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Executive Summary

Time and action are of the essence to deploy the first micro-reactor for a U.S. Department of Defense
(DoD) domestic installation before the end of 2027. Micro-reactors are a source of resilient energy that
can enable a wide range of DoD installations to enhance their range, endurance, agility and mission
assurance. Micro-reactors are being designed with island-mode operations, black-start capabilities, an
ability to protect against severe natural phenomena as well as man-made physical and cyber security
threats, and to operate for several years without the need to shutdown for refueling.

This report identifies the timeline, major challenges and recommended actions to ensure successful
deployment of the first micro-reactor at a DoD domestic installation. The deployment scenario modeled
in this report is consistent with language in the 2019 National Defense Authorization Act. This includes
the DoD contracting through a power

“DoD installations rely almost entirely on the grid, which is highly purchase agreement with a commercial

vulnerable to prolonged outage from a variety of threats, placing entity to site, construct and operate a micro-
critical m/55/on§ at unacceptably h'/gh risk of extended d{sruptlgn. reactor located on DoD property that is
Backup power is often based on diesel generator sets with limited i d and | d by the U.S |

on-site fuel storage, undersized for new Homeland defense icensed and regu ate y the U.S. Nuclear
missions, not prioritized to critical loads and inadequate in duration Regulatory Commission (NRC). The roadmap
and reliability.” Defense Science Board Task Force is not based upon the deployment for
forward operating bases. Deployment of the
first micro-reactor is expected to take 7 years, but could take as few as 5 years or as many as 10 years,
depending on the ability to address deployment challenges identified in the report, as well as the

readiness of the technology, of which an assessment is outside the scope of this report.

As with the deployment of any first-of-a-kind technology, the deployment of micro-reactors faces a
number of challenges. This report recommends the following actions be taken in order to address these
challenges and reduce the first deployment risks:

1. DoD should identify the host installation and site requirements, perform an assessment of the
designs, and enter into a contract or agreement with a commercial entity by the end of 2019.

2. The Department of Energy (DOE) should provide High Assay Low Enriched Uranium (HALEU) for
the commercial nuclear industry by the end of 2022, and begin supporting the design,
qualification, licensing and fabrication of larger HALEU transportation packages by the end of
2019.

3. Developers should sustain the development of micro-reactor designs in a manner that enables
critical deployment milestones to be achieved along the timeline outlined in this report,
incorporates a design for manufacturability, constructability and operability approach that will
minimize schedule risks for those activities, and which could include the option of entering into
private-public partnerships with DOE.

4. DoD should immediately begin a sustained engagement with the industry and the NRC to
identify and resolve unique regulatory issues associated with the deployment of micro-reactors
for a DoD installation.

5. Industry should immediately begin working with the NRC to explore options for accelerating the
review schedule for micro-reactors and expediting the process for training and licensing
operators for micro-reactors.
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1 INTRODUCTION

This report outlines a roadmap for the deployment of the first micro-reactor for a U.S. Department of
Defense (DoD) domestic installation. The roadmap is not based upon the deployment of a micro-reactor
for Forward Operating Bases discussed in a Defense Science Board report.! Micro-reactors are very small
nuclear reactors capable of operating independently from the electric grid to supply highly resilient
power for critical loads, as well as primary power under normal and emergency conditions. Appendix A
provides an overview of various micro-reactor technologies.

This report provides an industry perspective on the use of micro-reactors to meet DoD energy needs.
Section 2 provides a description of the expected conditions for using a micro-reactor to power a DoD
installation, and Appendices B and C provide an assessment of possible alternate conditions. The 2018
National Defense Authorization Act (NDAA) directed DoD to “ensure the readiness of the armed forces
for their military missions by pursuing energy security and energy resilience.” Energy security and
resilience enhance the range, endurance, and agility of the DoD and are critical to mission assurance.’
DoD is pursuing cost-effective measures to increase energy resilience in order to prepare for and
recover from energy disruptions that impact mission assurance on military installations.?

The roadmap is intended to identify the timeline, major challenges, and recommended actions to ensure
successful deployment of the first micro-reactor at a DoD domestic installation. It is not intended as an
exhaustive legal or regulatory analysis of the subject — but rather as background information that
highlights a variety of legal, licensing, regulatory, and business issues that should be considered in
connection with this scenario. Sections 3, 4 and 5 present the details of the activities necessary to
successfully deploy a micro-reactor. Section 6 discusses the timeline and recommends actions to
overcome challenges to the deployment of the first micro-reactor for a DoD installation. Appendix D
provides a graphical depiction of the timeline under the nominal and accelerated deployment scenarios.

This roadmap is also intended to inform the U.S. Department of Energy’s (DOE’s) development of a
Federal Pilot Program study for micro-reactors. The 2019 NDAA Section 327 requires the Secretary of
Energy to develop a report to describe the requirements for and components of a pilot program for
micro-reactors. The pilot program would contract with a commercial entity to site, construct and
operate micro-reactors of no greater than 50 MWe to provide resilience for national security
infrastructure at DoD and DOE facilities by December 31, 2027.

The U.S. Congress and DoD have been interested in the use of small nuclear reactors for nearly a
decade. The 2010 NDAA Section 2845 directed DoD to conduct a study to assess the feasibility of
developing nuclear power plants on military installations. In response, the Center for Naval Analyses
issued a 2011 report for DoD, which concluded that small modular reactors, defined as less than 300
MWe, offer the ability to contribute to DoD missions.” However, the study also concluded that the small
modular reactors available at that time were much larger than the energy needs at domestic military
installations. Since that time, micro-reactor designs have emerged that are 10 MWe or less and are
more aligned with the energy demands at DoD installations.

1 https://www.acq.osd.mil/dsb/reports/2010s/Energy Systems for Forward Remote Operating Bases.pdf

2 DoD Quadrennial Defense Review 2014
3 DoD Annual Energy Management and Resilience Report FY2016

4 https://www.cna.org/CNA files/PDF/D0023932.A5.pdf
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2 MEETING DEFENSE INSTALLATION ENERGY NEEDS WITH MICRO-REACTORS

DoD manages over 500 fixed installations, which includes activities of the U.S. Air Force, Army, Navy,
Marine Corps, and numerous Defense Agencies. DoD is the single largest energy consumer in the U.S.,
with installation energy accounting for 21% of the total Federal energy consumption. In FY2016, DoD
installations used 201,410 billion British thermal units (Btu), costing approximately $3.7 billion. Overall
energy demands at DoD installations were met by a mix of energy sources including electricity (53%),
natural gas (32%) and other fuel sources such as fuel oil and coal (15%).

The Department of Defense distinguishes installation energy from operational energy. This report
focuses on installation energy, which includes energy needed to power fixed installations and enduring
locations as well as non-tactical vehicles. In contrast, operational energy is the energy required for
training, moving and sustaining military forces and weapons platforms for military operations and
training — including energy used by tactical power systems and generators at non-enduring locations.
Nuclear propulsion for naval vessels is handled separately from installation and operational energy. ®

2.1 Location, Acquisition and Use

Micro-reactors are capable of supplying energy to a wide range of DoD installations, and are particularly
well suited to power and heat remote domestic military bases that are a critical part of the national
security infrastructure. Remote domestic military bases typically have significant energy needs and high
electricity costs.

Eielson Air Force Base, located approximately 26 miles southeast of Fairbanks, Alaska, is used as a
reference for the first deployment of a micro-reactor for a DoD installation. Eielson Air Force Base
currently has a combined heat and power coal plant that began operation in the early 1950s. The coal
plant can produce up to 25 MWe, although it typically produces much less than this. The winter sees
the highest level of sustained power, about 13 to 15 MWe, using up to 800 tons of coal per day. The
base maintains a 90 day supply of coal on site, and the plant has a thaw shed to de-freeze the coal prior
to use. The Eielson Air Force Base is connected to the grid, primarily for voltage stability, and has the
infrastructure needed to support black start and island mode capabilities if the grid is unavailable.”

For the purposes of this report, it is assumed that the DoD installation is located on U.S. territory and
will purchase power from a micro-reactor. This is typically done through a utility sales contract pursuant
to 10 USC 2922a. The micro-reactor is assumed to be located on DoD property, and is owned and
operated by a commercial entity. This report does not address how the owner/operator will secure the
rights (e.g., through a land lease agreement) to utilize the DoD property to site, construct, operate and
decommission the micro-reactor.

Ninety percent of military installations have an average annual energy use that can be met by an
installed capacity of nuclear power of 40 MWe or less.? It is anticipated that most DoD installations will
seek one or more micro-reactors in the 2 MWe to 10 MWe range. It is assumed that DoD’s use of the
first micro-reactor will be to supplement the existing electricity generation, and will not initially be used
to supply power to the grid or to provide heating requirements. However, the micro-reactor can be

5 DoD Annual Energy Management and Resilience Report FY2016
6 DoD 2016 Operational Energy Strategy

7 http://airman.dodlive.mil/2015/04/27 /power-plant/

8 Feasibility of Nuclear Power on U.S. Military Installations, 2011
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deployed with the capability to provide heat in addition to power. The capability to provide heating can
also be added after the micro-reactor is deployed, although this may require a license amendment and
some plant modifications.

Alternative scenarios, including deployment for forward operating bases, and considerations for scaling
deployment beyond the first micro-reactor are discussed in Appendix B.

2.2 Regulatory Authority

The roadmap assumes that the NRC will license and regulate the construction, operation and
decommissioning of micro-reactors for defense installations. An NRC-licensed commercial micro-reactor
would also require NRC-licensed personnel to operate it. The NRC licensing process is mature, well
understood and transparent, relative to the licensing of commercial nuclear reactors by another federal
agency. However, it is one of the longest critical-path activities in the deployment timeline of micro-
reactors. Alternative licensing authorities are discussed in Appendix C. This report does not address the
need to engage other federal agencies for permits, such as the Department of Transportation for the
transportation of micro-reactors to and from the site. An evaluation of the state and local laws that may
be applicable to the deployment of a micro-reactor for a DoD installation are outside the scope of this
report.

2.3 DoD Requirements

Resilience is a primary requirement for DoD. Resilience is defined in the 2018 NDAA as “the ability to
avoid, prepare for, minimize, adapt to, and recover from anticipated and unanticipated energy
disruptions in order to ensure energy availability and reliability sufficient to provide for mission
assurance and readiness, including task critical assets and other mission essential operations related to
readiness, and to execute or rapidly reestablish mission essential requirements.” The 2018 NDAA also
defines energy security as “having assured access to reliable supplies of energy and the ability to protect
and deliver sufficient energy to meet mission essential requirements.” Energy resilience must be
achieved in a manner that does not negatively impact the mission. Generation sources that minimize
usage of land, air and water resources, including site access for fuel receipt and storage, will enhance
the installation’s ability to focus on mission critical activities.

Currently, DoD installations rely almost entirely on the grid, which is highly vulnerable to prolonged
outage from a variety of threats, placing critical missions at unacceptably high risk of extended
disruption. Backup power is often based on diesel generator sets with limited on-site fuel storage,
undersized for new Homeland defense missions, not prioritized to critical loads and inadequate in
duration and reliability. This is according to a Defense Science Board Task Force on DoD Energy Strategy
that also found “critical national security and Homeland defense missions are at an unacceptably high
risk of extended outage from failure of the grid.”®

DoD Instruction 4170.11, Installation Energy Management, provides policy direction to ensure energy
resilience at military installations. Each military branch appears to address energy resilience differently,
for example the Army contextualizes resilience in terms of energy security, while the Air Force
contextualizes resilience in terms of energy assurance. Efforts to enhance resilience also appear to
focus along the lines in which resilience has been contextualized.’® While the detailed scenario and

9 https://www.acq.osd.mil/dsb/reports/2000s/ADA477619.pdf
10 DoD Annual Energy Management and Resilience Report FY2016
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capability requirements necessary to provide resilience at DoD installations are not known and may be
unique to each facility, there are a number of considerations that appear to be universally important.
These include minimization of outages due to maintenance and failures, being robust against natural
and man-made threats, the ability to quickly restore critical operations, and having secure access to the
source, delivery and on-site storage of fuel. More detailed requirements for resilience for Air Force
Installations are contained in a 2017 RAND report.™

Micro-reactors offer the ability to assure energy resilience at DoD installations. Micro-reactors can
operate 24 hours a day, 7 days a week, 365 days a year, and are being designed to operate for several
years without the need to shutdown for refueling. Micro-reactors are being designed to protect against
severe natural phenomena as well as man-made physical and cyber security threats, and many are being
designed with the ability to operate in island-mode and include black-start capabilities. Micro-reactors
are also being designed to be able to adjust output to meet changes in demand.

Micro-reactors will be able to provide heat and other products, such as desalinated water and hydrogen
that can meet the needs of DoD installations. Micro-reactors can also enhance DoD’s use of new
technologies, such as advanced computing, “big data” analytics, artificial intelligence, autonomy,
robotics, directed energy, hypersonics, and biotechnology. The very technologies that ensure the U.S.
will be able to fight and win the wars of the future.™

Other requirements such as cost, environmental impacts, power characteristics and site parameters,
including land area, water sources, seismicity, precipitation, and wind speed, are not known and are
likely to be site specific.

11 https://www.rand.org/content/dam/rand/pubs/research reports/RR2000/RR2066/RAND RR2066.pdf
12 DoD Summary of the National Defense Strategy of the United States of America
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3 DEVELOPMENT AND LICENSING

Development and licensing activities for a micro-reactor include technology development, license
application preparation, site characterization, and regulatory review and acceptance. Technology
development for micro-reactors has been in progress for several years, and builds upon decades of
research and development by DOE, the U.S. national laboratories, and industry. Some developers have
begun pre-application interactions with the NRC, and development of license applications for
commercial installations.

To minimize uncertainty in the roadmap, the timeline starts with the preparation of the license
application for a micro-reactor at a specific DoD installation. This marks the point at which the
technology is sufficiently developed that there is confidence the design can be licensed, constructed and
operated. The start of the timeline is when DoD would enter into a contract or agreement with the
owner/operator. It also marks the point at which the owner typically enters into contracts for pre-EPC
(engineering, procurement and construction) activities. The pre-EPC contract typically covers license
application preparation, site characterization, and the license review by the NRC.

3.1 Technology Development

Technology development activities include research and development of the underlying technologies,
conceptual design, and preliminary testing and validation of design features. The scope and duration of
technology development activities will depend on the maturity and complexity of the technology, and
could take from a few to several years for a micro-reactor. DOE and DoD have their own sets of
Technology Readiness Levels, which may differ from each other, that they use to assess technology
maturity. However, the Technology Readiness Level does not predict how long it will take to complete
the pre-licensing activities for a given technology. Appendix A provides brief descriptions of several
micro-reactor technologies. Durations for developing micro-reactor designs to the point of preparing a
license application are not included as the information is not publicly available.

Testing and validation of the technology will be required to support the licensing of a design. For the
purposes of this paper, it is assumed that testing and validation of the design is performed through
separate effects and integral testing, along with use of computer modeling and simulation programs. It
is noted that the NRC does not require that a test, prototype or non-commercial demonstration reactor
be constructed or operated in order to receive a license for the commercial reactor design. Although,
having a test, prototype, non-commercial demonstration reactor, or commercial reactor licensed by the
NRC could enable a shorter development and licensing schedule for a micro-reactor deployed at a DoD
installation.

3.2 Licensing Application Preparation

It typically takes about 12 to 24 months to prepare and submit a license application, and it is expected
that the first micro-reactor application can be developed in 18 months. The license application includes
documentation of the safety basis of the design, and characterization of the site. The license application
requires a sufficiently complete design to demonstrate that the reactor meets all of the applicable rules
and regulations, including fuel qualification. The NRC has a voluntary pre-application interaction process
that the owner/operator may utilize in order to improve the predictability of the NRC license review,
and which may start during or before the preparation of a license application.

© NEI 2018. All rights reserved. nei.org 5
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Development of the license application requires access to site information, and assurances that the DoD
will allow the owner/operator to construct and operate a micro-reactor on the site. Therefore, DoD will
need to enter into a contract or agreement with the owner/operator and/or developer in order to begin
the preparation of a license application. Applicants will need to demonstrate that they there is
reasonable assurance that they can obtain necessary funds and have the ability to conduct the activities
of the license, and the NRC will need access to the site for inspections.” Site characterization requires
accumulation of 24 months of meteorological data, as well as core borings to characterize the soil
structure for structure supports and hydrology, and should be started before beginning the preparation
of the license application. It is noted that some DoD installations may already be collecting
meteorological data that can be used to meet the application content requirements, and which may
reduce the lead-time for submitting a license application.

3.3 NRC Review

The NRC has two licensing pathways for power reactors described in 10 CFR Part 50 and 10 CFR Part 52.
In the Part 50 licensing pathway, the NRC will initially approve a construction permit that only allows for
construction of the nuclear power plant, and is later followed by NRC approval of an operating license.
In the Part 52 licensing pathway, the NRC will approve a combined construction and operating license
(COL). The COL may, but does not have to, reference a design certification, which allows for NRC pre-
approval of the design of a nuclear power plant without a specific site, and/or an early site permit,
which allows for NRC pre-approval of certain aspects of a site, including the environmental review.
After construction is completed, the NRC must verify the completion of the Inspections, Tests, Analyses
and Acceptance Criteria (ITAAC) before the reactor can begin operations. These licensing pathways are
discussed in more detail in the NRC’s FAQ about license applications for new reactors.™

For Part 50, the NRC recently issued a construction permit for the SHINE radioisotope production facility
in 36 months, measured from application tender to a decision on the construction permit. The NRC’s
target review schedule for a Part 52 COL that references a certified design is 30 months from docketing
to approval.” A Part 52 COL application does not need to reference a design certification, and can
describe a design that has not previously been approved by the NRC. The NRC has not established a
target review schedule for a COL that does not reference a certified design; however, under this
scenario, the design review is likely to be the pacing NRC review activity. The NRC target schedule for a
design certification review is 46 months. In addition to the licensing review schedule, the NRC also
performs a review to determine if the application can be accepted, which typically takes 60 days.

The NRC review schedule for a COL or construction permit typically ranges between 30 months and 46
months, and it is expected that the first micro-reactor license could be reviewed and approved in 36
months, including the acceptance review. Micro-reactors are much smaller and simpler than a large
light-water reactor (LWR), with small source terms and a small fraction of the power output. In fact,
micro-reactors are more analogous to research reactors than larger utility scale nuclear power plants.
Thus, the NRC should be able to review and approve the first micro-reactor design on the shorter side of
their standard review schedules, even though new technologies sometimes take longer to review than
designs based on technologies that have been previously approved. A key to improving the likelihood of
a shorter NRC review schedule would be to proactively engage the NRC in pre-application meetings that

1310 CFR 50.33
14 https: //www.nrc.gov/reading-rm/doc-collections /nuregs /brochures/br0468/index.html

15 NRC’s NRO-REG-100; https://www.nrc.gov/docs/ML1407 /ML14078A152.pdf
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highlight safety related design features and to ensure that a sufficiently complete design is provided in
the license submittal.

The NRC is currently capable of reviewing an application for a micro-reactor, even though NRC
requirements were developed decades ago based upon large LWR designs in operation today and micro-
reactor designs differ significantly from the large LWRs. The 2018 NEI white paper Ensuring the Future
of U.S. Nuclear Energy: Creating a Streamlined and Predictable Licensing Pathway to Deployment™®
outlines the benefits of near-term regulatory changes to make the NRC licensing more streamlined and
efficient. Better alignment of the NRC regulatory framework with the inherent enhanced safety and
simplified designs of micro-reactors is particularly important to make the licensing process more
efficient. The NRC continues to make progress on enhancing its ability to efficiently review advanced
reactor license applications.”

The NRC licensing of a micro-reactor for a defense installation introduces some unique considerations.
NRC licenses for commercial reactors have typically been issued for plants to be located on private
property and operated to generate electricity for sale to the grid. In contrast, this report examines the
siting of micro-reactors on DoD property for the purposes of supplying power to DoD. Deployment of
micro-reactors for DoD installations may involve novel issues. As an example, the NRC and DoD are
likely to both require National Environmental Policy Act reviews. Micro-reactors sited on a defense
installation will also need to address NRC dose regulations to military personnel that are considered part
of the general public. Another example is that the DoD installation will have physical security and
emergency response capabilities that are not available to owners/operators of reactors located on
private property. These kinds of novel issues associated with licensing a micro-reactor on a defense
installation will need to be identified and resolved early in the license application process.

16 https://www.nrc.gov/docs/ML1803/ML18030A771.pdf
17 https: //www.nrc.gov/reactors/new-reactors/advanced.html#visStrat

© NEI 2018. All rights reserved. nei.org 7


https://www.nrc.gov/docs/ML1803/ML18030A771.pdf
https://www.nrc.gov/reactors/new-reactors/advanced.html#visStrat

October 4, 2018

4 ENGINEERING, PROCUREMENT AND CONSTRUCTION

Engineering, procurement and construction include certain predecessor activities, such as supply chain
development and site preparation. These can begin during the license application preparation and
proceed in parallel with licensing. It is a best practice to complete these activities prior to beginning the
procurement, manufacturing and construction activities. The EPC contract between the
owner/operator, constructor and developer is typically dependent on a certain level of design
completion in order to provide confidence in the contract terms.

4.1 Final Design and Engineering

For the purposes of this report, the final design and engineering begins from the point of the design at
the time the license application is submitted to the NRC and continues through completion of the
design. For Part 52, the NRC requires an essentially complete design — finalized to the point that
procurement specifications and construction drawings and installation specifications can be completed
for significant portions of the plant — in order to approve a COL.*® Since significant additional man-hours
are necessary to develop ever greater detail of the design for specifications and drawings, an essentially
complete design may only represent 40% to 50% of the total design and engineering man-hours. For a
Part 50 construction permit, the NRC requires design information sufficient for a preliminary safety
analysis report, which may only represent 20% or less of the total design and engineering man-hours.

The duration of the final design and engineering activity depends on many factors, the most important
of which are the level of design completion when the license application is submitted, the total number
of man-hours required and the rate of man-hours per month that are dedicated to the effort.
Historically it has taken around 3 to 6 years to perform the final design and engineering, roughly the
time it has taken for the NRC to review and approve the license. Micro-reactors are expected to require
significantly fewer total man-hours to finalize the design and engineering due to the reduced size and
increased simplicity of the design. Thus, it is assumed in this report that design finalization will take
between 2.5 years and 4 years, with a nominal target of 3 years. The level of desigh completion has an
impact on the start of manufacturing and construction. Best practices suggest the design should be as
close to fully complete as possible before beginning construction in order to avoid schedule and cost
overruns. However, 100% design completion is not feasible under many circumstances, and beginning
construction with a design that is 60% to 80% complete is typically more achievable.

4.2 Manufacturing

Manufacturing is preceded by the selection of suppliers, and includes the activities to procure long lead
materials, perform the factory fabrication, and source the components, materials and parts necessary to
construct the plant. Supplier selection is expected to take 1 year to 2 years, with a nominal target of 1.5
years. Supplier selection should occur at least 1 to 2 years prior to ordering long lead materials.

Due to the smaller size of micro-reactors, a greater portion of the plant can be fabricated in the factory
than what is typically done for larger nuclear plants. Greater use of factory fabrication offers the
opportunity for better control over the quality, a reduction in the overall construction schedule, and
reduced costs for subsequent units through an improved ability to incorporate lessons learned and the
potential for mass production.

18 https://www.nrc.gov/docs/ML0037/ML003707892.pdf
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For larger nuclear plants, it typically takes 5 or 6 years from the order of long lead materials to the
delivery of the largest component (e.g., reactor vessel) to the plant. Due to the reduced size and
increased simplicity of micro-reactors, it is estimated that this procurement and manufacturing cycle can
be reduced to between 3 and 5 years from the order of long lead materials to the delivery of the largest
component, with a nominal target of 4 years. Most of the components will need to arrive on-site at
least 6 months prior to startup in order to support the achievement of construction milestones.

For safety related components, manufacturers will be required to have the appropriate ASME
certification. The nuclear industry has unique and strict quality requirements, and the manufacturing
base that is qualified to manufacture nuclear grade quality (i.e., NRC’s 10 CFR Part 50, Appendix B, and
ASME NQA-1) components has been shrinking, especially for fabrication of large components. It should
be noted that a facility that manufactures safety related components for the micro-reactor will undergo
NRC audits and inspections and may have an onsite NRC inspector to review procedures for fabrication,
observe craft work on the factory floor, audit documentation and ensure compliance with NRC
requirements prior to offsite shipping.

Some micro-reactor designs may include unique components that have never been manufactured
before. For these first-of-a-kind components, and other non-routine components, it is important that
the suppliers be incorporated into the design efforts to ensure that the manufacturing is feasible and
efficient. Itis noted that, for Part 52 COL applications that do not reference an NRC certified design,
some long-lead safety related components may need to begin fabrication at-risk before the NRC issues
the micro-reactor license. Note that for a Part 50 construction permit, all fabrication, and even
construction, activities proceed ‘at-risk’, as the NRC operating license is typically issued just before fuel
loading.

4.3 Construction

On-site construction is preceded by site preparation activities. Site preparation includes excavation,
grading, site mobilization, and non-safety related activities that can begin prior to the issuance of a
license by the NRC; although some of these activities may require an NRC limited work authorization in
order to begin prior to issuance of the license. Site preparation typically takes 2 years or longer for a
large nuclear plant. In contrast, micro-reactors will utilize a much smaller site footprint, and it is
expected that the site preparation for micro-reactors can be performed in 12 to 24 months, with a
nominal target of 18 months.

The first placement of safety-related concrete is a significant milestone, and cannot be performed until
the NRC issues a construction permit, for the Part 50 pathway, or a COL, for the Part 52 pathway. The
first safety concrete milestone also marks the point at which construction activities quickly ramp up in
intensity. It is important that the design completion and manufacturing activities are on-schedule to
support timely construction.

Construction of a large nuclear reactor typically takes 6 to 8 years; however, these are mega-projects in
comparison to micro-reactors that have power outputs that are a small fraction of large nuclear
reactors. Micro-reactors utilize far fewer structures and components, and move more of the on-site
construction activities into the factory. Thus, it is estimated that on-site construction for the first micro-
reactor can be performed in 18 months to 36 months, with a nominal target of 24 months.
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4.4 Startup

The reactor startup activities include pre-operational testing and initial on-site fuel loading. The
construction organization typically turns over systems to the operations organizations as they are
completed, rather than waiting for the entire plant to be constructed. This allows the operations
organization to begin testing some systems earlier. The initial fuel loading is a significant milestone.

For a plant licensed under the Part 50 pathway, the NRC must approve an operating license before fuel
can be loaded, which can be submitted before construction is completed.' Part 50 provides an
opportunity for a public hearing before the Commission grants the operating license. The
owner/operator will need to prepare an operating license application that describes the as-built plant
and submit the application for the NRC’s review and approval. It is expected that it would take the NRC
between 30 months and 48 months to review and approve an operating license, with a nominal target
of 36 months. It is noted that there is little recent experience with NRC issuance of a Part 50 operating
license. The last NRC review of a Part 50 operating license, issued in 2015 for Watts Bar 2, lasted just
over 6 years. However, this experience is not expected to be representative of the review time for a
much smaller and simpler micro-reactor.

For a plant licensed under the Part 52 pathway, the NRC must verify that all ITAAC have been completed
and issue a finding pursuant to 10 CFR Part 52.103(g). Part 52 also provides an opportunity for an
adjudicatory proceeding (an “ITAAC hearing”) before the NRC Atomic Safety and Licensing Board, at
least 180 days before the scheduled fuel load date, on the question of whether the facility as
constructed complies with the acceptance criteria in the COL.*

The plant startup encompasses the activities from fuel loading to providing 100% power to the grid, and
includes the hot functional testing and power ascension testing. Startup typically takes 6 months from
the time construction is completed. For a highly simplified micro-reactor, startup is expected to take
between 2 and 6 months, with a nominal target of 3 months. Additional initial tests may be required by
the NRC for the startup of the first-of-a-kind of a new design that could take an additional 3 months.

NRC-licensed operators are required to operate the plant. The NRC requires that these operators be
licensed prior to fuel loading, and prior to either issuing the Part 50 operating license, or making the 10
CFR Part 52.103(g) finding. Operator training and licensing is a process that has historically taken several
years, and in some cases is on the critical path for reactor startup, even for larger reactors that take
longer to construct. Due to the simplicity of micro-reactor operations, it is expected that the operator
training and licensing can be reduced to 18 to 36 months, with a nominal target of less than 24 months.

1981 FR 28905
2010 CFR 52.103
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5 FUEL CYCLE

The NRC will regulate the fuel cycle for NRC licensed micro-reactors for defense installations, since the
fuel cycle contains fissile and radioactive materials. Generally the nuclear fuel cycle is characterized as
the ‘front-end’, which is the supply of new fuel, and the ‘back-end’ which is the storage, transportation
and disposal of used fuel.

5.1 Fuel Supply

The supply of fuel for nuclear reactors includes the fuel design, fuel fabrication, and transportation. The
existing commercial nuclear fuel industry is experienced in supplying uranium-dioxide fuel pellets
enriched to less than 5% U-235 with a zirconium based cladding configured in a square array. Some
micro-reactors may have fuel designs and materials that differ from the traditional LWR fuel. Most of
these differences do not pose significant schedule or licensing risks, although some fuel designs and
materials may require additional testing and validation.

New fuel design, testing and licensing typically takes between 3 years and 6 years, and is modeled with a
target of 4 years for the first micro-reactor. However, the actual duration for new fuel development will
be design specific. Efforts are underway to accelerate the pathway to NRC's approval of new fuel designs
through increased use of 