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PREFACE

This report has been prepared by the U.S. Department of Energy (DOE) to respond to Congressional
direction contained in Senate Report 107-220 from the Senate Committee on Appropriations regarding
the Energy and Water Development Appropriations for 2003. In that report, the Committee instructed the
Department to prepare a report regarding how it intends to carry out the results of the Generation IV
Roadmap.

This report is the U.S. Department of Energy’s response to the Congressional directive. It summarizes
results from the Generation IV Technology Roadmap and the strategy for implementing of the
Generation IV program in the United States.

Planning for the implementation of the Generation IV program is based on (1) the long-term outlook
for nuclear energy in the United States, (2) the advice of the Nuclear Energy Research Advisory
Committee during the two-year development of the Generation IV Technology Roadmap, and (3) the
need for the Generation IV program to be integrated with other nuclear energy research programs of the
Department. Considerable emphasis is given to developing the priorities and necessary timelines for the
U.S. Generation IV Program, as well as developing international R&D cooperation that will benefit the
program and strengthen U.S. leadership in nuclear technology R&D.
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. GENERATION IV RESEARCH PROGRAM NEEDS

A key benefit of the Generation IV International
Forum is the ability to conduct R&D on a cost-
shared basis, greatly reducing the resources
needed by any individual country. While the GIF
is now working to develop the project teams and
implementing arrangements that will undertake
and govern the R&D collaborations, the details of
their expected resource needs are not yet available.

During the roadmap development process, the
working groups prepared draft conceptual
estimates of total R&D resource needs. These
were based on expert judgment, not detailed cost
analysis. Assumptions were made about the
systems having relatively successful advances
without contingency for setbacks or changes in
approach. The research programs were estimated
to require 15-20-year timelines that included both
viability phase and performance phase R&D.
Following these two phases, given the successful
resolution of all issues, a system could enter a
demonstration phase. This was estimated to
require six or more years with funding for
licensing, construction, and startup of the
demonstration system at a cost of several billion
dollars. Commercialization would follow the
successful demonstration.

The needed infrastructure for research,
development, testing, and demonstration is also in
an initial state of planning. Major categories of
needed facilities are found in the following areas:

e Thermal-spectrum fuels testing for the NGNP
and SCWR is needed to meet the objectives of
these development efforts. Thermal

irradiation testing of NGNP fuel is planned to
begin in FY 2004 at the Department’s
Advanced Test Reactor (ATR) in Idaho. In-
core loop facilities at the ATR need to be
developed to create the unique high
temperature environment needed for the tests.

Hydrogen production technology
demonstration for the NGNP is needed. It will
also benefit the lower-temperature GFR and
LFR systems. A number of candidate
production technologies will need to be
evaluated and a few demonstrated at
engineering scale. A non-nuclear testbed is
needed to ensure that the technologies are
sufficiently developed for the successful
demonstration of the NGNP.

Fast-spectrum fuels testing for the GFR and
LFR is needed. The longer-term development
needs of sustainable systems require fast-
spectrum irradiation testing. Such capability
does not exist in the United States, and the
limited capabilities in the world are in decline.
Options for reestablishing this capability in the
United States need to be developed and
evaluated, including the possibility of a new
fast neutron research facility.

Materials testing is needed for in-core and
structural systems, as well as for balance-of-
plant, recycle and energy conversion
equipment for all systems. This underscores
the need to revitalize test capabilities for
nuclear-rated materials.



IV. STRATEGIC PARTNERSHIPS

A key to the successful long-term implementation
of research development, testing, and demonstration
of next-generation nuclear energy systems will be
strategic partnerships that can combine the needed
talents, infrastructures, and resources. Of special
importance are partnerships of the DOE with
industry, researchers at universities and national
laboratories, and other GIF countries. Discussions
thus far with both the private sector and
international partners indicate that DOE should be
able to draw upon significant collaboration and cost
sharing in carrying out its Generation IV Program.

Industry Partnerships

The nuclear industry is interested in Generation [V
systems for two reasons. One is the potential
commercialization of new Generation IV systems
in the long term. The other is the significant
potential for spinoff technology that can be
applied to improve systems deployed in the nearer
term. In both priority areas for implementation of
Generation IV systems in the United States,
advances in fuels, materials, systems design, and
energy conversion will be readily applied to these
nearer-term deployments. In the first steps of the
U.S. Generation IV Program, partnerships with
industry are expected to be cost-shared projects
that explore the key viability issues and develop
performance data. When ready, the partnerships
are expected to broaden into full-fledged
demonstration projects that address detailed
design, construction, licensing, and operational
aspects of the systems. In the case of the nuclear
hydrogen initiative, a partnership for collaborative
demonstration of the NGNP may be formed within
a year or two.

Academic and University Partnerships

The U.S. Generation IV Program is focused on
aggressive technology advances, which will
require many innovations and explorations of
alternatives for its success. The role of U.S.
universities and national laboratories will be
central to these advances. Throughout the first
R&D phases of the U.S. Generation IV Program,
the nature of these partnerships will focus on peer-
reviewed, investigator-led projects in academia
that are of high relevance to the program
outcomes, as well as program R&D tasks jointly
undertaken by the national laboratories and
universities. The coordination of R&D
solicitations and definition of tasks will be the
responsibility of the Generation IV Program
technical integration staff. Appropriate interfaces
with related projects in near-term nuclear power
development and fuel cycle development will be
maintained to avoid overlap and utilize resources
more effectively.

International Partnerships

The GIF is currently making plans for
collaborative R&D projects. The DOE will give
special emphasis to the projects that can best
support its priorities and leverage its own efforts.
At this point, the GIF is considering the necessary
arrangements that will be the basis for multilateral
R&D collaborations. Also, GIF member countries
have been identified that will organize and lead the
collaborative R&D projects for the most promising
systems. While a few bilateral R&D collaborations
are already underway, others are expected to
follow within the next year under existing
agreements.



V.

GENERATION IV PROGRAM ORGANIZATION AND

RELATION TO OTHER DOE PROGRAMS

Program Organization

The U.S. program is part of a larger international
effort by the Generation IV International Forum.
The U.S. Generation IV Program is being organized
to provide leadership for both system-specific and
crosscutting R&D. The responsibility for the
progress of individual Generation IV systems in the
United States is assigned to product managers, who
serve as principal investigators for the overall R&D
of each system. A product manager has been
appointed for each of the six systems, and the level
of R&D corresponds to the priorities discussed in
this report. The responsibility for developing
required technical solutions identified by product
managers and the advancement of crosscutting
R&D to support the systems is assigned to national
technical directors, who serve as resource managers
for the development and execution of projects
within the program. National directors have been
named in six functional areas needed by the
program: systems analysis, fuels, materials, energy
conversion, chemical separations, and system
design and evaluation. The national director for
systems analysis serves as the overall technical
leader for the program. A five-year program plan
has been drafted for the approval of the
Department.

Important Linkages and Interfaces to Other
DOE Programs

A very important link exists to the AFCI, owing to
the strong common interest of the Generation IV
Program and the AFCI in the development of
advanced fuel cycle technology for the United
States. In practice, the link is established by the
sharing of several national technical directors with
the AFCI whose functional disciplines are needed
by Generation IV, and vice versa. Specifically, the
areas of fuels, materials, chemical separations, and
systems analysis are shared. While the projects of
the two programs are separate, the overall
managers of the resources maintain a view into the
needs, activities, and accomplishments of both
programs. In this way, the two programs share
common technologies and avoid overlap and
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duplication of their efforts. The link to the Nuclear
Power 2010 Program is also of considerable
importance. The likelihood exists that technology
developed for Generation IV systems—especially
in the areas of fuel technology, system design,
and, possibly, energy conversion technology—
may be of near term benefit to the deployment of
plants in the United States over the next few
decades. The linkage is being made by the specific
involvement of U.S. industry in the Generation IV
Program as members of projects that are ongoing
or planned, as well as being technical advisors in
areas of key technology development for the
program. This will allow U.S. industry to help
define and develop technologies of interest to their
near-term needs.

A key interface is with the Fusion Energy Program
of the DOE Office of Fusion Energy Sciences.
Fusion energy systems have a strong interest in the
development of new materials for high-temperature,
high-fluence conditions, and sharing of R&D with
fission energy systems will afford many benefits for
both. Other programs in defense and national
security have similar interests in new materials.
Interfaces will be created with the national technical
director for materials in the Generation IV Program.

Another key interface is with the Yucca Mountain
Project (YMP) of the DOE Office of Civilian
Radioactive Waste Management. An interface
already exists between the YMP and the AFCI for
sharing repository requirements, operational
parameters, and technology needs and
developments. A similar interface with the
national technical director for systems in the
Generation IV Program will be created.

A third key interface is with the Hydrogen Fuel
Initiative of the DOE Offices of Energy Efficiency
and Renewable Energy and Fossil Energy. The
sharing of requirements and technology needs and
developments for future hydrogen production
would benefit the Generation IV and hydrogen
programs, and an interface for this purpose will be
created with the national technical director for
energy conversion in the Generation IV Program.
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