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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 efficient 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. Zhese
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
benefics: (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

Statement
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””” > Certification
. Combined .
Construc.tlon Operating  DUSE—-. Early Site
Permit Permit

License

Operating

License

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

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-LWRs. (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.)

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

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. /zip.//pbadupws.nre.gov/docs/ML 1435/

ML14353A246.pdf.
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challenge that will require consistent public
funding.

2. Congtess 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

e 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:

e DPre-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.
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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

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; (i) 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.

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

o 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 cither 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

STRATEGIES FOR ADVANCED REACTOR LICENSING

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 muldi-
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—beginning 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,
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FIGURE I-1
Desirable Project Risk/Investment Profile Relative to Licensing
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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. hzp://pbadupws.nre.govidocss/ML1320/ML13207A315. pdf.
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LWR 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.

ITL. 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.
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CHAPTER II

REACTOR DEVELOPMENT AND
DEPLOYMENT PROCESS

HE LICENSING PROCESS EOR
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:

e Finance,

*  Design,

* Licensing,

e Construction,

*  Dlant Testing,

*  Owner Operations, and

*  DPublic 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
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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.



CHAPTER III
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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 histor