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EXECUTIVE SUMMARY

This Preliminary Project Management plan (PPMP) presents the conceptual framework for the Next
Generation Nuclear Plant (NGNP) Project, consistent with the authorization in the Energy Policy Act of
2005 (EPAct). The PPMP was originally developed as an internal/external report (March 2006) and has
been revised as an Idaho National Laboratory (INL) controlled document (PLN-2489, June 2007),
superseding all previous issues. This revision combines and updates the previously released external
(March 2006) and INL-controlled (June 2007) versions of the PPMP and provides a high-level
description of the overall project direction, performance measures, resource requirements and project
risks.

The NGNP will demonstrate the technical, licensing, operational, and commercial viability of High
Temperature Gas-Cooled Reactor (HTGR) technology to provide high temperature process heat for the
production of electricity and hydrogen. This nuclear based technology can provide high-temperature
process heat (up to 950°C) that can be used as a substitute for the burning of fossil fuels for a wide range
of commercial applications. The HTGR is a passively safe nuclear reactor concept with an easily
understood safety basis that permits substantially reduced emergency planning requirements and
improved siting flexibility compared to current and advanced light water reactors (LWRs).

In the EPAct, the U.S. Department of Energy (DOE) was tasked with providing a demonstration of
this HTGR technology to economically and reliably produce electricity and hydrogen by the year 2021.
As the nuclear technology development arm of the DOE, the INL has initiated the work necessary to
complete this task. The EPAct also stipulated that the task should be undertaken in partnership with the
industrial end users of the technology. To that end, a working group was assembled consisting of
suppliers of the technology, other supportive technology companies, and potential end users to form an
Alliance that would specify and manage design, licensing, construction, and initial operations of the
NGNP in a cost-sharing partnership with the DOE. The Alliance will support the selection of the specific
operating conditions and configuration for NGNP to ensure it meets industry expectations, direct the
completion of NGNP using commercial processes, share the cost of design and construction with the
DOE, and provide a non-governmental entity to operate the plant.

The project will be accomplished though the collaborative efforts of the DOE and its national
laboratories, commercial industry participants, and international government agencies. Project
management and technology development leadership is being provided by the INL acting as the agent of
the DOE.

The project framework provided in this preliminary plan is necessary to establish the scope and
priorities for the technology development activities to support Critical Decision (CD)-1. The framework
includes:
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e Acquisition strategy. The NGNP acquisition strategy is largely predicated on the successful
implementation of a Public-Private Partnership between the DOE and a commercial alliance
made up of nuclear system vendors, nuclear owner/operators, and end-users. The acquisition
strategy assumes a project structure that fulfills the requirements of DOE O 413.3 and draws
on efficiencies of commercial large-project management practices. The overall strategy
assumes that the owner is DOE and the commercial alliance will be the NRC license holder
for the prototype and manage day-to-day decisions and interfaces with technology
development, and design, construction, testing, and operations of the demonstration
prototype. Variations on this reference acquisition strategy are being examined (e.g.,
ownership; approach and extent of the public-private partnership).

o A reference NGNP prototype concept. The functional performance requirements for the
NGNP prototype will be determined from the specification for the commercial application(s)
that will be developed jointly with potential commercial end users. These end users are
anticipated to include selected companies in the nuclear power generating industry and
companies from the petroleum, petrochemical and chemical processing industries that require
process heat and produce and use large quantities of process heat and hydrogen today. For
purposes of this PPMP, the reference prototype concept is based on what are considered to be
the lowest risk technologies that achieve the commercial functional requirements..

e A high-level schedule logic considers the practicalities of technology development,
licensing by the Nuclear Regulatory Commission (NRC), and the design, construction,
testing, startup, and shakedown operations of a first-of-a-kind (FOAK) nuclear system,
hydrogen production facility, and power conversion capability. The high-level schedule logic
provides the important design, construction, and licensing milestones and logic ties required
for the reference NGNP Project prototype for comparison with the schedule and sequence in
the technology development plans..

e An assessment of current technology development plans to support CD-1 and overall
project progress. The most important technical and programmatic uncertainties (risks) are
evaluated, and potential mitigation strategies are identified so that the technology
development plans may be modified as required to support CD-1 and ensure the project will
be supported overall if subsequently approved within the DOE project management
requirements (DOE Order 413.3, Program and Project Management for the Acquisition of
Capital Assets).

o Licensing strategy. The overall reference licensing structure is anticipated to be under the
provisions and requirements of 10 CFR 50. (Alternative use of a licensing structure
analogous to 10 CFR 52 is being evaluated.). The Early Site Permit (ESP) feature of 10 CFR
Part 52 may also be used to address environmental impacts associated with the facility. The
licensing basis is expected to be risk-informed and use a mechanistic source term for accident
consequence evaluation consistent with the concepts used in the proposed licensing
approaches for the Modular High Temperature Gas-Cooled Reactor (MHTGR) and the
Pebble Bed Modular Reactor (PBMR). Pre-application discussions with NRC will address
these and other topics (e.g., approach to defining control interactions between the nuclear
system and hydrogen production facility) to reach formal agreement on the overall licensing
approach and NRC review criteria. These discussions begin in FY-08 to support the schedule
logic. These pre-application discussions will also be required to ensure NRC and public
familiarity with the NGNP prototype licensing methodologies before application for the
construction permit and the subsequent operating license.

vi
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A rough-order-of-magnitude cost evaluation. The project cost has been developed on a
rough order of magnitude basis and includes (a) technology research and development
(R&D), including laboratory-, pilot-, and engineering-scale testing facilities before prototype
operations where required; (b) overnight costs for the design, construction, and acceptance
testing of the NGNP prototype based on best available costs developed by nuclear system
vendors; and (c) costs for development of the licensing basis submittals, NRC review, and
proceedings of the Atomic Safety and Licensing Board. It should be recognized that the basis
for these costs is highly uncertain, since Conceptual Design of the nuclear system has not yet
been initiated. Further, the development costs are rough estimates based on judgmental
adjustments to existing development plans to account for mitigation of important risks to
support the project.

The rough-order-of-magnitude overall cost for the Balanced Risk option (see below) for the
project is approximately $4B. These overall costs are anticipated to be shared through
industry and government collaboration, either via direct contribution or value-in-kind.

. A project management concept that could fulfill the requirements of DOE Order 413.3
and draw on the efficiencies of commercial large-project management practices.

In developing the PPMP herein, the INL has considered two fundamental planning options that
involve a range of programmatic risks and approaches to mitigating risk. The primary attributes of each
option are summarized in following. Each of the options is literally compliant with the EPAct, but
emphasizes different approaches to technology development risks, design and construction risks, and to
the extent of commercialization support provided to industry.

Option 1 (Milestone Compliant ). This option establishes an overall schedule based on the
milestone dates in the EPAct for Phase I and Phase 11, and emphasizes extended R&D
activities before proceeding with design and construction activities. A partial CD-1 for
acquisition strategy is scheduled for 2010 with the remaining CD-1 approvals, including
selection of the design team, scheduled for 2013. Start of operations and project completion
is scheduled for 2021.

Option 2 (Balanced Risk ). This option assesses the overall project risk with the objective
of balancing technology development risk against design, licensing and construction risk.
Emphasis is on initiating design work as early as practical to reduce the uncertainties in the
scope and focus of R&D activities. CD-1 is scheduled for 2009, with the expected date for
initial operations (following the test program) in 2018. This option allows for a two to three
year period of operation (prior to 2021) simulating a commercial power reactor operating
cycle that is followed by an extensive outage during which the equipment performance is
confirmed by detailed disassembly and inspection. This proof-of-principle operating period
provides the basis for commercialization decisions by industry.

Of these, Option 2 was chosen by the INL as the most practical balance of overall technology
development risk, and project design, licensing and construction risk with primary focus on supporting
commercialization at the earliest practical time. Option 2 is used as the reference baseline for the more
detailed assessment of technology development risks and mitigation strategies discussed in Section 4 of
this PPMP and subordinate documents (see additional discussion in Section 2.4.1 and Section 8).
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Next Generation Nuclear Plant Project
Project Management Plan

1. Introduction

As presented in the National Energy Policy, there is a national strategic need to promote further
reliance on safe, clean, economical nuclear energy. In the 2003 State of the Union Address, President
George W. Bush launched a new National Hydrogen Fuel Initiative to provide domestically produced
clean-burning hydrogen to the transportation sector as an alternative to imported oil. The combination of
these two objectives, to promote nuclear energy and to produce clean-burning hydrogen, can be met
simultaneously with the development of new advanced reactor and hydrogen generation technology. The
U.S. Department of Energy's (DOE) mission need is to develop this combined technology that will
enable the continued use of secure, domestic nuclear energy, and establish a greenhouse-gas-free
technology for the production of hydrogen, thereby supporting both the President’s agenda for a hydrogen
economy and the DOE’s strategic goal to promote a diverse supply of energy.

First-of-a-kind (FOAK) technology projects typically include technology risks that are either too
high, or industry is unable or unwilling to take the financial risks to work through the development and
implementation needed to advance to the next generation of a technology. The NGNP is the FOAK type
of project that is perfectly suited for government laboratories and will help to revitalize the U.S. nuclear
industry.

In July of 2005, Congress passed the Energy Policy Act of 2005 (EPAct; H.R. 6), which was signed
into law by the President in August of 2005. Under Section 641, the Act states, “The Secretary shall
establish a project to be known as the "Next Generation Nuclear Plant [NGNP] Project’.” It continues,
“The Project shall consist of the research, development, design, construction, and operation of a prototype
plant, including a nuclear reactor that:

a. “Is based on research and development (R&D) activities supported by the Generation IV
Nuclear Energy systems Initiative....

b. “Shall be used
e To generate electricity
e To produce hydrogen
e Or both to generate electricity and to produce hydrogen.”

The DOE has selected the Idaho National Laboratory (INL) as the lead national laboratory for nuclear
energy research. Per the terms of the EPAct, Title VI, Subtitle C, Section 662, INL, will lead the
development of the NGNP by integrating, conducting, and coordinating all necessary R&D activities and
by organizing project participants. INL will be responsible for conducting site and project related
procurements and coordinating project efforts with industry and the international community.

1.1 Project Objectives

In FY-07, Pre-Conceptual Design (PCD) work was initiated by the NGNP Project at the INL with the
objective of developing a framework in which the design development of the NGNP could progress and
to provide sufficient bases for selection of the specific design and operational characteristics of NGNP.
This work was completed by three subcontractor teams with extensive experience in HTGR technology,
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nuclear power applications and hydrogen production. The subcontractor teams were led by Westinghouse
Electric Company, LLC; AREVA NP, Inc.; and General Atomics. The scope of work included
completion of special studies to address key aspects of the NGNP, (e.g., reactor type, power levels, power
conversion system [PCS] and heat transfer / transport system [HTS] designs, licensing and end product
disposition). The results of these special studies were applied to the development by each contractor of a
recommended design for NGNP and a commercial version of the HTGR. These were then used to
estimate costs and schedule for design, construction, licensing, startup and testing, operation and
deactivation, decontamination, and decommissioning (DD&D) of NGNP and an economic assessment for
an Nth-of-a-kind (NOAK) Commercial Plant. R&D, data needs, and future studies required to achieve
operation of the NGNP were also identified.

The principal objectives of the NGNP can be characterized as follows:

e Complete demonstration of the technical, licensing and commercial viability of the HTGR
technology in a time frame that meets industry expectations and is no longer than required by
the EPAct (i.e., demonstration by 2021). The current target schedule for initial operation is
2018 with a subsequent 3 year initial operating period; this target schedule meets this
objective.

e Provide flexibility in the design to facilitate changes in the plant configuration and operating
conditions to demonstrate the viability of evolving and emerging technologies over the long
term operation of the plant, (e.g., higher gas temperatures, advanced materials and component
designs, advanced power conversion and hydrogen processes, advanced heat transport fluids,
future applications of high-temperature heat, etc.).

Although there have been prior applications of nuclear gas reactor technology (the HTGR is an
extension of the technology), implementing the NGNP prototype requires significant design, licensing,
and R&D effort. Completing this effort to meet the schedule objective, within a reasonable cost, requires
balancing the selection of initial operating conditions and the plant configuration for NGNP against the
schedule and cost risks associated with design, licensing, R&D and construction. This balance must also
consider the impact of technology selections on the viability of translating the NGNP experience to
commercial applications.

The principal technical risks include:

e Qualification and acquisition of reactor fuel (e.g., qualification of fuel production facilities);
reactor core ceramics, including graphite and graphite production facilities; and metals in the
high-temperature regions of the plant (e.g., in the reactor and HTS)

e Verification and validation of analysis methods required to support design development;
American Society of Mechanical Engineers (ASME) code acceptance; American Society for
Testing and Materials (ASTM) standards acceptance; and NRC licensing

e Availability of materials with acceptable metallurgical and physical properties in the required
sizes and thicknesses and the ability to fabricate large vessels on-site using these materials

e Availability and development of instrumentation (e.g., to monitor the fluence, high
temperatures, and gas flow rates in the plant)

e Development of the hydrogen production processes

e Potential contamination of the product streams and meeting acceptable limits of
contamination.
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It is also noted that there are other project risks of equal or greater significance, (e.g., maintaining
sufficient funding to complete the NGNP project).

The NGNP operating conditions that have the most impact on the magnitude of these risks include the
NGNP reactor power level and the reactor core gas inlet and outlet temperatures. These affect the
required capabilities of materials in the nuclear heat supply system, which includes the HTS, the PCS and
the hydrogen process. These also have impact on the demonstration of commercialization, (i.e., ensuring
that these are in ranges that are consistent with a wide range of commercial applications).”

a

A brief discussion of the HTGR technology and the impact of the NGNP functional objectives on technical risk is provided
as Appendix A.
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2. Project Management Plan

This Preliminary Project Management Plan (PPMP) provides a project management strategy for the
NGNP Project consistent with the authorization in the EPAct. During the first part of FY-08, the PPMP
will be used to manage the project during the Definition phase of the project. The PPMP will form the
basis for a preliminary Project Execution Plan (PEP) during the Definition phase and the final PEP will be
completed by the end of preliminary design. To prepare the PPMP, certain assumptions have been made
concerning acquisition, alternatives, etc., which are noted further in this document. The strategies
developed during the Definition phase will either be validated or changed as the project progresses
through the phases of planning, project definition, and preliminary design.

This PPMP consists of:
o The reference NGNP project prototype concept and its important design features

e The approach to validating the functional and design requirements for the NGNP project
prototype based on commercialization requirements

e An anticipated high-level schedule logic for the project, including research, development,
design, construction, licensing, and initial operation

e Pertinent aspects of the assumed acquisition strategy important to defining the high-level
schedule logic

e Rough order-of-magnitude costs and cost profile for the prototype and technology
development

e A summary assessment of the overall completeness of the technology R&D plans from the
perspective of the uncertainties (risks) in achieving the intended technical result, and the
uncertainties (risks) in achieving the necessary technology development on a schedule that
supports the anticipated project schedule. This assessment includes summary
recommendations regarding needed changes to the technology R&D plans to appropriately
mitigate the uncertainties (risks) in technology development from both technical and project
schedule standpoints.

The PPMP is a prerequisite to the PEP and subordinate development plans. Plans to manage specific
phases of the project and R&D plans for each general area of development tier from this PPMP and will
be developed separately, as appropriate.

2.1 DOE Order 413.3 Requirements

The acquisition strategy for the NGNP project may include a combination of requirements from both
the federal and commercial sectors. Until a better definition of the commercial participant is obtained, the
DOE Acquisition Management system will be used as reference. The DOE Acquisition Management
System is a systematic management process that translates mission needs and technological opportunities
into reliable and sustainable facilities, systems, and assets to meet a required mission capability. This
system is organized by project phases and “Critical Decisions” (CDs) or quality gates. The CDs provide a
review and approval mechanism to determine if a project is sufficiently matured to proceed to the next
project phase. The Deputy Secretary of Energy serves as the secretarial acquisition executive (SAE). As
the SAE, he promulgates DOE-wide policy and direction, and personally makes critical decisions for
major system projects.
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The project phases (Initiation, Definition, Execution, and Transition/Closeout) represent a logical
maturing of broadly stated mission needs into well-defined technical, system, safety, and quality
requirements, and ultimately into operationally effective, suitable, and affordable facilities, systems, and
other end products. Each phase provides at least one iteration of requirements definition and refinement,
trade studies and alternatives evaluation, design, identification of uncertainties and/or needed technology
development, testing, and mockup, resulting in a relative mature level of system architecture at the
completion of the project. Each iteration increases in maturity from the previous until a mature
deployment of the system architecture or finished useable end product is completed.

211 Initiation Phase

The Initiation Phase for the NGNP Prototype Project is essentially complete, based on approval of the
Mission Need Statement and approval of CD-0, Approve Mission Need, October 18, 2004.

2.1.2 Definition Phase

With CD-0 approval, the project has moved into the Definition Phase, where alternative concepts
based on user requirements, risks, costs, and other constraints will be analyzed to arrive at a
recommended alternative. Because design and project activities were not funded during FY-05 or FY-06,
for planning purposes, project activities normally subsequent to CD-0 approval were initiated in FY-07.

Beginning in FY-08, the reactor technology alternatives will be analyzed through design and trade
studies and conceptual design studies. The Conceptual Design Report, due at the end of the Definition
phase will document the conceptual design for the selected alternative, including a rough order of
magnitude range for the project cost and schedule. During this phase, more detailed planning and
analysis will be performed, which further defines the required capability. These efforts include
conceptual design, requirements definition, risk analysis and management planning, a value management
assessment, preliminary PEP development, and development of the acquisition strategy. Consistent with
DOE O 413.3A, the Federal Project Director will begin monthly reporting of project status using the DOE
Project Assessment and Reporting System (PARS). Capital budget submittals for Project Engineering
and Design will also be submitted during the Definition Phase. Budget submittals are required a
minimum of 18 months before need and are updated annually. The recommended alternative and other
deliverables, when sufficiently defined and analyzed, will be presented to the SAE (Deputy Secretary of
Energy) for review and approval of CD-1, Approve Alternative Selection and Cost Range. This review
will usually include an independent project review (IPR) by a panel of independent experts.

21.3 Execution Phase

Once the Definition Phase is completed with the approval of CD-1, the project will be authorized to
initiate the Execution Phase, where the focus will be to select a design vendor team(s), or possibly a
design/construction vendor team(s) to further define the selected alternative. The selected vendor team(s)
will continue on to develop preliminary designs, arriving at a high confidence baseline. This vendor
team(s) or a separate vendor may be used to provide project integration during the remaining part of the
project. A complete PEP will also be developed for management of project execution.

As required by DOE O 413.3, an Earned Value Management System compliant with American
National Standards Institute (ANSI)/Electronic Industries Alliance (EIA)-748 will be used to measure
project performance and reporting will be through the PARS. Capital budget submittals for Construction
will be submitted during Preliminary and/or Final Design. Budget submittals are required a minimum of
18 months before need (unless overridden by Congressional line item appropriations) and are updated
annually. In the current planning scenario, capital funding will be first needed for long lead procurement
during Final Design. This first part of the Execution Phase will culminate with development of the
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Performance Baseline, which will be presented to the SAE for review and approval of CD-2, Approve
Performance Baseline. The SAE review will usually include rigorous IPR and an independent cost
estimate. The Performance Baseline documents the DOE’s commitment to Congress to execute the
project at a specific cost and schedule threshold and achieve a specific performance capability.

CD-2 authorizes the project to proceed into the second part of the Execution Phase, Final Design,
which will allow detailed engineering and design to continue, resulting in final construction
documentation for implementation. Before major budget and other resources for construction or
implementation are committed, a constructability review will be performed as a precursor to CD-3,
Approve Start of Construction.

Approval of CD-3 authorizes the project to begin spending capital asset funding on construction or
implementation. Approval of a partial CD-3, sometime referred to as CD-2/3, will be needed during
Preliminary (and perhaps Conceptual Design, for the case of the IHX) Design to allow capital spending
on long-lead procurement items.

21.4 Transition/Closeout Phase

The Transition/Closeout Phase will include final systems operations testing, inspection, and
documentation, and an operational readiness review (ORR), as the project is prepared for hot shakedown
operations and project closeout. The project will seek approval to transition to hot and nuclear-critical
operations (CD-4, Approve Start of Operations or Project Closeout) when System Operational Testing is
complete, ORR is complete, NRC Operating License is issued, and functioning, operational resources are
in place, trained, and are able to perform their continuing responsibilities. The sequence and details of
this transition within the acceptance test program from cold and hot testing to hot, nuclear critical
operations will be determined, since coordination will be required between governing NRC license
requirements and DOE project management requirements.

2.2 Critical Decisions

Critical Decisions (CDs) are “quality gates” that identify the exit points from one phase of the project
and entry to the succeeding phase. Each decision marks an increase in commitment of resources and is
based on a successful and complete preceding phase. Per DOE O 413.3, all projects with a total project
cost greater than $5M will use the defined CDs. Figure 1 shows the CDs between project phase and
major activities, the prerequisites (required deliverables) to the CDs, and actions authorized by CD
approvals.
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Figure 1. CDs between Project Phase and Major Activities.

221 Conceptual Design Initiates in FY-08

It will require about 10 years from initiation of Conceptual Design through completion of acceptance
testing for the NGNP Project prototype, irrespective of technology development, with no overall funding
constraint. This span of time is primarily determined by the controlling path through major portions of
the conceptual and preliminary designs, preparation of the licensing application and review for a
construction permit (including preparation of the Preliminary Safety Analysis Report (PSAR) and the
environmental report), final design, construction and acceptance testing. During FY-07, a series of pre-
conceptual design studies were conducted to assist in the development of an integrated set of functional
and operational requirements (F&ORs) upon which to perform actual design.

Accordingly, to consider the NGNP Project prototype to be operational by 2018 requires that
Conceptual Design be initiated no later than 2008. Completion of the conceptual design and supporting
design development studies based on the prototype F&ORs is necessary to support CD-1. Within this
time frame, many of the tasks in Phase 1 of the EPAct will have been completed.

The project framework provided in this plan is necessary to establish the scope and priorities for the
technology development activities to support CD-1. The framework includes:

o Acquisition strategy. The NGNP acquisition strategy is largely predicated on the successful
implementation of a Public-Private Partnership between the DOE and a commercial alliance
made up of nuclear system vendors, nuclear owner/operators, and end-users. The acquisition
strategy assumes a project structure that fulfills the requirements of DOE O 413.3 and draws
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on efficiencies of commercial large-project management practices. The overall strategy
assumes that the owner is DOE and the commercial alliance will be the NRC license holder
for the prototype and manage day-to-day decisions and interfaces with technology
development, and design, construction, testing, and operations of the demonstration
prototype. Variations on this reference acquisition strategy are being examined (e.g.,
ownership; approach and extent of the public-private partnership).

o A reference NGNP prototype concept. The functional performance requirements for the
NGNP prototype will be determined from the specification for the commercial application(s)
that will be developed jointly with potential commercial end users. These end users are
anticipated to include selected companies in the nuclear power generating industry and
companies from the petroleum, petrochemical and chemical processing industries that require
process heat and produce and use large quantities of process heat and hydrogen today. For
purposes of this PPMP, the reference prototype concept is based on what are considered to be
the lowest risk technologies that achieve the commercial functional requirements.

e A high-level schedule logic considers the practicalities of technology development,
licensing by the Nuclear Regulatory Commission (NRC), and the design, construction,
testing, startup, and shakedown operations of a first-of-a-kind (FOAK) nuclear system,
hydrogen production facility, and power conversion capability. The high-level schedule logic
provides the important design, construction, and licensing milestones and logic ties required
for the reference NGNP Project prototype for comparison with the schedule and sequence in
the technology development plans.

e An assessment of current technology development plans to support CD-1 and overall
project progress. The most important technical and programmatic uncertainties (risks) are
evaluated, and potential mitigation strategies are identified so that the technology
development plans may be modified as required to support CD-1 and ensure the project will
be supported overall if subsequently approved within the DOE project management
requirements (DOE Order 413.3, Program and Project Management for the Acquisition of
Capital Assets).

o Licensing strategy. The overall reference licensing structure is anticipated to be under the
provisions and requirements of 10 CFR 50. (Alternative use of a licensing structure
analogous to 10 CFR 52 is being evaluated.). The Early Site Permit (ESP) feature of 10 CFR
Part 52 may also be used to address environmental impacts associated with the facility. The
licensing basis is expected to be risk-informed and use a mechanistic source term for accident
consequence evaluation consistent with the concepts used in the proposed licensing
approaches for the Modular High Temperature Gas-Cooled Reactor (MHTGR) and the
Pebble Bed Modular Reactor (PBMR). Pre-application discussions with NRC will address
these and other topics (e.g., approach to defining control interactions between the nuclear
system and hydrogen production facility) to reach formal agreement on the overall licensing
approach and NRC review criteria. These discussions begin in FY-08 to support the schedule
logic. These pre-application discussions will also be required to ensure NRC and public
familiarity with the NGNP prototype licensing methodologies before application for the
construction permit and the subsequent operating license.

o A rough-order-of-magnitude cost evaluation. The project cost has been developed on a
rough order of magnitude basis and includes (a) technology research and development
(R&D), including laboratory-, pilot-, and engineering-scale testing facilities before prototype
operations where required; (b) overnight costs for the design, construction, and acceptance
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testing of the NGNP prototype based on best available costs developed by nuclear system
vendors; and (c) costs for development of the licensing basis submittals, NRC review, and
proceedings of the Atomic Safety and Licensing Board. It should be recognized that the basis
for these costs is highly uncertain, since Conceptual Design of the nuclear system has not yet
been initiated. Further, the development costs are rough estimates based on judgmental
adjustments to existing development plans to account for mitigation of important risks to
support the project.

The rough-order-of-magnitude overall cost for the Balanced Risk option (see below) for the
project is approximately $4B. These overall costs are anticipated to be shared through
industry and government collaboration, either via direct contribution or value-in-kind.

A project management concept that could fulfill the requirements of DOE Order 413.3
and draw on the efficiencies of commercial large-project management practices.

An important objective of the conceptual design work is to narrow the range of uncertainties
regarding the scope of technology development that will be required. This plan describes the most
important work that must be completed in support of CD 1, including;:

Progress as required against each of the technology R&D plans (e.g., fuel, materials,
hydrogen production, energy transfer, analytical methods) to support the conceptual design
decisions, alternatives evaluations, and licensing issues that must be addressed

Preparation of requests-for-proposal for the nuclear system, hydrogen production facility,
power conversion capability, energy transfer, and operational and licensing support.
Functional and design requirements will be developed for the commercial application in
collaboration with commercial industry, from which will be derived the requirements
specification for the NGNP prototype.

Completion of the conceptual design and supporting technology selection and design
development studies based on the prototype F&ORs. An important objective of the
conceptual design work is to narrow the range of uncertainties regarding the scope of
technology development that will be required.

Strategy for commercial and international collaboration for technology development and
design/construction

Licensing strategy for NGNP
Overall acquisition strategy
Project cost range and schedule based on the conceptual design

PSAR.

The expected costs for completing this work in support of CD-1 are described in Section 8.3, for
planning purposes. Identifying opportunities for sharing these costs with commercial and international
partners will be an early objective of this work.
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2.3 Technology Development Impacts on Project Schedule

The definition and development of the reference concept, schedule logic, acquisition strategy,
licensing strategy, and preliminary estimates of project cost are to a major extent independent of the
specifics of the technology development activities.

Overlaid on this design, construction, and licensing schedule logic are the technology development
activities. The R&D needed for the NGNP can be divided into specific research areas, which include
fuels development and qualification, materials development and qualification, design and safety methods
development and qualification, high-temperature hydrogen technology development and validation,
power conversion development, and energy transfer and transport development. The extent of technology
maturation required in each area varies substantially.

Specific milestones in the Project logic require appropriate progress in selected aspects of the
technology development. For the NGNP Project nuclear system, there are two critical technology
development areas for which near-term implementation is necessary: nuclear fuel development and
intermediate heat exchanger (IHX)/heat transport development.

2.31 Nuclear Fuel Development

Sufficient confidence must be established that the nuclear fuel can be qualified to provide an
acceptable level of manufacturing defects and that the operational and accident performance can be
achieved necessary to preclude need for a pressure containment surrounding the reactor systems. This
confidence must be achieved concurrently with submittal of the licensing application to NRC for a
construction permit. Subsequently, qualification of the nuclear fuel must be completed concurrent with
submittal of the licensing application for an operating license. Changes to the current AGR Fuel
Development and Qualification Plan are necessary to support the project schedule logic and ensure
mitigation of development risks.

2.3.2 Intermediate Heat Exchanger/Heat Transport Development

The IHX(s) transfers energy from the nuclear system to both the power conversion and hydrogen
production processes. Substantive development is required from the standpoints of material application
and engineering design. Focused development plans are necessary to support the schedule logic,
including early operational demonstration of heat exchanger candidate concepts for scalable sizes at
representative temperatures and pressure differentials. Closely linked to the IHX development is the
choice of heat transport medium for the intermediate energy transport loop (e.g., helium, liquid salt, etc.).

Other nuclear system development areas (e.g., materials qualification, design methods, and power
conversion technology development) are not currently anticipated to control the schedule logic.
However, like fuel development, many of these have only a single success path, and risks have not been
appropriately mitigated. The changes identified in this plan are necessary to provide alternate success
paths and other approaches to provide risk mitigation for these development areas. As described in this
plan, the reference power conversion concept requires limited development.

For the NGNP Project hydrogen production demonstration, the development of the hydrogen
production facility is a project of complexity comparable to that of the nuclear system. For the thermo-
chemical process or high-temperature electrolysis, the controlling path is directly through development of
the technology, including laboratory-scale, pilot-scale, and engineering-scale demonstrations. As
described further herein, it is important to isolate the success of hydrogen production facility development
from that of the nuclear system. This will include testing at the engineering scale using an alternate
source of high-temperature process heat before coupling the hydrogen facility to the nuclear heat source.

10
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2.4 Project Planning Options

In developing the PPMP herein, the INL has considered two fundamental planning options that
involve a range of programmatic risks and approaches to mitigating risk. The primary attributes of each
option are summarized in following. Each of the options is literally compliant with the EPAct, but
emphasizes different approaches to technology development risks, design and construction risks, and to
the extent of commercialization support provided to industry.

o Option 1 (Milestone Compliant ). This option establishes an overall schedule based on the
milestone dates in the EPAct for Phase I and Phase II, and emphasizes extended R&D
activities before proceeding with design and construction activities. A partial CD-1 for
acquisition strategy is scheduled for 2010 with the remaining CD-1 approvals, including
selection of the design team, scheduled for 2013. Start of operations and project completion
is scheduled for 2021 (see Figure 2).

L FY-07 . FY-08 . FY-09 FY-10 . FY-11 FY-12 FY-13 . FY-t4 FY-15 FY-16 . FY-17 FY-18 . FY-19 FY-20 . FY21 . FY22
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Figure 2. Option 1 schedule.

e Option 2 (Balanced Risk ). This option assesses the overall project risk with the objective
of balancing technology development risk against design, licensing and construction risk.
Emphasis is on initiating design work as early as practical to reduce the uncertainties in the
scope and focus of R&D activities. CD-1 is scheduled for 2009 (see Figure 3), with the
expected date for initial operations (following the test program) in 2018. This option allows
for a two to three year period of operation (prior to 2021) simulating a commercial power
reactor operating cycle that is followed by an extensive outage during which the equipment
performance is confirmed by detailed disassembly and inspection. This proof-of-principle
operating period provides the basis for commercialization decisions by industry.

11
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Figure 3. Option 2 schedule.

These schedules were developed for planning purposes early in 2006. More detailed planning and
evaluations were performed for Option 2, which was chosen by the INL as the most practical balance of
overall technology development risk, and project design, licensing and construction risk with primary
focus on supporting commercialization at the earliest practical time. Option 2 is used as the reference
baseline for the more detailed assessment of technology development risks and mitigation strategies
discussed in Section 4 of this PPMP and subordinate documents. Considerations beyond balancing risk
and results such as resource availability and DOE program prioritization may dictate that a planning
option more similar to Option 1 be followed. However, for the purposes of initially planning the project
and technology development, the INL has chosen Option 2 as the most effective path forward. The
project framework provided herein and the associated planning are relevant and useful irrespective of the
specifics of the option ultimately pursued. The latest schedule estimate based on refinement of Option 2
is included in Section 8.

241 Characterization of Programmatic Risks

For each of the options considered, a summary schedule including major project events and CDs, a
rough order of magnitude funding profile, and a summary characterization of the important programmatic
risks were prepared. The schedule progression and funding profiles for these options are based primarily
on the experienced judgment of the INL. More detailed planning and evaluation has been performed for
Option 2, which was chosen as the baseline by the INL. Some comparative considerations of Options 1
and 2 follow:

e For Option 1, some R&D activities proceed in the period 2005 through 2011 with limited
definition of the design for which the development activities are being performed. The net

12
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consequence is the scope of the R&D activities is expected to be larger and less well defined,
providing less progress toward required design input until a later date.

e The design and construction schedule span for Option 1 is similar to that for Option 2, but is
initiated about three years later. To ensure compliance with the EPAct, CD-1A provides
approval of the acquisition strategy to support design competition in 2011 and CD-1B
provides approval of the design alternative and selection of the final design team. Partial CD-
3 in FY-13 provides necessary construction approval to support procurement of long lead
materials and equipment.

e Construction permit application to the NRC is delayed for about three years for Option 1
compared to Option 2, with the consequence that licensing uncertainties remain formally
unresolved and public hearings are delayed. Operating license application is similarly
delayed. The overall consequence is that licensing risk is substantively increased since
schedule margin for resolution of FOAK licensing is greatly reduced. This is particularly
important since the licensing basis for NGNP is anticipated to be risk-informed, which is
without precedent. Further, the regulatory infrastructure for a gas cooled reactor is currently
undefined.

e Option 2 includes a two to three year operating period following initial operations to
represent an operating cycle of a commercial power reactor, followed by disassembly and
inspection to directly confirm design performance. This proof-of-principle operating period
provides the basis for subsequent commercialization decisions by commercial industry. For
Option 1, no proof-of-principle operating period is achievable prior to initial operations in
2021.

o The focus of Option 2 is to reduce the number of design alternatives as early as practical so
that R&D activities may be focused on the reference design, thereby reducing the scope and
time for completing necessary R&D.

e In Option 2, construction permit application is made to the NRC at the earliest practical date
consistent with having a sufficient technical basis for the anticipated performance of the
TRISO fuel and plant materials. This schedule for a construction permit application requires
early development of design to about 15% completion following early trade-off studies to
settle fundamental design concept issues (e.g., nuclear system operating temperature; direct
vs. indirect cycle; core design concept; intermediate loop heat transfer concept) and establish
detailed design input requirements. With this approach, formal resolution of the licensing
basis for NGNP can be achieved at the earliest practical time, greatly reducing the risk of
proceeding with final design and construction activities. Similarly, operating license
application is made at the earliest practical time consistent with qualification of the TRISO
fuel design and plant materials.

Based on consideration of the various programmatic risks summarized in the preceding, INL
concludes that Option 2 (Balanced Risk) provides the best overall approach to the technology
development, design, licensing and construction of the NGNP commercial scale prototype. This is
primarily based on (1) the relatively large project risks associated with the concurrent design, construction
and testing of a FOAK nuclear system and hydrogen production facility if the more aggressive schedule
was adopted, and (2) consideration that the nuclear system design concept has no licensing basis
precedent, with a fuel design that is required to provide the containment function. The consequent fuel
performance requirements require coordinated management of the development and qualification of the
fuel with the licensing concept and design to preclude unwarranted design feature imposition by the NRC
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in the public licensing process. It is judged that this is most appropriately managed within Option 2. As
the technology development matures, there are opportunities in Option 2 to further improve the schedule
by accelerating design work and performing construction more closely coupled with design activities.
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3. Project Overview

The NGNP will demonstrate the technical, licensing, operational and commercial viability of High
Temperature Gas-Cooled Reactor (HTGR) technology for the production of electricity and hydrogen.
This nuclear based technology can provide high-temperature process heat (up to 950°C) that can be used
as a substitute for the burning of fossil fuels for a wide range of commercial applications. The
substitution of the HTGR for burning fossil fuels conserves these resources for other uses, reduces our
dependence on off-shore energy supply and eliminates the emissions of greenhouse gases attendant to the
burning of these fuels. The HTGR is a passively safe nuclear reactor concept with an easily understood
safety basis that permits substantially reduced emergency planning requirements and improved siting
flexibility compared to current and advanced LWRs.

3.1 High-Level Objectives
High-level NGNP project objectives support both the NGNP mission and the DOE vision, as follows:

e Developing and implementing the technologies important to achieving the functional
performance and design requirements determined through close collaboration with
commercial industry end-users.

¢ Demonstrating the basis for commercialization of the nuclear system, the heat transfer &
transport system, the hydrogen production process, and the power conversion concept. An
essential part of the prototype operations will be demonstrating that the requisite reliability
and capacity factor can be achieved over an extended period of operation.

e Establishing the basis for licensing the commercial version of NGNP by the NRC. This will
be achieved in major part through licensing the prototype by NRC and initiating the process
for certification of the nuclear system design.

e Fostering rebuilding of the U.S. nuclear industrial infrastructure and contributing to making
the U.S. industry self-sufficient for our nuclear energy production needs.

3.2 Project Scope (Requirements, R&D Required, Licensing)
The scope of the NGNP project is:

e To secure sufficient support from government and commercial entities, ensuring the viability
of the NGNP project

e To execute and complete all project deliverables, including conceptual design, preliminary
and final design, construction, and startup and acceptance testing for the NGNP facility

e To complete and integrate specifically assigned technology development and system
confirmatory and verification tasks

e To obtain NRC licensing as required for a commercial demonstration reactor prototype

e To provide project management and integration that will coordinate and combine the efforts
of the many and varied project partners, subcontractors, and stakeholders.
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The scope is further defined by the requirements of the EPAct. A summary of these requirements is
found in Appendix A. The scope of the operational program will be further defined as the project
progresses and is covered in a future Operational Program Plan.

3.3 Reference NGNP Prototype Description

The reference NGNP prototype concept is based on what is judged to be the lowest risk technology
development that will achieve the needed commercial functional requirements to provide an economically
competitive nuclear heat source and hydrogen production capability. The reference concept includes a
helium-cooled, graphite moderated, thermal neutron spectrum reactor. The reactor outlet temperature will
be in the range of 800 to 950°C. The reactor core technology will be either a prismatic block or pebble
bed concept; the decision on the reference will be made during the Conceptual Design phase. The NGNP
will produce both electricity and hydrogen using an indirect cycle with a multiple primary and secondary
HTS IHX to transfer the heat to the hydrogen production demonstration facility and the PCS. The PCS
will include steam generation in either a pure Rankine cycle or in a Combined cycle configuration. The
decision on the designs of the HTS, the power conversion concept and the hydrogen production process
will be made during conceptual design..

The reactor thermal power (~500 MWt to 600 MW?t) and reactor configuration will be designed to
ensure passive decay heat removal without fuel damage during licensing basis accidents. The initial fuel
cycle will be a once-through, high-burnup, low-enriched uranium fuel cycle. Other fuel cycle
possibilities will be considered after the prototype has become operational.

The basic technology for the NGNP has been established in former high-temperature gas-cooled
reactor plants (DRAGON [England], Peach Bottom Unit 1 [United States], Arbeitsgemeinschaft
Versuchsreaktor [AVR; Germany], Thorium Hochtemperatur Reaktor [THTR; Germany], Fort St. Vrain
[Colorado]). In addition, the technologies for the NGNP are being advanced in the Gas Turbine-Modular
Helium Reactor (GT-MHR) project for a prismatic reactor, and in the PBMR project for a pebble-bed
reactor. Furthermore, the Japanese High Temperature Test Reactor (HTTR) and Chinese High
Temperature Reactor (HTR)-10 projects are scaled reactors demonstrating the feasibility of some of the
planned NGNP components and materials. The nuclear fuel is TRISO-coated fuel particles embedded in
graphite, either as compacts to be placed in prismatic blocks or as pebbles.

Passive safety is achieved by designing for a core cool-down during a postulated long-term
depressurized loss-of-forced-convection accident that limits the peak fuel temperatures to 1600°C. This
is accomplished by conducting the decay heat radially through the core and pressure vessel, and then by
radiation to the reactor building structure, and finally by conduction to the ground. Different design
configurations will be considered during the Conceptual Design process.

One or more processes will use the heat from the high-temperature helium coolant to produce
hydrogen. One possible option is the thermo-chemical splitting of water into hydrogen and oxygen. The
primary candidate thermo-chemical processes are the sulfur-based processes. A second option is
thermally assisted electrolysis of water. The efficiency of this process can be substantially improved by
heating the water to high-temperature steam before applying electrolysis. Additional options, including a
hybrid of the first two options, are being evaluated.

It is envisioned that a deliberate and focused program of R&D in support of a disciplined design and
construction project could result in a demonstration NGNP, with a hydrogen production system,
beginning initial operations as early as 2018, and entering a shakedown period to support
commercialization decisions by potential end-users. The significant advantages of high fuel burnup,
passive safety, low O&M cost, and potential modular construction were attractive during Generation IV
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concept evaluations. The design of the demonstration NGNP prototype will be chosen to demonstrate
technologies that maintain these advantages in the commercialized application.

The result of this project is the demonstration an NRC-licensed, full-scale prototype (<500 MWt to
600 MWt), helium-cooled reactor for electricity production, and/or hydrogen production.

3.31 Pre-Conceptual Design Functional & Operational Requirements

The preliminary planning for the NGNP Project is based on managing implementation of three sets of
requirements. The first and highest requirements are from the EPAct (H.R. 6), which was signed into law
by the President in August of 2005. The EPAct also directs that the Project be reviewed in light of the
Independent Technology Review Group (ITRG) review of, The Next Generation Nuclear Plant — High-
Level Functions and Requirements document, INEEL/EXT-03-01163, and that the ITRG
recommendations are addressed in the NGNP planning. The High-Level Functions and Requirements, as
modified based on the recommendations of the ITRG, will therefore be the second set of requirements.
The third are the INL contract requirements that specify that capital projects be conducted under DOE
Order 413.3, Program and Project Management for the Acquisition of Capital Assets, and Manual 413.3-
1, Project Management for the Acquisition of Capital Assets. The DOE Order and Manual will be
followed to the extent possible, as they provide an excellent systems approach to managing projects.
However, as planning continues through the Definition Phase and Preliminary Design, “Tailoring” of the
Order may be used to accommodate the unique requirements of the NGNP Project.

The preliminary planning and assumptions are not intended to presuppose the Acquisition Strategy,
but to provide a basis for planning, and will therefore change and undergo updates as the project
progresses and the Acquisition Strategy develops. The EPAct requirements are discussed in Appendix A.

During FY-07, Pre-Conceptual Designs for the NGNP were completed by three subcontractor teams.
The teams were led by Westinghouse, AREVA, and General Atomics. Each of the Pre-Conceptual
Designs was based upon the three sets of requirements listed above.

The PCD work developed a foundation from which the F&ORs and fundamental configuration for
NGNP can be built. Specifically, this work defined the state-of-the-art in high-temperature gas reactor
technology today and identified the work necessary to advance the state-of-the-art to meet NGNP
objectives. In the early phase of Conceptual Design, several studies will be completed to build upon the
PCD work to support the selection of critical technologies for NGNP, (e.g., reactor type, heat
transfer/transport configuration, PCS, and hydrogen production power levels and configurations). The
final selection of the F&ORs and configuration for the NGNP will be based upon the results of these
studies combined with the results from the PCD work. These selections will also involve extensive
consultation with the potential industry end-users of the HTGR technology that are members of the
Alliance facet of the Public-Private partnership with the DOE.
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4. Integration of Regulatory Requirements

4.1 Licensing and Regulatory Planning

411 NRC Licensing Strategy

The EPAct (Title VI, Subtitle C, Section 644) states that the “NRC shall have licensing and
regulatory authority for any reactor authorized under this subtitle.” This stipulates that the NRC will
license the NGNP, which is consistent with the Energy Reorganization Act of 1974, which assigns the
responsibility for licensing new DOE reactors to the NRC if they are used to generate power for an
electric utility system or operated in any manner to demonstrate the suitability for subsequent use by the
commercial power industry. NRC licensing of the NGNP will demonstrate the efficacy of licensing
future advanced gas-cooled reactor (AGR) concepts for commercial applications.

The EPAct also states that no later than three years after the enactment of the Act, the Secretary of
Energy and Chairman of the NRC “...shall jointly submit ...a licensing strategy for the prototype nuclear
reactor...” This will help ensure that the appropriate parties agree to the regulatory approach and methods
needed to assess the safety characteristics of the NGNP design.

It is anticipated that licensing of the NGNP at INL will resolve many of the current issues associated
with NRC licensing of non- LWR designs and the use of nuclear power for hydrogen production. NRC
licensing should also help stabilize future non-LWR licensing activities, by identifying weaknesses or
gaps in the licensing data needs, and eliminating uncertainties in the cost and schedule associated with
obtaining construction and operating licenses for future nuclear power plants. In addition, the information
gathered to support NGNP licensing can be incorporated into an application for NRC Design
Certification. This will provide the product needed by the commercial nuclear industry for optimal use of
the 10 CFR Part 52 licensing process.

4.1.2 NRC Regulatory Process

The NRC regulates the various commercial and institutional uses of nuclear energy. Under its
responsibility to protect public health and safety, the NRC has three principal regulatory functions:

e Establish standards and regulations
o Issue licenses for nuclear facilities and users of nuclear materials
o Inspect facilities and users of nuclear materials to ensure compliance with the requirements.

In the past, nuclear power plants were licensed under a two-step licensing process, as contained in 10
CFR Part 50. This process required both a construction permit and an operating license. In 1989, the
NRC established alternatives for nuclear plant licensing under 10 CFR Part 52, which describes a
combined licensing process, an ESP process, and a standard plant design certification process.

Development of a regulatory strategy for licensing the NGNP is one of the first tasks that will be
initiated by the project. Therefore, the final licensing strategy is not known at this time. However, it is
anticipated that the 10 CFR Part 50 will be the primary licensing structure used for the NGNP. In
addition, the ESP process from 10 CFR Part 52 will be used to address environmental impacts associated
with the facility.
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4.1.2.1 Justification

The 10 CFR Part 50 two-step process has been selected as the licensing strategy starting point
because the design must be complete and the Final Safety Analysis Report (FSAR) finished before
submitting an application for a 10 CFR Part 52 Design Certification or Combined Operating License
(COL). The final design will not be available until the 2013 timeframe. Because of this lead-time, it is
unlikely that the final design will be available in time to support use of the Design Certification and COL
sections of 10 CFR Part 52 and still meet the 2018 startup milestone.

It is advantageous to initiate the NRC’s Environmental Impact Statement (EIS) process using an ESP
that is a feature of 10 CFR Part 52. The ESP review process includes public hearings that are primarily
limited to site-related environmental issues independent of the reactor design. Once the NRC responds to
the issues that arise during the ESP hearings and issues its Final DRL, these issues cannot be reopened
later during the construction permit or operating license hearings, unless new applicable information that
is judged to be significant becomes available. This reduces the possibility of legal challenges to the
project after large amounts of capital are invested and results in a licensing approach that uses the best
features of 10 CFR Part 50 and 10 CFR Part 52.

4.1.2.2  Risks

Since the detailed reactor design review does not occur (in the 10 CFR Part 50 licensing process) until
after the construction permit is issued and construction is underway, large amounts of capital investment
are at risk should the NRC design review process or the public hearings reveal serious design flaws that
prevent or delay completion of the facility.

There is an overall lack of existing infrastructure within the DOE environment to facilitate NRC
licensing of a reactor project. In the case of NGNP, there is no formal relationship or agreement with the
NRC for obtaining an operating license. Previous attempts to blend DOE and NRC regulatory and legal
requirements have not been successful.

Combining portions of 10 CFR Part 52 (ESP) with the remaining licensing structure of 10 CFR Part
50 has not been tried before. The NRC may not agree with this approach. In addition, special legal
considerations may be necessary to isolate the issues resolved during the ESP hearings from later
interactions that occur as part of the construction and operating license hearing processes.

4.1.2.3  Risk Mitigation

The capital investment risk was one of the principal reasons that 10 CFR Part 52 was developed.
Therefore, the risk is inherent in the 10 CFR Part 50 process. However, quality design development and
early, in-depth discussions with the NRC staff will reduce the risk.

Early strategy discussions with the NRC should clarify the feasibility of combining an ESP with 10
CFR Part 50 and resolve this risk.

The ITRG report recommended the use of 10 CFR Part 50 as the licensing vehicle for the first
justification listed above.

INL will utilize licensing, operational, and legal experience from industry partnerships and from the
design vendor.
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41.3 NGNP Licensing Activities

The 10 CFR Part 50 licensing process involves issuance of a construction permit and an operating
license. After the NRC reviews and is satisfied with the safety of the preliminary NGNP plant design and
the suitability of the prospective site, the agency issues a construction permit that allows the NGNP
project to begin building a plant. During construction, the NGNP project submits an application for an
operating license, which the NRC issues only if all safety and environmental requirements are met.

Subpart A of 10 CFR Part 52 establishes the ESP process. This approach allows early resolution of
safety and environmental issues. The issues resolved by the ESP hearing process could not be
reconsidered during the Construction Permit or Operating License reviews, unless new applicable
information that is judged to be significant becomes available.

Based on 10 CFR Part 50 and the ESP portion of 10 CFR Part 52, the NGNP licensing and regulatory
support group will support the following activities:

e Preapplication Review (Part 52). The NRC can perform a preapplication review before
submittal of a license application. The process for this review is informal and involves the
public. Generally, the NRC staff meets publicly with a prospective license applicant and
provides early feedback on the licensing issues associated with the proposed design. These
early interactions between the NRC and applicants, vendors, and others facilitate the
upcoming application review.

o Early Site Permit (Part 52). The NRC can issue an ESP for approval of one or more sites
separate from an application for a construction permit or operating license. Such permits are
good for 10 to 20 years and can be renewed for an additional 10 to 20 years. They address
site safety issues, environmental report, and plans for coping with emergencies, independent
of the review of a specific nuclear plant design. The environmental report provides
information that the NRC staff can use to develop the NRC’s EIS. The environmental report
addresses impacts on air, water, animal life, vegetation, natural resources, and property of
historic, archaeological, or architectural significance. Other items evaluated include
economic, social, and cultural impacts. The NRC conducts a review in accordance with the
National Environmental Policy Act (NEPA), to evaluate the potential environmental impacts
and benefits of the NGNP. After completion of this review, the NRC issues a Final EIS,
which addresses all public comments that the agency received. An ESP also includes a
mandatory hearing before the Atomic Safety and Licensing Board (ASLB).

e Preliminary Safety Analysis Report (Part 50). The PSAR is used to describe the NGNP
plant site, reactor design, principal design safety features, design-basis and severe accidents,
accident mitigation capabilities, and seismic safety. This document forms the basis for initial
reviews of the NGNP design by the NRC.

e NRC Construction Permit (Part 50). The application for a Construction Permit is required
to include the PSAR, the environmental review, and financial/anti-trust statements. In
addition, the application is required to include an assessment of the need for the NGNP. The
NRC issues the permit after completion of all reviews and public comment. The NRC may
authorize an applicant to do some work before a construction permit is issued if an ESP (see
above) has been approved that includes a site redress plan.

o Final Safety Analysis Report (Part 50). The FSAR describes the plant’s final design,
safety evaluation, operational limits, anticipated response of the plant to postulated accidents,
and plans for coping with emergencies.
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e NRC Operating License (Part 50). Final NGNP design information and plans for
operation will be developed during the construction of the plant. The application for an
NGNP Operating License will include the FSAR and an updated environmental report. The
NRC will review the NGNP’s emergency plans in consultation with the Federal Emergency
Management Agency to determine whether the plans are adequate and whether there is
reasonable assurance that they can be implemented. The NRC will issue the NGNP
Operating License after completion of all reviews, the ASLB hearing, resolution of public
comments, review by the Advisory Committee on Reactor Safeguards, and approval by the
NRC Commission.

All of the 10 CFR Part 50 and 10 CFR Part 52 activities discussed above are included in the NGNP
PPMP High-Level Project Logic.

41.4 NGNP Licensing Philosophy

The licensing strategy will be developed in coordination with DOE and interested commercial
industry entities. The expertise of the commercial industry will be used to the maximum practical extent.
Extensive use of the NRC’s Pre-Application Review Process will be necessary for each regulatory
application to ensure that the NRC staff is given appropriate lead time to address the many unique issues
associated with an advanced reactor design coupled with a FOAK hydrogen generation facility.

4.1.4.1 Use of Probabilistic Risk Assessment

Probabilistic Risk Assessment (PRA) techniques and defense-in-depth philosophy will be used to
guide the design and the licensing process to address the identification of internal and external events and
the consequences of the hydrogen production plant. Probabilistic tools will identify event sequence
categories by frequency to define abnormal events, licensing-basis events, and beyond licensing-basis
events. Probabilistic methods will also allow replacement of the single failure criterion with event
sequences that come from the PRA, and identify systems and components that should be classified as
safety-related. The extent of the use of PRA in design and analyses will be determined through the
preapplication discussions and agreements with NRC.

Performing a PRA in the design stage, especially during an early stage of the design, has a different
purpose than the PRAs that have been done for current commercial reactors. The design stage PRA helps
the designer make decisions, such as (a) selection of licensing basis events, (b) definition of safety
functions and the design of safety systems needed to perform them, (c) setting of system reliability
targets, and (d) development of the design criteria that will be used to support the safety case. Once the
design is finalized, the PRA should be refined to the point that it becomes a powerful tool for selecting the
licensing-basis events that can challenge the safety envelop, and to identify the safety systems needed to
mitigate the consequences of these events.

4.1.4.1.1 Justification

As noted above, PRAs are valuable as a design optimization tool and a licensing tool. PRAs
are especially valuable because they provide a rigorous method for identifying and analyzing
initiating event sequences and resultant consequences that may otherwise go unidentified.

The use of PRA techniques should remove needless design conservatisms and focus attention
on aspects of the design that are important to public safety.

The NRC requires that PRAs be developed for all future design applications. In June 2003, the
NRC Commission approved the use of probabilistic criteria for identification of events that must be
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considered in the design, for safety classification of systems, structures, and components, and to
replace the single failure criterion.

The NRC is actively pursuing ways to risk-inform the current licensing regulations, including
10 CFR Part 50.

4.1.4.1.2 Risks

The use of PRA techniques for identifying and selecting licensing-basis events has not been
used to license the existing fleet of commercial nuclear power plants. Therefore, the NRC staff
does not have extensive experience reviewing this type of approach.

The most recent design certification submittals (e.g., AP-1000) still used deterministic methods
for determining design-basis accidents.

There is no formal guidance (e.g., standard review plan) for the NRC staff on how to review a
license submittal that does not use deterministic methods for selecting design-basis events and
source terms.

The public may see the use of PRA techniques as “less conservative.”

The impact of a hydrogen production facility in proximity to, and relying on, an associated
nuclear facility has not been evaluated before now.

4.1.4.1.3 Risk Mitigation

Previous licensing actions associated with designs that were not constructed (e.g., MHTGR and
the PBMR) proposed the use of PRA methodologies as the basis for identification of expected
operating occurrences, licensing-basis events, and beyond licensing basis events. In the case of the
MHTGR, the NRC published a draft preapplication safety evaluation report (NUREG-1338). In
addition, the NRC has participated in preapplication review of the PBMR’s licensing strategy.
Therefore, the NRC staff has some experience in reviewing applications that use these techniques.
Renewed efforts to license the PBMR design will allow the NRC staff more time to evaluate the
concept, which should reduce the time needed to review the NGNP’s proposed methodology.

The NRC recently initiated a project to develop a “clean sheet” approach for licensing future
advanced reactor designs. If successful, this technology-neutral approach would be available as an
alternative to 10 CFR Part 50 in the 2010 to 2015 timeframe. It is expected that PRAs will be used
extensively as the basis for accident scenario evaluations and selection of safety-related
components. Therefore, the NRC considers PRAs to be a valid tool for establishing the licensing
basis for future plant designs.

Extensive preapplication review meetings will allow time for the NRC to become familiar with
NGNP licensing methodologies before the actual application reviews, and will allow for education
of the public through public interaction during these meetings.

4.1.4.2 Integrated Safety Testing

Anticipated operating occurrences and licensing-basis events will be confirmed during licensing.
Testing will address beyond licensing-basis events while maintaining fuel integrity to validate the
defense-in-depth strategy. Integrated safety testing will provide the basis for future commercial NGNP
design certifications. Specifically, the objective of the testing should focus on meeting the design
certification requirements of 10 CFR 52.47 for reactor designs that differ significantly from current
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LWRs. The NGNP integrated test program will quantify the safety margins intrinsic to the design and
will identify any areas that may require engineered safety features needed to provide defense in depth.

4.1.4.2.1 Justification

Integrated safety testing can be used to demonstrate the safety characteristics of the design and
reduce the time that would otherwise be spent trying to validate design safety characteristics
through use of analysis and separate-effects testing.

The use of integrated safety testing for beyond licensing-basis event scenarios can quantify the
available safety margins in the design. This information can then be used to meet NRC
expectations for design defense in depth.

4.1.4.2.2 Risks

Safety testing may result in unexpected reactor responses, safety system responses, or
unintended radiological consequences. Any of these events would affect the ability of meeting the
project demonstration milestone.

4.1.4.2.3 Risk Mitigation

The startup test program should be organized in a series of steps or phases so that design limits
are approached in a gradual manner.

Additional safety systems may be used in the FOAK design to provide additional defense in
depth. Requiring additional safety systems may also be a condition for initial operation of a FOAK
plant imposed by the NRC licensing process. If testing is successful, these systems may not be
needed for subsequent facilities that are built using the same design.

41.5 NGNP Licensing Issues

The NGNP licensing process will face many design-related challenges when compared to the
licensing process used for the current fleet of commercial LWRs. Many of these issues have already been
identified during previous advanced reactor design pre-application discussions (i.e., PBMR) and are
currently under review by the NRC staff to establish future regulatory policy. Some of these issues
include:

e Qualification of Particle Fuel Performance. 1t is expected that the NGNP reactor design
will use TRISO fuel particles. The silicon-carbide coating of this fuel type forms the primary
boundary to fission product release. Therefore, the qualification of NGNP fuel under
accident conditions is of highest importance to the NGNP’s safety case. The NRC could be
expected to review how fuel quality will be maintained during fabrication, given the process
nature of its production. This issue was identified during the PBMR preapplication review
discussions, but will require additional attention to satisfy the NRC’s concerns.

e Use of Mechanistic Source Terms. Use of scenario-specific source terms had been a
feature of previous design submittals, including the New Production Reactor (NPR) and the
PBMR. Current plants were licensed using a bounding, deterministically based source term
as the starting point for determining potential accident consequences. In June 2003, the NRC
Commission approved use of scenario-specific source terms provided that fission product
behavior, plant conditions, and plant performance are well understood.

23



NGNP Preliminary Project Management Plan PLN-2489 (INL/EXT-05-00952)

Revision 1

March 2008

Containment vs. Confinement. 1t is expected that the NGNP design will use a filtered
confinement concept instead of a pressure-retaining containment vessel (as used by the
current fleet of LWRs). In June 2003, the NRC Commission directed the NRC staff to
develop functional containment performance standards and to submit their recommendations
to the Commission. This effort has been put on hold, in addition to the delay with the staff’s
efforts to develop a technology-neutral licensing framework (see NRC SECY-07-0101).
However, this new emphasis on containment functional performance is an acknowledgment
that future designs may not need to rely on the containment as the final barrier to fission
product release in the same manner as today’s LWRs.

Size of the Emergency Planning Zone (EPZ). 1t is expected that the NGNP design and
limited source term will support establishment of an EPZ that does not extend beyond the
facility site boundaries. This differs from the current fleet of plants that have EPZ
requirements of 10 miles for public evacuation if a general area emergency occurs.
Requesting an EPZ that does not extend beyond the site boundary will require an integrated
justification of fuel performance, safety system performance, and confinement performance
under worst-case conditions.

Codes and Standards for Advanced Materials. Considerable planning and lead time will
be needed to ensure that adequate high-temperature materials and graphite research takes
place so that the standards committees can make necessary adjustments to codes and
standards in advance of when needed for the NGNP design.

Methods Development and Validation. The NGNP project includes a task to
independently develop codes and methods that are validated to provide an opportunity to
cross-check the codes and methods used by the NGNP design team.

Licensing Flexibility for the Nuclear Heat Supply System. 1t is desirable that licensing
process applied to the commercial version of the NGNP provide the flexibility for use with
different process heat applications. This flexibility is important to minimize the licensing
issues associated with the broad range of potential applications for this high-level heat source.

Proximity to Other Facilities. The potential location for the NGNP is in proximity to the
Advanced Test Reactor (ATR) and the Idaho Nuclear Technology and Engineering Center.
In particular, the EPZ for the ATR facility will encompass the NGNP site. Therefore,
agreements will be needed to resolve how NGNP personnel will react to events at adjacent
facilities. Hydrogen production facility hazards that potentially impact the reactor facility
must also be resolved.

State/EPA Permitting. The process for obtaining permits from the state of Idaho and from
the Environmental Protection Agency (EPA) concerning the facility site and hydrogen
production facility must be established.

All of these challenges will require extensive communication with the NRC during the Pre-
Application review phase to increase the probability that NRC reviews will be completed in the desired
time frames.

41.6

Licensing Schedule and Costs

The NGNP licensing task logic is based on an understanding of the licensing process described in 10
CFR Part 50 and 10 CFR Part 52. Scheduling of individual tasks is based on available NRC resource
documents (principally SECY-01-0188) and industry experience, assuming a startup milestone of 2018.
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4.1.6.1 Risks

There are several industry requests for the NRC to review applications for ESPs and COLs that are
expected to commence starting in late 2007. The NRC has clearly stated that it will prioritize and assign
its limited resources to those applications that are supported by commercial backers with sufficient
finances to move forward with construction. Given the competition for limited NRC resources, it may be
difficult for the NGNP to gain the NRC’s attention.

Many of the new NRC personnel will be inexperienced. Assignment of inexperienced personnel to
review NGNP licensing submittals could lead to longer-than-expected review periods.

The licensing activities will require an adequate level of continuous funding to ensure that licensing
products are completed in time for scheduled NRC reviews.

There is a large amount of uncertainty in the time that the NRC will require to perform its ESP,
Construction Permit, and the Operating Licensee reviews due to the uniqueness of the NGNP design and
the long time lapse since the last time the NRC has needed to perform these types of licensing reviews. In
SECY-01-0188, the NRC provides the following review duration estimates: ESP, 30 months; Design
Certification, 42 to 60 months; COL (with ESP but no certified design), 33 to 60 months.

There is a large amount of uncertainty in the costs associated with the licensing activities due to
uncertainties associated with the NRC review times (as noted above). The uniqueness of the reactor
design and the addition of the hydrogen production facility also increase the uncertainties in the stated
spending profile.

The cost profile does not include fees that need to be paid to the NRC to cover costs of the various
reviews. Estimates from the NRC will be needed to address this issue. A quick review of SECY-01-0188
indicates that NRC review and inspection costs could run in the $10 to $15-million-a-year range during
construction and operating license review periods.

4.1.6.2  Risk Mitigation

Other than conducting extensive preapplication discussions with the NRC, and being as responsive as
possible (assuming adequate personnel and financial resources) to NRC questions, we have little control
over the NRC’s ability to complete their reviews in accordance with our desired time frame.

INL performance in accordance with agreed upon schedules increases our credibility with the NRC
that could lead to higher priority allocation of limited NRC resources.

The NRC did complete an environmental review and issued a Final EIS for the proposed Idaho Spent
Fuel Facility. Therefore, the NRC is familiar with the INL’s site characteristics. This should reduce the
review time needed for the NGNP environmental report.

Pre-conceptual design studies will include suggested licensing schedules and will incorporate industry
licensing experience that will improve the NGNP licensing cost estimates.

41.7 Product Management

The NRC Licensing Manager will have overall responsibility for preparation of documentation and
activities leading to NRC licensing of the NGNP. Support will be provided through personnel in project-
specific organizations such as NRC Licensing support. Private partners will also provide support for
permitting and licensing activities. Subcontractors may be used to prepare the regulatory products with
direction from the INL.
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4.2 National Environmental Policy Act

The EPAct, Section 642(b)(3) states that the prototype plant shall be sited at the INL in Idaho. If
multiple suitable locations are identified at INL, they can be presented in the environmental information
required by the DOE and the NRC, and the selected location can be documented in the NRC EIS for the
power plant.

The NRC NEPA Regulations refer frequently to the permit applicant or license applicant. The
implication of the wording in Section 642(a)(2)(A) that INL shall organize a consortium of industrial
partners that will carry out the activities is that the consortium, or a partner within the consortium, would
be the applicant rather than the DOE.

The NRC NEPA Regulations, at 10 CFR 51, require that the NRC prepare an EIS for a permit to
construct a nuclear power reactor. The permit applicant is required to submit the necessary information to
aid the NRC in complying with NEPA, and the NRC is responsible for evaluating the reliability of any of
the information that it uses to prepare the EIS. The INL’s (the assumed applicant) submittal will take the
form of an environmental report that contains a description of the proposed action, a statement of its
purposes, and a description of the environment affected, and discusses the following considerations:

e The impact of the proposed action on the environment, discussed in proportion to their
significance.

e Any adverse environmental effects that cannot be avoided should the proposal be
implemented.

e Alternatives to the proposed action. The discussion of alternatives must be sufficiently
complete to aid the NRC in developing and exploring, pursuant to Section 102(2)(E) of
NEPA, “appropriate alternatives to recommended courses of action in any proposal which
involves unresolved conflicts concerning alternative uses of available resources.” To the
extent possible, the environmental impacts of the proposal and the alternatives should be
presented in comparative form.

o The relationship between local short-term uses of man's environment and the maintenance
and enhancement of long-term productivity.

e Any irreversible and irretrievable commitments of resources that would be involved in the
proposed action should it be implemented.

The environmental report will include an analysis that considers and balances the environmental
effects of the proposed action, the environmental impacts of alternatives to the proposed action, and
alternatives available for reducing or avoiding adverse environmental effects. The analysis in the
environmental report will also include consideration of the economic, technical, and other benefits and
costs of the proposed action and of alternatives. The analyses for environmental reports, to the fullest
extent possible, quantify the various factors considered. To the extent that there are important qualitative
considerations or factors that cannot be quantified, those considerations or factors will be discussed in
qualitative terms. The environmental report will contain sufficient data to aid the NRC in its development
of an independent analysis.

The environmental report will list all federal permits, licenses, approvals, and other entitlements that
must be obtained in connection with the proposed action and will describe the status of compliance with
these requirements. The environmental report will also include a discussion of the status of compliance
with applicable environmental quality standards and requirements including, but not limited to, applicable
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zoning and land-use regulations, and thermal and other water pollution limitations or requirements that
have been imposed by federal, state, regional, and local agencies having responsibility for environmental
protection. The discussion of alternatives in the report will include a discussion of whether the
alternatives will comply with such applicable environmental quality standards and requirements.

The information submitted in the environmental report will not be confined to information supporting
the proposed action but will also include adverse information.

Scheduling for processing of the license application and preparation of the EIS by the NRC is
negotiated case by case with the NRC. INL will conduct early and frequent consultations with the NRC
to identify potential issues and approaches to resolution and reduce schedule risk. An informal estimate
indicates a timeframe of two to three years and a cost of $9M to $12M for preparation of an EIS.

An additional environmental report will then need to be prepared, submitted, and evaluated by the
NRC before issuance of an operating license for the nuclear power plant.

A potential alternative NEPA/licensing approach may be to use the provisions of 10 CFR 52, ESPs.
For an ESP, INL would prepare a comprehensive environmental report, as for a construction permit, with
the exception that the environmental report will use bounding generic information about maximum
impacts based on the reactor type and size. Other environmental information is essentially the same as for
a construction permit, with the exception that in an early site environmental report, economic benefit of
the project does not have to be addressed. The NRC will evaluate the environmental report and prepare
and publish an EIS and Record of Decision. Following this, the NRC will issue an ESP. There is no
basis for assuming a different estimate than that for a construction EIS.

An ESP allows the applicant to conduct site preparation, installation of temporary construction
support facilities, excavation for facility structures, construction of service facilities, and construction of
structures, systems and components that do not prevent or mitigate the consequences of postulated
accidents.

A construction license will still be required to continue with construction past that allowed by the
ESP. The application for the construction license will require an environmental report that provides all
the necessary environmental information not previously required. This would then be evaluated by NRC,
and the EIS would be supplemented if necessary. An estimate for this activity is one year and 3 to 4
million dollars. Upon issuance of the construction license, construction could resume.

421 Environmental Permitting

During the Definition Phase initial activities for environmental permitting are started. Activities
include permit planning, initial interfaces with the state environmental agency, and preparation of initial
permitting documents. Environmental permitting activities lead to a permit to construct from the State
Environmental Agency under the authority of the EPA.

Initial environmental permitting activities are based on detailed information from the Conceptual
Design. Therefore, these activities will begin in FY-08 and use information developed from alternative
trade studies and the Conceptual design.
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5. Integration of Technical Requirements

5.1 Alternative Studies and Conceptual Design

In 2001, the Generation IV International Forum (GIF), a ten-nation international assembly working
together with DOE’s Nuclear Energy Research Advisory Committee (NERAC), agreed to proceed with
the development of a technology roadmap and identify Generation IV nuclear reactor systems:

To develop future-generation nuclear energy systems that can be licensed, constructed,
and operated in a manner that will provide competitively priced and reliable energy
products while satisfactorily addressing nuclear safety, waste, proliferation and public
perception concerns.

Of the six alternative nuclear technologies recommended by the GIF, the Very High Temperature
Reactor (VHTR) is the nearest-term reactor (the NGNP incorporates the VHTR technology), and the only
reactor exceptionally suited for both high-efficiency electricity production and nuclear-assisted hydrogen
production. In addition, the VHTR excels in achieving natural safety, even beyond design basis events,
resulting in no significant fission product release from the core. Natural cooling mechanisms prevent core
melting.

The VHTR uses a thermal neutron spectrum and a once-through uranium cycle. The VHTR system is
primarily aimed at nearer-term deployment of high-efficiency electricity generation and high-temperature
process heat applications with a focus on thermo-chemical hydrogen production at superior efficiency.
The VHTR system proposes gas coolant outlet temperatures goals above 900°C, with a goal of 950°C,
which enables high-efficiency thermochemical water splitting without carbon emissions. Operating at an
efficiency of over 50%, the VHTR would produce over 200 metric tonnes of hydrogen per day. This is
equivalent to over 300,000 gallons of gasoline per day.

For a more detailed description of the technologies evaluation and down-selection process, see 4
Technology Roadmap for Generation IV Nuclear Energy Systems, GIF-002-00, DOE NERAC and the
GIF, December 2002.

The primary gas-cooled reactor alternatives include a prismatic or a pebble bed reactor. Alternative
and trade studies that evaluate these technology alternatives, power conversion, and balance of plant
design will be conducted during the Definition phase through trade studies and Conceptual Design. These
studies are necessary to develop the project technical and functional requirements. The Conceptual
Design, in addition to providing requirements analysis, alternatives evaluation, hazards analysis, project
risk evaluation, and information needed for R&D, also provides the first basis for a cost range, schedule,
and performance requirements for the project.

5.2 NGNP Design Requirements

Reactor technology, balance of plant, power conversion, and hydrogen plant pre-conceptual design
studies were completed in 2007 by three subcontractor teams as discussed in Section 3. These studies
were integrated into a Pre-Conceptual Design Report, INL/EXT-07-12967, September 2007.

The PCD work has bounded the ranges of operating parameters that are believed to be achievable for
the NGNP and initiated the characterization of the technical risks at the extremes of these ranges. This
work forms the bases for going forward in the early phase of conceptual design to expand the
understanding of the risks and the alternatives to mitigate these risks in the time period left to initiate
NGNP operation in 2018. The outcome of the early phase of conceptual design work will establish the
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F&ORs and fundamental configuration of the NGNP. NGNP Project Engineering evaluations and
reconciliations of the PCD work have resulted in selecting a narrow and high-level set of design
requirements that will be applied to the design progression in addition to the high-level requirements
defined in the EPAct, ITRG study, and other evaluations. These requirements are summarized as follows:

1. Nuclear Island

Both pebble-bed and prismatic reactor designs should be considered.

Further work is required to support making the final decision on the reactor design. The
PCD work did not identify any discriminating factors that would provide a significant
technical advantage of either design.

The nuclear island design should not preclude achieving a gas outlet temperature of
950°C.

This temperature goal affects the design of major components within the reactor that
cannot be realistically replaced over the lifetime of the plant (e.g., RPV). This goal
would support achieving the ultimate objective of a 950°C gas outlet temperature over
the long-term operation of the plant, but allow for a lower temperature configuration for
initial operation, recognizing the potential technology limitations associated with the heat
exchanger.

The NGNP nuclear island will not include a direct-cycle PCS.

Precluding the use of a direct-cycle PCS provides more flexibility in the operating
conditions and configuration of the NGNP and emphasizes the application of the
technology as a process heat provider.

2. Intermediate HTS

The system to transfer heat from the primary (helium gas) side to the secondary side of the plant
should incorporate multiple primary and secondary heat transport loops. The system should be
configured to facilitate change out of heat exchange, circulating, and valve components. The
secondary side of the plant will supply heat to the power conversion and hydrogen production
system and other applications as they are identified over the life of the plant.

This arrangement supports the demonstration of the HTGR as principally a process heat supply.
It also provides the greatest degree of flexibility for demonstrating new technologies and
components over the life of the plant. For example:

Plate-fin and printed circuit style compact heat exchangers have potential size, weight,
and efficiency advantages over more traditional shell & tube style heat exchangers for
application as the IHX for HTGR. The current designs of these compact heat exchangers
may not be capable of operating at the full operating temperature and pressure of NGNP,
and the development of these designs at the required operating temperatures may not
progress sufficiently to support NGNP operation by 2018. As the designs of these heat
exchanger styles evolve, they can be demonstrated on a prototype engineering scale in
one or more loops of NGNP.

Steam generation technologies offering improved efficiencies (e.g., through innovative
tube arrangements) can be demonstrated as they evolve.

29



NGNP Preliminary Project Management Plan PLN-2489 (INL/EXT-05-00952)

Revision 1

March 2008

Alternative secondary heat transport materials (e.g., molten salts, liquid metals) can be
tested.

A Brayton-cycle turbine in either a vertical or horizontal orientation could be adapted to
run in a secondary loop.

3. Nuclear Heat Supply System (NHSS)

The NHSS should be defined to include:

The nuclear island and all of its support, control, monitoring, maintenance, refueling,
spent fuel storage, etc. SSCs

The Intermediate HT'S(s) including, at the least, the IHXs, primary circulation systems
and the support, control, monitoring, maintenance, etc. SSCs. Depending on the design,
it may also include the secondary circulation system up to and including isolation valves.

This supports the licensing objective (stated below) of ultimately supporting NRC certification of
the HTGR NHSS design independent of the application. This will require developing a set of
steady state, normal transient, abnormal transient, and accident conditions that bound the
potential applications to support safety analyses.

4. Power Conversion System (PCS)

The PCS should incorporate steam generation. The configuration should not preclude, however,
use of a Brayton-cycle gas turbine in a combined-cycle configuration.

Steam is an effective medium for heat transfer and is widely applied in the private sector.
This requirement facilitates demonstration of the broad applicability of the technology.

For example, the non-utility generation industry in the United States provides significant
quantities of electricity and steam to a wide range of industries and applications. The
HTGR power range fits well either as a single module or in multiple modules within the
range of power and steam conditions required to meet the needs of these applications.
NGNP will be effective in demonstrating the technical, licensability, reliability,
maintainability, and economics of the HTGR in these applications

5. Licensing and Permitting

The licensing strategy should be formulated to meet the following objectives:

The strategy should support the objective scheduled operational date (currently 2018)

The strategy should consider that full-term qualification data may not be available to
support all design assumptions included in the Safety Analysis Reports (SARs) and that
additional qualification data to fully support these assumptions will be obtained during
the initial two to three years of plant operation and specific inspections and tests to be
conducted during this period. For example, the final fuel irradiations and PIE may not be
complete by 2018. These will be completed over the 3-year initial operating period.
Periodic results from this work can be used to verify assumptions in the final SAR prior
to plant operation.

The strategy should be consistent with and take into account contemporary NRC
licensing positions (e.g., during licensing of LWR designs).
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o The strategy should consider the potential impact of the significant number of LWRs that
may be in the licensing queue on the NRC resources available to support licensing of the
NGNP.

o The strategy should include alternative paths with identified criteria and schedule for
establishing if and when alternative paths should be executed.

The ultimate objective of the licensing strategy should be to support application for and receipt of
a design certification for the commercial application of the HTGR technology independent of the
application.

6. Design Features to Support Short-Term and Long-Term Operating Objectives

The NGNP should be designed to monitor key operating parameters in the NHSS, PCS, and
hydrogen production plant required for proving the principles of the designs. The plant should
also be designed to permit change out of principal components and to vary operating conditions
to perform special testing to collect data/experience to support validation of design assumptions,
extension of operating conditions (e.g., to higher gas temperatures), and upgrade of components
(e.g., design, capacity, efficiency, maximum temperature and lifetime of the IHXs, and higher
heat capacity heat transport fluids, such as liquid metals and molten salts) over the life of the
plant.

This is required to support validating design assumptions during initial operation of the plant to
increase operating conditions to the objective power levels and gas temperatures, and for meeting
a second objective of adapting to evolving and emerging technologies.

7. Initial Operating Conditions

The initial operating conditions and configuration for the NGNP (i.e., at initial operation in 2018)
will be based on these requirements and consideration of the impact of the technical development
risks on the schedule for operation.

The selection of initial operating conditions and the plant configuration for the NGNP must be
balanced against the schedule and cost risks associated with design, licensing, R&D, and
construction. This balance must also consider the impact of technology selections on the viability
of translating the NGNP experience to the private sector. Technology Selection and Design
Development Studies

5.21 Technology Selection and Design Development Studies

The PCD work identified a number of areas that require further study to support the final selection of
NGNP operational and physical characteristics (addressed herein as Technology Selection Studies) and to
support design development of the NGNP (addressed herein as Design Development Studies). These
were identified as “future studies” during the performance of PCD work by the contractor teams and in
the review of this work by the NGNP Project. Several of these studies will be performed in the initial
phase of conceptual design in FY-08.

Many of the studies identified by the contractor teams during the PCD work and by the NGNP Project
were redundant or had overlapping objectives. NGNP Project Engineering consolidated the studies and
classified them using three categories (i.e., Technology Selection, Design Development, and Other).
Studies classified as “Other” were captured for later consideration as the design progresses. The
Technology Selection and Design Development studies were prioritized to assist in determining which
studies will be performed in the initial phases of conceptual design depending on the funding available in
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FY-08. Within the two categories, the studies were ranked into four levels of priority: highest, high,
medium, and low. The last priority was used for those areas that needed to be completed as the design
progresses, but were not applicable in the initial stages of conceptual design before the key technology
selections have been made. For example, establishing the specific reactor building requirements and
coolant piping materials will depend on which reactor is selected for the NGNP. Within the two
categories, the Technology Selection studies have the highest priority since they should be completed to
support development of the final F&ORs and selection of the fundamental configuration of the NGNP.

The following lists the studies that have the highest priority in the Technical Selection and Design
Development categories. (Note: Some of the highest priority studies will be used to resolve key technical
risks to support selection of the NGNP operating conditions and configuration. These are referenced in
this context in later sections.)

5211 Technical Selection Studies

A total of 12 areas that affect technology selections were identified for further study as part of the
initial phase of conceptual design. Seven of these are judged to have the highest priority.

1. Nuclear Heat Supply System F&ORs

This study entails an assessment of the appropriate design operating conditions for the NGNP
(e.g., maximum reactor power level, reactor inlet and outlet temperatures, and primary pressure),
considering cost, technical risk, translation of the NGNP experience to the private sector, and the
level of confidence of the private sector that NGNP has effectively demonstrated the technical,
licensing, reliability, and economic viability of the HTGR technology. This assessment will be
completed by nuclear plant owner/operators, potential end users (e.g., petro-chemical companies,
petroleum companies), and subject matter experts. This effort will ensure that the specification of
the NGNP operating conditions balances the need to maximize the translation of the NGNP
design; licensing; cost; construction; operating; and reliability, availability, and maintainability
(RAM) experience to the private sector against the need to minimize technical, cost, and schedule
risks to bringing the NGNP on-line.

2. IHX and Secondary Heat Transport Loop Alternatives

This study entails characterization and development of the advantages and disadvantages and
technical risks of the potential alternatives for the intermediate heat exchanger (IHX) and
secondary heat transport loop, including materials, design configuration, fabrication, operation,
maintenance, in-service inspection, and means for periodic replacement. This study will be
completed by selected members of the contractor teams and subject matter experts.

3. RPV and IHX Pressure Vessel Alternatives

This study will evaluate options for the Reactor Pressure Vessel (RPV) and IHX pressure vessel
materials considering required and achievable metallurgical and physical properties, acquisition,
fabricability, and reliability. This study will also identify and evaluate the advantages of options
to provide cooling or other design features to use less developmental materials for these
components that reduce cost and schedule risk to the NGNP Project. This study will be
completed by selected members of the contractor teams and subject matter experts.

4. Reactor Containment and Building Functions

This study will define initial operating strategies to preclude the need for a containment
recognizing the state of qualification of NGNP at the time of initial operation and will review
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5.2.1.2

certain requirements for the reactor building (e.g., NRC requirements for consideration of design
basis hazards).

Contamination Control

This study will determine expected generation and transport rates and allowable limits on
expected contamination of the gas and other heat transport loops during operation (e.g.,
contamination with tritium, cesium, silver, and dust), the required limits on the concentrations in
the HTS and the product streams (e.g., steam, hydrogen, and oxygen), the requirements for
cleanup, and the impact of the contaminants on primary and other HTS components operation and
reliability.

Helium Circulator Limitations and Design Issues

This study will evaluate the current state-of-the-art for circulator design (e.g., maximum capacity)
relative to the flow and developed head requirements of the potential primary and secondary loop
configurations proposed for the NGNP. It will also identify any constraints on the individual loop
flow rates and pressure drops due to expected limitations in the capacities of the circulators
available for NGNP construction.

White Paper on Pebble Bed Core Analysis Methods

This study will identify the methods that will be used to analyze the nuclear, thermal, and
hydraulic characteristics of the mobile pebble-bed core and how these will be verified and
validated to develop sufficient confidence on the operational and safety performance of the plant
to meet private sector expectations and NRC licensing requirements.

Design Development Studies

Sixteen areas were also identified for consideration during the initial phase of conceptual design that
are important to the progression of the NGNP design. Five of these are considered to have the highest
priority. They include the following:

L.

Plant Design Requirements to Support Initial Operations

This study will establish specific design features of the plant that will be required to support the
proof-of-principle initial operating period of the NGNP (e.g., instrumentation, in-service
inspection (ISI), critical component replacement, and post-irradiation examination [PIE]). The
study will identify the critical plant operating parameters to be measured to support design
verification and the instrumentation required for this purpose, including development of
instrumentation that will be required to satisfy these needs.

Design Code of Record

This study will identify the industry consensus mechanical, electrical, civil, and structural codes
and any DOE, INL, and NRC standards that will apply specifically to the NGNP.

Reactor Building Embedment Depth

This study will develop the requirements and criteria for embedment of the reactor building. This
study will include embedment studies for the HTGR reactor building concepts, considering the
interaction among factors that influence the depth of the embedment. These factors include cost,
design basis threats, seismic effects, hazards resistance, etc. The results of this study will be used
to characterize the interactions of these factors on embedment depths for commercial application
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of this technology. The recommendations from relevant sections of the Electric Power Research
Institute (EPRI)’s Advanced Light Water Reactor Utility Requirements Document will be
evaluated for applicability in this study.

4. INL Site Selection

This study will finalize the site selection within the INL for the NGNP. This study will be
performed by a contractor with expertise and relevant experience in the power plant site selection
process. The recommendations from relevant sections of the EPRI Utility Requirements
Document will be evaluated for applicability in this study.

5. High Temperature Gas Reactor — Component Test Facility F&OR and Pre-Conceptual
Design Requirements

A test facility (referred to as the High Temperature Gas Reactor — Component Test Facility
[HTGR-CTF)) is planned to support development of high-temperature gas thermal-hydraulic
technologies (e.g., helium, helium-nitrogen, CO,) as applied in heat transport and heat transfer
applications in HTGRs. The initial use of this facility will be in support of the completion of the
NGNP.

This study will prepare the F&ORs for the HTGR-CTF and PCD requirements. This will include
site plans, floor plans, elevations with typical sections, piping and instrumentation drawings,
block flow drawings, Electrical One Line drawings, a System Engineering Management Plan
(SEMP) and Facility Design Description (FDD) all at a PCD level. A contractor to perform this
work will be identified and the work will be initiated in early FY-08.Cost Estimates, Schedule,
and Economic Assessments

5.2.2 Cost Estimates, Schedule and Economic Assessments

5.2.21 Cost Estimate

All three subcontractor teams prepared pre-conceptual level cost estimates and schedules as part of
the PCD work for NGNP. The costs estimates were developed using different development
methodologies that included parametric modeling, vendor quotes, actual costs and proprietary costing
databases. NGNP Project Engineering reviewed the assumptions and bases of estimates that supported
the cost estimates for credibility and performed multiple studies to reconcile the variations in scope and
assumptions among the three cost estimates. This effort resulted in an estimated range of $3.8B to $4.3B
for completion of NGNP. This range is based on the information and evaluations available to-date and
reflects possible contingency requirements. These costs estimates will be updated with higher confidence
levels as design development progresses.

The cost estimates provided by the subcontractor teams for the NOAK commercial plant were all in
the same range. All subcontractor teams proposed 4-unit plants with thermal power levels between
2000Mwt and 2400 MWt at a cost of about $4B, including owner's cost. This value was used in the
economic assessments.

5.2.2.2 Schedule

The three subcontractor teams prepared pre-conceptual level schedules highlighting critical paths for
initial operation of the NGNP in 2018. The NGNP Project reconciled these schedules in extensive
reviews by cognizant Battelle Energy Alliance (BEA) / INL personnel to prepare an initial project
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schedule. The schedule was prepared consistent with the Work Breakdown Structure (WBS) for the
project. Both this schedule and the WBS are presented in Section 8.

The schedule identifies the key milestones that must be met to achieve the objective of operation in
2018. Key milestones include the CD points for completion of design, long lead procurement initiation,
start of construction, and approval for operation. They also include the submittal and receipt of critical
regulatory documentation — Limited Work Authorization (LWA), Permit to Construct (PTC), and receipt
of an Operating License from the NRC. The current critical paths for meeting the 2018 operational date
are tied to completion of fuel qualification and completing the NRC licensing process. The schedule will
be updated as the design of NGNP progresses.

5.2.2.3 Economic Assessment

Each of the contractor teams prepared an economic assessment using their recommended design for a
NOAK commercial plant producing hydrogen and, in one case, electricity. The contractor teams did not
use the same economic assessment methodology, nor did they assume the same values for key economic
parameters. For these reasons, the NGNP Project included a review of the contractor teams’ methods and
results and then revised each team’s assessment using, in general, more conservative but consistent
assumptions for key parameters and a consistent methodology. These revised assessments were
performed using the costs (e.g., capital, operations, DD&D) estimated by each contractor team. A fourth
assessment was then performed using the costs that were developed by the NGNP Project in reconciling
the cost estimates provided by the three contractor teams.

The results of these analyses confirm the economic viability of the HTGR technology in two markets
when compared with current technologies and prices of natural gas. Internal rates of return (IRR) in the
10% range were calculated for hydrogen and electricity production using conservative assumptions in an
inflationary market. Accordingly, these results support the continued development of the NGNP and
fostering the private sector application of the HTGR technology.

5.2.3 Risk Identification and Management

The pre-conceptual design work has highlighted the several known technical risks that must be
resolved to ensure successful completion of the NGNP Project. The steps and other design work to
resolve these risks will require the NGNP Project to make decisions on alternatives for the NGNP (e.g.,
operating power level, gas temperatures, heat transport configuration, etc.). Additionally, throughout the
design process other risks will be identified. To ensure that decisions are made and risks (both known
and unknown) are addressed on a consistent and objective basis, formal decision-making and risk
management concepts have been developed for the NGNP Project. These are based on systems
engineering principles that have been developed and applied for similar purposes in acrospace and other
technical design development projects (e.g., the Global Nuclear Energy Partnership initiative).

The initial activities in developing this process were to define criteria and then apply that criteria to
establish the current Technology Readiness Levels (TRL) and Design Readiness Levels (DRL) for critical
SSCs. This effort was initially completed by the AREVA and Westinghouse teams, and was then refined
in a subsequent task by the Westinghouse team in late FY-07. In this latter activity, preliminary
roadmaps were developed to define the steps necessary to advance the TRLs and DRLs in selected areas
(e.g., reactor fuel and production facility qualification).

The process for using TRLs and DRLs to support the decision-making process and for long-term risk
management has been developed conceptually (see Section 5.5). Work on completing its development
and beginning implementation will be initiated in early FY-08. This process will be used to ensure that
TRLs and DRLs are achieved for the critical plant SSCs that provide appropriate confidence levels in the
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success of the project (i.e., meeting cost and schedule objectives) at the completion of each phase of
design development.

5.3 Technical and Functional Requirements

Based on information developed during alternatives evaluation, Conceptual Design and technology
development activities, technical and functional requirements required for the next design iteration after
the Definition Phase, will be developed. This preliminary planning assumes that the next iteration of
design will be the Preliminary Design at the beginning of Phase II. The technical and functional
requirements for the commercial application will be developed in collaboration with potential commercial
end-users. The NGNP prototype technical and functional requirements will be derived from these and
will be included as part of the design requirements.

5.4 Research and Development Requirements

The EPAct outlines five specific areas of research, called “Major Project Elements,” that would
support the NGNP project (EPAct Section 643 (a)(1-5)):

e High-temperature hydrogen production technology development and validation

e Power conversion technology development and validation

e Nuclear fuel development, characterization, and qualification

e Materials selection, development, testing, and qualification

e Reactor and balance-of-plant design, engineering, safety analysis, and qualification.

Phase I of the research is to “...select and validate the appropriate technology under Subsection (a)(1)
[i.e., hydrogen production technology]; carry out enabling research, development, and demonstration
activities on technologies and components under paragraphs (2) through (4) of Subsection (a) [i.e., power
conversion, fuel, and materials]; determine whether it is appropriate to combine electricity generation and
hydrogen production in a single prototype nuclear reactor plant; and carry out initial design activities for a
prototype nuclear reactor and plant, including development of design methods and safety analytical
methods and studies under Subsection (a)(5) [i.e., design, engineering, and safety analysis].” (EPAct
Section 643 (b)(1)(A-D).)

These five areas have current research programs and R&D plans associated with them, but they have
remained somewhat generic since conceptual design work that would focus the research efforts has not
yet been initiated.

It is important to note here that in one case, this section has an extra research area not specifically
mentioned in the EPAct, but has been separated in this document based on current needs and information.
This area has been labeled “Energy Transfer,” and refers specifically to the components (including heat
exchangers) and working fluids that transfer heat energy to the hydrogen plant and/or the power
conversion unit (PCU). This area has been separated from the hydrogen production and materials
research areas to give emphasis on the importance of selecting appropriate materials and working fluids,
and to highlight the technological and programmatic risks, particularly with IHX development Also, note
that the research areas mentioned in this section generally have projected the research needs (schedule,
scope, and budget) for both Phase I and II of the NGNP project so that the near-term scope can be
defined.
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The following sections describe the specific research being performed, the technical and
programmatic uncertainties (risks) involved in the current and projected research, and approaches to
mitigate many of those risks based on the proposed schedule in this PPMP. Several areas have common
risks, including schedule risks, and all areas experience risk based on the current budget. The budget risk,
in particular, must be mitigated through establishing a mutually agreed to budget and appropriations
profile. Note only the most important risks (or risk mitigation elements) are discussed.

Contributing to risk in all areas is lack of design definition that potentially results in inappropriate
scope of R&D activities and/or excessive costs to cover the range of potential design options. This will
be mitigated as the conceptual design proceeds.

5.4.1 Hydrogen Technology Selection

The U.S. Hydrogen Program is developing a broad range of technologies for a future hydrogen
economy. DOE is investigating hydrogen production methods based on a range of feedstocks and power
sources (fossil, renewables, nuclear), as well as storage, distribution, and end use technologies. The DOE
Office of Nuclear Energy (NE) Nuclear Hydrogen Initiative (NHI) is developing hydrogen production
processes that use the process heat available from the nuclear heat source. The NE effort is coordinated
with FE, EERE and Science.

5.4.1.1 Current Status of Research and Development

NHI milestones are part of the DOE's Hydrogen Program, having a goal of enabling industry
decisions to begin about 2015. The 2018 operation date for the NHI engineering-scale demonstration is
consistent with the Hydrogen Program's needs and the proposed NGNP—with the potential to allow for
an operational testing period using a non-nuclear source of process heat before connection to the NGNP.
If the Hydrogen production method selection for the engineering scale demonstration needs to be as early
as FY-11, the NHI would broaden the current laboratory-scale research (both number of cycles and longer
testing programs), and base that 2011 decision on laboratory-scale data. Pilot-scale work would confirm
engineering approaches, but not be available in time for the decision. An alternative to move to the pilot
scale before the selection would be to focus on one technology at an early stage. This will involve higher
risk, but could potentially accelerate the pilot-scale information. This approach is more consistent with
the current $400M total program estimate. Several options exist for providing early testing at (or closer
to) the engineering scale before connecting and operating with the NGNP:

e Accelerate the hydrogen engineering demonstration by a year or more—to allow a longer test
period —which would use non-nuclear heat in the MW to 10s of MW range. The NHI effort
would either require additional funding or narrow the focus of technologies being
investigated.

e The pilot-scale facility of nominally I MW could be designed with skid-mounted modular
components, allowing an upgrade to an intermediate power level after testing is completed at
the 1 MW level.

e A pre-engineering-scale pilot facility would facilitate testing at a larger scale at an earlier
time. A scale up of 5X to 10X would provide significant scaleup but would require
additional funding in the pilot-scale phase (or narrow the focus to a specific technology
earlier).

The purpose of the NHI program is to provide a database on nuclear hydrogen production options and
costs that allows industry to make informed decisions on private sector investments. To facilitate this
transition from government R&D to commercial application, industry should get involved at the earliest
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possible stage. It is recognized that this introduces potential complications, but it would accelerate the
process of industry evaluation and acceptance. The current S-I1 thermochemical research program
involves significant international cooperation. This brings additional resources, but also the possibility of
different priorities and schedules during the project. Mitigation of these risks involves contingency
planning for an alternative source for that technology or support. The intermediate heat transfer loop and
the design of the process side heat exchangers are coordinated by the Systems Interface area of NHI. The
University of Nevada-Las Vegas plays an important role in the research work—which involves a
consortium of universities and industry participants. NHI has performed early scoping studies (with some
help from Gen IV), looking at scoping analysis of heat transfer losses, pressure drops, materials
limitations, and corrosion for molten salt intermediate working fluids. The program includes work on
heat exchanger designs, materials testing, and ceramic components.

5.4.1.1.1 Major Elements of the NHI Program

The NHI is developing hydrogen production options for use with advanced high-temperature
reactors to produce hydrogen from non-fossil resources (i.e., water). The major program elements
in the NHI are investigating candidate hydrogen production processes and high-temperature
interface technologies required to couple a high-temperature thermochemical or electrolysis process
to the NGNP. These major NHI program priorities identified in the NHI 10-Year Program Plan are:

o Hydrogen Production Process Development. Develop thermochemical and high-
temperature electrolytic hydrogen production processes and interfaces compatible with
the thermal output characteristics of a Generation [V reactor to produce economically
competitive hydrogen.

o System Interface Technologies. Develop advanced heat exchanger and materials to
efficiently and safely couple the high-temperature hydrogen production process to
advanced high-temperature reactors. This element is discussed in more detail in the
Energy Transfer section.

e Alternative Nuclear Hydrogen Production Methods. Investigate advanced or alternative
production processes to the baseline cycles to assess the potential for higher efficiency or
lower cost.

Process Development: Thermochemical Cycles

Thermochemical cycles produce hydrogen through a series of chemical reactions, resulting in
the production of hydrogen and oxygen from water at much lower temperatures than direct thermal
decomposition. Energy is supplied to drive the endothermic reactions, generally at 750 to 1000°C
or higher. All process chemicals in the system are fully recycled. Hybrid thermochemical cycles
include both chemical and electrolytic steps to produce hydrogen. In general, the electrical energy
requirement for the hybrid electrolysis step in hybrid cycles is less than that for conventional
electrolysis of water.

Thermochemical cycles are considered promising options for hydrogen production because of
the potential for high efficiencies and economic scaling to large capacities. The economics of
scaling these systems compared to the more modular electrolysis processes is an important issue for
the NHI to address in projecting viability and performance of these systems. Finally, the status of
thermochemical cycle technology is relatively immature, and there is significant potential for
improvement with further research. The focus of NHI thermochemical research is on
demonstrating processes and process-reactor interface technologies for the “baseline” sulfur-based
thermochemical cycles—S-I and hybrid sulfur.

38



NGNP Preliminary Project Management Plan PLN-2489 (INL/EXT-05-00952)
Revision 1 March 2008

o Thermochemical Cycles: Scope

—  Sulfur-based thermochemical cycles. S-I and hybrid-sulfur are the NHI baseline
cycles. These cycles have a common first reaction step involving decomposition of
sulfuric acid, which is closed either by thermochemical steps as in S-I, or an
electrolytic step as in hybrid-sulfur. These reactions steps have been demonstrated in
integrated laboratory experiments.

— Alternative thermochemical processes. Alternative processes have been identified
having potential advantages in efficiency, cost, or reduced complexity but are not
sufficiently yet developed to commit to laboratory-scale demonstration. Candidate
cycles are identified in the NHI R&D Plan, and others may be included as research
progresses.

o Thermochemical Cycles: Objectives
— Demonstration of all key thermochemical reaction steps or technology features
— Successful closed loop operation of an integrated lab-scale demonstration

— Demonstration of efficient and reliable system interface components for heat transfer
from the nuclear heat source to the process

—  Successful operation of pilot scale experiment in the 100-kW to 1-MW range to
demonstrate process performance and economic potential.

Process Development: High-Temperature Electrolysis

High-temperature electrolysis (HTE), or steam electrolysis, has the potential for higher
efficiency than conventional electrolysis because thermal energy is used to provide part of the
energy requirement for water splitting, reducing the electrical energy required for electrolysis. HTE
requires low-cost electricity and energy to produce steam in the 750 to 950°C range. High-
temperature electrolysis cells use similar electrodes and electrolyte materials as those used in solid-
oxide fuel cells. Individual electrolyzer cells will be relatively small so that large-scale applications
would be composed of many electrolyzer modules. Research on HTE for nuclear applications
addresses both cell and stack engineering issues, and HTE systems design to determine viability
and performance of this approach.

e High-temperature Electrolysis Scope

— Develop and test solid oxide based electrolyzer cells to evaluate cell efficiency and
materials performance

— Design and test electrolyzer stacks / modules of to evaluate sealing and manifolding
technologies and assess performance and module scaling.

o High-temperature Electrolysis Research Objectives
— Successful high-temperature cell operation (750 — 950°C) to confirm efficiency

—  Successful high-temperature stack operation to demonstrate the key scaling
technology features

— Demonstration of efficient and reliable sealing and manifold technology
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— Successful operation of a pilot-scale experiment of 50 to 200 kW.

Hydrogen Production Process Selection

The goal of the NHI research is to provide the necessary information at each stage of process
development to make an informed decision on the next stage of scaling and resource commitment,
with the goal of demonstrating all key process technology steps before proceeding to the next step.
The scaling of candidate production processes is performed in phases:

e Laboratory-scale integrated experiments provide the basis for assessing process viability
and projections of performance at larger scales (chemical and thermal processes,
materials of construction, control approaches).

e Pilot-scale experiments at ~100 kW to 1 MW demonstrate the key engineering and
thermodynamic performance requirements (efficiency) and support refined cost
projections.

e Nuclear-heated engineering-scale demonstration confirms cost and performance at a scale
that can be projected to commercial operations. Engineering-scale processes will be
based on successful operation of pilot-scale experiments.

o The timing of these scaling stages will, of course, depend on both the progress of
research and on resources available in future years.

ID |TaskMame 2005 |2006 [2007 2008 2008 |2010 |2011 (2012 (2013 |2014 (2015 (2016 [2017 (2018 (2019 (2020
1 Thermo-Chemical Lab Scale Development

4 |Begin integrated lab-scale experiment ops & 1012

3] Select Pilot-scale processies) 'Y 10.-'1:

T Thermochemical Pilot Scale Development .

9 | Conceptual Design for Pilot-Scale Experiments & 103

10 |Complete final desion of pilot-scale experiments & 101

11 |Complete Construction OF Pilot Plant-scale experiments < 101

12 | Thermochemical Engineer'g 5 MW-scale Pilot Plant Develo L

15 | Complete Cone Design for 5 MW-Scale Experiments & 930

16 | Complete final design of 5 MW-scale experiments & 52

17 | Thermochemical ~1/10 Scale Demonstration Plant L~

19 |Engineering Scale Process Decision & 103

20 |Startfinal Design far Engineering-scale Facility & 415

21 |Begin construction of Engineering-scale Facility & 1015
22 |Begin Operation of engineering-scale {final) demonstration & 101
23 |High-temperature Electrolysis Lab scale Development

26 | Begin integrated lab-scale experiment ops 4 102

27 | Select Pilot-scale processies) 'Y 10.-'1:

28 |High-temperature Electrolysis Pilot Scale Development .

30 |Conceptual Design for PilotScale Experiments « 103

31 |Complete final desion of pilot-scale experiments & 101

32 |Complete Construction OF Pilot Plant-scale experiments < 101

33 [Hightemperature Electrolysis Engineer'yg 5 MW-scale Pilot 7

36 | Conceptual Design for & WW-Scale Experiments & 230

37 | Complete final design of 5 M-scale experiments & 52

38 |[High-temperature Electrolysis ~1/10 Scale Demonstratio P L~

40 | Engineering Scale Process Decision & 103

41 | Complete final Design for Engineering-scale Facility & 415

42 |Begin construction of Engineering-scale Facility & 1015
43 |Begin Operation of engineering-scale {final) demonstration & 101
44 |H2 Systems Development

a0 | Demanstration Plant Operations

Figure 4. NHI high-level schedule.
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Hydrogen Process Selection and PPMP Schedule, Scope, and Cost

The current NHI research program schedule, as shown in the NHI 10 Year Plan, is generally
consistent with the NGNP construction schedule. The major nuclear hydrogen production
milestones identified in the NHI 10-Year Plan are:

e Selection of pilot-scale process(es) based on completion of successful laboratory-scale
experiments (FY-09)

e Selection of nuclear heated engineering scale demonstration technologies based on
successful pilot scale experiments (FY-12).

Table 1 summarizes timing of the key NHI decisions and scaling demonstration stages based on
the NHI Program Planning level of funding, which has a target of completing construction of an
engineering-scale demonstration in FY-18.

Table 1. Major NHI milestones and decisions for program planning levels.

Milestone, Stage Year
Conceptual design for pilot-scale experiments 2005
Begin integrated laboratory-scale experiment operation 2007
Complete final design of pilot-scale experiments 2009
Pilot-scale experiment decision 2009
Complete construction of pilot-scale experiments 2011
Engineering-scale facility decision 2012
Complete final design of engineering-scale facility 2014
Begin construction of engineering-scale facility 2015
Operation of engineering-scale (final) demonstration 2018

Near-term NHI research focuses on laboratory-scale work on process development to support
the pilot scaling decision in FY-09. Beyond FY-09, the major activities address construction and
operation of pilot- and engineering-scale experiments. Although design and scaling issues are
process-specific, the sequence of major milestones would be similar for any of the baseline or
alternative processes selected.

5.4.1.2 Research Risk and Mitigation/Discussion

The current NHI research timeline for development of thermochemical cycles and high-temperature
electrolysis methods is generally consistent with the PPMP timeline. However, there is an overall risk for
the thermo chemical cycles, since the initial demonstration of the engineering-scale facilities requires the
nuclear heat source. Testing and shakedown of the engineering-scale facilities should occur using an
alternate heat source (e.g., gas-fired) to minimize hydrogen facility operational problems following
connection of the nuclear system heat source.

Risk: If the hydrogen production methods being investigated under the NHI are not shown to be viable,
nuclear hydrogen production will be more costly than projected.

Discussion: The nuclear hydrogen backup technologies include conventional electrolysis or use of
steam methane reforming, neither of which are as efficient as the high-temperature processes and in
the case of steam methane reforming, less environmentally responsible. Mitigation of this
fundamental risk is achieved through the individual mitigation strategies discussed below.
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However, this fundamental risk must be recognized in economic evaluations of the competitive
position of the NGNP concept.

Risk: For thermochemical cycles, significant risk is associated with developing high-temperature,
corrosion resistant materials, demonstration of high system efficiencies, and capital costs of the major
reaction and heat exchange components.

Discussion: The nuclear hydrogen backup technology is conventional electrolysis. It is the
yardstick by which we try to measure the viability of advanced processes. Nuclear hydrogen
production is clearly an option based on this technology. The high-temperature processes have
potential for higher overall system efficiency (~50%), and current projections imply lower costs
(~28/kg). However, this is based on optimistic projections, and a great deal of research is needed to
achieve these targets. The pursuit of multiple processes will enhance the chances for success, and
current plans are looking at three thermochemical processes: S-I, hybrid sulfur, and calcium-
bromine. Others may also be appropriate.

Risk: High-temperature heat exchanger limits.

Discussion: Several material and design options need to be considered. For the IHX, this risk is
discussed in the materials section.

Risk: The current schedule for development and construction of the engineering-scale facility does not
allow for non-nuclear heat pretesting and shakedown.

Discussion: NHI could move to an early focus on a single technology if needed to meet budget or
schedule constraints, or if warranted by research results. The size of pilot- or engineering-scale
demonstrations can be adjusted to allow for budget, schedule, or other constraints and still
demonstrate engineering viability and provide a basis for performance and cost projections. Pilot-
scale demonstrations can be phased to provide successively better scaling information before
nuclear-heated operations. A 500-kW pilot experiment is planned with replaceable components.
Infrastructure to a 5 MW level, for example, can be anticipated if an interim step is needed. In
addition, the Japanese are constructing a pilot-scale plant that will operate in the 100s-of-kW range,
and may negate the need for constructing a similar experiment here. Pilot- or engineering-scale
demonstrations may not need to address all aspects of the process (i.e., full heat recovery, longevity
of materials) if reasonable projections of all key issues can be made from a more limited
implementation.

Risk: For HTE, the technical risks are associated with achieving cost effective engineering solutions to
sealing, manifolding, materials longevity, and capital costs for solid oxide electrolyzers.

Discussion: Long-duration tests are more important than large-scale tests (i.e., 50 cells for 1000
hours is more important than 500 cells for 100 hours), thus reducing the budget requirements for the
R&D. As with fuel cell development in general, significant cost reductions due to mass production
and improved techniques are required. This is the major scale-dependent issue for HTE—the cost
of large-scale cell manufacture. That issue will only be resolved by comparing that cost for
successive orders of magnitude, i.e., for the first 100,000, million, and 10 million cells. In addition,
the risks of technical development of the HTE process are being mitigated through development of
alternate electrode/ electrolyte materials, and the investigation of both planar and tubular cell
configurations. The risks in coupling the HTE hydrogen production technologies are being
mitigated through investigations of various thermal management schemes that will allow the
efficient operation of the HTE plant using lower temperature reactor heat. Increased funding for
HTE would best be spent to equip parallel test stands so that several multi-thousand hour tests
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could be pursued simultaneously. The rate-determining experiments for HTE development will be
those aspects, such as sealing and steam corrosion, unique to electrolytic operation.

5.4.2 Power Conversion

Most R&D in the power conversion area has been focused on improvements in plant efficiency. In
addition, initial parametric studies of system layout were performed, which includes vertical or horizontal
turbomachinery, integrated or distributed equipment configurations, and single or multiple shafts. A
summary of work that has been, or is intended to be accomplished, is as follows:

e Engineering choices (vertical vs. horizontal, single vs. multiple shaft, distributed vs.
integrated layout) involve numerous trade offs, often interactive. Current design studies have
taken most of these paths at one point or another. Most approaches work, and may have
similar performance. Cost, maintenance, reliability, and key engineering details (seals,
bearings) may end up as the difference that matters between the alternatives. This would
require a more detailed design and technology program, which should be addressed.

e Industry must be involved as the turbomachinery designer/builder. Laboratory and university
tools will be the scoping and system study models. Having the turbomachinery industry
involved is feasible but will require significant funding to start design and fabrication
programs. Initial indications are that as long as inlet temperatures stay between 850 to 900°C
(or lower), helium turbomachinery looks achievable.

e The Pre-Conceptual Design effort has concluded that the NGNP should not include a direct
cycle power conversion system. This decision was made on the basis that a direct cycle
configuration would reduce the flexibility in adapting the configuration of the plant to
demonstrate emerging and evolving technologies. The Pre-Conceptual Design effort also
concluded that the PCS should include steam generation in either a pure Rankine or
Combined cycle configuration. In the latter configuration Brayton cycle PCU would be
utilized upstream of a heat recovery steam generator and a topping Rankine cycle. The Pre-
Conceptual Design results also indicate that use of power conversion components using
existing technologies may be configured so as to provide relatively high plant efficiencies.
Several plant configurations and working fluids for the proposed PCSs have been
preliminarily evaluated, including the use of steam. Additional evaluation will be performed
during Conceptual Design.

5.4.2.1 Current Status of Research and Development

Generation IV Power Conversion R&D is investigating power conversion technologies that optimize
the electrical output of Gen IV reactors and therefore offer the potential of lower cost electricity through
improved efficiency, or reduced capital or operating costs. Improvements in plant efficiency derived
from improvements in the power conversion cycle, for example, increase electrical output directly,
resulting in reduced electrical generation costs. There is significant motivation to investigate PARS
approaches that improve Gen IV systems performance.

The current Gen IV Power Conversion research is a relatively small program intended to identify
design options for near-term systems, and to explore improved options (higher efficiency or lower cost)
for advanced or future options. The assessment of NGNP design options is intended to provide support
for the DOE evaluation of proposed power conversion designs—not to develop a recommended
government design for the NGNP. One component of the research is directed at identifying and
demonstrating key technologies for future high-temperature gas reactor PARS. The R&D effort is
planned to proceed in the following general sequence:
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e 2005-2007. Power conversion cycle assessments and analysis to determine viability issues
and performance potential for the range of promising power conversion cycles, and design
trade studies to support power conversion evaluation and decisions.

e 2007-2010. Laboratory-scale demonstrations at a scaled component level to validate
viability and performance assessments.

e 2009-2014. Pilot-scale demonstrations of selected technologies to assess engineering
approach and performance.

The current role of Power Conversion R&D in the development of the NGNP power conversion
design is to support the DOE evaluation process by conducting engineering and configuration trade
studies to illuminate the pros and cons of design choices that a contractor would propose. This approach
does not require refocus of the current research plan—the first NGNP PCU would be based on a near
current technology approach. With this specific role, the Gen IV Power Conversion schedule is then
consistent with the PPMP schedule. Initial survey studies have been conducted, and future studies would
be performed to support the evaluation of the NGNP power conversion as the project proceeds. If it is
determined that the role of Gen IV Power Conversion should be to develop candidate designs for a
standard recuperated Brayton cycle, or develop and demonstrate efficiency improvement options for
possible implementation in 2017, then the current Power Conversion timeline and funding is not
consistent with the PPMP.

Development of candidate PCU designs, whether for more detailed comparisons or as a basis for
proposal solicitation, requires significant additional resources, and would imply a significant industry
role. Development of any of the advanced concepts (i.e., interstage cooling/heating) would require
significant design and at least scaled component demonstration experiments, which would need to occur
earlier than current budget planning supports.

The consequence of the current approach is that a relatively conventional design will be proposed and
selected. Survey studies of near-term NGNP technology options (direct vs. indirect cycle approaches,
single and multiple shaft options, and turbine design choices, etc.) have also been performed to support
future power conversion design decisions (see Figure 2).

Table 2. Summary of PCU design features for representative gas reactor systems.

Feature PBMR (Horizontal) GT-MHR GTHTR300  [ramatome
Indirect

Thermal power (MW?1) 400 600 600 600
Direct vs. indirect cycle Direct Direct Direct Indirect
Recuperated vs. combined Recuperated Recuperated Recuperated Combined
cycle
Intercooled vs. non-intercooled Intercooled Intercooled Non-intercooled Intercooled
Integrated vs. distributed PCU  Distributed Integrated Distributed Distributed
Single vs. multiple Single (previously  Single Single Single
TM shafts multiple)
Synchronous vs. Reduction to Asynchronous Synchronous Synchronous
asynchronous synchronous
Vertical vs. horizontal TM Horizontal Vertical Horizontal Horizontal
Submerged vs. external External Submerged Submerged External
generator
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From the summary in Table 2, it is apparent that high-temperature gas reactor power conversion
design efforts to date have resulted in very different design choices based on project-specific requirements
and performance or technical risk requirements. An optimized design involves a complex tradeoff of
diverse factors, such as cost, efficiency, development time, maintainability, and technology growth path
that must be considered in an integrated PCU system context before final evaluation. PCU technology
options also include variations on the cycle operating conditions and the cycle type, which can have an
important impact on performance and cost. These options include:

o  Working fluid choice. He, N,, CO, or combinations have been considered. Working fluid
physical characteristics influence cycle efficiency and component design.

o System pressure. Higher pressures lead to moderate efficiency increases and smaller PCU
components, but increase the pressure boundary cost—particularly for the reactor vessel—
which introduces a component-design, and a system cost and performance tradeoff.

e Direct vs. Indirect. Indirect cycles involve an IHX and resulting efficiency reduction, and
more complex control requirements, but facilitate maintenance.

e Interstage cooling (or heating). Results in higher efficiency but greater complexity.

Some of the observations from this assessment of these factors include the following:

o Differences between He vs. N, working fluids were not considered critical for
turbomachinery design. The primary difference is in the heat exchanger size to compensate
for the lower N, thermal conductivity.

o N, allows 3600-rpm compressor operation at thermal powers at and below 600 MW(t), while
He compressors must operate at higher speeds, requiring reduction gears, asynchronous
generators, or multiple-shaft configurations. Turbomachinery tolerances for He systems do
not appear to be a key issue.

e Direct/indirect. Efficiency loss can be 2 to 4%, depending on design, and the IHX becomes a
critical component at high temperatures. Maintainability is considered a key design issue for
direct cycles.

o Interstage cooling, as well as bottoming cycles (Rankine), can result in significant efficiency
improvements, but at a cost of complexity and lower temperature differences for heat
rejection.

The PCU configuration and physical arrangement of the system components have important effects
on the volume and material inputs into structures, on the pressure boundary volume and mass, on gas
inventories and storage volume, on the uniformity of flow to heat exchangers, on pressure losses, and on
maintainability. A distributed vs. an integrated PCU design approach has important implications for
materials and size requirements. Shaft orientation (vertical/horizontal) affects the compactness of the
system, the optimal design of ducting between turbomachinery and heat exchangers. Vertical
turbomachinery offers a reduced PCU footprint area and building volume and can simplify the ducting
arrangement to modular recuperator and intercooler heat exchangers. Single shafts may include flexible
couplings or reduction gears. In multiple-shaft systems, turbo-compressors are separated from
synchronous turbo-generators, allowing the compressors to operate at higher speed and reducing the
number of compressor stages required. Multiple shafts and flexible couplings reduce the weight of the
individual turbomachines that bearings must support. The pressure vessels that contain the PCU typically
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have the largest mass of any PCU components and provide a significant (~33%) contribution to the total
PCU cost.

5.4.2.1.1 PCU Components

The effectiveness or efficiency of the major PCU components, primarily the heat exchangers
and turbomachinery, is clearly a major factor in system cost and performance. Observations and
implications derived from this study include:

5.4.2.1.2 Heat Exchanger Components

e Heat exchangers designs have significant impacts on both the efficiency and cost of the
PCU. For a given heat exchanger type, higher effectiveness must be balanced against the
increased size or pressure drop implications.

e The recuperator effectiveness and total HX pressure drop is a significant impact on the
cycle efficiency and there is significant leverage in optimizing the recuperator design for
both high heat transfer effectiveness and minimum pressure drop. For modular
recuperators, careful attention must be paid to the module configuration and duct design
to obtain equal flow rates to each module.

e Material limitations may limit the operating temperatures for many components,
including the reactor vessel and heat exchangers.

5.4.2.1.3 Turbomachinery

e At lower reactor thermal powers, He compressors could require greater than 3600-rpm
operation to achieve efficiency goals (800 MW(t) allows 3600 rpm operation)

e Maximum system temperatures in the reference designs are near the limit for non-cooled
turbines.

ID_ |Task Mame 2006 [2006 (2007 [2008 2008 [2010 [2011 |2012 |2013 [2014 |
High Temp. Brayton Cycle Development . " " . . . . .

He IHAC Design Analysis

Hx Fabrication and Test for IHIC

Pilot Demao for Adv Hi Temp He Brayton Cycle

| DD b =

Figure 5. Energy/power conversion schedule.

5.4.2.2 Research Risk, and Mitigation/Discussion

Risk: Based on the conceptual design and tradeoff studies work, if it is determined that the role of Gen IV
Power Conversion should be to develop candidate designs for a standard recuperated Brayton cycle, or
develop and demonstrate efficiency improvement options for possible implementation in 2018, then the
current power conversion timeline and funding is not consistent with the PPMP.

Discussion: If advanced technology of detailed designs studies are determined to be required, then
Power Conversion priorities would have to shift to helium Brayton design studies; industry would
be involved where consistent with an RFP. Advanced technology options would require more
research on heat exchangers, diffusers, and system designs for interstage cooling/heating.
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Risk: Specific technologies would have to be developed in collaboration with industry. These include
new helium turbomachinery designs, engineering choices for seals, bearings, etc., flow distribution in
recuperators, and high-temperature materials.

Discussion: There would be less technical and schedule risk if NGNP does not include advanced
technology options in the PCU. The consequence would be a lower design efficiency output for
NGNP—but less schedule and technology risk. There may be a program risk involved if a
straightforward design is used that has a lower efficiency than anticipated at early stages of the
program. For lower NGNP outlet temperatures, efficiencies will degrade, and advanced options
(e.g., interstage cooling/heating) can mitigate the indirect cycle efficiency loss, as discussed.

However, the approach to optimizing the power conversion and IHX interfaces with the nuclear
system has not been identified. An example would be the acceptable pressure drops through the
primary and secondary sides of the IHX. These pressure drops directly affect the efficiencies that
can be achieved and the power that be consumed in the circulator on the primary side and the
compressor on the power conversion side.

Mitigating risk by design choices or key technology development also implies early design
studies to define those options and identify the key gaps. This would also imply a significant
expansion of the PCU technology trade studies to quantify design tradeoffs. If performance is
considered a program risk (i.e., lower than early expectations), then advanced technology
development provides a technical option for mitigation. The current R&D explores advanced
technology options to mitigate impact of lower temperatures at a low level. This includes
evaluation of interstage heating or cooling to provide higher efficiencies with acceptable increases
in system complexity. For closed gas Brayton cycles, use of multiple expansion and reheat stages
can:

o Increase cycle efficiency by 8 to 12% over the single stage compression recuperated
Brayton, and 5 to 8% over the two stage compression recuperated Brayton cycle for the
same turbine inlet temperature

e Reduce the size of the input heat exchanger by 10 to 20%, the rejection heat exchanger
by 15 to 25%, and the recuperator heat exchanger by a factor of 2

e Increase the PARS energy density by a factor of 1.5.

A range of preliminary tradeoff studies has been performed for high-temperature Brayton
cycles. Systems with similar efficiency and power density are possible with most of the major PCU
design options: vertical or horizontal turbomachinery, integrated or distributed equipment
configurations, single or multiple shafts. Maintenance implications, accessibility and reliability,
etc. may be differentiating considerations.

543 Fuel Development and Qualification

5.4.3.1 Current Status of Research and Development

The DOE has established the AGR Fuel Development and Qualification Program to address the
following overall goals:

e Provide a baseline fuel qualification data set in support of the licensing and operation of an
HTGR (e.g., the NGNP demonstration plant). Gas-reactor fuel performance demonstration
and qualification comprise the longest duration R&D task for the NGNP feasibility. The
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baseline fuel form is to be demonstrated and qualified for a peak time-averaged fuel
centerline temperature of 1250°C.

e Support near-term deployment of an NGNP by reducing market entry risks posed by
technical uncertainties associated with fuel production and qualification.

e Use international collaboration mechanisms to extend the value of DOE resources.

The baseline fuel kernel for the NGNP is low-enriched UCO (about 15% U-235) for the prismatic
block reactor version of the NGNP and low-enriched UO, (about 8% U-235) for the pebble bed version of
NGNP. Historically, for prismatic HTGRs, the high power densities (>6 W/cm®) and the associated large
thermal gradients drive kernel migration in UO,-coated particles. Migration of the kernel through the
buffer and inner pyrocarbon layers and subsequent contact with the SiC layer can result in damage to the
SiC layer. Furthermore, and more importantly at the high burnups proposed for a prismatic HTGR (15 to
20% fissions per initial metal atom [FIMAY]), the CO and fission product gas pressure in a UO, fuel
particle could be substantial, resulting in particle failure, especially under accident conditions. The high
HTGR fuel temperatures (maximum time averaged temperature ~1250°C) increase the effect of both of
these mechanisms. As a result, UCO has historically been the fuel kernel of choice for the prismatic
HTGR to mitigate these performance risks, because the mixture of carbide and oxide components
precludes free oxygen from being released due to fission. As a result, no carbon monoxide is generated
during irradiation, and little kernel migration (amoeba effect) is expected. Yet, like UO,, the oxycarbide
fuel still ties up the lanthanide fission products as immobile oxides in the kernel, which gives the fuel
added stability under accident conditions.

Without a design for the NGNP, the AGR Fuel Development and Qualification Program is currently
focusing on the more bounding fuel form for development and qualification (UCO TRISO). Furthermore,
the AGR program judged that the lowest risk path to successful fuel qualification for UCO TRISO is to
produce coatings on UCO kernels using German technology applied for AVR and THTR fuel
development and qualification. The AGR program coating development activities have successfully
reproduced the coatings based on the German technology at laboratory scale, and the program currently
plans to irradiate a number of fuel variants (each with slightly different coatings yet still produced within
the acceptable process phase space) in experiment AGR-1. This will increase confidence in establishing
an acceptable fuel, provide important irradiation performance feedback to the fabrication process, and
decrease the technical risk associated with coating early in the program before fabrication of qualification
fuel using production scale equipment. The program then calls for a scaleup of coating activities from
laboratory scale to pilot scale (followed by a performance demonstration irradiation AGR-2 and
associated safety testing and PIE) and then to production scale (followed by formal qualification
irradiations AGR-5 and AGR-6 and associated qualification safety testing and PIE) to demonstrate that
high quality fuel can be manufactured from production-scale equipment and demonstrate acceptable in-
reactor and accident performance. (This three-step approach is very similar to that used by the Germans
and planned by South Africa for the PBMR).

The second major activity associated with TRISO-coated particle fuel is qualification of the source
term. Without a containment, data are needed to qualify the mechanistic source term and the associated
methods to be used in the NGNP safety analysis and licensing submittal. Thus, in parallel with the fuel
qualification related irradiations, two irradiations (AGR-3 and AGR-4) are dedicated to studying the
behavior of fission products released from failed fuel and the holdup in the fuel compact matrix and
graphite block, both important elements in defining a mechanistic source term for the HTGR. Note that
both the compact matrix and graphite block materials are different from that used in the German program
in the 1980s and in Fort St. Vrain. Thus, the fission product retentiveness of this new generation of
graphitic materials must be established and qualified. Finally, irradiations AGR-7 and AGR-8 and
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subsequent safety testing and PIE are dedicated to fuel performance and fission product transport model
validations, important for fuel-performance related core design activities and qualification of the
mechanistic source term. In addition, a series of out-of-pile experiments and helium loops are identified
in the AGR program to measure fission product plateout on primary system components under normal
operation and re-suspension (or liftoff) under accident conditions.

Based on this strategy, an integrated program schedule (see Figure 6) and cost projection have been
developed consistent with the assumption that the required levels of funding will be provided and that
costs will not exceed about $14M per year. The detailed program plan is found in Reference 1.

The AGR program began in late 2002. Since that time, the AGR program has taken lessons-learned
from past poor U.S. fuel experience (NPR and DOE HTGR programs), recommendations from
international coated particle fuel experts, and a historical review of the successful coated particle fuel
development program based on German technology to establish the initial scope/direction for the AGR
program. The program has used near-production-scale equipment to manufacture UCO kernels for use in
the first set of irradiations. Laboratory-scale chemical vapor disposition coating capability has been
developed for TRISO-coated fuel and has demonstrated the ability to deposit coatings on UCO kernels
similar to that achieved in the German-developed technology. Coating process development has
established quantitative relationships among coating process parameters and key properties affecting
irradiation performance of inner pyrocarbon, a primary source of past U.S. poor irradiation performance.
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Fuel Fabrication Small Coater for AGR-1, 3 and 4 t
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Figure 6. AGR high-level integrated program schedule (calendar years).
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The AGR program has also developed and qualified the requisite characterization techniques (over 67
in all) and associated statistical sampling methodology needed to demonstrate high quality of the TRISO-
coated fuel (kernels, coating layers, and compacts). A new particle overcoating/warm pressing
thermosetting resin process for making compacts, similar to that used by the Germans to make pebbles for
AVR and THTR, has been developed with much higher dimensional stability and fewer defects induced
in the particles during pressing of the compact than in the prior U.S. process.

A detailed design of a multicapsule test train to enable more efficient, better-controlled, and better-
monitored irradiation of large quantities of coated particle fuel in compacts is complete. A multi-capsule
test train (AGR-1) containing this fuel is under irradiation at the ATR. As of this writing, with 20% of
the irradiation complete, no fuel failures have been observed.

The current schedule for the AGR program is resource-constrained to meet current and out-year
funding targets, only supports one fabrication vendor given budget constraints, and does not support
NGNP deployment in accordance with the schedule logic shown in Figure 13. Thus, a new approach is
needed. Past successful nuclear fuel development programs have used more than one fuel vendor. Thus,
developing parallel path coating activities using two vendors for the TRISO-coated particle fuel can
further mitigate the technical risk and increase the success of the fuel qualification effort.

An NGNP fuel acquisition strategy was developed in FY-07 to evaluate potential vendor’s
capabilities to fabricate first core. Options for production and qualification have been established for both
a prismatic and pebble bed NGNP and associated high-level schedules have been developed. The fuel
qualification activities (e.g., irradiations, PIE and accident heating tests) require tasks and durations that
cannot be easily simplified or shortened. The current NGNP schedule, as well as cost and practical
considerations, precludes the ideal low risk path of producing representative samples from equilibrium
production facilities and completing the irradiation and testing to assure satisfactory performance
capability before proceeding to manufacture the fuel for the first core. Meeting the proposed schedule
will require a degree of risk in the specification and production of fuel to be tested, and in the production
of fuel for the first core. Nonetheless, a substantial body of international experience with coated particle
fuel provides a high degree of confidence in the long term that fuel with sufficient quality and
performance capability can be produced to support commercial applications.

To accommodate both a prismatic and pebble bed option into the fuel qualification program, AGR-2
will now include capsules containing both UCO (for a prismatic) and UO, (for a pebble bed). The UO,
should be German-like (e.g., 10% enriched, 500 micron kernel, traditional coatings, and ~ 10% packing
fraction) taken to ~ 11% FIMA (if possible) at a peak temperature of ~ 1200°C. The UCO should bound
first core and represent follow-on equilibrium cores if possible. For example, the UCO could be 14%
enriched, 425 micron, at 35% packing fraction taken to 17% FIMA (if possible) and a peak temperature
of 1250°C. This would bound first core designs that could use either lower enrichment or lower packing
fractions to accommodate the reactivity constraints imposed by the anticipated once-thru single-batch fuel
cycle. AGR-2 would then form a performance demonstration for both types with ~30,000 particles for
the UO; pebble bed fuel and ~120,000 particles for the prismatic (due to different particle sizes and
packing fractions). Follow-on safety testing and PIE would be defined to bound NGNP accident
conditions for each option with the decision to perform safety testing and PIE on one or both fuel forms
made in FY-11 well after the reactor type and fuel design decisions have been made.

In all the fuel acquisition options identified, fission product transport testing was identified as
important. To support the schedule for NGNP startup and to support NGNP licensing, preliminary design
of the AGR-3 and AGR-4 irradiations to measure the holdup of metallic fission products in matrix
graphite should continue, no matter which design is selected for the NGNP. For the prismatic design,
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fission product holdup in fuel element graphite must also be measured. These capsules must be underway
as soon as possible, once the final fuel form is selected, to support the safety analysis for NGNP.

Planning must also be initiated for measurements of fission product deposition and liftoff in the
reactor primary coolant circuit for both NGNP design options. In principle, the measurements of fission
product transport needed are largely, but not completely, independent of the reactor design eventually
chosen for the NGNP. Initiating work on the planning and design of long lead-time fission product
transport experiments in the time period before selection of an NGNP design will ensure that the
appropriate measurements will be available to support the schedule for NGNP startup and reactor
licensing.

An independent review” of technology uncertainties and alternatives for meeting the functional
objectives of the NGNP recommended that fuel development for the NGNP should initially focus on
coated particle fuel using a UO, kernel to minimize schedule risk for successful fuel qualification. The
NGNP would be limited with respect to the desired fuel performance requirements, but subsequent
development and testing of fuel with a UCO kernel (and recommended by the review panel) would offer
the possibility of achieving the desired fuel performance. Accommodating both UCO and UO, into
AGR-2 addresses this concern.

5.4.3.2 Research Risk, and Mitigation/Discussion

The following risk items have been identified with the dual fabrication approach and the overall
NGNP fuel qualification effort.

Risk: TRISO-coated particle fuel cannot be qualified to meet the aggressive AGR performance envelope.

Discussion: TRISO-coated UO, has been demonstrated to perform satisfactorily at low power
densities (3 W/cc) and moderate burnups (<10% FIMA) for pebble beds operating at temperatures
less than ~1150°C. Irradiations from the German SiC TRISO-coated UQO, particle fuel
development effort in the 1970s and 1980s and the operation of later fuel loads of the AVR indicate
excellent irradiation and accident performance of UO, TRISO-coated particles up to 10% FIMA,
1150°C, and a fast fluence <4x10* n/m’ (E>0.18 MeV). UCO TRISO-coated particles have been
studied in both the United States and Germany. Excellent performance of German SiC TRISO-
coated UCO fuel was observed up to 22% FIMA at 1250°C (in irradiation test FRJ P24). No
accident testing was performed. Thus, the available historical database supports the premise that
the requisite fuel performance is attainable and does not represent a significant technical risk.

A critical assessment of TRISO-coated particle fuel development efforts in the United States
over the past two decades has revealed a number of key differences between German and U.S.
TRISO coating technologies’ related to how the PyC and SiC layers were fabricated. These
differences involve process conditions in the coater and the use of continuous/uninterrupted coating
for the successful German fuel. This is now understood and is currently factored into the on-going
UCO TRISO fabrication by depositing German-type coatings on UCO kernels, irradiating more
than one type of fuel early in the program in the AGR-1 and AGR-2 irradiations, and providing that
performance feedback into the fabrication process before fuel manufacture at production scale.

Risk: The safety case has not been demonstrated at burnups beyond ~10% FIMA in either UO, or UCO
TRISO-coated fuel.

Discussion: The safety case must be demonstrated before initiation of qualification (AGR-5 and
AGR-6) fabrication activities. The current logic calls for AGR-1 safety testing to be complete
(February 2011) and the AGR-2 irradiation to be complete (September 2011) before fabrication of
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Risk:

qualification fuel (October 2011). The need for safety testing to be completed is associated with
demonstrating that the coated particle exhibit satisfactory fission product retention under postulated
accident conditions at the high burnups envisioned for HTGR. Limited data on the accident
performance of SiC TRISO-coated UO, fuel at high burnups indicate enhanced cesium releases at
burnups >14% FIMA* so accident performance testing of AGR-1 fuel is an important technical risk
reduction activity to be completed before initiating fuel qualification activities.

There is limited irradiation capacity and capability in ATR to meet NGNP (flux level, spectrum,

and physical size) fuel needs. Similarly, the amount of PIE and safety testing to be performed may
represent a schedule risk if performed at one facility.

Risk:

Discussion: An evaluation of other reactors has been performed and the results suggest that ATR is
the best facility to simulate the HTGR conditions. Other reactors will too severely accelerate the
irradiation, have inadequate temperature control because of reactor operation, or lack adequate
capabilities and PIE facilities to complete the overall work scope. PIE and safety testing is
currently planned to be performed at hot cells at both INL and Oak Ridge National Laboratory
(ORNL) to reduce schedule risk of these important activities. Multiple accident heating furnaces
are under consideration to maximize throughput for safety testing. An evaluation the impact of
operating ATR at a higher power to shorten the duration of the planned AGR irradiations is
underway.

Hot-cell facilities at RTC do not adequately support post irradiation examination of fuel being

developed in support of NGNP.

Risk:
basis.

Discussion: The current hot-cell/transfer capability at RTC does not support disassembly or PIE
requirements for instrumented irradiation test vehicles, nor does it support preparation of specimens
for transport elsewhere for examination. An overall plan for developing hot-cell and/or transport
methods to support fuel and materials development is under development. More than one program
needs this capability and thus a solution is anticipated prior to use by the NGNP fuel program.

R&D necessary to qualify the source term for NGNP may not meet requirements for the licensing

Discussion: The goal of the source term R&D is to produce a technical basis for source terms under
normal and accident conditions for the HTGR. The technical basis will be codified in design
methods (computer models) validated by experimental data. The approach is to take credit for all
fission product release barriers (i.e., kernels, coatings, graphite, primary coolant pressure boundary,
and reactor building) to meet protective action guidelines at the exclusion area boundary with a
vented low-pressure containment building. If one were to rely exclusively on the fuel particle
coatings for radionuclide retention, the allowable failure fractions are reduced to about 4 x 10~ for
normal operation and about 2 x 10°° for core heatup accidents. Such stringent limits on particle
failure are considered impractical, at least for the foreseeable future, given that the best the highly
successful German fuel development program could claim was 1 x 10~ at 50% confidence and 5 x
10~ at 95% confidence for normal operation of low enriched uranium (LEU) UO, at 10% FIMA.
The testing and analysis activities are designed to produce validated fission product release models
that are accurate to within a factor of 4 for fission gas and a factor of 10 for fission metal. The 4X
and 10X values have been used previously® to guide the development of fission product behavior
models that supported the gas-cooled reactor designs in place in the 1980s and 1990s. The needs
are well identified in the program. The risk is that additional resources beyond the $50M provided
in the AGR program may be required to meet the requirements discussed above. This will not be
known until some of the R&D is underway and technical data are available to evaluate the situation.
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Risk: The lack of an NGNP fuel design is impacting fuel qualification schedule for NGNP.

Discussion: The current fuel development and qualification schedule does not support the NGNP
schedule logic. Part of the timing for AGR-2 is associated with the need to accommodate changes
in the coated particle design as the NGNP design evolves. The AGR program is currently using a
350-pum kernel with 35% packing fraction in the compact. This kernel is the fissile kernel of the
fissile-fertile two-particle system proposed for the GT-MHR. Preliminary studies for the NGNP
suggest that a single particle design would result in a 425-um kernel at packing fractions less than
35%. For a pebble bed with lower burnups/enrichment, a 500-um kernel and ~10% packing
fraction in the pebble is used. The project anticipates making a selection of reactor type in mid FY-
08. Details of the fuel design will need to be available as soon as possible after that.

Risk: Coating at near production scale is needed as soon as possible to demonstrate industrial fuel
fabrication.

Discussion: Upgrades have been made to coating furnaces at BWX Technologies, Inc. and coating
at industrial scale has begun. The fuel acquisition strategy recognized the need to accelerate the
fuel performance demonstration activities and the program is currently following this tract subject
to budgetary constraints.

Risk: The current fuel development and qualification program does not meet the NGNP schedule
deployment of 2018.

Discussion: The fuel acquisition study identified potential options for fabrication and qualification
of both pebble bed and prismatic fuel needed for NGNP. Schedules have been developed to
establish the data needed to qualify the fuel and source term to support licensing for unrestricted
operation of the NGNP. The schedule required to produce these data for either option in advance of
initial NGNP operation would not meet the required plant startup schedule date of 2018. Instead, a
phased approach of concurrent fabrication and qualification activities proceeding at risk, in
conjunction with restricted initial operation, could support NGNP operation in the target startup
timeframe. Even in the case of a phased approach, execution of any of these options would require
substantial funding in the near term to upgrade existing testing facilities and to establish a domestic
fuel fabrication vendor. Thus, the ability to mitigate the schedule risk posed by fuel development
and qualification is resource limited. Options for accelerating the schedule are being examined
with the focus on irradiation, safety testing and PIE, the current critical path activities. Multiple
parallel PIE capability, multiple concurrent irradiation capsules and safety testing, and examining
ways to shorten the irradiations in ATR are under consideration. In any of these scenarios,
significant funding above the $14 M/year baseline ($10-15 M/year more depending on scenario)
will be needed in the near term to meet the NGNP schedule deployment of 2018.

544 Materials Testing and Qualification

5.4.4.1 Current Status of Research and Development

Historically, the materials program has operated as a R&D program with no established out-year
budget and no explicitly defined long term goals or milestones to support a project to build a HTGR by a
specific date. The current status of the NGNP materials and development program is given in the NGNP
Materials Research and Development Program Plan, INL/EXT-05-00758, Revision 3, dated September
2007. In FY-07, the materials program became much more focused. The Pre-Conceptual Design
activities have provided a framework within which the materials program has context and meaning.
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The materials issues discussed in this section will be primarily directed toward the materials issues
related directly to risk and risk management based in part on the risk discussion and comments given in
Sections 3, 4 and 6 of Design Features and Technology Uncertainties for the Next Generation Nuclear
Plant, INEEL/EXT-04-01816, ITRG, dated June 30, 2004. However, many of those issues are now
superseded based on the Pre-Conceptual Design work and the resulting focus of the materials program by
the NGNP project.

There are two major components of the materials program: the graphite development program and the
high-temperature materials program. The objective of the NGNP Graphite Program is to develop the
qualification dataset of thermomechanical and thermophysical properties for unirradiated and irradiated
candidate grades of graphite for NGNP. Where practical, other grades of graphite may be
tested/characterized to provide a baseline for comparison or to help understand material property changes
for the NGNP graphite grades. The program consists of statistical characterization of unirradiated
graphite material properties to establish the lot-to-lot, billet-to-billet and within billet variability of the
material. Irradiations are planned at specified temperatures and doses within the design service condition
envelope anticipated for NGNP. Extensive PIEs are planned to establish the change in relevant material
properties as a function of temperature and neutron dose. Of particular interest is the irradiation induced
creep of graphite, which is critical to determining the lifetime of the graphite under irradiation. From
these datasets, constitutive relations will be established for use in a detailed predictive thermo-mechanical
finite element model. These data will also support development of relevant ASTM standards and ASME
design rules. In the longer term, the program plans to evaluate processing route and raw material
constituent influences on graphite behavior so that additional large qualification irradiation programs are
not needed when new coke sources are used to make graphite for HTGRs.

The goal of the High Temperature Materials Program for NGNP is to establish the relevant
thermomechanical performance data to support the development of IHX and other high-temperature
components for an outlet temperature up to 950°C. Creep, creep-fatigue, aging, and environmental
degradation testing is planned using the candidate high-temperature material selected for NGNP. Thick
and thin sections of base material, weldments and other joints (e.g., diffusion bonding) will be evaluated
given the different design options under consideration for the IHX. (Current candidates are Inconel 617
and Haynes 230). Depending on the outlet temperature selected by the NGNP project, additional high-
temperature data will be needed to support relevant ASME code cases for the material. R&D to establish
requisite in-service inspection techniques will be developed as key components are being designed.
Prototype testing of key components is envisioned in a high-temperature flow loop to characterize overall
behavior under prototypic flowing HTGR conditions and validate ISI techniques.

Other material needs (e.g., metallic core barrel, control rod guide tube, C/C composite hangers, high-
temperature piping) are recognized by the project and are being integrated into the R&D program as the
design of NGNP matures. None are expected to be critical path.

5.4.4.2 Research Risk, and Mitigation/Discussion

Risk: The nuclear grade graphites used to construct the last generation of HTGRs no longer exist. New
grades will have to be qualified graphite, which is an expensive and time-consuming enterprise.

Discussion: The need to qualify the graphite to be used in NGNP has been recognized by the
project. A graphite acquisition strategy and an associated technology development plan have been
written to establish the capabilities of the graphite vendors, initial schedules for fabrication,
machining and delivery of graphite for NGNP, and the technical activities needed to qualify
graphite for use in NGNP. An integrated schedule of these activities has been developed for use by
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the project. None of the activities are critical path but substantial sustained funding will be needed
meet the NGNP deployment schedule.

Risk: The bulk of the graphite irradiations are planned to be conducted in the ATR. Reliance on one
reactor is a risk.

Discussion: To obtain the necessary irradiated material properties (thermomechanical,
thermophysical and irradiation induced creep specimens) from representative samples of graphite
requires large irradiation volumes. This effectively limits the number of reactors in which these
irradiations can be conducted. HFIR at ORNL will be used to test smaller specimens where
specimen size does not deleteriously influence the resultant material property to be measured.
HFR-Petten has been evaluated but the key positions for graphite are already occupied with other
experiments. In addition, the recent high enriched uranium to LEU downgrade of the core has
reduced damage accumulation rates so that has bulk of the irradiations will take too long and would
represent a serious schedule risk to the NGNP deployment schedule. The current irradiation
schedule for graphite in ATR while ambitious is judged to be acceptable in light of the overall
NGNP project schedule.

Risk: There is an extensive amount of PIE testing and characterization of irradiated graphite. Sample
throughput is a concern relative to the NGNP project schedule.

Discussion: To mitigate the schedule risk, PIE is anticipated to be conducted at both ORNL and
INL to meet the NGNP deployment schedule. Costs for this dual approach have been factored into
the graphite technology development plan.

Risk: The high-temperature alloys anticipated for the IHX do not exhibit adequate creep and creep/fatigue
resistance at the 850 to 950°C proposed outlet temperature of NGNP and may suffer environmental
degradation in the proposed helium environment. There are concerns about the strength and integrity of
weldments and thin sections proposed in some IHX designs.

Discussion: These issues are understood by the project. Pre-conceptual designs of the IHX have
been established and design features and coolant choices are being examined to understand the
engineering tradeoffs and to determine solutions that minimize this risk to the extent possible.
Scoping tests are also underway to better characterize the thermomechanical behavior of the key
IHX candidate alloys and the potential environmental degradation and thermal aging issues. In
addition, work is proposed to examine both the weldment and thin section issue. This R&D along
with the design activities will help inform the project as it makes design decisions that minimize the
technical risk in light of the NGNP deployment schedule.

Risk: There is a lack of understanding about the design of the IHX, its operating conditions, the
secondary systems in which it is linked to, and its integration into NGNP.

Discussion: The different reactor vendors have proposed pre-conceptual designs for the IHX. The
nature of the design (compact, tube and shell), its operating conditions, and the proposed integration
into the overall NGNP design will establish relevant design requirements and R&D needs for the
project going forward.

Risk: An overall qualification plan for the IHX does not exist.

Discussion: Limited funding in FY-07 precluded such work from being completed. A technical
development plan and an acquisition strategy for the IHX will be completed in FY-08. The plan
will evaluate the different designs and the associated R&D and integrate them into an overall
qualification plan and associated acquisition strategy. The goal of the plan is to establish the
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relevant thermomechanical performance data to support the development of IHX and another high-
temperature components for NGNP and to support relevant ASME code cases for the material.
R&D to establish requisite in-service inspection techniques will be developed as key components
are being designed. Prototype testing of key components is envisioned in a high-temperature flow
loop to characterize overall behavior under prototypic flowing HTGR conditions and validate ISI
techniques.

Risk: The primary risk issue for the RPV is the material down select decision.

Discussion: If conventional SA508/533 ferritic steels of the type used for LWR RPVs were
selected, then ASME Code rules are already established and little further materials R&D is
required. The PBMR designers have selected this material for their RPV. However, this decision
limits the application of this material to approximately 370°C for a Class 1 boundary, for an
unlimited time, with very limited provisions made for shorter time exposure beyond this
temperature. The major design risk issue for this material is the probability that the design life of
the plant would be shortened as a result of an over temperature transient, which would cause the
RPV to exceed these temperature limits.

If Grade 91 steel was selected for the RPV, the major advantage over SA 508 steel is that it is
currently listed in ASME Section III, Subsection NH. This allows Grade 91 to be used for the
Class 1 boundary at temperatures up to 650°C for 1000 hours, or up to 590°C for up to 300,000
hours (about 34 years). However, at these temperatures the material will creep, and deformation of
the RPV over long times would be undesirable. Note that a margin of protection is provided for
premature shutdown in the event of an over temperature transient. If this material was selected, the
normal operation temperature should be limited to about 450°C. At this temperature, ASME Table
I-14.3E indicates no loss of allowable stress intensity value for this material up to 300,000 hours.
This indicates that the material does not creep at this temperature out to unlimited times, but this
assertion would have to be proven.

Risk: Use of Grade 91 steel would require further irradiation, aging and environmental testing data. In
addition, the fabrication and welding of large forgings has little background or experience.

Discussion: A study should be performed in FY-07 that would evaluate the design related tradeoffs
for SA 508 vs. Grade 91 or 92 steels, and a down select should be made based on that study. This
would allow the program to focus on one RPV material with little further R&D required, or at least
it would create a manageable level of additional R&D. If Grade 92 steel was selected for the RPV,
the major advantage is that it offers potentially better properties in a number of areas compared to
Grade 91. However, the material is not currently listed in ASME Section III, and it is probable that
this listing would require an additional three to four years of effort.

Risk: There has been no characterization of RPV emissivity vs. the power level.

Discussion: It is known that there will be a loss of plant efficiency if the emissivity of the outside of
the RPV is not maintained at a high level with respect to the emissivity of the normal oxide surface.
It is probable that an adherent coating will need to be developed for application following the on
site construction of the RPV. The R&D required for this activity has not been quantified.

Risk: In addition to the numerous technical risks, there is a schedule-related project risk regarding the
large plant components, such as the RPV and IHX that may require forgings in that there are only two
companies world-wide that have the facilities and capacity to produce forgings of the sizes projected for
the NGNP. Both of these companies have a significant backlog of contracted work. It is anticipated that
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“placeholder” contracts for NGNP forgings would have to be placed as early as FY-09 to ensure that the

NGNP forgings can be received and installed in time to support the Project schedule.

Discussion: The materials for the RPV and other large components will need to be chosen during

the mid-point of Conceptual Design. A partial CD-3 must be obtained from DOE to allow

procuring the forgings, and a procurement must be placed using preliminary specification
information during FY-09 to prevent a negative impact to the NGNP delivery schedule.

TaskMame

D 2004 !QDDS 2006 (2007 (2008 (2009 |[2010 (2011 (2012 |2013 2014 !2015 2016 (2017 (2018
1 |Graphite L v

2 |HiTemp Design Methads ]

3 |Codes & Standards v v
4 Erviranmental Testing & Aging '

§ |RPVIrradiation Facility L 7

B Structural Composites ' . 4

7 Database & Handbook L . v

8 |RFY Fabrication and Transport L v

8 |RPYEmissivity L 7

10 [HotDuct and Insulation —

11 | IHX Fabrication, Testing & Evaluation 4

12 | Piping Evaluation . '

13 | EBwvaluation of Other Components L '

14 | Construction and Cperation Suppoart !

15 |Facility Upgrades L .

16 |Administration 4

17 |Energy Conversion Testvehicle In place < 101

18 | Metallic Materials ASME/ASTM Codified $ 7115

19 | Graphite and Composites ASMEIASTM Codif & 103

Figure 7. NGNP Materials Program schedule.

545 Design and Safety Methods Development and Validation

The goals of the Design and Safety Methods Validation Program for NGNP are: to validate models
and analytical tools for NGNP, to resolve key safety, performance, and technical issues through
confirmatory modeling and analysis, to develop new tools and models when existing models or tools are
judged to be inconclusive or inadequate, and to modify, upgrade, and/or develop new analytical tools for
future use that will reduce uncertainties and improve the ability to characterize the behavior and estimate

the operating margins of the plant.

5.4.5.1 Current Status of Research and Development

Current areas of focus include:

e New and complementary measurements of differential cross-sections for plutonium isotopes
to reduce uncertainties in the reactivity performance of high burnup LEU HTGR cores

o Assessments and enhancements of steady state and transient reactor physics analysis methods
for prismatic and pebble bed HTGRs, evaluation of integral benchmarks on past relevant

physics experiments

e Simulation of important phenomena that influence thermal-fluid behavior in HTGRs,

including air ingress, and establishing relevant experiments for V&V

e Design and execution of experiments to validate reactor cavity cooling system behavior
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e Evaluation and development of system level and multiphysics codes that resolve and simulate
integral and complex behaviors that affect plant safety.

A principal outcome of the Methods Program is the definition of the margin that exists between the
limiting or design values vs. the calculated results for any outcome. Confidence in the required methods
is only achieved when an acceptable, predictable margin is achieved. Acceptable and predictable margins
are achieved by (a) defining the plant behavioral scenarios, and phenomena within each scenario, that
represent the most challenging conditions for the HTGR, (b) verifying that existing tools simulate these
phenomena with adequate resolution and developing new tools or models if they do not, (c¢) validating the
software using acceptable practices and procedures for the analyzing important scenarios and
experimental data with acceptable measurement uncertainties. The experimental data may be
phenomena-centered separate-effects or integral-effects data, and these data must be directly linked to the
plant phenomena of importance for the plant operating or accident envelope using accepted scaling
practices. Once these conditions have been achieved, analyses of the scenarios and phenomena of interest
can be performed with confidence, and the calculations are defendable.

The concept of the “margin” between the calculation and the variable of interest is shown in Figure 8.

Upper acceptable limit y'y

Margin

I Average design value or Safety

limit Upper uncertainty
bound

e C(culated

value

Lower uncertainty
bound

Lower acceptable limit v

Figure 8. Relationship between design values and safety limits that require calculations vs. calculational
uncertainty.

The largest and most important activities in this part of the R&D program are related to validation and
verification, particularly in the thermal fluid area. In terms of cost and scope, the centerpiece of the
activity will be an Integral Test Facility designed to validate thermal fluid behavior under prototypical
time and length scales. The proposed validation task for NGNP will, however, differ from the process
used for LWRs which was centered on large-scale, independent experiments such as Semiscale and
LOFT. The NGNP validation plan focuses upon two components: (1) validation of the physical models
used in thermal fluid and physics analysis, and (2) maintaining a modular experiment matrix. The first
component can be used to fine-tune current safety analysis codes while at the same time advancing the
state of the art in thermofluid modeling needed for HTGRs. The objective of the second component of
the testing program is to tightly integrate the validation experiments and create a line of continuity
between the single-physics experiments that comprise the validation task and the large integral test
facility that will examine complex system behavior and validate integral effects. The smaller separate
effects experiments will support the design and operation of the integrated test facility and, through
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modular construction, provide the option of being integrated into it as a physical module. The complete
set of validation experiments will not be as extensive as the LWR experiments mentioned above but will
offer a holistic approach to V&V that will be more cost-effective and broadly applicable.

Simulation codes available today were, for the most part, developed for the LWR. Both the LWR and
HTGR are thermal reactors such that these codes can be applied with some modification to yield results
with some validity. There are, nonetheless, significant differences in neutronic, material, and thermal
fluid behavior that inject significant uncertainty into analyses. In the near term, these codes will be used
with some modification and great care to obtain “ballpark™ estimates of safety parameters and first-order
characterizations of behavior. Significant deficiencies will be addressed with modifications as
appropriate but, in some cases, writing new codes may be the most cost-effective solution. Historically,
reactor core safety analysis has proceeded along two separate but complimentary paths; reactor physics
and thermal-fluid analysis. This separation was (and still is to a lesser extent) largely due to the inability
to solve simultaneously all the governing equations on a digital computer. Advances in computational
algorithms and computer architecture have enabled the solution of high resolution, multi-dimensional
radiation, heat, and fluid transport models within practical execution times. Properly validated through
experimentation, these new tools could be used to verify, enhance, extend, and perhaps eventually replace
the low order models and codes currently available for core design and safety analysis. In the longer
term, to support ultimate commercialization of the HTGR technology, three-dimensional deterministic
transport and computational fluid dynamics (CFD) codes will be extremely important. In the nearer term,
their use will most likely be exploited in a more limited role for NGNP wherever current tools are
insufficient and greater fidelity is needed.

Furthermore, tightly integrated multiphysics simulations of complex reactor phenomena are now
being developed and attempted using high performance parallel computers and novel algorithms for
solving nonlinear partial differential equations. Such simulations allow engineers to reduce or eliminate
the mathematical errors and physical assumptions inherent in the low order models. They also enable the
exploration of physical phenomena that are inherently multiphysical in nature and do not manifest
themselves in pipeflow experiments or critical assemblies. A long-term goal of NGNP Methods will be
to develop and exploit such tools to support ultimate commercialization of the technology by developing
tools that will reduce unnecessary margin and expand the operating envelope of the HTGR.

5.4.5.2 Research Risk and Mitigation/Discussion

The current R&D schedule for thermal-fluids analysis and physics methods development supports the
PPMP timeline. Although validation and verification activities will continue up to and through initial
operation, phenomena identified through the phenomena identification and ranking table (PIRT) process
as having the greatest impact on core safety parameters will be the subject of V&V focus during the early
development years (2006 — 2009). Subsequent experiments and calculations will be directed toward
reducing uncertainties in performance-related parameters.

The ITRG report is largely silent on the subject of design methods and validation. The aggressive
Licensing and Regulatory process presented in this PPMP calls for extensive review and largely overlaps
that of the Design Methods R&D schedule. Success of this process will require the immediate initiation
of continuous, open, formal, and informal dialogue between the Design Methods team and the NRC so
that their knowledge of and comfort level with NGNP analysis issues and capabilities can grow in time to
accommodate the issuance of the operating license by FY-17. The ESP and OL application schedule are
aggressive even for an off-the-shelf advanced LWR. Significant resources will be required to prove that
the methods and codes being developed in this project have been fully validated, and the uncertainties in
the data are well characterized.
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The major risks in the methods R&D and analysis efforts are summarized below.

Risk: NRC acceptance has the potential to require extensive, long term interactions on several planes
including:

a. Basic assumptions on the acceptability of using a confinement, applicable of specific
methodologies, etc.

b. Tools qualification, including the requirements, model mapping, experimental
qualifications, etc.

c. Standard development. There are no precedents to follow in qualifying CFD tools and
other advanced tools for acceptance.

Discussion: Maintain good communications with NRC through all phases of the program, focused
on (a) understanding NRC perspective, (b) interchanging ideas, and (c) using experts to bolster
arguments in favor of best approach. In all cases, the primary emphasis will be upon use of
publicly available existing integral data, to mitigate the risk that may be associated with attempting
to perform new measurements at facilities whose availability cannot be guaranteed. If it is
determined that access to non-public data, or outright new integral measurements, are in fact
needed, provision is made in this PPMP to reserve funding so that a direct subcontract with the
owner of the data or the measurement facility of interest can be established to provide maximum
assurance that the information can in fact be obtained.

Risk: Unavailable or inadequate data—applicable data cannot be obtained or crucial data are found to be
inadequate or faulty.

Discussion: Prepare clear specifications for all experiments, based on calculations and Quality
Assurance (QA) requirements, vigorous and formal program to acquire needed data through search,
purchase, or experiments/computations. This includes data necessary for validation experiments,
data for code V&V, and nuclear data. For system safety tests and validation, collaboration with
international partners that operate applicable facilities (e.g., JAEAs HTTR) is key.

Risk: Inadequate quality assurance. There are sometimes disagreements between the NRC and DOE on
the applicable QA standard.

Discussion: Upfront agreement between INL, NRC, and DOE on applicable QA standards. QA
practices and procedures must be rigorously followed.

Risk: Technical issues that arise during committee reviews that have not been previously considered.

Discussion: Minimize probability by using a systematic approach, with periodic audits and review;
use proven nuclear industry design practices.

Risk: Budget and schedule variances that stem from the uncertainties listed above.

Discussion: Build contingency in schedule and budget. Independent and regular review of R&D
plan.

Risk: Involvement of other organizations not under the direct control of the Project but are involved in
critical-path items.

Discussion: Although participation in the IRPhEP is voluntary, and each country must ordinarily
provide its own financial support for participating, a mechanism exists for any participant to
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provide funding to other selected participants under a direct 2-party subcontracts to ensure the
timely and attentive peer review of benchmarks deemed by the funding participant to be of high
priority. The INL will employ this mechanism as needed to ensure that the evaluations required to
support the NGNP project will receive the necessary priority and attention under the IRPhEP.

Risk: A critical facility may be required.

Discussion: As described above, a large amount of integral experiment data relevant to the physics
of high-temperature gas reactors of both the prismatic and pebble bed type already exists from other
facilities that have been constructed over the past 40 years worldwide. Furthermore, a few of these
are still operating, offering the possibility that additional data beyond what is already available can
be obtained as deemed necessary. If this information can be used to establish and quantify the
accuracy of the reactor physics computational methods and supporting nuclear data that will be
used for design and operation of the NGNP in a manner that meets applicable safety and regulatory
requirements, there will be considerable savings in cost (several tens of millions of dollars) and
schedule (estimated 2 — 3 years) relative to construction of a critical facility for an HTGR physics
code validation and establishment of safety margins. On the other hand, this approach does entail
some programmatic risk relative to having a dedicated critical facility on site, as will be described.
However, proper attention to modern computational practices in reactor physics, both with respect
to implementation of emerging, highly advanced, computational methods themselves, as well as
with respect to careful and thorough validation of methods against relevant experimental data,
should cost-effectively mitigate this risk to an acceptable level.

The necessary mitigation of risk will be accomplished via several complementary approaches.
First, the computational methods used by INL and its subcontractors for HTGR reactor physics
design and analysis will be based, where possible, on already well-recognized computational
software packages such as MCNP, DIFF-3D/REBUS, various modules in the Oak Ridge SCALE
system, etc. Cross section input data will be processed from recognized, peer-reviewed well-known
data sets such as the Evaluated Nuclear Data File using standard methods. Furthermore, all codes
will be extensively benchmarked against quality-assured integral experiment data that are relevant
to the specific HTGR configuration of interest, as discussed below.

Differential data can be gathered at the Intense Pulsed Neutron Source and/or the Los Alamos
Neutron Science Center. Space for these experiments is provided with funding. In addition, a third
facility can be considered in Europe at the Neutron Time-of-Flight facility.

Risk: Old or outdated pebble-bed software that will not meet the uncertainty requirements.

Discussion: For the pebble-bed HTGR concept, where the fuel moves through the core during
irradiation, special computational techniques are required for fuel burnup modeling and for some
aspects of safety analysis. This will be accomplished via new software development in-house at
INL as well as by selected university subcontractors directly supervised by INL. In these situations,
documented V&V procedures will also be followed at each step of the development process, and
the end products will ultimately be placed under the same validation requirements and controls as
will be the case for pre-existing software. The adequacy of the computational techniques being
developed and applied for the PMBR will be reviewed for applicability.

5.5 Technical Risk Management via Technology Roadmaps

The NGNP project has tailored a systematic approach to managing technology-related risk and
uncertainty, combining similar technology maturity measurement methodologies as those used by NASA
and the Department of Defense in their programs, while combining unique approaches and tools
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developed at the INL for using uncertainty measurement to both make decisions and manage project
execution. This systematic approach will utilize Technology Roadmapping to correlate technical risk
areas identified through Design Data Needs to developmental maturity using TRLs and DRLs. Data
needs for most projects are related to the known risks associated with the project scope. Each risk
introduces uncertainty to either the cost, schedule, or performance of the project against a defined set of
performance criteria. The uncertainty, or risk, can be measured by the probability of the risk coming to
fruition multiplied by the consequence of the risk. That consequence is measured in terms of the project
cost, schedule, or other performance criteria. As the technical maturity of the various system elements
increases, along with the corresponding assigned TRL value, the associated potential impact of unknown
risk is reduced. This reduction of risk will be tracked via risk waterfall charts. Likewise, as the design
maturity increases, along with the corresponding DRL value, the associated potential impact of unknown
project risk, in the form of cost or schedule impacts, is reduced.

This risk management process is defined more completely in Technical Risk Management for the
NGNP Project, INL/EXT-07-13148, September 2007, which is included as Appendix L to the Pre-
Conceptual Design Report, INL-EXT-07-12967, September 2007.
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6. NGNP ORGANIZATION AND INTERFACES

6.1 Organizational Structure

For projects to be successful in meeting technical, cost, and schedule goals, they must be
“projectized”, with the control, coordination, and management of schedule, budget, scope, and all
elements of work focused through a single point of control, rather than dispersed and independently
managed. Project management is a systematic approach in which authority, responsibility, and
accountability are vested in a single individual to provide the detailed planning, organization, directing,
and controlling of all activities leading to the successful execution of the project. In the DOE O 413.3
system, the DOE federal project director provides the overall project direction, and the NGNP Project
Director provides the single point of communications and control with support from the project team to
carry out day-to-day management of the project.

The NGNP Project will comprise many different contributors, and it will be very important to
maintain the single point of control concept focused through the NGNP Project Director and project team.
The DOE federal project director receives the mission, goals, and objectives from NE-HQ, the NGNP
sponsor, and passes those elements through the NGNP Project Director to the project team. The NGNP
Project Director, through the project team, implements the project through plans, organization, and
delegation of responsibilities, directions, scopes, budgets and controls and requirements resulting in the
implementation of the project. Figure 9 provides the overall NGNP Project organization structure. The
positions are filled consistent with need as the project matures and commensurate funding is provided.
Refer to Appendix B for Organization Roles and Responsibilities.

As the project progresses, the DOE federal project director receives reports and feedback from the
NGNP Project Director and assigned responsible team members on progress, issues, and
accomplishments and in turn reports the status of the project back to the project sponsor.

The NGNP Project will be structured as a Public-Private Partnership under a common NGNP
management structure. The project is sponsored by the DOE Office of Nuclear Energy and is managed
under the Office of Gas Reactor Deployment (NE-33). DOE has assigned overall responsibility for
planning, Pre-Conceptual and Conceptual Design, R&D, execution, and testing and turnover of the
NGNP Prototype Project to the M&O Contractor of INL. To accomplish this, an INL NGNP Project
Office has been established. The INL NGNP Project Office is responsible for coordinating, directing, and
managing subcontractors, other DOE laboratories, and universities.

Industry partners will include U.S. power generation companies whose role will be to provide current
and practical project input to assure that the prototype nuclear plant will be licensable and representative
of future marketable reactor system designs, and commercial entities representing the end-user of process
heat for the production of H, and other commodities. The companies will also support design, permitting,
licensing, construction, startup, and operational activities. Determination of specific partners will be
made during the project initiation and Conceptual Design Phases and documented in the formal
acquisition strategy by or before CD-1. A design competition at the beginning of Preliminary Design will
be used to select a vendor team that will complete the Preliminary and Final Design. As the acquisition
strategy is developed and planned, the overall approach for the design, construction, testing, and
integration activities will be determined. Figure 10 illustrates the various entities involved in the NGNP
Public-Private Partnership and the likely relationships between them.
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7. Quality Assurance

7.1 Quality Assurance Program

The NGNP Project is currently relying on the INL’s Quality Assurance Program (QAP) for QA
requirements. A Quality Assurance Program Plan (QAPP) for the NGNP, PLN-2021, has been
developed to identify deviations from the INL QAP and to address NGNP Project-specific
implementation approaches. NGNP staff is required to read and abide by the NGNP QAPP’.

The roles and responsibilities for all NGNP positions displayed in the organizational chart, Figure 9,
are attached as Appendix B. Although roles and responsibilities are included in Appendix B for the
positions shown, not all positions are filled as of the date of this PPMP (as indicated by TBD in Figure 9).
Activities that will subsequently be performed by these unfilled positions are currently being executed by
the filled positions to the extent required. The NGNP Project organization is evolving as the project
matures and is funded.

The INL Laboratory Director is responsible for overall management of Management and Operating
(M&O)contractor activities including establishing and executing the site-wide QAP. The INL Director of
Quality Assurance has responsibility for establishing, maintaining, and monitoring the implementation of
the overall INL QAP. The NGNP Project QA Director reports to the NGNP Project Director and has
access to any and all INL Management. The INL NGNP Project QA Director is responsible for
developing and maintaining the QAPP and verification of its implementation. Figure 9 of the PPMP
identifies the NGNP organizational structure. The quality inspectors identified in the chart are INL
qualified inspectors. The Hydrogen Production and Energy Transport R&D Groups provide a
coordination interface with NGNP. Information generated by the NGNP is currently not covered by
NGNP work scope and must be peer-reviewed for technical acceptability and determined to fulfill the
NGNP QA program requirements before it is used for design input. The Nuclear Hydrogen Production
and Energy Transport R&D activities are anticipated to integrate with the NGNP Project in 2008.

Specific roles and responsibilities related to the NGNP Project QA activities are identified in Appendix B.

Battelle Energy Alliance (BEA; the M&O contractor) is required to comply with DOE Idaho
Operations Office (DOE-ID) Contract number DE-AC07-05ID14517. This contract requires BEA to
comply with the 10 CFR 830 Subpart A and DOE Order 414.1C for Nuclear Facilities and Activities.
ASME National Quality Assurance (NQA)-1 will be used as the baseline standard for developing and
implementing a QAP for INL activities. The INL QAP meets the requirements of 10 CFR 830 Subpart A
and DOE Order 414.1C. The Quality Assurance Program Plan (QAPP) for the Next Generation Nuclear
Plant Project (NGNP), PLN-2021, is based on the INL’s QAP, which implements the requirements of
NQA-12000. The source documents that contain requirements applicable to the defined scope of work,
covered by this plan are listed in Table 3.

The relationship of QA drivers and INL Program drivers for accomplishment of the Project mission is
shown in Figure 11. The INL procedures listed in the appendix to the QAPP are those deemed most
appropriate for NGNP scope for each applicable NQA-1 element. Other INL procedures included as
references in those procedures listed in the QAPP are applied to the NGNP Project as appropriate.
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Table 3. Source Documents

Regulatory Documents

10 CFR 830 Subpart A Nuclear Safety Management
DOE Order 414.1C Quality Assurance Order
10 CFR 50 Appendix B Quality Assurance Criteria for Nuclear Power Plants

Commitment Documents

ASME NQA-1-2000 Part 1 “Quality Assurance Requirements for Nuclear Facility Applications”

ASME NQA-1-2000 “Quality Assurance Requirements for Computer Software for Nuclear Facility
Subpart 2.7 Applications”
ASME NQA-1-2000 “Guidance on Graded Application of Quality Assurance (QA) for Nuclear-Related
Subpart 4.2 R&D”
DOE QA Rule
10 CFR 830 INL QA Program
Subpart A DOE to BEA Contract NQA-1 2000
DE-AC07-051D14517 Part 1, Subparts 2.7
> and 4.2
DOE Order 7
414.1C A
NGNP Project PPMP
and QAPP
A\ 4
NGNP Work
Activities

Figure 11. Requirements and Implementation Flow Diagram

The NGNP Project being developed at the INL falls under the Energy Reorganization Act of 1974
and is subject to the licensing and related regulatory authority of the NRC. To meet NRC licensing
requirements, 10 CFR 50 “Domestic Licensing of Production and Utilization Facilities” Appendix B
“Quality Assurance Criteria for Nuclear Power Plants and Fuel Reprocessing Plants” is applicable to this
project. It is anticipated that the NRC will accept a future version of NQA-1. By working to NQA-1
2000, it is the intent that the requirements of 10 CFR 50 Appendix B will be met.

NGNP quality implementation is documented in two documents. The Organization and Program
elements are discuss in this document. The remainder of the quality elements are documented in the
NGNP QAPP. The NGNP organization is described in Section 6.1 and the Roles, Responsibilities,
Accountabilities and Authorities (R2A2s) are described in Appendix B.

The purpose of the NGNP QAPP is to document that the INL M&O contractor’s QAP will be
implemented by NGNP activities and identifies authorized deviations and unique project requirements.
The QAPP is an integral part of the NGNP Project and identifies a set of management controls for those
work activities. Implementation of these controls will provide adequate confidence that work supporting
the NGNP Project will be performed satisfactorily. Included in the QAPP is a NQA-1 2000 requirements
matrix identifying INL procedures that implement quality requirements. The NGNP Project will update
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the QAPP as it continues to evolve throughout the NGNP Project phases, and will implement the most
current revision.

The scope of NGNP QAPP covers NGNP Project quality activities performed by or for the INL
M&O contractor. Those activities performed by other DOE laboratories for the NGNP Project will
develop their own QAPP that will be reviewed and accepted in accordance with the INL vendor
qualification program. The NGNP Project requires assurances that all relevant activities will yield NRC
licensable designs, data and other results, for facilities, fuels, systems, components, equipment, processes,
software, and material. NGNP Project activities will conform to established requirements, be traceable to
valid data, and be capable of withstanding detailed technical reviews.

Project training is documented and implemented through the Training and Indoctrination Plan for the
Next Generation Nuclear Plant Project, PLN-2323.

NGNP uses INL qualified inspectors to perform inspections. Inspectors maintain their qualification
through the INL inspector qualification program.
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8. Preliminary Planning Baseline

The Next Generation Nuclear Plant Pre-Conceptual Design Report, INL/EXT-07-12967, September
2007, contains an updated WBS, project schedule, and cost estimate to be used for planning for and the
initiation of Conceptual Design work. All of the associated information will be updated throughout the
design process. The information following is limited and summary in nature.

8.1 Work Breakdown Structure

The WBS provides a structure from which to assign, estimate, schedule, and track the work and costs
and ensures that no required element of work necessary for completion of the project is overlooked. The
WBS highly depends on the technology selected, the acquisition strategy, development requirements,
plant system requirements, etc. A complete WBS with a WBS Element Index, WBS Dictionary, and a
detailed responsibility assignment matrix will be prepared in the execution plans to provide explicit
alignment of work and responsibility of participants to execute that work. Therefore, the WBS presented
in Figure 12 is considered high-level and will change as the project moves through Conceptual Design,
Preliminary Design, and subsequent phases.

The WBS will also provide the framework to facilitate the division of and assignment of work among
the participating partners on the NGNP. Partners and subcontractors will divide their assigned work into
elements using the Contact WBS, which consists of sub-elements of the Project WBS. Each element will
include a defined technical content, work statement, assumptions, definition of interfaces, resources
requirements, costs, milestones, and schedules. The WBS provides the capability to manage and control
all elements of deliverables and work for the total project by providing an integrated framework for
scheduling and cost accounting. The framework allows a logical method of rolling up budgets and costs
from individual work packages, to major components, to total project costs.

A more complete description of the WBS is provided in Appendix G of the Pre-Conceptual Design
Report.
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8.2 Schedule

8.21 Summary Schedule

The attached summary schedule is high-level in nature and is reflective of the schedule and cost
estimate that is provided in the Next Generation Nuclear Plant Pre-Conceptual Design Report, INL/EXT-
07-12967, September 2007.

A critical path, logic driven, integrated Project Schedule is being developed in correlation with the
project WBS structure, and will be issued as part of the initial Conceptual Design phase effort. It will
cover design, high-risk material and fuel development, technology development, licensing and permitting,
construction, acceptance testing, startup, and operational shakedown. It will incorporate key milestones
and Critical Design points for Conceptual, Preliminary, and Final Design, as well as approvals to start
long lead procurements, start of construction, and start of operations. The NGNP Project Schedule will
be a living document, and the associated confidence level will increase as the NGNP Project progresses
through the design process.
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8.2.2 Major Milestones

The major milestones for the project are primarily dictated by the critical path through the design and
construction activities of the project. Some high-risk fuel development and materials development
activities also have the potential to impact the project schedule. These have been identified in the major
milestones listed in Table 4.

Table 4. Major Project Milestones

1. Initiate Conceptual Design/Design Development Studies FY-08
2. CD-1, Approve Alternative Selection and Cost Range FY-09
3. High Temperature Gas Reactor — Component Test Facility 2011
4. Metallic Materials ASME/ASTM Codified 2011
5. CD-2, Approve Performance Baseline FY-11
6. CD-3A, Partial CD, Approve Procurement of Long lead Components FY-12
7. Approval of PSAR by NRC and AGR Fuel Performance Demonstration Irradiation 2011
Complete.
CD-3, Approve Start of Construction FY-13
. NRC Permit to Construct Issued FY-14
10.  NRC Operating License Issued FY-18
11.  CD-4, Approve Start of Operations FY-18

8.3 Planning Level Cost Estimate

The current estimate is a result of the Pre-Conceptual Design effort for the NGNP Prototype Project.
It establishes the initial estimated cost range for planning at the beginning of the Conceptual Design
Phase.

8.3.1 Basis of Estimate

As part of the Pre-Conceptual Design effort, three subcontracted reactor vendor design teams
prepared pre-conceptual level cost estimates and schedules for the NGNP. The cost estimates were
developed using different development methodologies that included parametric modeling, vendor quotes,
actual costs, and proprietary costing databases. These cost estimates were then reconciled regarding
variations in scope and assumptions among the three design teams, and with input from INL technology
leads for engineering and R&D. Additional studies were performed including Monte Carlo analyses
using estimates of the potential ranges in the detailed components of the design teams’ estimates to
develop an expected range for the NGNP project cost to initial operation. The key results of this effort
along with the comparable period of performance for each element based on the best estimate schedule
are summarized in Table 5.
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Table 5. NGNP Prototype Cost Estimate Range and Periods of Performance

Best Estimate Cost, $K (52007)

Item Period of Performance
Low High

Conceptual Design $168,838 $191,054 FY-08 — 09
Preliminary Design $269,775 $305,271 FY-10-11
Final Design $468,215 $529,823 FY-11-13
Licensing $128,996 $145,969 FY-08 - 18
R&D $478,572 $541,541 FY-07-18
Construction $1,772,171 $2,005,352 FY-13- 16
Startup & Test $205,317 $232,332 FY-16—18
Project Support $308,116 $348,658 FY-08 — 18
Total $3,800,000 $4,300,000

Note: The low to high spreads do not reflect an assessment of the individual risks

. Costs for the hydrogen development R&D included in Table 5 were provided by the NHI National
Technical Director, and remain unchanged from previous revisions of the PPMP..

8.3.2 Assumptions
The following assumptions were used in developing the planning cost estimate:

a. The plant will be an HTGR of modular design, with a single reactor module containing an
indirect cycle loop configuration (i.e., containing an IHX) to the PCS and hydrogen
production plants. Design outlet temperatures will be 850 to 950 °C..

b. The costs do not include interest on any financed portion of the project.

c. The costs do not include the costs for the first core.

d. Overall project management is provided by INL acting as the owner’s agent (the owner is
DOE) through FY-09. After FY-09, the structure for project management will be determined
by the Alliance which provides the private sector perspective in the NGNP Public / Private
Partnership..

e. Vendors will be subcontracted for the design/engineering and construction, licensing support,
manufacturing, and construction management activities for the plant.

f. Additional costs for a subcontractor project integrator are not included in the estimate.

g. DOE O 413.3 and M413.3-1 will be followed for management of the project through the
completion of the Conceptual Design phase, projected to occur at the close of FY-09. The
Alliance will direct the task using commercial processes after FY-09.

h. Sufficient funding will be available as needed and in a manner allowing optimum utilization
of that funding as estimated and scheduled.

i.  This estimate assumes that the plant will initiate operations by CY-18 year end. Extension of
this performance period will result in additional costs..
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j-  Construction is on a “Greenfield” site but does not include costs for utilities, roads, and
services to the site.

k. Potential reductions in project costs that may occur through contributions of value-in-kind by
the reactor vendors (e.g., completed design work, current or planned testing and qualification,
etc.) are not reflected in the current cost estimate and projected ranges..

8.3.3

Annual Cost Profile

The planning level estimated costs per year have been projected in the annual cost profile, (see Table

6 and Figure 14). Costs are in constant January 2007 $M.

Table 6. Planning Level Estimated Costs per Year.

Prior FY FY FY FY FY FY FY FY FY FY FY FY FY FY FY FY
Year 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21
Nuclear 44 42 23 37 234 331 361 400 485 512 490 415 247 216 48.8 69.8 69.8
System
Hydrogen 4 25 25 35 29 37 36 32 26 16 17 20 20 5
Production
Total 48 67 48 71.7 263 368 397 432 511 528 507 435 267 221
4500
4000
5]
3
3500
o
3 °
b 3000 2
§
> E
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>

2006 2008
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2012
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Fiscal Year

Figure 14. Planning Level Estimated Costs per year.
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Appendix A
Energy Policy Act of 2005 Requirements

The Next Generation Nuclear Plant (NGNP) Project is clearly established by law in the Energy Policy
Act of 2005 (EPAct). In general, the legal requirements for the NGNP, as outlined in the Energy Policy
Act, are as follows:

1.

The NGNP shall consist of research, development, design, construction, and operation of a
prototype reactor to generate electricity and hydrogen.

The Project may be combined with the Generation IV Initiative.
The project shall be managed by the DOE Office of Nuclear Energy.
The INL shall be the lead laboratory for NGNP.
INL shall establish collaborations with:
a. Institutions of higher education
b. Other research institutes
c. International researchers

INL shall organize an industrial consortium of partners for cost-shared RD&D, construction and
operation.

a. The consortium shall give preference to lead industrial partners that retain U.S.
technological leadership in the project, while maximizing cost sharing

The Project shall be sited at the INL.
The NGNP shall be licensed by the NRC.
The NGNP shall consist of the following major elements:
a. High-temperature hydrogen RD&D
b. Power Conversion
c. Nuclear Fuel RD&D and Qualification
d. Materials RD&D and Qualification

e. Reactor and Balance of Plant design, safety analysis, and qualification.

10. The Project shall be conducted in two phases:

a. Phasel
(1) Select hydrogen production technology

(2) Conduct RD&D in energy conversion, nuclear fuel, and materials
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(3) Carry out initial design activities for prototype plant, including determining if
the prototype can combine electricity generation and hydrogen production in
one plant.

(4) Phase 1 shall be completed no later than September 30, 2011
(5) Shall set the initial design parameters for the reactor.

b. Phase Il

c. Continue Phase | RD&D work as needed
(1) Develop a final design

(a) Through INL, a design competition funding up to four design teams to
competitively develop preliminary designs

(b) Select a single detailed proposal for a final design of the prototype
nuclear reactor

(c) The lead industrial partner selected may also perform systems integration
for final design and construction

d. Apply for a license to construct the prototype from the NRC

e. Construct and start operations of the prototype nuclear reactor and its associated
hydrogen or electricity facilities.

11. The NGNP project shall be structured to:
a. Maximize technical interchange with the
(1) Nuclear power industry
(2) Nuclear power plant construction firms

(3) Chemical processing industry, regarding use of process energy for producing
hydrogen and integration of technologies into chemical processing
environments

(4) International efforts in areas related to the project, including hydrogen
production.

12. International Collaboration shall:
a. Seek international cooperation, participation, and contributions

b. Through INL, contract for assistance from GIF member countries, the Russian
Federation, or other international partners

c. Selected project objectives may be demonstrated in a partner country

d. Ensure international activities are coordinated with GIF
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13. NERAC shall review all project plans for NGNP, and ensure that all important issues receive
attention.

a. Within 180 days of this act, NERAC shall review existing project plans for NGNP in
light of the recommendations contained in Design Features and Technology
Uncertainties for the Next Generation Nuclear Plant, June 30, 2004, and address any
recommendation not incorporated

b. Phase I Project Review: When Phase I is nearly complete, conduct a comprehensive
review and recommend to the secretary whether the NGNP is ready to proceed to the
second phase

14. By July 2008 (three years), the NRC and DOE shall jointly submit to Congress a licensing
strategy for NGNP, including:

a. How current licensing requirements for LWRs may be adapted

b. Analytical tools requiring development to verify designs and systems, structures and
components

c. Budget requirements associated with the licensing strategy.

A-4



NGNP Preliminary Project Management Plan PLN-2489 (INL\EXT-05-00952)
Revision 1 March 2008

Appendix B

Organizational Roles and Responsibilities

B-1



NGNP Preliminary Project Management Plan PLN-2489 (INL\EXT-05-00952)

Revision 1

March 2008

Appendix B
Organizational Roles and Responsibilities

B-1. Organizational Roles and Responsibilities

The following provides the basic roles and responsibilities for the management of the NGNP Project.
All other NGNP staff not explicitly covered under this section would be subject to their own Position
Description, company procedures, and specific R2A2s related to the assignments made by NGNP
management.

B-1.1 Project Director

Roles:

Provides overall management for the execution of the NGNP project, and

Is the leader of the cross-functional group of Project Team members assembled to
successfully execute the project objectives established jointly with the Customer, the Program
Manager, the Manager of Projects, and the Laboratory Director. The Project Director must
ensure that the project objectives safely meet the NGNP program and project requirements,
and are fulfilled within cost and schedule. These responsibilities span the definition and
execution of R&D, design, licensing, construction, testing, operation, and maintenance for the
life of the project organization.

Responsibilities:

For the NGNP Project Organization, provides overall management direction, defines roles
and responsibilities, delegates, authorities, and enforces accountabilities.

Ensures that the appropriate process controls are formally defined for execution of project
work.

Leads the project team in the execution of project work in a safe, cost effective, and
compliant manner while meeting project performance objectives and goals.

Manages the development and execution of project technical, cost, and schedule baselines,
including the early development and documentation of pre-conceptual and conceptual
working baselines and customer expectations.

Develops and maintains cost and schedule contingencies that are commensurate with
acceptable risk level for the project.

Provides the focal point for both internal and external communication on the project.

Ensures that appropriate resources are applied to successfully execute the project and meet
project commitments.

Ensures that quality assurance requirements are distinctly defined and fulfilled for all project
activities.

Responsible for the formal correspondence to licensing and regulatory authorities for the
NGNP project and the demonstration prototype.
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Accountabilities and Authorities:

e To the project customer for the overall definition and execution of the project.

e To the Laboratory Director for the overall execution of the NGNP project within schedule,
cost, and quality requirements.

e To the Manager of Projects for the conduct of project activities in accordance with the overall
policies, processes, and practices for projects at INL.

e To the project organization and the Project Team to provide leadership and direction.
e Authorizes the expenditure of project funds up to the approved authority limit.

o Establishes and approves proposed changes to technical, cost, and schedule baselines within
authority limits as defined in the PEP and endorses other changes affecting the cost, schedule,
and technical parameters within the formal project baselines.

e Approves project trends.

e Submits formal correspondence to licensing and regulatory authorities for the NGNP project
and the demonstration prototype.

e Approves purchase requisitions and other procurement actions within authority limits.
e Approves the assignment and re-assignment of key project team members.
e Manages the project schedule to maximize project efficiency and performance.

e Enforces accountability from NGNP Project organization and the Project Team.

B-1.2 Deputy Project Director

e The Deputy Project Director supports the Project Director in successful fulfillment of the
Director’s R2A2s.

e Assumes the R2A2s of the NGNP Project Director in the absence of the Director. This
assumption of the Project Director R2A2s has been formally established by project policy to
ensure clear lines of accountability and communication of expectations within the project
organization and the project team.

B-1.3 Project Support Manager
Roles:

e The Project Support Manager provides all supporting functions for successful execution of
the NGNP Project. These supporting functions include:

e Establishing and maintaining an integrated schedule and cost control process for the project’s
entire scope of work;

e Providing project management with analyzed data in a timely manner to make informed
decisions on the status and performance of the project activities to enable corrective action;
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e Developing and maintaining PMPs and PEPs, or other management plans, as necessary to
assist in assuring that the project is executed in a timely, efficient, and quality manner;
e Develops and/or coordinates acquisition and procurement strategies;
¢ In coordination with the project directors, provides the overall administrative structure for
execution of the project
e (Can act as a liaison between the project and other organizations.
Responsibilities:

Manage planning and financial controls resources for development and maintenance of an
integrated schedule and cost control process.

Provide periodic analysis and status of project activities against established schedule and cost
baselines.

Support preparation and maintenance of the PMP, PEP, and other management plans as
required providing appropriate management structure for conduct of the project.

Support development and execution of acquisition and procurement strategies and activities
by the project directors.

Ensure appropriate process controls are provided within the project and at interfaces with
other INL functions to successfully execute project activities in a manner consistent with the
technical, schedule, cost, and quality requirements. These include records management,
configuration management, procurement, project controls and schedules, and finances.

Review and concurs with the ESH&Q requirements for each of the jobs under their
supervision and ensures implementation.

Ensures compliance with policy, standards and procedures regarding planning and financial
controls

Ensures the management of records is in compliance with applicable requirements.

Ensures proper cost and accounting management of funded work scope.

Accountabilities and Authorities:

To the Project Director for all assigned responsibilities.

To the project organization and the Project Team as the primary point of contact for
procurement activities.

To the INL Chief Financial Officer to ensure that project activities are performed in
accordance with INL processes and practices.

Obtains and assigns personnel as required to fulfill responsibilities within the authorized
budget.

Approves purchase requisitions and other procurement actions within authority limits.
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e Serve as the control account manager of work packages covering assigned scope of
responsibilities.

B-1.4 Technical Consultant (TBD)

All R2A2s will be determined at the time the position is filled.

B-1.5 Engineering Director

Roles and Responsibilities:

e Establishes, in coordination with the NGNP Project Director, the structure, processes, and
responsibilities of NGNP Engineering, including the development and execution of work
packages to complete NGNP project milestones.

e Responsible for all subcontract and direct NGNP Engineering work.

e Supports development and maintains, in coordination with NGNP Project management and
the NGNP Project R&D and Licensing Organizations, the NGNP Project system technical
requirements (e.g., preparation of F&OR, safety research modification [SRM]).

e Provides technical direction, coordination, and oversight of NGNP project Design, R&D, and
Regulatory activities to ensure that the approach, scope, and outcomes of these activities are
consistent with the technical requirements (e.g., F&OR) of the NGNP project.

e Supports development of the licensing and regulatory strategies.

e Ensures that NGNP Subcontractor design work and NGNP R&D activities are consistent with
the project system requirements and licensing strategy.

e Provides direct technical oversight of the Subcontractor activities during the design and
engineering activities for the project. This technical oversight will include supporting review
and evaluation of original Subcontractor proposals to perform design work and, during the
development of the design, performing technical review of deliverables, conducting
integrated design reviews, and supporting evaluation of earned value against budget and
schedule.

e Provides technical support to Licensing as required in the interface with the NRC.

Accountabilities and Authorities:

e To the NGNP Project Director for development and supervision of NGNP Engineering.

e To the NGNP Project Director for definition of NGNP technical requirements and
coordination and oversight of technical activities within the NGNP project to ensure these
activities are consistent with the NGNP technical requirements.

e To the NGNP Project Director for compliance with QA, Procurement and Intellectual
Property protection requirements, as they apply to the NGNP project.

e Coordinates and oversees the schedule and budget for activities of NGNP Engineering

e Coordinates and oversees allocated budget.
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Coordinates and oversees activities of NGNP Engineering personnel in support of the NGNP
Project, (e.g., making assignments, review of work, and evaluation of performance).

Revises Engineering Organization responsibilities with concurrence of the NGNP Project
Director.

B-1.6 Engineering Deputy Director

Supports NGNP Engineering Director in completing the Director’s R2A2s.

Assumes the R2A2s of the NGNP Engineering Director in the absence of the Director.

Ad(ditional Roles and Responsibilities:

Maintains and monitors schedule and budget of NGNP Engineering activities (with the
NGNP Project Support Manager).

Coordinates NGNP Engineering Department logistics (e.g., office space, equipment) with the
NGNP Project management and Administrative Assistant.

Assumes the Engineering Area Lead for the topic — Commercial Viability.

B-1.7 Engineering Technical Advisor

Roles and Responsibilities:

Assists the Engineering Director in the development of NGNP technical requirements,
identification of technology development needs for performing actual NGNP design, and the
interface with corresponding R&D activities. Assists the Engineering Director with all
make/buy decisions regarding subcontracting technology development activities.

As an extension of the Engineering Director, ensures that design needs for the NGNP are
appropriately addressed in NGNP project planning, to include project schedules, technology
development plans, and related R&D activities. Ensures that all related R&D activities have
clearly specified objectives in support of design needs, to include scope and identified end-
points that support project priorities and schedules.

As assigned by the Engineering Director, supports evaluation of Subcontractor Proposals for
the NGNP prototype.

Coordinates with the NGNP Engineering Project Engineers and Discipline Leads to ensure
that all design needs are addressed as necessary to minimize project technical risk appropriate
to the design phase.

Accountabilities and Authorities:

Accountable to the Engineering Director for ensuring that the overall R&D plan is supportive
of engineering design needs such that priorities are addressed and project schedules are met.

Accountable to the Engineering Director to assess, identify, and report immediately to the
Director or Deputy Director any concerns related to direction, outcome, schedule, or costs
associated with the completion of technology development activities.
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Accountable to the Engineering Director to develop recommendations for revised approach or
direction or addition of scope that may be required as a result of assessment of status of
technology development activities.

B-1.8 Project Engineer

Roles and Responsibilities:

Supports the Engineering Director in providing Project Management of the Subcontractors
performing design development for the topics assigned by the Engineering Director.

Supports the Engineering Director in providing Project Management of NGNP engineering
work performed by other than the Subcontractors, (e.g., activities involved in review and
consolidation of work performed to support design activities).

Supports the Deputy Engineering Director in ensuring that engineering activities are being
conducted on schedule and within budget.

Supports the Engineering Topic Leads in Technical Oversight of NGNP engineering
activities

Accountabilities and Authorities:

Accountable to the Engineering Director for completion of engineering activities on schedule,
within budget and in accordance with requirements and authorities.

Accountable to the Engineering Director for management and delivery of engineering studies
and designs and evaluations of those studies and designs whether performed in house or by
subcontractors.

Accountable to the Engineering Director to support development of engineering products for
NGNP, (e.g., technical and functional requirements, SRM).

Accountable to the Engineering Director for compliance with Laboratory policies, standards
and procedures including; QA, Procurement, IP protection, and ISM requirements, as they
apply to the NGNP Project.

Accountable to the Engineering Director to identify and report immediately to the Director or
Deputy Director any concerns related to non-conformances and/or problems with the
direction, outcome, schedule or costs associated with completion of Subcontractor or NGNP
Project activities.

Accountable to the Engineering Director to identify and report immediately to the Director or
Deputy Director recommendations for revised approach or direction or addition of scope that
may be required as a result of the outcomes of activities of the Subcontractors or the NGNP
Project.

Participates in determining objectives of assignments.
Plans schedules, and arranges own activities in accomplishing assigned objectives.

Authority to manage budget and schedule as allocated and assigned by the Engineering
Director.
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e Authority to direct engineering personnel assigned to support review of NGNP engineering
work

o Authority to direct subcontractor, and vendors supporting assigned work responsibilities.
B-1.9 Engineering Discipline Managers

Roles and Responsibilities:

e Supports the Engineering Director in providing Technical Oversight of the Subcontractors
performing the Conceptual Design for the topics assigned by the Engineering Director.

e Supports Technical Oversight of other topics, as assigned by the Engineering Director,
depending on the needs of the Leads in other topics and the specific skills and disciplines
covered by the Lead.

e Coordinates with counter-parts in the other NGNP Project Departments and with other Leads
in NGNP Engineering, as assigned by the Engineering Director, to ensure all activities in the
Lead’s area of responsibility are being conducted in accordance with the NGNP Project
technical requirements.

e Asassigned by the Engineering Director, supports evaluation of the Subcontractor Proposals
for the NGNP Prototype in the area of expertise and the assigned topical area.

Accountabilities and Authorities:

e Accountable to the Engineering Director to conduct work as assigned and prepare periodic
reports, as directed, of the activities and results of this work.

e Accountable to the Engineering Director to complete work within the negotiated budget and
schedule and in accordance with applicable NGNP Project, BEA, INL and NGNP QA
procedures and processes.

e Accountable to the Engineering Director to identify and report immediately to the Director or
Deputy Director any concerns related to non-conformances and/or problems with the
direction, outcome, schedule or costs associated with completion of Subcontractor or NGNP
Project activities.

e Accountable to the Engineering Director to identify and report immediately to the
Engineering Director or Deputy Director recommendations for revised approach or direction
or addition of scope that may be required as a result of the outcomes of activities of the
Subcontractors or the NGNP Project.

e Serves as the control account manager of work packages covering assigned scope of
responsibilities.

B-1.10 Research & Development Director

Roles and Responsibilities:

o Establishes, in coordination with the NGNP Project Director, the structure, processes, and
responsibilities of the NGNP R&D Organization, including the development of work
packages to complete NGNP project milestones.
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Provides oversight over the development of NGNP technical requirements related to R&D
activities.

Provides technical direction, coordination, and oversight of R&D activities to ensure that the
approach, scope, and outcomes of these activities are consistent with the technical
requirements (e.g., F&OR) of the NGNP project.

Work closely with the NGNP Engineering Director in the development, assessment, change,
and interpretation of technical requirements as specifically addressed by planned and ongoing
R&D activities in support of NGNP.

Represents the NGNP R&D organization at meetings and conferences.

Supports development of the licensing strategies and provides R&D technical support to
Licensing as required in the interface with the NRC.

Supports GIF/VHTR Steering Committee as required.

Reviews and monitors implementation of the QAPP.

Accountabilities and Authorities:

To the NGNP Project Director for development and supervision of the NGNP R&D
Organization.

To the NGNP Project Director for implementation of NGNP technical requirements and
coordination and oversight of R&D activities within the NGNP project to ensure these
activities are consistent with the NGNP technical requirements.

To the NGNP Project Director for compliance with QA, Procurement, and Intellectual
Property protection requirements, as they apply to the R&D for the NGNP project.

Coordinates and oversees allocated R&D budget.

Coordinates and oversees activities of R&D Organization personnel in support of the NGNP
Project, (e.g., making assignments, review of work, and evaluation of performance).

Revises R&D Organization responsibilities with concurrence of the NGNP Project Director.

B-1.11 Research and Development Project Manager

Roles and Responsibilities:

Responsible for the development and oversight of all project management related tasks within
the R&D Program.

Develops and maintains the NGNP R&D Management Plan and supporting plans (e.g.,
Records Management Plan, Training Plan, Quality Program Plan, etc.)

Interfaces with the NGNP R&D Technical Director for overall management of the NGNP
R&D Program.
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Assists the R&D Director in the day-to-day direction, coordination, and oversight of R&D
activities to ensure that the approach, scope, and outcomes of these activities are consistent
with the requirements of the NGNP project.

Assists the R&D Director in ensuring that the scope of R&D activities for NGNP are directed
solely toward the needs of NGNP and that ancillary technical interests do not interfere with
nor dilute the NGNP project support activities.

Selects and builds a cohesive Program team.

Coordinates the development, maintenance and implementation of the NGNP Work Packages
for the approved work.

Assures that the organization and direction given to the Program participants meets the needs
of the Program.

Coordinates the development and maintenance of Program baselines (scope, schedule, and
cost) to achieve mission success.

Develops performance metrics and monitors and reports status to demonstrate program
baselines are within threshold limits. Direct the development and submittal of Baseline
Change Proposals, as necessary.

Coordinates development and distribution of periodic verbal and written reports.

Coordinates both technical and administrative Program tasks with all participants, including
DOE-NE, DOE-ID, ORNL, INL, Argonne National Laboratory (ANL), Sandia National
Laboratory, and subcontractors.

Works with the Program Technical Leads to ensure that the personnel necessary to perform
the work scope are available and assigned.

Authorizes funding for the work to be performed.
Resolves programmatic issues associated with performing the work.

Implements the INL QAP and associated NGNP Quality Assurance Project Plan QAPP
(PLN-2021).

Ensures compliance with ISM Core Functions and Guiding Principles.

Review and concurs with the ESH&Q requirements for each of the jobs under his/her
supervision and ensures their implementation.

Accountabilities and Authorities:

To the NGNP R&D Director for development and supervision of the NGNP R&D
Organization.

To the NGNP R&D Director for oversight of the NGNP R&D Program baselines.

To the NGNP R&D Director for compliance with QA, Procurement, and Intellectual Property
protection requirements, as they apply to the R&D for the NGNP project.
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o To the NGNP R&D Director for day-to-day project management of all aspects of the NGNP
R&D activities.

e Acts for the R&D Director on technical issues in his absence.

B-1.12 Deputy Research and Development Technical Director

Roles and Responsibilities:

e Assists the R&D Director in the day-to-day oversight over the development of NGNP
technical requirements related to R&D activities.

e Asan extension of the R&D Director, ensures the technical accuracy, integrity, and
completeness are maintained throughout NGNP R&D activities, and that such activities have
clearly specified objectives, scopes, and identified end-points that are compatible with
supporting the NGNP project schedule and technical needs.

o Sets the standards for the quality of R&D activities for NGNP.
e Reviews and monitors implementation of the QAPP.

Accountabilities and Authorities:

e To the R&D Director for the overall technical and quality adequacy of the R&D activities
performed in support of the NGNP project.

e To the NGNP R&D Director for compliance with QA, Procurement, and Intellectual Property
protection requirements, as they apply to the R&D for the NGNP project.

B-1.13 AGR Fuel Development and Qualification Manager

Roles and Responsibilities:

e Oversees all technical aspects of the Program, including fuel fabrication, fuel and material
irradiation, PIE and safety testing, fuel performance modeling, and fission product transport.

e Develops and maintains technical requirements associated with the program.

e Develops and maintains the baseline (scope, cost and schedule) for the assigned scope of
work.

e Develops, maintains, and implements the NGNP Work Packages for the approved work.

e Provides technical coordination with all Program personnel, including DOE-NE, DOE-ID,
ORNL, INL, and subcontractors.

e Provides status reporting to the R&D Project Manager and INL management as required.
e Resolves technical issues associated with performing the work.

o Implements the INL QAP and associated NGNP Quality Assurance Project Plan (QAPP;
PLN-2021).

e Ensures compliance with ISM Core Functions and Guiding Principles.
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e Represents United States at GIF/VHTR Fuel Project Management Board (PMB) meetings.
o Represents NGNP Fuels/AGR at meetings and conferences.

e Review and concurs with the ESH&Q requirements for each of the jobs under his/her
supervision and ensures their implementation.

Accountabilities and Authorities:

e To the NGNP R&D Director for execution of the AGR fuels program.

e To the NGNP R&D Director for development and implementation of the AGR Fuels Program
baselines.

e To the NGNP R&D Director for compliance with QA, Procurement, and Intellectual Property
protection requirements, as they apply to the R&D for the NGNP project.

o To the NGNP R&D Director for day-to-day technical and project management of all aspects
of the AGR activities.

e Serves as the control account manager of work packages covering assigned scope of
responsibilities.

B-1.14 Materials Research and Development Manager

Roles and Responsibilities:

e Oversees all technical aspects of the materials R&D in support of NGNP.
e Develops and maintains technical requirements associated with the program.

e Develops and maintains the baseline (scope, cost, and schedule) for the assigned scope of
work.

e Develops, maintains, and implement the NGNP Work Packages for the approved work.

e Provides technical coordination with all Program personnel, including DOE-NE, DOE-ID,
ORNL, INL, and subcontractors.

e Provides status reporting to the R&D Project Manager and INL management as required.

e Resolves technical issues associated with performing the work of all aspects of the Materials
activities.

e Implements the INL QAP and associated NGNP Quality Assurance Project Plan (QAPP;
PLN-2021).

e Ensures compliance with ISM Core Functions and Guiding Principles.
e Represent United States at GIF/VHTR Materials PMB.
o Represent NGNP Materials program at meetings and conferences.

e Review and concurs with the ES&H and Quality Assurance requirements for each of the jobs
under his/her supervision and ensures their implementation.
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Accountabilities and Authorities:

e To the NGNP R&D Director for execution of the Materials program.

e To the NGNP R&D Director for development and implementation of the Materials Program
baselines.

e To the NGNP R&D Director for compliance with QA, Procurement, and Intellectual Property
protection requirements, as they apply to the R&D for the NGNP project.

e To the NGNP R&D Director for day-to-day technical and project management of all aspects
of NGNP materials program.

e Serves as the control account manager of work packages covering assigned scope of
responsibilities.

B-1.15 Methods Research and Development Manager

Roles and Responsibilities:

e Oversees all technical aspects of the methods R&D in support of NGNP.
e Develops and maintains technical requirements associated with the program.

e Develops and maintains the baseline (scope, cost, and schedule) for the assigned scope of
work.

e Develops, maintains, and implement the NGNP Work Packages for the approved work.

e Provides technical coordination with all Program personnel, including DOE-NE, DOE-ID,
ORNL, INL, ANL, and subcontractors.

e Provides status reporting to the R&D Project Manager and INL management as required.
e Resolves technical issues associated with performing the work.

o Implements the INL QAP and associated NGNP Quality Assurance Project Plan (QAPP;
PLN-2021).

e Ensures compliance with ISM Core Functions and Guiding Principles.
e Represents United States at GIF/VHTR Design and Safety PMB.
o Represents NGNP Methods program at meetings and conferences.

e Review and concurs with the ESH&Q requirements for each of the jobs under his/her
supervision and ensures their implementation.

Accountabilities and Authorities:

e To the NGNP R&D Director for execution of the methods program.

e To the NGNP R&D Director for development and implementation of the methods Program
baselines.
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e To the NGNP R&D Director for compliance with QA, Procurement, and Intellectual Property
protection requirements, as they apply to the R&D for the NGNP project.

e To the NGNP R&D Director for day-to-day technical and project management of all aspects
of the methods activities.

e Serves as the control account manager of work packages covering assigned scope of
responsibilities.

B-1.16 Irradiations Research and Development Manager

Roles and Responsibilities:

e Oversees all technical aspects of the design, fabrication and irradiation of experiments in
support of NGNP.

e Develops and maintains technical requirements associated with the program.

e Develops and maintains the baseline (scope, cost, and schedule) for the assigned scope of
work.

e Develops, maintains, and implements the NGNP Work Packages for the approved work.

e Provides technical coordination with all Program personnel, including DOE-NE, DOE-ID,
ORNL, INL, and subcontractors.

e Provides status reporting to the R&D Project Manager and INL management as required.
e Resolves technical issues associated with performing the work.

e Implements the INL QAP and associated NGNP Quality Assurance Program Plan (QAPP;
PLN-2021).

e Ensures compliance with ISM Core Functions and Guiding Principles.
e Represent the NGNP Irradiations program at meetings and conferences.

e Review and concurs with the ESH&Q requirements for each of the jobs under his/her
supervision and ensures their implementation.

Accountabilities and Authorities:

e To the NGNP R&D Director for execution of the Irradiations Program.

e To the NGNP R&D Director for development and implementation of the Irradiations
Program baselines.

e To the NGNP R&D Director for compliance with QA, Procurement, and Intellectual Property
protection requirements, as they apply to the R&D for the NGNP project.

e To the NGNP R&D Director for day-to-day technical and project management of all aspects
of NGNP Irradiations Program.

e Serves as the control account manager of work packages covering assigned scope of
responsibilities.
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B-1.17 Hydrogen Production Research and Development Manager

Roles and Responsibilities:

Oversees all technical aspects of the hydrogen R&D in support of NGNP.
Develops and maintains technical requirements associated with the program.
Develops, maintains, and implements the NGNP Work Packages for the approved work.

Provides technical coordination with all Program personnel, internal and external, and
subcontractors.

Provides status reporting to the NGNP R&D Project Director.
Resolves technical issues associated with performing the work.

Implements the INL QAP and associated NGNP Quality Assurance Project Plan (QAPP;
PLN-2021).

Ensure compliance with ISM Core Functions and Guiding Principles.
Represent United States at GIF/VHTR Hydrogen PMB.
Represent NGNP Hydrogen program at meetings and conferences.

Review and concurs with the ESH&Q requirements for each of the jobs under his/her
supervision and ensures their implementation.

Accountabilities and Authorities:

To the NGNP R&D Director for execution of the hydrogen program.

To the NGNP R&D Director for development and implementation of the hydrogen Program
baselines.

To the NGNP R&D Director for compliance with QA, Procurement, and Intellectual Property
protection requirements, as they apply to the R&D for the NGNP project.

To the NGNP R&D Director for day-to-day technical and project management of all aspects
of the hydrogen activities.

Serves as the control account manager of work packages covering assigned scope of
responsibilities.

B-1.18 Energy Transport Research and Development Manager

Roles and Responsibilities:

Oversees all technical aspects of the energy conversion R&D in support of NGNP.
Develops and maintains technical requirements associated with the project.

Develops, maintains, and implement the NGNP Work Packages for the approved work.
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Provides technical coordination with all Program personnel, internal and external, and
subcontractors.

Provides status reporting to the NGNP R&D Project Director.
Resolves technical issues associated with performing the work.

Implements the INL QAP and associated NGNP Quality Assurance Project Plan (QAPP;
PLN-2021).

Ensures compliance with ISM Core Functions and Guiding Principles.
Represents United States at GIF/VHTR Energy Conversion PMB.
Represents NGNP Energy conversion program at meetings and conferences.

Review and concurs with the ESH&Q requirements for each of the jobs under his/her
supervision and ensures their implementation.

Accountabilities and Authorities:

To the NGNP R&D Director for execution of the energy conversion program.

To the NGNP R&D Director for development and implementation of the energy conversion
Program baselines.

To the NGNP R&D Director for compliance with QA, Procurement, and Intellectual Property
protection requirements, as they apply to the R&D for the NGNP project.

To the NGNP R&D Director for day-to-day technical and project management of all aspects
of the energy conversion activities.

Serves as the control account manager of work packages covering assigned scope of
responsibilities.

B-1.19 Principal Investigator

To be developed.

B-1.20 Quality Assurance Director

Roles and Responsibilities:

Serve as QA Director to provide leadership, direction, integration, and management of the
QA Program for Next Generation Nuclear Power (NGNP) Project

Assist in identification and interpretation of QA requirements and standards applicable to
NGNP activities.

Develop and maintain documented processes and systems for implementation of QA
requirements and standards that will serve the needs of complex, evolving, and multi-
organizational systems and facilities and that are robust enough to support NRC licensing
processes.
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Ensure QA processes and systems are developed and updated as necessary to accommodate
varying life cycle stages, from R&D through design, licensing, construction, and operation.

Advise and assist NGNP management and participants in implementing the documented QA

processes and systems including providing necessary QA-related training and providing
qualified QA staff.

Provide ongoing, timely, and candid communications with NGNP management, participants,
and regulating agencies (e.g., NRC and DOE), as appropriate.

Assess and oversee implementation of NGNP QA processes and systems and assist in
resolving identified issues.

Measure, analyze, and report QA performance to NGNP management.

Provide and encourage appropriate training, professional development, and leadership
opportunities for QA staff.

Accountabilities and Authorities:

To the NGNP Project Director for compliance with QA, Procurement, and Intellectual
Property protection requirements for the NGNP project.

To NGNP management and participants for leadership and stewardship to achieve success in
the NGNP mission.

To NGNP Project Director for execution of assigned responsibilities within defined cost,
scope, and schedule.

To NGNP management, participants, and stakeholders for performing safe, secure, cost
effective, and compliant work.

To QA staff for leadership, mentoring, and training, and provision of necessary resources.

Execute assigned responsibilities within defined cost, scope, and schedule and in a safe,
secure, cost-effective and compliant manner.

Obtain and assign QA staff to support NGNP needs.
Hold QA staff accountable for performance.

Has access to NGNP Project management, and INL Management up to and including the INL
Laboratory Director to resolve quality issues.

B-1.21 Quality Engineer

Roles and Responsibilities:

Act as Quality Director when designated by Quality Director, or Project Director.

Assist in identification and interpretation of QA requirements and standards applicable to
NGNP activities.
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e Assists in the development and maintenance of documented processes and systems for
implementation of QA requirements and standards

o Assists the Quality Director with coordination of outside audits of NGNP project activities to
validate compliance with quality assurance requirements

e Assists project personnel in preparation for and responding to external quality assurance
audits

e Advise and assist NGNP staff in implementing the documented QA processes and systems
including providing necessary QA-related training

e Serve as a Lead Auditor in accordance with the requirements of NQA-1- 2000. (At least one
NGNP QE will meet this requirement.)

e Performs vendor surveillances as necessary to support NGNP procurements

e Performs and/or assists in evaluation of vendors that supply items or services to the NGNP
program.

Accountabilities and Authorities:

e Accountable to the Quality Director for the performance of all QA work performed.

e Accountable to the all NGNP management for assisting in effective implementation of
quality requirements

e Communicate identified issues to NGNP management

e Authority to “Stops work” for non-compliant activity with severe impact to management of
quality activities through notification of project management and/or the Project Director

o  Works within allocated budget

e Has access to NGNP Project Director, NGNP Quality Director and INL Quality Director for
resolution of quality issues.

B-1.22 Quality Inspectors

Roles and Responsibilities:

e Support inspection requirements of the NGNP program.

e Assist in identification and interpretation of QA inspection requirements applicable to NGNP
activities.

e  Assist NGNP program personnel in inspection documentation development

Accountabilities and Authorities:

e Accountable to the NGNP Quality Director for the performance of all inspection work
performed.

e Communicate identified inspection problems to NGNP work leader that directed work



NGNP Preliminary Project Management Plan PLN-2489 (INL\EXT-05-00952)

Revision 1

March 2008

Authority to “Stops work” for non-compliant activity with severe impact to management of
quality activities through notification of project management and/or the Project Director

Has access to NGNP Project Director and NGNP Quality Director for resolution of quality
issues.

B-1.23 Regulatory Affairs Director

Roles and Responsibilities:

Develops and implements the overall strategy for licensing of the NGNP prototype by the
NRC and fulfillment of DOE requirements for safety management of nuclear facilities.

Coordinates all technical and licensing interfaces with the NRC and environmental regulatory
agencies.

Establishes requirements for conduct of work within the NGNP project organization and its
subcontractors necessary to fulfill licensing and regulatory requirements.

Reviews and monitors implementation of the QAPP.

Coordinate with the Engineering and R&D Directors to ensure that the licensing strategy is
consistent with the technical requirements of the project, and that Engineering and R&D
activities are necessary and sufficient to support that strategy.

Accountabilities and Authorities:

To the NGNP Project Director for the successful development and implementation of the
licensing and regulatory strategy for the NGNP prototype and establishing the requirements
for the associated work activities within the project, including R&D, design, construction,
testing, and operations.

To the NGNP Project Director for compliance with QA, Procurement, and Intellectual
Property protection requirements for the NGNP project.

Makes licensing submittals to NRC and regulatory agencies (authority delegated from the
Project Director).

Coordinates and oversees the allocated budget.

Makes work assignments to the NGNP project directorates to ensure fulfillment of the
licensing and regulatory strategy and requirements

B-1.24 NRC Licensing

Roles and Responsibilities:

Implements the strategy for licensing of the NGNP prototype by the NRC and fulfillment of
DOE requirements for safety management of nuclear facilities.

Maintains technical and licensing interfaces with the NRC.

Monitors conduct of work within the NGNP project organization and its subcontractors
necessary to fulfill NRC licensing requirements.
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Ensures that NRC licensing activities are conducted in accordance with the QAPP.

Coordinate with the Engineering and R&D personnel to ensure that engineering and research
& development activities are successfully completed on schedule to support the NRC
licensing strategy.

Coordinate with Environmental Sciences personnel to ensure that site characterization
activities are completed on schedule to support the NRC licensing strategy.

Accountabilities and Authorities:

To the NGNP Regulatory Affairs Director for the successful implementation of the licensing
and regulatory strategy for the NGNP prototype.

To the NGNP Regulatory Affairs Director for compliance with QA, Procurement, and
Intellectual Property protection requirements for the NGNP project.

Assumes the authority of the Regulatory Affairs Director, when delegated.
Monitors development of licensing submittals to NRC.
Monitors activities related to expenditure of the allocated NRC licensing budget.

Makes work assignments to ensure fulfillment of the NRC licensing strategy and
requirements.

B-1.25 Environmental Permitting

Roles and Responsibilities:

Implement the plan for performing site characterization and environmental monitoring of the
site selected for the NGNP facility to support NRC licensing activities.

Coordinate technical and licensing interfaces with environmental regulatory agencies.

Ensures that NGNP site characterization/environmental monitoring are conducted in
accordance with the QAPP.

Coordinate with NRC Licensing personnel to ensure that site characterization activities are
completed on schedule to support the NRC licensing strategy.

Accountabilities and Authorities:

To the NGNP Regulatory Affairs Director for the successful implementation of the site
characterization tasks and environmental monitoring activities for the NGNP prototype.

To the NGNP Regulatory Affairs Director for compliance with QA, Procurement, and
Intellectual Property protection requirements for the NGNP project.

Directs and monitors development of site characterization/environmental monitoring products
that support associated NGNP licensing submittals to the NRC.

Monitors activities related to expenditure of the allocated NGNP site
characterization/environmental monitoring budget.
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e Makes work assignments to ensure fulfillment of the NRC licensing strategy and associated
site characterization/environmental monitoring requirements.

B-1.26 Project Support Manager
To be developed.
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    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
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  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




