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Abstract

Since 1982, U.S. utilities have been leading an industry-wide effort to establish a technical foundation for
the design of the next generation of light water reactors in the United States: the Advanced Light Water Reactor
(ALWR) Program. This program provided a foundation for a comprehensive initiative for revitalizing Nuclear
Power in the U.S., as set forth in the Nuclear Energy Industry's "Strategic Plan for Building New Nuclear Power
Plants." The Strategic Plan contains fourteen building blocks, each of which is considered essential to building
new nuclear plants. At its inception, the ALWR Program envisioned new plant orders in the US shortly after the
turn of the century, and geared its milestones and deliverables to enabling ALWRs as an option for utilities by
about 2000. However, in the U.S., new orders for nuclear plants are not imminent. There are three primary
reasons for this - the lack of demand today for major new construction of baseload capacity, the economic and
structural uncertainty associated with deregulation, and the lack of an assured resolution to public concerns over
long term management of nuclear waste. Deregulation will likely drive further consolidation of the electricity
business, as evidenced in recent nuclear utility mergers, acquisitions, and plant purchases by the larger utilities
intent on remaining in the generation business. Deregulation has focused attention on some of the inefficiencies
in the current regulatory regime for nuclear energy, and is likely to drive the U.S. government to find more
efficient and less expensive ways of providing adequate protection of public health and safety. Deregulation has
also focused the industry on the significant variations in production costs among plants, fueling the belief that the
industry as a whole can make further improvements in this area to match the stable, low cost performance of the
top ten plants. Finally, deregulation has focused the nuclear industry on the imperative for ensuring that total
busbar costs for ALWRs are competitive with non-nuclear options.

1. INTRODUCTION

Since 1982, U.S. utilities have been leading an industry-wide effort to establish a technical
foundation for the design of the next generation of light water reactors in the United States. Since 1985,
the utility initiative has been conducted for the utilities through a major technical program managed by
the Electric Power Research Institute (EPRI) ~ the U.S. Advanced Light Water Reactor (ALWR)
Program. In addition to the U.S. utility leadership and sponsorship, the ALWR Program also has the
participation and sponsorship of the U.S. Department of Energy (DOE), international utilities, and
NSSS vendors. International utilities include KEPCo (Korea), Taipower (ROC), ENEL (Italy), GKN
(The Netherlands), JAPC (representing the Japanese utilities), EdF (France), UNESA (representing the
Spanish utilities), VDEW (representing the German utilities), UAK (representing the Swiss utilities),
Tractabel (Belgium) and British Energy. Participating NSSS vendors include ABB-CE, General
Electric, and Westinghouse.

The main goal of the ALWR Program has been to develop a comprehensive set of design
requirements for the ALWR, and to use those requirements as the technical basis for achieving
standardization and regulatory stability in new plant design, construction and operation. The ALWR
Utility Requirements Document defines the technical basis for improved future LWR designs, and has
become an international standard that has been used for bid specifications for new plant orders. The
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program has sponsored extensive design development, testing, safety and cost analysis, construction
planning, and regulatory review for four new ALWR plant designs.

The ALWR program provided a foundation for a comprehensive initiative for revitalizing
Nuclear Power in the U.S., as set forth in the Nuclear Energy Industry's "Strategic Plan for Building
New Nuclear Power Plants", published in November 1990 and updated annually. Before 1994, this
initiative and its Strategic Plan were coordinated by the Nuclear Power Oversight Committee (NPOC);
after 1994, they were coordinated by the Nuclear Energy Institute (NEI). The Final Report of the
Strategic Plan was issued in May 1998. The Strategic Plan contains fourteen building blocks, each of
which is considered essential to building new nuclear plants. EPRI's responsibilities under the Strategic
Plan were the Utility Requirements Document, the First-of-a-Kind Engineering (FOAKE) program,
Siting, and support to the Advanced Reactor Corporation for other project-specific building blocks.
NEI's responsibilities under the Plan included regulatory stabilization and all the institutional building
blocks. The Institute of Nuclear Power Operations (INPO) was responsible for life-cycle
standardization.

The next nuclear plants ordered in the U. S. will be Advanced Light Water Reactors (ALWRs).
Two types have been developed: large units (about 1300 MWe) called "evolutionary" ALWRs and mid-
size units (about 600 MWe) called "passive" ALWRs. The term "passive" refers to its safety features
that depend on natural processes such as gravity and buoyancy, in contrast to powered equipment such
as pumps. Based on the IAEA convention for the term "evolutionary designs" (as contrasted to
"revolutionary designs"), the U.S. considers the mid-size passive ALWR to be an evolutionary plant in
the context of this symposium, since it is based on proven technology and will not require a prototype.

The conclusion that new nuclear plants in the U.S. will be ALWRs is based on many factors:

• the extensive operating experience with today's light water reactors (LWRs);

• the extensive infrastructure and regulatory basis that has been established for LWRs;

• the major reliance on nuclear energy today (-100 GWe of U.S. capacity — 2 0 % of total);

• the imposing challenge of duplicating this infrastructure and regulatory basis for non-LWRs;

• the major improvements over LWRs achieved in ALWRs (safety, simplicity, maintainability);

• the known, favorable economics of ALWRs compared to non-ALWR nuclear options;

• the achievement of Design Certification by NRC for the ABWR and System 80+ in 1997;

• the confidence that the AP600 mid-size passive design will achieve Certification after having
received its Final Design Approval in 1998.

At its inception, the ALWR Program envisioned new plant orders in the U.S. shortly after the
turn of the century, and geared its milestones and deliverables to enabling ALWRs as an option for
utilities by about 2000. The project-specific milestones for this objective have largely been met, and
remaining milestones will be met before or shortly after the turn of the century. What was not
anticipated at the inception of the ALWR program was the intractability of some of the institutional
challenges to new plant construction in the U.S. The dominant challenge today to new construction of
any large base-loaded power generating station in the U.S. is the economic deregulation of the power
generation sector of the electricity business. This deregulation process will take many years, and is
sufficiently unpredictable at this point that most decisions on new baseload generation are being
deferred. Where essential, lower capital cost capacity additions (e.g., gas-fired combustion turbines) are
being made, even if their fuel costs are higher.

As the U.S. looks to the first decade or two of the next century, a very promising picture emerges
for expanded reliance on nuclear energy:
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• Most current plants continue to operate economically, with all objective indicators of plant safety
and performance continuing to improve, a trend that is likely to continue;

• Increasing appreciation among energy policy and political leaders that nuclear energy is an
essential part of a balanced energy supply and environmental protection strategy for the next
century - a strategy that exploits the low life-cycle cost of nuclear and its clean air benefits;

• The costs of nuclear generation are likely to remain constant or continue the historical decline of
the last decade, due to continued efforts to improve efficiency, increase capacity factors, reduce
outage times, control O&M costs, etc. By comparison, fossil generation may face increased
capital and operating costs associated with increased environmental controls;

• Positive trends in public acceptance of the need for nuclear energy as part of the energy mix;

• Likely progress on reducing regulatory uncertainty and barriers to new construction;

• Likely progress on spent fuel storage and disposal issues.

However, in the U.S., new orders for nuclear plants are not imminent. There are three primary
reasons for this - the lack of demand today for major new construction of baseload capacity, the
economic and structural uncertainty associated with deregulation and the lack of an assured resolution
to public concerns over long term management of nuclear waste. These issues are inter-related and will
take years to resolve. Moreover, the life extension of current plants, via U.S. regulations that enable a
20-year license renewal, is the more urgent issue, from both an industry perspective and a national
energy strategy perspective. The fact that most utilities will address the license renewal of their current
plants first, before building new ones, has other benefits as well, such as providing a clearer picture of
the regulatory environment for new plants.

Deregulation will likely drive further consolidation of the electricity business, as evidenced in
recent nuclear utility mergers, acquisitions, and plant purchases by the larger utilities intent on
remaining in the generation business. Deregulation has focused attention on some of the inefficiencies in
the current regulatory regime for nuclear energy, and is likely to drive the U.S. government to find more
effective ways of providing adequate protection of public health and safety. Deregulation has also
focused the industry on the significant variations in production costs among plants, fueling the belief
that the industry as a whole can make further improvements in this area to match the stable, low cost
performance of the top ten plants. These lowest cost plants are also high performance plants from a
safety and regulatory perspective.

Finally, deregulation has focused the nuclear industry on the imperative for ensuring that total
busbar costs for ALWRs are competitive with non-nuclear options. Industry can anticipate some
increases in future fossil generation costs from environmental regulations, but cannot rely on such
potential future cost increases as a panacea for off-setting the high up-front capital costs for nuclear
energy. Industry in the U.S. is looking at the possibility of further cost-saving enhancements to ALWR
designs and construction methods, as well as life cycle cost savings from standardized practices, regula-
tory efficiencies, and shared infrastructure support (e.g., common training, engineering, maintenance
facilities and personnel).

2. HISTORY OF THE UTILITY ALWR PROGRAM

U.S. utility executives that shared a vision for a new nuclear era exercised this leadership in the
early 1980s, and established, under EPRI, an ALWR program to develop detailed functional design
requirements for all future ALWRs, and to help them facilitate a utility-driven framework for future
nuclear plants. These utility executives, after having accumulated three decades of nuclear operating
experience, saw a need to exercise direct leadership over future nuclear plant designs and to improve the
operational and regulatory frameworks they would come under. Utilities carry the ultimate
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responsibility for the safe and economic operation of their nuclear plants. Utilities were achieving
improved performance in currently operating plants, and saw the need and opportunity for ALWRs that
would allow for even better cost and safety performance.

EPRI was asked in 1983 to conduct surveys and assess the prerequisites to reopen the nuclear
option. EPRI surveyed a broad cross-section of U.S. utility executives in 1983-4 and found that a
number of serious institutional hurdles stood in the way of resuming nuclear construction in the U.S.
The U.S. licensing process was unworkable, hundreds of regulatory issues and concerns had been
identified but not resolved, state and local interference and rate control measures were draining
resources from construction projects, no plan was in sight for resolving the nuclear waste issue, and
public opinion was vacillating. These findings were revisited formally in 1990 in formulating the NPOC
Strategic Plan.

The utility executives also concluded that industry could not address institutional and design
issues in series — we needed to make sure that when the institutional barriers were lowered, promising
designs were available. Utilities made it clear that new ALWR designs must be both cost-competitive
and capable of meeting all regulatory requirements in clear and demonstrable ways. Utilities needed
plants that were safer, simpler and less expensive to construct, operate and maintain, plants that would
have very high availability, and plant designs that reduced the potential for operator error. Utilities have
learned from experience that proper planning and investment up front can pay large dividends in
reduced operations and maintenance (O&M) costs over the life of the plant. This focus on quality,
protection of plant investment, and reduced O&M burden all contributed to increased public safety.
Finally, essential standardization would fail to materialize if utilities, representing the customers of
future plants, didn't agree on the design and operational choices being made, and insist they be applied
consistently.

Utilities also saw the need and benefit of broad international utility participation, so design
requirements would reflect worldwide experience and the spectrum of future needs. Utility-driven
requirements should serve as customer specifications worldwide, and should resolve open regulatory
issues so that designs would invoke high confidence of approval by the regulators.

The design concepts available in the mid 1980s needed help from both industry and government
to achieve success. Utility assistance was needed to ensure comprehensive customer input to the design.
Both government and utility industry financial assistance was needed to bring these designs to a much
higher level of design completion and standardization than had been past U.S. practice. Utilities
established a requirement that about 90% of the engineering must be complete before construction
would begin on a new plant. Government assistance was forthcoming, because both Congress and the
DOE saw the public benefits of greater standardization and engineering completion. DOE assistance
and expertise would be critical to success.

2.1 Phase 1: Program Planning and Development; Regulatory Stabilization

The 1983-4 EPRI survey of utility executives showed broad support for safer, simpler plants
with greater design margins ~ a fundamental change from the historical tendency to improve safety via
increased design complexity. Utilities also advocated reliance on proven technology as an essential
policy for future designs. Utilities supported a continuation of LWR technology, and insisted that
radical departures from proven design features would not be welcomed, especially if full prototype
demonstrations became necessary. Another valuable insight from the utility survey was the need to
evaluate the feasibility of smaller nuclear plants — in the 600 MWe range — for use by smaller utilities
or utilities with slower load growth. Utilities wanted to retain the option for evolutionary designs, but
were particularly interested in smaller, simpler designs.

The key objective of Phase 1 was to develop a basis for regulatory stabilization. Over 700 issues
had been identified by the Nuclear Regulatory Commission (NRC) as open regulatory issues for future
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designs. ALWR Program objectives included achieving high assurance of licensability by establishing
design requirements that would resolve the open licensing issues. A process was created in cooperation
with the NRC to categorize the open issues and to identify those that needed priority attention. The list
of 700 issues was then reduced to roughly 50-70 open issues.

2.2 Phase 2: The ALWR Utility Requirements Document

The utility executive surveys conducted in Phase 1 revealed strong support for a utility-driven
process of compiling user requirements for advanced reactor designs. What was desired was a common,
standardized set of specifications applicable to both Pressurized Water Reactors (PWRs) and Boiling
Water Reactors (BWRs) that utilities could agree to, and that the reactor designers and NRC could
accept. In response, the ALWR Program produced a set of detailed comprehensive technical design
requirements for ALWRs. EPRI's Board of Directors approved $20 million for their development, but
before the effort was completed, many international utility participants joined the program, providing
additional leadership, perspective, and resources. The Utility Requirements Document (URD) was
started in 1985 and completed in 1990. The URD is a living document that has undergone many
revisions since first issuance in 1990. The URD covers the entire plant up to the grid interface, forming
the basis for an integrated plant design, i.e., nuclear steam supply system and balance of plant. It
emphasizes those areas which operating experience has shown are most important to the objective of
achieving an ALWR which is excellent with respect to safety, performance, constructibility, and
economics.

Since the ALWR Utility Requirements Document was to be — by definition — a utility consensus
document, a strong Utility Steering Committee (USC) was created to guide the program and to make the
tough technical decisions. The USC of the 1980s consisted of over 20 senior utility executives from
U.S. and international utilities who were directly involved in every phase of the program work, and who
reviewed and approved all program deliverables.

Initially, the URD was defined as a set of 13 separate chapters, each specifying utility require-
ments for a unique functional area of Evolutionary ALWR design, such as Reactors Systems, Building
Design and Arrangement, and Man-Machine Interface Systems. It was submitted to NRC for review
between 1986 and 1989. This set of utility requirements for the Evolutionary Plant later became
Volume II of the overall Requirements Document Structure.

As the feasibility studies for the smaller ALWR plant option progressed, it became clear that the
concept of a smaller, simpler plant with passive safety features had great potential, and a decision was
made to develop a parallel set of requirements for the Passive Plant. The Passive Plant requirements
were designated Volume III. Volume I: "ALWR Policy and Summary of Top-Tier Requirements" was
published in April 1990. Volumes II (Revision 1) and III (initial version) were completed and submitted
to NRC in September 1990. NRC issued its final SER on Volume II of the URD in August 1992, and
issued its final SER on Volume III in August 1994.

As the URD was developed, various ALWR design teams in the U.S. interacted extensively with
the USC to make sure that these design requirements could be implemented. The four designs submitted
to NRC for review included:

• Evolutionary ALWRs (1200 to 1350 MWe):

- General Electric's Advanced Boiling Water Reactor (ABWR)

— ABB-Combustion Engineering's System 80+
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• Passive ALWRs (about 600 MWe):

- Westinghouse Electric's AP600

- General Electric's Simplified Boiling Water Reactor (SBWR) [later deferred]

2.3 Phase 3: Detailed Design Development of ALWR Passive Plants

The third phase of the ALWR program began in 1989. It involved utility support and leadership
in the design and design review of the two specific Passive Plant designs selected for further
development by the DOE. Phase 3 addressed the design engineering needed to achieve NRC Design
Certification.

The U.S. DOE signed major contracts with both Westinghouse and General Electric in 1989 for
the detailed design development and certification of the AP600 and the SBWR. DOE committed $100
million to these efforts. EPRI supported these two projects by providing a significant portion of the
required financial support, as well as an extremely vital program of utility participation in an indepen-
dent, in-depth technical review of each contractor design. In-depth design reviews verified that these
passive plant designs conformed to the Passive Plant URD. As with Phase 2, extensive international
utility support developed for this effort.

Phase 3 also involved significant interaction with the NRC, as generic issues with unique passive
plant solutions were resolved. In many key areas, the utilities had specified requirements more stringent
than current regulations, for the sole purpose of providing "margin to the regulations", thereby providing
operating flexibility and greater assurance of licensability. Current regulations were interpreted for
passive safety grade systems, and critical issues were resolved, such as how regulations should treat the
active non-safety systems in the passive designs.

2.4 Phase 4: First-of-a-Kind Engineering

The next stage of design development, called "First-of-a-Kind Engineering" (FOAKE), covered
the non-recurring engineering outside the scope of the NRC Design Certification. It was funded by the
DOE, the nuclear utilities through EPRI, and the reactor design teams selected in a competitive process.
The FOAKE goals were:

(1) Complete engineering on certified designs in sufficient detail to define firm cost and schedule
estimates and prepare for construction of standardized ALWR plants.

(2) Ensure that an institutional infrastructure is in place to provide resources and manage
completion of detailed design.

(3) Define the process to achieve commercial standardization, that is the design standardization
beyond that required for certification.

The DOE funding plan for FOAKE called for $100 million over five years on the condition that
the private sector would match that funding. Congress appropriated funds starting in FY1992.
Multi-year authorization for FOAKE was a key provision of the Energy Policy Act of 1992.

NPOC designated the existing Advanced Reactor Corporation (ARC) as the organization
responsible for raising the utility funds necessary to provide up to half of the private sector contribution,
with the design teams to be selected for FOAKE to contribute the other half plus any additional
resources needed to meet design objectives. Sixteen utilities pledged to contribute, and sufficient funds
were identified to meet the utility funding target of $50 million. The design teams selected ultimately
contributed in excess of $100 million.
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A Cooperative Agreement between ARC and DOE was signed in February 1992 that gave the
utilities funding the program the responsibility to carry out the selection process, as well as significant
rights to make the technical decisions to be reflected in future designs. An ARC-EPRI Agreement was
signed that same month for administration and technical management of the program. An RFP was
issued for design selection, and procedures for the selection process were established. It was ARC's
intent that at least one evolutionary and one passive design be selected initially for FOAKE funding.
ARC announced their selection of the ABWR and the AP600 designs in January 1993.

The ARC Board of Directors was comprised of the Chief Executive Officers (CEOs) of the 16
contributing utilities. They have established a Utility Management Board, a Utility Sponsor Group for
each design, and an Executive Director and staff to oversee the work.

2.4.1 Phase 4 to Present

Progress from 1990 to date on enabling new plant orders in the U.S. has been governed by the
Nuclear Energy Industry's Strategic Plan for Building New Nuclear Power Plants, discussed below.
This Plan provided a stable vision and accountability for achieving the goals, despite significant
organizational changes in industry. Efforts in the 1980s, prior to publication of the first Strategic Plan,
focused on licensing reform and nuclear waste issues. The task of resolving nuclear waste issues was
assigned to the Edison Electric Institute. Efforts to address licensing reform, via increased standardi-
zation and regulatory approval of designs before construction began, were assigned to the Atomic
Industrial Forum (AIF), later transferred to the Nuclear Management and Resources Council
(NUMARC) in 1987. Improved government support of nuclear energy was assigned to the American
Nuclear Energy Council (ANEC), and public opinion issues were assigned to the U.S. Council for
Energy Awareness (USCEA). These three organizations were merged into the Nuclear Energy Institute
in 1994. Throughout this period, EPRI remained responsible for the design issues and for support of
ARC on project activities.

3. THE U.S. NUCLEAR ENERGY INDUSTRY STRATEGIC PLAN FOR BUILDING NEW
NUCLEAR POWER PLANTS; ACCOMPLISHMENTS UNDER THE STRATEGIC PLAN

In November 1990, the Nuclear Power Oversight Committee (NPOC) initiated the Strategic Plan
for Building New Nuclear Power Plants. NPOC chartered the Ad Hoc Committee on the Strategic Plan
to manage and update the plan each year. Since the formation of the Nuclear Energy Institute (NEI) in
1994, the Strategic Plan has been overseen by the NEI Executive Committee.

The concept behind the Strategic Plan was to integrate the industry's existing efforts related to
ALWRs, and to address the emerging institutional and technical issues on which significant progress
must be achieved to make nuclear energy a viable option for the future. The Plan:

(1) Identified the significant enabling conditions (technical, regulatory, environmental, financial,
legislative, organizational, political and public acceptance) that must be met to achieve the
goal;

(2) Assigned responsibilities to the appropriate industry organizations for achieving each
condition;

(3) Fostered effective coordination between government and industry that pooled respective
expertise and resources to achieve common goals.

The building blocks are outlined in Figure 1, which shows the title and industry group with
primary responsibility for each block.

First and foremost, the 1990s have brought the completion of the advanced standard designs that
have been the Strategic Plan's principal technical focus - including the 1,350 MWe General Electric
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PREREQUISITES FROM ONGOING PROGRAMS

(]) Current Nuclear
Plant Performance

(Utilities)

(ll)High-Level
Radioactive Waste

(ME!)

(12) Low-Level
Radioactive Waste

(NEI)

(13) Adequate, Economic
Fuel Supply

(NEI)

GENERIC SAFETY/ENVIRONMENTAL REGULATION & INDUSTRY STANDARJ

(2) Predictable Licensing &
Stable Regulation

(NEI)

(3) ALWR Utility Requirements

(EPRI-USC)

PROJECT-SPECIFIC ACTIVITIES

(4) NRC Design Certification

(Plant Designers)

(6) First-of-a-Kind Engineering

(ARC/EPRI)

(5) Siting

(EPRI/NED

(7) Life-Cycle
Standardization

(INPO)

INSTITUTIONAL STEPS

(8) Enhanced Public
Awareness

(NEI)

(10) State Economic
Regulatory Issues

(NEI)

(9) Clarification of
Ownership & Financing

(NED

(14) Enhanced Governmental
Support

(NEI)

FIG. 1 Building block summary

Advanced Boiling Water Reactor (ABWR), and two advanced pressurized water reactors, the 1,350-
MWe ABB Combustion Engineering System 80+ Standard Plant, and the 600-MWe Westinghouse
AP600. These designs combine more than 40 years of industry experience in the design and operation of
nuclear plants with the most exhaustive safety reviews ever performed by the NRC. Strong overseas
interest—including purchases, commitments and other expressions of interest by a number of Asian
nations—indicates that the superior safety, reliability and economics of these advanced designs is
recognized worldwide and accepted as the basis for their continuing nuclear power plant programs.

Important developments are occurring in Asia. General Electric's ABWR design has been built
by the Tokyo Electric Power Company at its Kashiwazaki-Kariwa site, and both units of this twin-unit
station are in operation. The Korean Electric Company's Yonggwang two-unit plant, which became
operational in 1995, incorporates many features of the ABB-CE System 80+ design; four other plants
with additional System 80+ enhancements are under construction in Korea. The Taiwan Power
Company has ordered a twin-unit ABWR from General Electric, and excavation of the Lungmen site as
well as equipment fabrication and procurement are underway.

Through its Strategic Plan, the nuclear energy industry has achieved major accomplishments.
Since the Plan was issued, the industry has steadily improved nuclear plant performance. For example,
from 1990 to 1997, operating unit capability factors increased from a median of 71.7 percent to 81.6
percent. Average production costs have decreased—from 2.63 cents to 1.91 cents per kilowatt-hour.
Safety performance indicators have also improved dramatically. These significant and steady trends
have been impressive—increasing our confidence that improved, standardized nuclear power plants will
compete favorably with other electricity generating options.
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Congress passed major legislation, the National Energy Policy Act of 1992, which reformed the
nuclear plant licensing process, committed $100 million to first-of-a-kind engineering for ALWRs,
restructured the uranium enrichment enterprise, and directed improvements in the repository standards
for disposal of the nation's spent nuclear fuel.

Key strategic plan milestones have been achieved in several areas of ALWR development in
addition to the NRC final design approvals and design certifications discussed above:

(1) ALWR design requirements were developed by utilities, reviewed and approved by the U.S.
Nuclear Regulatory Commission, and applied by reactor designers as the bid specification for
standardized ALWRs.

(2) First-of-a-kind engineering—funded jointly by the Department of Energy at $100 million and
by industry at $175 million—has been completed for the ABWR and will be completed in
1998 for the AP-600. This work achieves a high level of plant engineering design completion
and provides critical data on the schedule and cost of construction, providing necessary
certainty for improved project planning. The design and construction of the ABWRs for
Taiwan Power Co.'s Lungmen project are making valuable use of this FOAKE work
completed for the ABWR.

In addition, important progress has been made on a number of long-standing institutional issues,
including enhancing policy-maker and public recognition of the need for nuclear energy; efficient
management of low-level waste; passage of spent nuclear fuel legislation; assuring an adequate,
economic fuel supply; and ensuring that policies of federal and state governments and the financial
community recognize the total, long-term benefits of nuclear energy to the nation.

4. REMAINING TECHNICAL AND INSTITUTIONAL ACTIONS

The May 1998 update to the Strategic Plan to Build New Nuclear Power Plants is the final
report of that Plan. Although the U.S. industry is shifting to a new strategic plan for the 21s Century,
the 1998 Strategic Plan will remain as the detailed plan for ALWR actions completed and remaining.
The industry remains committed to its original goal: to establish the necessary conditions for bringing
about new nuclear plant orders in the United States. Conditions that are not yet fully in place, including
institutional policies and practices conducive to nuclear energy, will be pursued as part of a more
comprehensive industry strategy for positioning nuclear energy for the 21s century. Among the
activities that will continue to be vigorously pursued are:

(1) complete the AP600 design certification;

(2) continue to improve plant operating and safety performance and continue to demonstrate that
economic and safety improvements go hand in hand;

(3) continue to build support for nuclear energy and recognition of its benefits among political
leaders and the general public as the major source of safe, reliable, emission-free electricity for
meeting U.S. needs in the 21st century;

(4) continue to support license renewal for existing nuclear plants;

(5) ensure that state and federal policies shaping a restructured, competitive electricity
marketplace reflect the importance of nuclear energy to the long-term national interest;

(6) stay the course on pressing for the necessary federal, state and local action to address spent
fuel disposition and low-level waste management;

(7) continue to work with the NRC and Congress to ensure regulatory policies and practices do
not unduly put nuclear plants at a competitive disadvantage relative to alternative baseload
generating technologies;
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(8) work with the NRC staff to establish appropriate emergency planning requirements for
ALWRs and to develop common understandings of the Part 52 licensing process, including key
issues related to licensing, construction verification and transition to start-up;

(9) increase emphasis on applying "spin-off' benefits of the Utility Requirements Document and
the new ALWR designs to improve the safety, reliability and economics of existing plants;

(10) identify opportunities to further demonstrate the early site approval process;

(11) prepare to assist prospective owner/operators of future plants in the further development and
regulatory acceptance of standardized operating processes and in the preparation and NRC
review of license applications;

(12) continue efforts to assure an adequate, economic fuel supply to meet the needs of current and
future nuclear plants in the United States;

(13) monitor and learn from ALWR construction and operating experience overseas to enhance
planning for new plant orders in the United States.

Just as industry-government cooperation in research and development has been a key sub-plot to
the progress made toward the goals of this strategic plan, expanding the scope and benefits of nuclear
energy in the U.S. for the next century will require continued federal support. Most of the ALWR
project-specific accomplishments under this plan could not have been achieved without a strong partner-
ship between industry and the Department of Energy, with the strong support of Congress. While the
industry funded about two-thirds of the total cost of this work, these resources would not have been
made available without the cost-sharing and committed support of the federal government. The federally
co-funded ALWR program was completed in 1997. Although no FY98 funding was provided for
nuclear energy, key congressional leaders urged DOE to propose a new nuclear energy research and
development (R&D) program for FY99.

Recognizing the strategic importance of nuclear energy to the nation, and the essential role of
R&D to support continued advances in nuclear technology, DOE and industry worked together in late
1997 to produce the "Joint DOE-EPRI Strategic Research and Development Plan to Optimize U.S.
Nuclear Power Plants. " This joint R&D plan is based on common goals and objectives for nuclear
energy R&D that have already been endorsed by industry and government. It expands those goals and
objectives into R&D tasks to meet these needs. The focus of the EPRI-DOE plan is on currently
operating nuclear plants in the U.S.—exploiting new technologies to further improve their economic and
safety performance, and to extend their safe and economically useful life beyond current licensed
operation. The plan will also support license renewal by ensuring the latest data are available to answer
technical questions that might arise during NRC review.

The EPRI-DOE plan also lists future R&D goals and objectives related to further improving
efficiency and reducing costs associated with ALWR designs. These goals and objectives focus
primarily on improved construction technologies, application of the latest digital technologies, and
similar enhancements. These activities are not currently receiving either industry or DOE funding, but
are expected to be the focus of future resources.

In 1998, Congress appropriated funds for one of the two new nuclear energy R&D initiatives
proposed by DOE - in funding the Nuclear Energy Research Initiative (NERI), which is focused on
long-term R&D and innovative ideas in nuclear technology. A parallel proposal for a new program
focused more on technologies for current plants (the Nuclear Energy Plant Optimization [NEPO]
program) was not funded, but is expected to receive funding in FY2000.
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5. THE FUTURE FOR NEW NUCLEAR PLANTS IN THE UNITED STATES

The transition-in-progress of the highly regulated electric utility industry into a competitive
electricity marketplace is fundamentally changing the rules for determining the need for new generating
capacity and how that need is to be met. For the next few years, existing generating plants are expected
to provide an adequate supply of electricity in most regions of the United States. The electric power
industry is significantly improving the output from existing plants, particularly its nuclear units, and is
developing a variety of resources—conventional generating capacity (primarily gas turbine), demand-
side management, conservation, and non-utility generation—that will support a growth rate in electricity
demand of about 2 percent a year. This is within the range of most growth forecasts.

Soon after the turn of the century, a growing need for new baseload capacity is forecast to replace
and augment the aging workhorses of the U.S. electric supply system. In 1970, 83 percent of U.S.
baseload power plants were less than 20 years old; only 9 percent were over 30 years old. By 2000,
only one-quarter of the baseload power plants will be less than 20 years old, while more than one-
third—about 140,000 megawatts—will be over 30 years old. Some of this baseload capacity must be
replaced as older plants reach the end of their economic life.

Moreover, the composition of the U.S. electric supply system is changing. In the 1980s, virtually
all new generating capacity was baseload, and by 1990, the proportion of baseload capacity was above
historical norms. As a result, much of the new capacity being built today is peaking capacity. By the
year 2000, the proportion of peaking capacity will be at an all-time high, and the proportion of baseload
will be near or below the historic norm. This suggests that the United States will need new baseload
power plants in the next decade.

The industry believes that new nuclear plants will be selected to help meet demand for additional
baseload capacity for several reasons:

(1) Emission limitations and "air pollution caps," such as those required by the amendments to the
Clean Air Act, will increase the cost and potentially limit the ability to generate electricity from
fossil-fueled plants in certain areas.

(2) Increased emphasis by policy-makers on actions to limit greenhouse gas emissions will result
in a greater priority on generating plants that do not produce greenhouse gases. Some policy-
makers are calling for an "emission-free portfolio" for new power generation additions that
would maintain the existing U.S. percentage of electricity that comes from emission-free
sources, including nuclear and renewable energy.

(3) There will be increased uncertainty regarding the price and reliability of supply and delivery of
large quantities of natural gas for use in baseload-'power plants, as well as increased
recognition that renewable energy alone, despite its popularity, will not be able to fill the gap in
electricity demand.

(4) Today's more than 100 U.S. nuclear plants have an outstanding and upwardly trending record
of performance, and the industry has numerous initiatives under way to further improve their
operations. Extensive operating experience with today's plants and the promise shown in the
ALWR Program provide a strong foundation for continued, and expanded, reliance on light
water reactor technology.

(5) Experience from the construction of ALWRs in other countries will provide the foundation to
proceed with new nuclear plant orders in the United States.

(6) A 1992 study by the nation's most prestigious scientific organization, the National Academy of
Sciences, "Nuclear Power: Technical and Institutional Options for the Future," commended the
R&D objectives of the ALWR Program. A study completed in 1997 by the President's Com-
mittee of Advisors on Science and Technology also underscored the benefits of nuclear energy
to the nation and recommended substantially increased federal funding for nuclear energy
R&D.
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In the next few years, companies must start planning for new power plants to meet increased
demand and to replace plants that reach the end of their operating lives. The intent of this plan has been
to ensure that when new baseload generating plants are needed, the nuclear energy option will be
available. The need for new baseload power plants early in the next century dovetails well with the
significant progress made on all fronts under this strategic plan.

6. CONCLUSIONS

This decade also has brought successes and opportunities for nuclear energy: hard-won and
remarkable improvements in U.S. nuclear power plant safety, reliability and economic performance;
significant demand for U.S. nuclear technology overseas, including a growing interest in Asia in U.S.
ALWR plants; a growing global awareness of environmental issues that makes nuclear energy an ever
more compelling energy option; and the positive impacts of industry restructuring that are improving
nuclear energy economics while maintaining high standards of safety.

As the environmental and energy policy goals of the nuclear industry and the nation begin to
converge, the strategy for the 21st century must be to remove any remaining barriers and economic and
political biases against the increased use of nuclear energy. This will facilitate license renewal for
current plants and permit construction of new emission-free nuclear plants in the United States—
specifically NRC-certified ALWR designs.

The industry's expanded strategic direction will take up this challenge. It will provide a
compelling foundation for advocating the significant contribution of nuclear energy toward meeting the
energy and environmental challenges of the next century. Emission-free nuclear energy will be the
generating option of choice for new baseload capacity. A key bellwether for new nuclear plant orders
will be industry experience with the NRC in renewing the licenses for existing plants.

Finally, the nuclear industry will encourage a new commitment to a farsighted national energy
strategy—one that acknowledges that nuclear energy is essential to our future, and that invests in energy
research and development consistent with that strategy. There is great potential for continued
improvements in nuclear technology that will further enhance its safety, reliability and economics, while
fulfilling its role as an emission-free source of electricity.
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