to introduce stages
into the advanced reactor licensing process,
while emphasizing the need to achieve a
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level of finality that supports staged decision
making. These tools can be employed under
current regulations, if the proper staff guid-
ance and policies are put in place; the pro-
posed licensing project plan could structure
their use. (See Section IV for further detail.)

3. 'The NRC should develop and employ an
optional statement of licensing feasibility
process with time frames and budgets to
be agreed upon in the licensing project plan.
This would permit it to more easily assess
whether an applicant’s design intent was
conceptually aligned and consistent with
established regulatory requirements. Doing
so would offer important benefits: (i) it
would standardize a review phase that,
because of its limited cost and duration,
could be used by stakeholders to compare
available design options; (ii) it would pro-
vide early feedback to the applicant, allow-
ing timely alterations in approach to better
meet regulatory obligations; and (iii) it
would provide useful structure to pre-
application engagement. (See Section

IV.D for further detail.)

Figure VI-1 depicts the elements that could be used
to support the staged licensing of an advanced reac-
tor, structured by an LPP. This can be implement-
ed under existing NRC authority; it would not re-
quire an Act of Congress.

4. The Commission and license applicants should
work together to adapt the agency’s light water
reactor (L\WR)-centric requirements so that they
are better suited to advanced reactors seeking
licenses in the near term, while, wherever ap-
propriate, increasing the use of risk-informed
and performance-based techniques. For new
technologies, alternative approaches to the ex-
emption process should be considered. Recently,
applicants have used the practice of seeking
relief from certain inapplicable or partially
applicable requirements. For example, during
recent licensing activities for light water small
modular reactors, applicants experienced in-
creased cost and slower review due to difficulty
in executing the NRC’s exemption processes.

Advanced reactor designers from both tradi-
tional industrial organizations and small start-
ups are concerned with the cost and schedule
uncertainty associated with the exemption
process (as well as potential negative perception
that applicants are trying to avoid stringent
safety regulation). As a result, they are hesi-
tant to submit applications without first being
assured that exemption requests will be mean-
ingfully processed. A means should be avail-
able earlier in the process for the NRC and

the applicant to reach agreement on alternative
compliance strategies for specific requirements
that are only partially applicable or are not
applicable at all. The LPP would be a natural
place to do this, once the NRC and stakehold-
ers have identified promising approaches. This
will increase efficiency and effectiveness in the
design and regulation of advanced technologies
without sacrificing safety or security. (See
Section IV.A for further detail.)

The NRC and DOE should continue to move
forward with the DOE/NRC Advanced Reactor
Licensing Initiative.”" This will help to establish
and clarify acceptable approaches for creating
the underlying design criteria associated with
these concepts, thereby removing a portion

of the regulatory uncertainty associated with
advanced non-IWRs. (See Section V.A for
further detail.)

Given the substantial investments that have
already been made by industry and DOE

in pre-application reports and proposals for ad-
vanced reactors (including the Next Generation
Nuclear Plant), and by NRC staff in evaluating
them, the NIA recommends that (i) the NRC
complete its evaluation and the Commission
issue its decisions or opinions at this stage of
the application, and (ii) generic issues raised
by DOE and NRC be resolved through the
issuance of guidance for advanced reactor
applicants. (See Section VA for further detail.)

At the same time that the NRC pursues the
above initiatives, the NRC should designate a
special technical team to develop a plan to im-
plement a technology-inclusive licensing and

71 'This was most recently described in the following report: US Department of Energy, Office of Nuclear Energy, Guidance
for Developing Principal Design Criteria for Advanced (Non-Light Water) Reactors, December, 2014. hetp://pbadupws.nre.govidocs/

ML1435/ML14353A246.pdf
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J FIGURE VI-1
Available Stages for Licensing an Advanced Reactor
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regulatory framework for advanced reactors
based on risk-informed and performance-based
principles. The technical team should propose
a roadmap for putting the new framework into
practice by 2025, and then be given the admin-
istrative flexibility and resources to succeed.
Because this framework will not be ready im-
mediately, it should remain optional (similar to
the Part 52 licensing processes as an alternative
to the Part 50 process)—at least until it is fully
demonstrated. That way, its development will
not delay current projects. (See Section V.A

for further detail.)

8. To provide a clear and achievable regulatory
pathway for developing and deploying advanced
demonstration reactors, the NRC should:

i. In collaboration with stakeholders, clarify
terminology and resolve discrepancies and
gaps in statutes, regulations, and practice;

ii. Using terminology revised pursuant to (i)
above, clarify responsibility for reviewing
potential applications;

iii. Develop guidelines for advanced reactor
demonstrations to support the review
process; and

57
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iv. Provide or develop guidelines for prototype
plant regulation (as defined in 10 CFR 50.2
and referenced in 10 CFR 50.43(e)) and
conversion to commercial operation.

(See Section V.B for further detail.)

. The NRC should continue development

and execution of advanced reactor technology
knowledge management and training oppor-
tunities for NRC staff. Mid- and upper-level
managers should be included in these programs.
Funding will be needed to support this. (See
Section V.B for further detail.)

. Policy
. Congress should revise the NRC’s budget struc-
ture so that, instead of a 90% fee-based, 10%

of strategies to stage and expedite the
advanced reactor licensing process;
* Development and implementation of a

grants for early efforts to license advanced

reactor companies, including but not limited to:

* Pre-application engagement with the NRC;

*  Developing a licensing project plan; and

* Applying for a statement of licensing feasi-
bility or similar early-stage design review.

The DOE Gateway for Accelerated Innovation
in Nuclear (GAIN) initiative’s small business
voucher program is one possible mechanism
for this.

C. Industry

Industry has an important role to play as a construc-
tive participant in all of the above recommendations,
but also has primary responsibility for several actions:

public funding model, licensees and applicants 1. Industry stakeholders should cooperate to
reimburse the NRC for activities related to their deliver a coordinated message to the NRC
regulation, with Congress funding other agency- regarding technology-inclusive advanced
related activities—including the development reactor priorities.
of new regulations for advanced technologies,
R&D, international programs, and other initia- 2. Prospective applicants should proactively
tives not related to a specific licensee. The nuclear address the NRC's need for information about
fleet operating today was licensed by an NRC future projects by informing the agency as
that had been fully funded by Congress, before early as possible of their intent to request NRC
the advent of current fee-recovery rules. Unlike review. By capturing this information in regu-
that earlier generation of reactors, licensing of latory issue summaries, the NRC will have a
the AP1000s now under construction has been stronger basis to support research, as well as
supported by substantial cost-shared funding from budgetary estimates and requests.
DOE. To prepare for the licensing of advanced
reactors, the NRC faces a greater challenge that 3. Industry should take a more active role in com-
will require consistent public funding. municating with the NRC, DOE, and other
stakeholders on the challenges and opportu-

. Congress should appropriate funds for the nities associated with various advanced reactor
NRC to prepare for advanced reactor licensing, designs, including R&D priorities.
including but not limited to:
¢ Development and implementation 4. Working with appropriate research and standards

organizations, industry should pursue the devel-
opment of codes, standards, and conventions
for advanced nuclear power.

risk-informed, performance-based licensing

framework for advanced non-light water We intend these recommendations to serve as

a foundation for appropriate deliberation and
prioritization and, soon after, decisive action
to improve the regulatory pathway for advanced
nuclear energy technologies. This is critically
important work that will enable society to cap-
ture the immense future benefits of advanced
nuclear power.

reactors;
» Efforts to prepare the process of licensing
advanced demonstration reactors; and
*  Staff training or the hiring of experts.

3. To expand available financial resources for
advanced reactor companies, Congress should
continue to fund DOE to competitively award
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ABBREVIATIONS

ABWR Advanced Boiling Water Reactor

ACRS NRC Advisory Committee on Reactor Safeguards
AEA Atomic Energy Act of 1954 (US)

AEC Atomic Energy Commission, forerunner to the NRC and ERDA/DOE
ALWR Advanced Light Water Reactor

ANS American Nuclear Society

ASLB Atomic Safety and Licensing Board

ASME American Society of Mechanical Engineers

BLA Biologics License Application (FDA)

CBER Center for Biologics Evaluation and Research (FDA)
CDER Center for Drug Evaluation and Research (FDA)
CDRH Center for Devices and Radiological Health (FDA)

Code of Federal Regulations (US)

Canadian Nuclear Safety Commission
Combined Operating License (Part 52 Appendix C) (NRC)

Combined Operating License Application (Part 52 Appendix C) (NRC)
Construction Permit (Part 50) (NRC)

Certification Process Improvement (CPl) Guide (FAA)

Design Acceptance Confirmation (UK)

Design Basis Accidents (NRC)

Design Certification (Part 52 Appendix D) (NRC)

Design Certification Application (Part 52 Appendix D) (NRC)

CFR

CNSC

coL

COLA

CcP

CPI

DAC

DBA

DC

DCA

DCRA Design Centered Review Approach (NRC)
DOD Department of Defense (US)
DOE
DSRS
EP
ERA
ERDA
ESP
ESPA
FAA
FDA
FOAK

Department of Energy (US)
Design Specific Review Standard (NRC)

Emergency Preparedness (NRC)

Energy Reorganization Act of 1974, which created ERDA and the NRC as successors to the AEC (US)

Energy Research and Development Administration, created by the ERA of 1974 and forerunner to DOE (US)
Early Site Permit (Part 52 Appendix A) (NRC)

Early Site Permit Application (Part 52 Appendix A) (NRC)

Federal Aviation Administration (US)

Food and Drug Administration (US)

First Of A Kind
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| Final Safety Analysis Report (NRC)

| Final Safety Evaluation Report (NRC)

Gateway for Accelerated Innovation in Nuclear (DOE)

Government Accountability Office (US)

Generic Design Acceptance (UK)

General Design Criteria (10 CFR 50, Appendix A) (NRC)

Human Factors Engineering (NRC)

Human Reliability Assessment

1&C

Instrumentation & Controls (NRC)

Integral Effects Test (NRC)

Investigational New Drug application (FDA)

Inspections, Tests, Analyses, and Acceptance Criteria (NRC)

Joint Committee on Nuclear Risk Management (US)

Licensing Project Plan

New Drug Application (FDA)

Nuclear Energy Institute

National Environmental Policy Act of 1969 (US)

Next Generation Nuclear Plant

Nuclear Regulatory Commission (US)

Nuclear Safety and Control Act (Canada)

NRC-published reports or brochures on regulatory decisions, on the results of research and incident inves-
tigations, and on other technical and administrative matters (acronym is derived from “nuclear regulation”)

oL

Operating License (Part 50) (NRC)

ONR

Office of Nuclear Regulation (UK)

Part 50/
Part 52

Title 10 of the US Code of Federal Regulations, Part 50 or 52

PIRT

Phenomena Identification and Ranking Table (NRC)

Probabilistic Risk Assessment

PSCP

Project-Specific Certification Plan (FAA)

Partnership for Safety Plan (FAA)

QA

Quality Assurance

Regulatory Affairs

Request for Additional Information (NRC)

R-COLA

Reference Combined Operating License Application (NRC)

Risk-Informed Performance-Based

Regulatory Issue Summary

Research and Test Reactor

Safety Analysis Report (NRC)

Subsequent Combined Operating License Application (NRC)

Standard Design Approval (Part 52 Subpart E) (NRC)

Memorandum to the Secretary of the Commission or the Commission from various NRC offices that
report to the Commission

Safety Evaluation Report (NRC)

Separate Effects Test (NRC)

Small Modular Reactor

Staff Requirements Memorandum from the Commission to NRC Staff

Systems, Structures, and Components (NRC)

Topical Report (NRC)

Z[[8e[s[e[e] g[z5[s[afe

Vendor Design Review (Canada)
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The Advanced Reactor Development and Deployment Process

HE LICENSING PROCESS FOR

advanced reactors cannot be considered

in a vacuum. The introduction of stages

to advanced reactor licensing will be most
effective if those stages are coordinated with appro-
priate phases in the design, development, deploy-
ment, and investment process (put simply, the
development process) for those reactors. Conversely,
a more orderly and thoughtful execution of phases
and coordination of stakeholders in the development
process would serve to expedite the deployment
of advanced reactors, particularly if steps in that
process were coordinated with staged licensing.

This appendix sets forth a simplified representa-

tion of the development and deployment timeline,
as well as key stakeholder relationships. It also
provides a conceptual layout of the major program
phases, emphasizing the possibilities for more
effective “alignment”™—that is, close coordination—
of stakeholder interests. Details of a staged licensing
approach are discussed in Chapter IV; this appen-
dix provides context by describing how staged
licensing fits into the overall project development
process. A central theme in this report is the need
for early planning and collaboration among stake-
holders, so that the parties can develop an execution
plan that accounts for all stages in the development
(and licensing) process. This appendix provides
examples of how early coordination resolves key
issues sooner and more rapidly.

A. Development Process Stakeholder
Timelines

The current duration and cost of the design, licensing,

and delivery process for new reactor designs and

specific projects is both uncertain and far too

lengthy. To fully appreciate the complexity and
interrelationships of the major phases and types of
stakeholders, Figure A-1 (p. 63) is a representation
of the current overall development and deployment
cycle for an advanced light water reactor (ALWR).
This reflects a composite of the various major
activities that must be completed to bring a first-
of-a-kind (FOAK) reactor design from the pre-
conceptual stage to full operation. The stakeholder
groups include investors, designers, regulators,
builders, operators, owners, and the public, and
were chosen to represent the wide range of insti-
tutions and entities that typically participate in
a FOAK program. All have differing time frames
with regard to interest, motivation, and risk
tolerance.

The stakeholders” primary activities are as
follows:

* Finance,

* Design,

* Licensing,

* Construction,

* Plant testing,

*  Operations, and

* DPublic participation.

The sub-activities in Figure A-1 (p. 63) reflect prac-
tices and expectations observed in the NRC’s cur-
rent licensing process, described in 10 CFR Part 52.
Extrapolating averages from publicly available data,
actual experience with certain existing ALWR designs
would generate timelines exceeding three decades, if
all listed activities were completed. A major driver
of this protracted development timeline is the wide
variation in outcomes that arise from prolonged
NRC review, further extended by the applicant’s
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effort to resolve the issues that the NRC has raised.
Delays are also caused by unsteady funding, moth-
balling and reactivation decisions by plant owners
(e.g., Watts Bar Unit 2), poor design execution
and integration, failure to incorporate construction
methods into design, and failure of the owner to
adequately prepare for operation. The historical
evidence suggests that every stakeholder, at one time
or another, has negatively affected the development
cycle. Lack of alignment on major decisions can
result in a nearly continuous series of unanticipated
or poorly timed actions that lead to delay.

It is clear from past experience that the need
to institute clear phases with discrete risk reduction
does not solely apply to nuclear regulators. All
stakeholders would benefit from a more organized
development process. The benefits flow outward:
efficient alignment of the regulatory and private
development processes would enable faster com-
mercialization and deployment of nuclear technolo-
gies, which in turn would address a growing global
need for clean, reliable energy.

B. Reducing Program Risk
The prospects for advanced nuclear technology
will be bleak if the delays historically associated
with nuclear energy development persist.
Fortunately, the adoption of logical program
phases can increase alignment of stakeholder expec-
tations, enhance coordination, and help to reduce
delays. Figure A-2 (p. 64) illustrates one possible
phase delineation that strengthens coordination of
financing, design, licensing, construction, testing,
owner operation, and public participation. Concrete
phases with defined outcomes will enable parties to
more easily make rational long-term commitments
to the program. As a result, the time frame from
conceptualization to full operation can be short-
ened appreciably. The following phases are
recommended:

1. Conceptualization: Initial phase of reactor
concept development and start of functional
design. Includes proof-of-principle testing
in integrated and separate effects facilities.
By the end of the stage, formal engagement
with the NRC has been initiated.

2. Licensability: 'The transition from conceptual-
ization to fully developed organization of design
and licensing products, focusing on functional
design, preliminary safety analysis, and licensing.
An agreed-upon NRC pre-application program

scope and schedule—as well as a preliminary
licensing project plan (LPP), as described in
Section IV.A—are in place. This could include
an optional statement of licensing feasibility.
At the end of this phase, initial topical reports
should be under review, with some approved.
The design stage should be progressing from
functional design and the completion of
design trade-off studies to the physical design
of nuclear systems and structures.

3. Technology Approval: At this point, the NRC
receives additional topical reports and possibly
a standard design approval (SDA) application
for “a major portion” of the common standard-
ized design. This initiates the first phase of the
integrated review process that precedes DCA
and COLA submittals (or that could be incor-
porated by reference in a Part 50 application).
The DCA, if applicable, is then submitted,
referencing the SDA. This completes the descrip-
tion of the standard design to be certified.

4. Project-Specific Approval: The site-specific
submittal and review of an application to build
a plant. This would include submittal of a

COLA, ESP (if desired), or a CP.

5. Construction Period: The period during which
equipment is manufactured (e.g., factory fabri-
cation of major assemblies, as well as individual
components and parts) and the plant is con-
structed, consistent with the approved COL or
CP. If a Part 50 approach had been taken, this
period also would include submittal and review

of the FSAR, followed by the OL hearing.

6. Licensed Operation: The period encompassing
license issuance, delivery of fuel to the site,
initial fuel loading, start-up of the nuclear
unit, and testing operations.

7. Commercial Operation: The operating period
that follows satisfaction of all initial testing and
operational conditions of the license.

Retrospective redefinition of existing phases cannot
by itself address the lack of coordination that ham-
pers the prospects of future advanced reactor devel-
opment. However, the process can be expedited

by changing the way in which key stakeholders
perform and align their portions of the work.



FIGURE A-1

Stakeholder Activities and Timeline
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FIGURE A-2
Stakeholder Activities and Timeline with Conceptual Program Stages
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C. Enhancing Stakeholder Alighment

To confirm the value of establishing and describing
clearer program phases, it is helpful to understand
the needs and interdependencies of the various
stakeholders. Provided below are relevant examples
of the types of issues that in the past have interfered
with stakeholder alignment and coordination.

1. DESIGN AND LICENSING ALIGNMENT

To proceed effectively, designers and engineers
must possess a clear understanding of their program
objectives, technology choices, regulatory constraints,
and prospective user needs. Historically, license ap-
plications were submitted late in the development
process, often when the design work was nearing
completion. As a result, licensing deliverables and
design development proceeded as sequential, rather
than parallel, objectives—sometimes requiring design
changes in areas that had been misunderstood or
overlooked. This negatively affected cost, schedule,
and technical choices. To avoid this result, the
applicant must receive clear guidance from the
outset concerning the regulator’s expectations.

This is particularly important—but also particularly
hard to obtain—for advanced designs that have

not yet been licensed.

For the NRC to undertake licensing review in
an efficient and timely way, the applicant must give
the agency advance notice of any new technologies,
analytical methods, materials, and approaches that
the applicant intends to rely on. NRC staff also needs
access to a sufficiently detailed design and schedule
to plan for needed reviews—including reviews, if
any, by outside experts. As part of the process, the
applicant should identify any gaps it perceives in
the existing regulatory framework. The agency should
do the same, while also assessing the adequacy
of existing resources.

2. FINANCIAL AND PROGRAM ALIGNMENT
A variety of financial stakeholders participate in
the creation of a new nuclear plant. To support its
decision to invest, each stakeholder requires reason-
able assurance of success. When integrated program
milestones provide clear entrance and exit points,
investors are better able to make rational decisions
on whether to move forward.

To avoid uncertainty and disruption, the devel-
opment plan and program require continuous, or at
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least predictable, funding. Identifying explicit de-
liverables along the development timeline is critical
to establishing program credibility and attracting
progressively larger investment, consistent with
efficient capitalization.

Early venture capital creates value in the devel-
oper’s portfolio of intellectual property rights and
previously completed work. This can produce a
financial return: (i) when the developer, as a stand-
alone entity, is sold to a later-stage funder; (ii) when
the developer is taken public to benefit its original
owners; or (iii) when the developer garners substan-
tial additional private or government investment
to support subsequent, increasingly more capital-
intensive project phases. To assure program conti-
nuity, government funding often is essential—as
much to signal political support as financial com-
mitment. As with any emergent, capital-intensive
technology, government policy can have a strong
impact on progress and ultimate viability.

At some point, development progress must
be sufficient to attract commitment from a public
utility or similar end-use investor. But even before
that, licensing progress acts as a critical indicator of
on-time delivery and, thus, serves as a magnet for
initial or continuing investment. In sum, licensing
progress is as important as progress in the design
delivery program—but even more so is their
alignment and coordination.

3. OWNER/OPERATOR AND DEVELOPER
PROGRAM ALIGNMENT
The ultimate owner/operator must maintain a sub-
stantial internal development program to assure its
readiness to operate the completed nuclear facility.
In addition to possessing sufficient project manage-
ment capacity to support construction or on-site
assembly, the owner/operator must assemble NRC-
licensed programs for operations and maintenance,
public engagement, and emergency response. All
of these programs tend to be interdependent, but
the operation and maintenance program is particu-
larly dependent on facility design. There, procedures
and staff training will require close coordination
with the overall design of the plant. 1&C design,
HEFE design, and simulator fidelity, for example,
need to be carefully coordinated and completed
in a time frame that strengthens initial licensed
operator training.

65



66 NUCLEAR INNOVATION ALLIANCE

4. PUBLIC AND DEVELOPMENT PROGRAM
ALIGNMENT
Early, extensive, and continuous public outreach
and involvement begins in the earliest phases of the
development program. Generally, final responsibil-
ity for public outreach rests with the owner/operator.
However, before an owner/operator has been iden-
tified, the vendor performs this task. At the federal
level, the preparation, review, and approval of an

early site permit (ESP) is a meaningful way to
attract early public involvement.

Similar points of coordination among the site
owner, the NRC, and state and local regulatory
agencies should be described in the licensing project
plan (see Section IV.A). This will provide an oppor-
tunity for state and local regulators to review the
proposed technology and discuss their own
requirements.



APPENDIX B

The Legal Context

This appendix provides the specific legal context
that supports this report’s reccommendations and
conclusions. It addresses (i) legal requirements
for the development of a reactor; (ii) differences
and similarities in the regulation of existing and
advanced commercial reactors; and (iii) licensing
prototype, demonstration, research, and test
reactors.

Legal Requirements for the Development
of a Reactor

The controlling statutes are the Atomic Energy
Act of 1954, as amended (AEA), and the Energy
Reorganization Act of 1974 (ERA). The NRC has
broad discretion under the AEA to establish safety/
security and licensing standards for industrial and
commercial, medical therapy, and research and
development reactors, and to establish licensing/
administrative processes for agency reviews,
hearings, and public input and participation.

Significant Atomic Energy Act and

Energy Reorganization Act Sections

AEA §31 stipulates that the Commission is to
ensure the continued conduct of research and
development, and training in the theory and pro-
duction of nuclear energy. Currently, after the
division of the AEA’s responsibilities between the
NRC and DOE, DOE is charged with ensuring the
conduct of research and development, and training
in the theory and production of nuclear energy,
while the NRC is authorized to conduct research
and development, and training in the theory and
production of nuclear energy as needed for safety
and security regulation.
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AEA §101 and §102 provide that a license is
required for any person to manufacture, produce,
transfer, acquire, possess, use, import, or export
any reactor. Any reactor to be used for industrial
or commercial purposes must be licensed pursuant
to AEA §103. Reactor licenses for medical therapy
and R&D are issued pursuant to §104.

AEA 8103 authorizes the NRC—under the terms
of an agreement for cooperation (a “123 agreement”)
—to issue licenses to persons applying to manu-
facture, produce, acquire, possess, use, import, or
export any reactor for industrial or commercial
purposes.

Applicants must be equipped and agree to
follow all standards to protect health and safety,
and to promote the common defense and security,
and they must provide the NRC with all related
information it deems necessary. Each §103 license
is to be issued for a specified period not to exceed
40 years from the date of authorization, although
it may be renewed. An advanced reactor developed
for commercial or industrial purposes—for example,

the generation of power for sale—would be licensed
under AEA §103.

AEA §103b. establishes the fundamental standards
for commercial reactor licensing: to protect health
and minimize danger to life or property, to promote
the common defense and security, and to protect

the health and safety of the public.

AEA 8104 authorizes the Commission to issue
reactor licenses for medical therapy, and research
and development (“Class 104” licenses). These
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R&D reactors should not be confused with certain
DOE research and test reactors (e.g., those located
at certain national laboratories), which are not
regulated by the NRC and are not “demonstration
reactors’ subject to NRC licensing and regulation

under ERA §202.

AEA §104b. provides licenses “for utilization and
production facilities for industrial and commercial
purposes.”

AEA §104c. considers “utilization and production
facilities useful in the conduct of research and de-
velopment activities of the types specified in section
31 and which are not facilities of the type specified
in subsection 104b.”

AEA §182 provides the Commission with broad
powers to request and obtain all information it
deems necessary for licensing and regulation.

AEA §185 cstablishes the license application
processes, now commonly referred to as Parts 50
and 52 (see below, 10 CFR Part 50 and 10 CFR
Part 52).

AEA §189 cstablishes the procedures for hearings
and judicial review. The NRC must grant a hearing
at the request of any person whose interest may be
affected. Hearings are mandatory for issuance of
construction authorization (CP or COL), and an
opportunity for a hearing must be provided before
operation is authorized or commences.

ERA §2 defines the separation of functions and au-
thorities of the original Atomic Energy Commis-
sion. ERDA (now, DOE) maintains authority and
responsibility for military aspects of atomic energy,
as well as for research and development, and pro-
motion of all forms of energy for commercial and
industrial purposes. The NRC maintains authority
and responsibility for licensing and regulation of
the non-military production and use of atomic en-
ergy, as well as possession and use of AEA materials
(source material, byproduct material, and special
nuclear material).

ERA §103 conveys to DOE responsibility for,
among other things, the research and development
of nuclear energy sources, and the demonstration
of their commercial feasibility and practical
applications.

ERA §202(2) establishes that the NRC maintains
the authority to regulate all demonstration reactors
(except those in existence prior to the ERA’s enact-
ment) “when operated as part of the power generation
facilities of an electric utility system, or when oper;
ated in any other manner for the purpose of dem-
onstrating the suitability for commercial application
of such a reactor,” including those owned and

operated by DOE.

Implementing Regulations
The reactor licensing and oversight requirements of
the AEA are implemented by regulations and orders
developed over time by the AEC and the NRC.
The NRC may specify the information that an ap-
plicant must provide for licensing. The agency is
authorized to combine licenses; to incorporate earlier
findings, information contained in previous appli-
cations, statements, or reports; and to build on pre-
vious submittals (e.g., topical reports). The primary
regulations specifically applicable to reactor licens-
ing are set forth in 10 CFR Parts 50 and 52.

Other requirements and processes central
to reactor licensing and oversight are found in the
following sections, among others: 10 CFR Parts 2
(domestic licensing proceedings), 20 (standards
for protection against radiation), 21 (reporting of
defects and noncompliance), 51 (environmental
protection), 55 (operators’ licenses), 100 (reactor
site criteria), 140 (financial protection requirements
and indemnity agreements), 170 (fees for licenses
and other regulatory services), and 171 (annual fees).

10 CFR Part 50 cstablishes the two-step licensing
program—construction permit (CP) followed by
operating license (OL)—envisioned in the AEA. It
is oriented to light-water reactors, but is not limited
to any one type of reactor technology. The AEA
requires a mandatory adjudicatory hearing (even
if no one whose interest may be affected requests
one) before issuing a COL.

§50.12 permits the Commission to grant
a specific exemption from the regulations, if (i)
special circumstances, as defined in 50.12, are shown
to exist; (ii) the exemption is in accordance with law;
(iii) it will not present an undue risk to the public
health and safety; and (iv) it is consistent with the
common defense and security.

§50.21 defines the types of medical therapy,
and research and development facilities that can
be granted Class 104 licenses.



§50.22 states that a Class 103 license (for a
commercial facility) is to be issued to a reactor for
which more than half the annual cost of owning/
operating the facility is allocated to the sale or
commercial distribution of energy or other
products, or the sale of services.

Under Part 50, a complete design is reviewed
and a CP issued. When construction is completed
in compliance with the CP, an OL will be issued.

10 CFR Part 52 combines the two steps of Part 50
into a combined license (COL). It includes defini-
tions of prototype plants and testing facilities, and
governs the issuance of early site permits (ESPs),
standard design certifications (DCs), and standard
design approvals (SDAs).

Subpart B defines a standard design certification
(DC) as a nuclear reactor design embodied in a
rule developed through the federal Administrative
Procedures Act’s traditional notice and comment
rulemaking process. A DC will not be modified
or changed by the Commission except in specified
circumstances. The AEA does not require a hearing
for issuance of a DC, although an environmental
assessment is required.

Subpart C defines a combined license (COL),
which can be thought of as a “one-and-a-half step”
process. It serves as a construction permit and
assures subsequent authorization to operate, if
construction is adequate. The COL may reference
a DC, SDA, or an early site permit (ESP). The AEA
requires an adjudicatory hearing (even if no one
whose interest may be affected requests one) before
issuing a COL. A second proceeding (possibly a
legislative-style “hearing”) may be held to con-
sider operating authorization after construction
is completed.

Subpart E defines standard design approval
(SDA) as a review of a final standard design or a
“major portion” thereof. It is, in essence, an NRC
staff statement regarding the licensability of the
design, but not a commitment to issue a permit or
license. An SDA is effective for 15 years, but may
not be renewed. The SDA application does not
trigger the hearing process and is not binding
on the Commission.

Note that, where the proposed standard design
differs significantly from the light water reactor
designs of plants that were licensed and entered
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commercial operation before April 1989, 10 CFR
50.43(e)’s requirements for the demonstration of
safety features (i.e., analyses, testing, experience, a
combination thereof, or acceptable performance of
a prototype plant) must be met. The SDA process
under 10 CFR Part 52 is currently in place and
useable, and the NRC has stated that it expects
advanced reactor designs to follow it “as is.”

Adequate Protection of Health

and Safety

The AEA uses various terms (“not inimical to the
health and safety of the public”; “protect health”;
“adequate protection”; “reasonable assurance of ad-
equate protection”) to establish regulatory standards
for safety requirements. The US Supreme Court has
used the phrase “adequate protection” to describe
the statutory benchmark. As authorized by the AEA,
the NRC'’s application of its scientific and technical
judgment to regulations and guidance further spec-
ifies that the “adequate protection” standard encom-
passes a level of safety sufficient for adequate
protection of public health and safety, and the
common defense and security.

Although current regulations and guidance do
not completely describe the acceptance criteria for
non-light water reactor designs, the NRC has deter-
mined that its current reactor licensing regulations
are adequate for conducting reviews of advanced
reactor applications. In exercising its licensing author-
ity, the NRC has the discretion to determine—on
a case-by-case basis, using its expert engineering
and scientific judgment—what constitutes adequate
protection; recently, it stated that it intends to do
so via an exemption process initiated by advanced
reactor applicants.””

Environmental review is required at various
stages of the licensing process. The environmental
review process for new reactors grows progressively
more rigorous as development advances towards
the siting of a reactor. There are no environmental
review requirements for an SDA. Specified envi-
ronmental reviews must be conducted for the DC
(which requires, at least, an environmental assess-
ment (EA)), with more rigorous, site-specific reviews
(including the preparation of an environmental
impact statement (EIS)) undertaken for ESPs,

CPs, OLs, and COLs. These reviews are the respon-
sibility of the NRC, but the Commission requires

72 Written Statement to the Subcommittee on Energy of the House Committee on Science, Space, and Technology, July 29, 2015, at 4-5,
see hetp:/lwww.nre.govlabout-nrclorganization/commission/comm-stephen-burns/burns-0729201 5-testimony. pdf).
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that the applicant prepare an environmental report
(ER) encompassing the same information; the
more information that the applicant provides to
the NRC in its ER on topics to be addressed in the
NRC’s EA/EIS, the more expeditious it can expect
the license application process to be.

Statement of Licensing Feasibility

For SDAs, the manner in which the required find-
ings are expressed— “whether or not the design

is acceptable, subject to appropriate terms and con-
ditions”—clearly implies that, in essence, the NRC
staff will be looking for compliance with the basic
licensing standards set forth in 10 CFR Parts 20,
50, 73, and 100. This should be seen as a conditional
finding of licensability and thus influential with the
Commission, but it does not constitute a commit-
ment to issue a permit or license. As a result, it does
not bind the Commission or adjudicatory boards.
A statement of licensing feasibility or a finding

of no major impediments to licensing can be, and
has been, issued under current rules. Developing

a process analogous to the CNSC’s VDR Phase 1
will require Commission policy decisions, at a
minimum.

NRC Fee Recovery

The NRC is required by Congress, pursuant to
Section 6101 of the Omnibus Budget Reconcilia-
tion Act of 1990, to recover approximately 90%

of its budget through fees. These fees are assessed
in accordance with 10 CFR Parts 170 and 171.
Part 170 assesses fees for regulatory services (reviews,
inspections, and evaluations), while Part 171 assesses
annual fees on entities holding licenses and permits.
Fee valuations are set annually in a formal rule-
making and, as noted, are designed to recover
some nine-tenths of the agency’s budget.

Regulation of Non-Light Water Reactors
In creating regulatory avenues, the AEA itself gen-
erally expresses no preference for light water over
non-light water technology. In view of the com-
mercial (primarily power) reactor industry’s devel-
opment path, the AEC/NRC has focused mainly
on light water reactors. Nonetheless, the agency
has some experience with non-light water reactors.
For the most part, these have been reviewed on a
case-by-case basis (e.g., Peach Bottom 1 and Fr.
St. Vrain (gas cooled, graphite moderated) and
the Clinch River breeder reactor (liquid metal)).
The NRC has indicated that it expects advanced

reactors to follow similar review pathways—namely,

via Part 50 or Part 52. For example, SDAs and topical
reports can easily be applied to non-light water
technologies and small modular reactor (SMR)
designs. The need for exemptions from existing
regulations has been recognized and exemptions
may be granted, if it can be shown that the regula-
tion does not apply to the advanced reactor design.

Standard Design Approvals

Any person (e.g., vendor, future applicant for a
design certification or reactor license, etc.) may file
an application for standard design approval (SDA)
of a proposed nuclear reactor under Subpart E of
10 CFR Part 52. The application may cover the
entire proposed reactor or a “major portion” of it.

At the conclusion of the NRC staff’s review
of an application for approval of a standard reactor
design (applying 10 CFR Part 52 Subpart E—
Standard Design Approvals), the staff will issue a
final safety evaluation report (FSER). If the FSER
demonstrates that the design is acceptable, the staff,
if requested, may issue a final design approval with
appropriate terms and conditions. An applicant
for a construction permit filed under 10 CFR Part
50 or a combined license filed under Subpart C of
10 CFR Part 52 may reference the FDA in those
applications.

Notably, although standard design approvals
require ACRS review, they do not require an adju-
dicatory hearing or Commission review, and are
categorically excluded from environmental review.
The design approval occurs at the staff level. It pro-
vides an indication of the licensability of the de-
sign, and is “final” insofar as the same design/major
portion cannot be re-reviewed by the staff or
ACRS, unless significant new information comes to
light. An SDA is not binding on the Commission
or adjudicatory boards.

An SDA is valid for 15 years and cannot be
renewed. It continues beyond that period for the
duration of any related proceeding docketed before
its expiration. The SDA process is in place and
usable “as is” under existing NRC regulations,
and can become part of a staged licensing process
without the need for agency rulemaking.

Topical Reports

An important part of a staged licensing approach
involves topical reports (TRs). TRs are a supple-
mental mechanism to document and obtain NRC
staff approval of technical nuclear plant safety
topics in advance of, in parallel with, or even after

the submittal of an SDA, DC, or COL application.



A'TR can involve a proposed analytical methodology,
an SSC design, SSC performance testing, operational
requirements, or other safety-related subjects. TR
approval can be referenced in the desired licensing
action application.

Typically, a TR is expected to be referenced by
multiple licensees in multiple requests for licensing
action, but TRs also are frequently used to protect
proprietary information. In all cases, a TR must
address a specific safety-related subject and contain
complete and detailed information, thus increasing
the efficacy of the NRC’s review of future applica-
tions that reference the report. No environmental
reviews are associated with TRs.

As the process exists today, the use of topical
(and technical”®) reports does not require formal
rulemaking, but their use in creating a more struc-
tured (i.e., staged) licensing process would require
substantial interaction with NRC staff. Such a
process would call for submittal sequences and
schedules, staff review timetables, and structured
resource allocation. Implementing these changes
would likely require staff consultation with the
Commission.”

Exemptions

The NRC itself has indicated that it will use an
“exemption” approach to establish the regulatory
framework for advanced reactors if specific regula-
tions do not sufhice. Generally, this case-by-case
method of setting design requirements and criteria
is expected to provide adequate protection. In the
specific area of emergency preparedness (EP), the
NRC has indicated that it will consider modifying
parts of the EP requirements applicable to large
power reactors to apply to small modular reactors
(SMRes).

For a DC, the exemptions will be incorporated
into the DC rule. For a CP or OL under Part 50,
and a COL under Part 52, the exemptions will be
written into the license requirements by means of
a license condition. For example, a COL applicant

STRATEGIES FOR ADVANCED REACTOR LICENSING

contending that specified regulations do not apply
to its advanced reactor design must seek an exemp-
tion from the regulation in question and must
establish that (i) the regulation as written does not
fit its design, and (ii) the alternative means of ac-
complishing a safety function in the context of its
design meets the intent of the regulation in ques-
tion. This establishes a technical safety standard for
this particular design in lieu of the regulation from
which the exemption is sought. Typically, in such
exemption requests, the NRC publishes a notice

of proposed exemption, requests public comments
(a mini-rulemaking), and applies 10 CFR Part

51 to address the agency’s obligations under the
National Environmental Policy Act (NEPA). Public
comments can occur in conjunction with otherwise
required hearings.

This process replaces the application of specific
regulations, which in any event will be non-existent
for many parts of a non-light water reactor design.
Although this case-by-case process will be more

tedious, it is a legally sound and workable alternative.

The absence of regulations setting specific technical
standards for non-light water reactors constitutes

a limitation, but it is not a fatal one. A rulemaking
to set specific standards is not required.

Licensing Prototype, Demonstration,
Research, and Test Reactors

The basic standard is set by 10 CFR 50.43(e),
which states that an application for design certifi-
cation (DC), a combined construction and oper-
ating license (COL), an operating license (OL)

or a manufacturing license that proposes a reactor
design that differs significantly from light water
reactors licensed before 1997 will be approved only
if: (i)(A) the performance of each safety feature is
demonstrated through analyses, appropriate test
programs, and experience, or a combination of
them; (i)(B) interdependent effects are shown to be
acceptable by the same means; and (i)(C) sufficient
safety feature data exist to assess the analytical

73 “Technical reports” may also be utilized during the pre-application or application period. These documents are similar to topical reports,
but do not receive a separate NRC safety evaluation report. They are, like topical reports, incorporated by reference into the application.
“White papers” are a form of pre-application documentation used to discuss a general topical area, provide context for an issue by refer-
ence to existing regulatory requirements or guidance, or propose a strategy to address a specific issue.

74 NRC Chairman Stephen G. Burns has recently indicarted in a speech and in a July 29, 2015 written statement to the Subcommittee on
Energy of the U.S. House Committee on Science, Space, and Technology, that, although the NRC is generally supportive of and recep-
tive to the idea of moving forward with a regulatory framework for advanced reactors, the agency will “be able to optimize its planning
processes and resource expenditures to conduct licensing reviews when a complete and technically sufficient non-LWR application is

presented for consideration.” Written Statement, at 6 (see hrtp://uwww.nre.govlabout-nrclorganization/commission/comm-stephen-burns/burns-

0729201 5-testimony.pdf). From this, it may readily be inferred that any move by NRC staff to devote significant resources to early
advanced reactor design assessment would require staff consultation with the Commission.
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tools used in safety analyses over a sufficient range
of normal operating conditions, transients, and
accident conditions; or (ii) there has been accept-
able testing of a prototype to demonstrate (i)(A)—
(i)(C) above.

As a result, advanced reactor applicants must
identify those structures, systems, and components
(SSCs) that require research and development to
confirm their adequacy, and provide a description
of and schedule for the R&D program that will
resolve safety questions (10 CFR 50.34(a)(8)).
Before authorized to operate, the applicant must
provide a description and evaluation of the results
of the R&D programs to demonstrate that iden-
tified safety issues have been resolved (10 CFR
50.54(b)(5)). As noted, the NRC'’s experience has
focused on light water reactors, but there is no
restriction on the type of reactor technology for
which a license can be sought or granted. R&D
reactors are licensed by the NRC. If licensed under
AEA §104c. (research-oriented but not commer-
cial), they are to be subject to no more than the
minimum level of regulation that, in the NRC’s
view, will permit the Commission to promote the
common defense and security, and protect public
health and safety.

The responsibility for oversight throughout
the R&D process is shared between the NRC and
DOE. DOE makes arrangements for the conduct
of research and development activities relating to
nuclear processes for purposes that include “indus-
trial and commercial uses, the generation of useable
energy, and the demonstration of advances in com-
mercial or industrial applications of atomic energy.””
In its energy development role, DOE alone was
given the authority to use its own facilities to con-
duct research “for others.””® If DOE determines
that private facilities or laboratories are inadequate,
and that DOE’s facilities, or scientific or technical
resources have the potential to provide significant
assistance to others involved in protecting public
health and safety, DOE may also assist at its own
facilities by conducting research and development,
training activities, or studies.

The NRC, on the other hand, is authorized
to issue licenses for reactors for industrial or com-
mercial purposes, as well as licenses for reactors
for medical therapy and for industrial/commercial

R&D (known as research and test reactors, or RTRs).
ERA §202(2)’s definition of “demonstration” reac-
tor includes the type of prototypes over which the
agency exercises regulatory and licensing authority.
However, the NRC would not have authority
over reactors located at DOE-owned facilities that
collect data for research, test fuels, or test materials.
ERA §202(2) specifies that the NRC exercises
licensing and related regulatory authority over
demonstration nuclear reactors, except (i) those that
existed on the effective date of the ERA (January
19, 1975), (ii) when operated as part of the power
generation facilities of an electric utility system,
or (iii) when operated in any other manner for the
purpose of demonstrating the suitability for com-
mercial application of such reactor. ERA §202(2)
clearly establishes that DOE reactors intended to
demonstrate the suitability of a reactor for commer-
cial application must be licensed and regulated by
the NRC. However, DOE can avoid NRC licensing
and oversight by exercising its authority under AEA
§31 and $33 to find that private facilities or labora-
tories are inadequate for the types of studies and
activities (i) which are specified in AEA §31, and
(ii) which DOE deems appropriate to the develop-
ment of energy resources. In such situations, DOE
may conduct such activities for others at its own
facilities. This may allow DOE to use those facili-
ties (e.g., national laboratories) to perform studies,
irradiate fuel, and conduct other discrete tasks—
and to charge private parties for the work. This
provision may even allow DOE to construct and
operate a research-focused, non-power reactor to
assist in some aspects of the evaluation of related
systems and the development of supporting analysis
codes. If this work is not governed by ERA §202,
the NRC would not have the authority to license
or regulate DOE’s research for others. On the other
hand, if DOE were to build and operate a demon-
stration reactor for commercial purposes—includ-
ing the suitability for commercial use of advanced
reactor designs—its action would (i) appear on its
face to fall within the confines of ERA §202(2), and
(i) require Congressional authorization clarifying
whether NRC licensing and oversight are required.
In sum, the extent to which DOE has sole
authority over commercial testing and use of
prototype and research reactors, and the extent to

75 Atomic Energy Act §31
76 Atomic Energy Act §33



which the NRC has the authority to regulate those
reactors remains unclear.

Although the NRC suggests in 10 CFR 50.43(e)
that prototype testing may be required for certifi-
cation of some advanced non-light water reactor
designs, the NRC’s regulations do not require the
use of a prototype plant for qualification testing.

It may be possible to use existing test facilities or
reactors (e.g., reactors owned and operated by
DOE for R&D purposes)—and thus avoid the

STRATEGIES FOR ADVANCED REACTOR LICENSING

need to seek authorization to construct and operate
a new facility—but such an approach would demand
careful planning, as well as incremental development
and testing. The written testimony of NRC Chair-
man Burns expresses the Commission’s view that a
privately funded R&D reactor constructed and op-
erated at a DOE site would fall within the NRC'’s
regulatory purview—"“if such a facility would likely
be used ultimately as a basis for commercial power
reactor technologies.”””

77 See page 3 of http:/lwww.nre.govlabout-nrclorganization/commission/comm-stephen-burns/burns-0729201 5-testimony.pdf.

73



Enabling Nuclear Innovation

Strategies for Advanced
Reactor Licensing

NUCLEAR
INNOVATION
ALLIANCE

The purpose of this report is to propose strategies that facilitate the efficient,
cost-effective, and predictable licensing of advanced nuclear power plants in the United States.
These are nuclear plants that would generate clean, safe, sustainable, reliable, affordable,
and proliferation-resistant energy through the use of innovative technologies, and that

would improve the quality of our lives and the health of our environment.

Recommendations include the establishment of discrete stages for enhanced project
risk management and, where appropriate, the use of risk-informed and performance-based
techniques. Implementation of these and other policy changes will enable society to

capture the immense future benefits of advanced nuclear power.

info@nuclearinnovationalliance.org * www.nuclearinnovationalliance.org
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Compliments and Opportunities

Compliments:

* Regulatory Issues Integrated Schedule and Public Meetings
* Productive Exchanges on Some Issues

* Inspection Program Improvements Underway

* Licensing Project Managers Communicating More Routinely

Opportunities:

* Fewer Inspection Hours Based on Safety Record and Low Risk

* More Efficient and Predictable Licensing Process, e.g., Limited RAls
* Risk Prioritize Initiatives, e.g., Terminate in Absence of Safety Issue
* More Transparency in NRC Invoices and Fees




Industry Safety Record

* Very Strong Operational Safety Record
* Very Low Number of Enforcement Actions
* [ow Operational Risk Profile

- Average annual worker dose typically a fraction of NRC
level requiring individual monitoring

- No NRC “general emergency” criteria

- |AEA considers risk from fuel facility events to be 3 orders

of magnitude below that of power reactors

* Long Track Record of High Quality Fuel
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NRC Oversight Program

* NRC Regulatory Framework Unchanged

- Average Annual Inspection Hours (2010-2015):
~1800/facility (Category Il fuel fabricators)
~5600/facility (Category | fuel fabricators)

- FY 2016 Budget for 9 Facilities:

~175 NRC Full Time Persons (19:1)
~S44M Total Fuel Cycle Program Budget

Fuel Cycle Facilities are Regulated to a Higher Level of
Risk than they Actually Pose




Fuel Cycle Fees from FY08 to FY16
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Industry Will Continue to:

* Maintain its Focus on Operational Safety and
Security

* Constructively Engage with NRC to Address
Legitimate Safety Significant Issues

* |dentify Effective and Efficient Solutions
Making Resources More Available for Facility-

Specific Operational Improvements

Thank You




Slides for Katie Sweeney



BACKGROUND MATERIAL



2016 Commission Meeting with Stakeholders




Uranium Mining Industry Cannot Succeed
Without Regulatory Certainty

* Certainty allows:
* Better project proposals
* Appropriate allocation of resources
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Role of the Commission in Providing Regulatory
Certainty

* Develop rules, policies, and guidance documents that provide
industry a road map

* Ensure staff use existing rules, policies and guidance
‘documents in measuring industry efforts | o

e ‘Ensturejt‘hat changes or updates to rules, pellaes and gurdaﬂce
* "ts,.are consistent with the Ccm ’s risk-informed




The Role of Risk-Informed Regulations and
Policies in Providing Certainty

* Industry experience with failure to utilize risk-informed
decision-making
* Higher fees and waste of both staff and industry resources due to focus
on issues that are of low risk

* See NMA Fee Comments for 2106 (Attachment A)

e S ,ni*f cant delays |n licensing, Ilcense renewals and other
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KATIE SWEENEY

General Counsel

April 22, 2016

Secretary
U.S. Nuclear Regulatory Commission
Washington, DC 20555-001

Dear Sir/Madam:

The National Mining Association (NMA) submits these comments in response to the
Nuclear Regulatory Commission's (NRC) proposed revisions to the licensing, inspection
and annual fees for Fiscal Year (FY) 2016. 81 Fed. Reg. 15,457 (March 23, 2016).
NMA represents producers of most of America's coal, metals, industrial and agricultural
minerals; manufacturers of mining and mineral processing machinery and supplies;
transporters; financial and engineering firms; and other businesses related to coal and
hardrock mining. These comments are submitted by NMA on behalf of its member
companies who are current or prospective NRC licensees and who are adversely
affected by the NRC fee regulations. These members include the current and
prospective owners and operators of uranium mills and mill tailings sites and in situ
uranium production facilities.

NMA has commented extensively in the past on NRC's fee allocation system,
particularly rising fees, lack of cost containment measures and inadequate billing
details. While the proposed increases in the annual fees for FY 2016 are troubling,
more concerning is the fact that even without these new fees, increasing costs and
delays continue to plague most major uranium recovery licensing actions. Frankly,
NMA’s members are frustrated that permitting efficiencies have not been realized over
time as NRC staff gained additional experience with certain licensing activities. If the
FY 2016 fee increases were accompanied by more timely licensing actions, then the
trade-off might be more acceptable.

Delays were slightly more understandable in the mid-2000s, when there was a
significant uptick in licensing new uranium recovery projects after many quiet years for
NRC'’s uranium program meaning that many NRC staff were relatively new to uranium
recovery and did not have much institutional memory. However, the agency offered,
what industry perceived to be a strong solution to promote efficient licensing of the new
uranium recovery operations: the development of a generic environmental impact

National Mining Association 101 Constitution Avenue, NW | Suite 500 East | Washington, DC 20001 | (202) 463-2600
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statement (GEIS) to assess the potential environmental impacts associated with uranium
recovery at milling facilities employing the in-situ recovery (ISR) process.

The intent of the GEIS was and is to streamline licensing actions for in situ recovery
(ISR) operations by using the GEIS as the starting point for site-specific environmental
reviews of license applications for new ISR facilities, as well as applications to renew or
amend existing ISR licenses. Specifically, the GEIS addresses common environmental
issues associated with the construction, operation, and decommissioning of ISL
facilities, as well as the ground water restoration at such facilities, if they are located in
particular regions of the western United States. In the press release announcing the
GEIS, NRC indicated:

The GEIS will improve the efficiency of the agency’s environmental
reviews of these applications by serving as a starting point for site-specific
environmental reviews of these applications. The agency expects to
complete most licensing reviews within two years, subject to available
resources.

NRC June 4, 2009 Press Release, No. 09-103.

NMA strongly supported this effort as a way to contain costs for licensees/applicants
and save NRC resources. In fact, NMA spent nearly three-quarter of a million dollars to
provide technical information to support the GEIS. The promised efficiencies have yet
to be realized — the most recently licensed facilities experienced lengthy and
unexpected delays as have licensees engaged in expansion or license renewal. NRC
needs to redouble its efforts to capitalize on the GEIS as a tool to more expeditiously
review licensing actions.

The development of the GEIS and subsequent guidance documents as well as the
completion of the first new licenses in the uranium program in decades should have
ameliorated problems with NRC staff not having institutional knowledge to efficiently
review licensing actions. However, while the staff have gained experience and
knowledge since the development of the GEIS, the staffs’ tendency to continually
reopen settled issues and failure to employ risk-informed policies have compounded the
problems of delays and increased costs.

NMA believes that recent decisions made by the agency on their approach to regulating
uranium recovery licensees are legally flawed in that they deviate from existing
Commission regulations, guidance and policy and advocate approaches not merited by
the risks. Perhaps the best and most recent example of this problem is certain NRC
staffs’ positions on health physics issues related to effluent monitoring and public dose
calculations specific to Radon-222 and its decay products. NMA extensively detailed
these problems in the attached Jan. 2015 letter to NRC. The issues addressed in that
letter were ones that industry believed were previously settled, either by guidance,

National Mining Association 101 Constitution Avenue, NW | Suite 500 East | Washington, DC 20001 | (202) 463-2600
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policy or past agency practice but were now being “reopened” by NRC staff without any
evidence that reopening was necessitated by potential or actual risk. NMA'’s letter
urged NRC staff to use a risk-informed performance based approach to regulating the
uranium recovery industry. Such an approach is good public policy as it promotes
efficient use of agency, licensee and other stakeholder resources. Unfortunately, the
letter had the unintended consequence of adding to delays in licensing actions. During
the six months it took NRC to respond, several NMA members were told that their
licensing actions were delayed as NRC staff were busy developing a response to the
NMA letter. Yet, the bills some of those very same NMA members received during that
period months were not commensurate with fewer NRC staff hours. In fact, some of the
billings during this period were mysteriously higher than other quarters.

NMA believes the majority of its concerns with NRC fees would be addressed by the
NRC'’s adherence to a risk informed performance based approach to regulations as
contemplated by the Atomic Energy Act of 1954, as amended (AEA). The AEA
mandates consideration of risk for management of byproduct material such as is
produced by uranium recovery facilities. In fact, Section 84(a)(1) of the AEA specifically
states management of 11e2 byproduct material is to be carried out in such a manner as
the Commission deems appropriate to protect the public health and safety and the
environment from radiological and non-radiological hazards associated with the
processing and with the possession and transfer of such material taking into account
the risk to the public health, safety, and the environment, with due consideration of
the economic costs and such other factors as the Commission determines to be
appropriate.

Additionally risk-informed, performance-based approaches are well suited to the low risk
nature of UR activities. If risk-informed, performance based regulation is appropriate for
licensed nuclear reactors, which pose the highest potential risk to public health, safety,
and the environment in the nuclear fuel cycle, it is even more appropriate for the
licensed fuel cycle facilities posing the lowest potential risks (i.e., conventional and ISR
uranium recovery facilities). As explained in NUREG/CR-6733:

Regulatory programs that are RIPB [risk-informed, performance-based]
consider, among other factors, the degree of risk associated with specific
operations in defining the nature of the applicable regulatory requirements.
In general, operations that pose a high risk to public health and safety or
the environment would be subject to more stringent regulatory
requirements. Conversely, those operations that pose a low risk to public
health and safety or the environment would be regulated less stringently.
Risk considerations may also help determine which aspects of a facility
should be regulated. RIPB regulatory programs typically identify
performance measures as the basis for regulatory requirements.
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Finally, in addition to adhering to a risk-informed, performance based approach, NRC
should revise the proposed FY 2016 fee rule to require more efficient processing of
services. As currently written, the rule fails to promote opportunities for cost
containment. As NMA has recommended previously, NRC should establish typical
timeframes for activities and promote use of deadlines and cost estimates. Deadlines
are particularly important for documents where fees are calculated on a case-by-case
basis and NRC should be required to provide at least a preliminary cost estimate. Not
only would such efforts likely reduce hourly fees they would have the added benefit of
encouraging more timely actions by NRC.

Conclusion

In conclusion, NMA believes that NRC needs to not only make sure the agency is
effectively using its resources by focusing on actual risks but additionally needs to
capitalize on its existing streamlining efforts to maximize efficiencies, minimize costs,
and establish accountability. NMA appreciates this opportunity to provide comments. If
you have any questions, please contact me at 202/463-2627.

Sincerely,

Katie Sweeney

National Mining Association 101 Constitution Avenue, NW | Suite 500 East | Washington, DC 20001 | (202) 463-2600
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NRC’S EFFICIENCY ISSUES IN PERMITTING
2009-2012
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NRC PROCESS SOLUTIONS




NRC GENERIC TIME & COST ESTIMATE*
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CAVEATS ON COST & SCHEDULE:
WHAT COULD GO WRONG?
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RENO CREEK PROJECT:
BUTTON ISSUES
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isual Impacts

Access Issues
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KATIE SWEENEY

General Counsel

January 23, 2015

Mr. Larry Camper

Director

Division of Decommissioning, Uranium Recovery, and Waste Programs
U.S. Nuclear Regulatory Commission

Washington, DC 20555-0001

Dear Mr. Camper:

| wanted to bring to your attention a major issue that the uranium recovery industry and
Nuclear Regulatory Commission (NRC) staff have attempted, and failed, to resolve to
mutual satisfaction and in a realistic and technically appropriate manner at least since
2008. Specifically, the uranium recovery industry is concerned about NRC staff
positions on several health physics issues related to effluent monitoring and public
dose calculations specific to Radon-222 and its decay products (for ease of reference,
this suite of issues will be referred to hereafter as “HP issues”. These issues have been
recurring over the years as evidenced by requests for additional information (RAls),
negotiations of draft license conditions, presentations given by industry members and
questions regarding compliance of existing licensees.! The National Mining Association
(NMA) believes that not only are the staff positions legally flawed in that they deviate
from existing Commission regulations, guidance and policy, the approaches advocated
are not merited by the risks related to the emissions involved nor are they always
technologically feasible due to conditions specifically related to radon including both
high and variable background concentrations in air.

The latest development, and the impetus for this letter, is a communication from NRC to
Lost Creek ISR LLC dated November 3, 2014 (Staff's Evaluation of Lost Creek’s

! See e.g., 12/12/2008 Lost Creek response to RAls; 2/28/2009 Crow Butte responses to RAls; NRC summary of
4/16/2009 meeting with Lost Creek; 5/15/2009 Lost Creek responses to RAls; NRC summary of 8/18/2009 meeting
with Moore Ranch; NRC summary of 10/5/2009 meeting with Crow Butte; NRC Summary of 11/17-11/18, 2009
industry meeting; Kennecott Uranium Company e-mail dated Wednesday, January 19, 2011 and reply dated
Monday, February 28, 2011. For a more recently example, see, the November 12, 2014 denial off acceptance for
review for Uranium One (ML14295A668) where NRC refused to even accept Uranium One’s submittal for review.
There are many more examples as virtually all current and prospective licensees have had to address these HP
issues.
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Submittal to Satisfy License Condition 12.10 and Amend the Source and Byproduct
Materials License SUA-1598). The communication contains a number of problematic
statements that highlight the NRC staffs’ continued intransigence on these HP issues as
well as the general difficulties related to them in regards to radon in the natural
environment. Please note, this letter is not written on behalf of Lost Creek, which will
formulate its own response to the Nov. 3 letter. Rather, this letter more broadly
provides the position of NMA’s uranium recovery members regarding these HP issues
since they impact all licensees regardless of the type of operation conducted by a given
licensee. This letter is divided into several parts: the background of these issues; the
broader industry response to specific issues raised in the Lost Creek letter; the issues
associated with radon and its decay products in the natural environment; radon
measurement issues; and the lack of a risk-informed approach to these health physics
issues.

l. Background

These HP issues arose first in the context of RAIls in 2008 and 2009. By late 2009, it
was evident that industry and staff had diverging views on how to approach these HP
issues.

e November 2009 Meeting

As a result, in November 2009, NRC held a public meeting to facilitate the preparation
of applications for uranium milling licenses based on “lessons learned” from processing
the applications for the first three uranium recovery facilities to be licensed under the
GEIS. In particular, an entire day of the meeting was devoted to radiological issues at
in situ recovery (ISR) facilities. At this meeting, it became apparent that NRC and
industry had significant disagreement over approaches to key radiological issues.

For example, one presentation, entitled radon effluent, focused on the radon limits to be
used when reporting radon-222 in accordance with the effluent monitoring reporting
requirements of 10 CFR 40.65. From that presentation, at least two HP issues came to
the forefront: (1) what does the term “demonstrate by measurement or calculation”
mean for the purposes of 10 CFR.1302(b)(1) and (2) which the values industry should
use for radon-222 from 10 CFR Appendix B, Table 2 (specifically should radon in
effluents be considered to be released with daughters present or not).

e January 2011 Workshop
Additional back and forth over these HP issues continued throughout 2010, prompting
an additional uranium licensing workshop in Jan. 2011. As the NRC meeting summary

for the Jan. 2011 workshop noted, the workshop was prompted by the need to resolve
these issues:
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During the past three years NRC reviews of license applications for new
uranium recovery facilities have identified certain issues regarding health
physics ... These issues have been the subject of numerous requests for
additional information, the resolution of which has caused delays in
completing licensing actions. The staff therefore convened this workshop
to discuss the issues and seek a path forward.”

At that workshop, NRC staff gave presentations related to the following HP issues:
meteorological data collection and use; compliance issues associated with 10 CFR
40.65(a)(1); compliance issues association with 10 CFR 20.1301/1302/Subpart C;
demonstrating compliance with 10 CFR 20 exposure limits for Rn-222 and daughters.
Industry also gave several presentations regarding its views on these issues primarily
questioning NRC staff approaches as not consistent with NRC policy and precedent or
not merited by risk. Notably, two health physics experts, attending on their accord,
presented on the monitoring versus measuring issue and lack of risk from radon
emissions at ISR facilities.

e April 2011 Focus Group Meeting

The Jan. 2011 workshop failed to provide a path forward on these issues, which
prompted a decision to convene a focus group of NRC staff and industry
representatives to develop some solutions to these issues. That focus group met in
April 2011. Progress was made on a couple smaller issues but no resolution was
reached on the major HP issues. For example, on the issue of acceptance of offsite
meteorological data and despite its permissibility under Regulatory Guide 3.63, NRC
staff continued to push for on-site data, claiming representativeness was too difficult to
prove with off-site data. Regarding the issue of compliance with 10 CFR 20.1301/1302,
as noted at the Jan. 2011 workshop, staff thinking on this issue has continued to evolve
and staff have been reevaluating methods for demonstrating compliance and
questioning historically accepted methods. Staff promised revised guidance in the
future but still is imposing its “evolving” thinking on applicants and licensees. Another
troublesome issue discussed by the focus group was the difficulty in demonstrating
compliance with 10 CFR Part 20 exposure limits for Radon-222 and progeny. Again,
deviating from past practice, staff began expecting industry to use measurement, in
addition to modeling, to demonstrate compliance. In response, industry indicated that
measurement of incremental radon contributions from ISR facilities is not
technologically possible given the small radon signal from ISR and the relatively large
and variable background radon levels. In sum, while the focus group did not resolve all
the issues, the exercise was useful in that it brought the areas of disagreement into
more focus.
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e First Draft Radon Guidance (2011)

In Nov. 2011, NRC issued draft guidance for public comment entitled “Evaluation of
Uranium Recovery Facility Surveys of Radon and Radon Progeny in Air and
Demonstrations of Compliance with 10 CFR 20.1301” (hereafter radon guidance). The
guidance, however, merely memorialized NRC staff position and did not reflect changes
in approach necessary to address industry’s concerns as raised at the 2011 workshop
and focus group meeting. The guidance proposed no new thinking or new solutions to
the existing problem. For example, see comments of Kennecott Uranium, Wyoming
Mining Association, Cameco Resources, Homestake, and SENES Consultants.

e Throughout 2012 and 2013

Comments submitted on the guidance were taken into consideration during 2012 and
2013 while simultaneously these health physics issues continued to be raised in RAls,
compliance matters and industry/staff meetings. For example, the NMA Uranium
Recovery Workshops in 2012 and 2013 included presentations on the following health
physics issues:

o Duane Schmidt, NRC Staff gave a presentation in 2012 on the draft radon
guidance reiterating staffs’ positions; and

o Doug Chambers and Steve Brown, SENES Consultants in 2013 on
unresolved radon issues.

e December 2013 Industry/Staff Meetings

These health physics issues also arose at a Dec. 2, 2013, meeting between NMA and
NRC. At that meeting, industry learned that NRC was close to finalizing the radon
guidance. Industry expressed significant concern regarding its finalization, especially
given new information industry had gathered over the last two years. NMA requested a
meeting to present its new information before NRC moved forward. NRC agreed and a
meeting was held on Dec. 19. At that meeting, the following presentations were
provided by industry:

o Kari Toews, Cameco Resources, presented data from one of the Cameco
sites that showed the variability of radon background can be much greater
than the dose to be measured.

o Anthony Thompson, Thompson & Pugsley discussed the legal implications of
the draft guidance, emphasizing the fact that the guidance cannot be
implemented

The issues discussed in the Cameco presentation regarding the variability of

background are not unique to Cameco. Kennecott Uranium Company discussed both
the high temporal and spatial variability of background in their license renewal
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application (ADAMS Accession Number: ML14251A115 -
http://pbadupws.nrc.gov/docs/ML1425/ML14251A115.pdf) in 2.10 Background
Radiological Characteristics. Following the Dec. 19 meeting, NRC decided not to move
forward directly with finalizing the guidance, but instead to issue the latest version of the
guidance as a draft for additional comment. In addition, during the comment period
NRC agreed to host a technical workshop on issues related to measuring radon.

e Second Draft Radon Guidance (2014)

On March 27, NRC issued a second version of the draft radon guidance for additional
comment. As can be seen in the March 2014 Summary Responses to Comments on
the September 11 Draft Report, NRC staff disagreed with most of industry’s comments
on the 2011 draft guidance. In particular, the staff, while noting difficulty in measuring
low environmental concentrations of radon, indicated that minimum detectable
concentrations should not be a difficult issue as in most cases background
concentrations are above the MDC for the detectors typically used. This may be the
case; however, the added radon effluent from a facility may not be above the MDC for
the detectors typically used and is thus not discernible from background. In addition,
the MDC for the detectors typically used when read at high resolution is 0.06 pCi/L
which is very close to 0.1 pCi/L the 10 CFR Part 20 Appendix B Table 2 Effluent
Concentration for Radon-222 with daughters present. Additionally, the staff repeated its
opinion that compliance should not be demonstrated by modeling alone and that
modeling and calculations should be supported by environmental monitoring to
demonstrate compliance.

e April 2014 Radon Workshop

As a follow-up to the Dec. 2013 meeting, NRC held an April 2 workshop on the radon
guidance.

An NRC staff presentation on the guidance by Duane Schmidt provided an overview of
the draft guidance and highlighted differences between the 2011 and 2014 versions. In
addition, Schmidt addressed the issue of whether licensees are correctly accounting for
radon progeny to comply with 10 CFR Part 20. Industry presentations included:

o Doug Chambers, SENES Consultants, on the challenges of measuring
small incremental (above background) levels of Rn-222, suggesting that
measurements of such small increments is not possible. This was a key
presentation and is central to the issue at hand;

o Kari Toews, Cameco Resources Inc., followed up on the Chambers
presentation with site-specific data that suggested a system based solely
on measurements is not practical and instead proposed a verified
modeling approach;
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o Oscar Paulson, Kennecott Uranium Co., presented on a new development
related to measurement of radon: problems with discrepancies in
readings for some RadTrak detectors at co-located units causing the
Colorado Department of Public Health and Environment to question the
use of these devices and that such detectors may be quantitatively
unreliable at low radon concentrations and unacceptable for regulatory
purposes;

o Mark Salasky, Landauer Global Technology, discussed the recent issue
experienced by radtrak detectors from the prospective of the company that
manufactures the detectors and possible causes of the problems; and

o Robert Meyer, Keystone Scientific gave a presentation on how to solve
problems related to the uranium facility radon decay product 100
mrem/year public dose limit.

e May 2014 Comments on the Draft Radon Guidance

Comments on the March 2014 revised draft radon guidance were due in May 2014.
While the comments generally noted the improvements made relevant to the previous
version, several problems remain. Significantly, while NRC recognizes that in the past,
calculations alone have been acceptable to demonstrate compliance with public dose
limits, the guidance still appears to insist upon field measurements to validate
calculations and expresses a preference for measurements as the method to
demonstrate compliance.

e Current Status of Radon Guidance

The current status of the radon guidance is unclear. But one thing is not unclear — in
effect, NRC staff are using the guidance already to push industry to change historic,
commission-approved approaches to dose estimation and licensing. At the June 2014
NMA Uranium Recovery Workshop, an NRC staff presentation explained how staff were
implementing new license conditions to address the health physics issues that are the
topic of the draft guidance.

Il. Lost Creek Safety Evaluation Report (SER

This section of this NMA letter identifies specific statements made in the Lost Creek
Safety Evaluation Report (SER) (ML14289A148) and is followed by Industry
views/concerns regarding that statement.

Statement: Therefore, staff does not have reasonable assurance that the licensee can
determine the dose to the individual likely to receive the highest dose from its licensed
operation using the measurement method it proposed. AND With no other monitoring to
enable the licensee to calculate the maximum public dose received throughout the
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facility, staff does not have reasonable assurance that the licensee’s proposed
measurement methodology will allow the licensee to demonstrate that annual public
dose is within regulatory limits. AND “In summary, staff does not have reasonable
assurance that placing the radon detectors in the manner proposed by the licensee will
be representative of radioactivity concentrations in effluents for reporting purposes or for
the purpose of demonstrating that annual public dose is within regulatory limits.” AND
staff does not have reasonable assurance that the licensee’s proposed measurement
methodology will allow the licensee to demonstrate that annual public dose is within
regulatory limits using the method allowed in 10 CFR 20.1302(b)(2)(i).

Industry response:

These statements call in to question whether there is the potential that the dose
to the public is being exceeded. Such statements are irresponsible absent
complete, compelling and verified data that exceedances are occurring as they
expose (1) the licensee to actions by interveners and (2) NRC to accusations that
it is not adequately protecting public health and safety. These statements are
even more potentially inflammatory given the fact that operations at this site have
already begun.

The Lost Creek Project began operations on August 2, 2013. Yet, it was not until
15 months later that the agency sent the letter to Lost Creek that prompted this
NMA response. The NRC letter raised perceived issues with the company’s
compliance methodology and the language used makes it clear that the agency
had serious concerns with Lost Creek’s approach. Industry does not understand
why, If this problem is as serious as the agency implies in the letter, the agency
did not take action sooner.

NRC staffs’ position ignores the clear language of 10 CFR 20.1302 which states
that calculational methods, without reference to “verification by measurement”
can be an acceptable method for demonstrating compliance with limits in 10 CFR
20.1301.

Staff also ignore NUREG 1156, “Consolidated Guidance about Material Licenses
(2001)’ Vol. 11, Appendix Q—Methodology for Determining Public Dose, which
provides detailed guidance for acceptable methods to demonstrate compliance
both “by measurement” and “by calculation”.

Additionally, staff fail to consider NUREG-1501, “Background as a Residual
Radioactivity Criterion for Decommissioning (1994).” This NUREG was an
appendix to the Generic Environmental Impact Statement in Support of
Rulemaking on Radiological Criteria for Decommissioning of NRC-Licensed
Nuclear Facilities. The associated discussion recognized that in some
circumstances, e.g., those involving residual contamination from naturally
occurring radioactive materials, the ability to “measure” very low levels of residual
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contamination relative to the natural background of these radionuclides, which
can be several times higher, is not technically feasible and calculational methods
must be used.

Statement: the NRC expects that radon progeny will be present with Rn-222 and that
the licensee should be using the 10 CFR part 20, Appendix B, Table 2, value for Rn-222
with daughters present. Therefore, the NRC staff concludes that the appropriate value
from 10 CFR Part 20, Appendix B, Table 2, for this licensee to use is the value for Rn-
222 “With daughters present.”

Industry response:

NRC staffs’ insistence on the use of Table 2 values with daughters present
contravenes the preamble to 10 CFR Part 20 (May 21, 1991) that allows,
upon approval, the use of site specific equilibrium factors. Specifically, the
Statements of Consideration for the final revised 10 CFR Part 20 (Federal
Register Volume 56, Number 98 - Tuesday, May 21, 1991 - Rules and
Regulations - page 23375) states:

The Commission is aware that some categories of licensees, such as
uranium mills and in situ uranium mining facilities, may experience
difficulties in determining compliance with the values in appendix B to Part
20.1001 — 20.2401, Table 2, for certain radionuclides, such as radon-222.
Provision has been made for licensees to use air and water concentration
limits for protection of members of the general public that are different
from those in Appendix B to Part 20.1001 — 20.2401, table 2, if the
licensee can demonstrate that the physiochemical properties of the
effluent justify such modification and the revised value is approved by the
NRC. For example, uranium mill licensees could, under this provision,
adjust the table 2 value for radon (with daughters) to take into account the
actual degree of equilibrium present in the environment.

This insistence also contravenes current policy in that in at least one case a
current licensee is specifically allowed to use a site specific equilibrium factor.
This also contravenes information presented in Analysis of Radiation Exposure
on or Near Uranium Mill Tailings Piles (Schiager, K.J., July 1974) which states:

For typical tailings piles of several hundred meters in width and typical
wind speeds of a few meters per second, the transit time over the tailings
is rarely more than a few minutes. Thus, the ingrowth of radon progeny
in the immediate vicinity of the pile can seldom exceed 10 percent of its
equilibrium value, or 0.001 WL per pCi of radon per liter.

While this language is specific to tailings impoundments, the concept is
applicable to any radon source including an in-situ uranium recovery facility.
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Statement: Staff observes that SOPs may be revised many times during the lifetime of
a facility, including their removal from use. Therefore, due to the non-permanent nature
of the SOPs, staff is not considering the SOPs in its evaluation of the licensee’s
response to this license condition.

Industry response:

o Standard Operating Procedures (SOPs) are part of every radiation safety
program. SOPs must be available, reviewed annually and are subject to
inspection. As an example, Kennecott Uranium’s license SUA-1350 states:

o License Condition 9.6 Standard operating procedures (SOPs) shall be
established and followed for all operational process activities involving
radioactive materials that are handled, processed, or stored. These SOPs
for operational activities shall enumerate pertinent radiation safety
practices to be followed and will be available for the pre-operational
inspection.

Additionally, written procedures shall be established for non-operational
activities to include in-plant and environmental monitoring, bioassay
analyses, and instrument calibrations. An up-to-date copy of each written
procedure shall be kept in the mill area to which it applies.

All SOPs (for both operational and non-operational activities) shall be
reviewed and approved in writing by the RSO before implementation and
whenever a change in procedure is proposed to ensure that proper
radiation protection principles are being applied. In addition, the RSO shall
perform a documented review of all existing operating procedures at least
annually.

e Given that SOPs are inspected as part of routine site inspections, it is
nonsensical that SOPs are not an acceptable means to document dose
calculation procedures. If a procedure were inadequate or if one were removed
when in fact it was required, a Notice of Violation (NOV) would be issued.

Statement: In addition, for sources on or near buildings (e.g., the CPP), the
concentrations of the effluent are difficult to predict due to complexities associated with
curved streamlines, sharp velocity discontinuities, and highly non-homogeneous and
non-isotropic turbulence (Slade, 1968). Aerodynamic effects due to buildings and other
structures are reported to be significant, not only in the vicinity of the structures, but at
considerable distances downwind (EPA, 2000). It is suggested that the best way to
estimate concentrations near buildings and other structures is to obtain experimental
data (Slade, 1968). Staff is not aware of any attempts by the licensee to characterize
the flow of air, and thus expected concentrations of radioactive materials from its
effluents, in the vicinity of the CPP and other structures. Therefore, due to the
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uncertainties associated with determining effluent concentrations near buildings and
other structures, and in the absence of empirical data describing air flow characteristics
in the vicinity of the CPP and other structures, staff concludes that the method proposed
by the licensee does not provide a reasonable estimation of effluent from its licensed
activities for demonstrating compliance with 10 CFR 40.65 or 10 CFR 20.1302(b)(2)(i).

Industry response:
e 10 CFR § 20.1301 Dose limits for individual members of the public states:
(a) Each licensee shall conduct operations so that -

(1) The total effective dose equivalent to individual members of the public from
the licensed operation does not exceed 0.1 rem (1 mSv) in a year, exclusive of
the dose contributions from background radiation, from any administration the
individual has received, from exposure to individuals administered radioactive
material and released under § 35.75, from voluntary participation in medical
research programs, and from the licensee's disposal of radioactive material into
sanitary sewerage in accordance with § 20.2003,

e NRC staffs’ concern seems to ignore the regulatory language that indicates the
dose to the public in question is a dose from the licensed operation as a whole.
If looking at dose from licensed operations as a whole, it is unnecessary to
specifically address air flow around buildings. Additionally, modeling that will
account for air flows around buildings greatly increases the complexity of dose
modeling for a facility, pushing modeling toward the use of computational fluid
dynamics (CFD) which is not justified given the low risks posed by uranium
recovery operations.?

Statement: Firstly, the licensee characterizes the source of radon as “fresh radon with
negligible in-growth of daughters” (LCI, 2013b) with no technical justification. AND For
these reasons, the radon exiting the buildings can’t be characterized as “fresh radon
with negligible in-growth of daughters” (LCI, 2013b).

Industry response:

e |f Radon-222 from a uranium recovery facility is being measured by that facility it
is by default fresh. This contravenes information presented in Analysis of
Radiation Exposure on or Near Uranium Mill Tailings Piles (Schiager, K.J., July
1974) which states:

? These statements appear to potentially be an attempt to open the door to the use of computational fluid
dynamics (CFD). These issues have been raised by the Environmental Protection Agency (EPA). Please see:
Modeling Near-Road Air Quality Using a Computational Fluid Dynamics Model, CFD-VIT-RIT Y, Jason Wang and K.
Maxzhang; A Framework For Fine-Scale Computational Fluid Dynamics Air Quality Modeling and Analysis, Alan H
Huber; Using CFD to Study Air Quality in Urban Microenvironments, J.D. McAlpine and Michael Ruby.
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For typical tailings piles of several hundred meters in width and typical
wind speeds of a few meters per second, the transit time over the tailings
is rarely more than a few minutes. Thus, the ingrowth of radon progeny
in the immediate vicinity of the pile can seldom exceed 10 percent of its
equilibrium value, or 0.001 WL per pCi of radon per liter.

While this language is specific to tailings impoundments, the concept is applicable to
any radon source including an in-situ uranium recovery facility.

Statement: However, for calculating annual public dose, short term variations (i.e., year
to year or within a year) can have a more profound impact if, for example, a dominant
sector is missed in any given year.

Industry response:
¢ How much monitoring will ultimately be required to account for small variations in
wind direction within a year? This statement appears to address short term
temporal variations, however spatial variations can occur as well. Is the Agency
proposing that wind speeds and directions be measured at multiple locations
around a site? Earlier in the letter, the Agency states:

o In addition, for sources on or near buildings (e.g., the CPP), the
concentrations of the effluent are difficult to predict due to complexities
associated with curved streamlines, sharp velocity discontinuities, and
highly non-homogeneous and non-isotropic turbulence (Slade, 1968).
Aerodynamic effects due to buildings and other structures are reported to
be significant, not only in the vicinity of the structures, but at considerable
distances downwind (EPA, 2000).

It appears as if the Agency is requesting both more detailed temporal and spatial
meteorological monitoring neither of which is justified given the low risks posed
by uranium recovery operations.

Statement: Since the dominant wind is from the west, the licensee proposed placing
the radon detectors along the eastern fence in the manner described above. Staff
observes that even if the radon detectors were arranged in such a manner as to
accurately measure radon in the four dominant wind sectors (from the W, WSW, SW,
and SSW, refer to Figure 2.2-3 of NRC, 2011a), they would capture less than
approximately 50 percent of the total wind frequency (by compass direction) and thus
measure less than approximately 50 percent of the total potential effluent of radioactive
material.
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Industry response:

e How much monitoring is enough and when does it become excessive and
unreasonable?

Statement: The licensee did not provide any technical justification for rejecting uranium
and other particulates as a potential effluent from its facility (LCI, 2013b).

Industry response:

e Lost Creek is a uranium recovery facility that uses a rotary vacuum dryer that
does not have a stack to release emissions. It is considered a zero emission
system. This statement shows a total lack of understanding of the process.

e Regarding dose the Generic Environmental Impact Statement (GEIS) (4.2.11.2.1
Radiological Impacts to Public and Occupational Health and Safety From Normal
Operations) states: Because a vacuum dryer system is assumed, the only
releases are radon.

e Table 4.2-2 (Section 4.2.11.2) of the Generic Environmental Impact Statement
(GEIS) is included below:

Table 4.2-2. Dose to Offsite Receptors From In-Situ Leach Facilities
Offsite
Maximum Dose
Facility (mSv/mrem) Description of Receptor Reference

0.4 km [0.25 mi] northeast
Crow Butte 0317/317 of Central Plant site Crow Butte Resources, Inc *

Closest resident

downwind of North Trend
Crow Butte 0.058/5.8 Satellite Plant Crow Butte Resources, Inc.*
Smith Ranch/ '
Sunquest Ranch 0.175117.5 Nearest resident NRC, 20071
Smith Ranch/
Vollman Ranch 0.135/13.5 Nearest resident NRC, 20071

Nearest resident at
Reynolds Ranch 0.04/4 Reynolds Ranch NRC, 20061

Unoccupied Mason
Reynolds Ranch 0.27/27 House NRC, 20061

Hypothetical individual on
Gas Hills 0.07/7 eastern boundary NRC, 2004§
Christensen Ranch 0.006/0.6 Adult nearest resident NRC, 1998

| Irigaray 0.004/0.4 Adult nearest resident NRC, 1998

*Crow Butte Resources, Inc. “License Renewal Application: SUA-1534." Crawford, Nebraska: Crow Butte
Resources, Inc. 2007.
TNRC. “Environmental Assessment Construction and Operation of In-Situ Leach SR-2 Amendment No. 12 to
Source Materials License No. SUA-1548 Power Resources, Inc. Smith Ranch-Highland Uranium Project (SR_HUP)
Converse County, Wyoming.” Docket No. 40-8964. Washington, DC: NRC. 2007.
#NRC. “Environmental Assessment for the Addition of the Reynolds Ranch Mining Area to Power Resources, Inc.’s
Smith Ranch/Highlands Uranium Project Converse County, Wyoming.” Source Material License No. SUA-1548.
Docket No. 40-8964. Washington, DC: NRC. 2006.
§NRC. “Environmental Assessment for the Operation of the Gas Hills Project Satellite /n-Situ Leach Uranium
Recovery Facility.” Docket No. 40-8857. Washington, DC: NRC. 2004.
|NRC. “Environmental Assessment for Renewal of Source Material License No. SUA-1341. Docket No. 40-8502.
Washington, DC: NRC. 1998.

None of the above doses approach 50% of the 100 millirem dose limit.
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lll. Risk

At heart, industry believes that NRC staffs’ positions on these health physics issues are
contrary to the risk-informed, risk-based approach to regulation mandated by the
Commission. These issues were ones that industry believed were previously settled,
either by guidance, policy or past agency practice but were now being “reopened” by
NRC staff without any showing that reopening was necessitated by potential or actual
risk.

Risk-informed performance based regulation is good public policy as it promotes
efficient use of already limited agency, licensee and other stakeholder resources.
Because it requires a focus on higher-risk Atomic Energy Act licensed activities, a risk-
informed performance-based approach results in a more efficient and effective
regulatory program that optimizes protections of public health, safety and the
environment.

Risk-informed, performance based approaches have the potential to better educate and
inform the public about risks associated with activities regulated by NRC. It is not the
role of NRC to promote nuclear energy; however, the agency does have a duty to
maintain a defensible regulatory oversight program that reassures the public regarding
the protection of public health, safety and the environment. A regulatory oversight
program that accurately portrays potential risks to the public can assist in clearing up
misperceptions about potential risks related to radiation from AEA-licensed activities.

NMA has participated in and supported NRC'’s efforts to become more risk-informed,
performance-based since NRC, in response to the 1993 Government Performance and
Results Act (GPRA), developed a strategic plan in which the agency committed to move
toward risk-informed, performance-based regulation. As a result of that strategic plan,
when NRC proposes a new regulation, alternatives considered must include a
performance-based alternative that enhances the focus on the effectiveness of the
agency's regulatory programs. Over the years, NRC has continued to advance the risk-
informed performance based regulation concept. See e.g., Staff Requirements -
COMSECY-96-061 - Risk Informed, Performance-Based Regulation (DSI-12), April 15,
1997; Use of Probabilistic Risk Assessment Methods in Nuclear Regulatory Activities;
Final Policy Statement, 60 Fed. Reg. 42622 (August 16, 1995); SECY-98-144, White
Paper on Risk-informed and Performance Based Regulation (June 22, 1998)

e Application of Risk Informed Performance Based Approached in the Uranium
Recovery Arena

The Atomic Energy Act of 1954, as amended (AEA) mandates consideration of risk for

management of byproduct material such as is produced by UR facilities. Thus, Section
84(a)(1) of the Act specifically states management of 11e.(2) byproduct material, and by
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implication, UR operations, is to be carried out in such a manner as the Commission
deems appropriate to protect the public health and safety and the environment from
radiological and non-radiological hazards associated with the processing and with the
possession and transfer of such material taking into account the risk to the public
health, safety, and the environment, with due consideration of the economic costs
and such other factors as the Commission determines to be appropriate.

Additionally risk-informed, performance-based regulatory oversight approaches are well
suited to the low risk nature of UR activities. If risk-informed, performance-based
regulation is appropriate for licensed nuclear reactors, which pose the highest potential
risk to public health, safety, and the environment in the nuclear fuel cycle, it is even
more appropriate for the licensed fuel cycle facilities posing the lowest potential risks
(i.e., conventional and ISR UR facilities). As explained in NUREG/CR-6733:

Regulatory programs that are RIPB [risk-informed, performance-based]
consider, among other factors, the degree of risk associated with specific
operations in defining the nature of the applicable regulatory requirements.
In general, operations that pose a high risk to public health and safety or
the environment would be subject to more stringent regulatory
requirements. Conversely, those operations that pose a low risk to public
health and safety or the environment would be regulated less stringently.
Risk considerations may also help determine which aspects of a facility
should be regulated. RIPB regulatory programs typically identify
performance measures as the basis for regulatory requirements.

The Commission itself has acknowledged the low risk nature of ISR facilities in
NUREG-1910, the Generic Environmental Impact Statement for In Situ Uranium
Milling Facilities. This programmatic assessment of ISR operations provides, in
significant detail, an analysis of the potential impacts/risks associated with ISR
facilities and concludes most are considered small.

Many of the concerns identified in this NMA letter are due to a failure of staff to
narrow their focus to “significant risks” of harm contrary to the Supreme Court
caution in the so-called 1980 Benzene decision (/ndustrial Union Department,
AFL-CIO v. American Petroleum Institute) and the Commission-approved risk-
informed regulatory program. Focusing on a large range of “insignificant risks,”
has significantly contributed to delays in the licensing process resulting in a
waste of agency and company resources that should never have occurred in the
first place.

IV. Conclusion

The fact that in the SER to Lost Creek the NRC staff must still reference a PowerPoint
presentation from 2011 for an acceptable approach to address these issues is a clear
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indication that the staff has lost focus on their priorities. If this issue deserves the NRC
staff and licensee attention that it has attracted since 2008, the preparation of the
guidance that staff mentioned would be a priority. Instead NRC staff and licensees
continue to expend significant resources trying to meet moving goalposts. NMA urges
NRC management to prevent staff from imposing new approaches on these health
physics issues (or any new issues) until clear guidance on acceptable approaches are
developed with public input as required by the Commission. In the meantime uranium
recovery facilities should continue to estimate dose to the public using previously-
accepted methods (i.e., MILDOS with operational inputs and measurement in certain
cases if due to site specific circumstances it is a simpler approach) as allowed by the
regulations and current guidance and approved practice.

Sincerely,

Katie Sweeney
General Counsel

Cc:  Mark A Satorius, NRC Executive Director for Operations

Michael F. Weber, NRC Deputy Executive Director for Materials, Waste, Research,
State, Tribal and Compliance Programs

Catherine Haney, NRC Director, Office of Nuclear Material Safety and Safeguards
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Compliments and Opportunities

Compliments:

* Regulatory Issues Integrated Schedule and Public Meetings
* Productive Exchanges on Some Issues

* |nspection Program Improvements Underway

* Licensing Project Managers Communicating More Routinely

Opportunities:

* Fewer Inspection Hours Based on Safety Record and Low Risk

* More Efficient and Predictable Licensing Process, e.g., Limited RAls
* Risk Prioritize Initiatives, e.g., Terminate in Absence of Safety Issue
* More Transparency in NRC Invoices and Fees




Industry Safety Record

* Very Strong Operational Safety Record
* Very Low Number of Enforcement Actions
* [ow Operational Risk Profile

- Average annual worker dose typically a fraction of NRC
level requiring individual monitoring

- No NRC “general emergency” criteria

- |AEA considers risk from fuel facility events to be 3 orders

of magnitude below that of power reactors

* Long Track Record of High Quality Fuel




NRC Oversight Program

e NRC Regulatory Framework Unchanged

 Yet........

- Average Annual Inspection Hours (2010-2015):
~1800/facility (Category lll fuel fabricators)
~5600/facility (Category | fuel fabricators)

- FY 2016 Budget for 9 Facilities:
~175 NRC Full Time Persons (19:1)
~S44M Total Fuel Cycle Program Budget

Fuel Cycle Facilities are Regulated to a Higher Level of
Risk than they Actually Pose




Fuel Cycle Fees from FY08 to FY16
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Industry Will Continue to:

* Maintain its Focus on Operational Safety and
Security

e Constructively Engage with NRC to Address
Legitimate Safety Significant Issues

* |dentify Effective and Efficient Solutions
Making Resources More Available for Facility-

Specific Operational Improvements

Thank You
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Acknowledgement and Disclaimer

This material is based upon work supported by the Department of Energy
under Award Number DE-NEO0O00633.

This presentation was prepared as an account of work sponsored by an agency
of the United States Government. Neither the United States Government nor
any agency thereof, nor any of their employees, makes any warranty, express
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.
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Level of Detail in Applications and Review Efficiency

* Incorporate recent plant licensing lessons learned

* Risk-inform DCA review for graded level of detail

— NRO-trained technical branch staff to risk-inform NuScale DCA review
(more detail for safety and risk significant SSCs—Iless detail for nonsafety
or non risk-significant SSCs)

— expected positive outcome for a focused and efficient review

* Level of detail in applications

— size of DCA grows AP1000 (6,900 pages) to KHNP (11,000 pages) to
NuScale (estimated 12,000 pages)

— KHNP APR-1400 is not the example for appropriate level of design
completeness (already constructed design)

— not limited to DCAs

e TVAESP 8,800 pages following in-depth readiness assessment, and
acceptance review not completed in 60 days
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Small Modular Reactor/Advanced Reactor Security

* Use of security by design

* Physical security framework suitable and predictable for
SMR/AR designs

* NEI white paper, consequence-based approach,
encourages security by design

— consistent with the concepts that form the basis for the
consequence-based EP rulemaking currently underway

— efficiencies will be realized by clarifying the regulatory basis up-
front in order to support a rulemaking and near-term exemptions
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Off-Site Power

e Public health and safety are protected by some SMR/AR
designs without reliance on off-site power (GDC 17)

e Basis of GDC 17 is large LWR operating fleet which
requires electric power for safety functions—not the case
of SMR/AR designs

e DOE and DOD national security power require, for
mission critical activities, no reliance on off-site power

* Regulatory guidance and acceptance criteria needed for
these designs
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Tier 2*

* Original intention for Tier 2* has not been realized in its
application

* Tier 2* implementation has caused excessive regulatory
burdens and LARs with no safety benefit

e Tier 2* should be eliminated

e Elimination of Tier 2* should not result in expansion of
Tier 1

* NRC should adhere to Tier 1 first principles
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http://www.nuscalepower.com
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Overview

Appreciate Engagement of the Commission in this Meeting
Participated in Similar Meeting in 1998/99 — Chairman Shirley Jackson

Comments on Advanced Reactors Reflect Role as Chairman of the
Nuclear Infrastructure Council Advanced Reactor's Task Force

Four Topics to Be Addressed
o Project AIM/Resource Effectiveness
Differing Professional Opinion Process

o Security Concerns -Licensing Efficiency/Effectiveness/Inspection
' Advanced Reactors Deployment

2 | NRC Stakeholders Meeting pl”ShU“l




NRC Licensing Status
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FTE Staff and License Actions
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Project AIM (con’t)

Commission Faced with Same Challenges as Late 1990s
o Potential Reduction in Number of Licensees
o Congressional Concern About Size of Agency and Fees
o Concern Regarding Timeliness of Licensing

Commission Reduced the Size of the Agency, Stabilized the Budget and
Increased the Effectiveness and Efficiency of the Organization

Agency Had to Freeze New Hires For a Period — Currently Not the Case
Need to Balance “Nice to Do’s” from “Must Do’s”
Agency Must Become More Ambidextrous and Cost Effective

Commission Must Track Every Line Iltem of the Budget and Set/Enforce
Timeliness Goals for Commission Staff

Bottom Line — This has Been Accomplished Before and Can Again
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Diftering Professional Opinions

Commission Encouragement of DPOs Based on Space Shuttle
Columbia Accident, Davis Besse and Other Events

Purpose is to Allow All Views to be Fully Heard and Dispositioned

DPO Process NOT Intended to Drive “One View” or Make People
Happy

Significant Number of NRC Managers Believe Current Process Drives
Paralysis

Process Must be Improved to Ensure Views are Heard and
Dispositioned in a Timely and Efficient Manner

NRC Managers Must Be Empowered to Make Decisions

5 | NRC Stakeholders Meeting pl”Sh”[lI




Security

After September 11, 2001 — Significant Concern About Threat

Nuclear Security and Incident Response Stood Up to Assess Threat
and Recommend Security Response

Large Number of Highly Specialized Individuals Hired in NSIR to
Review Threat and Prepare New DBT

Today, Threat at Nuclear Power Plants is Far Different
Current Threat Environment Does NOT Justify Same Threat Posture
Commission Needs to Reevaluate Requirements and Staffing

Size and Focus of NSIR Needs to Be Reviewed/Reassessed
Consistent with Project AIM

6 | NRC Stakeholders Meeting pl”Sh”“l




Advanced Reactors

Appreciate Recent Attention NRC has Given to Advanced Reactors
NIC Has Testified Before House/Senate Supporting $5 Million Request
Development of Advanced Reactor Generic Design Criteria Positive

Current Timeline to Prepare and Review Designs is Too Long —
Developers are Looking for Deployment in 2020’s Not 2030’s

Current Light Water Reactor Approach Will Result in Requirements
Well in Excess of Adequate Protection Standard — Hinders Innovation

Phased Licensing Approach — Similar to CNSC - is Welcome But
Should not Over-Rely on Topical Report Approach

Development of Risk-Informed/Performance Based Approach for
Advanced Reactors Will be Needed
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Risk-Informed Regulatory Approaches
NRC Meeting with Stakeholders

July 2016
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Key Points

Implementation of risk-informed
Initiatives has slowed due to increased

focus on issues with minimal safety
impacts

* Limited guidance on the role of risk insights in decision-
making hinders the implementation of risk-informed

INitiatives

Successful risk-informed licensing requires

clear, reliable, and efficient reviews
* Time and resource expenditures are not always
commensurate with safety benefit

Risk-informed decision-making improves safety

=
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Ongoing Risk-Informed Initiatives

NRC approach to risk-
Informed decision-making
* Review of PRA technical

adequacy for risk-informed
applications

Consideration of low-
risk/low-safety-significant
ISSUES

* Process for treating and resolving
these issues should be clearly
defined based on risk -
considerations

Fire PRA realism

* Challenges to timely NRC
acceptance of more realistic PRA
resulted in resource expenditures
that were not commensurate with
safety benefits

Industry risk-informed
steering committee

* Continue to await NRC position
on crediting use of FLEX
equipment in risk-informed
decisions

e

—=ExelonGeneration.




Recommendations for Improving Risk-Informed
Approaches

Clarify risk-informed
decision-making to
establish a disciplined,

* Provide uniform guidance to NRC staff on
risk-informed decision-making
* Industry standards for PRA peer reviews

reliable, and predictable should be appropriately credited

process

Expedite development and

[plellSTngleTpieciifol Mol RN ol(ollSS MM « Redlirect resources from no/low-safety
to evaluate and resolve significant issues to safety significant

issues that have little or no issues
safety impact

* Industry has performed technical work
Place high-priority on necessary to improve fire PRA realism

improving fire PRA realism * NRC acceptance of new methods would
improve safety focus and efficiency

i

~ ExelonGeneration
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Nuclear Engineering Enroliment Trends
Total Student Enroliment in US
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Nuclear Engineering Degrees, 2003-2015

700

600

500

400

esBachelor

300 em[\laster

Awarded

Doctorate
200 ;

100

Number of Degrees

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Year

Source: Oak Ridge Institute for Science and Education

NEHDO N e o




Nuclear Engineering Degrees Awarded (US)
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Challenges:

Attracting and Retaining Qualified Students in Nuclear Engineering Programs

* Having a well prepared workforce is key to safe, secure and sustainable utilization of
nuclear energy

* NRC programs are instrumental to assuring this critical capability for safety, both within
the Agency and more broadly across the industry

Examples of high impact programs:

Internships

Junior faculty support

Scholarships that provide an excellent opportunity to recruit outstanding students
Development of Specific Disciplinary Programs

Establishment of diversity fellowships

NRC initiatives to facilitate avenues for faculty to participate in NRC research
Retention of students in the nuclear field.
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FY 2016 Grant Funding

NRC Integrated University Program (IUP)

= Scholarships (Undergraduate and Graduate)

= Fellowships

* Trade School/Community College Scholarships
= Junior Faculty Development

$0 for Curriculum Development Grants

NRC continued support of this program has been critical to
nuclear engineering academic programs and has succeeded in
reversing enroliment decline that dominated the nineties
decade.
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Challenges:

Attracting and Retaining Qualified Students in Nuclear Engineering Programs

Achieved through:
* Research opportunities on Non-LWR and LWR technologies

* NRC support for development of curriculum and courses in areas such as
decommissioning, Non-LWR systems, security (physical and cyber), regulatory and
licensing process, efc.

* Encourage NRC support of grant programs and students/faculty participation in NRC
research programs

 Continue with NRC Integrated University Program (IUP) scholarships
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Challenges:

Maintaining US Science and Technology Leadership through Support of
Nuclear Engineering Education and Training

* Provide opportunities for Nuclear Engineering Academic Programs to participate in

* Instrumental in sharing U.S. standards and practices, and spreading best practices
* Help nuclear newcomer countries to develop a safety culture
 Can contribute to building networks across national boundaries of students and

young professions who will become the future leaders of the international nuclear
industry over decades to come

- i| ¥r | NUCLEAR ENGINEERING
A M ‘ TEXAS A&M UNIVERSITY




The National Organization of Test, Research, and Training Reactors (TRTR)
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TRTR Remarks
e The Community appreciates the effort at license renewal streamlining,
but the license renewal and license amendment process remain overly
burdensome. Even simple license amendments can take months to
years.

e NUREGs and Standards have become de facto regulation over the actual
regulations in Part 50.

e The regulator must remain cognizant of the very low risk to the public
health and environment presented by non-power reactor and utilization

facilities.

The National Organization of Test, Research, and Training Reactors (TRTR)
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Challenges and opportunities ahead for Nuclear

Engineering Academic Programs

* Delivering and refining the mission

* Evolving infrastructure and services

e Coordinating with NRC and other partners to achieve

sustainability
* Developing and maintaining quality education and training
for the next generation of nuclear engineers (vital important

task).
These are critical for NRC regulatory work on

advanced technologies and to assure innovation of
technologies for Non-LWR and LWRs to support
economic development.
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Impact of Radioactive Materials o

What diseases or conditions can be diagnosed or treated with radioactive materials?

* Cancer * Thyroid disorders
e Cardiovascular disease » Gastrointestinal disorders
* Neurological conditions e Lung disorders
such as Alzheimer's * Orthopedic disorders
disease, Parkinson's * Renal disorders

disease and epilepsy

Each year more than 18 million molecular imaging and nuclear medicine procedures are
performed in the U.S. including myocardial perfusion studies and Positron Emission
Tomography (PET).

114,200 patients are treated with radionuclide therapy each year in the U.S. for such
conditions as thyroid disease and bone metastases from prostate cancer. Hopefully, this

will soon be expanded to those suffering from neuroendocrine tumors and prostate
cancer (IMV data, 2015).

Approximately 81,000 patients are also treated with brachytherapy and 18,000 are
treated with stereotactic radiosurgery (Gamma Knife) each year in the U.S.
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NRC Impact on Patients

 NRC regulations touch every aspect of the use of radionuclides in medicine
including
— Management and handling of radionuclides
— Training requirements for physicians and other health professionals
— Radiation protection of our patients and their families.

e This is true for those in agreement states as well as NRC states

e In addition, NRC’s occupational dose regulations and related policies on
personal dosimetry can affect certain medical uses of x-rays not directly
under NRC’s authority (i.e., fluoroscopy in interventional radiology) when
implemented by the States
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Inspections

* Good communication between inspectors and licensees

* NRC needs to ensure inspectors are knowledgeable with respect to
the type of license being inspected

* Creates opportunities to educate each other

* |mprove consistency and minimize variability of inspection process in
communications

e Minimize “surprises”
e With new domestic Mo-99 producers on the horizon:

— NRC should ensure that the current rules are applicable to these new
facilities
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' Resolution of stakeholder comment/regulatory analys'lsﬂ ‘

* Medical use is distinct from energy use and should be regulated accordingly
— Exciting time for nuclear medicine, molecular imaging and radiation oncology
* New imaging agents recently approved by FDA (NETSPOT, Axumin, C-11
Choline)

» Radionuclide therapies and “theranostic” agents soon available to patients
enhance life, cure patients

* Advances in brachytherapy and stereotactic radiosurgery
* Delays in rulemaking can negatively impact patient care by limiting access to
innovative technology
— Part 35, more than a decade in its revision

— Must seek ways to bring therapies to patients as quickly and safely as possible
(e.g. moving new technologies out of 35.1000 rules for training into the appropriate subparts
of Part 35)

Bottom line for all parts: We want to provide our patients with the best
technological advances possible that will allow us to treat their disease as
effectively, efficiently and safely as possible.
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Communication Between NRC and Medical Community

Successes:
* Eagerness to engage medical societies on pertinent issues
e ACMUI engagement

* Willingness to participate in our meetings and meet with stakeholders in the medical
community

e Supportive of risk-based approaches to rule making and inspections

* Fast-tracking approvals for new devices and procedures (**3Ra Xofigo and %8Ge/®®Ga
generators)

Opportunities for improvement:

* Understanding the differences between medicine and other applications of radioactive
materials

* Overcoming a lack of understanding about how we practice in some instances
* Delayed rule-making in the context of a rapidly growing field
— Operational hurdles that hinder innovation and patient access
— Negatively impact the potential domestic source of medical isotope (e.g. Mo-99)
* Always room for better communication, e.g. with new medical isotope manufacturers

— Transparency on development of fee schedule as it applies to various categories of
licensees
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Contact Information

Frederic H. Fahey, DSc, FSNMMI, FACR, FAAPM

SNMMI Past President
Director of Nuclear Medicine/PET Physics, Boston Children’s Hospital
Professor of Radiology, Harvard Medical School

frederic.fahey @ childrens.harvard.edu
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WHO WE REPRESENT:

83% of all the organized utilities in the United
States and Canada

70% of the organized investor-owned utilities
96 % percent of the organized rural electric
cooperative utilities

76 % of the organized municipal utilities

100% of all organized federal government utilities
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WE HAVE TWO ISSUES:

The first issue is immediate: Markets with
Grid Stability

Ironically, we are talking about reducing
CO-2 while also closing Nuclear plants!

INTERNATIONAL BROTHERHOOD OF ELECTRICAL WORKERS




THE MARKETS ARE KILLING US!

* Nuclear power plants are unique—and uniquely
valuable—among carbon-free sources of
electricity.

* Policymakers and regulators must enact rules that
place clear, unambiguous value on all baseload
generation that meets our 24/7 demand for power.

* Americans need reliable electricity, and they want
clean air. They can have both with nuclear
energy.

INTERNATIONAL BROTHERHOOD OF ELECTRICAL WORKERS




The second issue:
NRC funding activities should
not allocate any resources to
‘“Access Rulemaking.”

INTERNATIONAL BROTHERHOOD OF ELECTRICAL WORKERS




The goal of the IBEW is to
provide the highest quality
work, In the safest manner

A4 possible, to every job every time.
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Meeting with NRC Stakeholders

Nuclear Safety?

Lessons from
Fukushima

Or merely a false sense of security?

After Fukushima, the nuclear industry’s
track record was a meltdown once
every seven years.

The historical record clearly contradicts
the industry’s claim that nuclear power
IS “safe”.

GREENPEACE




Meeting with NRC Stakeholders

In the NRC's order after Fukushima, it wrote that the vents "are needed to
ensure that adequate protection of public health and safety is maintained."




Meeting with NRC Stakeholders

= Applies to boiling water reactors
with certain designs (Mark 1/Il)

= Vents help control pressure by
removing heat

= May help prevent core damage

* Must continue to function if core
damage/melting occurs

/£ )® Required to work when all power
¥ L islost

GREENPEACE



Meeting with NRC Stakeholders
T "(:\

After 5 years & more than 300 public meetings to address Fukushima
lessons learned, the NRC waives Post Fukushima hardened vent
requirements for Exelon’s financially strapped reactor at Oyster Creek.
And the NRC is considering doing the same for Entergy’s economically
challenged Pilgrim nuclear power plant. Lessons Learned?

REENPEACE



Meeting with NRC Stakeholders

| Quad Cities?
| Fitzpatrick?
= Nine Mile Point?
4 Fermi?
" Hope Creek?
Duane Arnold?

Allowing Exelon & Entergy to run old
and dangerously flawed nuclear
reactors for years without making
necessary post Fukushima repairs both
tempts fate and undermines public
confidence in the U.S. Nuclear
Regulatory Commission.



Public Commission Meeting with NRC
Stakeholders - July 26, 2016

Perspectives on NRC’s Regulatory Programs

Wayne Norton, CEO and President of Yankee Atomic Electric
Company and Connecticut Yankee Atomic Power Company; and
CNO of Maine Yankee Atomic Power Company; Spokesman for
the Decommissioning Plant Coalition



Introduction

15 Spent Fuel Dry Casks
1 GTCC Dry Cask
8 NAC MPC System

o B CoC Expires 4/10/20

40 Spent Fuel Dry Casks 60 Spent Fuel Dry Casks
3 GTCC Dry Casks » _ 4 GTCC Dry Casks

NAC MPC System P — - e NAC UMS System

CoC Expires 4/10/20 | ERRRR CoC Expires 11/20/20



The Decommissioning Plant Coalition represents these sites,
vith the exception of Kewaunee, Oyster Creek and Trojan

>4
o

BRC)
(é?

1. Maine Yankee

Wiscasset, ME

2. Yankee Rowe ‘} 11. Kewaunee

Rowe, MA \ Kewaunee, Wi

3. Connecticut Yankee 6. Rancho Seco 12.San Onofre +3
Haddam Nack, CT Herald, CA Pendieton, CA

4. Humboldt Bay - 7.Trojan 9. Zion 13. Vermont Yankee

Eureka, California Rainier, OR Zien, L Vernen, VT

5. Big Rock 8. La Crosse 10, Crystal River 14, Oyster Creek

Charievoix, Michigan La Crosse, W1 Crystal River, FL Leads Paint, NJ



Various Stages of Decommissioning

* Submittal of Certification that Plant will be Permanently Shutdown

* Submittal of Certification regarding the Permanent Removal of Fuel from the
Reactor Pressure Vessel

* Submittal of PSDAR, including Decommissioning Cost Estimate, and Spent Fuel
Management Plan

* Licensees may choose to enter SAFSTOR for a prolonged period

* Licensees engage in Active Decommissioning

* Licensees may choose to transfer fuel from the Spent Fuel Pool to an ISFSI
e All GTCC waste is stored at the ISFSI

* Licensee Achieves ISFSI Only status - the plant license has been reduced to include
only the ISFSI, i.e., site decommissioning (with exception of ISFSI) is complete and
only lands associated with the ISFSI remain within the site’s NRC License

* Fuel and GTCC waste transferred to a DOE Facility
* |SFSI Decommissioning is Completed
* 10 CFR 50 License is Terminated



Licensing Efficiency and Effectiveness

Current process for transitioning from operations to
decommissioning requires licensees to request numerous
exemptions and license amendments when transitioning from
operations to decommissioning

The Dry Cask Storage Regulatory Process is highly inefficient

— Rulemaking is required to modify the Technical Specifications
associated with Certificates of Compliance

Rulemaking activities have not always given due consideration to
Decommissioning Facilities (specifically, ISFSI Only Facilities)

— Examples of historical rulemakings that should have considered
impacts on Decommissioning Facilities - 10 CFR 37, 10 CFR 73.55, 10
CFR 50.47 and 10 CFR 50, Appendix E

— Rulemaking should include statements regarding decommissioning
facilities and ISFSI Only facilities.



Risk-Informed Regulatory Approaches

* The regulatory and rulemaking approach for Decommissioning and
ISFSI Only sites needs to:
— Recognize the significant risk reductions at the sites following permanent

shutdown and permanent removal of fuel from the Reactor Pressure
Vessel and achievement of ISFSI Only status

— Be fully informed by past exemptions, approvals, and licensing actions

* Historical examples where a risk-informed regulatory approach
could have been applied include 10 CFR 73.55 and 10 CFR 37
Rulemakings

* Arisk-informed regulatory approach could be applied to:

— Industry’s proposal for a limited scope rulemaking to make the transition
from operating to decommissioning requirements operable by rule —
eliminating the need for exemptions and license amendments

— Establishing a method to transition from a 10 CFR 50 Licensee to a 10 CFR
72 Licensee upon achieving ISFSI Only status without requiring the
submission of a License Application



Prioritization of Regulatory Activities

* We appreciate NRC’s recognition of reduced risk
relative to dry cask storage (e.g., deferral of ISFSI
security changes ; and ISG-2 rev. 2)

* NRC resources need to be focused on several
specific activities (e.g., Canister relicensing;
action on NEI petition for Part 72 Rulemaking;
and Dry Cask TS changes)

* There are additional opportunities to provide a
more efficient regulatory process in 10 CFR 50
and 10 CFR 72



Effectiveness of Public Engagement

* We want to acknowledge the efforts by NMSS/SFM Division in
public outreach and involvement in the development of long-

term dry cask storage requirements and guidance (NUREG
1927; and Aging Management)

® Future outreach efforts should continue to communicate the
reduced risks and consequences of dry cask storage and
effectiveness of licensee corrective action programs in
addressing problems that may arise.



