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Preface

In January 2005, the FY 2006 President’s Budget Request
asked for funds to be set aside for a review by the National
Academy of Sciences of the nuclear energy research pro-
grams and budget at the U.S. Department of Energy (DOE).
Following passage of the FY 2006 congressional budget, the
National Research Council (NRC) developed a statement of
task (see Appendix F) for a “comprehensive, independent
evaluation of the goals and plans of the office of Nuclear
Energy (NE) at DOE, and processes for establishing program
priorities and oversight (including the method for determin-
ing the relative allocation of budgetary resources).” The
NRC established a committee to carry out the project, but
the committee did not meet until August 24, 2006—over 18
months after the request for funds for the study.

During that interim period, DOE’s nuclear research
program changed significantly with the emergence in early
2006 of a major programmatic initiative—the Global Nuclear
Energy Partnership (GNEP). If executed as envisioned by its
advocates, the GNEP program would result in the construc-
tion of commercial-scale facilities for spent fuel reprocess-
ing and disposal by consuming the resultant plutonium and
minor actinides together in advanced burner reactors, thereby
reducing the radioactive burden on the waste repository. The
budgetary implications of this new program were very sub-
stantial; if appropriated, the President’s Budget Request for
FY 2008 would more than double the Office of Nuclear En-
ergy research and development budget from its FY 2006 ap-
propriations level, mostly as a result of the GNEP program.

These developments created two issues for the commit-
tee. First, the program for which the statement of task had

Vil

been prepared changed significantly between the writing of
the statement of task and the start of the committee’s work.
Second, the dominant new program, GNEP, lacked the tech-
nical documentation, program plans, and program manage-
ment organization that would ordinarily form the basis for an
evaluation of program content and budget priorities. Despite
these difficulties, the committee decided that the issues sur-
rounding the design and technical approach of the GNEP
program were sufficiently controversial that they could not
be ignored in its review. I commend my colleagues on the
committee for taking this stand and thank them for being
willing to deal with the resulting frustrations of crafting a
balanced evaluation of GNEP in the absence of information
that would normally be available.

I wish to thank all of the committee members for the
exceptional knowledge and patience they brought to this
assignment. Our work probably required more of these
qualities than any of us expected when we set out on this
task. The support we received from the NRC staff certainly
met the high standards I have come to expect of them. My
appreciation especially goes to Martin Offutt, Matt Bowen,
and Jim Zucchetto. Panola Golson once again made the ad-
ministrative support both effective and unobtrusive.

Robert W. Fri

Chair

Committee on Review of DOE’s Nuclear Energy
Research and Development Program
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Summary

Growing energy demands, emerging concerns about the
emissions of carbon dioxide from fossil fuel combustion,
the increasing and volatile price for natural gas, and a sus-
tained period of successful operation of the existing fleet of
nuclear power plants have resulted in a renewal of interest
in nuclear power in the United States. The Office of Nuclear
Energy (NE) in the U.S. Department of Energy (DOE) is the
main agent of the government’s responsibility for advancing
nuclear power. One consequence of the renewed interest in
nuclear power for the NE mission has been rapid growth in
the NE research budget: it grew by nearly 70 percent from
the $193 million appropriated in FY 2003 to $320 million in
FY 2006.

In light of this growth, the FY 2006 President’s Budget
Request asked for funds to be set aside for the National
Academy of Sciences to review the NE research programs
and budget and to recommend priorities for those programs
given the likelihood of constrained budget levels in the future
(DOE, 2005). The programs to be evaluated were Nuclear
Power 2010, the Generation IV reactor development pro-
gram, the Nuclear Hydrogen Initiative, the Global Nuclear
Energy Partnership (GNEP)/Advanced Fuel Cycle Initiative
(AFCI), and the Idaho National Laboratory facilities pro-
gram. The committee’s evaluation of each is summarized
below, along with its assessment of program priorities and
oversight and its relevant recommendations.

All but two members of the committee concur in the
assessments presented in this report, and their dissenting
statement is presented in Appendix A. In particular, all com-
mittee members agree that the GNEP program should not go
forward and that it should be replaced by a less aggressive
research program. The authors of Appendix A would “hold
DOE R&D spending [on the less aggressive fuel cycle re-
search program] to pre-2003 levels, before AFCI,” and they
believe that “DOE is the wrong agent for developing com-
mercial technologies beyond the early laboratory stage.”

Separately, three other committee members who do agree
with all the recommendations in the report expressed their

preference for an alternative to the technology preferred for
GNEP. They describe this preference in Appendix B.

NUCLEAR POWER 2010

The Nuclear Power 2010 (NP 2010) program was estab-
lished by DOE in 2002 to support the near-term deployment
of new nuclear plants. NP 2010 is a joint government/indus-
try 50/50 cost-shared effort with the following objectives:

* Identify sites for new near-term nuclear power plants
and obtain early site permits (ESPs).

* Complete detailed, first-of-a-kind design engineering
on two advanced light water reactor (ALWR) plants and
confirm the safety of the designs by obtaining design certi-
fications (DCs).

* Obtain combined construction and operating licenses
(COLs) in keeping with the Standardization Policy (10
CFR Part 52) of the U.S. Nuclear Regulatory Commission
(USNRO).

* Develop an effective inspection, testing, analyses, and
acceptance criteria (ITAAC) process to assure licensing
compliance during construction.

* Implement the Energy Policy Act of 2005 (EPAct05)
standby support provisions for the construction of new
nuclear plants.

» Estimate the capital costs and operation and mainte-
nance costs, construction time, and levelized cost of electric-
ity for the two plants.

* Evaluate the business case for building new nuclear
power plants and pave the way for an industry decision to
build new ALWR nuclear plants in the United States. Con-
struction would begin early in the next decade.

Current Status

A good working relationship has been achieved between
DOE and its contractors. The selection of the projects funded

Copyright © National Academy of Sciences. All rights reserved.
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is appropriately market driven. There is a strong focus on
demonstrating the regulatory processes, finalizing and stan-
dardizing the designs, and implementing the EPAct05 stand-
by support provisions, all of which are essential front-end
activities. Yet, other activities essential to ultimate success
do not seem to have achieved that same focus in planning,
let alone implementation.

Overall Progress

Although progress has been made on the licensing of dem-
onstration projects, the pace is far slower than that proposed
in the near-term roadmap, and there has been further slippage
against the original NP 2010 schedules. This slippage does
not suggest the high priority DOE has given to NP 2010.

Recommendation. NE should make the successful comple-
tion of the NP 2010 program its highest priority. It should
take all necessary steps to ensure that guidance for the loan
guarantee program authorized by the EPAct0S5 is finalized.

Licensing Demonstration

USNRC and industry need to improve the presently
planned pace of COL reviews, avoiding review of already-
settled issues and setting a more challenging schedule. In
spite of the substantial effort that USNRC and the industry
are devoting to preparing for the COL reviews, the planned
schedules are still too long. Detailed milestones and sched-
ules need to be established at the outset of the COL hearings
and reflected in a binding order issued by the USNRC at
the time each application is formally docketed. The ITAAC
process needs to be defined fully and demonstrated to avoid
construction delays caused by questions about licensing
compliance or by litigation.

Recommendation. DOE should propose and support a joint
DOE/industry/USNRC high-level working group to ensure
that the following transpire:

» High-quality, complete applications are submitted and
response times to requests for additional information are met
as stipulated in USNRC’s design-centered licensing review
approach.

* The schedules for review of DC, ESP, and COL applica-
tions, including the legal review by the Atomic Safety and
Licensing Board, are clearly established, complete, contain
mechanisms for monitoring progress, show 3 years or less
for review and approval of the initial COL applications,
and show shorter durations for subsequent same-design
applications.

* The ITAAC is being developed so that its implementa-
tion will minimize interruptions in construction and preop-
erational litigation delays.

* Common safety and licensing issues among the families
of reactor designs are fully standardized.

Standardized Design Completion

While it is expected that a COL application could be stan-
dardized for each reactor design, it is not clear that common
safety and licensing issues would allow the COL applications
to be standardized among the families of designs. Schedules
for completion of the full designs need to be accelerated to be
consistent with the goal of estimating costs and construction
times, and completing design before the start of construction.
Design standardization efforts also need to be expanded to
cover

* Construction, operational, and maintenance efficiencies,

* Protocols, such as form-fit-function, to permit competi-
tive bidding on the great variety of smaller plant components,
and

* Change processes and operational standards for the
plant life.

Recommendation. DOE should work with the industry con-
sortia to increase efforts to standardize safety and licensing
issues across all families of reactor designs. DOE should
also provide additional cost-shared funds to accelerate the
schedules in the NP 2010 Five-Year Plan.

Deployment and Infrastructure Issues

DOE and the consortia have not devoted sufficient effort
to critical deployment issues such as preoperational testing,
advanced construction technology or processes, and opera-
tional training.

Recommendation. NE should immediately initiate a coop-
erative project with industry to identify problems that have
arisen in the construction and start-up of new plants and
define best practices for use by the industry.

The 25-year-long suspension of new plant construction
in the United States has badly weakened the infrastructure
needed to support a robust and growing nuclear power in-
dustry. So far, little effort in NP 2010 has been devoted to
this issue.

Recommendation. DOE should include within the NP 2010
program a DOE/industry workshop to identify activities that
would revitalize infrastructure for the construction of new
nuclear plants, including the nuclear qualification of vendors
and constructors; manufacturing capacity; and the availabil-
ity of professional staff, skilled craftspeople and construction
personnel. Additional tasks that merit further DOE support
should be identified at this workshop.

Copyright © National Academy of Sciences. All rights reserved.



Review of DOE's Nuclear Energy Research and Development Program
http://lwww.nap.edu/catalog/11998.html

SUMMARY

Recommendation. DOE should fund a taskforce to work
with industry groups on construction technology and plan-
ning to ensure that consortia construction time goals of 4
years or less will be met.

R&D Relevant to the NP 2010 Program

Neither DOE nor industry has proposed any R&D for the
NP 2010 program.

Recommendation. DOE should evaluate the need for a
reinvigorated R&D program to improve the performance of
existing nuclear plants in a DOE—industry cost-shared effort
separate from NP 2010. The estimated benefits to society
should substantially exceed the government investment. In
the event of funding constraints, NP 2010 funding for new
plant deployment should have priority over this R&D for
LWRs.

THE GENERATION IV AND NUCLEAR HYDROGEN
INITIATIVE PROGRAMS

DOE has engaged other governments in a wide-ranging
effort to develop advanced next-generation nuclear energy
systems, known as Generation IV, with the goal of widening
the applications and enhancing the economics, safety, and
physical protection of the reactors and improving fuel cycle
waste management and proliferation resistance in the com-
ing decades. Six nuclear reactor technology concepts were
identified in the DOE-initiated, international Generation IV
Technology Roadmap completed in 2002. Each of the six
technologies, as well as several areas of crosscutting re-
search, is now being pursued by a consortium of countries as
part of the Generation IV International Forum (GIF). Three
concepts are thermal neutron spectrum systems—very-high-
temperature reactors (VHTRs), molten salt reactors (MSRs),
and supercritical-water-cooled reactors (SCWRs)—with
coolants and temperatures that enable hydrogen or electricity
production with high efficiency. In addition, three are fast
neutron spectrum systems—gas-cooled fast reactors (GFRs),
lead-cooled fast reactors (LFRs), and sodium-cooled fast
reactors (SFRs)—that will enable better fuel use and more
effective management of actinides by recycling most com-
ponents in the discharged fuel.

From 2002 to 2005, the primary goal of the U.S. Genera-
tion IV program was to develop the Next Generation Nuclear
Plant (NGNP), focusing on high-temperature process heat
(850°C-1000°C) and innovative approaches to making energy
products, such as hydrogen, that might benefit the transporta-
tion industry or the chemical industry. At the end of 2005,
DOE shifted the fundamental emphasis of the overall Gen-
eration IV program, making spent fuel management using
a closed fuel cycle the main goal of the NE program. This
new GNEP priority led to reduced funding for the NGNP

programs; phasing out of the SCWR, GFR, MSR, and LFR
R&D programs, and refocusing of the SFR concept to near-
term demonstration. With these changes, NGNP’s VHTR
remains the only major reactor concept that is not integrated
into the GNEP program.

Next-Generation Nuclear Plant

Economic benefits of early commercialization of high-
temperature reactors (HTRs) and VHTRs based on NGNP
technology could be realized in four market segments where
HTRs could make products at a lower cost than compet-
ing technologies: base-load electricity, combined heat and
power, high-temperature process heat, and hydrogen. A
long-term goal for the NGNP is to demonstrate hydrogen
production as an energy carrier for a hydrogen economy.
However, in each of those four segments, there are specific
applications where HTRs will have near-term advantages. By
directing NGNP and the Nuclear Hydrogen Initiative (NHI)
R&D toward those specific applications, stronger near-term
industry interest and investment is more likely, which in turn
will support continued R&D investments for subsequent ex-
pansion of HTR technology into additional market segments
and, in the longer term, support the transition to a hydrogen
economy.

The NGNP program has well-established goals, decision
points, and technical alternatives. A key decision point is the
nuclear licensing approach. However, little planning has been
done on how the fuel for the NGNP would be supplied. There
is a particle fuel R&D program, but it will take up to two
decades to complete the development and testing of this new
fuel. To keep to the apparently preferred schedule, which has
aFY 2017 plant start-up date, some of the technical decisions
must be made quickly, so that detailed design, component and
system testing, and licensing can be initiated. However, it is
unlikely that the plant can begin operation by 2017 owing to
the significant funding gaps that developed in FY 2006 and
FY 2007 and affected the scope and schedule for testing fuel
and structural materials as well as the heat transport equip-
ment. A schedule that coordinates the elements required for
public-private partnership, design evolution, defined regula-
tory approach, and R&D results should be articulated to
enhance the potential for program success.

The main risk associated with NGNP is that the current
business plan calls for the private sector to match the gov-
ernment (DOE) funding. So far, however, not a single pro-
gram has been articulated that coordinates all the elements
required to successfully commission the NGNP. The current
disconnect between the base NGNP program plan and the
complementary public/private partnership initiative must be
resolved. DOE should decide whether to pursue a different
demonstration with a smaller contribution from industry
or, alternatively, a more basic technology approach for the
VHTR.

Copyright © National Academy of Sciences. All rights reserved.



Review of DOE's Nuclear Energy Research and Development Program
http://lwww.nap.edu/catalog/11998.html

4 REVIEW OF DOE’S NUCLEAR ENERGY RESEARCH AND DEVELOPMENT PROGRAM

Recommendation. In assessing NGNP conceptual designs,
NE should favor design approaches that can achieve a variety
of objectives at an acceptable technical risk.

Recommendation. NE should size the NGNP reactor system
to facilitate technology demonstration for future commercial
units, including safety.

Recommendation. Because of the very high temperatures
and severe material performance requirements for thermo-
chemical water splitting, NE should maintain the flexibility
to first operate the NGNP using high-temperature steam
electrolysis.

Recommendation. DOE should focus on developing ad-
vanced materials for in-reactor operation at temperatures
above 900°C and fuel particles that can withstand high burn-
up and adverse transients. NE needs to ensure that sufficient
funds are available to advance these technologies whether or
not industry matching funds are available.

Recommendation. To ensure the good performance of hy-
drogen produced in an NGNP, NE should put more emphasis
on the following:

* Conceptual integrated process development and op-
timizing plan flow sheets, before moving to engineering
designs.

* Selecting the interface between the reactor and the
hydrogen plant.

* Developing system performance tools to address
unsteady conditions, such as plant start-up, plant trip, and
maintenance needs.

* Assessment of total system economics.

Nuclear Hydrogen Initiative

NHI is DOE’s research program for developing tech-
nologies to produce hydrogen and oxygen from water
feedstock using nuclear energy. The program includes a
small effort supporting advanced low-temperature elec-
trolysis, but its primary focus is three methods that use high-
temperature process heat to achieve greater efficiency. The
high-temperature methods could realize 60-80 percent greater
efficiency than conventional electrolysis. These methods
involve challenging high-temperature materials problems,
which are being addressed with laboratory-scale research at
this time. Key technology downselections to allow testing at
the pilot and engineering scales are scheduled for 2011 and
2015. The NHI program is tightly tied to the NGNP program
to develop a reactor capable of producing high-temperature
process heat. NHI activities are coordinated with the larger
DOE hydrogen program, led by the Office of Energy Effi-
ciency and Renewable Energy, as well as with NGNP.

NHI is well formulated to identify and develop work-

able technologies, but the schedules and budgets need to be
adjusted to assure appropriate coupling to the larger NGNP
program.

Recommendation. DOE should expand NHI program inter-
actions with industrial and international research organiza-
tions experienced in chemical processes and operating tem-
peratures similar to those in thermochemical water splitting.
NE should also broaden the hydrogen production system
performance metrics beyond economics—for example, it
could use the Generation I'V performance metric of econom-
ics, safety, and sustainability.

Other Generation IV Nuclear Energy System Programs

The second concept for development in the Generation IV
program, the SFR, seems vague at this time and appears to
involve selected studies of technology issues that are benefi-
cial principally for commercialization rather than explicitly
linked to the long-term technology needs of nuclear energy.
The committee is concerned that the Generation IV concept
evaluation criteria for reactor development adopted by the
Generation IV Technology Roadmap were not applied in the
selection of the VHTR and SFR. The Generation IV R&D
priorities have been shifting despite minimal discussion of
the criteria and the alternatives.

The program resources are barely adequate for basic
studies related to NGNP and the VHTR design and entirely
inadequate for exploring the SFR at a research level (un-
less the new GNEP program also includes basic research
components), for investigating other reactor concepts, and
for developing crosscutting reactor technology systems. The
current program does not appear to be using the Generation
IV program metrics to compare the high-temperature reac-
tors and fast-reactor systems for dual missions—a process
heat mission and a fuel cycle flexibility mission.

Recommendation. Within the Generation IV program, NE
should modestly and reasonably support long-term base
technology options other than the VHTR and the SFR, par-
ticularly for actinide management, using thermal and fast
reactors and appropriate fuels.

Recommendation. Though NE currently focuses on the
VHTR for process heat and the SFR for advanced fuel cycles,
it should assess the cost-benefit of a single reactor system
to meet both needs.

THE ADVANCED FUEL CYCLE INITIATIVE AND
GLOBAL NUCLEAR ENERGY PARTNERSHIP
PROGRAMS

Since 2002, the United States has been conducting a
program for reprocessing spent fuel under the Advanced
Fuel Cycle Initiative (AFCI). Then, in February 2006, it an-
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nounced a change in its nuclear energy programs. Recycling
would be developed under a new effort, GNEP, which would
incorporate AFCI as one of its activities. If the recycling
R&D program is successful and leads to deployment, GNEP
would eventually require the United States to be an active
participant in the community of nations that recycle fuel,
because one aspect of the partnership is that some nations
recycle nuclear fuel for other user nations.
GNEP has two key stated technical objectives:

* Develop, demonstrate, and deploy advanced tech-
nologies for recycling spent nuclear fuel that do not separate
plutonium, with the goal over time of ceasing separation of
plutonium and eventually eliminating excess stocks of civil-
ian plutonium and drawing down existing stocks of civilian
spent fuel. Such advanced fuel cycle technologies would
substantially reduce nuclear waste, simplify its disposition,
and help to ensure the need for only one geologic repository
in the United States through the end of this century.

* Develop, demonstrate, and deploy advanced reactors
that consume transuranic elements from recycled spent
fuel.

Three facilities are key components of the GNEP program
as currently planned: (1) a nuclear fuel recycling center, or
centralized fuel treatment center (CFTC); (2) an advanced
sodium-cooled burner reactor (ABR); a fast-neutron reac-
tor; and (3) an advanced fuel cycle facility (AFCF). At the
time of the writing of this report, the latest information the
committee had was that the baseline separation process was
UREX+1a, although some other comparable separation
technology, most notably pyroprocessing, may be adopted
at a later stage.

All committee members agree that the GNEP program
should not go forward and that it should be replaced by a
less aggressive research program. A majority of the commit-
tee favors fuel cycle and fast reactor research, as was being
conducted under AFCI; however, two committee members
recommend against such research, as described in Appendix
A. The GNEP program is premised on an accelerated de-
ployment strategy that will create significant technical and
financial risks by prematurely narrowing technical options.
Moreover, there has not been sufficient external input—in
particular, no independent, thorough peer review of the
program.

* The domestic need for waste management, security, and
fuel supply is not great enough to justify early deployment
of commercial-scale reprocessing and fast reactor facilities.
In particular, the near-term need for deployment of advanced
fuel cycle infrastructure to avoid a second repository for
spent fuel is far from clear. Even if a second repository
were to be required in the near term, the committee does not
believe that GNEP would provide short-term answers.

* The state of knowledge surrounding the technologies

required for achieving the goals of GNEP is still at an early
stage, at best a stage where one can justify beginning to work
at an engineering scale. However, it seems to the committee
that DOE has given more weight to schedule than to conser-
vative economics and technology. The committee concludes
that the case presented by the promoters of GNEP for an
accelerated schedule for commercial construction is unwise.
In general, it believes that the schedule should be guided by
technical progress in the R&D program.

* The cost of the GNEP program is acknowledged by
DOE not to be commercially competitive under present
circumstances. There is no economic justification for going
forward with this program at anything approaching a com-
mercial scale. DOE claims that the GNEP is being imple-
mented to save the United States nearly a decade in time
and a substantial amount of money. In view of the technical
challenges involved, the committee believes that just the op-
posite is likely to be true.

* Several fuel cycles could meet the eventual goal of

creating a justifiable recycling system. However none of
the cycles proposed, including UREX+ and the sodium fast
reactor, is at a stage of reliability and understanding that
would justify commercial-scale construction at this time.
Significant technical problems remain to be solved.
* The qualification of multiply-recycled transuranic fuel
is far from reaching a stage of demonstrated reliability. Be-
cause of the time required to test the fuel through repeated
refabrication cycles, achieving a qualified fuel will take many
years.

The committee believes that a research program similar to
the original AFCT is worth pursuing.! Such a program should
be paced by national needs, taking into account economics,
technological readiness, national security, energy security,
and other considerations. As noted in Chapter 1, however,
considerable uncertainty surrounds the technology and pol-
icy options that will ultimately satisfy these needs. For this
reason, the committee believes that the program described
below should be sufficiently robust to provide useful technol-
ogy options for a wide range of possible outcomes. On the
other hand, the program should not commit to the construc-
tion of a major demonstration or facility unless there is a
clear economic, national security, or environmental policy
reason for doing so.

Recommendation. DOE should develop and publish de-
tailed technical and economic analyses to explain and
describe UREX+1a and fast reactor recycle as well as a
range of alternatives. An independent peer review group, as
recommended in Chapter 6, should review these analyses.
DOE should pursue the development of other separation
processes until a fully fact-based comparison can be made

IThe dissenting view of two committee members is presented in
Appendix A.
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and a decision taken on which process or processes could be
carried to engineering scale.

Recommendation. DOE should devote more effort to the
qualification of recycled fuel because it poses a major tech-
nical challenge.

Recommendation. DOE should compare the technical and
financial risks of such a program with the potential benefits.
Such an analysis should undergo an independent, intensive
peer review.

Recommendation. DOE should bring together other ap-
propriate divisions of DOE and other federal agencies, rep-
resentatives from industry and academia, and representatives
from other nations well before any decisions are made on
the technology.

Recommendation. DOE should defer the Secretarial deci-
sion, now scheduled for 2008, which the committee believes
is not credible. Moreover, if it makes this decision in the
future, DOE should target construction of new technologies
at most at an engineering scale. DOE should commission
an independent peer review of the state of knowledge as a
prerequisite to any Secretarial decision on future research
programs.

IDAHO NATIONAL LABORATORY

NE is the lead program secretarial office (PSO) for the
Idaho National Laboratory (INL), and, as such, a significant
part of NE’s management responsibility and budget is de-
voted to INL. This responsibility will continue to be a major
one for NE, since the management of INL’s physical facilities
presents two challenges.

First, new or rejuvenated facilities are required to support
the new mission and vision for the laboratory. The laboratory
envisions that within 10 years, INL will be the preeminent
national and international nuclear energy center with syner-
gistic, world-class, multiprogram capabilities and partner-
ships. To achieve its ambitious goals, INL must attract and
retain world-class scientists and engineers in a multiplicity
of engineering and scientific disciplines. INL must have a
budget allowing it to acquire and maintain the state-of-the-
art facilities and equipment that will be used by researchers
of superior technical competence to lead the development
of nuclear power as a valued energy option nationally and
internationally.

The second challenge is to maintain the remaining in-
frastructure in good condition. NE/INL is the landlord for a
large, multitenant site in deteriorating condition. DOE em-
ploys several metrics to assess the condition of infrastructure.
Overall, the INL facilities are rated adequate and the overall
utilization, good. However, the backlog of deferred mainte-
nance is high in relation to the value of the assets. In FY 2004

the ratio stood at 11.8 percent for INL’s nonprogrammatic
assets; the DOE target for this ratio is 2 to 4 percent.

The committee considers that INL is an important facility
and provides important capabilities to support NE’s mission,
which is to use nuclear technology to provide the United
States with safe, secure, environmentally responsible and
affordable energy. INL has developed a strategic vision and a
long-term (10-year) plan on this basis. However, the funding
being provided to INL by NE is substantially less than what
is needed to fulfill that vision.

Recommendation. NE should set up and document a pro-
cess for evaluating alternative approaches for accomplishing
NE-sponsored activities, assigning these tasks appropriately,
and avoiding duplication.

Recommendation. NE should set up a formal, high-level
working group jointly with the Idaho Operation Office (ID)
and INL (Battelle Energy Alliance [BEA]). Consideration
should be given to also having one or more knowledgeable
outsiders participate on an ongoing basis to provide a wider
perspective.

Recommendation. For INL to accomplish its expected
mission, a number of large, sophisticated and unique facili-
ties will be needed. These could include large hot cells and
associated laboratories for postirradiation examination of
materials and test reactors such as the Advanced Test Reac-
tor (ATR). The intent is for INL to have magnet facilities
attracting researchers and industrial users. For these facilities
to attract users, the full costs cannot be charged, and the user
would pay only the justified incremental costs associated
with use. This arrangement is typical of user facilities in the
Office of Science laboratories.

The NE/INL budgeting system and the budget documents
themselves are opaque and hard to understand. It is difficult
to trace budget amounts to particular projects and programs
or to specific activities within the INL subbudget. The com-
mittee concludes that a much more transparent, structured
planning and budgeting process is needed.

Recommendation. NE, ID, and INL (BEA) should agree
on a multiyear, resource-loaded, high-level schedule and
plan for the INL facilities, such as the Primavera Project
Planner (P3).

Recommendation. NE, ID, and INL (BEA) should improve
the form and content of the INL facilities budget documenta-
tion. They should support a much more transparent, struc-
tured planning and budget process. Budget items should be
readily traceable to specific items in the overall plan and
schedule.
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NE has limited experience of being the PSO for a national
laboratory. As such, its procedures and processes for this
responsibility are not yet well defined or developed.

Recommendation. NE should meet with DOE and National
Nuclear Security Administration organizations that are PSOs
for other laboratories to review and discuss their practices
and processes. Based on the lessons they learned, it should
develop and document its own internal processes and pro-
cedures for discharging its responsibilities as the lead PSO
for INL.

PROGRAM PRIORITIES, BALANCE, AND OVERSIGHT

The NE budget has experienced wide swings in both size
and content over the past 10 years. The committee has re-
viewed the current NE budget process for annually allocating
limited resources among programs. Like the federal budget
process in general, the NE process tends to subordinate long-
term commitments to more immediate needs. The result of
this conflict between the annual budget process and the long-
term nature of much of NE’s research has resulted in program
goals, schedules, and budgets that are inconsistent. For that
very reason, the committee is convinced that NE should set
up an internal system to allocate resources consistently over
time and among programs.

Program Priorities

To prioritize NE programs, the committee examined their
relevance to NE’s mission. The committee’s judgment about
priorities is summarized in Table S-1.

TABLE S-1 Relative Priorities of NE R&D Programs and INL

Program Balance

Based on these priorities, the committee’s programmatic
recommendations that have budget consequences are as
follows:

* Nuclear Power 2010 (NP 2010). DOE should augment
this program to ensure timely and cost-effective deployment
of the first new reactor plants. Of particular importance is the
need to address industrial and human resource infrastructure
issues. Although increases in the NP 2010 budget are likely,
they do not account for a large fraction of the total NE fund-
ing. The NP 2010 requirements should be fully supported.

e Research in support of the commercial fleet. The com-
mittee does not recommend a large federal research program,
because most of this research should be industry-supported.
However, some specific projects have sufficient public ben-
efit to warrant federal funding, for which DOE should share
about 20 percent of the costs and support user facilities at
incremental cost. These elements of the program should be
fully funded when the NP 2010 licensing and design comple-
tion efforts come to an end.

* University infrastructure support. A sizeable buildup
in nuclear energy production, research, and development
necessitates strengthening university capabilities to educate a
growing number of young professionals and scientists in the
relevant areas. DOE should include this program in its budget
at the levels authorized by the Energy Policy Act of 2005.

* Generation 1V. NE should sustain a balanced R&D
portfolio in advanced reactor development. The program
requires predictable and steady funding, but its goals can be
more modest and its timetables stretched. A revised program
can be conducted within levels recently appropriated for
Generation IV and for SFR-related R&D under GNEP.

Priority Program Comment

High NP 2010 and research in support of the Unless the commercial fleet of LWRs grows, nuclear power will be a diminishing energy
commercial fleet resource for the United States and there will be little need for all of NE’s longer term

research programs. NP 2010 and selected commercial research projects should be fully
funded as a matter of highest priority.

High University infrastructure support University support is largely a government responsibility in the committee’s view.

Medium Generation IV, NGNP, NHI, and AFCI These are all longer term research programs with defined downselect decisions that could

change the course of research as more is learned. These programs will perform best with
research budgets consistent with steady progress toward these decision points.

Medium INL programs to reduce deferred These activities require steady progress but can evolve over a reasonable time.
maintenance and to build a capacity that Construction of user facilities and program facilities should be carefully evaluated on a
will sustain a useful scientific capability case-by-case basis to validate the need and to avoid duplication with facilities at other

national laboratories.

Low Major facility deployment (large U.S. industry does not urgently require the construction of such facilities.
demonstration or initial commercial plants)
in GNEP
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* AFCI. NE should pursue the AFCI program with some
modifications, as recommended in Chapter 4, but not includ-
ing construction of large demonstration or commercial-scale
facilities. The committee recommends a more modest and
longer term program of applied research and engineering,
including new research-scale experimental capabilities as
envisioned for the Advanced Fuel Cycle Facility, although
the program would differ somewhat from the AFCI program
before GNEP.

* Major fuel cycle facilities. The committee recognizes
that major engineering and commercial-scale facilities will
ultimately be required to test and deploy fuel cycle technol-
ogy. However, it concludes that DOE should not go forward
with early deployment of such facilities. These facilities
should be funded only when clearly needed, and then as
increases to the NE base budget.

* INL. Itis essential to provide reasonable and predictable
funding to support the PSO responsibility for site condition
and capacity building. DOE should create a strategic plan
based on concepts laid out in Chapter 6 (see Table 6-2) to
establish the target funding level for the Idaho Facilities
Management account.

Program Oversight

Recommendation. As a counterbalance to the short-term
nature of the federal budget process, NE should adopt an
oversight process for evaluating the adequacy of program
plans, evaluating progress against these plans and adjust-

ing resource allocations as planned decision points are
reached.

The senior advisory body for NE has been the Nuclear En-
ergy Research Advisory Committee (NERAC). A modified
NERAC seems the obvious starting point for reestablishing
oversight of the NE programs. In the committee’s opinion,
the key will be to ensure its independence, transparency, and
focus on the most important strategic issues. The committee
has not attempted to design a specific oversight capability,
but the following characteristics would be appropriate for the
body it has in mind:

* Encourage objectivity by recognizing that knowledge-
able persons have different points of view and that balance
is therefore best achieved by diversifying the membership of
the oversight body.

* Avoid conflicts of interest by requiring public disclo-
sure of members’ connections with study sponsors or organi-
zations likely to be affected by study results. Persons directly
funded by sponsors are rarely appointed to such bodies.

* Ensure transparency by requiring that both the state-
ment of task and the final report for each project are routinely
made public in a timely fashion.

REFERENCE
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Growing energy demands, emerging concerns about the
emissions of carbon dioxide from fossil fuel combustion, the
increasing and volatile price of natural gas, and a sustained
period of successful operation for the existing fleet of nuclear
power plants have resulted in a renewal of interest in nuclear
power in the United States. The Energy Policy Act of 2005
(EPAct05) advanced this interest by authorizing a number
of initiatives intended to both accelerate new nuclear plant
construction in the near term and spur longer-term research
and development (R&D). Partly as a result of EPAct0S5, the
nuclear power industry is considering applications for the
construction of new light water reactor power plants in the
United States. The U.S. Nuclear Regulatory Commission
(USNRC) reports that it expects 21 applications for 32 new
units between 2007 and 2009.!

The government plays a significant role in guiding the
future of nuclear power. The nuclear industry in the United
States is closely regulated to promote safe and secure power
plant operation. The Nuclear Waste Policy Act of 1982 and
its 1987 amendments make the government responsible for
long-term management of spent reactor fuel. In addition,
because power plant construction can be an expensive and
lengthy process with substantial uncertainties, particularly
those associated with regulatory and environmental permit-
ting, the industry looks to government for assistance in man-
aging the risks of investing in the first new reactors ordered
in the United States since 1973.

The Office of Nuclear Energy (NE) at the U.S. Depart-
ment of Energy (DOE) is a major agent of the government’s
responsibility for advancing nuclear power. Specifically, NE
takes its mission to be as follows:

. . . to lead the DOE investment in the development and
exploration of advanced nuclear science and technology.
NE leads the Government’s efforts to develop new nuclear
energy generation technologies; to develop advanced, pro-

! From the September 11, 2007, version of http://www.nrc.gov/reactors/
new-licensing/new-licensing-files/expected-new-rx-applications.pdf.

liferation-resistant nuclear fuel technologies that maximize
energy from nuclear fuel; and to maintain and enhance the
national nuclear technology infrastructure.?

One consequence of the renewed interest in nuclear
power for the NE mission has been a rapid growth in the NE
research budget: by nearly 70 percent from the $193 million
appropriated in FY 2003 to $320 million in FY 2006.3 The
turnaround over a longer period was even more dramatic;
in FY 1998 the NE research budget had collapsed to $2.2
million. In light of this growth, the FY 2006 President’s
Budget Request (PBR) asked for funds to be set aside for
the National Academy of Sciences to review the NE research
programs and budget and to recommend priorities for the
programs given the likelihood of constrained budget levels
in the future (DOE, 2005). Following passage by Congress
of the FY 2006 budget, the National Research Council
(NRC) developed a statement of task (Appendix F) for a
“comprehensive, independent evaluation of DOE’s nuclear
energy program’s goals and plans, and processes for es-
tablishing program priorities and oversight (including the
method for determining the relative allocation of budgetary
resources).”

At the time the statement of task was approved, the scope
of the project focused on five elements of the NE program,
which were described in the prospectus for the study ap-
proved by the National Academies:

* Nuclear Power 2010. This is a joint government/in-
dustry cost-shared effort comprising technology develop-
ment and demonstration activities that advance the National
Energy Policy goals of enhancing energy independence and
reliability and expanding the contribution of nuclear power to
the U.S. energy portfolio. Its current focus is to demonstrate
the revised licensing process by which the next generation of

2From the statement of mission available at http://www.ne.doe.gov/. Last
accessed January 28, 2007.
3These are totals only for programs within the scope of this project.
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nuclear power plants would be governed and to finalize the
licensed designs to a point that project and private investment
decisions on new plant constructions can be firmly based.

* Generation IV. This nuclear energy systems initiative
addresses fundamental R&D necessary to ensure the viability
of future nuclear energy systems. The initiative is intended
to address concepts that excel in safety, cost effectiveness,
sustainability, and proliferation resistance and that will be
attractive to the private sector for commercial development
and deployment. With international participation, the initia-
tive developed a technology roadmap that identified the six
most promising nuclear energy systems, paying attention to
the complete fuel cycle, power conversion, waste manage-
ment, and other nuclear infrastructure issues. The concepts it
identified are (1) the very-high-temperature reactor (VHTR),
(2) the supercritical water-cooled reactor (SCWR), (3) the
gas-cooled fast reactor (GFR), (4) the lead-cooled fast reac-
tor (LFR), (5) the sodium-cooled fast reactor (SFR), and (6)
the molten salt reactor (MSR). The roadmap also serves as
the basis for organizing national, bilateral, and multilateral
research and development activities for the development of
Generation IV systems.

* Nuclear Hydrogen Initiative. This initiative conducts
R&D on enabling technologies, demonstrating nuclear-based
hydrogen production technologies and studying potential
hydrogen production approaches in support of the President’s
Hydrogen Fuel Initiative. The objective is to develop tech-
nologies that will use nuclear-generated heat to produce bulk
hydrogen at a cost competitive with that of other alternative
transportation fuels. Approaches such as high-temperature
electrolysis and various thermochemical water-splitting
cycles are being considered.

* Advanced Fuel Cycle Initiative (AFCI). This initia-
tive develops and demonstrates fuel cycles that could have
substantial environmental, nonproliferation, and economic
advantages over the once-through fuel cycle. Specifically, it
is investigating (1) the development of separations technolo-
gies for spent nuclear fuel; (2) the development of advanced,
proliferation-resistant reactor fuels that will enable the con-
sumption of plutonium from accumulated spent fuel, thus
extracting more useful energy from spent fuel materials;
and (3) transmutation engineering for minor actinides and
long-lived fission products from spent fuel. The initiative is
also developing systems analysis tools to formulate, assess,
and guide program activities and a transmutation education
activity that includes support of young U.S. scientists and
engineers studying science and technology issues related to
transmutation and advanced nuclear fuel cycle systems.

* Idaho Facilities Management. This program maintains
DOE facilities at Idaho National Laboratory (INL) that are
related to the above-mentioned R&D programs. (The FY
2006 PBR specifically asks that the relationship between
the Idaho facilities management program and NE’s R&D
program be evaluated.)

EVOLVING PROJECT SCOPE

In response to the FY 2006 PBR, NRC established the
Committee on Review of DOE’s Nuclear Energy Research
and Development Program. The statement of task for the
committee closely matched that of the effort described in
the above-mentioned prospectus, except that it introduced
two issues that somewhat extended the scope. One was the
appropriate federal role relative to that of “public, nongov-
ernmental (including universities) and international efforts.”
The other charged the committee with examining program
management and organization, among other things, that
might be “key[s] to success of the [technical] program.”

Following the required appropriations and procurement
cycle, the committee first met on August 24, 2006, more than
18 months after the request for the study first appeared in the
FY 2006 PBR. During the interim period, however, NE’s
research program changed significantly. EPAct05 authorized
expanded initiatives for the nuclear program and also result-
ed in the establishment of a new position, assistant secretary
for nuclear energy, within DOE. Even more important was
the public emergence in early 2006 of a major programmatic
initiative—the Global Nuclear Energy Partnership (GNEP).
GNEP’s stated technical objective is to develop, demonstrate,
and deploy technologies to reprocess spent reactor fuel in a
way that minimizes the risk of fissile material being diverted,
reduces the volume of waste in long-term storage, and recov-
ers the energy available in the unused portion of the spent
fuel. If executed as envisioned by its advocates, GNEP would
result in the construction of commercial scale facilities for
spent fuel reprocessing and disposal by burning* the resultant
plutonium and minor actinides together in advanced burner
reactors, thereby reducing the radioactive burden on the
waste repository. As proposed, GNEP would cost billions of
dollars over several decades.

The GNEP initiative had major budgetary implications
in the nearer term as well. To accommodate GNEP, the FY
2007 PBR proposed to increase the AFCI budget® by $154
million, from $79 million to $243 million, while increasing
the total NE budget by only $98 million. This proposal would
thus have resulted in $56 million being drawn from other
NE programs to fund GNEP. However, the Congress did not
pass a FY 2007 appropriation for NE; instead it authorized a
continuing resolution for the full year, which contained $167
million for the GNEP program through the AFCI account.
The FY 2008 PBR includes $395 million for GNEP and $672
million for research and development. Between the FY 2006
appropriation and the FY 2008 request, the NE research and
development budget would rise by more than 150 percent
(this does not include funding for the Idaho Facilities Man-

41In this context, “burn” does not mean to incinerate or combust; it
means to convert heavy elements into lighter elements through the process
of nuclear fission.

>The GNEP funds are carried under the AFCI budget line since there has
been no such line for GNEP itself.
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agement account, which would increase from $99 million to
$104 million). Table 1-1 summarizes the budget history of
the NE program.

THE COMMITTEE’S APPROACH TO EVALUATION

The above-mentioned developments created two issues
for the committee. First, the program for which the statement
of task was written changed significantly between the time of
the statement of task and the start of the committee’s work.
Second, the dominant new program—GNEP—Ilacked the
technical documentation, program plans, and program man-
agement organization that would ordinarily form the basis for
an evaluation of program content and budget priorities. The
committee believes that it has adapted to these developments
in a way that is consistent with the statement of task and the
structure of today’s NE program.

In the case of GNEP/AFCI, the committee relied on
the Mission Need for GNEP, the GNEP Implementation
Strategy, and the GNEP Strategic Plan documents for its
evaluation (see Chapter 4 for further discussion). Although
these appear to be the authoritative descriptions of the GNEP
program, the GNEP Implementation Strategy and the GNEP
Strategic Plan documents were not made public until well
after the committee started its work. The committee believes
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that these documents provide an adequate basis for its overall
assessment of GNEP but recognizes that they fall far short of
the documentation needed for a detailed review. The GNEP
Technology Development Plan was released late in the report
process, but because it included a disclaimer that the plans
it contained did “not necessarily reflect the views and deci-
sions of the Department of Energy,” the committee could not
accept it as DOE policy.

The other elements of the program were evaluated in
more conventional terms, although each required its own
approach:

* Nuclear Power 2010 is not a research program but is
designed to help mitigate the risk that industry will decide to
build the first new nuclear power plant. The committee has
evaluated it using the elements of the statement of task as
the principal criteria.

* The scope of the Generation IV program and the
Nuclear Hydrogen Initiative (NHI) program has changed as
a result of GNEP. Within the Generation IV program, the
committee has focused on the Next Generation Nuclear Plant
(NGNP) research effort because the fast spectrum reactor
research that was part of this program has been considered
in GNEP. While hydrogen production remains a goal of the
NGNP program, a number of process heat applications are

TABLE 1-1 Office of Nuclear Energy Budget History FY 2003 to FY 2008 (thousands of dollars)

Comparable Appropriations

Actual Appropriations

FY 2007 FY 2008

Program FY 2003 FY 2004 FY 2005 FY 2006 CR Request
Nuclear energy plant optimization 4,806 2,863 2,412 0 0 0
Nuclear Energy Research Initiative 17,413 6,410 2,416 0 0 0
Nuclear Power 2010 31,579 19,360 49,605 65,340 80,291 114,000
Generation IV 16,940 26,981 38,828 53,263 35,586 36,145
Nuclear Hydrogen Initiative 2,000 6,201 8,682 24,057 19,265 22,600
Advanced Fuel Cycle Initiative 57,292 65,750 66,407 78,408 167,484 395,000
Subtotal, R&D 130,030 127,565 168,350 221,068 302,626 567,745
Idaho facilities management 62,983 75,534 122,320 99,358 100,358 104,713
Total reviewed accounts 193,013 203,099 290,670 320,426 402,984 672,458
Radiological facilities management 62,928 63,431 68,563 54,049 46,775 53,021
Safeguards and security 52,560 56,654 58,103 71,285 72,946 72,946
University programs 18,034 23,055 23,810 26,730 16,547 0
Program direction 57,909 60,256 60,076 60,498 62,652 76,224
Total energy supply 271,307 291,186 393,339 430,565 482,191 801,703
Total NE budget 375,441 402,804 521,903 532,988 601,904 874,649

NOTE: CR, continuing resolution. Budget history for selected NE programs. NE is funded primarily from the Energy Supply and Conservation appropriations
account, but the total NE budget for each year includes some funding from other accounts. The FY 2003 to FY 2005 columns are comparable appropriations,
which means that they include funding from other accounts, but for similar activities. Revised updated budget numbers, which were not available to the com-

mittee during its study, can be obtained from Patrick Holman, DOE NE.

SOURCES: DOE (2004, 2005, 2006, 2007); the FY 2007 CR appropriations and some FY 2006 appropriations were supplied to NRC staff by DOE on

March 9, 2007.
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possible as well, and these have been considered. Because
this is a well-documented research program, the committee
has used appropriate criteria from the Program Assessment
and Review Tool (PART)® process in its evaluation, as well
as the elements of the statement of task.

* The committee focused chiefly on the Idaho Facilities
Management program because it is a major line in the NE
budget—on the order of $100 million annually. This program
is only one element of the Ten-Year Site Plan for INL. It
supports chiefly the building of infrastructure at INL as well
as technical programs that are not funded through program
channels. The committee has used DOE’s criteria for the
quality of laboratory infrastructure to evaluate this program
and has examined whether the proposed program is consis-
tent with its recommendations for other programs.

THE COMMITTEE’S PERSPECTIVE ON THE
NE RESEARCH PROGRAM

Despite the changes in program and budget experienced
by the NE research program, there are some constant features
that set the context for the committee’s evaluation approach,
which was influenced by two observations. One is that while
the details of the NE program have shifted considerably, its
high-level goals have changed little if at all. While stated
in somewhat different words in various reports, the com-
mittee believes that a reasonable summary of the goals for
technology development in support of the NE mission is as
follows:

* Assist the nuclear industry in providing for the safe, se-
cure, and effective operation of nuclear power plants already
in service, the anticipated growth in the next generation of
light water reactors, and associated fuel cycle facilities.

* Provide for nuclear power at a cost that will be competi-
tive with other energy sources over time.

* Support a safe and publicly acceptable domestic
waste management system, including options for long-term
disposal of the related waste forms. (The principal DOE
responsibility for this function lies with its Office of Civilian
Radioactive Waste Management.)

* Provide for effective proliferation resistance and physi-
cal protection of nuclear energy systems, both at home and in
support of international nonproliferation and nuclear security
regimes.

* Create economical and environmentally acceptable
nuclear power options for assuring long-term nonnuclear en-
ergy supplies while displacing insecure and polluting energy
sources; such options include electricity production, hydro-
gen production, process heat, and water desalinization.

% PART is used by the Office of Management and Budget to assess the
management of federal programs and contains specific criteria for that
purpose.

The committee’s second observation is that predicting
the course of nuclear technology development over the next
several decades entails substantial uncertainties. Indeed,
the committee heard presentations from several respected
analysts about how this development might take place. Their
views of the technological future differed in important ways.
An important reason for this divergence is that the develop-
ment of new nuclear technology requires a planning horizon
measured in decades, in no small part because of the capital
intensity of the commercial nuclear energy sector. Over such
a time period, the committee believes that the success of vari-
ous candidate technologies will depend on policy and other
forces outside the control of any NE technology development
program. For example,

* Waste management options and associated regulatory
regimes and their likely acceptance by the public range from
long-term storage at reactor sites or centralized interim stor-
age, to direct disposal of all spent fuel in geologic reposito-
ries, as well as reduced waste forms envisioned by GNEP.

* As yet unformulated environmental policy, especially
regarding climate change, could have decisive impacts on the
attractiveness of nuclear power.

* Opinion on the cost and availability of natural uranium
and associated enrichment capacity varies widely: some say
it will be abundant, others say it will be “limited.”

e If the near-term reprocessing options being pursued by
other countries were to become established commercially,
the resulting waste management regimes would compete
with the GNEP concept.

e Other countries might succeed in the development of
next-generation nuclear technologies.

* Nonproliferation and physical protection regimes are
in flux, especially as international agreements continue to
evolve.

* Success of competing energy sources, such as clean
coal, would affect the need for nuclear power.

* The rate of near-term expansion of nuclear power
plants, both domestically and internationally, would matter
since it drives the timing and need for advanced reactors and
fuel cycle technology.

How these uncertainties affect the elements of the NE
program is discussed at the appropriate place in the balance
of this report. In general, however, the committee’s view
is that to select the winning technology path from among
the options known today would be very premature. This
conclusion is especially relevant for research that serves
long-term objectives, such as GNEP/AFCI, Generation IV,
and NHI.

Chapters 2 through 5 summarize the committee’s evalua-
tion of each of the programs within the statement of task. A
concluding chapter presents recommendations on program
balance and priorities among the programs, as well as mecha-

Copyright © National Academy of Sciences. All rights reserved.
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nisms for maintaining oversight of the programs as external
conditions inevitably change.

REFERENCES
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Congressional Budget Request. Available at http://www.cfo.doe.gov/
budget/.
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BACKGROUND

The Nuclear Power 2010 (NP 2010) program' was estab-
lished by the U.S. Department of Energy (DOE) as a budget
line item in 2002 to support the near-term deployment of
new nuclear plants in accordance with the roadmap (NERAC,
2001) prepared for DOE by its Nuclear Energy Research
Advisory Committee (NERAC). The overall purpose of NP
2010 is to help achieve the goals of the National Energy
Policy Development Group (NEPDG, 2001):

* Enhance long-term energy independence and improve
the reliability of electricity generation, with minimal air pol-
Iution and greenhouse gas emissions;

* Increase diversity in the U.S. energy portfolio;

» Expand the contribution of nuclear power to the U.S.
energy portfolio; and

* Address technical, safety/regulatory, and institutional
challenges to the deployment of new nuclear plants.

NP 2010 is a 50/50 government/industry cost-shared ef-
fort with the following objectives:

* Identify sites for new near-term nuclear power plants
and obtain early site permits (ESPs).

* Complete detailed, first-of-a-kind design engineering
on two advanced light water reactor (ALWR) plants and
confirm the safety of the designs by obtaining design certi-
fications (DCs).

* Obtain combined construction and operating licenses
(COLs) in keeping with the Standardization Policy (10
CFR Part 52) of the U.S. Nuclear Regulatory Commission
(USNRO).

» Develop an effective Inspection, Testing, Analyses and
Acceptance Criteria (ITAAC) process to assure licensing
compliance during construction.

! Department of Energy, Office of Nuclear Energy, Nuclear Power 2010
Plan Overview, January 2006. Available at http://www.ne.doe.gov/np2010/
neNP2010a.html.
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* Implement the standby support provisions of the Energy
Policy Act of 2005 (EPAct05) for the construction of new
nuclear plants.

* Determine the capital costs and operation and mainte-
nance costs, construction time, and levelized cost of electric-
ity for the two plants.

* Evaluate the business case for building new nuclear
power plants and pave the way for an industry decision to
build new ALWR nuclear plants in the United States. Con-
struction would begin early in the next decade.

DOE’s responsibilities end with the issuance of the COL
by the USNRC, completion of first-of-a-kind engineering for
the AP1000 and Economic Simplified Boiling Water Reactor
(ESBWR) standard plant designs, and implementation of the
standby support and loan guarantee financial incentives of
EPAct05.

Based on these results, responsibility for the procurement
and construction of new nuclear plants rests solely with the
nuclear industry.

Program Background

The NP 2010 program is the culmination of a coopera-
tive research, development, and deployment (RD&D) effort
in the 1980s and 1990s between DOE’s Office of Nuclear
Energy (NE) and industry to develop improved light water
reactor (LWR) systems for initial expansion, making them
safer, smaller, and simpler, standardized and prelicensed by
the USNRC, and competitive with nonnuclear alternatives.
The program was initiated in the early 1980s by the U.S.
utilities under the technical management of the Electric
Power Research Institute (EPRI) and grew into a broad co-
operative effort, the ALWR program? (Taylor and Santucci,
1997). Participants included DOE, the U.S. utility members

2G. Vine, EPRI, “DOE’s light water reactor R&D program: An industry
perspective,” Presentation to the committee on October 17, 2006.
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of EPRI, major international utilities in Europe and Asia,
and qualified reactor suppliers, all of whom cofunded the
program. DOE established cooperative agreements with
industry by which their management responsibilities could
be discharged. USNRC was kept fully informed of progress,
commented on the results of the program, and performed
independent confirmatory analyses and experiments. A prime
utility goal was to oversee the development of the utility
requirements documents (URDs) (EPRI, 1990) to provide
owner-operator guidelines to the designers of the new plants.
A key purpose of the URDs was to apply the lessons learned
in the first worldwide deployment of nuclear power, focused
on increased safety, reliability, design, and operational sim-
plification and integration. In 1992, a National Research
Council (NRC) report on nuclear power encouraged continu-
ation of that R&D effort on ALWRs (NRC, 1992).

Testing was completed on two 600-MWe designs fea-
turing passive emergency core and containment cooling
systems: the Westinghouse pressurized water reactor (PWR)
AP600 and the General Electric (GE) simplified boiling
water reactor (SBWR), on which the power-upgraded West-
inghouse AP1000% and the GE ESBWR* are based. Design
certifications were obtained from USNRC for the AP600, the
evolutionary advanced BWR (ABWR),> and the advanced
PWR System 80+.°

With rising concern over global warming, rapidly increas-
ing energy prices, greatly improved performance of existing
LWR plants with average capacity factors exceeding 90
percent, and the stimulation of U.S. energy policy (NEPDG,
2001), DOE sponsored the NP 2010 program, cost-shared with
U.S industry. The principal focus of NP 2010 was to move
beyond R&D to the deployment of new nuclear plants.

Approach to Evaluation

The criteria used in the evaluation of NP 2010 were those
provided in the committee’s statement of task. The remainder
of this chapter contains three main sections:

* Opverall program description,
* Goals, timetables, and progress, and
¢ Committee recommendations.

3 G. Davis, Westinghouse, “The certified AP1000 standard design,” Pre-
sentation to the committee on November 8, 2006.

4R. Kingston, GE, “New units: ESBWR and ABWR,” Presentation to
the committee on November 8, 2006. See also D. Hinds and C. Maslak, The
next generation of nuclear energy: The ESBWR, Nuclear News, American
Nuclear Society, January 2006: 35-40.

3 See Nuclear Energy Institute, New Reactor Designs: General Electric
Advanced Boiling Water Reactor, 2006. Available at http://www.nei.org/
keyissues/newnuclearplants/newreactordesigns/.

¢See Energy Information Administration, New Reactor Designs. Available
at http://www.eia.doe.gov/cneaf/nuclear/page/analysis/nucenviss_2.html/.
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The areas covered under program description include
primary milestones, licensing demonstration, costs, man-
agement responsibilities and organizations, standardization,
ITAAC, infrastructure needs, setting priorities, oversight
methods and metrics, cooperative industry—government
R&D, economic issues, and EPAct05. The program descrip-
tions are derived from DOE and industry documentation,
presentations by DOE management, nuclear consortia lead-
ers, and industry representatives from the Nuclear Energy
Institute (NEI) and EPRI. The penultimate section brings the
goals and timetables up to date and assesses progress. The
final section presents the committee’s recommendations.

OVERALL PROGRAM DESCRIPTION

Primary Milestones

The NP 2010 program includes the following technical
goals8:

* Demonstrate key untested regulatory processes.
—ESPs
o Obtain three ESPs.
—DCs for new reactors
o Obtain approval of AP1000 design certification
amendments.
o Complete ongoing design certification of the
ESBWR.
—COLs
o Provide guidance on COL generic issues.
o Obtain USNRC acceptance of AP1000 and ES-
BWR COL applications.
o Complete ITAAC demonstrations.
o Obtain two COLs.

* Complete first-of-a-kind engineering (design finaliza-
tion) of new standardized nuclear plant designs to provide
improved safety, reliability, and economy.

* Determine the plant’s capital and O&M costs, construc-
tion time, and levelized cost of electricity.

* Provide technical support for risk insurance definitions
(standby support) for the first six new U.S. nuclear plants
(legislated in EPAct0S5).

Licensing Demonstration

Status

DOE solicited proposals from industry for New Plant
Licensing Projects and design completions that would dem-

7R. Smith-Kevern, Acting Associate Director, Office of Nuclear Power
Technology, DOE, “Nuclear Power 2010,” Presentation to the committee
on August 24, 2006.

8T. Miller, Deputy Director, “Light water reactor deployment,” Presenta-
tion to the committee on October 17, 2006.
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onstrate the validity of the USNRC 10 CFR Part 52 process
and its related standardization policy in assuring a reasonably
predictable path to completion of design, construction, and
start of operation of new nuclear plants. Two consortia of
utilities responded to DOE’s request for proposal, accepting
the primary goals stated above. DOE subsequently entered
into contracts with the two consortia. USNRC committed
to the licensing reviews required. Congress provided incen-
tives through EPAct05 to enable the utilities to make prudent
investments to build the first six plants.

The NuStart Consortium® is made up of utilities, which
include Constellation Energy, Duke, EDF-INA, Entergy,
Exelon, FPL, Progress Energy, SCANA, the Southern Com-
pany, and the Tennessee Valley Authority (TVA) and the
reactor suppliers GE and Westinghouse. The NuStart coop-
erative agreement provides for the preparation of two COL
applications and the submission of one application to the US-
NRC following a down-selection process for one technology
at one site. NuStart is currently preparing COL applications
for the ESBWR at Entergy’s Grand Gulf, Mississippi, site
as well as the AP1000 at Exelon’s Clinton, Illinois, site and
TVA’s Bellefonte, Alabama, site.

The Dominion Consortium!® comprises Dominion, Con-
stellation Energy, GE, and Bechtel. Its cooperative agree-
ment includes preparation and submission of a COL for
the North Anna, Virginia, site with the GE ESBWR as the
selected reactor design. The designs of both the ESBWR
and the AP1000 are being funded with direct cost-sharing
agreements between DOE and the companies producing the
reactor designs.

A TVA-led consortium has completed a study,'! under
NP 2010 sponsorship, of cost, schedule, and design changes
needed to deploy the GE design-certified evolutionary
ABWR at the Bellefonte, Alabama, site (TVA, 2005). The
consortium is not active at this time. Another consortium,
Unistar, made up of Constellation Energy, AREVA, and
Bechtel Power Corporation, is not participating in NP 2010
but is planning to submit an application to USNRC for a
COL and the design certification of the French 1,600-MWe
evolutionary pressurized water reactor (EPR) from AREVA
(DOE, 2004).

Timetables

The overall schedules call for obtaining the ESPs this
year, the DC for the ESBWR by April 2010, the DC amend-
ment approval for the AP1000 by July 2008, the COLs by
early FY 2011, and finalization of the two designs by mid-
FY 2011. The milestones for completion of the new nuclear

9M. Kray, Exelon/NuStart, Presentation to the committee on October 17,
2006.

10E. Grecheck, Dominion Energy, Presentation to the committee on
October 17, 2006.

11 See also R. Ganthner, AREVA, Presentation to the committee on
November 8, 2006.

power plant licenses by the consortia are shown in Table 2-1.
The USNRC has adopted as a planning assumption that the
required public hearings on ESP and COL applications will
take up to 1 year to complete, following the issuance of the
Safety Evaluation Report (SER) for a COL, before an ESP or
a COL can be granted. This additional year is not included in
the dates for USNRC approval of COLs in the DOE estimates
shown in Table 2-1.

As of August 2007, a total of 14 companies, including
those in Table 2-1, had announced their intent to seek a COL
for a new nuclear plant: TVA, Progress Energy, Duke, South
Carolina Electric and Gas, Southern, Dominion, Entergy,
Constellation, Ameren, PPL, Amarillo Power, Alternate En-
ergy Holdings, NRG, and TXU. Four of these companies are
seeking, or have received, an ESP that could be referenced
in a COL proceeding.

Design Finalization

A substantial portion of the plant designs will be com-
pleted to obtain a COL, but much more remains to encompass
all features of the entire plant. The 5-year program plan of
DOE’s Office of Light Water Reactor Deployment for NP
2010, issued in January 2007, schedules completion of the
full ESBWR design early in FY 2011 (DC in mid-FY 2010)
and completion of the AP1000 first-of-a-kind engineering
design in mid-FY 2011 (DC in early FY 2006). Start of
construction is set at the end of FY 2010 for both designs,
before design finalization.

Costs

The funding levels of the DOE cost share of NP 2010 for
FY 2005, FY 2006, and FY 2007 were $49.6 million, $65.3
million, and $80.3 million, respectively. The FY 2008 budget
request for NP 2010 is $114 million. As of March 2007, the
DOE estimated cost to complete NP 2010 was $550 million,
leaving $240.8 million for FY 2009 and FY 2010.!%13

This funding is matched by the Dominion and NuStart
consortia, including both GE and Westinghouse. The level
of funding is about equal for each consortium and includes
the payments to the USNRC to cover their licensing work.
The largest portion of the funding supports the design engi-
neering effort. DOE reports that industry is current with its
contributions.!#

Industry has testified that NP 2010 funding will not main-
tain the program’s momentum, recommending that DOE FY
2008 funding be increased to $183 million (Bowman, 2007).

I2R. Smith-Kevern, Acting Associate Director, Office of Nuclear Power
Technology, DOE. “Nuclear Power 2010.” Presentation to the committee
on August 24, 2006.

I3T. Miller, Deputy Director, “Light water reactor deployment,” Presenta-
tion to the committee on October 17, 2006.

14 Communication between the DOE and a committee member on
September 11, 2007.
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TABLE 2-1 New Nuclear Plant Licensing Demonstration Project Milestones (as of April 15, 2007)

Utility/Site Early Site Permit

Design Certification

Construction and Operating License

Dominion/ USNRC approval®

North Anna, Va. May 2007.
NuStart-Entergy/ Permit® granted As above.
Grand Gulf, Miss. April 2007.
NuStart-Entergy/ USNRC approval As above.

River Bend, La. December 2007.

NuStart-Exelon/Clinton, I11. USNRC approval August

ESBWR application in; USNRC
approval April 2010.

Westinghouse AP1000 DC
2006; permit granted March received December 2005;

Application submittal November 2007; USNRC
approval April 2010.

Application submittal February 2008; USNRC approval
April 2010.

Application submittal November 2008; USNRC
approval February 2011.

Application submittal February 2009; USNRC approval
September 2011.

potential amendments

2007. USNRC approval of
July 2008.
NuStart-Duke/TVA- Not determined. As above.

Bellefonte, Ala.

Application submittal October 2007; USNRC approval
July 2010.

aAfter USNRC approval of the ESP application, the Atomic Safety and Licensing Board holds a public hearing; upon satisfactory completion of the hearing,

the USNRC commissioners grant the permit.

Industry further recommends (Bowman, 2007) that the total
NP 2010 funding be increased by $354 million to enable
completion of the full NP 2010 scope in a timely manner,
requiring a $177 million increase by both DOE and industry
to maintain the 50 percent cost-share agreement.

Management Responsibilities and Organizations

Office of Nuclear Energy

The Office of Light Water Reactor Deployment at NE
provides overall management of the NP 2010 program,
including program planning and development, program
management and monitoring, preparation and approval of
procurement solicitations, contractor award selection, con-
duct of program reviews and corrective action completion,
program funding authority to the operations offices and the
national laboratories, and dissemination of program informa-
tion to DOE management and stakeholders. NE staff serve
as project managers for specific projects, where they are
responsible for overall oversight, performance monitoring,
and management of functions related to the projects.

NE has assigned NP 2010 staff to interface with their
project counterparts from the power companies and reactor
vendors as well as other subcontractors during the course of
their project management and oversight duties. As part of
their management and oversight duties, NE-NP 2010 staff
periodically meet with USNRC staff to advise them on the
status of NP 2010 and to be advised on USNRC plans for
handling the licensing load. NE staff also participate in vari-
ous industry committees and task forces coordinated by the
NEI to assure that industry concerns are fully addressed.

Industry Consortia

The industry consortia have responded to the DOE solici-
tation, proposing projects, activities, and funding require-
ments as partners on the licensing demonstration projects for
ESPs, DCs, and the COLs. Pursuant to contracts with DOE,
the industry consortia selected by DOE are responsible for
the management and completion of project activities, includ-
ing those activities subcontracted, interfacing with and re-
porting to DOE on project progress and financial status. DOE
also entered into a cooperative agreement with the EPRI
to develop generic COL application guidance and resolve
generic issues that would affect the licensing demonstration
projects.

U.S. Nuclear Regulatory Commission

USNRC can issue an ESP for approval of one or more
sites for one or more nuclear power facilities separate from
filing an application for a construction permit or a combined
license. The review of an ESP application may address site
safety issues, environmental protection issues, and plans for
coping with emergencies, independent of the review of a
specific nuclear plant design. An ESP can be referenced for
up 20 years and can be renewed for up to 20 years. USNRC
review of a DC application addresses the safety issues sur-
rounding a new nuclear power plant design independent of a
specific site. Once issued, the DC can be referenced for up to
15 years. It can also be renewed for an additional 15 years.

The USNRC will docket and, subsequent to satisfactory
review and comment on all safety aspects of the applicant’s
power plant design and site, issue a COL to the applicant to

Copyright © National Academy of Sciences. All rights reserved.
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build and operate the plant. The COL will be consistent with
the relevant ESP and design certification. USNRC reports
that it expects 21 applications for 32 new units in the 2007-
2009 time period. '3 In addition, four companies are pursuing
ESPs at seven sites; GE, Westinghouse, and Areva are pursu-
ing DCs or amendments to existing DCs; and Mitsubishi is
planning to apply to USNRC for a SER and a DC.

This surge of interest in new plants arises from

* Financial incentives in EPAct05, including

—Requirement for first concrete by 2013 in order to be
eligible for production tax credits,

—Limitation of the risk insurance to the first six plants,
with a higher level of support for the first two plants
than for the next four plants, and

—Auvailability of the financial incentives on a first-
come, first-served basis.

* Requirements for new base-load capacity by utilities in
the Southeast before 2015.

* The probability of some form of carbon constraint (or
tax) in the near future.

To support the anticipated number of new nuclear plants,
USNRC is updating its regulations, regulatory guides, stan-
dard review plans, and other guidance documents governing
the licensing and operation of new nuclear power plants
(Reyes, 2006), so that these will be in place prior to the
receipt of the first COL application, expected in the fall of
2007.

The USNRC is responding to needs for future application
reviews by estimating the durations of the reviews and the
resources needed (in staff, dollars, and technical assistance)
to complete the reviews, ensuring the availability of critical
skills within the agency or through contracts; and by develop-
ing the regulatory infrastructure to support future licensing
reviews. On August 28, 2007, the USNRC published in the
Federal Register the revisions to Part 52, effective Septem-
ber 27, 2007, which establish key rules governing new plant
licensing activities (USNRC, 20006).

In addition to the large number of ESP, DC, and COL
licensing reviews for new plants discussed above, USNRC
is also expected to review license extensions for many of the
current nuclear plants and to begin the licensing process for
the Yucca Mountain repository in the same period. Because
of this increased workload, the USNRC is currently under-
staffed and is planning to add 200 staff every year for the
next 3 years. Additional staff members will help to handle the
extra work, but they must be trained for this purpose, which
will take up to a year depending on the level of expertise
required to process the applications.

Organizational changes are being made to better handle
this heavy workload. In late 2006, USNRC established an

15From the September 11, 2007, version of http://www.nrc.gov/reactors/
new-licensing/new-licensing-files/expected-new-rx-applications.pdf.

Office of New Reactors to focus on licensing and building
new nuclear power plants in the near term. It has also estab-
lished the Human Capital Council, which is preparing plans
to strengthen the workforce by upgrading their knowledge,
increasing their numbers, and qualifying their staff to per-
form specific review tasks. The Government Accountability
Office has completed an assessment of the personnel situa-
tion, observing that about one-third of USNRC’s workforce
with mission-critical skills will be eligible to retire through
FY 2010 (GAO, 2007).

USNRC is holding periodic public meetings with the
industry to provide a common understanding of the emerg-
ing licensing framework for new plants. The early meetings
indicate that considerable additional material will be required
from the applicants. For example, USNRC is proposing that
the applicant apply lessons learned in plant design and op-
erational programs to minimize radioactive contamination,
reduce radwaste by-products, and facilitate the ultimate
decommissioning, through license termination after 60 years
of operation.

National Laboratories

The national laboratories, including the Idaho National
Laboratory (INL), provide limited support to DOE’s NP
2010 program. So far, laboratory technical support in several
key areas has been used for soil characterization, spent fuel
transportation analysis, and economic analysis. The national
laboratories are also contracted by USNRC to provide tech-
nical support on USNRC reviews of nuclear plant safety
issues.

Standardization

DOE and the industry have placed strong emphasis on
standardization of each family of nuclear power plants
(EPRI, 1990). The goal is that all plants of a design fam-
ily will be the same, except for limited site-specific differ-
ences. Standardization covers the entire generating plant:
nuclear and turbine islands and key supporting facilities
such as radioactive waste treatment and includes design,
licensing, operations, maintenance, and decommissioning.
Form-fit-function specifications provide for standardization
of components procured competitively from subsuppliers.
Standardization also applies to commonalities in safety and
licensing for different families of designs.

Standardization will reduce the licensing burden for
duplicate plants and will reduce their construction time and
operational costs as the learning curve proceeds. It will also
lead to greater efficiencies and simplicity in all aspects of
nuclear plant operations, including safety, maintenance,
training, and spare parts procurement. Consortia pursuing
COLs under NP 2010 have endorsed a USNRC design-
centered licensing approach that promotes standardization
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of license applications. A series of letters'® to the USNRC
have clearly laid out team-based approaches for each of
the plant designs currently undergoing initial or revised
certification. The industry consortia are implementing this
approach by outlining the proposed content of the applica-
tions and committing to response times on USNRC Requests
for Additional Information (RAI) during review of the COL
applications. This license standardization will help to reduce
the time required for review of COL applications and the
time and costs for the subsequent license applications for
the same standard design.

Inspections, Tests, Analyses, and Acceptance Criteria

A primary purpose of 10 CFR Part 52 is to eliminate
unnecessary construction delays and start-ups of operation
caused by preoperational licensing or litigation. This requires
resolution of design and siting issues before the start of
construction and continued attention to assuring compliance
with the COL during construction. To achieve this purpose,
the ITAAC process was formulated to verify conformance
with the COL as the construction proceeds.

ITAAC consist of license commitments (top-level key
design features and performance characteristics) and a list of
inspections, tests, and analyses to confirm that the plant was
built in accordance with these licensing commitments.!” A
set of design-related ITAAC are prepared and submitted to
the USNRC as part of the design certification process. The
COL applicant is also required to submit a set of project- and
site-related ITAAC and performs the inspections, tests, and
analyses during and after construction. Once the acceptance
criteria have been confirmed, the licensee informs USNRC
that ITAAC have been met. After USNRC determines ITAAC
criteria have been successfully met, a notice is published in
the Federal Register.

As part of DOE’s cooperative agreements with EPRI and
NEI focused on resolving generic new plant licensing is-
sues, DOE supported an ITAAC demonstration project. This
activity was divided into two main parts: (1) working with
USNRC to develop principles on how to meet ITAAC and
(2) applying these principles to develop ITAAC determina-

16 Dominion (North Anna), NuStart (Grand Gulf), and Entergy (River
Bend) COL application for USNRC Project Nos. 741, 744, 745, Response
to RIS 2006-06, New Reactor Standardization Needed to Support the
Design-Centered Licensing Review Approach, Letter 06-480 signed by
Grecheck (Dominion), Kray (NuStart), and C. Randy Hutchinson (En-
tergy), July 17, 2006. NuStart (Bellefonte) COL USNRC Project No. 740,
Response to RIS 2006-06, New Reactor Standardization Needed to Support
the Design-Centered Licensing Review Approach, Letter signed by Kray,
July 17, 2006. USNRC Regulatory Issue Summary 2006-06, New Reactor
Standardization Needed to Support the Design-Centered Licensing Review
Approach, May 31, 2006.

17See SECY-02-0067, staff requirements memorandum (SRM), “Inspec-
tions, Tests, Analyses, and Acceptance Criteria (ITAAC) for Operational
Programs (Programmatic ITAAC),” issued September 11, 2002; “Inspec-
tions, Test, Analyses, and Acceptance Criteria for Operational Programs
(Programmatic ITAAC),” issued April 15, 2002.
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tion bases (IDBs) for closing ITAAC. Westinghouse worked
collaboratively with USNRC construction inspection per-
sonnel to develop guidance for defining IDBs. This process
also included stakeholder participation through workshops,
identified IDBs, and discussed types of documentation
required for verification and various scenarios that could
impact ITAAC for AP1000 systems and buildings. Black &
Veatch showed that the principles cooperatively developed
by Westinghouse/USNRC are valid and could be applied
to a larger range of the ITAAC process when determining
compliance with ITAAC.

Infrastructure Needs

Infrastructure Assessment

As part of NP 2010, DOE tasked MPR Associates, Inc.,
with deciding what infrastructure would be necessary to
support construction of new ALWR nuclear power plants
in the 2010 timeframe (MPR, 2004a, 2004b, 2005). MPR’s
infrastructure assessment identified several infrastructure
weaknesses and recommended for actions to mitigate their
potential impacts on new plant construction schedules.

MPR representatives held discussions with Nuclear Steam
Supply System (NSSS) vendors; equipment manufacturers;
material suppliers; module fabricators; engineering, procure-
ment and construction (EPC) contractors; U.S. Department of
Labor; labor unions; trade organizations; and the USNRC to
investigate their ability to support the near-term deployment
of new plants. These capabilities were then compared with
the resource requirements associated with a hypothetical sce-
nario involving the construction of up to eight nuclear units
between 2010 and 2017 to identify any resource shortfalls.
For this assessment, shortfalls were defined as insufficient
infrastructure resources or deficiencies that would require
actions more than 5 years before the commercial operation
date of the first new units, not including COL application
work, site-specific design work, and normal early procure-
ment activities. Where shortfalls were identified, further
investigations were conducted to develop recommendations
and lead times that would mitigate impacts on the construc-
tion schedules.

Availability of Large Forgings and Castings

Forgings for the large-diameter, thick-walled reactor pres-
sure vessels (RPVs) are difficult to procure. They require a
long lead time, and orders must be placed several years prior
to installation at the plant site. The only facility worldwide
that can produce these components is the Japan Steel Works
(JSW). It is reported that 20 percent of the facilities at JISW
is for nuclear equipment, with the remaining facilities uti-
lized for other heavy equipment. The next slot available for
manufacturing a reactor vessel at JSW is in 2009. Some initial
steps are being taken to commit and enlarge future capacity:
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UniStar announced in August 2006 that AREVA had arranged
for the procurement of forgings for the EPR. In May 2007,
Dominion signed a contract with GE Energy to order heavy
forgings and castings and long-lead components for “a pos-
sible new reactor,” presumably the ESBWR. In connection
with the plans to build the AP1000 in China, plans are being
developed to provide substantial component manufacturing
capacity in China as well as in South Korea, where Doosan
Heavy Industries has been selected to fabricate many of the
nuclear components for the AP1000s in China.

A significant concern is the limited global capacity to
manufacture reactor heads and other large components with
worldwide demand for reactor vessels, large components for
fossil plants, parts for scrubber upgrades, liquefied natural
gas (LNG) facilities, pipelines, and new refineries.

Supply Chain for N-Stamped Components

Construction of fossil power plants, LNG facilities, pipe-
lines, and other infrastructure for the petroleum industry is
currently at a very high level. Most suppliers have adopted
the ISO 9000 quality programs that are required to compete
in the global marketplace. In comparison with the 25-year
absence of business associated with new nuclear plants,
many companies have not maintained the quality programs
required for the N stamp certification of authorization. This
certification confirms that the American Society for Me-
chanical Engineers (ASME) has surveyed the operations of
the certificate holder and has authorized it to use the code
stamps exhibiting compliance with ASME Codes. '8

Many manufacturers that want to provide nuclear compo-
nents such as valves, headers, piping, pumps, pressure ves-
sels, and core supports will be required to adopt the quality
assurance program to meet the safety standards set by the
ASME. However, it is uncertain that a sufficient number of
manufacturers will adapt to the nuclear marketplace in time
to meet the demand for components.

Financial considerations have caused many of the tradi-
tional manufacturers of nuclear plant electrical and control
equipment to eliminate their special quality assurance pro-
grams for the nuclear industry. This has opened up a third-
party qualification process for off-the-shelf equipment for
replacing, refurbishing, and upgrading the existing plants: a
process where standard commercial equipment is procured
from a manufacturer and then qualified to meet USNRC
safety standards. This process has been enabled by continuing
improvement in the quality of standard commercial equip-
ment due to processes such as the ISO 9000 international
standard; it includes a series of functional, dimensional, and
qualification tests to verify critical characteristics of the
equipment; assuring that the component is capable of per-

18 ASME Code Section III, Division 1, Nuclear Power Plant Components,
requiring compliance with ASME QAI-1, Qualifications and Duties for
Authorized Nuclear Inspection.

forming its intended safety function. All components are
furnished under a Nuclear Procurement Issues Commit-
tee (NUPIC)-audited quality assurance program, with the
third-party qualifying laboratory accepting 10 CFR Part 21
responsibilities. Documentation includes direct traceability to
the original equipment manufacturer. It is probable that this
process will be employed in part during the initial deployment
while the buildup of N-stamped manufacturers proceeds.

The Personnel Problem

The industry reports that if 15 new nuclear plants are
under construction between 2015 and 2020, it is estimated
that 247,000 new jobs will be created. The demand for pro-
fessionals, including engineers, designers, operators, health
physicists, and technicians, will far exceed the current sup-
ply. Freshman engineering enrollment has actually decreased
slightly since 2002 and is not expected to increase in the
coming years. During the past two decades college graduates
grew by 20 percent; however, in the next two decades that
growth is estimated to drop to 7 percent.!®

A skilled worker shortage of 5.3 million is predicted by
the industry in the United States by 2010, and this shortage
is expected to increase to 14 million by 2020. As NP 2010
is 