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1 INTRODUCTION

The U.S. Nuclear Regulatory Commission (NRC) is committed to enabling the safe use of new
technologies, especially those that can increase the safety of NRC -regulated facilities. The
U.S. nuclear industry, with the assistance of the U.S. Department of Energy (DOE), plans to
deploy batch loads' of certain accident tolerant fuel (ATF) concepts, fuels with higher burnup
levels, and fuels with enrichment above the current 5 weight percent uranium-235 in the
operating fleet on an aggressive timeline (by the mid-2020s). The NRC is optimistic that its
preparation strategy and new paradigm of fuel licensing outlined in this Project Plan will support
that schedule while still providing reasonable assurance of public health and safety at

U.S. nuclear facilities and installations. The NRC understands that it may face challenges in its
preparations and technical and licensing reviews, but it is committed to working through such
challenges in a thoughtful and deliberative manner.

In an attempt to increase regulatory stability and certainty, enhance and optimizing NRC review,
and reduce the likelihood of not meeting the requested schedules (i.e., schedule risk), the staff
has developed this plan, which includes a vision for a new paradigm for the licensing of ATF,
higher burnup, and increased enrichment. The staff believes that adherence to this strategy will
benefit all the agency’s stakeholders in the planned deployment of ATF designs, higher burnup,
and increased enrichment.

The NRC staff has extensively engaged with its stakeholders in the development and
finalization of each version of the Project Plan, consistent with the NRC’s principles of good
regulation and statutory requirements. The staff has held one public meeting with external
stakeholders, including licensees, nuclear fuel vendors, industry groups, nongovernmental
organizations, and international counterparts for Version 1.2 and the meeting summary can be
found in the Agencywide Document Access and Management System (ADAMS) at Accession
Nos. MLxxxxxxxxx. The staff found this interaction and the previous interactions for ATF Project
Plan Versions 1.0 and 1.1 (ADAMS Accession Nos. ML18261A414 and ML19301B166,
respectively) invaluable, and has considered the views and comments of the NRC’s
stakeholders in finalizing this Version 1.2 of the ATF Project Plan.

The Project Plan presents the high-level strategy that the staff will follow to ensure that it is
ready to review ATF, higher burnup, and increased enrichment topical reports (TRs) and/or
licensing actions for the entire nuclear fuel cycle within the schedules requested by the industry.
At this point, the strategy is concept and technology independent. ATF “concepts” are defined
as a family of ATF designs developed by vendors with largely similar characteristics. Examples
include coated zirconium (Zr) alloy claddings, steel claddings, silicon carbide (SiC) claddings, or
metallic fuels. Individual vendors may implement variations within each concept as specific
technologies.

' A batch reload is defined as the typical number of fuel assemblies that are replaced in the reactor core
after each operating cycle; this is generally around one-third of the total fuel assemblies in the core.



2 BACKGROUND

In a coordinated effort under the direction of the NRC’s ATF steering committee, the Office of
Nuclear Reactor Regulation (NRR), Office of Nuclear Material Safety and Safeguards (NMSS),
and Office of Nuclear Regulatory Research (RES) are preparing for the licensing, fabrication or
production and use of ATF, higher burnup, and increased enrichment in U.S. commercial power
reactors.

In coordination with DOE, several fuel vendors have announced plans to develop and seek
approval for various fuel designs with enhanced accident tolerance (i.e., fuels with longer coping
times during loss of cooling conditions), higher burnup, and increased enrichment. The
concepts considered in the development of this plan, both within and outside of the DOE
program, include coated claddings, doped uranium dioxide (UO-) pellets,
iron-chrome-aluminum-based (FeCrAl) cladding, SiC cladding, uranium nitride (UN) pellets
(replaced the previously under-development uranium silicide (U3Siz) pellets), and metallic fuels
(e.g., Lightbridge).

Based on stakeholder interactions, the NRC staff is aware of industry’s plans to request higher
fuel burnup limits along with the deployment of near-term ATF concepts because it provides an
economic balance to the increased cost of ATF. The staff expects an increase of fuel burnup
limits up to approximately 75 gigawatt days per metric ton of uranium (GWd/MTU) rod-average
(or equivalent). To achieve those burnups, the industry will need to requests increases in fuel
enrichment from the current standard of 5 weight percent uranium-235 up to approximately

10 weight percent uranium-235, which the industry has labeled as low enriched uranium

plus (LEU+)2. Additionally, on January 14, 2019, the President signed the Nuclear Energy
Innovation and Modernization Act (NEIMA). NEIMA, Section 107, "Commission Report On
Accident Tolerant Fuel," provides a definition of ATF as a new technology that: (1) makes an
existing commercial nuclear reactor more resistant to a nuclear incident; and (2) lowers the cost
of electricity over the licensed lifetime of an existing commercial nuclear reactor. Due to this
economic link between higher burnup, increased enrichment, ATF technologies, and the NEIMA
definition, pursuit of higher burnup and increased enrichment is considered a component of the
ATF program.

This Project Plan covers the complete fuel cycle, including consideration for the front-end (i.e.,
enrichment, fuel fabrication, fresh fuel transportation) and back-end (i.e., spent fuel
transportation and storage), and outlines the strategy for preparing the NRC to license ATF
designs, higher burnup, and increased enrichment. It also identifies the lead organization for
each planned activity. This plan only briefly touches on existing licensing activities, such as the

2 LEU+ is a term used by industry to describe the enrichment levels that the ATF near term concepts will
be enriched to. Another term used by industry and DOE is the term high assay low enriched uranium
(HALEU) which they define as fuel enriched from 5 weight percent uranium-235 and less than 20 weight
percent uranium-235. Both of these industry terms fall under NRC regulatory definition of LEU defined in
10 CFR 50.2 as fuel in which the weight percent of U-235 in the uranium is less than 20%.



TR process, the implementation of lead test assembly (LTA) programs, the license amendment
request (LAR) process, and front-end and back-end licensing actions, as such activities follow
existing processes that have well-established schedules and regulatory approaches or are
being clarified through NRC initiatives outside of the ATF Steering Committee and Working
Group.

In preparing the agency to conduct complete and timely reviews of these new fuel designs, the
NRC is reviewing the existing regulatory infrastructure and identifying needs for additional
analysis capabilities. The NRC has entered a memorandum of understanding (MOU) with DOE
to coordinate on the nuclear safety research of ATFs that will make the appropriate data
available for regulatory decision-making processes. In addition, the NRC has established an
MOU with the Electric Power Research Institute (EPRI) to facilitate data sharing and
coordination on expert elicitation.

For the purpose of developing this plan, ATF concepts are broadly categorized as near-term
and longer term. The plan considers near-term ATF concepts as those for which the agency
can largely rely on existing data, models, and methods for its safety evaluations (SEs). Coated
cladding, FeCrAl cladding, and doped UO: pellets are the current near-term ATF concepts. The
industry is pursuing coated cladding and doped pellets for deployment by the mid-2020s;
however, licensing or deployment dates for FeCrAl have not been provided to the NRC at this
time. Longer-term ATF concepts are those for which substantial new data, models, and
methods need to be acquired or developed to support the agency’s SEs. UN fuel, metallic fuel,
and SiC-based cladding are the current longer-term ATF concepts. “Near-term” and “longer
term” are often terms of convenience used to indicate the current expected deployment
timeframe for the ATF concept. Potential licensing and deployment dates for the longer-term
technologies have not been provided to the NRC at this time.

Regulatory requirements do not vary between near-term and longer-term concepts, and the
NRC will evaluate all designs based on their individual technical basis. The timeline for
licensing will be commensurate with the deviation of the ATF technology from the current state
of practice and the number and complexity of issues related to phenomena identified during an
expert elicitation process (e.g., a phenomena identification and ranking table (PIRT) exercise).
The agency is focusing its current ATF licensing preparation on the use of ATF in light-water
reactors (LWRs) in the operating fleet. Some overlap may occur between LWR ATF fuel
development and fuel safety qualification of some types of non-LWR fuels for advanced reactor
designs. As appropriate, the NRC will leverage previous experience to help optimize licensing
efficiency and effectiveness, and reduce schedule risk

This Project Plan will be a living document that may evolve as (1) ATF concepts, higher burnup,
and increased enrichment are more clearly defined, (2) schedules are refined, (3) the
knowledge level of specific concepts increases as experimental testing programs are
completed, and (4) potential extensions to the current operating envelope of fuel are identified.



2.1 NRC Staff Organization

The NRC’s ATF, higher burnup, and increased enrichment activities are led by the ATF Steering
Committee, which is made up of the executives who lead the technical and licensing divisions
involved with ATF. The ATF Steering Committee is headed by the Director of the Division of
Safety Systems in NRR.

Figure 2.1 The NRC’s ATF Steering Committee
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Additionally, the working-level ATF Working Group consistently contains staff members from:

Figure 2.2 The NRC’s ATF Working Group
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Staff from many other Divisions and NRC Offices, have become involved in Steering Committee
meetings and Working Group activities because ATF, higher burnup, and increased enrichment
touches almost every aspect of the nuclear fuel cycle. The work necessary to prepare for ATF,
higher burnup, and increased enrichment is truly an agencywide effort that requires coordination
and support from multiple technical, projects, administrative, and legal organizations within the
NRC.

2.2 ATF Workload Management and Staff Skillsets

The majority of the staff efforts for ATF will be performed by the members of the divisions
involved in the ATF Working Group; however, many different organizations can be involved with



ATF-related activities on limited bases. Staff from these other organizations, such as OGC and
the NMSS rulemaking branch, may be requested to fulfill roles when needed. To ensure
appropriate participation and effort, managers of the requested staff must approve of their
ATF-related roles and assignments.

When it is determined that necessary skillsets are not available within the current staff, the NRC
will put forth the effort to develop staff and contractors with critical skills required to support
projected applications of high to moderate certainty.

3 ACCIDENT TOLERANT FUEL LICENSING PROCESS

This Project Plan focuses on the NRC’s preparations to conduct efficient and effective reviews
for ATF designs, higher burnup, and increased enrichment on a schedule consistent with
industry-requested timelines. Many different types of NRC reviews are necessary before ATF,
higher burnup, and increased enrichment can be adopted by industry.

TRs provide the generic safety basis for a fuel design and do not, by themselves, grant approval
for operating plants to begin loading ATF, higher burnup, or increased enrichment. These
reviews for new fuel designs have historically taken between two and three years to complete.
Based on past experience, vendors should also anticipate that the NRC’s Advisory Committee
on Reactor Safeguards may request to review TRs and should include time for such reviews in
their planning and schedules.

In addition, a licensee may need to submit a plant-specific LAR to modify its license to allow for
the use of an ATF design, higher burnup, or increased enrichment. LARs address all
plant-specific aspects of implementing an ATF design. Traditionally, new fuel design LARs are
typically completed on a 18-month review schedule; however, the length of time required to
review a new ATF design, higher burnup, and/or increased enrichment LAR is heavily
dependent on many factors, including the amount of licensing credit requested by the licensee,
number of components of the request (e.g., just an ATF design, an ATF design combined with
higher burnup, or an ATF design combined with higher burnup and increased enrichment), and
other relevant submittal information. Approximate LAR review timelines can only be provided to
industry when applications are received and an acceptance review is performed to determine
the scope of the review. Upon final approval of the plant-specific LAR, a licensee would be
authorized to load and irradiate batch quantities of the specific ATF design, higher burnup, and
increased enrichment in accordance with its license.

In addition to power reactor TRs and LARSs, there are many necessary materials-related
licensing actions for both the front-end and back-end of the fuel cycle both before and after
batch loading of ATF, higher burnup, and increased enrichment into power reactors. Some
examples of these actions are enrichment facility license amendments to increased allowed
enrichment levels, fuel fabrication facility licensing to manufacture new fuel designs, changes to
transportation package and dry cask certificates of compliance, and changes to specific licenses



for independent spent fuel storage installations. Many of the front-end licensing actions need to
be completed in advance of insertion of fuel with ATF designs, higher burnup, and/or increased
enrichment. The utilization of ATF, higher burnup, and/or increased enrichment would not be
possible without these vital materials-related licensing actions.

3.1 Assumptions

Given the current uncertainty related to the development and deployment of ATF concepts, the
NRC staff made the following major assumptions to help in its development of this plan:

. The NRC will not need to perform independent confirmatory testing for specific ATF
designs, higher burnup, or increased enrichment. The NRC expects that the applicant,
DOE, international multi-party research projects, or other organizations will provide the
agency with all data needed to support the safety basis for a concept. Additionally, the
NRC expects that all reactor and test-generated fuel behavior data will be provided to
the agency in a timely manner so that it can assess NRC analysis capabilities. If
NRC-performed confirmatory testing is necessary due to a large safety significance and
uncertainty, then the timelines detailed in this Project Plan are no longer applicable.

. Interaction with DOE, EPRI, vendors, and other organizations involved in ATF-related
experimental programs will take place in real-time and, whenever possible, in advance of
experiments being conducted.

. The NRC'’s interactions with external stakeholders will keep the staff and stakeholders
informed about both technical and programmatic developments that are affecting
activities identified in this Project Plan.

3.2  Project Plan Paradigm
This Project Plan envisions an improved fuel licensing paradigm, depicted in Figure 3.1, that

can increase the efficiency, increase the effectiveness, and reduce schedule risk of the NRC'’s
review of ATF designs, higher burnup, and increased enrichment.
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Figure 3.1 ATF Project Plan new paradigm
3.2.1 Old Paradigm

In the old paradigm, the NRC is reactionary to the nuclear industry’s activities. The NRC would
often find out about a new technology only when a vendor or licensee submits a licensing action
or requests a presubmittal meeting close to the submittal date. At this time, the NRC staff would
start three activities:

¢ educating themselves on the technologies through research and discussion with the
applicant.

e assessing potential changes to the regulatory infrastructure once they have a sufficient
amount of information from the submittal or presubmittal meeting.

¢ developing the fuels analysis codes and models to ensure that independent
confirmatory calculations are available for licensing needs.

This education, changes to regulatory infrastructure, and code and model development are
started after the development of the technical bases for the new technology. Additionally, the
lack of guidance and information exchange can result in a mismatch between submittals and
NRC staff expectations, possibly resulting in resource intensive requests for additional
information (RAIs) and extending the time necessary to resolve technical and/or regulatory
issues. Both of these challenges can result in significant risk to the review schedule.



3.2.2 New Paradigm

Industry’s pursuit of ATF, increased enrichment, and higher burnup has led the staff to reflect on
the NRC'’s fuel licensing process and determine where improvements can be accomplished and
where schedule risk can be reduced. The goal of this new paradigm is to enhance regulatory
stability and reduce risk to the timeline required for licensing activities following the completion
of the technical basis to support an ATF design, higher burnup, or increased enrichment.

As illustrated in Figure 3.1, the Project Plan encourages data and information sharing with NRC
staff in parallel with the development of the technical basis for new technologies. The data
sharing and early NRC staff engagement with the vendor during this time will be critical in
reducing the schedule risk. In addition to the information sharing, the staff can begin
familiarizing themselves with, and gathering information on, the technology at a much earlier
stage. If appropriate, the NRC may also conduct a PIRT exercise for each ATF concept when
necessary, as explained in Section 3.2.3 below. Based on the outcome of the PIRT process or
other preparatory activities, staff may opt to make changes to the regulatory infrastructure as
needed. Any changes to the regulatory infrastructure will involve significant communication with
agency stakeholders to maintain transparency and clearly communicate regulatory expectations
to the vendors. The staff also will begin preparing agency codes to minimize any lead time
needed for performing confirmatory calculations after applications are received.

The success of the new paradigm is contingent on the early industry engagement and voluntary
sharing of information with the NRC. Without these two key activities, the licensing process will
have to proceed under the old paradigm, resulting in greater schedule risk.

3.2.3 Phenomena Identification and Ranking Table Exercises

As stated above, the success of the strategy outlined in the Project Plan has the staff conduct
thorough and meaningful PIRT exercises for each concept and maintain the results of the PIRT
as the collective state of knowledge for each concept is advanced. For the purpose of this
Project Plan, the term PIRT is defined as an expert elicitation process in which panelists will
identify and rank new phenomena important to safety introduced by an ATF concept, higher
burnup, or increased enrichment. The staff foresees that these exercises will vary greatly in
scope and depth based on the departure of the concept from the current state of practice and
the maturity of the concept. Some examples of potential exercises include independent NRC
review of an industry generated failure mode analysis, a coordinated NRC and vendor exercise
on a vendor-specific concept, and a multi-day PIRT panel with topical experts similar to previous
NRC PIRTSs such as on high-temperature gas reactors.

The experts selected for the PIRT panel should consider the full intended use of the concept to
ensure that the PIRT results are meaningful even if initial licensing applications do not intend to
seek credit for the enhanced capabilities of the concept. A lack of consideration of the full
operating envelope in the initial PIRT exercise could lead to uncertainty further along in the
process when a vendor or licensee does seek to credit those capabilities.

10



The NRC staff relies on the agency’s significant expertise in the Zr-clad UO- fuel system during
the review of current fuel licensing submittals. However, the staff does not necessarily have this
same level of knowledge for all the ATF concepts, higher burnup, or increased enrichment that
industry is currently pursuing. The NRC staff is monitoring the literature and experimental
testing programs conducted in the public domain and is participating in industry and DOE
update meetings on ATF concept development. However, more in-depth expertise may be
needed to support the efficient and effective review of ATF, higher burnup, and increased
enrichment licensing submittals. PIRT exercises will allow the staff to benefit from external
expertise to identify phenomenon important to safety for each concept and, therefore, to refine
the regulatory framework that is necessary for a concept ahead of licensing submittals and that
will serve as baseline guidance for the NRC'’s technical review.

In addition to concept-specific PIRTs, discipline-specific PIRTs may be useful in some cases.
Examples considered to date include PIRTs in the areas of severe accidents, storage and
transportation, burnup above 62 GWd/MTU rod-average (or equivalent) and enrichment above
5 weight percent. The experts necessary to identify and evaluate new phenomena important to
safety in these areas should be the same or similar experts for all or many of the ATF concepts,
higher burnup, and increased enrichment under development. Therefore, the NRC staff
believes that it would be more efficient to conduct these PIRTs in a discipline-specific manner
instead of as part of the concept-specific exercises.

The NRC completed the first ATF PIRT exercise on Cr-coated cladding in June 2019. The PIRT
began by collecting publicly available data on coated cladding concepts and producing an initial
literature review, which was completed in January 2019 (ADAMS Accession No.
ML19036A716). This literature review was used as background material for the experts who
participated in the panel discussion and provided input to the final report (ADAMS Accession
No. ML19172A154). This followed the schedule in the first version of the Project Plan.

Experts participating in the panel had background from academia, national labs, the nuclear
industry and high temperature coatings. A multi-day public meeting was held where the experts
discussed the initial report and their areas of expertise. After rating a list of fuel damage
mechanisms by importance and level of knowledge the report was finalized.

This final PIRT report was then used to inform the development of interim staff guidance (ISG)
on coated cladding. This guidance will be used to inform NRC staff reviews of coated cladding
TRs and will ultimately be incorporated into NUREG-0800, “Standard Review Plan for the
Review of Safety Analysis Reports for Nuclear Power Plants: LWR Edition”, otherwise known
as the Standard Review Plan (SRP).

While the ISG was produced on an expedited timeline to facilitate issuance prior to the
anticipated topical report submittals on coated cladding, the NRC staff have made efforts to
include stakeholders in the process. This effort included opening the PIRT up as a public
meeting, holding multiple public meetings on the ISG, and noticing the ISG in the Federal
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Register for public comment. The ISG was issued on January 3, 2020 (ADAMS Accession No.
ML19343A121).

The NRC completed a second PIRT exercise which covered the performance in severe reactor
accidents of the current ATF concepts, higher burnup fuel, and fuel with enrichment above 5%.
It also assessed the impact of ATF, higher burnup, and increased enrichment on accident
source terms. The PIRT exercise took place from September 2020 through April 2021 and was
led by NRC contractors at Energy Research Inc. The final report was completed in April 2021
(ADAMS Accession No. ML21113A277).

The NRC will develop timelines for subsequent ATF PIRT exercises and additional
implementation details through coordination with its external stakeholders.

3.2.4 Effectiveness of the New Paradigm

The new paradigm for fuels licensing is a concept designed to increase efficiency and reduce
schedule risk for NRC staff reviews of ATF, higher burnup, and increased enrichment licensing
actions. It does not define the NRC’s capability to review applications; the completion of the
actions of the new paradigm (and the Project Plan as a whole) are not a “go” or “no go”
measure determining if ATF technologies can be licensed today. The current licensing and
regulatory framework continues to be applicable to near-term ATF, higher burnup, and
increased enrichment without the activities promoted by the new paradigm. However, without
these activities, there is increased schedule risk.

3.2.4.1 New Paradigm Effects on In-Reactor Topical Reports

The determining factor on whether the TR reviews can be completed on the industry’s
requested expedited timelines is driven largely by the quality and completeness of the
submittals, including the information and technical data received from all sources. ATF uses
technologies that are being licensed for the first time; higher burnup and increased enrichment
are not new technologies but go beyond previous limits. It takes time for the staff to become
familiar with new technical issues and the challenges that these bring, and to incorporate the
data into confirmatory codes. As seen in Figure 3.3, the more technical data and knowledge the
staff has received before and with a submittal, the better prepared the NRC staff will be to
perform an efficient review with less schedule risk. The early information and technical data
necessary to achieve fewer RAls and conditions on use will vary with each ATF concept, higher
burnup, and increased enrichment. For example, coated cladding and doped pellets have a
minimal departure from currently licensed fuel; therefore, a large portion of the information and
data necessary to make a safety determination is available and understood by the technical
staff. In contrast, information and data for higher burnup and increased enrichment is not as
available; therefore, more is needed to make a safety finding.

12
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Figure 3.3 Data and Information vs. New Paradigm Efficiency

Additionally, communication with the applicants regarding their schedules is important to allow
for the timely adjustment of staff resources for regulatory infrastructure changes (if any) and
forthcoming submittals. Topical report project managers will encourage vendors to discuss their
plans early and often regarding planned topical reports, including pre-submittal meetings.

Finally, the NRC needs to receive high quality® submittals to meet the requested timelines. The
increased communications and pre-application efforts will not be successful if applicants do not
provide a complete and data-supported application.

As the NRC does not plan to collect its own technical data, there is an expectation that sufficient
data to support the safety basis for an ATF concept will either be submitted with the licensing
application or will be available in public literature or from other stakeholders.

3.2.4.2 New Paradigm Effects on In-Reactor License Amendment Requests

Many of the aspects of the new paradigm translate into efficiencies for in-reactor LARs. Similar
to the concept in Figure 3.3 for TRs, the more information the NRC has regarding a licensee's
plans for in-reactor use, the more likely it will be that the NRC can meet the requested date for
issuance of an amendment. Licensing project managers in the Division of Operating Reactor
Licensing in NRR will encourage licensees to discuss their plans early and often regarding
planned LARs, including pre-submittal meetings.

3 “High quality” consists of, among other things, quantities of data and detailed discussions sufficient to
thoroughly support the assertions made in the submittal. Applications that do not adequately support the
contained assertions often result in requests for information and extended review timelines because the
staff is not initially able to make a safety determination without additional review steps.
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It is likely that licensees will be using varied approaches to license ATF, higher burnup, and
increased enrichment for their facilities; therefore, the technical data needed by NRC staff to
review ATF LARSs is closely tied to the specific licensing approaches. For example, a licensing
approach reliant on the performance of current fuel without taking additional credit for ATF
safety improvements may require less data than one that takes significant credit for those
improvements. For this reason, a defined set of required application contents could be
unnecessarily prescriptive and inhibit flexibility by the applicant and the NRC.

The NRC staff is currently reviewing the regulations and guidance to identify the extent of their
applicability to in-reactor LARs on coated cladding, doped pellets, higher burnup, and increased
enrichment. A table of this applicability assessment can be found in Appendix A of this Project
Plan and is discussed further in Section 7.1 of this plan. This list includes items that are not
reviewed for most fuel-material TRs, such as dose assessments and environmental reviews.
The identification of a regulation or guidance that is not fully applicable does not mean that ATF,
higher burnup, and increased enrichment LARs cannot be reviewed today; there are regulatory
strategies that can be used to proceed forward in the review (e.g., sensitivity studies to
ascertain the importance of parameters on predicting pertinent phenomena). However,
schedule risk may be higher until such regulations or guidance are made fully applicable.

3.2.4.3 New Paradigm Effects on Front-end and Back-end Licensing Actions

As with in-reactor LARs, many of the aspects of the new paradigm translate into efficiencies for
fuel cycle front-end and back-end licensing actions. The more technical data and knowledge
the staff has received before and on day one of a review, the more prepared the NRC will be
and the lower the risk that the review will not meet the requested expedited timeline due to
unforeseen technical or regulatory issues. The NMSS project managers will encourage their
licensees and certificate holders to discuss their plans early and often, including pre-submittal
meetings.

The NRC staff is currently reviewing the regulations and guidance to identify the extent of their
applicability to front-end and back-end licensing actions on coated cladding, doped pellets,
FeCrAl cladding, higher burnup, and increased enrichment can be found in Appendix A of this
Project Plan and is discussed further in Section 7.1 of this plan. The identification of a
regulation or guidance that is not fully applicable does not mean that ATF, higher burnup, and
increased enrichment front-end and back-end licensing actions cannot be reviewed today;
however, schedule risk will be higher until such regulations or guidance are made fully
applicable.
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3.2.5 Lessons Learned within the New Paradigm

Below are some broad lessons learned from experiences in the new paradigm with LTAs, TRs,
and other licensing actions that will help the NRC ensure efficient reviews of ATF technologies.

e Commitment to any specific technology from power reactor licensees is important for
resource planning. The fuel vendors are strongly pushing ahead and are interacting with
NRC staff. The NRC staff is looking forward to receiving scheduling information
from power reactor licensees so the staff are able to prepare for license amendments to
the desired extent.

e Early communication and pre-application interactions between the staff and
applicant/licensee is essential for all licensing actions across the entire fuel cycle

o Staff knowledge is needed on how the technology meets (or fails to meet) the consensus
codes and standards and/or regulations prior to submittal

o Staff knowledge of past research and staff ability to conduct appropriate confirmatory
research to strengthen the basis for reasonable assurance of adequate safety are
needed

o If the data is still being collected, the applicant will need to compensate for the lack of
data to provide a safety basis.

e Significant coordination across the NRC Offices is paramount and many technical
disciplines are included across the agency.
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4 STAKEHOLDER INTERACTIONS

The new paradigm for ATF, higher burnup, and increased enrichment employs early
communication with stakeholders to maintain transparency and provide regulatory stability
through the issuance of documents, such as the coated cladding ISG, and outreach activities,
such as discussions during public meetings, conferences, and NRC-led workshops. The NRC
is committed to actively engage in industry project update meetings and support staff
participation in experimental program discussions to maintain awareness of industry and DOE
efforts to prepare for regulatory reviews. The staff will continue to follow existing NRC policies
for all stakeholder interactions regarding ATF, higher burnup, and increased enrichment.

The NRC’s enhanced stakeholder communications are designed to:

o Allow NRC staff to become more familiar with ATF concepts, which will help enable
more efficient review of ATF applications.

e Remain closely engaged with the organizations and entities acquiring data and adjust
this Project Plan as new information becomes available.

e Prevent delayed recognition of required changes to the regulations or guidance to
reduce schedule risk. The staff has initiated dialogue with stakeholders to communicate
timelines required for modifications to the regulatory infrastructure and to solicit input for
changes that may be necessary for the different ATF concepts.

¢ Allow a more efficient NRC resource reallocation due to industry changes in direction
and schedules.

¢ Provide opportunities for the public to interact with the NRC and provide input since the
industry’s ATF, higher burnup, and increased enrichment deployment is expected to
request an accelerated licensing schedule.

Table 4.1 outlines key meetings and interactions scheduled during the development and review
of ATF designs.
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Table 4.1 Meetings and Stakeholder Interactions

Meeting Frequency Desired Outcome
EPRI/DOE/Idaho National Assess the technical progress of ATF
. research and development (R&D).

Laboratory (INL) update Biannually L . .

. Obtain information necessary for developing
meetings . s . . .

analytical capabilities and licensing strategies.
TOPFUEL (rotates between Assess the technical progress of ATF R&D.
the United States, Europe, Annually Obtain information necessary for developing
and Asia) analytical capabilities and licensing strategies.
ATF standards and guidance
development activities with
the Organization for
Economic Co-operation and Discuss licensing approach with international
Annually
Development /Nuclear counterparts.
Energy Agency, International
Atomic Energy Agency, and
international counterparts
: Assess the technical progress of ATF R&D.

Fuel vendor update meetings Obtain information necessary for developin
(rotates from NRC Annually v ping

Headquarters to the vendor’s
headquarters)

(per vendor)

analytical capabilities and licensing strategies
(in addition to a number of other non-ATF
outcomes).

ATR/TREAT test planning

Develop an understanding of testing that will

and test observation N characterize the performance characteristics
. scheduled .
meetings of ATF designs.
International Conferences As Understand and coordinate ATF research and
and Workshops scheduled | knowledge with international counterparts
ATF fuel fabrication facilities Develop an underst_an.dlng of rpanufacturmg
, As needed | processes and obtain information for
tour and audit . . .
developing licensing strategies.
Participation CRAFT and As Assess the progress of industry and provide
ESCP committees scheduled | NRC viewpoint when requested.
DOE/NRC management Discuss progress and coordinate ATF
: Monthly o
meetings activities.
Discuss technical subjects with vendors and
Design-specific pre- and licensees. These meetings will contain a
; . As needed . . > .
post-submittal meetings public portion when possible for public
comment.
- . Provide information and the ability for the
NRC-initiated focused-topic As needed | public to interact with the NRC on a specific

meetings

technical and regulatory area(s)
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5 INITIATING STAFF ACTIVITIES

Because of design-specific aspects and schedules, the NRC’s activities are linked to the
industry’s progress and plans to deploy ATF, higher burnup, and increased enrichment. For this
reason, the agency must have ways for communicating schedules and resource needs in
advance of licensing activities. One way to communicate schedules with industry is through
routine project manager interactions with vendors and licensees. Power reactor, vendor, and
fuel cycle project managers will communicate with their vendors and licensees as needed to
maintain awareness of changes to schedules and/or direction. Additionally, fuel vendors host
routine update meetings, such as the annual fuel update meetings listed above. As with the
informal communication with project managers, these meetings provide awareness of any
changes to vendor schedules and/or direction.

The staff will choose to issue generic communications when deemed necessary to obtain
industry schedules. To understand fuel cycle vendor and licensee progress and plans, the staff
issued Regulatory Issue Summary (RIS) 2019-03, “Pre-Application Communication and
Scheduling For Accident Tolerant Fuel Submittals,” on November 20, 2019 (ADAMS Accession
No. ML19316B342). This RIS seeks ATF scheduling information for preapplication activities,
topical report submittals, and other licensing submittals from 10 CFR Part 70, 71, and 72
licensees. Generic communications to power reactor licensees will be issued on an as-needed
basis.

This Project Plan provides estimated lead times for each agency activity associated with
preparing to conduct effective and efficient licensing reviews of ATF TRs, LARs, and front-end
and back-end licensing actions. As the NRC staff gains more experience with these reviews, it
will adjust lead times to account for difficulties or efficiencies, as necessary. These lead times
dictate when data should be provided by the vendors or licensees ahead of submittals and a
formal communication of intent should be made through a response to a RIS, pre-submittal
meetings, or other formal interaction with the staff as discussed above.

5.1 Initiating Activities for FeCrAl and Longer Term ATF Technologies

The staff is aware that in the current environment, the focus, momentum, and maijority of capital
investments for the industry is on coated cladding, doped pellets, higher burnup, and increased
enrichment. The NRC staff will start the refinement of the regulatory infrastructure for the other
technologies (i.e, FeCrAl cladding, SiC cladding, UN pellets, an extruded metallic fuel) when the
industry members provide projected submittal dates for future licensing actions for those
technologies. The staff shall maintain discussions with the vendors and possible applicants to
learn when future licensing actions will be submitted.
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6

PREPARATORY ACTIVITIES

The NRC staff has grouped its preparatory activities into four tasks. The highlights of each task
are briefly described below; subsequent sections describe these tasks in full detail.

6.1

6.2

Task 1: Regulatory Framework, In-Reactor Performance

Participate in coordinated PIRT exercises on in-reactor degradation mechanisms and
failure modes under a wide array of accident conditions, performance-based metrics,
and analytical criteria to ensure acceptable performance.

Perform a review to (1) evaluate the applicability of existing regulations and guidance for
each ATF design, higher burnup, and increased enrichment (2) identify changes to, or
the need for, new regulations and guidance, and (3) identify any key policy issues. The
table in Appendix A of this Project Plan provide this information for coated cladding,
doped pellets, higher burnup, and increased enrichment, which industry plans on
adopting in the near term (mid-2020s). The staff are developing plans to resolve the
actions contained within the table.

Identify consensus standards that need to be updated for ATF, higher burnup, and
increased enrichment and participate in the update process where appropriate.
Determine and clarify the regulatory criteria that need to be satisfied for partial or full
core use of ATF, higher burnup, and increased enrichment and the regulatory options
available to applicants and vendors. The ISG for chromium coated cladding was
released to satisfy this task, and the staff are continually assessing the need for
additional work on this task for higher burnup and increased enrichment.

As needed, resolve policy issues and initiate rulemaking and guidance development
activities. Because of industry’s intent to adopt increased enrichment, the staff has
begun the process of requesting approval from the Commission to investigate further.
Prepare for the submission of LARs by industry that may contain many differing ATF,
higher burnup, and increased enrichment adoption strategies. To support planning
efforts, the NRC staff provides consistent requests to licensees for information regarding
their adoption plans.

Task 2: Fuel Cycle, Transportation, and Storage Regulatory Framework
Perform a review to (1) evaluate the applicability of existing regulations and guidance for
each ATF design, higher burnup, and increased enrichment, (2) identify changes to, or

the need for, new regulations and/or guidance, and (3) identify any key policy issues in
the areas of fuel cycle, transportation and dry cask storage.
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6.3

6.4

Applicable regulations are 10 CFR Part 70, “Domestic Licensing of Special Nuclear
Materials”; 10 CFR Part 71, “Packaging and Transportation of Radioactive Material”; and
10 CFR Part 72, “Licensing Requirements for the independent Storage of Spent Nuclear
Fuel and High-Level Radioactive Waste, and Reactor-Related Greater Than Class C
Waste,” which are largely performance based; therefore, the staff does not anticipate
identification of gaps or deficiencies in these regulations for licensing or certification of
ATF designs, higher burnup, and increased enrichment.

In preparing staff to receive applications related to ATF concepts and increased
enrichments, NRC developed a critical path schedule that was sent to stakeholders on
August 26, 2019 (ADAMS Accession No. ML19235A261), identifying key dates for which
NRC should receive licensing and certification applications from fuel facilities and fuel
vendors to conduct an efficient review in order to support industry’s ability to achieve
ATF deployment in 2023.

Applicability of the current guidance may change as the fuel cycle industry develops
plans for manufacturing, transporting, and storing ATF, higher burnup, and increased
enrichment. The NRC will monitor the fuel cycle industry’s plans and develop any
necessary new or updated regulatory guidance in a timely manner.

Task 3: Probabilistic Risk Assessment Activities

The staff will evaluate how industry batch loading of ATF, higher burnup, and increased
enrichment may affect the current risk-informed programs such as risk-informed
technical specification initiatives 4b and 5b (ADAMS Accession Nos. ML18183A493
and ML090850642, respectively).

The NRC'’s risk-informed oversight activities (e.g., the significance determination
process) depend on standardized plant analysis risk (SPAR) models, which may need to
be updated to reflect the batch loading of ATF, higher burnup, and increased
enrichment. The staff is using the independent confirmatory calculation capabilities, as
discussed below in Task 4, to evaluate the new technical information as it is received.
The results from these calculations along with requested license amendments will be
used to support any needed SPAR model updates. &

Task 4: Developing Independent Confirmatory Calculation Capabilities

The NRC typically performs independent confirmatory calculations to review cases in which
uncertainties are large or the margin is small regarding the safety of the proposed change.
These calculations performed by the staff provide increased confidence in the applicant’s
results. For initial ATF, higher burnup, and increased enrichment licensing for which limited data
will be available to formulate and validate models, independent confirmatory calculations will
likely be needed. In these instances, the staff that performs the confirmatory calculations must
have a clear understanding of (1) the assumptions and limitations of the analytical tools that it
uses, (2) the range of conditions for which the code has been validated, and (3) the nature of
the validation database.
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Based on the information available to date, the staff believes it will be more efficient and
effective to pursue relatively minor modifications to existing NRC codes to model near-term ATF
fuel concepts, higher burnup, and increased enrichment. The NRC has specifically tailored and
extensively validated its codes to evaluate regulatory requirements and phenomena important to
safety. These features make the codes easy to use and provide the staff high confidence in the
results. At this time, the NRC plans to modify the codes that are developed to analyze fuel
performance, thermal hydraulics, neutronics, and severe accidents and source terms. In
addition, the staff is considering modifying existing NRC-developed codes to model longer term
ATF fuel concepts in cases that require minimal effort. A more detailed discussion of this effort,
including the status of NRC staff activities, can be found in Section 10.

Where possible, the NRC will coordinate with DOE to reduce duplication of effort.

6.4.1 Advanced Modeling and Simulation

NRC staff maintain an awareness of the advancements in modeling and simulation for nuclear
applications. The staff expects to continue to follow DOE’s development efforts in the area of
advanced modeling and simulation and to search for opportunities to leverage their capabilities.
The staff is aware of efforts to use advanced modeling and simulation in a variety of applications
or families of codes: mechanistic codes, steady-state codes, and transient codes. Although
advanced modeling and simulation in mechanistic codes can inform experimental programs,
improve upon highly empirical correlations, and identify testing priorities, current advanced
modeling and simulation tools do not appear to be mature enough to substitute modeling for
experiments because of the complex nature of fuel and reactor behavior. Further, the state of
knowledge in many areas still only permits semi-empirical modeling of key phenomena.
Validation of these tools against relevant data will be essential to demonstrate their potential to
support licensing activities. The staff will continue to coordinate with DOE and the national
laboratories to better understand the capabilities of the DOE codes to potentially reduce the
number of time-consuming and costly experiments and demonstrations.
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7 TASK 1: 10 CFR PART 50, 10 CFR PART 52, AND
10 CFR PART 100 REGULATORY FRAMEWORK, INREACTOR
PERFORMANCE

To prepare the agency to conduct complete and timely licensing reviews of ATF designs, higher
burnup, and increased enrichment, well-developed and vetted positions are needed on potential
policy issues that may arise during the review and licensing process. These positions must be
communicated to stakeholders clearly and early.

This task contemplates two distinct ATF concept activities that may require changes to the
regulatory framework to be performed within the requested timeframes: (1) approval of TRs and
LARs to allow batch loading of ATF into NRC-regulated power plants and (2) crediting the safety
enhancements of ATF in the licensing basis of NRC-regulated power plants. The regulatory
framework changes that may be necessary for each of these activities are likely to be different,
and the staff anticipates that such changes will need to be made to address batch loading
before making changes needed to credit the safety enhancements of ATF in the licensing basis.

This task also addresses the changes to the in-reactor regulatory framework that may be
required to support the implementation of higher fuel burnup and increased enrichment
considering the technical issues they present. Generally, the technical issues associated with
higher fuel burnup and increased enrichment respectively fall into two categories: (1) fuel
integrity (cladding or fuel pellet) and (2) nuclear criticality safety. Emergency Core Cooling
System (ECCS) performance embrittlement mechanisms and fuel fragmentation, relocation, and
dispersal are examples of fuel integrity technical issues associated with higher burnup. Spent
fuel pool criticality and potential fast critical conditions during accident scenarios are examples
of the technical issues associated with increased enrichment that fall under nuclear criticality
safety. The need to make changes to the regulatory framework to address each technical issue
is likely to be different. For example, although licensees will be able to seek approval for the
use of fuel with increased enrichment through the exemption process, the staff is investigating
revising the regulations so that increased enrichment can be predictably licensed for use
outside of the exemption process.

The degree to which existing regulations and guidance are affected and in need of revision, or
new regulatory requirements established and new guidance developed, depends on the level of
departure from existing fuel designs and burnup and enrichment limits. The regulations at
Appendix A, “General Design Criteria for Nuclear Power Plants,” to 10 CFR Part 50, “Domestic
Licensing of Production and Utilization Facilities,” provide principal design and performance
requirements. The general design criteria (GDC) listed in Table 7.1 relate to fuel design and
overall fuel performance under normal and accident conditions. Regarding ATF, these and
additional GDC may be affected if ATF performance becomes more challenging for the control
or protection systems that ensure acceptable consequences under accident conditions. For
each ATF design, the staff plans to map the hazards and failure mechanisms to the design and
performance criteria of the GDC to determine the appropriate applicability and potential need for
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additional criteria. Regarding higher burnup and increased enrichment, the NRC staff has
concluded the GDC discussed within Appendix A to 10 CFR Part 50 will not be affected. While
higher burnup and increased enrichment may impact the way compliance with regulatory
requirements is demonstrated, the actual principal design and performance requirements
provided by the GDC remain applicable.

Note that loading an ATF or increased enrichment fuel design in a specific plant will ultimately
need to meet relevant plant-specific criteria. This is especially important for those reactors in
the United States that were licensed before the issuance of the GDC (about 40 percent of the
operating plants).

Table 7.1 Potentially Affected GDC

GDC No. Title
1 Quality Standards and Records
2 Design Bases for Protection against Natural Phenomena
10 Reactor Design
11 Reactor Inherent Protection
12 Suppression of Reactor Power Oscillations
13 Instrumentation and Control
20 Protection System Functions
25 Protection System Requirements for Reactivity Control Malfunctions
26 Reactivity Control System Redundancy and Capability
27 Combined Reactivity Control Systems Capability
28 Reactivity Limits
34 Residual Heat Removal
35 Emergency Core Cooling
61 Fuel Storage and Handling and Radioactivity Control
62 Prevention of Criticality in Fuel Storage and Handling

Even if a particular ATF design is unable to demonstrate verbatim compliance, the intent of
these principal design and performance requirements should be satisfied or new requirements
developed.

7.1 Regulatory Framework Applicability Assessment

To prepare for forthcoming TRs and LARs, the staff determined the applicability of existing
regulations and guidance for the near-term ATF concepts, higher burnup, and increased
enrichment. Appendix A to this Project Plan, called the Regulatory Framework Applicability
Assessment, provides the results of this assessment as of the time of issuance of this Project
Plan revision. Each regulation and guidance document listed in Appendix A was assessed for
whether it was fully applicable to ATF, higher burnup, and increased enrichment. If a regulation
or guidance was found to not be fully applicable, the table identifies this fact and provides a
justification. However, the need for regulation or guidance to be fully applicable to ATF, higher
burnup, and increased enrichment varies. In some instances, it is not, possibly because other
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regulations or guidance replace or supersede it. In other instances, it does need to be fully
applicable. For some of these instances, NRC staff already discussed and agreed upon a path
towards achieving full applicability for the relevant regulation or guidance, and Appendix A will
state these closure paths. In other instances, a closure path has not yet been agreed upon, and
Appendix A will indicate as such. Appendix A also makes note of some pertinent requirements
or actions that regulations or guidance require of an applicant to ensure the regulation or
guidance is correctly applied.

Appendix A is non-exhaustive and will be continually updated alongside new revisions to the
Project Plan as more information is developed. If/when advancements in an ATF concept not
listed on the table demonstrate that the concept could obtain commercial viability, the staff will
perform the analysis for that concept.

The identification of a regulation or guidance that is not fully applicable does not mean that ATF,
higher burnup, and increased enrichment reviews cannot be performed today; there are
regulatory strategies that can be used to proceed forward with a review. For example,
sensitivity studies utilizing NRC codes can be performed to ascertain the impact of parameters
and their importance on predicting pertinent phenomena. Knowledge of these sensitivities
guide the NRC staff's requests for additional information, help with coming to a safety
determination through understanding the range of a fuel design’s performance, and help form
the basis of any potential licensing conditions.

7.2 Licensing Pathways

The tables in Appendix A, Regulatory Framework Applicability Assessment, provide the
applicability of existing regulations and guidance for the near-term ATF concepts, higher
burnup, and increased enrichment. The staff is developing licensing pathways that provide a
simple depiction of the remaining tasks or informational needs for successful (i.e., timely)
approval of TRs and plant-specific LARs. They will show the ideal plan or path forward given
the current state of technical and regulatory progress in the specified ATF technology, higher
burnup, and increased enrichment. As the industry and NRC staff develop more definitive
timeframes for submittal of information or completion of tasks, a timeline will be added to the
pathways.

The licensing pathways have their limitations. They are not all inclusive, meaning that they do
not depict all items a vendor, the NRC staff, or a licensee would have to complete or include to
successfully submit or review a TR or LAR. The pathways are also not a timeline, meaning they
do not show how long it will take to review and approve a TR or a plant-specific LAR.

The licensing pathways are currently under development and will change as the staff better
understand the remaining items/information needs and the timing of receipt from vendors or
completion by NRC staff. Appendix B to this Project Plan provides the draft licensing pathway
for higher burnup TRs and LARs. Licensing pathways for increased enrichment, coated
cladding, and doped pellets are under development and will be shared with stakeholders at the
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appropriate time. Pathways will be developed for the other ATF concepts when enough details
are known to perform a regulatory framework applicability assessment for that concept.

7.3  Additional Considerations
Aspects of ATF, higher burnup, and increased enrichment designs or implementation strategy

could expand the scope, level of complexity, and schedule of the staff’'s review of TRs and
LARs, such as the following:

. Environmental concerns

. Changes in accident source term and operational source term

. Industry may take an incremental approach to higher burnup and increased enrichment
. Lack of technical data for independent confirmatory calculations

Licensees seeking to adopt increased enrichment and higher burnup beyond the current
licensed limits will need to submit a LAR with a complete description of the potential
environmental impacts of the request. The staff review of these environmental impacts could be
a source of additional complexity resulting in additional schedule risk. Specifically, the
anticipated enrichment levels up to 10 weight-percent U-235 and burnup levels above

62 GWd/MTU are outside the conditions for use of Table S-4 (10 CFR 51.52(c)) for the
environmental impacts of the transportation of fuel and waste. Thus, each LAR review would
need a full description and detailed analysis performed by the staff of the environmental effects
of transportation of fuel and waste to and from the reactor for these higher enrichment and
burnup levels. Any such analysis would have to address a number of competing factors that
could lower or raise environmental impacts such as batch core loads, increased refueling
intervals, revised number of fuel assemblies per shipment, increases in radionuclide inventory,
and others where the needed data has yet to be determined. There are also expected changes
to the plant-specific safety analysis which also would require a corresponding environmental
finding with the safety finding. As with the analysis of transportation of fuel and waste, each
environmental review by the staff would need to evaluate the related plant-specific
environmental impacts to provide information on any changes from previous environmental
analyses, such as from license renewals. To minimize this additional complexity for each LAR,
the staff may need to consider if it is possible to generically evaluate the environmental impacts.
To this end the staff is evaluating past studies, such as NUREG-1437 Addendum 1 and
NUREG/CR-6703 along with assessing the available fuel performance analyses, data, and
studies to determine if a generic study of ATF environmental impacts is feasible. The necessity
of this effort will become clearer as NRC staff continues engagement with industry and the fuel
vendors.

Accident tolerant fuel concepts may affect fission product release kinetics and chemical form,
core melt progression and relocation, and mechanical and chemical interactions under severe
accident conditions relative to 5 weight percent UO; fuel in uncoated zirconium alloy cladding.
These effects may impact accident source term. Higher fuel burnup and increased enrichment
may also effect changes in accident source term and operational source term via changes in
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decay heat load and isotopic inventory. Should these source terms be impacted, licensees will
need to evaluate the impact of the change to the accident analyses and offsite doses and may
need to revise their accident analyses of record and environmental analyses. Additional
challenges may exist if the revised source terms result in environmental impacts that are not
captured in or bounded by the impacts discussed in NUREG-1437, “Generic Environmental
Impact Statement for License Renewal of Nuclear Plants,” (ADAMS Accession No.
ML13106A241). This could complicate successful completion of a finding of no significant
impact for an exemption request. The NRC staff is performing MELCOR calculations for
representative plants to determine whether existing source term guidance (e.g., Regulatory
Guide 1.183 (ADAMS Accession No. ML003716792)) is applicable for near-term accident
tolerant fuel concepts and for 5 weight percent UO; fuel in zirconium alloy cladding over the
increased ranges of burnup and enrichment being proposed. The results from the MELCOR
calculations may result in a revision to RG 1.183 to incorporate the new information, if
necessary.

The staff understands industry may take an incremental approach in moving to higher burnup
and increased enrichment. Therefore, the NRC staff envisions near-term and longer term
strategies for moving forward with the licensing of higher burnup fuels and fuels with increased
enrichment. In the near-term, licensees may need to request exemptions to existing regulations
on a licensee-specific basis for the use of increased enrichment and demonstrate compliance
with safety requirements along with the exemption criteria. Should widespread adoption of
these technologies become apparent, the NRC staff may utilize rulemaking in a longer term
strategy to update existing regulations on enrichment levels to facilitate a more predictable
licensing process.

The independent confirmatory calculation capabilities highlighted in this Project Plan are used to
expedite staff reviews. As discussed in Section 10 of this Project Plan, these capabilites are
heavily dependent on material property and experimental data to ensure that a computer code
appropriately models key phenomena and accurately predicts the parameters of safety
importance. If this technical data is not received or is incomplete, the staff can account for
uncertainties through the use of limitations and conditions for TRs and license conditions for
LARs. Additionally, the staff can perform sensitivity analyses to determine which material or
physical propertiese hav the greatest effect on safety and tailor the limitations and conditions
accordingly.

7.4 Lead Test Assemblies

LTA programs provide pool-side, post-irradiation examination data collection; irradiated material
for subsequent hot-cell examination and research; and demonstration of in-reactor performance.
This characterization of irradiated material properties and performance is essential for qualifying
analytical codes and methods and developing the safety design bases for new design features
or new fuel designs.

26



The NRC published a letter to the Nuclear Energy Institute on June 24, 2019, “Clarification of
Regulatory Path for Lead Test Assemblies,” (ADAMS Accession No. ML18323A169) that
documents the agency’s position concerning criteria for the insertion of LTAs under

10 CFR 50.59 without additional NRC review and approval. LTA programs for ATF designs,
higher burnup, increased enrichment may require LARs, depending on the scope of the LTA

campaign and the licensing basis of the reactor.

7.5 Initiating Activity

The staff's expenditures associated with developing regulatory strategies and the framework for
design-independent ATF licensing began in fiscal year 2017 and will continue as long as DOE
and industry actively pursue ATF, higher burnup, and increased enrichment development. The
staff's expenditures to support design-specific regulatory hurdles will begin upon formal
notification from a vendor of its intent to pursue licensing of a specific design.

7.6 Deliverables

At this time, there are no additional PIRTs or literature reviews planned for in-reactor activities.
However, if future developments result in planned literature reviews or PIRTs, the staff will

follow the schedule below.

Table 7.2 Anticipated In-Reactor Deliverables*

Title

Due Date
(near term/longer term)

Map of hazards and failure mechanism to GDC, regulations,
and guidance documents.

6—12 months from
completion of the PIRT
exercise or literature review

Develop or revise guidance to address any identified
necessary changes.

24-48/36—60 months from
completion of the PIRT
exercise or literature review

Develop rulemaking to address any identified necessary
changes.

24-48/36—60 months from
identification of required
change

* The technical lead is the NRR Division of Safety Systems, Nuclear Methods and Fuel Analysis Branch.
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8 TASK 2: REGULATORY FRAMEWORK FUEL FACILITIES,
TRANSPORTATION, AND STORAGE

The NRC regulations for fuel cycle activities of fuel cycle facilities (enrichment and fabrication
facilities), radioactive material transportation, and spent fuel dry storage are found in

10 CFR Part 70, 10 CFR Part 71, and 10 CFR Part 72, respectively. The regulations identify
general performance requirements and have been used for licensing a broad spectrum of fuel
cycle facilities and for the certification of a broad spectrum of transportation packages and spent
fuel storage casks. The NRC does not expect these regulations to need modification to
accommodate the fabrication, transportation, or storage of ATF concepts, increased enrichment,
and higher burnup.

For the front-end of the fuel cycle, which includes enrichment of the feed material, fuel assembly
fabrication and transportation of feed material and fresh fuel assemblies, new cladding materials
and increased enrichment may present new and unique technical and regulatory issues;
however, current guidance, review plans, and regulatory criteria are adequate to address these
issues. The NRC staff recognizes that licensing and certification actions related to the
production and transportation of fresh fuel with new cladding materials and increased
enrichment will occur in the near term; therefore, any issues or challenges must be addressed in
the near-term for successful deployment. To prepare the agency to conduct near-term licensing
and certification reviews of ATF concepts with or without increased enrichment, discussion of
licensing and certification strategies and approaches between applicants and NRC staff will
need to be undertaken. Any potential technical or policy issues the NRC staff identifies will be
communicated to stakeholders promptly.

For the back-end of the fuel cycle, which includes transportation and storage of spent fuel at
higher burnup and increased enrichment, the NRC staff will continue to monitor industry’s
initiatives and licensing actions for reactor operation, and assess whether revisions to current
guidance, review plans, and regulatory criteria may be warranted. The NRC staff recognizes
that licensing and certification actions related to the transportation and storage of such spent
fuel will not occur in the near term. The NRC staff will engage with industry as plans on the
back-end of the fuel cycle are developed and will update this plan accordingly.

This task contemplates the changes to the regulatory framework that may be required to
support the implementation of increased enrichment, considering the technical and regulatory
issues it presents. When considering the safe transportation of material for the front-end of the
fuel cycle, the notable technical issue associated with increased enrichment pertains to nuclear
criticality safety for UF¢ transportation and fresh fuel assemblies. Fuel assemblies (both fresh
and irradiated) that rely on the fuel assembly structural performance to remain intact under
accident conditions and the criticality evaluation of a single UFs package without using the
exception in 10 CFR 71.55(g) are examples of the technical issues that fall under fuel integrity
and nuclear criticality safety, respectively. Benchmarking criticality analyses for increased
enrichment fuel and burnup credit analyses for spent fuel storage and transport are also
examples of the technical issues that fall under nuclear criticality safety. The regulatory
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framework changes that may be necessary to address each technical issue are likely to be
different; however, the staff does not anticipate that such changes will need to be made before
higher fuel burnup or increased enrichment fuel can be licensed or certified for general use in
reactors. Additional information on these technical issues are discussed in detail in

Section 8.1.4 of this Project Plan.

To prepare for the review of fuel facility licensing, transportation packages, and spent fuel
storage designs, the NMSS staff determined the applicability of existing regulations and
guidance for the near-term ATF concepts, higher burnup, and increased enrichment. Item
numbers 24 through 35 of Appendix A to this Project Plan provides the results of this
assessment as of the time of issuance of this revision.

The review guidance documents in Appendix A draw on industry experience in the fabrication,
transportation, and storage of Zr-clad UO, fuel with up to 5 weight percent enrichment and
burnup up to approximately 62 GWd/MTU rod average (or equivalent). The NRC may need to
supplement some of the guidance to address safety-related issues that could arise from ATF
designs that involve different fuel or clad materials, higher burnup, increased enrichment, or
changes in the processes and systems used to produce or manage the ATF. Potential areas for
which review guidance may be expanded include criticality safety for systems with increased
enrichment and/or higher burnup, fuel or cladding material properties that are used in the
analysis of transportation or storage packages, and failure mechanisms that must be considered
for irradiated fuel other than Zr-clad UO2. Two specific examples for which guidance may be
developed are material properties for FeCrAl alloys and SiC materials that are used as ATF
cladding.

The NRC staff will continue to monitor industry plans for enriching, fabricating and transporting
unirradiated ATF fuel designs and for transporting and storing irradiated ATF, including those
with increased enrichment and higher burnup. When the staff believes that supplemental
information or guidance would facilitate the preparation and review of applications involving the
fabrication, transportation, and storage of ATF designs, higher burnup, and increased
enrichment, it will discuss this with stakeholders and take actions as needed.

8.1  Facility, Transportation, and Storage Reviews

The regulatory reviews to support the development and batch deployment of ATF designs with
and without increased enrichment will occur in several fuel cycle areas, which include
production (enrichment and fuel fabrication), transportation of UF¢ feed material, transportation
of fresh fuel assemblies, storage of spent fuel, and transportation of spent fuel. The sections
below discuss these various reviews.

8.1.1 Uranium Enrichment and Fuel Fabrication Facility Reviews

The uranium enrichment facilities that produce enriched uranium, as well as the fabrication
facilities that would produce near term ATF concepts with and without increased enrichment,
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would conduct operations that are similar to currently licensed ones. However, to produce fuel
with enrichments above the 5 weight percent uranium-235, these licensees will have to submit
amendments to increase their licensed enrichment limits. Fuel fabrication operations that would
use new processes for producing a different type of fuel material (e.g., uranium alloy or UN) are
expected to submit amendments to address both increased enrichment as well as the new
processes. Licensees will use the regulations at 10 CFR 70.72, “Facility change and change
process,” to determine whether NRC approval is required before implementing a change for the
fabrication of ATF.

The staff is currently engaged with licensees of fuel cycle facilities to understand the status of
their plans and the anticipated timing of their license amendment submittals

8.1.2 Uranium Feed Material and Unirradiated Fuel Transportation Package Reviews

For increased enrichment in UFs feed material and fresh fuel assemblies, changes to the
regulations are not necessary to accommodate industry plans; however, licensing and
certification challenges may exist, as discussed below in Section 8.1.4.

The staff has reviewed and still expects vendors that are developing ATF to request approval of
additional packages for transporting LTAs from the fabrication facilities to reactors for test
irradiation. As the industry prepares for the batch loading of ATF both with and without
increased enrichment, the staff expects to receive requests for the approval of transportation
packages that allow large-scale (i.e., batch) shipment of uranium feed material (currently UFe)
and unirradiated ATF assemblies. The staff will review these requests against the requirements
of 10 CFR Part 71 and will use the guidance in NUREG-2216, “Standard Review Plan for
Transportation Packages for Spent Fuel and Radioactive Material: Final Report,” (ADAMS
Accession No. ML20234A651) to perform the safety reviews. The NRC staff has supported
literature reviews and assessments of data needs that focus on criticality and shielding safety
(code validation) and materials properties and performance of fuel cladding (See Section 11 of
this Project Plan for a reference to the complete list of literature reviews). These literature
reviews and data needs efforts are expected to help the staff develop additional regulatory
guidance for transportation of fuel with alternative cladding types and increased enrichment, if
required.

The staff is currently engaged with fuel cycle facility certificate holders to understand the status
of their plans and the anticipated timing of their transportation certificate amendment submittals.

8.1.3 Irradiated Fuel Transportation Package and Storage Cask Reviews

The agency expects any shipments of irradiated ATF LTAs or rods from ATF LTAs to be made
in NRC-approved transportation packages. For large-scale shipment of irradiated ATF
assemblies with or without higher burnup, the staff expects to receive requests for the approval
of transportation packages under 10 CFR Part 71. For shipments of a limited number of
shipments of irradiated LTAs over a limited timeframe, requests could be made under

10 CFR Part 71 (i.e., letters of special authorization), similar to that expected for unirradiated
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LTAs. The NRC will review these requests against the requirements of 10 CFR Part 71, and the
staff will use NUREG-2216 for the safety review.

If NRC-licensed reactors use ATF assemblies and later wish to move those assemblies into dry
storage, such sites will need storage systems that are designed to contain irradiated ATF
assemblies and are licensed under 10 CFR Part 72. The NRC will review these requests
against the requirements of 10 CFR Part 72, and the staff will use NUREG-2215, “Standard
Review Plan for Spent Fuel Dry Storage Systems and Facilities - Final Report,” ADAMS
Accession No. ML20121A190) for the safety review. Future updates of this Project Plan will
address such systems as the industry’s plans become more certain.

The NRC staff plans to support PIRT efforts that focus on the identification and evaluation of
material properties and fuel degradation mechanisms to support the review of transportation
packages or storage systems for irradiated ATF. These PIRT efforts should help the staff
develop additional regulatory guidance for irradiated ATF, if required.

The staff is currently engaged with fuel cycle facility certificate holders to understand the status
of their plans and the anticipated timing of their certificate amendment submittals.

8.1.4 Potential Challenges

Certain aspects of ATF designs with or without increased enrichment and higher burnup or fuel
cycle implementation strategies could affect the scope, level of complexity, and schedule of the
staff’'s review. This section discusses the potential challenges that may need to be addressed
to efficiently license these designs.

The major fuel cycle changes that are possible as a result of ATF development include

(1) increased enrichment (i.e., greater than 5 weight-percent U-235 enrichment), (2) higher
burnup above 62 GWd/MTU rod average (or equivalent) (3) different fuel material

(e.g., Cr--doped UOz2, UN, or metallic fuel material), and (4) different cladding (e.g., FeCrAl, SiC,
or coated Zr cladding). The number and nature of changes in these areas affect the effort
required to review proposed fuel cycle changes. Table 9.1 identifies potential regulatory actions
for the fuel cycle facilities and operations that might be required for these potential fuel cycle
changes.
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Table 8.1 Potential ATF Fuel Cycle Action and
Associated Regulatory Actions

Potential ATF
Fuel Cycle

Potential Regulatory Actions at Affected Facilities/Operations

Enrichment

Fuel Fabrication

Irradiated Fuel

certificates for
irradiated fuel

assemblies with higher

burnup

Action Facility Facility Transportation | Dry Cask Storage
Facility
Increased License License amendment |Applications for new or | Applications for
enrichment amendment to [to manufacture amended new or amended
produce higher enriched fuel |transportation storage licenses or
higher certificates for certificates of
enrichment unirradiated, enriched | compliance are
material feed material (e.g., expected for
uranium hexafluoride | increased
package), and enrichment
unirradiated and
irradiated fuel
assemblies
Higher burnup| Not Not applicable Applications for new or | Applications for
applicable amended new or amended
transportation storage licenses or

certificates of
compliance are
expected for higher
burnup fuel

Different fuel
material

Facility changes
that do not meet the
criteria of

10 CFR 70.72(c)
will require NRC
approval

Applications for new or

amended
transportation
certificates for
unirradiated fuel and
irradiated fuel

Applications for
new or amended
storage licenses or
certificates of
compliance for
ATF assemblies

Different fuel
cladding

Applications for new or

amended
transportation
certificates for
unirradiated fuel and
irradiated fuel

Applications for
new or amended
storage licenses or
certificates of
compliance to
store ATF
assemblies

The greater the differences between an ATF design and Zr-clad UOz, the more likely
supplemental review guidance will be required and the more likely the review will require greater
staff effort. As an example, one potential ATF fuel material, UN, is more susceptible to chemical
reactions (e.g., water, air) than UO2. This hazard needs to be considered in the design and
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operation of a facility that produces or stores this material, and the NRC staff will need to review
such facility designs and safety controls as part of the licensing process.

8.1.4.1 Challenges for Transportation of Uranium Feed Material and Unirradiated Fuel

The regulations in 10 CFR 71.55(g) grant an exception from the consideration of moderator
intrusion for the transportation of UFs enriched to 5 weight percent or less. Transportation of
UFe enriched to greater than 5 weight percent will require the design and certification of new
packages, the modification of currently existing approved packages, an exemption from the
regulations that require evaluation of a single package with optimum moderation for
enrichments greater than 5 weight percent uranium-235.

In addition to challenges for approval of transport of UFs at increased enrichment (greater than
5 weight percent), it should be noted that American National Standards Institute (ANSI) N14.1,
“Nuclear Materials — Uranium Hexafluoride — Packagings For Transport,” only applies to
enrichments up to 5 weight percent uranium-235 for the 30B and 30C cylinders; however
12A/12B cylinders which can hold up to 460 pounds of UF¢ are authorized for enrichments up to
12.5 weight percent uranium-235. DOT regulations in Title 49 of the Code of Federal
Regulations (49 CFR) 173.420 state that UF¢ packaging (whether fissile, fissile excepted, or
non-fissile) must be designed, fabricated, inspected, tested and marked in accordance with
American National Standard N14.1 that was in effect at the time the packaging was
manufactured. DOT regulations in 49 CFR 173.417, which provide requirements for shipment
of UFs heels without a protective overpack also limit the enrichment of 30B and 30C cylinders to
5 weight percent uranium-235. In addition to an NRC approval for shipment in a packaging
using a 30B or 30C cylinder, a special permit from DOT will be needed, if an exemption to the
NRC requirements are used for approval.

Benchmarking criticality analyses for fissile material enriched to greater than 5 weight percent
uranium-235 presents a challenge due to the limited number of critical experiments in that
range. Applicants for package approval could potentially overcome this challenge by:

. performing new critical experiments to validate criticality calculations for 5-10 weight
percent uranium-235,
. relying on sensitivity/uncertainty analysis methods to develop new critical experiments,

relying on sensitivity/uncertainty analysis methods to determine that existing
experiments are applicable to 5-10 weight percent uranium-235,

. increasing the one-sided k-effective tolerance factor to account for uncertainties in
criticality code performance due to the number of applicable critical experiments for
benchmarking, or

° using some combination of the above options.

In addition, applications to transport unirradiated ATF for batch loading may credit the structural
properties of the fuel cladding to maintain the configuration of the fuel during normal conditions
of transport and hypothetical accident conditions. While coated zirconium cladding is expected
to have properties similar to those of conventional zirconium cladding, confirmatory data on ATF
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cladding mechanical properties and fatigue performance will likely be needed to support the
safety analyses. Similarly, applications to transport fuel that uses other cladding materials (e.g.,
FeCrAl, SiC) will need to be accompanied by data to demonstrate adequate structural
performance.

8.1.4.2 Challenges for Transportation and Storage of Spent Fuel

A transportation package or storage cask that is evaluated containing spent fuel will have the
same criticality benchmarking concerns listed above for unirradiated material. If a transport
package or storage cask is evaluated for burnup credit, instead of conservatively evaluating it as
fresh fuel, the isotopic depletion analyses will need to be validated for the increased enrichment
and burnup levels. In addition to validating the criticality analysis, the accuracy of depletion
calculations to calculate the source term for the shielding analyses should be evaluated for
burnup greater than 62 GWd/MTU rod average (or equivalent).

In addition, the data needs for fuel cladding performance discussed above are also present for
irradiated cladding. Cladding mechanical properties are influenced by in-reactor irradiation and
the vacuum drying operations that are performed when the fuel assembles are loaded into the
transportation or storage casks. Increased levels of burnup and new fuel pellet compositions
can also influence cladding stresses and, consequently, affect cladding performance during fuel
loading, transportation, and storage operations. Further, the thermal metrics in the NRC
guidance for allowable cladding temperatures are not necessarily applicable to ATF. Applicants
for transportation package and storage cask approval could potentially overcome these
challenges by:

. providing data from mechanical property and fatigue tests of ATF cladding irradiated to
the requested allowable burnup (e.g., from LTAS)

. providing data to justify allowable cladding temperatures during drying operations,
considering the effects of cladding creep and potential mechanical property changes

. providing data to justify the thermal properties of ATF cladding that are used in the

transportation package or storage cask thermal analyses

Applications to renew dry storage system licenses and certificates of compliance must also
evaluate and, if applicable, propose an aging management approach for aging-related
degradation of ATF cladding. NUREG-2214, “Managing Aging Processes In Storage (MAPS)
Report: Final Report,” (ADAMS Accession No. ML19214A111) includes an evaluation of aging
mechanisms for traditional Zr-clad fuel; these evaluations are not necessarily applicable to ATF.
As a result, the NRC staff expects that a renewal application provide data to demonstrate that
age-related phenomena not at play during extended dry storage of spent ATF.

8.1.5 Initiating Activity

The staff's expenditures associated with developing regulatory strategies and the framework for
design independent ATF fuel cycle licensing began in FY 2017 and will continue as long as
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DOE and industry are actively pursuing ATF, higher burnup, and increased enrichment
development. The staff’'s expenditures to support ATF designs and licensee-specific fuel cycle
activity begins when an applicant meets with the staff to discuss its proposed submittal, or when
the staff receives an application to review.

8.1.6 Deliverables
At this time, there is one PIRT that is planned for spent fuel transportation and storage activities.

Table 8.2 Anticipated Fuel Cycle, Transportation and Storage Deliverables*

Title Due Date
(near term/longer term)
PIRT on cladding performance during spent fuel transportation FY 2023
and storage
Develop or revise guidance to address any identified 24-48/36—60 months from
necessary changes. completion of the PIRT
exercise or literature review

* The technical lead is the NMSS Division of Fuel Management
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9 TASK 3: PROBABILISTIC RISK-ASSESSMENT ACTIVITIES

The NRC uses probabilistic risk assessments (PRAs) to estimate risk to investigate what can go
wrong, how likely it is, and what the consequences could be. The results of PRAs provide the
NRC with insights into the strengths and weaknesses of the design and operation of a nuclear
power plant. PRAs cover a wide range of NRC regulatory activities, including many
risk-informed licensing and oversight activities (e.g., risk-informed technical specification
initiatives, the significance determination process portion of the Reactor Oversight Process).
These activities make use of both plant-specific licensee PRA models and plant-specific NRC
PRA models. The NRC uses the former models predominantly for licensing and operational
activities and the latter models predominantly for oversight activities. A key tenet of
risk-informed decision-making is that these models reflect the as-designed, as-operated plant.
For this reason, these models should be updated to reflect significant plant modifications. The
introduction of significantly different fuel into the reactor core has the potential to affect these
models, particularly once the reactor core composition significantly influences the plant’s
response to a postulated accident (e.g., time to fuel heat up and degradation, amount of total
hydrogen generation, higher decay heat from increased enrichment).

Activities associated with the development of capabilities to support risk-informed regulatory
activities following the implementation of ATF, higher burnup, and increased enrichment could
require significant NRC resources. Information about the industry’s intended approach is
needed to create a meaningful plan. Early interactions within the PRA community on ATF,
higher burnup, and increased enrichment activities, including early preapplication meetings,
have been used to encourage industry to ensure that the approach being pursued is consistent
with the related regulatory requirements and staff guidance. This plan recognizes that the
staff's PRA-related preparatory work involves two separate, but closely related, aspects:

(1) The staff need to prepare for, and review, PRA-related information submitted as part of
the licensing process for batch loading of ATF, higher burnup, increased enrichment,
and incorporation of the safety enhancements of ATF into the licensing basis.

(2) The staff need to develop PRA-related capabilities that allow it to do the following
effectively:

. Review risk-informed licensing applications and ensure that applicants are using
acceptable PRA models once ATF, higher burnup, and/or increased enrichment
is implemented.

. Perform risk-informed oversight evaluations (e.g., significance determination
process) once ATF, higher burnup, and/or increased enrichment is implemented.

The nature of item 1 is highly dependent on the approach taken by each vendor or licensee, or
both, in its licensing application. However, item 2 is somewhat independent of the licensing
approach for the batch loading of ATF; therefore, this plan currently focuses more attention on
item 2.
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As illustrated by the above categorization, PRA is more broadly relevant to ATF than simply the
incorporation of ATF safety enhancements into the licensing basis. Again, this stems from the
fact that the NRC uses a risk-informed licensing and oversight approach that relies on
plant-specific PRAs that represent the as-built and as-operated plant. Near-term ATF designs
may have a limited impact on PRA modeling, whereas longer term ATF designs may have a
more significant impact on PRA modeling. Incremental increases in fuel burnup and enrichment
(such as increases on the orders of tenths of a percent enrichment or low single digits of
gigawatt days per metric ton of burnup) may have only a limited (or no) impact on PRA
modeling. However, the more appreciable increases in fuel burnup and enrichment that are
anticipated, especially in combination with the other cladding and fuel changes associated with
adoption of ATF, may have a more significant impact on PRA modeling. In general, the PRA
modeling changes in question include the following:

. selection of core damage surrogates used in defining PRA end states (e.g., peak nodal
clad temperature of 1,204 degrees Celsius, water level at two-thirds active fuel height)
. accident sequence modeling assumptions used to create event tree models that define

the high-level successes and failures that can prevent core damage (e.g., late
containment venting is required for avoiding core damage)

° system success criteria used in fault trees for defining the minimum hardware needed to
fulfill specific mitigation functions (e.g., two relief valves are needed to prevent injection
pump deadhead when feed and bleed cooling is used for a transient with no feedwater)

° sequence timing assumptions used in accident sequence modeling, success criteria
determinations, and human reliability analysis to establish relevant time windows
(e.g., feed and bleed cooling initiated within 20 minutes of low steam generator water
level).

The staff will need to ensure that licensees’ PRAs continue to use acceptable models and
assumptions as part of the implementation of ATF and update the NRC’s models (as necessary)
to reflect the ATF plant modifications, higher burnup, and increased enrichment. PRA models
are not required under 10 CFR Part 50 and their use is not a prerequisite for approval of an ATF
design, higher burnup, increased enrichment, or the batch loading into a particular plant. That
said, plants using PRA to support risk-informed operational programs (e.g., 10 CFR 50.69,
risk-informed TS initiatives) should continue to update their PRAs so that they realistically reflect
the as-built, as-operated plant. The NRC expects that modifications affecting a plant’s risk
profile (e.g., ATF, improved reactor coolant pump seals, etc.) will be incorporated into licensee’s
PRA models under their existing PRA maintenance programs.

Much of the needed underlying deterministic knowledge to address these points can leverage
the work covered elsewhere in this plan, particularly the fuel performance, thermal hydraulics,
and severe accident calculation capability development. It is envisioned that much of the
analytical investigation needed to assess PRA-related impacts and support PRA-related
changes in the agency’s SPAR models can use the MELCOR modeling and analysis discussed
in Section 10 of this Project Plan. If needed, additional confirmatory analysis could also be
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pursued using MELCOR plant models developed for other NRC initiatives, such as those
documented in NUREG-1953, “Confirmatory Thermal-Hydraulic Analysis to Support Specific
Success Criteria in the Standardized Plant Analysis Risk Models—Surry and Peach Bottom,”
(ADAMS Accession No. ML11256A023), and NUREG-2187, “Confirmatory Thermal-Hydraulic
Analysis to Support Specific Success Criteria in the Standardized Plant Analysis Risk Models—
Byron Unit 1,” (ADAMS Accession Nos. ML16021A423 and ML16022A062). This leveraging of
resources between severe accident analysis tools and PRAs is routine.

In the nearer term, PRA-related impacts can be assessed using the general knowledge being
developed in these other ATF Project Plan areas in conjunction with one or more pilot efforts
using the existing SPAR models. Such pilots would help gain risk insights, assess the potential
changes in core damage frequency (CDF) and large early release frequency (LERF),* and
highlight areas where existing guidance® or methods may require refinement to address the
implementation of ATF, higher burnup, and increased enrichment.

As a final introductory point, engagement on PRA-related topics both within the staff and with
external stakeholders is important at all stages. Effective interaction will foster a common
understanding of the acceptability of PRA methods used to model plant modifications and the
impact that will ultimately be realized when these modifications are integrated into PRAs and
risk-informed processes. Effective interaction can also ensure that information required to
develop PRA modeling assumptions related to plant modifications is properly coordinated with
the deterministic review. In this case, PRA relevance has been identified early in the process,
and time is available to address the PRA-related needs in a thoughtful and symbiotic manner.

4 Differences in LERFs could occur because of (1) differing fuel heatup and degradation time windows, (2) the
generation of differing amounts of in-vessel hydrogen, (3) changes to the fission product release rates, and
(4) shifts in the balance of challenges to other vessel and connected piping system components stemming
from higher in-core temperatures before the relocation of debris.

5 This guidance encompasses the guidance used in risk-informed licensing and oversight (e.g., the SRP;
relevant RGs; Inspection Manual Chapter (IMC) 0609, “Significant Determination Process,” dated
April 29, 2015; the risk-assessment standardization process manual). In reality, most of this guidance would
not require revisions because the concepts and processes would continue to apply. However, some
aspects could require modifications, such as those involving the LERF multipliers used in IMC 0609,
Appendix H, “Containment Integrity Significance Determination Process,” dated May 6, 2004, whereas some
guidance may benefit from additional discussion of ATF impacts.
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For the purpose of identifying the PRA-related milestones, the following key assumptions are
necessary (some restate assumptions made elsewhere in this plan):

° The timing of PRA-related efforts will be cross-coordinated with those of the previously
identified partner areas (e.g., severe accident analysis) to allow the leveraging of
deterministic work to make the PRA-related efforts efficient. This approach will be
reassessed as the industry’s perspective evolves on the potential risk significance of
ATF designs, higher burnup, and increased enrichment, as they relate to future
submittals aimed at leveraging ATF to reduce regulatory requirements.

. This plan does not account for new regulatory initiatives that might be requested to
maximize the operational or economic benefit of ATF, such as the following:

- modifications to the categorization process in 10 CFR 50.69, “Risk-Informed
Categorization and Treatment of Structures, Systems and Components for
Nuclear Power Reactors,” associated with the use of relative (as opposed to
absolute) CDF/LEREF criteria®

- reduction of requirements associated with security and emergency preparedness
programs

- rulemaking initiatives that might be requested to facilitate rapid adoption of
increased enrichment.

6 This initiative has been mentioned as a potential limitation in the degree of benefit that would be gained in
risk-informed licensing space, and it contrasts to the use of absolute risk measures in other relevant
risk-informed licensing activities such as risk-informed technical specification initiatives.
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Table 9.1 PRA Activities—Milestones

Lead
Milestone Input Needed Time/ Needed By
Duration

Participate in internal and external N/A Ongoing N/A
discussions and knowledge
development related to ATF
(e.g., internal working group
meetings, public meetings)
Complete licensing reviews, More information TBD TBD
including potential TRs or industry regarding the specific
guidance, related to the licensing approach
risk-informed aspects of ATF, higher
burnup, and increased enrichment
licensing
Complete a SPAR pilot (as Deterministic 6 months | 1 year before
necessary) of a near-term ATF knowledge base the first
design, higher burnup, or increased | being developed near-term
enrichment for a boiling water under other tasks ATF core
reactor (BWR) and pressurized (e.g., MELCOR load’
water reactor (PWR) subject plant to | analysis)
assess CDF/LERF impacts, gain
risk insights, and identify potential
improvements to guidance
Complete a SPAR pilot (as Deterministic 6 months? | 1 year before
necessary) of a longer term ATF knowledge base the first longer
design for a BWR and PWR subject | being developed term ATF core
plant to assess CDF/LERF impacts, | under other tasks load’
gain risk insights, and identify (e.g., MELCOR
potential improvements to guidance | analysis)
Update guidance (as necessary) to | Completion of the 1 year Before the
support licensing and oversight items above ATF core
functions for plants making load’
modifications (if necessary) for ATF,
higher burnup, or increased
enrichment
Update agency PRA models to Details of the plant 1 year? As needed to
reflect ATF-related changes to the modifications support the
as-built, as-operated plant for agency’s risk
relevant plants/models evaluations

' Here, core load means the replacement of a large proportion (e.g., 50 percent or more) of the core with ATF
assemblies, assuming that non-ATF fuel will be generally more limiting to PRA impacts if a mixed core exists.

2 This task should be performed sequentially after the equivalent task for near-term ATF designs as long as both
near -term and longer term designs are of regulatory interest.

3 This would occur after approval of the associated licensing action.
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Table 9.2 PRA Activities—Deliverables

Title

Lead Time

Safety evaluation contributions for TRs and LARs related
to ATF

TBD

Report documenting results and recommendations from a
near-term ATF SPAR pilot study

1 year before the first near--term
ATF core load

Report documenting results and recommendations from a
longer term ATF SPAR pilot study

1 year before the first longer
term ATF core load

Updated guidance (e.g., risk-assessment standardization
project guidance changes) to support licensing and
oversight functions for plants making ATF-related
modifications

Varies depending on the
documents that require
modifications

Updated agency PRA models to reflect ATF-related
changes to the as-built, as-operated plant for relevant
plants/models

As needed to support the
agency’s risk evaluations

10 TASK4: DEVELOPING INDEPENDENT CONFIRMATORY

CALCULATION CAPABILITIES

Independent confirmatory calculations are one of the tools that the staff can use in its safety
review of TRs, LARs, and front-end and back-end licensing actions. Confirmatory calculations
provide the staff insight on the phenomenology and potential consequences of transient and
accident scenarios. In addition, sensitivity studies help to identify risk significant contributors to
the safety analyses and assist in focusing the staff’s review. RG 1.70, Revision 3, “Standard
Format and Content of Safety Analysis Reports for Nuclear Power Plants (LWR Edition),”
(ADAMS Accession No. ML011340122) identifies the standard format and content of safety
analysis reports for nuclear power plants, and the SRP identifies the criteria that the staff should
use to review licensee safety analyses. The NRC plans to continue to develop independent
confirmatory analysis tools that support robust SEs and provide insights into safety significant
factors for each ATF design, higher burnup fuels, and fuels with increased enrichment. Vendor
codes used for ATF, higher burnup, and increased enrichment modeling capabilities will likely
be based on smaller data sets than those of the current Zr-UO, models. This will result in
greater uncertainty in the results of the safety analyses and the margins to the specified
acceptable fuel design limits. For these reasons, confirmatory calculation capabilities will be
critical for generating confidence in the safety assessment of ATF, higher burnup, and increased
enrichment against all applicable regulatory requirements. A confirmatory code can be used to
independently quantify the impact of modeling uncertainties and support more efficient reviews
with the potential for fewer requests for additional information. Finally, the experience and
insights gained by developing an in-house code can be leveraged in reviews of externally
developed models and methods, thus making reviews more efficient and effective.
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The staff identified four technical disciplines needing calculation capability development to
support safety reviews: (1) fuel performance, (2) thermal hydraulics, (3) neutronics, and

(4) severe accidents. The NRC has developed a suite of codes to analyze these disciplines,
and they have been used successfully to support regulatory decision-making. Further
development of these codes is appropriate to ensure that the NRC has the capability to analyze
ATF designs, higher burnup, and increased enrichment. Having tools that the staff can use to
analyze ATF, higher burnup, and increased enrichment will be particularly important because
applicants will use computational tools to demonstrate that they have met fuel safety
acceptance criteria and because, in some cases, the properties and models for ATF, higher
burnup, and increased enrichment within the computational tools will be based on limited
experimental data.

The development of calculation capabilities will proceed with similar activities in each area, as

follows:

° PIRT exercises help ensure that all new phenomena important to safety have been
identified and considered in the planning phases. PIRT results will be used to inform
code development efforts.

. Scoping studies or code evaluations will be performed to identify the architecture and
model updates needed to model various ATF concepts and designs.
. Where necessary, code architecture modifications will be made (e.g., to remove Zr/UO,

hard-wired properties and assumptions or to solve the governing equations for
non-cylindrical geometry).
. Material properties will be added, and new models will be developed, where necessary.
. Integral assessment of the updated codes will be completed and documented. It is likely
that results from integral assessments and uncertainty studies performed using updated
codes will be used to revisit and maintain PIRT products.

Figure 10.1 depicts a generic schematic of tasks associated with developing calculation
capabilities for near-term ATF, higher burnup, and increased enrichment, whether such
capabilities are developed by the applicant, DOE, or the NRC.

Separate Effects Data Integral Effects Data

Properties
& Models

Figure 10.1 Development process for near -term calculation capability

Testing
]

PIRT
Exercise

Code
Development

Figure 10.1 shows that code development requires testing and data to feed model development
and validation. Developing codes to demonstrate that ATF, higher burnup, and increased
enrichment can be used safely includes updating codes with ATF, higher burnup, and increased
enrichment material properties and models and then validating the updated codes against
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relevant experimental data. The validation exercise ensures that a code appropriately models
key phenomena and accurately predicts the parameters of safety importance. The datasets
used to develop models often come from separate effects testing (i.e. mechanical properties
testing, autoclave testing), whereas code assessment and validation often use data generated
in integral effects (i.e. irradiation campaigns, loss of coolant accident testing, reactivity-initiated-
accident testing) test programs.

Much of the work to update the aforementioned codes for near-term ATF concepts has been
completed. The NRC has sponsored two PIRTs to date, covering the behavior of chromium-
coated zirconium-alloy cladding in-reactor operating and accident conditions (ADAMS
Accession No. ML19172A154) and for the behavior of ATF in severe reactor accident conditions
(ADAMS Accession No. ML21113A277). The NRC has also sponsored literature reviews have
been completed to compile relevant information for the performance of ATF in reactor,
transportation, and storage conditions; more information can be found on the NRC’s public
website. Furthermore, the NRC has updated the architecture of its codes to make them more
flexible and to more easily implement new material property models. This means that once
experimental data becomes available, the NRC can quickly add new models to the code.
Again, the NRC is relying on the nuclear fuel vendors and on the U.S. Department of Energy to
provide the data needed to implement new material properties and to validate the codes.

Although this plan addresses calculation capability development in four different disciplines,
technical overlap between disciplines exists, including the introduction of new material
properties. To reduce duplication of effort, the analysis tools will be coupled to allow codes to
send and receive information between each other. For example, neutronics codes can be used
to provide fuel performance codes with pellet radial power distribution information as a function
of burnup, and fuel performance codes can provide neutronics codes with fuel temperature and
deformation calculations. Thus, coupling the codes leverages information sharing to improve
the overall analysis capabilities and ensures consistency across codes. Where possible, the
NRC will coordinate with DOE to reduce duplication of effort in calculation capability
development.

11 COMPLETED PREPARATORY ACTIVITIES

The NRC staff has completed many activities in preparation for ATF, higher burnup, and
increased enrichment submittals. Additionally, the NRC is performing and has completed
multiple reviews for ATF, higher burnup, and increased enrichment submittals. The complete
list of these public activities can be found on the NRC’s ATF public website:

https://www.nrc.gov/reactors/atf.html
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The website contains the following collections of ongoing and completed activities:

e The ATF-related licensing actions page provides all submitted ATF, higher burnup, and
increased enrichment licensing actions and the completed NRC review, if applicable.
This page can be found at:

https://www.nrc.gov/reactors/atf/licensing-actions.html

e The ATF-related documents page provides a listing of all NRC-issued public documents
relevant to ATF, higher burnup, or increased enrichment subjects that are not reviews of
industry submittals. This page can be found at:

https://www.nrc.gov/reactors/atf/related-docs.html

e The public interactions page provides a listing of all public meetings held since April
2018 that are related to ATF, higher burnup, and increased enrichment. This page can
be found at:

https://www.nrc.gov/reactors/atf/public-interact.html

e The NRC staff has completed significant work regarding international cooperation and
coordination. The completed and ongoing international work can be found on the ATF
website international page, which can be found at:

https://www.nrc.gov/reactors/atf/international-interact.html

12 PATH FORWARD

This Project Plan represents the high-level strategy to prepare the NRC for conducting efficient
and effective reviews of ATF designs. The plan is intended to be a living document that may
evolve as industry plans are refined and the state of knowledge for ATF concepts advances.
The staff will develop concept-specific licensing roadmaps when necessary to clearly identify
the regulatory criteria which must be satisfied for approval.

The staff’s priority, now that this plan has been finalized, is to: 1) engage directly with the
nuclear fuel vendors pursuing near-term ATF concepts, higher burnup, and increased
enrichment with the objective of understanding the nexus between the phenomena identified as
important to safety and their testing plans, and 2) understand the areas of margin recovery or
operational flexibility that licensees plan to seek such that staff can begin to proactively refine
the regulatory framework where necessary.

44



APPENDIX A: REGULATORY FRAMEWORK APPLICABILITY
ASSESSMENT

As stated in Section 7 of the Project Plan, the NRC the staff determined the applicability of
existing regulations and guidance for the near-term ATF concepts, higher burnup, and
increased enrichment. Each regulation and guidance document listed in Appendix A was
assessed for whether it was fully applicable to ATF, higher burnup, and increased enrichment.
If a regulation or guidance was found to not be fully applicable, Table A.1 identifies this fact and
provides a justification. However, the need for regulation or guidance to be fully applicable to
ATF, higher burnup, and increased enrichment varies. In some instances, it is not, possibly
because other regulations or guidance replace or supersede it. In other instances, it does need
to be fully applicable. For some of these instances, NRC staff already discussed and agreed
upon a path towards achieving full applicability for the relevant regulation or guidance, and
Table A.1 will state these closure paths. In other instances, a closure path has not yet been
agreed upon, and Table A.1 will indicate as such. Table A.1 also makes note of some pertinent
requirements or actions that regulations or guidance require of an applicant to ensure the
regulation or guidance is correctly applied.

Table A.1 is non-exhaustive and will be continually updated with each new version of the Project
Plan as more information is developed. If/when advancements in an ATF concept not listed on
Table A.1 demonstrate that the concept could obtain commercial viability, the staff will perform
the analysis for that concept.

Table A.1 Key
Green: actions or requirements for NRC

Blue: information needs from industry

Fully applicable: indicates that the document can be applied to the concept
Not fully applicable: the document or parts of the document may not be applied to the concept,
reasons for which are detailed below

MHA: maximum hypothetical accident

LOCA: loss of coolant accident

RIA: reactivity initiated accident

BU: burnup

FGR: fission gas release

FFRD: fuel fragmentation, relocation, and dispersal

IFBA: integral fuel burnable absorber

ID: inner diameter

HC PIE: hot cell post irradiation examination

RXA: recrystallized

ISG: interim staff guidance



v

sdeb eljep oN e
a|qeondde Ajng e

sdeb ejep oN
a|qeoidde Ajng

sdeb ejep oN
a|qeondde Ajin4

(wusy

-Jesu) ybiH AyIond
SIy) ssalppe

0} S3Y 03 10 (YVI)
1senbal soue)sisse
[ewoju] ;aInso)
soses|al

Jo Buiwy pue wue}
90INn0s YOOT/VHIN
abueyo Aew sjo|jod
[ony dnuing ybiy

30 YO 4 padnpul
-uonejuswbel 4
:uoseay e
(wus)-wnipay)
wnips|\ “AJHoNd
NLA/PMD GL
ybnoayy Aioiesoqgen
jeuonepN eipues pue
Sy Aq pa1onpuod
Buleq si Ng Jaybly o}
8210-110Z-ANVS Jo
sisAjleue-ay :8INS0[H
NLA/PMD

G/ O} pajepljeA
jousigelo-LL0cC
-gNVS :Uoseay
a|qeiidde Ajiny JoN

(wigy

-leau) ybiH Ayoud
SIY) ssalppe

0} S3¥ 0} 1IN0 (Y1)
1senbal aoue)sisse

|[ewJolu] :8INso)

soases|al

Jo Buiwin pue wis)
92In0S YOO T/VHIN
abueyo Aew sjo|od
[ony dnuing ybiy

40 Y94 padnpul
-uonejuswbel 4
:uoseay

a|qedidde Ajjn joN

swio}
92In0S YOO/ YHI

| Uoisinay el
1SV €8L°L OY

sdeb ejep oN e
a|qeandde Ajn4 e

sdeb ejep oN
a|qeoindde Ajn4

sdeb ejep oN
a|qealdde Ajn4

sdeb ejep oN
a|qeandde Ajin4

sdeb ejep oN
a|qeondde Ajng

asop Bunoipaid 1oy
aouepinb |eanAjeuy

| uoisiney Jelq
1SV €81°1 OY

sja|lad
1ang zon padoQ

Bulppe|d wniuoaiZ
pajeos-awouyd

%M 0°G puohaq
jJuswiyduug N,

NLIN/PMO G.
0} dnuung

NLIN/PMO 89
0} dnuing

uone|nbay 1o
aping Aioje|nbay

INIINSSASSY ALITIGVOIITddV X¥HOMINVEHA AHJOLVTNOTY L'V dlgel




eV

Alessaoau
ale |on) padop
uo sjuswalInNseaw
d94 Jusisuel)
V| :2INso[)
payuenb
[loM uaaq
J0u sey |an} padop
10} Y54 uaisuel]
VIY :UoSesy e
‘(Aoud
we-wnipaw)
s19|jed padop
0} sapiqedeo
1Svd ay)
puedxa 0] papasau
sI Ajjeoyoads jeym
aulwexs 0} SOy
woJ) panssi usaq
sey uodal spasau
elep vy ‘|anj
padop 01 sjepow
1SVv4 jo uofepliea
uo Bunjom
s S3¥ "|1eny padop
10} pajepleA
Jou sI | Sy :SJON e

"umouyun aseqejep

jeasuidwa vy ul

asea|jal seb uoissyy
juaisues} (V1Y)
jusplooe pajeniul
AlAnOBaY UOSEaY e
(wuey
-1eau) ybiy :AjIoug
‘deb siy)
ssalppe 0} ssaiboid
Ul JUBWINOOP SBSe(
[eoluyoa | :3INS0|)
wJa) 824nos
abueyo Aew sjo|jod
[ony dnuing ybiy
10 Y94 padnpul
-uonejuswbel
:uoseay e
‘(Aond
we-wnipawl)
NLN/PMD
G/ 0} senljigeded
1Sv4d 8yl
puedxa 0] papoau
sI Ajjeoyioads jeym
aulWexa 0} Sy
wioJj panssi usaq
sey JodaJ spaau
elep vy "dnuing
Jaybiy o) sjgpow
1SVv4 Jo uolepljea
ay) uo Bunjiom

(wisy

-leau) ybiH AyIoud
‘deb sy} ssalppe
o} juswdojenap

Ut Juswnoop saseq
[eQlUYO8 | BINS0[)
w8} 891N0S

9|qeoldde JUBWYDLUS Nz JO SI S34d "NLIN/PMD Jusisuel} pue ajejs

Jou {7 pue ¢ sa|qe] e Jusixe ‘i 9|qe 0} G/ 0} dn pajepieA Apeajs YOO T-UON
s|qeoldde joadsal YA ‘SION e Jou s| 1SV ‘910N e | abueyo Aew sjo|jad seses|al
sulewsal a|geoldde a|qeoldde [ony dnuinq ybiy Juaisuel) pue ajejs
QLDUQOOLQ sulewal ¢ so|ge]| e JOU {7 pue ¢ sa|ge] e JO Y94 padnpul |>UN®~W VOO T-UON

[eanAjeuy e a|geoldde a|qeoldde sulewsal -uonejuswbel
o|qeoldde sdeb ejep oN e | sulewsal ainpaoso.d ainpaoold [eonhjeuy e :uoseay e L UOISIA®Y JeIiq
AN} JON e a|qeoidde A|ng e [eonAjleuy e a|qeoidde Ajiny JoN e a|qeoidde Ajnj JoN e 1SV €81°L ©Y

s19|lad Buippe|d wniuooanz %M 0'G puohaq NLIN/PMO GL NLIN/PMO 89 uone|nbay 1o

|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, o} dnuung o} dnuung aping Aioje|nbay




v

‘paynuenb 2100 pabewep pue poojsiapun 1o
[lom udaq jou spjoysaly} ainjiey} VIY Ul Juswyolua payiuenb jjom usaq
sey aoueuwopad Buippe|n esuodsal MNeez 1O JUBIXT (BJON @ | Jou sey Y|y Buunp
VI |19ny poJ |any Jaye slojoe} Anyawoab o1qejooo
padop :uoseay Apueoiyiubis jou [Iim Buyead pue yuom 10 sso| a|qissod
subisep Buneoo uly] :BJON e | pou saybiy syowo.d pue NgH Jo 1nsau
poJ [an) YA subisep [IM JUBWIYOLIUSD e se QY44 :uoseay SJUBPINOY
Jua1Ind 0} payiw| poJ [N} YT pasealou| "NLN/PMD (@yo) doig
s! Ayjigeoijdde Jua.ind 0} pajwi| %M 0°G 0} 89 puohaq poy |0J3U0D YMG
pajels :UoSeay sI Ajjiqeoydde pajwi| Ayjiqeoydde pajiwi| eseqejep pue (3y49) uonoalg
a|geoldde pajels :UOSedy e poje)s TUOSEdy e |[eauidw3 ;910N sdeb ejep oN e POy [04JU0D HMJ
Aliny JoN a|qedlidde Ajinj JoN ¢ | o|qeoiidde A|injjoN e | o|qeoijdde Ajinj JoN alqeolidde A|in4 e 9¢Z’L OY
‘[eny padop
0] paljdde aq
ued | ‘A €81°1L
O¥ Ul psulno ‘[eny padop
alnpaosoud 0} paldde aq ued
[eanAjeuy | 'ASY €817 DY Ul
‘Aiessaoau pauljino ainpasoid | A8y €817 ©Y L 'A8Y €81°| ©Y
2Inso|0 [eanAjeuy Ag passaippe oq AQ passalppe aq
ON :8INsSo|) ‘Alessadou ainso|o 0} WJa) 82IN0S pue 0} W8} 821N0Ss pue
SETED ON :8Inso|) suoljoed) aseslal Ng suoljoel) aseslal Ng
[on} padop 1o} sjo||od JaybiH “Auessaosu JaybiH -Auessaosu
pajepljeA jou aJe |ony padop Joy 2INso|o ON :8INSoD 8INso|0 ON :8INsS0D
suonoel) ases|al palepl|eA Jou aJe sjuapIooe YOO sjuapIooe YOO
juspidde YOO suoioel} ases|al -uou Joj N LIN/PMO -uou Joj N LIN/PMO
-UON :uoseay uapIooe YOO 29 01 dn Ajuo 29 01 dn Auo Y8 1L-QlL Wodj
|qeol|dde -UON :UOSesy e sdeb ejep ON o | pajeplje) UoSesy pajeplje/\ :UCSESY e Suoljoel) osea|oy
Aliny JoN a|qeolidde Ajnj JON e a|qedlidde Ajin4 e | a|qedldde Ajiny JoN a|qeolidde Ajny JoN e G611 OY
Aiessadou
aJe sjuswainsesw
94 jusisuel)
[¥ :8INs0[D
NLA/PMO
G/ 0} dn paynuenb
[lom Apualind
Jou si (¥94)
s19|lad Buippe|o wnjuodaz %M 0'G puohaq NLN/PMO G2 NLIN/PMO 89 uone|nbay 1o
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, 0} dnuing o} dnuing aping Aioje|nbay




G-V

siseq
ased-Ag-osed
B UO passaippe
aq ||m syo|jod
padop 1eyj seiejs

aouepInc) JON e
‘Aswosb
9|qe|009
pue "Ho 4
jusisuel) ‘ay44
‘spjoysa.u}
ain|ie} Buippe|o
uo (AJIAI3ONPUOD
jewJay) ‘dn
-pjoy Alepunoq
uielb ‘seb
uolssly paulejel
‘0zis ulelb 1abig)
““6-9) syjuebe
dAl)ppe jo joedw
puejsiapun Ja)aq
0} papaau sja|jed
[®n} va4| pue
sja|led |an} ZzoN

siseq aseo-Ag-oseo

B UO passalppe

aq ||im sbulppelo

pajeod jey) salels
aouepInc) BJ0N e
sdeb ejep opN e

"Sp|oysaly} ainjiey}
Buippe|o auyap

pue sjoaye-dnuing
puejsiapun Jayeq
0] PapPadU UOISOLI0D
MO YIm ‘Buippe|o
vXY Ajjeroadsa
‘syjuswbas pol [any
dnuing pasealoul
pue ybiy uo

Elep /| :3INS0[Q
‘PauUljep 8Qq p|noys
spjoysaiy] ainjie}
Buippejd ngH
"payuenb jjam

10U Y|y Uo sjoaye
NgH :uoseay

H94 jusisuel)
apn[oul osje

p|noys. eyep asayl
‘Allesp| “Answosb
9|(e|009 JO SSO| pue
dy44 eyebysanul
0] pepaau abewep
Buippeo pajoipald
puoAaq Abiaua
pajisodap ypm
sjuswbas pou |any
dnuing paseasoul

padop ‘paielpe.l *9|qeolidde ulewsal ‘umouun pue ybiy uo
JoJ eje(] :3Inso[) suwi| AJjigejooo aseqejep |eouidwa BlED Y|y :9INS0|)

s)dlidd Buippe|o wnjuodaz %M 0'G puohaq NLIN/PMO GL NLIN/PMO 89 uone|nbay 1o
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, o} dnuung o} dnuung aping Aioje|nbay




v

ploysaiy} aulep
0} papaau ejep
(31d) uoneuiwexs
uolnelpe.
1sod (OH)
|80 J0H BJON e
juswapLqwe
uabAxo
al buippeyo Joy
pjoysa.yl puoiaq
spol |eny jo
uonejndod obie e
a|qeondde Ajing e

uolepIXo weals
|edbajul paplis
a|gnop Se ||om
Se ejep |eolueyosw
juanbasqgns
pue ejep
uoljepIXo weols
paplis 8|buIS BJON e
wnuoouIz
aleq wouy Juaiayip
Juswaqwe pue
UOIJepIXO IO} dley e
a|qeoidde A|Ing e

sdeb ejep oN e
a|qeondde Ajng e

‘JusweIquID
uabAxo q| Buippe|o
10} pjoysa.iyy
puoAaq spol |an}

10 uone|ndod abie e

a|qeondde Ajing e

“Jusw9UIqUIS
uabAxo q| Buippeo
10} pjoysaliyy
puoAaq spoJ [any

Jo uonejndod abieT e

a|qeoidde A|in4 e

vZc'L Od yelq -
€¢C’l Od Hedq -
¢¢l’'L ©d Weda -

sBulpul{ yolessay
juswislquy YOO

1deouod

[®n} SARIppEe
pasodoud ay)

Aq peajoedwi aie
sHwi| [eonhjeue
aAnduosaud

3y} Jsyjaym
pajeJisuowap

9Q p|noys Jji pue
paniwgns 8q 0}
aney ||Im s)senbal
suondwaxg "1ow
a( sjuswalinbal
|[eonAjeue
annduosaud ay)
Jey} aiinbail |jns
Jels eyl @Insoip

(LZLVEYEBLTN)
93| bulppelo
paleo0o 0] Jajoy
‘pepiwgns 8q 0}
aAey [|IMm s)senbal
suondwaxy 18w
aQq sjuswalinbal
[eanAjeue
annduosaid

9y} ey} aiinbai |jus
Jels 8yl @Insoip

'61C/-40/934NN
Jad sbuipuly
VvOO7 usdal
ay} SSNosIp p|noys
s|jeniugns Assnpul
‘Alleap| BJON e
sjoayje-dnuing
9saU) sassalppe
99%7°06 ||l
yelq ‘passalppe
JOU aJe S)08Ye

'612/-40/934NN
Jad sbuipuly
vOOTusdal
ay} SSnosIp p|noys
sjepiwqns Aisnpul
‘Alleap| ‘SJON e
sjo9ye-dnuing
9Say) sassauppe
99%7°0G 8l
yelq ‘passaippe
JOU 8Je S)08ye

|ony ‘[|n} pappe|o -dnuing Buluiadouol -dnuing Buluiaouod
ZoN 01 9|qealdde OT1YIZ 10 Aojeauiz sBuipuly yosessal sbulpuly yoseasal
Ajuo s1 9t°0g 0} 9|qeo||dde jusdal jeyy pasyuspl jusdal jey) payuspl
‘((1L)(e)oy 05 Ajuo s 9%°05 sey yejs OYN sey yejs OuN sjuswalinbay
Jod sy :Uoseay e ‘(0(1)(e)9r 08 9yl ‘s|qedldde Ay | 8yl -s|qedldde Ajny [eankjeuy
a|qeoljdde Jod sy [UOSEdY o SI) ‘USIM Sy 1BJON e | Sl ‘USlIM Sy 1BJON e | aAnduosald VOO
AlinjJoN e | 9jgeoldde Ajinj JoN e s|qeolidde Ajin4 e «2|qe||ddy e «2|qeolddy e 91'0S {40 01
s19|lad Buippe|o wnjuodaz %M 0'G puohaq NLN/PMD 6. NLIN/PMO 89 uone|nbay 1o
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, o} dnuung o} dnuung aping Aioje|nbay




LV

W[ JUsWIyoLua

sjuswalinbay

sdeb ejep oN e sdeb ejep oN e %M G (UOSEDY e sdeb ejep oN e sdeb ejep oN e Jusplooy Ajjeonud | Ol
a|qeo|idde Ajin4 a|gedlidde Ajin4 e | s|qeoldde Ajnj JoN e a|qeo|idde Ajin4 a|qeolidde A|in4 e 89'0G ¥4D 0l
wia]
"L UOISIA®Y €81 | ©¥ J0} BAOQE paqlLIOSap WJd) 821n0S Juapiooe 03 sjoedwl |enus}od 92IN0S UBPIYY | 6
/906G 440 01
cLey
L'L'ey
L'C¥y
39
gLey
L'L'ey
L'C¥
l-81°L'¢ @inbi4
30
gley | 8
V1 YIm g Joy "HV1 UM S Joy LSy
%G alnbiy oly10ads-1ue|d alnby olyoads-ue|d L2
puoAaq payouua apinoid pjnoys apinoid pjnoys L-/1°2°€ @InbBig
s|en} sepnoul L'’y S29SU3II7| .9JON e S©9SUB0I7 (9JON e nwwso_\_mc_gw®>>
S1 ut Apybis, 9|qeoiidde a|qeolidde
‘Buippeyo wJa} ay) jou ale |-g|'/'¢ Aliny a1 |-g1'/°¢ AAROR
‘sjo||ed padop pa1e0o WNIWoIyo 1o Jaylaym ssnoasip pue ‘L-/1 L€ pue ‘L-/1° /'€ L'LeY
fyioeds 0} |z Ayoads 0} L'y 0} 1S pue OuN e ‘1-91°2'¢ aInbi o ‘1-91°2'¢ @bl o L2
S| @slIAal pjnoys S| 8slAal pjnoys :Buimojjoy 1-91°/°€ ainbi4
S99sU80I7 :BJON e S99sUS0I7 [8JON e | 8y} JO SWO0IINO0 8By} sdeb ejep opN e sdeb ejep opN e MRg
o|qgeoldde a|qeoidde Buipuad sjqeoidde a|qeoidde Ajny ale a|qeaidde Ajny aie
Ainyst L'zy SL » Ainy st L'gy SL o AingstL'zySLe| LE€ypuelgySLe| L'E€ypuelgySlL e (gsls) s1s
syw|
aod us!iqelss
0} Alessaoau ale
Blep |eslueyosw
PEYZ] juanbasqgns
puoq pejo-|any 1oy} pue ejep
s19|lad Buippe|d wniuooanz %M 0'G puohaq NLIN/PMD SG. NLIN/PMO 89 uone|nbay 1o 4
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, o} dnuung o} dnuung aping Aioje|nbay




8-v

aq p|noys Ji

‘pasn sl Uuone|(s.1109
1snp-iayeg

oy} pue pazijeal aq
0] Jou aJe buneos
9y} Jo sjyeusq

3y} 4| ‘padojanap
aq p|noys Buippeyo
po1eo0o-awoIyo

uo paseq |spowl
sSolj|auy uolepixo

passalppe jou

SI Y44 ‘UOSedYy e
agl -einso|p
(9e€0€LLZLIN
pue /ZG0SSLE01TIN)
£2-600Z (NI)
S0IJON UoljewJoju|
ur e|gejieAe st o1
uO uoljewJojul alojp
"suonipuod NgH

passalppe jou

Sl Y44 -uoseay
agdl -einso|p
"(9e€0€LLZLIN
pue /ZS0SSL601IN)
£2-6002Z (NI)

9JIJON uoljewJoju|
ul e|qe|ieAe st 0L
uo uoljewJojul alojp
"suonipuod NgH

Uy :3Inso|D Japun sInd20 gO1 Japun sind220 o1 b
Buippe|o ‘passaJppe Jou Si ‘passalppe jou S|
Aojeauiz aleq oy (@ol) uonepeibop (@ol) uonepeibop
padojanap sem 1 AlAnonpuod AlAnoONpUOD
se ‘Buippejo pajeod [ewsay) ‘sjdwexa jewsay) ‘sjdwexa
0} 8|qeo||dde 104 "NLIN/PMD 29 104 "NLIN/PMO 29
JOU SI UoIe|a1I09 JO Wi Ng uaund JO Jlwi| NG uaund
ajel uoljoeal Jajem aY} 01 9|gedldde ay} 01 o|geoldde
-[ejow ysnr-ioxeq Aliny jou s Aliny Jou s S|opoj\ uonenjea
sdeb ejep oN e 9] :UOSedy e sdeb ejep oN e | ) xipuaddy :UOSEaY e | M Xipuaddy :UOSeay S003 M xipuaddy
a|qeolidde Ajin4 e | 8|qeoljdde Ajn} JON e a|qeolidde Ajin4 e | 3|qeoijdde Ajnj JoN e | S|qedljdde Ajinj JoN 0S 440 01
‘palepdn aq 0}
paau Aew sasA|eue
Ajl|eoniu) BJO0N e
2’0/ 1dope
uBed S99sudI|
‘Alanneula))y 810N e
UbiH “Ayoud
pa1oNpuod
aq 01 bunpjewsa|ni
Jo/pue sjsanbal
uondwax3g
:9INsSo|D
pajels Apoljdxe
(weysAs Buliojuow
Ayjeonuo noyim)
s19|lad Buippe|o wnjuodaz %M 0'G puohaq NLN/PMO G2 NLIN/PMO 89 uone|nbay 1o 4
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, o} dnuung o} dnuung aping Aioje|nbay




‘s|opowl
olnelpAy-jeway)
jo Ayigeoridde
panuiuoo

Y] WIIuoo 0}
painsnf aqg pjnoys
Sy} ‘lewiuiw

aq 0} pajoadxa

s| Buippe|o pajeod
10 10edwi olnelpAy
-leway ybnouyy
"uole|a.loo

Jamod |eono/xn|y
leay [eonuo

ay] 109)Je ued
Jayowelp olnelpAy
pue Ajjigenom

ul sebueyo 68
‘solnelpAy-jewsayy
uo 10edwi ue

aney Aew Buippe|o

pa1eo’) :9JON e

"JUB|002
ayj ul sejonJed

[ony Aq pesneo
abex)oo|q dwns
|enuajod Buissaippe
Buipnjoul ‘pauiwexs
aq pinoys Ayjeonio
pue Ajjiqejood

uo uonisodap pue
uodsuel gjonJed
[any Jo 10edwi ay)
‘Ajreuonippy jjlem se
pazAjeue aq p|noys
uonejuswbeuly

yum ainydnu

1o} uonipuod Buniwi|
9y ‘paJepisuond aq
0} Sl Y94 psanpul
uonejuswbely

0 108}}S ay}
uaymdoy uoneannsnl
[e21uyos}

e Se ||om se ‘papasu
S| paJopISuod

9Q 0} sl ddd4yaiym
Jo} pjoysalyy dnuing
Joj uoneaynsnl
[e21UYD9) ‘IN200

0} payoadxa sl ay44
sny1 pue 1sinq

]| "sa1Bojopoyiaw

"JUB|00D
ayj ul sgonJed
|[ony Aq pasneo
abexoo|q dwns

[enusjod Buissaippe

Buipnjoul ‘pauiwexs

aq p|noys Ayjeonio
pue Ajjiqejood

uo uonisodap pue
uodsuel ajoiued
[ony Jo 10edwi ayy
‘Alleuonippy ||em se
pazAjeue aq p|noys
uonejuswbely

yum ainydni

Joj uonipuod Bupiwi|

9y "paJapIisuod aq
01 Sl YO 4 psdnpul
uonejuswbe.y

40 1034j8 ay}

uaym Joyj uoneoainsn(
[ea1uyos}

B Sk ||oMm Se ‘papasu
S| palopIsSuod

9Q 0} sl dyddd udym

JOJ pjoysalyl dnuing
Joj uopeannsn|

[eo1uydad] ‘INd00

0} pajoadxe sl ay 44

sny) pue 1sinq
1] 'sa1Bbojopoylaw

"sonauy uonen|eAs uonenjeAs
uonepixo Buippejo VOO Ul passaippe | YOO Ul passaippe
pa]e09 8y) SpuNnoq aq p|noys aq p|noys
JI Jey)} PojeLjSuowap (¥ 8IS0y (¥ :3INso[D
SEER] Buippe|d wniuodNz | %M 0'G puokaq NLIN/PMO S NLI/PMO 89 uonenbay 1o
1an4 zon padoq pajeos-awouyo JuswWYoIUT Nz o} dnuung o} dnuung aping Aioje|nbay




ol-v

'S4 1V luads Jo abeio)s ayj 1o} panoidde-aid sysed abelols Jueasjal

aAeY 0} Japlo ul pajoadxa suonesiidde aoueldwod JO 81ed111ua0 8y} uo paseq Apnis |ejuswuoliaug Aseuiwijaid

e wJopad 01 a|ge aq ybiw yeis syl 'S|39 obel0lg penuniuo) syl ul pazAjeue |any Juads YAAT du) se syoedul
[eula)1xa Je[iwis AJoA 10 swes ay) Sey 4]V Juads ayj Jaylaym aAjoAUl pjnom abelols 4]V Juads Jo Juswssasse Siy |
"V 41V 8y} Jo awi 8y} Je passasse 8q 0} padu pInom £z°LG 44D 0L pue ([20LV96L¥LTIN PUB GOLY96L1 LTI
/G1Z2-93HNN) SI1TD 9belols panupuo) 8y} Ag pa1anod aq pinod 41V juads sy} Jayjdaym jo uolienjeas ue :BJ0N
"MBIAB] YJIN ¥V Ul 01Ul 8oualasal Aq palelodiodul 8q ued sisAjeue V43N Joud jeyy pue umouy aq ||Im

s1oeduwli 9]9A2 [an} pajeIdosse asay) ‘@asusdl| jueld Jamod Jeajonu e woll Yy 41V Ue Jo awi ayl ie ‘snyl “DYN syl €l
Aq panoidde syy ajeudoidde pasu 10 asuadl| Buisixa Jidy) Japun Saljquiasse [an) 8y} ainjoejnuew Uued siojeoaliqe) (SSIN)
[ony Bunsixa Jayloym pue SIopudA/sioiedlge) 41V Aq payioads s|@Aa| a8y} 0} Youua 0} asuadl| s Ajlj1oe4 juswyouug
|JeuoneN sy 01 sabueyo apnjoul sgjdwexg ‘jercidde YN a1eudoidde yim eoeld ul eq 01 eAey [|Im salljioe) 8]9A2
[any ay) 0] sebueyo ajeldoidde ay) ‘@asuall| Jued Jamod Jesjonu e wolj Yy 41V Ue JO [epiwgns ay) 0} UoLd 3J0N c-g a|qe —
‘(uoisJIaAu09D pue Alanodal B}ep |BJUSWUOIIAUD
wnjueln “B68) sessasoud Jusiind wol) pabueyoun ulewal 0} pajoadxa ale 8|9A0 |an} wniueln 8y} JO s}oadse |BloAsS 8|9£o |any winiueln
s|qeoljdde Ajin4 e ‘1§16 d40 01
8dA} 41V 8dA} 41V
sIy} Jo} uoneoldde SIy} Joj uoneoldde
dv11sdl 8y} V1184l 8y
ul (Aisnpul Jo/pue ul (Aiysnpul Jo/pue
D4N) pawlopad DYN) paw.opad
9q p|noys v3 97 pInoys v3
ue jey) pajoadxe ue 1ey) pajoadxe
Sl ‘s|jon9| SIl ‘S|aAs|
dnuinq Jaybiy dnuing Jaybiy (X3LyD “b'9) suonoe Jewis
pue juswyoud pue juswyolIud alnjnj Joj SIseq e Se 3 SIyl asn uay) pue ubisap 4]V Jo adA) uanb
pasea.oul pasea.loul e Jo uonoe Buisusdl| 1s.i) 8y} 10} Y3 ue wliopad 0] Si-uoiepuswwodal
Jojnsale Jojnsale Sl 8AlBBIl| 8oNpal 0] puB UOENIS SIYl UBAIS) “HWgns [Iim Aljsnpul ¢l
se (s)sem pue |any se (s)sem pue |any ay} Jeym jnoge Ajuiepasun no pue salbojouyos) 41V Jusiayip
Jo uoneuodsuel) JO uonenodsuel; Jo abuel ay) 01 anp X319 e A[dde 0] mou apiosp 0} ainjewald si ]| e
pue ‘sjuaplooe pue ‘sjuapiooe ‘(mojeq 98s ‘§-S 9|ge ] - d)sem pue
‘sasea|al Juan|yoe ‘saseajal Juan|ye [8n} JO uoneuodsued] JO S10818 [BJUBWUOIIAUT ‘26 LG H¥4D 0L “9'1) (SSIN)
“o'1) sjoeduwil “91) soedwil sjoeduwli [ejusWUOIIAUS 10} pazAjeue Ajsnoinaid usaq sey jeym anoge
|EIUBWIUOIIAUD [EJUSWIUOIIAUD aJe suwnN|od 934y} 9S8y} Ul SUOIIPUOD 3y} IO} |an) YAAT 03 sebueyo (X3LVYD) uoisnjoxg
pazAjeueun pazAjeueun 9] ‘papaau jou ale sjoedull [BJUSWIUOIIAUS JO UOIjBIJUBWINIOP |eouobaren zz' LS
pue sabueyd pue sabueyo JO UOIeIapISUOD Aue jey) [ewiulw 0S ale sjoedwl |BJUBWUOIIAUS SA (Y3) JUsWSSassy
jueld 0} anQq :3JON e jue|d 0} anQ 310N e weoiubls Joy jenuajod asoym suonoe Jo salobaled Uoj aie SXJ LY |[BJUSWIUOIIAUT
a|qed|idde Ajin4 a|qedl|dde Ajn4 e a|geolidde Ajin4 e 121G {40 01
s)dlidd Buippe|d wniuooanz %M 0'G puohaq NLIN/PMO GL NLIN/PMO 89 uone|nbay 1o 4
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, o} dnuung o} dnuung aping Aioje|nbay




L=V

1 (LzLvereelIN)
oSl

Buippejo pajeod ul
pajels sy :aInso[)
‘pozijeal

aq 0} aJe Buippe|o

‘osladsip Aew jeyy
[an} pajuswbely Jo
Junowe ay} jJoedwi
[lIM YdIym “JolAeyaq
alnydni pue Buljjems
108))e spoJ usamiaq

‘osladsip Aew jey
[on} pajuswbely Jo
unowe ay} Joedwi
[IIM yd1ym “JolAeyaq
alnydnu pue Buljjoms
108)je SpoJ usamiaq

pa1e09 JO Sljauaq suoloelalu| suolnoelalu|
ay} JI pasn aq jou "'SpOJ Usam}aq "'SpOoJ Usamiaq ol
p|noys os ‘buippe|o suoljoelajul suoljoelayul
Aojeouiz aleq wo.y JBpPISUO0D JoU Op shy} JBpPISUOD J0U Op shy}
S| pajuasald ejep pue sjepow poJ-10y pue sjopow poJ-10y sisAleuy yOO1 4o}
}sinq pue Buljlems ale s|spow 0£90 ale sjgpow 0£90 s|apojy ainydny pue
sdef ejep oN ¢ | Buippe|D :UCSESY e sdeb ejep ON e -O34NN :UOSEdY e -O3HNN :UoSeay e Buljjems Buippe|)
a|qeolidde Ajin4 e | o|geoljdde Ajnj JoN e a|qeoljdde Ajin4 e | ajqeoiidde AjinjJoN e | a|qedljdde Ajinj JoN e 0€90-934NN
sdeb ejep oN e
(9)89°05 u! yuoj 3es
Sjuswalinbal sy}
Bunesw uey) Jjayiel
swa)sAs Buliojiuow
Aleonuo jjeisul ued
$99SUd9I| :89°0G gl
0] 9AleUIS)E
ue sjuasalidal
uone|nbal syuswalinbay
sdeb ejep oN e sdeb ejep oN e SIy| :BJON e sdeb ejep oN e sdeb ejep oN e 1UapI00y Aljeonu)
a|qeandde Ajng e a|qeoidde A|In4 e a|qeoidde A|Inq e a|qeoidde AjInq e a|qeoidde A|In4 e $2°0/. 940 0l
"9SN 10} 9|ge|IeAR ale suonoel) ases|al abeyoed uonelodsuel; Juanbasqns pue suoljoel) asesjal-deb ajelidoidde
JNLIN/PAD 08 01 dn sjaAs] dnuing Jo) £€029-4D/934NN 1o Sioadse uo paseq sjoedwl uonelodsuel; sy) jo sisAjeue
ue wJiopad pinoo Jeis ay) ‘e|qe|ieAe ale sa24nosal J| (£029-4D/93HNN 0 g6 abed aas) sdnuing Jaybiy 1oy eyep
UM pajepljeA ale sases|al seb uoissi Buissasse 10} Spoylow ay} Se pajen|eAs-al g Sy} eyl spuawiwodal Apnys
siy] -dnuinq |any Buiseasoul yum pajeioosse uonoel) asesjal-deb ayy ul sebueyd ul Ajuieaoun yonw 00} Sem alay) (SSIN)
punoy Ing NLIN/PAD Z9 uey) Jejealb sjoas| dnuing azAjeue o} Jdwaye pip (8620LE0L0TA) £029-40/9FHNN :BION
((a4)zG" LG ¥4D Ok 99s) podsues s | 7
Ul SJUSPIOO. WO SYSII [BJUSLUUOIIAUS BU} 10} pue Jodsued) JO SUOIIPU0d ay) 40} sanjeA Buipnjoul {1ojoeal ay) WoJy pue a|ge] - 9)Sem pue
0] 8)SEeM pue |an] Jo uonelodsuel) JO S10818 [BJUBSLIUOIIAUS 8U) JO SISAjeue pajielep pue uondiuosap ||n) e Bunonpuod |on} Jo uonepodsuels
Aq spoedw ay) ssesse 0} pasu pinom Jeis syl (| uoisiney LeyL-DIHNN) SITO [EMauUsy asuaol 8y} ul pazAjeue JleESLETIE]
pue (B)zS 1S Y49 01 ul payioads suonipuod ayj puoAaq ale sjaas| dnuing pue juswyoliua pasodoid ay] 310N e |EJUSWIUOJIAUT
a|qeolidde A|in4 e ‘2516440 01
s19|lad Buippe|d wniuooanz %M 0'G puohaq NLIN/PMO GL NLIN/PMO 89 uone|nbay 1o 4
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, o} dnuung 0} dnuung aping Aioje|nbay




cl-v

soop g xipuaddy
ul @ouepinb vy

jeyl 8JoN "9€C’L
Od 0} p8joalip

9¢€c’)

‘[on} padop WILIB)U| :UOSEDY e 9% IM g p|noys sisepeal Y 0} pajoalip
0} 9|qeoidde "SMaIAS. 0°'G uey) Jejyealb pue ‘parowal aq p|noys siapeal
J0U Os|e sl Buippe|o pajeod 0] payolus |an} 0} Jo pajepdn pue ‘paAowal Jo
9€C’'L ©Od 9€C’| ul ¢’y uonosg a|qeoljdde jou osje g pInoys g pajepdn aq pjnoys
9y Ul uepinb dds wewajddns SIQEC’L OY 9¢C’L xipuaddy :@INsO[) g xipuaddy :2Inso[)
VIY Juauno 0} pajealo 9y Ul 8ouepinb ‘982’ L ©Y Ul usaIb '9€2’ L ©Y Ul usaIb L
3y} yojew jou (LZLVEYEBLIN) VIY Juauno aouepinb jusdal aouepinb juadal
soop g xipuaddy (981) ay} yojew jou }sow 8y} yojew jou }sow 8y} yojew jou
ul eouepInb vy aouepinb yels soop g xipuaddy soop g xipuaddy ul so0p g xipuaddy ul
wiaju| :UoSeay e wiiayul Buippeo ul aouepIinb vy papinoid aouepinf papinoid aouepinb ubBisaq wajsAg
a|qeoldde pajeo)) :3J0N e wiolu| :UOSeay e | |y Wud)u| :UOSESy VIY Wudu| :ucseay |lon4 z'y Joydeyn
AlinjJoN e | 9jgeoldde AjinjjoN e | sjgeoldde AjnjjoN e |  9jqeoidde Ajinj JoN s|qeoijdde Ajinj 10N d¥S 0080-93HNN
‘g|qeolidde
AJIn} sulewal
ainydni pue '0€90 ‘0€90
Buljjems Buijepow =93YNN Ul papiroid | -HIHYNN Ul papiroid
10} paquosap ejep.ay} Ag-papunoq e1ep ay) Ag pepunoq
yoeoudde ale sainssaud ale sainssaid
/ YJomawel e [eulaul pol NgH [eusajul pol NgH
‘palewsalapun 1BY} UMOUYS 8q/p|noys  |1ey) umoys ag p|noys
aq jou |Im Buljjams } ‘pasn 8g 0} paJisep |1l ‘pash aq 0} palisep
jo @a169p By} Sl e1ep 0€90-934dNN  |Shelep 0€90-O3dNN
ey} sjeJjsuowsp 9U} J| -8Inso[D 9u} J| 18Inso[D
0} [njasn 0€90-934NN 0€90-934dNN
aq p|nom ejep ul papiaoad elep ayy ul papinold ejep ay)
1o Apoq jueoiiubis JO sainssaud |eusajul JO sainssaud |eulajul
e ‘pasodoud poJ 8y} paaoxae Aew poJ 8y} paaoxs Aew
ale sjwi| ulens saJnssaud |eusaiul salnssald |eulajul
Buiuoojeq pue pol NgH :uoseay pol NgH :uoseay
SSa.S 1SINg Mau JI ‘Buljjepow ‘Buljepow
10 ‘Buippe|o pa1eod alnidnJ pue bBuljjlams alnidnl pue Buljjlams
8y} Jo aouewlopad 10} paJapIsuod aq 10} paJapIsuod aq
8y} spunoq ejep PINOYS SPOJ Usam}aq pPINOYS SpoJ usamiaq
1ey} Moys 0} |njasn suoloelaiu| :8INso) suoloelalu| :8INso)
aq p|nom 11 ‘pasn ‘po109|bau ‘poyos|bou
S1 0€90-O34NN 9( Jou p|noys os 9( JOU p|noys os
s)dlidd Buippe|o wnjuodaz %M 0'G puohaq NLIN/PMO G2 NLIN/PMO 89 uone|nbay 1o 4
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, o} dnuung o} dnuung aping Aioje|nbay




el-v

sjue|d
lamod JesjonN
lojoeay Jajep

"L UOISINGY €81°| ©Y 10} 8A0gR PaqLIosap WId} 824n0S Jusplode 0y sjoeduwll [enusjod b1 404 swia | 8l
824N0S JUBPI0TY
S9Y1L-93dNN
Anawoab
9|qe|ooo pue
Y94 jusisuen
‘Y44 ‘spjoysauyy
aln|ie} buippeo
uo (Auanonpuoo
[ew.ay)
‘dn-pjoy Azepunoq
uielb ‘seb
uoISSI} paulelal
‘0zis ulelb Jabuig)
“6-8) sjusbe aq. ‘Kpoud
aAnIppe Jo 10edwl "IN020
puejslapun Janeq 0] pawnsse si }sing
0} paposu s)9|led agl :Auoug poJ alaym sjepiugns
[on yg4| pue *IN220 JoJ sjuswalinbal
sja|led |9n} ZzON (12LVEYEBLTIN) 0} pawnsse sl 1sinqg JOpusA JO uonippe
padop ‘paieipe. 93| Buippeo poJ I sjepiwgns [enualod :8InsoH
uo eje( :8INsoD paleod pue 9¢z’| 'sYIY Buunp JoJ sjuswalinbal ‘passalppe
‘paiiuenb )Y UO UOoISSNISIp asu Adjeyjus |any JOPUSA JO uonippe Alybnoiouyy
AloAISuaixe 9983 :3INsS0DH SNy} pue siojoe} |enusjod :@Inso|n JOU QY44 :uoseay e
useq jou "Buippejo pajyeod Bupjead pue ypom "passaippe (NLA/PMD
sey souewouad 0] a|geoljdde jou po. Jaybiy sjowo.d Ajybnoloyy g9 01 dn aouepinb
[on} UO SaAlIppe os|e sI 9€Z°'L OY [IM JUBWIYOUSD 10U Y44 :uoseay VIY Ssalppe 0}
Jo joedw| :uoseay 1eyl 810N '9€Z°L pasealou| ;910N e Mo :AjIong paysiignd usaq sey
9ed’L 9y Ul 8ouepinb 9ed’L "NLN/PMO 9€¢’|l 9Y se ainjeu
)Yy UO UOISSNOSIp VIY uaLIno )Yy UO UOISSNOSIp G/ 01 9|qeoljdde ul 8AljeAISIUILIPE
985 8INs0[) ay} yojew jou 985 1BINSO[) | ANy jou sl 9ez'|L OY sl siy)) moT :AJIoNd
s19|lad Buippe|d wniuooanz %M 0'G puohaq NLIN/PMO GL NLIN/PMO 89 uone|nbay 1o 4
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, o} dnuung o} dnuung aping Aioje|nbay




vi-v

‘Ajdwoab 9|qe|00o
pue ‘Y94 Juaisuel}
‘aydd ‘spjoysaiyy
aln|ie} buippeo

uo (AlAnonpuod
|lewuay)

‘dn-pjoy Asepunoq
ulelb ‘seb uolssiy
paulejal ‘ezis uielb
Jabie| “-6-8) syusbe
aAlppe jo joedwl

‘pajewisalopun
aq 10U [|Im Buljjems
10 9@a1bop sy}

1ey} ajeJjsuowap
0} |nyjasn

a8Qq p|nom ejep

‘pauIwIBlep
9Q pInoys vOOT

e bulnp gy44
0} spJebal yym

e se ||am se ‘papasu
S| palopisuod

9q 0] sl dy44 yoiym
JOJ pjoysauy} dnuing
Joj uoneaynsn|
[eo1uyoa)]

Jn220 0} pajoadxa
Sl ddd4d sny;

pue jsing J| "IN220
0} pajolpaid si3sinq
3 dYd4d ssaJppe
Aladoud o) Ansnpul
wo.j pepaau

S| ejep alo|\ 810N
NLN/PMO

0/ < }e s)sa) |edanss
apNPUl 93UNN 8y}
ul paquosap S)so)
AJIASPNLS BJON

B SB ||oM Se ‘papasu
S| paJapISu0D

9( 0} Sl dy44 ydiym
Jo} pjoysauy} dnuing
Joj uoneoynsn/
[eaiuyoa)

IJN220 0} pajoadxa
SI dd44 sny;

pue jsinq J| "JIN220
0} pajolpaid sI1sing
9yl Jl dYd44 ssaippe
Apadoud o} Ansnpul
wloJ) papasu

S| elep alo|\ 310N
NLIN/PMO

0/ < 1e S)s9) |elones
apnoul 934NN 3y}
Ul paqlIosap s)sal
MOIASpNIS 310N

puejsiepun Jajeq j0 Apoq Jueoyiubls | JUSWIYDLUS JO 0843 NLN/PMO NLA/PMO 6
0] papaau sjo|jed e ‘pasodoud a2yl ‘gl :aInso G/ < 1B S)S9) |elonas G/ < 1B S]S9) |elonas
|an} vg4| pue ale sjlwl| uleqs "paynuenb apnpul HIHNN apNoul 934NN
s19|1ed |an) zon Buluoojeq pue [loM usaq jou 8y} Ul paquosap By} ul paquosap
padop ‘pajelpell SS9.]S }SINg Mau JI sey YO0 e buunp S1s9) UBp|eH :JJON e S1$9) Uap|eH 310N
J0J eje( :8INso) Jo ‘Buippe|o payeod ayd4 oy psebau (wusy (wusy
‘paiiuenb 8y} Jo souewloped yiim juswiyouua Jo -1eau) ybiy Aluoug -Jeau) ybiH “Ajuoug
Ajonisuaixe 3y} spunoq 109)48 8y :Uosesy (1Y) 1ens (@IS)RENE]
uaaq jou 0£90-934NN OLIM uoljewlojul yoldeasal uonewlojul yoieasal
sey souew.lopad 1Yl MOYS 0} 9'6 O} payouus B Ul paJaA09 B Ul paJanod
[on} UO SaAlIppe papaau 0} papasau [@n} papnjoul 8q 0] sbuipul} aq 01 sbuipuly
Jo 10edw| ‘'9349NN ale ejep jsinq s1s0] AJljIoe 1sing yolessal qy44 yoleasal Q44
By} Ul paqliosap pue Buljjams :SJ0N e Jamod IN| 910N U808y TBINS0O[) U828y BINS0o[)
sisa} ay) 'O3HNN 1212-934NN sbuipuy sbuipuy
Ul paJapisuod |any ay} ul paquosap JO 1ed e jou sem yoJeasal QY44 yoleasal Q44
20N leuoniped; S1$9) Ul palapIsuod euswouayd gy44 U828l apnjoul Jus%aJ spnjoul
AluQ :uoseay e | Buippelo pajeooun uo JuUBWIYOUS 10U S80p 0S ‘ZL0Z Ul 10U S80p 0S ‘20z Ul
o|qeoldde AluQ ‘S10N e | J0108y0 8Y] :BION paysiignd -uosesy e paysiiqnd -uosesay VD201 buung
AN} JON e a|qeondde A n4 ¢ | o|geoidde Ajny JO0N a|qeoidde Ajiny JON e a|qeandde Ajnj joN ay44d 1zZ1z-934unNN
s)9||ad Buippe|d wniuooanz %M 0°G puohaq NLIN/PMO GL NLIN/PMO 89 uone|nbay 1o 4
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, o} dnuung 0} dnuung aping Aioje|nbay




Gl-v

aulep 0} papasu
(314) uoneuiwexs
uoleipe.l

150d (OH)

[|82 10H :3INS0[)
‘|lany padop

ur payuenb

[|om udaq Jou sey
JaAe| puoq pejo

uolepIXo weals

|edbajul paplis

a|gqnop Se ||om

Se ejep |eolueyoow

juanbasqgns

pue ejep

uoljepIXo weols
paplis 8|bulS BJON e

a|qeoldde ulewal

-|]an} JO uonew.o} SuOISN[OUO)) e 0z
Ay} Jo} pjoysaiy} (Aressadau jou
ng :uoseay e | A|9y1]) QgL :3Inso[D
juswisquis Jusisyip 8q
uabAxo [IM JuBWBRIqWS
al Buippeyo Joy pue uonepixo NLAN/PMD 0/ 03 dn
ploysaJyl puoAaq 10 918y "WNIU02JIZ Ajuo l1oj synsal qod VOO
SpoJ |9n4 JO aleq pspnjoul JUBLIND,, S|Ie}9p paje|nysod buung
uonejndod abie] e | Ajuo BlR( :UOSESY e sdeb ejep ON o | 2SS UONO8S 310N sdeb ejep oN e Joineyag Buippe|n
a|qeoliddy Ajin4 e | sjqeoldde AjinjjoN e a|gealidde Ajin4 e a|qealjdde Ajin s|qeolidde A|in4 e 612,-40/934NN
"JUB|00D "JUB|00D
ayj ul sgjonJed ayj ul sgonJed
[ony Aq pasneo |any Aq pasneo
abexo0|q dwns abexoo|q dwns
|enuajod Buissaippe [enuajod Buissalppe
Buipnjoul ‘paulluexs Buipnjoul ‘paulwexs
aq pinoys Ajjedilio aq pinoys AyjeonLo
pue Ay[iqejooo pue A31j1qejo0o
uo uonisedap pue uo uonisedap pue
uodsuel gponJed uodsuely ajonJed
[on} Jo joedwi [ony Jo 10edwi
ay} ‘Ajjeuonippy ayy‘Ajreuonippy
"pPaJapISU0D a(q "pPaJapISuU0D aq
0} SI Y94 padnpul 0] S1 Y94 padnpul
uonejuswbe.y uonejuswbe.y
J0 108)j8 8y} J0 108)j° a8y}
uaym Joj uoneannsnl uaym Joj uoneainsnf
[e21uyoa} [ea1uyos}
s19|lad Buippe|d wniuooanz %M 0'G puohaq NLIN/PMO GL NLIN/PMO 89 uone|nbay 1o 4
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, 0} dnuing 0} dnuung aping Aioje|nbay




ol-v

|eanAjeue
annduosaud 9405
ay) Bunesw jo
sueaw e sapinoid
9Y slu} :8J10N
‘pasodoud

ag p|noys

S|epow mau

10 ‘sjppow 20N
JUS.IND S JOPUSBA

e woJj yonw
abueyo jou saop
ABlaus palols

8y} J1ey) umoys eq

9y} 4| ‘padojanap
aq p|noys Buippeyo
pale0o-awoiyo

uo paseq |spowl
sSolj|auy uolepixo
Uy :8Inso|D
‘Buippeyo
winiuooJIZ aleq
uey} asuewlopad
uoljepIxo Japaq
aAey 0] pajoadxa
sI Buippe|o pajeod
swolyD -"sonaupy
uolepIxo [spowl

uonenjeaa

VOO Ul pessalppe
8q p|noys

¥4 3Insoy
passaJppe jou

S| 0444 :uoseay
wnipa|y AjoHg
‘'siealk

Buiwoo ayy ur 2GL'L
9y a1epdn o} sue|d
pue awl} awos 10}
dodl se yons sanssi
JO aleme usa(q sey
lels ey :2INSO[)

uonenjeAs

VOO Ul passalippe
8Q p|noys

¥4 @Inson
passalppe jou

S| dY44 :uoseay
wnipa|y AJoHg
‘'sieah

Buiwoos ayy ul 2G17|L
oY a1epdn o} sue|d
pue awl} awos 10}
do.L se yons sanss|
1O aleme usa(q sey
Jejs oy :2Insoi)

pINoys | :BINSO[D Alleansijeal jou "(9e€0€Z12LIN "(9e€0€Z1LZLTIN
|eny padop Jo PINOM UONE[S.I0D pue /2G0SS1601IN) pue /25055 L60TN)
20 Jo} ApusLno loMed-1eoyeD £2-6002 (NI) £2-6002 (NI) he
a|qejdaooe ay) Jo asn 901JON UOlBWIOU| 901J0N UOleWIOoU|
Jou SI pue ‘Buippe|o Aojeoduiz ul 8|gejieae sl Qo1 ul a|gejieae si o1
Z0nN Joj padojansp aleq Jo} padojonsp UO uonEew.louUl IO\ UO uolew.oul BI0J\
sem [apouwl e 10} Sem Inq "'suonIpuod NgH ‘'suonIpuod NgH
SIyl ‘|eapow ‘uonepixo Buippe|o Japun sind20 qO1L Japun sin220 001
ABiaus palols pue ‘uonelauab ‘passalppe Jou Sl ‘passalppe 10U SI
|eniul a|jgejdaooe uaboipAy ‘eses)al (@o.L) uonepeibop (@ol) uonepeibop
ue saduaJs)al ABisua Jo sojel AlAnonpuod AlAnONpUOD
os|e} ‘alep ay) bunenojeo [ewuay) ‘ejdwexa |[ewlay} ‘ejdwexa
40 JnO s| [an} 3y} Joj a|qejdadoe se 104 "NLIN/PMO ¢9 104 "NLIN/PMO 29
ul ABiaus palols paoualajal S| ejep JO Wi Ng uauno JO JlWi| NG uaind
[eluruo Lg'e pajeloosse pue ay) o} 9|qeoljdde ay) o} 9|qeljdde aouewIouad SHOO3J
uoloeg :uoseay uole|a.l00 |omed AJInj jou si AInJ jou sI JO suonenaen
9|qeoldde -Jeoyje) :UOSeay e sdeb ejep oN e /Gl ©Y :UoSeay e /Gl ©Y :UCSEdY e ajewnsy
Aliny JON a|qeoljdde Ajinj JON e algeoljdde Ajin4 e | s|qedidde Ajinj JoN e |  s|qedjljdde Ajinj JoN e -}seg /GL'L OY
spwij
aod usliqelse
0} Alessaoau ale
Blep |eslueyosw
JaAe| puoq pejo juanbasqgns
-|any 1o} pjoysaly) pue ejep
s19|lad Buippe|o wnjuodaz %M 0'G puohaq NLIN/PMO G2 NLIN/PMO 89 uone|nbay 1o 4
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, o} dnuung o} dnuung aping Aioje|nbay




L1V

9%°0G

0} uondwexa
pajdaooe

ue Buipuad
a|qeoldde Ajny
Aluo st oY sy}
os ‘(1)(1)(e)9v" 05
Jo Buipiom sy} 0}
anp s)a||ad padop
Joj 9|gesidde jou
aJe sjuswalinbau

91°09
0} uondwaxa
pajdaooe ue
Buipuad s|qeoidde
Aling Ajuo s1 9y siy
os ‘(1)(1)(e)9y 06 jo
Buipiom ayy 0y anp
s)9|12d padop 40}
a|qeolidde jou ale
sjuswalinbal asoy}
{sjuswalinbal
[eonAjeue
annduosaud 940G
ay) bunesw jo
sueaw e sapiroid
OY slu} :BJ0N e
"Soljauly
uonepixo Buippeo
pa}e0d 8y} SpuNoq
1 jey} pejedisuowsp
8q p|noys J!
‘pasn sI UoI}e[81I00
[omed-uesyie)
8y} pue pazieal aq

(uoissnosip
0€90-934dNN

99s) ainydni pue
Buljems Buspisuod
uaym pou joy

ay} aq jou Aew pou
Buniwi| 8y :ucsesy
"JUB|009

ayj ul ssjonJed

|[on} Aq pasned
abexoo|q dwns
|enuajod Buissalppe
Buipnjoul ‘paulwexa
aq pinoys Ayjeonio
pue Ayjiqe|o00

uo uonisodap pue
uodsuel gjonJed
|any o 10edwi ay}
‘Alleuonippy «|jem se
pazAjeue aq pjnoys
uonejuawbe.y

yum ainydnu

Joj uonipuod Buniwi|
9y PaJapisuod aq
0} SI ' 4O padnpul
uonejuswbeu}

40 108jj8/y}

uaym Joyj uoneainsnl
[ea1uyos}

B Se ||om Se ‘papasu
S| paJapISU09

9Q 0} sl dddd ydiym
JoJ pjoysa.yy dnuing
Joj uoneayysn|
[B21UYD8} ‘IN220

0} pajoadxa sl Y44

(uoissnosip
0€90-93dNN

99s) ainydni pue
Buijems Buuspisuod
uaym pod joy

ay} aq jou Aew pol
Buniw 8y :uosesy
"JuB|009

ay) ul sgponed

|any Ag pasned
abeyoo|q dwns
[enuajod Buissalppe
Buipnjoul ‘paulwexa
9q p|noys Ajjeonuo
pue Ajjiqe|ooo

uo uonisodap pue
uodsuel ajoinued
[@ny Jo 10edwi ayy
‘Alleuonippy ||em se
pazAjeue aq p|noys
uonejuswbe.y

yum ainydni

Joj uonipuod Bupiwi|
9y "palapIsuod aq
0} S1 Y94 padnpul
uonejuswbely

4O 103)J8 a8y}

uaym Joj uoneoinsnl
[ea1uyos}

B Se [|oM Se ‘papasu
S| palapISu0d

9q 0} si'dd 44 ydiym
10} pjoysaliyy dnuinq
Joj uoneoynsn|
[B21UYO8}] INd20

0} pajoadxa sl Y44

asoy 0] Jou aJe Buneoo sny) pue 1sinq sny) pue jsinq
‘{sjuswalinbal ay) Jo sjjauaq J| "saibojopoyjow J| "saibojopoyjow
s19|lad Buippe|d wniuooanz %M 0'G puohaq NLIN/PMO GL NLIN/PMO 89 uone|nbay 1o
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, 0} dnuing 0} dnuung aping Aioje|nbay




8l-v

alnpaosoud
[eanAjeue

8y} Ing ‘s|qeoldde
Aling Jou sl
juswinoop ley) Jo

| ‘A8Y "o|geoldde

‘g|qeoldde
sulewsal ainpasoud
[eonAjeue sy Inq
‘o|geolidde Ajjnj 10u
S| JUBWINOOP Jey} Jo

"NLIN/PMD G9 0}
dn g|geaidde Ajuo si
| A®Y C1281-INNd

pue N LIN/PMO
29 01 dn g|geoidde

"NLIN/PMOD G9 0}
dn s|geoidde Ajuo si
| ASY Z12Z8L-INNd

pue NLIN/PMO
29 01 dn s|geoidde

Aling Jou s yoiym | ‘A9 "o|qeojjdde Aluo si 0 A9Y €81°) Aluo si 0 Aoy €81°) €c
‘0°'NH €81°L Aling Jou si yoiym Od 'L ABY CLZ8lL Od 'L ASY 2128l
Oy wWoJj suonoel) '0°'AH €81°L -INNd pue €81°} -INNd pue ¢gL°| ¥ "Ny ‘9L-ZL 1IN
aseajol deb Y WoJj suoljoely 9y WoJj suonoely Y WOl suoljoe.y
SUONUB|\ UOSE]Y e aseajal deb aseojas deb Jo asesjal deb Jo sisAjeuy Ajjeanu)
a|geoldde sdeb eljep ON o | suonual ‘UOSESY asn S8}l [UOSedy e asn sa}l) uoseay [00d |en4 juads
Aliny JON o algeolidde A|in4 e | 8|qedydde Ajnj JoN a|qeolidde Ajinj JoN o | o|qeoliddy A|InjJON e | pue ysei4 0¥z | OY
[an}
padop Japisuod 0] Buippe|o
S|opow uonenjeAs po1B02 I9PISU0D 0]
J1ay) a1epljen pue S|opow uolen|eas
ajepdn 0} pasu JI8Y} 8)epljeA
[IM SIOpUB/ BJON e | pue @1epdn 0] paau
"S|lejop ||l SIOpUBA BJON
alow 104 9%°0G ‘s|lelep
uo uoISSNIsIp aJow Io} 9%°0G
99S '9%°0S uo UOISSNISIp 22
0} uondwexa 29S8 '9%°0G
pajdadoe 0} uondwexa
ue Buipuad paidaooe ue
a|geoldde Buipuad s|qeoidde SjuaWIYOLIUS ‘ng ‘ng
Ajing Ajuo si oy Ajing Aluo s1 oYy Jaybiy 0} sjgpow Jaybiy 0} sjgpow Jaybiy oy sjgpow
SIY} OS ‘passnasIp SIY} 0S ‘passnoasIp uonen|eAs Jiay} uonen|eas Jiay} uonen|eas Jiay)
aJe sjuswsalinbau ale sjuswalinbal 2]epI|eA 0] pasau a]epl|eA 0} paau a]epl|eA 0} pasau SPOYIS|\ SIsAjeuy
9%°0G ‘9ION e 9%°0S 310N |[IM S1OpUBA BJON ||IM SIOpUB/\ BJON ||l SIOPUBA BJON JUBpIodY pue
a|geoidde Ajin4 e a|geoidde Ajin4 a|geoldde Ajjn4 a|geoldde Ajing e a|geoldde Ajin4 Juaisuel] €021 O
sasAjeue YOO Ul sasAjeue YD Ul
ainydnu pue Buljjams aindnu pue buljjams
10} paJapIsuod aq 10} paJapIsuod aq
p|Noys suoioeliaul pINOYS suonoelajul
poJ 0} po.J :38INso|D pOJ 0] po.J :38INsS0o|D
s19|lad Buippe|o wnjuodaz %M 0'G puohaq NLIN/PMO G2 NLIN/PMO 89 uone|nbay 1o 4
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, o} dnuung 0} dnuung aping Aioje|nbay




6LV

‘Alessaosu aq
Aew ¢ Aoy 91-Z1
|3N ul pajuasald
suondwnsse ay)
JO 8sn panuiuoo

Joj uoneaynsn|

‘subisap |any

M3U 10} Jey) salels
o ydeibesed

D UoNo8s

0¥ | ©d 90N
‘Alessadau

aq Aew

sapoo Ajjeonio

JO uonepljeA 1oy
sjuswiiadxg :3)JON
jood |any

Juads a8y} Ul Ngee
alow 0} pes| Aew
[any Aysuap Jaybiy
‘Alisuap sasealoul
Juedop J| 310N
‘'subisap |any

Mau yoeoidde 0y
MOY S9qLIoSap
‘A9Y 91-Cl 1IN Jo
€'6 Uoljoag :8J0N
"a|qeol|dde sl jey)
suoljoel) ases|al
deb Bunejnojes

Jo} ainpaosoud

[eanAjeue ue
apinoad |Im ‘| ADY
€81°1 O 8INs0[Q

‘sywi| Alojejnbal
SAIJOBY9-) B}

0] 9ouaJaype Moys
0] pajepdn aq 0}
poau [|IM sasAjeue
Ajjeanl) BION
abuels Juswiyouud
a|geoidde

ay] J1enod

1ey] sjuswiiadxs
Ulim pajepliea

a( 1SNW S|po92
Ajjeanl) BN
"9|qeoljdde sl jey)
suoloel) ases|al
deb Bunejnojes
Joy aunpaosoud
|[eonAjeue

ue apiroid Im
Uolym ‘| A8y €81°|
9Y jo uoneolignd
ay}) uodn

"9|qeol|dde s| jey)
suoloel) ases)al
deb Bunenojes 1oy
alnpaosoud |eonkjeue
ue apinoid |Im
Uolym ‘| AeY €81 °1
9y jo uonesijgnd

suonoed}

ases|al deb Jo}
$3|qe} apinoad [jIm
UoIym ‘| ASY €81°L
Y jo uonesljqnd

‘g|qeoldde a|qeoldde Ajny a1 uodn s|geoldde a1 uodn a|geoldde
sulewsal aq ||IM -8INsoD ANt aq |jIpN 3INS0D ANt aq [jIpN :BINS0D
s)dlidd Buippe|o wnjuodaz %M 0'G puohaq NLIN/PMO G2 NLIN/PMO 89 uone|nbay 1o
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, 0} dnuing o} dnuung aping Aioje|nbay




0c-v

saljljioe) JUBWYOLIUS

sdeb ejep oN e sdeb ejep ON e sdeb ejep ON e 10 V9O | 82
a|qed|idde Ajin4 a|gedldde Ajn4 e a|qed|idde Ajin4 a|qeo|idde JoN a|qeo||dde JoN ¥€/6-40/934NN
‘Alessadau Alessadau
8Inso|0 ON aINsoD aInso|o ON 8INsoD uoneolqe}
‘uonedliqey |any ‘uonedliqey |any [en} N3 Jo}
ay} 0} 8|qeoldde ay} o} 9|qeoljdde (v8DIN) Bununoosoy Le
sdeb ejep oN e sdeb ejep oN e sdeb ejep ON ¢ | 10U SI NgH ‘UoSeay 10U SI NgH ‘uoseay pue |0)u0Y |eLdlep
a|qeolidde Ajin4 e a|qeol|dde Ajn4 e a|qeol|dde Ajjn4 e |qeol|dde JoN a|qeol|dde joN G90L-934NN
Alessadou Alessadou
8INs0|0 ON 8INso|D 2INso|0 ON 8Inso|D
‘uoneoLqey |any ‘uoneoLqey |any
ay} 01 o|gedldde ay} 01 o|geoldde 9¢
sdeb ejep ON e sdeb ejep ON e sdeb ejep oN e | JouU SI NgH ‘UuoSeay Jou sI NgH ‘uoSeay SSIN - (dYS 81949
a|qed|idde Ajin4 a|qedl|dde Ajn4 e a|qeo|idde Ajin4 a|qeo||dde JoN a|qeo||dde JoN |ond) 0Z2S1-939NN
‘Alessaoou
aq Aew
S8p09 AJ|eoNLo
JO uolepl|eA 1oy
sjuawiiadxs {jood ‘sainpaoso.d
[on} juads ay} ul M3IABI palels g¢
Ngez ©JOW 0O} pPEd) ay) jo Led e sl
Aew |any Ayisusp 89°0G Y40 0L yum obelo)g |on4 juadg
JaybiH :BJON e sdeb ejep oN e aouel|dwo?) TBI0N e sdeb ejep oN e sdeb ejep oN e pue maN (Z'1°'6
a|qeolidde Ajin4 a|qeol|dde Ajn4 e a|qed|idde Ajin4 a|qeolidde Ajin4 alqeolidde Alin4 ¢ | 4YS) 0080-OIFHNN
‘sywi| Alojejnbal
SUNTTER N
0] @oUaJ8ype Moys
0} pajepdn aq 0}
paau |IMm sasAjeue
Ajl|eanii) BJON e
‘Alessaoau ‘sainpadso.d ve
aq Aew MB3IABI paje]s BulpueH pue
Sep0o Aji[eonLo 8y} Jo ped e s obelo)g [on4 juedsg
JO uoljepl|eA Joj 89°0G 4D 0L uim pue ysald jo Ajojes
sjuswiedxy :BJON e sdeb ejep oN e | 2oueldWo) :BJON e sdeb ejep oN e sdeb ejep ON e Aeonuo (1°1°6
a|qeojjdde Ajn4 e s|qeoljdde Ajin4 e a|qeojdde Ajn4 e a|qeojdde Ajn4 e o|qealidde Ajing ¢ | 4YS) 0080-DIUNN
s19|lad Buippe|o wnjuodaz %M 0'G puohaq NLIN/PMO G2 NLIN/PMO 89 uone|nbay 1o 4
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, o} dnuung o} dnuung aping Aioje|nbay




Le-v

‘syjuedop
[@ny 0} anp Ajsusp
[@n] Uo 108440

Buippero

uo pajeod 1D

J0O} SUOIjeJapISUOD
anbiun

0] SjuaWyoLIUd
Jaybiy Japisuod 0]
paau ||IM UoISSNoSIp
Buip|elys 810N

"9NsSI [221UYD8] SIY] UO UOIeWIouI
apInodd ||IM yolessal pue smalAal ainjelsll
"WJ8) 82JN0S 8SBaIOUI 10) JUNODIE 0)

pue suoneLeA 1O UOISSNOSIp agyl :ainson uonisodwo? |any pue sdnuing ybiy Jepisuod
uonepleA |enuajod ON ‘Buippejo Aoje "G 0} p@au |Im uolssnosip Buip|aiys BI0N 0¢
ssalppe 0} pasau JZ UO uolewlojul 0} dn sjuswyouus ag.l ainson SSIN - 8belois Aig
ay) bunen|ens sapinoid 0} pajiwl| sl "NLIN/PMD 09 dn sdnuing |on4 juads Joj ue|d
SFISISITY] aoueping :3j0N aouepino :uoseay 0} pajiwl| sI sapinoid aduepIng ‘UoSeay MBINDY pJepuels
M3IABI Japun MaIABI Japun a|qeoidde Ajnj JoN a|qeoidde Ajnj JoN ‘G12Z-934NN
"swusiueyoaw "UOIS0.1I0D
Bbuibe o|qIpaio pue ‘deasd
ssasse 0} (bunsa) [eway) ‘sjoole
|eaiueyoaw “6°9) uabolpAy se
s)19|12d padop yum yons ‘swsiueyodosul ‘'swisiueydaw. buibe
Buippejo pajeipedl Buibe a|qipalo 9|qIpaJd SSasse 0]
JO uonezusioeleyo ssasse 0} (sisAjeue (Bunsae} |eolWBYDSW
pue Buljapouu 21NJoNJ1s0oIW “£°9) JuswyoLiua
aouewJoplad ‘bunsal pasealoul YlM
|[en4 :3Inso|) [eolueyosw ““6-9) Buippejo pajeipe.dl ‘'swisiueyoaw Buibe a|qipalo
euswouayd Buippe|o pajeod JO uonezisioeieyd $S9sse 0} (Uonezuajoeleyd ainjoniisooIw
palejal -1D) pajelped pue BuljapoLu ‘bunsa) |eolueyosw “6'9) Ng Jaybiy 62
-6uibe pajeioosse JO uonezusioeleyd aouewJoylad ypm Buippejo pajelpedll Jo uoneziiajoeleyo
ay} pue (asesjal :8INsoD [on4 :8INso|) pue Bulspow souewdopad |an4 :B8INSO[)
seb uolssly ‘Buneod 19 ‘euawousyd ‘sayoeolidde
10 suolnoelayul 10 s109y)0 [enusjod pajejal-buibe juswebeuew bBuibe ayio pue (euayo Bulhip
pejo-1o|ed Ay} JopIsuod jou op pajeloosse ay} [ony “6-8) suonoe aAuanald papuawiwooal
BIA) sassalys dooy Buippelo |any Juads pue sassaJs dooy anbiun juesem Aew pue abelo)s papuaixa
Buippejo 100ye 10 uonepelbap Buippejo 100ye Bulinp a|qipaJo aJe swsiueydaw Buibe SSIAN - Hoday
Aew s)o|jad |any pajejal-buibe Aew slaqiosqe yoiym souanpul Aew NgH ‘NgH O} papuaixa (SdVIN) obeiolg
pado(q :uoseay JO suonen|eAs a|qeuJnq Jo asn aq 0} pasau bBuippe|o |any) juads Jo uonepelbap Ul S9SS890.d
a|geoldde 9] :UOSEaY e | pasealou| :UOSEay paje[al-buibe Jo suonen|eas ay] :UOSESY Buiby Buibeue|y
AlinjJoN e | ajgeoldde AjinjJoN e | ajqeolidde Ajnj JoN s|qedljdde Ajinj JoN ‘Y1 22-93HNN
‘Alessadau ‘Alessadau
8Inso|0 ON 8INsS0D aINso|o ON 8INsSoD
‘uoneouqe) |any "JUswIyolIUud [any
ay} 01 o|gedldde ay} 01 o|geoldde
10U SI NgH UOSEayY e | 10U SI NgH UOSESY e
s19|lad Buippe|d wniuooanz %M 0'G puohaq NLIN/PMO G2 NLIN/PMO 89 uone|nbay 1o 4
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, o} dnuung 0} dnuung aping Aioje|nbay




ey

"uolew.oul
SIY) epinoid os|e
p|noo juediddy
‘9|ge|ieAe
SBW099(

elep sAjquesse
1s9} pes|

uaym joeduwl sy}
SSOSSe [|IM Je1S
‘aouewopad |any
uo syuedop |any
10} SUO[}BIoPISUOD
anbiun

JO uoIsSnosIp

ON ‘Buippe|o Aoje
JZ UO uolew.Jo4u!

‘uolewJoul sy}
apinold os|e pjnoo
eolddy ‘s|gejieAe
SBWo099(q ejep

s Alquiasse 1s9)
pea| uaym joedwi

0] uonewJojul
apinoid osje

p|noo juediddy
‘elI9140 Bullip

[on} papuswwodal
ay1 ‘Apuenbasuoo
‘pue ssoalls

dooy Buippe|o
109 Aew asn
Jaglosge ajqeuinq
ul @seaJoul

ue JI.1opISuod 0}
paau [|IM UOISSNOSIP
SEBEIE TN
‘anssi

[e21uyoa] SIY] uo
uoleuwojul apirosd
[IIM ydJeasal pue
SMaINBI 81n)eldllT

* §|on} JusWIYoLIUd
Jaybiy Joy so|0id
Buipunog ssaippe
pue uolepleA se
[loM SB jJusawyouud
Jaybly Japisuod 0}
paau [|IM UOISSNISIP
Aeonuo 810N
‘onss|

[e21Uyoa] SIy] Uo
uoljewojul apiaoid
[IlM yoleasal

pue SmalAdl
alnjesa)] "wis)
921N0S uo j1oeduwl
pue asn JagJosqe

‘o|qe|ieAe
SawW098q ejep sA|quiasse }sa) pes| uaym
10edWi SIY) SSOSSE ||IM Je)S "souewlouad
Buippe|o uo 1088 sdnuing Jaybiy Japisuod
0} POaU ||IM UOl}eN|eAd S|elidle\ “JON e
‘|anss| |eo1uyos)
SIY} UO uoiew.IOUl BpIA0Id |IM Yyoieasal
pue smaiAal alnjesai] sjen) dnuing
Jaybiy Joy sojoud Buipunoq ssalppe pue

sapinoud SIY} SSaSSE ||IM 8|qeulng aseaJoul uonepljeA se ||am se sdnuing Jaybiy JapISuoo
aouepINg BJON e| ,e1S “edouewlopad 10} JUNO2oE 0] Paau ||IM uoISSNasIp AJjeoni)) BJ0N e
sjalled Buippe|D wniuodnzZ | %Im o' puokaq NLIN/PMO GZ NLN/PMD 89 uone|nbay 10
|en4 zon padoqg pajeos-awoiyd JUBWIYILIUT Mgy 0} dnuing 0} dnuing aping Aioje|nboy




€V

"uoljewIolUI
siy} apinoid os|e
p|Noo juedl|ddy
‘o|ge|ieAe
SOwI029q

ejep s Alquasse
18] pes|

uaym 1oedwi siy}
SSOSSE [|IM Je1S

poau ||IM UOISSNOSIP
s|eusle|y 310N
‘onssi

[B21UYD9} SIY} UO
uonjewJojur spinoid
[IM yoJeasal pue
SMaIABJ ainjelal]
‘sa|ijoid Buipunoq
pue ‘uona|dap
oidojos| [euonippe
pue uonepljeA se
[|loM SB SJUBWYILIUd
Jaybiy Japisuod 0]
poauU ||IM UOISSNOSIP
Ajeanlio 810N
‘anssi

[B21UYy29} SIY} Uo

‘g|gejieAe
saw029q ejep s A|quiasse 18] pes| usym

"‘@ouew.opad |any "uoljewIoul SIY} uoljewJoyul spiroid joedwi siy) ssesse ||IM Jjels “souewlopad L
uo syuedop |any apinoid os|e p|noo [IM yoseasal Buippe|o.uo joaye sdnuing Jaybiy Jopisuod
10} suonesapIsuod | jueolddy ‘a|qe|ieAe pue smairsi 0} P98U ||IM uolien|eAd s|eldje|\ :8J0N
anbiun Saw098q ejep ainjela) "wJd) "9Nss| |e21uyod)
JO uoISSnosIp s Ajquiesse 1sa] 921Nn0s uo 10edwi SIY} UO UonewJoul apinoid [jIm yoJeasal
oN ‘Buippejo Aoje pea| uaym joedw pue asn JaqJosge pue smaiAal ainjelay] ‘s|any dnuing
JZ UO uolew.oul SIY} SSOSSE ||IM a|geuing asealoul Jaybiy .40} sajyosd Buipunoq ssaippe pue
soplroud 1Je1g "eouewsopad J0J 1unoooe uonepleA se [|om se sdnuing Jaybiy Japisuod
aouepIng) :8]0N Buippe|o 0} sjuswyoud 0] paau [|Im uoIssnasip AJljeonu) ;810N
‘syjuedop uo pajeod 1H Jaybiy oy "9Nss| [B91UYDS] SIY}-UO UolewIoul
[&ny 0} enp Aysuap JOJ SUOIBIOPISUOD | Pa3U |[[IM UOISSNISIP apIAoId [|IM YOIBaSal puB SMaIABL 8injela) T
[dn} Uo 10848 anbiun Buipjaiys 810N "WJ8) ©824N0S 8SEaIOUI 10} JUNOIJE 0} [ELIS}EJ\ SAIOEOIPEY
pue suoljeleA JO UOISSNoSIp agyl :ainson uonisodwod |any pue sdnuing ybiy Japisuod pue [an4
uonepijen |enusjod ON ‘Buippejo Aojje %S 0} paau ||Im Uoissnosip Bulpjaiys 810N juadsg Joj sabeyoed
Ssalppe 0} paau JZ UO uolewlojul 0} dn sjuswyolIUd ag.l :einson uoneuodsuel |
ay) Bunenjens sopirold 0} pajiwi| s "NLA/PMD 09 dn sdnuinq 1o} ueld
sl Jjejs 810N 90UEPINY :BJON e | 9dUEPIND :UOSESY 0} pajiwl| si paplrold 8oueping :UOSesy MBINSY piepuelS
M3IABI Japun M3IABI Jopun e | o|geoldde Ajny JoN a|qeoldde Ajny JoN ‘9122-934NN
‘uonen|eand
ayj Loddns
s)allad Buippe|o wnjuodaz %M 0°G puohaq NLIN/PMO G2 NLIN/PMO 89 uonejnbay 1o 4
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, 0} dnuing o} dnuung aping Aioje|nbay




vev

(Bunss)
|esiueyoaw ““6°9)
sjo||ed padop ypm
Buippe|o pajelpe
JO uolnezusoeleyo
pue bBuljapow

(s1sAjeue
24njonJjsoolw
‘Bunsey
[eaiueyoaw “"6°9)
Buippe|o payeod
10 pajelpedl

JO uonezisoeiey)
:8Inso[)
‘pajueliem

(Bunsay jeolUBYDBW

aouewopad aqg Aew Jojoeal ay) “B6-8) JuswyoLIus
|an4 :2INso[) ul dnyoid uaboipAy pasealoul Yiim (uonezueioeleyd 81n1oNIISOIoIW
aouew.loped paonpal JO S}0ay8 Buippe|o pajelpedl ‘bunsal |eolueyosw 6'8) Ng Jaybiy ce
Buippe|o JOpPISUO0D 0} BLIBJID JO uopezisloeIeyo ypm Buippe|o pajelpedll Jo uoneziiajoeleyo
pajeloosse BuiAip |on} pasinay pue Buljspow pue Buljgpow souewlopad |an4 :BINSO[)
ay} pue (eses|al ‘(dnyoid usaboupAy @ouew.loped "gouewlopad Buippe|o aziwixew o} sadnoeld
seb uoissiy ‘uonepixo Buippelo |an4 :3INSOD BulAip |an} papuawiwodal pasIAal JUBLIEM
1O suonoelaul “B-9) Buneod 1n "J0IABYD(Q Bulppejo os|e Aew Ng pasealou| "abelo)s papuaixa
pejo-19|1ed JO s108))9 |enusyod pajelnosse ay} Buunp swsiueyosw Buibe a|qipalo sy}
BIA) sassads dooy ay} JapIsuod pue sassals dooy pue ‘salladold |[eoiueyosw ‘ainssald |eudaul
Buippejo 10aye Jou op aouewouad Buippejo 10aye Buippejo @ouanjul Aew Ng pasealou| ‘Ng
Aew s)9|jad |any Buippelo Aew sloagiosqge Jaybiy o) pepusixa 8g 0] peau sayoeroidde dnuing ybiy
padoq :UOSEayY e | |on} JO suonen|eAs a|geuinq Jo asn Buisua9l| papuswiwooal pue aouewlopad JO uoneuodsuel |
a|qeoldde 9] UOSEdY e | pasealou| :UOSEdY Buippe|o [ony JO suoljenjeAasd ay| :UOSedy e pue obelo)g
AN} JON o | 9|geoidde AjnyJoN o | a|qgeoidde Ajiny 10N a|qeoidde Ajnj JON e AQa ‘vz2zz-9349NN
euayo bullip
[on} papuswWIWodal
ay} ‘Apuanbasuoo
‘pue ssoalls
dooy Buippe|o
109 Aew asn
Jaglosqge ajqeuinq
ulI aseaJoul
ue JI JapISu0? 0}
s19|lad Buippe|d wniuooanz %M 0'G puohaq NLIN/PMO G2 NLIN/PMO 89 uone|nbay 1o 4
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, o} dnuung 0} dnuung aping Aioje|nbay




Gcv

Alessadau Aiessaoou
8INso|0 ON 8INS0D aInso|0 ON 8INsSoD
‘uoneolqe;} ‘uoneolqe}
JO JUBWIYOLIUS BNy 10 JUBWIYDLIUS [any o¢
ay} o} s|qeolidde ay} o} s|qeoljdde ssaupaiedoid
sdeb ejep oN e sdeb ejep ON e sdeb ejep oN e | 10U SI NgH :UoSeay 10U SI NgH :UOSEdY e KouaBiawg
a|geoldde Ajind e a|qeoldde A|In4 e a|qeoldde Ajin4 e a|geoldde joN a|qeoldde JoN e /19°€ ©OY
Alessadou Alessadou
2INSOJ0 ON 8INS0|) 9INsSO[0 ON 8INS0|D (SSIAN) s810D
‘uoneslqge) ‘uoneslqe) Jojoeay apIsinQ
JO Juswiyadlius [any JO Juswiyduue [any s|eualel Jes|onN | G¢
ay} o} s|qeljdde ay} o} s|qeolidde 10} SpIEpUBIS
sdeb ejep oN e sdeb ejep ON e sdeb ejep oN e | 10U SI NgH :UoSeay JOU SI NgH :UOSEdy e fayes Anesnuo
a|geoldde Ajind e a|qeoidde A|in4 e a|qeoldde Ajin4 e a|geoljdde joN a|geoljdde JoN e Jes|onN, ‘12°€ Oy
(SSWN) .[eusien
aAljoeOIpRY
Jo} sebexyoed
JO |eaosddy
JoJ suoneolddy ve
|, Med jo
sdeb ejep oN e sdeb ejep oN e sdeb ejep oN e sdeb ejep oN sdeb ejep oN ¢ | jusyu0n pue jewlo
a|qeandde Ajn4 e a|geoldde A|In4 e a|qeoidde A|Inq e a|qeondde Ajn4 a|qeoidde A|n4 e plepuels ‘6. 9y
(SSWN) .IS4SI uy
10} Joday sisAjeuy
Ayejes auyy ioj | g€
sdeb ejep oN e sdeb ejep oN e sdeb ejep oN e sdeb ejep oN sdeb ejep oN e | 1usjuon pue Jew.oo
a|qeondde Ajng e a|geoldde A|In4 e a|geoidde A|Inq e a|qeondde Ajn4 a|qeaidde Ajng e pJepuels, 8%'¢€ Oy
s19|lad Buippe|D wnjuoaliz %M 0'G puohaq NLIN/PMO GL NLIN/PMO 89 uone|nbay Jo 4
|on4 zon padoq pajeos-awoiyd JuswiyouuUg Nge, o} dnuung 0} dnuung aping Aioje|nbay




APPENDIX B: LICENSING PATHWAYS

The U.S. Nuclear Regulatory Commission (NRC) staff has developed “licensing pathways” to
depict the remaining informational needs or tasks that should be completed in order to efficiently
review accident-tolerant fuel (ATF) topical reports and plant-specific license amendment
requests.

These two pathways, shown in Figures B.1-1 and B.1-2, are a simple depiction of the “closure”
items identified in the Regulatory Framework Applicability Assessment table in Appendix A for
higher burnup fuel.

Following the same color scheme from the Regulatory Framework Applicability Assessment
table, green colored boxes are items to be addressed by NRC staff and blue colored boxes are
items to be addressed by a fuel vendor or a licensee. This is also illustrated by items above the
horizontal line (NRC actions) and below the horizontal line (fuel vendor or licensee information
needs).

Boxes with hashed shading are related to the environmental review. Boxes that are linked by
dashed arrows indicate a relationship—if not addressed by the NRC, then it should be
evaluated by the fuel vendor or considered by the licensee during the review of the license
amendment request.

Items to the left of the vertical line are actions or information needs that ideally should be
completed prior to the submittal of plant-specific license amendment requests (LARs). This will
ensure an efficient review of LARs. If such items are not completed prior to the submittal of a
LAR, then schedule risk may increase.

The lone blue colored box with a dashed border is specific to licensees that have not yet
adopted an alternate source term of non-loss-of-coolant accidents.

Lastly, the dashed border around the Advisory Committee on Reactor Safeguards (ACRS)
Review box on the plant-specific LAR review pathway indicates the possibility of an ACRS
review.

Pathways for other ATF concepts are under development and will be added to this appendix in
a future revision.
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APPENDIX C: CHANGE HISTORY
ITEM LOCATION REVISION DESCRIPTION

1 Page 5, Section 2, 1.1 ATF Steering Committee figure updated to
Figure 2.1 reflect Office merger related changes.

2 Page 7, Section 3, 1.1 ATF Milestone Schedule table updated.
Table 3.1

3 Page 13, Section 1.1 Section updated to reflect completed PIRT
3.4.3 actions.

4 Page 25, Section 7.2 | 1.1 LTA section updated to identify agency
position letter.

5 Page 25, Section 7.4, | 1.1 Basic edits made to the table.

Table 7.4

6 Appendix A 1.1 New Appendix A added: “Fuel Burnup and
Enrichment Extension Preparation Strategy.”
Minor edits also made throughout document to
capture the Appendix referencing.

7 Appendix B 1.1 Previous Appendix A moved to Appendix B.
Minor editorial changes throughout.

8 Appendix C 1.1 New Appendix C added to capture document
change history.

9 Appendix A 1.2 Previous Appendix A was re-incorporated into
the main body of the project plan and replaced
with the Regulatory Framework Applicably
Analysis as a new Appendix A for in-reactor
and fuel cycle, transportation, and storage.

10 | Appendix B 1.2 Replaced Appendix B in its entirety with
licensing pathway diagrams.






