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[1-1: INTRODUCTION
OBJECTIVE

The objective of this document is to provide the Department of Energy (DOE) and the nuclear
industry with the basis for a plan to ensure the availability of near-term nuclear energy options

that can be in operation in the U.S. by 2010. This document identifies the technologicd,
regulatory, and ingtitutional gaps and issues that need to be addressed for new nuclear plantsto

be deployed in the U.S. in thistimeframe. It o identifies gpecific desgnsthat could be

deployed by 2010, aong with the actions and resource requirements that are needed to ensure
their avallability. This near-term roadmap will dso serve asinput for alonger term and broader
scope Generation 1V Nuclear Technology Roadmap being prepared by DOE, as discussed below.

In order to meet this objective, at least one competitive nuclear energy generation option, NRC-
certified and/or ready to congtruct, must be available for order by late 2003. Further, this
Roadmap presents a plan to make available by 2010 arange of competitive, NRC-certified
and/or ready to congtruct nuclear energy generation options of arange of Sizesto meet variations
in market need, in order to have multiple new plants on line by the end of the decade.

CONTEXT AND SCOPE

DOE' s Office of Nuclear Energy, Science and Technology with the advice of the Generation 1V
Roadmap Nuclear Energy Research Advisory Committee (NERAC) Subcommittee (GRNS), is
developing a Nuclear Technology Roadmap for along-term vision for nuclear energy for 2030
and beyond. The Generation IV Nuclear Technology Roadmap is focused on long-term, broad-
scope objectives, including awide range of technology options and gpplications and eectricity
generdtion missons. It isintended to engage and guide internationa cooperation in nuclear
R&D, and will serve globa aswell as domestic markets.

In order to cope with near term needs for nuclear energy in the U.S., DOE has organized a Near
Term Deployment Group (NTDG) (see Attachment 1, NTDG Misson). This group works
cooperatively with the Generation 1V program, and was tasked to develop aNear Term
Deployment Roadmap (“NTD Roadmap”) that will complement the longer term Generation 1V
Roadmap. The NTDG consists of 13 experts from the owner/operator, vendor, academic, and
nationa laboratory communities, and reports directly to the DOE NTDG Manager and the
GRNS. It maintains a dotted-line relationship with the Nuclear Energy Indtitute (NEI) Executive
Task Force on New Nuclear Power Plants, assuring close cooperation with ongoing industry
activities.

This NTD Roadmap proposes a strategy to enable deployment of new nuclear power plants by
2010 that could substantialy resolve the growing energy supply deficit in the U.S. and provide
for an gppropriate and secure energy mix that will help achieve Clean Air Act requirements and
reduce greenhouse gas production — without negatively impacting the U.S. economy. This
Roadmap outlines the near term actions and resource requirements needed to support such a
drategy. The scope of this Roadmap does not include consideration of the reactivation of old
nuclear congruction projects (i.e., completion of partidly built plants), dthough it is recognized
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that such efforts, if found to be cost-€effective, could provide additiona nuclear generation and
help reinvigorate various eements of nuclear industrid infrastructure.

CURRENT SITUATION

The U.S. depends on energy supply to maintain its economic strength and competitive positionin
the globa economy. Americans have come to expect reliable, inexpensve, and environmentdly
friendly eectricity. However, too little basel oad capacity has been added over the last 1-2
decades, creating Situations of inadequate supply (asin Cdifornia) and the potentid for
ecaating energy costs, which could serioudy damage our economy. Addressing our strategic
energy needsis an urgent matter, with clear and direct implications to our nation’s security and
economic strength, to our globa competitiveness, and to worldwide environmental quaity. Both
aggressive consarvation and new supplies must be pursued.

Existing nuclear plants are amgor source of safe, clean, economical, and reliable eectricity in
the U.S and around the world. Nuclear energy provides this nation with 20 percent of its
electricity, second only to coal, and provides 17 percent of the world' s dectricity. However, no
new nuclear plant orders have been executed in the U.S. since 1979. Key factors that existed in
the 1980s contributed to this Stuation:

= Coa and nuclear basdload generation construction in the 1970s and 1980s exceeded
power needs. Over capacity reached 35 percent. The oil embargo and energy crises of
the 1970s contributed to an economic downturn and high interest rates that drove up the
congtruction cogts of projects underway, and made new investment in mgjor capita
projects (e.g., coa and nuclear plants) prohibitive.

= Anungablelicensng process a the NRC discouraged new plant construction.

= |ngitutiond barriers related to lack of public support for expanded use of nuclear energy
arose from reactions to the accident at TMI-2, and alack of an assured means of
disposing of spent nuclear fud.

=  Margind performance by many operating nuclear plants caused extended shutdowns, low
capacity factors, and rising operations and maintenance costs.

DOE and the industry saw a need in the 1980s for addressing performance issues a existing
nuclear plants, and for maintaining the option to build new plantsin the future. Frst and
foremogt, industry undertook amgjor and necessary effort to improve the performance of its
current plants, asssted by the Ingtitute of Nuclear Power Operations (INPO). That effort was
vita to improved safety, NRC confidence in industry’ s cgpability and commitment, and the
economic viability of nuclear utilities. It was a necessary prerequisite to building new plants.

DOE and industry then embarked on ajoint program to enable a nuclear power option in the U.S.
The Advanced Light Water Reactor (ALWR) Program ran from the mid 1980s to the late 1990s.
It was funded on an industry/DOE cogt-shared basis to conduct project specific engineering for
four advanced designs, and addressed the ingtitutiona issues above. It placed apriority on
sandardization of designs and processes, and on establishing utility design requirements for

future designs.
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During this period, Congress and the Nuclear Regulatory Commission (NRC) improved the
licensing process for new plants. They implemented a new regulation, 10 CFR Part 52, which
provided an improved process for early site permitting, standardized design certification, and
combined construction and operating license approval that increased public involvement in the
early stages of the process, and improved the stability of the process as new plant projects
approached completion. Ultimately, the NRC “certified” three standardized designs for
construction inthe U.S.: the General Electric Advanced Boiling Water Reactor (ABWR), the
Combustion Engineering System 80+, and the Westinghouse AP600. (BNFL and Westinghouse
have subsequently acquired Combustion Engineering.)

These three certified designs form an important foundation for near term deployment in the U.S.
However, because of the deregulation of electricity generation in the late 1990s, and concurrent
rapid growth in small natural gas-fired generating units that were well suited to this uncertain
market environment, larger new basel oad plants have not been built. Today, the need for new
basel oad plants (i.e., coal and nuclear plants) is becoming apparent. Both face economic
challenges because of their size and cost. However, analyses by the Energy Information Agency
(EIA) operated by DOE and by the industry show that nuclear energy could generate el ectricity
at acompetitive cost in the U.S.

DOE and industry agree that a parallel strategy is needed to address the need for new nuclear
generation. This parallel strategy should consist of two elements:

1. Near term options with a demonstrable capability for deployment by 2010, consisting of
certified ALWRS, enhanced ALWRs, and near term Generation IV options, and which can
achieve clear economic competitiveness. This element is the subject of this Roadmap.

2. Longer term options that have the potential for major enhancements. These are under the
purview of the DOE Generation IV Program.

This parallel strategy is embodied in both DOE’s“Long Term Nuclear Technology R&D Plan”
(June 2000) and EPRI’ s “Electricity Technology Roadmap, Volume ll: Energy Supply”

(January 1999). Both elements emphasize enhanced safety, reliability, standardization, and
assured licensability, in addition to improved economics. Both elements will meet the regulatory
requirements of the NRC and high-level goals set by industry for ALWRsin the early 1990s, and
both are expected to substantially meet the new goals being established by the GRNS and DOE.

The conclusions and recommendations of this report center on overcoming two primary
obstacles to near term deployment: validating the new regulatory processes for approving the
siting, construction, and operation of new plants, and assuring the economic competitiveness of
deployable designs. Many other gaps and issues are addressed, but these two are paramount to
SUCCESS.

ROADMAP DEVELOPMENT AND | NTERFACES

The NTDG issued an interim work product in May 2001, to respond to an urgent need for an
immediate assessment of near term (FY 2002/2003) funding needs, prior to completion of the
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NTD Roadmap. That report was made available to the Administration and Congress, and has
been incorporated into thisfind NTD Roadmap.

In order to develop this Roadmap, the NTDG solicited and assessed non-proprietary design-
specific information from potentid suppliers and/or potentia customers of reactor technologies
that meet the screening criterialisted below. The NTDG issued a Request For Information (RF)
on 31 March 2001 (see Attachment 2), requesting information on how each candidate technology
meets each of the noted criteria, what specific technologica and ingtitutiond gaps exists which
must be addressed to alow successful commerciaization of the technology, and the cog,
schedule and ddliverables that would be required. Eight nuclear plant designs were submitted to
the NTDG for assessment.

Screening Criteria

The NTD Roadmap evad uates eight desgns againg Six specific screening criteriafor near term
deployment, as specified by the GRNS. These criteriaare:

1. Credible plan for gaining regulatory acceptance - Candidate technologies must show how
they will be able to recaive ether a congtruction permit for a demondration plant or a
design certification by the U.S. Nuclear Regulatory Commission (NRC) within thetime
frame required to permit plant operation by 2010 or earlier.

2. Exigence of indudrid infragtructure - Candidate technologies must be able to
demondtrate that a credible set of component suppliers and engineering resources exist
today, or a credible plan exigts to assemble them, which would have the ability and the
desire to supply the technology to acommercia market in the time frame leading to plant
operation by 2010 or earlier.

3. Credible plan for commercidization- A credible plan must be prepared which clearly
shows how the technology would be commercidized by 2010 or earlier, including market
projections, supplier arrangements, fue supply arrangements and industriad
manufacturing capacity.

4. Cod sharing between industry and Government - Technology plans must include a clear
delinegation of the cost categories to be funded by Government and the categories to be
funded by private indugtry. The private/government funding split for each of these
categories must be shown aong with rationae for the proposed split.

5. Demondration of economic competitiveness - The economic competitiveness of
candidate technologies must be clearly demongrable. The expected dl-in cost of power
produced isto be determined and compared to existing competing technologies dong
with dl rdlevant assumptions.

6. Relianceon exiging fud cydeindudrid sructure - Candidate technologies must show
how they will operate within credible fuel cycleindustrid dructures, i.e., they must
utilize a once-through fud cycle with low enriched uranium (LEU) fud and demondrate
the existence of, or a credible plan for, an indudtria infrastructure to supply the fuel being
proposed.
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Coordination with L onger Range Generation 1V Roadmap

Both theinitia work product (FY 2002/2003 Action Paper) and thisNTD Roadmap have been
coordinated with the longer term Generation IV Roadmap currently under development. These
are complementary efforts. The NTD Roadmap has carefully limited its condderation to only
those reactor design options that have clear potentia to be operationa by 2010. Equd discipline
has been applied to the identification of technical and indtitutiona gaps in these near-term design
options, leaving longer-term issues (e.g., globa sustainability, advanced fud cycles, new
technolog es to enhance proliferation resistance and better manage nuclear waste), to the
Generation 1V Roadmap. Hence, thisNTD Roadmap has not attempted to identify long-term
research needs. It doesidentify short term R& D, as needed to close gaps, and related technica
and programmatic resource needs (i.e., one-time costs) relevant to near term deployment that
would be cost- shared between industry and Governmen.

The NTDG works closaly with other Working Groups in the broader Generation 1V program to
share information, exchange information and conclusions; and to ensure NTDG work products
are useful as an input to the longer-term Roadmap devel opment.

Coordination with | ndustry

The NTDG coordinates its efforts with those of the Nuclear Energy Indtitute (NEI) Executive
Task Force on New Nuclear Power Plants, assuring close cooperation with ongoing industry
activities. Thisinteraction has helped the NTDG develop a practica and gppropriate plan for
divison of resources and responsibilities between DOE and industry. In generd, most of the
near term needs can be met through public/private partnership.

ROADMAP ORGANIZATION

This Roadmap congsts of two parts, a“ Summary Report” (Volumel) and this“NTD Roadmap”
(Volumell). The NTD Roadmap is organized as follows:

Chapter 11-1: Introduction
This Chapter provides the objective of this Roadmap, its context and scope asit relates to the
current energy Stuation in the U.S,, and a summary of the organization of the NTD Roadmap.

Chapter 11-2: Background

Additiona detall is given on the nationa energy Stuation, role of nuclear power, history of DOE
and industry programsin support of new plants (including the ALWR program), and the
Generation |V initiative. Detall isaso provided on regulatory issues.

Chapter 11-3: Generic Gap Evauations
The generic gaps and issues are identified, aong with solutions and resource requirements to
close these gaps.

1-5



Near Term Deployment Roadmap 10/31/01

Chapter 11-4. NTDG Economic Andyss
The conditions of the de-regulated eectricity generation market are reviewed and the economics
of future plants assessed.

Chapter 11-5: Desgn Option Evauaions
Each desgn is evduaed including:

= Criteria assessments
= Desgn-specific gap and gap-closure andyses
= Oveadl assessment, induding the timelines for deployment

Chapter 11-6: Conclusons and Recommendetions

This section provides an integrated/consolidated summary of key recommendations to close the
design-specific and generic gaps. It aso provides the basis for the recommendationsin the
Executive Summary of Volume . This Chapter includes a separate set of strategic
recommendations for accelerating new plant deployment via market-driven initigtives, primarily
based on public-private partnerships. Findly, this section refers to recommendations for R&D
and proj ect-specific funding, based on a funding table (Appendix J), specifying dl Ste-specific,
generic, and design-specific funding requirements for al desgnsthat NTDG judges should be
candidates for industry- Government cost sharing for near term deployment.

Appendices.

Design Description, Advanced Boiling Water Reactor (ABWR)
Design Description, ESBWR

Design Description, SWR 1000

Design Description, AP 1000

Design Description, AP 600

Design Description, International Reactor Innovative and Secure (IRIS)
Design Description, Pebble Bed Modular Reactor (PBMR)

Design Description, Gas Turbine Modular Helium Reector (GT-MHR)
Cogt Sharing Retionde

Near Term Deployment Roadmap Resource Needs

Background and Source Documents

L. ReferencelList

M. Acronyms

AT IOTMMOUOW»

Attachments;

Near Term Deployment Group Mission

Near Term Deployment Group Request for Information

NEI's“Vison 2020" — Strategic Objectives for Nuclear Energy’ s Future
NEI’s*Integrated Plan for New Nuclear Plants’

PwWNPE
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[1-2: BACKGROUND

BACKGROUND TOPICS

The purpose of this Background Chapter isto explain why a success oriented strategy for near
term deployment of new nuclear energy plantsis necessary and how it fitsinto anationa energy
policy. It will provide a perspective on the following four key issues:

1. Thenaion’senergy and environmenta needs that judtifies this near term god, and role of
nuclear energy

2. Theinitiativesthat DOE and industry have pursued to enable new nuclear plant ordersin
the U.S.

3. Thereadiness of nuclear energy to contribute to meeting the nation’s energy supply needs

4. Thekey regulatory processes that are critical stepsin the deployment of new nuclear
plants

The authors of this report have concluded that a strong need exists for near term deployment of
new nuclear power plantsin the U.S. Hence, this Roadmap establishes a process and success-
oriented strategy committed to reaching thisgod. The NTDG hasidentified the technologica
and inditutiona gaps which must be addressed to dlow successful commercidization of the near
term deployment technologies, and the cost, schedule and deliverables that would be required.
The NTDG has attempted to develop rather complete estimates of the resources (schedule and
funding levels) required to close the ggps in time to meet the 2010 deployment goal. The intent
of this effort has been to identify those actions and recommendations that are necessary and
aufficient to deploying multiple nuclear power plantsin the U.S. by the end of this decade.

U.S. ENERGY AND ENVIRONMENTAL NEEDS, ROLE OF NUCLEAR ENERGY

There is a growing consensus that the U.S. needs a balanced energy policy that both encourages
conservation and adds new energy supply. Too little basdoad capacity has been added over the
last 1-2 decades, creating Stuations of inadequate supply (asin Cdifornia) and the potentia for
escalating energy cogts, which could serioudy damage our economy. Further, fossil fud price
uncertainty and fossil fuel environmental impacts, including clean air consderations and the
potentia for globa warming, are creating arenewed pressure to deploy dternative energy
sources that are non-emitting, such as renewable energy and nuclear energy. Findly, recent
events emphasize the need for stable and reliable domestic energy sources and for fud diversity,
so that dependence on imported energy can be reduced.

Thereare atotal of 103 nuclear reactor units or plants operating at 65 stesin the U.S. today.
Virtudly al of these 103 U.S. nuclear plantswill apply for a 20-year license renewd to help
meet these energy demands. Increased environmental controls and potentid fud supply
problems continue to put pressure on fossil energy costs. Renewable energy continues to find it
difficult to make asufficiently reliable and economic contribution to our nationa dectricity
supply. Hydropower can be relicensed in some Situations, but significant growth in hydropower
isunlikely. With energy demand growing and no easy answvers, U.S. nationa energy policy
must embrace a balanced portfolio of supply options that includes increased use of safe, reliable,
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and emisson-free nuclear energy. Energy conservaetion is very important, but increasing demand
cannot be met by conservation adone.

Power rdiability is becoming an extremely important congideration in the digital economy, and
isincreasingly becoming afactor in deciding where to Site new businesses that require extremely
high rdigbility — upwards of “gx nines” Rdiable basdoad generation is the foundation for high
rdiability, backed up by distributed sources and emergency generators.

Large amounts of bulk power are needed to power our mgor cities and industrial aress. Mass
trangt is necessary to mitigate air quality impacts, including increased greenhouse gas emissons,
from carbon-based mobile sources. Other environmenta protection systems, such as wastewater
treatment and water purification, aso require bulk eectricity to serve the large, urban

populations where 80 percent of Americans now live—not to mention to help meet dectrica
demands of a concentrated population. Nuclear plants offer an advantage to regions of the
country with growing requirements for large amounts of bulk power.

Addressing our grategic energy needs has direct implications to our nation’s security and
economic strength, to our globa competitiveness, and to worldwide environmenta qudity. The
need to build new nuclear plantsis being discussed in the U.S,, aswdl asin other countries.
However, bringing new nuclear plant technologies to the marketplace is chdlenging — there are
sgnificant uncertainties associated with the complex regulatory and financing processes, which
impact cost and schedule.

Electricity Supply in the U.S. and Nuclear’s Contribution

U.S. dectricity demand grew by 2.2 percent ayear on average during the 1990s, and increased
by 2.6 percent in 2000. Even if demand grows by a modest 1.8 percent annualy over the next
two decades—as forecasted by the U.S. Energy Information Administration—the nation will
need nearly 400,000 megawatts of new eectric generating capacity, including replacement of
power plants that will close during that time. This capacity is the equivaent of building about
800 new mid-size (500-megawatt) power plants—or 40 new plants every year for the next 20
years. At 2.5 percent annua growth, which is closer to the growth rates experienced during the
1990s, the United States will require an additiona 564,000 megawaetts to meet new electricity
demand and replace aging power plants that have reached the end of their useful life,

In Cdifornia, shortages of dectric generating capacity and risng natura gas prices have
contributed to skyrocketing consumer dectricity rates, the bankruptcy of one mgjor eectric
company, and blackouts affecting millions of people and thousands of businesses—al at a cost
of billions of dollars. Cdlifornia provides avivid example of the societal impacts of failing to
add new generation and transmission capacity, aswell asthe societal impacts of fossil fud price
volatility when capacity margins are thin. Similar dectricity shortages are forecasted for other
regions of the country during the next few years.

An higtoric contributor to U.S. economic strength has been its abundant and diverse energy

supplies, resulting primarily from ample domestic supplies of amix of competing fuels for
generding eectricity. A hedthy economy requires stable, low cost, and rdigble eectricity, and
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adequate reserve margins.  These features are more difficult to achieve and maintainin a
deregulated dectricity marketplace. Federd and State Governments have concluded correctly
that deregulation will benefit dectricity consumersin the long run, but Government must assume
greater respongbility, through market incentives, to ensure adequate reserve margins.

Nuclear energy is the second largest source of dectricity in the United States, providing 20
percent of the nation’ s dectricity, and our largest source of emission-free eectricity generation,
providing 70 percent of eectricity in that category. Licenserenewd of the nation’s 103
operating nuclear plantsis critical to maintaining this contribution to energy supply over the next
two decades. But where will new capacity come from? Economic and environmental
considerations will be key factorsin new capacity decisons.

Environmental |ssues and Nuclear Enerqgy’s Rolein Emission Avoidance

Nuclear energy has been amgor component of achieving domestic air quality gods for over
three decades. Between 1973 and 1999, nudlear plants avoided the emission of 32 million tons
of nitrogen oxide, 62 million tons of sulfur dioxide and 2.6 hillion tons of carbon. During this
period, making eectricity in nuclear plants avoided more tons of nitrogen oxide (NOX) than
were diminated through foss| plant controls under the Clean Air Act. 1n 2000 aone, nuclear
plants avoided more than 4 million tons of sulfur dioxide (SO,), nearly 2 million tons of NOX,
and 174 million metric tons of carbon equivaent. In the absence of current nuclear production,
the difference between current U.S. greenhouse gas emission levels and our 1990 basdine
established in the Framework Convention on Climate Change would double.

Future efforts to control greenhouse gases will require continued investmert in emisson-free
technologies of dl kinds, but particularly nuclear plants because of their szable dectric output,
minima environmenta impact and Siting capakility near load demand. The vitd role of
emisson avoidance is evident in the success of voluntary emission reduction programsto date.
With gpproximately haf the units reporting so far, nuclear plants are the single largest
contributor to voluntary greenhouse gas emission reductions (40 percent of the program) under
the Department of Energy's 1605(b) Program established under the 1992 Energy Policy Act.

Electric generating facilities have faced significant emisson reduction requirements, especidly
because large, sationary sources of emissons are easer to regulate than small or mobile sources.
But dectric generating facilities that prevent air pollution to begin with—such as nuclear power
plants—also have played amgor role. For example, if the United States were to replace dl its
nuclear plants with pollution-emitting generation, our nation would have to take 135 million
passenger cars off the road to keep carbon emissons from increasing.

Consider the importance of nuclear energy in three eastern ates:
= |nNew Jersey, nuclear power plants accounted for 51 percent of total eectricity

generation in 1999. They aso avoided substantial emissions: 80,000 tons of nitrogen
oxide, 160,000 tons of sulfur dioxide and nearly seven million tons of carbon.
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» Nuclear energy generated 47 percent of the eectricity in Connecticut—avoiding the
emission of 30,000 tons of nitrogen oxide, 70,000 tons of sulfur dioxide and nearly 3
million tons of carbon.

=  Nuclear energy generated 26 percent of the dectricity in New Y ork, avoiding the
emission of 110,000 tons of nitrogen oxide, 200,000 tons of sulfur dioxide and 8.5
million tons of carbon.

Many other states face the same issue to varying degrees. These states Smply cannot meet the
broad spectrum of clean air requirements unless they use nuclear energy for a substantial
proportion of their eectricity generation.

Also, the cost of NOX alowances — which dectricity generators have to buy in order to runin
Cdifornia— increased dramaticaly through the summer months. Just the increase in the price of
NOX dlowances increased the price of eectricity by $39 a megawatt- hour between May and
September, for atypica combined cycle gas-fired plant. Andysis showsthat about a fourth of
al new gas-fired power plants across the country are proposed for areas that are already
classfied non-atainment for ozone. So buying NOX alowancesis going to become an even
more sgnificant cost component nationdly.

The benefits to society from emission free and highly reliable nuclear energy are huge. Nuclear
energy reduces our dependence on foreign sources of energy fuels, and reduces the demand on
precious natural gas resources So critica to transportation and residentia sectors, and to awide
range of manufacturing applications. Nuclear energy is good for the overdl economy because
expanded nuclear capacity alows currently operating cod plants to continue to operate longer,
many to end-of-life, within federdly mandated emissons limits, giving time to rebuild and
modernize the generation infrastructure a a pace that does not drag the economy down. Nuclear
energy usein the dectricity sector aso gives more time to work on environmenta and energy
solutions in the trangportation sector.

INDUSTRY AND DOE NUCLEAR ENERGY INITIATIVES

In cooperation with DOE, the utility industry, with support from EPRI, initiated the Advanced
Light Water Reactor Program in 1983, focused on addressing al the technical obstacles and
shortcomings of existing reactor designs. A primary technical objective of the program was to
develop designsfor future LWRs that were safer, more reliable, easier to operate, and less
expengve than existing designs. A vehicle to assure this outcome was the development of the
ALWR Utility Requirements Document by senior, experienced utility personnd inthe U.S. and
overseas that incorporated the lessons learned from decades of worldwide operating experience
with LWRs and specificdly defined owner-operator needsin light of that experience. In 1990,
the nuclear industry issued a* Strategic Plan for Building New Nuclear Power Plants’ to guide
implementation of the overdl program, which was updated annudly through the find Strategic
Planin 1998.

This Plan integrated the technical and project-oriented “building blocks’ from the DOE-EPRI

ALWR program with the inditutiona and licensing building blocks under the responsibility of
NEI. It established an industry-wide commitment to avery high leve of sandardization of
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designs and plant processes for dl future plants. Replacing this Strategic Plan in 1999 was
NEI’s“ Strategic Direction for Nuclear Energy in the 21% Century”, issued annualy. One of the
drategic “ compass points’ in this plan focuses on building the next generation of nuclear power
plants.

DOE drategic planning documents have condstently supported maintaining a viable nuclear
option. DOE-NE has along history of supporting advanced reactor development. However, its
programs to develop high temperature gas reactors and liquid metd reactors were terminated in
1994 and 1995 with much more work left to do. The ALWR program, jointly funded by DOE
and industry, had its DOE funding terminated after 1997. Industry completed the unfinished
ALWR work scopein 1998.

Despite funding limitations, these industry and DOE efforts resulted in mgor improvementsin
currently operating plant performance, an improved licensing process for new plants, and three
advanced reactor designs, certified by the NRC in 1996-1998. These three standardized designs
conform to U.S. utility requirements established in the early 1990s, and meet or exceed al U.S.
safety regulations. They are smpler, safer and more robust designs, devel oped expressly to
provide increased design margins, improved human factors, improved congtructibility and
maintainability, and improved economics over current plants.

The economic targets established for ALWRS, benchmarked againgt pulverized cod generating
technology, did not account for the deregulation of dectricity generation and for the mgor
advances in the economy and performance of gas-fired combined cycle generation. Asaresult,
even though currently operating nuclear plants are now the low cost producers of eectricity
across the country, ALWRs are currently only marginally economic. Deregulation has made
large capitd investment in new generating plants even more difficult.

Industry Willingness to Proceed in Partner ship with DOE to Build New Plants

A number of factors are combining today to demand options for new nuclear energy plantsin the
U.S. These demands are both near-term and long-term in nature. Key factors are:

=  Growing concerns over the environmenta impeacts of fossl fudls, including both clean air
issues and greenhouse gas issues, resulting in the need for arapid expansion of nort
emitting generation technologies (i.e., nuclear and renewables).

= Continued growth in energy demand and increasing awareness of the need for highly
reliable basd oad generation to balance the recent over-emphasis on pesking and
intermediate capacity in many parts of the country. Even with an economic downturn in
the short term, retirements of older fossil plants will nevertheless creste a demand for
new nuclear plants.

= Volatile naturd gas prices and backlogs in gas turbine plant fabrication and congtruction.

= Theinability to date of renewable energy (the only expandable non-emitting generating
technology option other than nuclear) to make significant market penetration, despite
sgnificant research and development investment.
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Although standardized reactor designs developed in the early 1990s were certified recently by
the U.S. Nuclear Regulatory Commission (NRC) under 10CFR52, they were designed to meet
the needs of aregulated eectricity market, in which costs had to be “prudent” and competitive
with pulverized cod, the primary basdload dternative of the 1980s and 90s. For the deregulated
markets of the new millennium, new nuclear plants mugt offer totd life cycle generating costs
(including financid risks) that are at least equd to those of any other dternative, including

modern naturd gasfired units.

The three certified reactor desgns offer safety and rdiability improvements over current
technology, as well asimproved life-cycle economic performance. Certified designs dso have
the advantage of being ready today — offering both construction schedule and regulatory
certainty advantages. However, even with their superior production costs (as evidenced by
current nuclear plant economic performance) future plants need to be made even more
competitive in terms of their total cogts (including capita costs) in order to penetrate all
segments of today’ s deregulated markets. Relatively easy and cost effective steps should be
taken to lower busbar costs for these certified designs, while at the same time pursuing additional
promising options with near-term potentia to achieve lower capital codts, so these designs can
compete favorably in dl deregulated eectricity marketsin this decade.

DOE Status and Available Resour ces

DOE programs and resources for advanced reactor development ramped down from ~$125M in
1992 to zero in 1998. Due largely to the timely 1997 report by the President’s Committee of
Advisors on Science and Technology (PCAST) on energy R& D needs, a consensus of energy
policy makers emerged that nuclear energy supply R&D needed to be restored. In responseto
the PCAST report, DOE proposed and Congress funded two new nuclear energy R&D programs.
the Nuclear Energy Research Initiative (NERI), initiated in FY 1999 to address longer-term

issues facing nuclear energy, and the Nuclear Energy Plant Optimization (NEPO) program,

initidly funded in FY 2000 to focus on performance of currently operating nuclear plants.

NEPO has been funded at $5M for FY 2000 and FY 2001.

NERI has expanded since inception and was funded at $35M for FY2001. The NERI encourages
innovative scientific and engineering research at universities, nationd laboratories, and

individua companiesin such areas as advanced reactor and power conversion cycles, capita
costs of future nuclear power plants, low output power and specia purpose reactors, safety and
proliferation resistance, and the continuing challenges associated with nuclear waste. Starting in
FY 2001, $7M of the tota NERI funding has been earmarked for internationa projects. NERI is
auseful source of funds to help make progress toward some of the gods of this Roadmap.
However, because of its limited funding and specific programmeatic nature (proposer-driven
innovations), NERI is not amenable to supporting work that must be directed in atimely manner
to meet the specific R& D needs of near term deployment (i.e., market-driven needs as identified
in this Roadmap).

In October 1998, the Nuclear Energy Research Advisory Committee (NERAC) was chartered by

DOE to advise the agency on nuclear R&D issues. One of the subcommittees under NERAC is
the Subcommittee on Long-Term Planning for Nuclear Energy Research. That Subcommittee
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developed a*“Long- Term Nuclear Technology R&D Plan,” published in June 2000. It covered
all aspects of DOE-NE's charter for R& D, including reactor development, medical isotopes,
radiation sources, and space systems. Its section on Nuclear Power addressed R& D needsin:

Advanced fud cycles

Plant operations and controls
Moddling

Probabiligtic risk assessments
Humean factors

Organizationd performance
Reactor technology and economics

The Long-Term R& D Plan recommended tota annua funding at $240M in 2005, assuming a
ramp-up from now to 2005 to reach that funding level. Of the $240M, about $100M was
proposed for R& D in the nuclear power categorieslisted above. To date, some limited action
has been taken on these recommendations, primarily via NERI, the Nuclear Engineering
Educationd Research (NEER) Program, and FY 2001 programs discussed below.

The Long-Term R&D Plan recommended R& D objectives and tasks for both Generation 111 and

Generation 1V technologies. For Generation IV demondtration projects, this funding extended
beyond 2010. Details have been factored into the R& D agenda contained in this Roadmap.

Another NERAC Subcommittee is the Subcommittee on Operating Nuclear Power Plant
Research, Coordination, and Planning, with responsibility to advise DOE on the conduct of
R&D, including criteriafor prioritizing research for operating nuclear power plants, with afocus
on NEPO. Although focused primarily on current plants, it does have advisory responghility for
any R&D that could benefit both current plants and near-term ALWR options.

In August 2000, another NERAC Subcommittee was established: the Generation IV Roadmap
Subcommittee (GRNS). This Subcommitteg sinitid task was to reach consensus on a set of
design godsfor Generation IV reactors. In pardld, it has oversight over the development of a
Generation 1V Roadmap, authorized by Congressfor FY2001. Thiseffort is underway, and
includes both Near Term Deployment and Generation 1V planning.

Congress appropriated the following funds in FY 2001 for advanced reactor development:

*=  Geneation IV Technology Roadmap: $4.5M
(To create aplant to develop and deploy advanced nuclear power plant technology.)

*  Smadl and Modular Reactors. $1IM
(To provide astudy to Congress regarding the viability of small reactors.)
»  Commercid GT-MHR: $1IM

(To chart apath to leverage Pu-burning GT-MHR technology to create competitive
commercid plants.)

= ALWR: $IM
(To assess ways to make ALWRs more competitive and deployable in the U.S))
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Congress appropriated atotal of $12M in FY 2002 for advanced reactor development:

= $4,000,000 for completion of the Generation IV Technology Roadmap

= $3,000,000 for advanced reactor development consistent with the longer-term
recommendations of the Generation 1V Technology Roadmap and to continue research
begun in FY 2001 on smdl, modular nuclear reactors.

= $3,000,000 to share with industry the cost of new NRC licensing processes. (For these
funds, Congress encouraged DOE to implement the recommendations of NERAC'sNTD
Group to support industry applications to the NRC for Early Site Permits, Combined
Operating Licenses, and Design Certifications.)

= $2,000,000 for fud testing, code verification and vaidation, and materids testing at
nationd |aboratories in support of license goplications for new reactor designs.

DOE and industry have along history of cooperation and joint funding of nuclear energy R&D,
as discussed in the industry status below. 1n October 1999, DOE and EPRI updated their basis
for joint R&D planning and cost sharing, viaa Memorandum of Understanding (MOU) on
Cooperation in Light Water Reactor Research Programs.  The purpose of that MOU was to
establish the guiding principles under which cooperative research programs between EPRI and
DOE' s Office of Nuclear Energy, Science, and Technology will be planned and conducted.

Industry Status and Available Resour ces

Industry funded about 2/3 of the $1B+ ALWR Program, over the course of its history from 1983
t0 1998. Theseindustry funds included about $165M utility contributions via EPRI, and about
$480M to $600M reactor vendor contributions (depending on how one countsin-kind
contributions from internationa partnersin vendor ALWR programs). Thisjointly funded
program with DOE resulted in three NRC-certified ALWR designs, the Generd Electric
Advanced Boiling Water Reactor (ABWR), the Combustion- Engineering (now Westinghouse)
System 80+, and the Westinghouse AP600. Thislast design is a passive-safety mid Sze plant
(~600 MWe); ABWR and System 80+ are large, 1300 MWe evolutionary designs. Both of these
evolutionary designs (with minor design changes) have been built overseas in Japan and Korea,
respectively. Also, an ABWR is under congtruction in Taiwan. These construction projects have
enabled further engineering details to be completed for these certified designs for potentia
condructioninthe U.S.

The U.S. reactor vendors, Westinghouse and General Electric, have continued to develop
enhancementsto their ALWR Program designs. Westinghouse has completed significant
engineering work on an AP1000 design, which incorporates taler fuel assemblies, larger seam
generators and turbine-generators and a few other selected components from currently operating
desgnsinto the AP600. This power uprate utilizes AP600 design festures and safety analysis
wherever possible. With anidentical plant “footprint,” the additiond costs for the upgrade are
smdl compared to the overdl| capital costs, dlowing for amgor overdl capital cost reduction.
The U.S. NRC hasinitiated design review of the AP1000.

Generd Electric developed a Smplified Boiling Water Reactor (SBWR), a mid-Sze passve
safety design, under the ALWR program. However, this design was not carried to sufficient
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completion to obtain a U.S. NRC design certification. GE has continued SBWR devel opment
with European partners, with the objective of offering alarger plant and achieving Smilar cost
reductions as are being identified for the AP1000. The resultant design, the ESBWR,
incorporates the passive features of the SBWR into a 1380 MWe design that is essentidly the
same Sze asthe ABWR and utilizes much of the ABWR' slayout and balance of plant sysems.

Other ALWR projects underway include the European Pressurized water Reactor (EPR) and the
SWR-1000, both being developed by Framatome; and the Westinghouse BWR 90+ being
developed with European partners, primarily in Finland and Sweden.

Significant progress on two commercia nort ALWR designs was achieved over the last decade,
with most funding for thiswork coming from DOE: the Generd Electric PRISM reactor (a
smadl, modular liquid meta-cooled reactor), and the General Atomics Gas-Turbine Modular
Helium reactor (GT-MHR), asmadl, modular heium gas-cooled, direct cycle reactor.

During the last two years, U.S. interest has developed in another type of helium-cooled reactor,
the Pebble-Bed Modular Reactor being developed by ESKOM, the South African nationd utility.
The PBMR is amdler than the GT-MHR, but dlows for on-line refuding and therefore very high
projected availahility. It isbased on pebble-bed reactor technology developed in Germany in the
1970s and 1980s. One U.S. utility, Exelon, isinvesting in this development effort, and market
interest is expected to grow.

Since theforma completion of the ALWR Program in 1998, EPRI funding for advanced reactor
development has been limited to a smdl portion of EPRI-wide Strategic Science and Technology
(SS&.T) funding for longer-term R& D needs. Total advanced reactor development funding at
EPRI since 1998 has averaged $2.5M/year. However, EPRI’s senior nuclear utility advisory
committee, the Nuclear Power Council, has indicated a desire to expand this effort using funds
earmarked for long-term R&D. EPRI funds have been alocated to ALWR enhancements,
including improved congtruction techniques and risk-informed regulation, and to helium reector
scoping studies.

Starting in 2001, the EPRI’s Nuclear Power Council will have oversght over alarger strategic
R&D budget (~$3.7M), much of which will be available to advanced reactor development. With
the additiond resources available, EPRI has committed to cover dl the generic expenses of
NEI’s activities under its Executive Task Force on New Plants, primarily in the areas of Early
Site Permit, regulatory framework, and Part 52 licenaing issues. These EPRI fundswill dso be
used to support the development and execution of the “ Strategic Bridge Plan”. In addition, EPRI
funds may be avalable to asss in implementing some of the actions identified by this Roadmap,
in cooperation with DOE, likely through cost-sharing arrangements.

However, EPRI’ srole, as a non-profit organization, is congtrained by available resourcesto
focus primarily on generic activities, in support of NEI, utilities and suppliers, where common
solutions provide broad benefits. The primary source of private sector funding to accomplish the
godls of this roadmap will come from reactor designers, investors, and nuclear generating
companies who will purchase new plants. The one-time costs of these investments aso need
DOE cost-sharing.
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READINESS OF NUCLEAR ENERGY TO CONTRIBUTE TO NEW GENERATION

Performance of Today’s Plants

Nuclear energy has proven itsdlf to be a safe, environmentaly sound, economically competitive
source of eectricity for the United States and an indispensable component of our nationa energy
mix. Nuclear energy plantsin the U.S. lead the world in most categories of performance, and
continue to improve.

In 2000, nuclear plants generated arecord 754 billion kilowatt- hours of dectricity, 25 billion
kilowett- hours more than the previous year and 178 hillion kilowatt-hours more than in 1990.
Last year's record performance capped the best decade in the industry's history. The average
production cost of electricity generated by nuclear power plants during 1999 was the lowest of

al fud sources. For the industry as awhole, nuclear production costs (operations, mai ntenance,
and fudl costs) in 1999 of 1.83 cents per kilowatt-hour were lower than production costs for coa
(2.07 cents per kilowatt-hour), natural gas (3.52 cents per kilowatt hour, even prior to natura gas
price spikes) or ail (3.18 cents per kilowatt-hour).

The dramatic increase in dectricity generation by Americas nuclear plantsis aso one of the
most successful energy efficiency programs of the past decade. Output increases are equivaent
to adding 22 1000- megawatt power plants to our nation's dectricity grid, without the impacts
that would have occurred if new facilities had been brought on line to meet these needs.
Although the lack of new nuclear congtruction since the 1980s often is identified as asign of
indugtry stagnation, in fact, the more efficient operation of existing nuclear dectric generating
facilities has been an environmentaly beneficid dternative for making additiona dectricity.

The growth in nuclear dectricity production is primarily the result of two factors. Thefirgt is
that nuclear plants are operating more efficiently. Refuding times have decreased and once
common unscheduled shutdowns are Sgnificantly reduced. The second factor is that many
nuclear plants have undergone equipment uprates, allowing them to produce more eectricity
than was initidly planned.

The total cost of producing dectricity from current, well-managed nuclear plantsislessthan 2.5
cents per kilowatt-hour (kWh). This cost compares favorably with combined cycle natura gas
plants at 3.5 to 4.5 cents per kilowatt-hour (assuming a gas price of $3 to $4 per million BTUS).
Natura gas prices paid by dectricity generators have been volatile in the past year, more than
doubling over many months and causing serious regiona economic repercussons such asin
Cdifornia. In contrast, nuclear fud costs have been subgantidly less voldile.

Plant uprates, improved maintenance, reduced outage times and safety improvements are
expected to continue to provide higher operating efficiency and additiona eectricity output from
exiging power plants. But these increases are finite, limited to the maximum capacity of each
reactor.
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Nuclear Generation Essential to Protecting U.S. Air Quality

As discussed in the previous Chapter, the benefits to society from emission free and highly
reliable nuclear energy are huge. As tilities, investors, and energy planners make decisons on
future dectricity generation technologies, they will need to consider the environmenta impacts
of their choices. Nuclear energy protects the environment. As discussed below, the nudear fue
cycdeiswdl managed, its environmental footprint is very smal compared to dternatives, and its
total costs are dready “interndized,” i.e.,, included in the cost of nuclear dectricity.

A Safe Waste M anagement Record

Nuclear energy facilities, like other dectricity sources, have waste streams and byproducts that
must be managed safdly. The environmentd policies and practices a nuclear energy plants are
unigque in having avoided or prevented sgnificant harmful impacts on the environment since the
gart of the commercia nuclear industry more than 40 years ago. Effective waste avoidance,
minimization and management practices have successfully prevented or mitigated adverse
impacts on water, land, habitat, species and air from releases or emissonsin the production of
nuclear eectricity. Throughout the nuclear dectricity production process, the smal volumes of
waste byproducts actualy created are treated and released, or carefully contained, packaged and
safely stored.

The safe handling and storage of used nuclear fud is one of the most successful solid waste
management programs in the industria sector. Used fud rods are stored in contained, stedl-lined
pools or in robust tainless stedl containers at limited-access reactor Stes.

Asaresult of improved process efficiencies, the average volume of waste generated at nuclear
energy plants has decreased significantly in the past two decades. The high-level radioactive
materid in used fud rods totals less than 20 metric tons per nuclear plant each year.

Although U.S. policy originally envisioned recycling reactor fudl to separate out the waste and
reuse the remaining fud, policy changes and high cogts of recycle resulted in aplan to
disposition the unseparated fudl in a deep geologic repository, leading to the site characterization
project a Y ucca Mountain. Research continues to devel op improved processes for recycling
used fue—along-term policy option that could provide strategic fuel reservesthat can increase
the future contribution of nuclear dectricity to sustainable development. Whether or not that
research is successful and is supported by apolicy consensus, the fact remainsthat afedera
gpent fue management program is necessary. Even if recycling of future spent fud is
implemented, nuclear wastes from today’ s plantswill till exist and require safe storage.

A presdentia decison is scheduled for thisyear on the suitability of afederd repository at

Y ucca Mountain, Nevada. The Y ucca Mountain program iskey to effective spent fue
management since cogt-effective operation of nuclear plants cdls for a centrdized, permanent
dte to continue the environmentaly preferable practice of isolated storage for used fuel. Asa
world leader in nuclear technology, the United States should dso be aworld leader in effective,
long-term management of used fud.
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Deregulation and I ndustry Consolidation

Deregulation is dlowing and accel erating the consolidation of the nuclear power industry that
was dready occurring and probably would have occurred anyway. Utilities with only one or two
nuclear power plants have been redizing that it would be increasingly difficult to remain
competitive without the resources and efficiencies of larger operators.

Consolidation in the nuclear indudtry is bringing many advantages that provide higher levels of
safety and reliable performance at lower costs:

A focused management is gpplied to plant operations

Economics of scale through purchasing can be achieved.

Financial risk can be spread over severa plants.

Tdent and expertise in financid, technica and management areas can be pooled.
Rapid response to a problem at one plant with highly qualified expertise.
Bringing the best practices from dl plantsto each plant.

Ultimately, the cost of eectricity from nuclear plants must be seen by investors as atractive with
respect to return on investment, with reasonably low uncertainties, in order for nuclear towinin
a competitive deregulated market investment decision. Nuclear designers and congtructors have
more work to do in making that case convincingly to likely owner/operators and investors.
Recent activity in the industry suggests some reactor design options that can rise to this
chdlenge in the next year or two.

Building New Nuclear Plants— Timeto Market

More and more energy policy leaders are coming to the concluson that nuclear energy must play
an increasingly important role in anew Nationd Energy Policy. Although nuclear energy is not
ready to assume this role today, the progpects for nuclear assuming thisrole by the end of this
decade are excdllent. It will take afew yearsfor nuclear plant orders and construction because of
the following condraints

» Nuclear energy plants take many yearsto ste, license and congtruct — the average time to
market for adesign that is dready certified islikely to be about 7-8 years. Some new
designs discussed in this Roadmap (not yet certified) have the potentid to shorten this
“time to market,” primarily through shortened congtruction times.

= No Ste permits and no regulatory gpprovasto construct a new plant exist today in the
U.S. The processesto do this under new regulations have not been demonstrated.

= Although the economics of currently operating plarts are excellent, the economics of new
plants are more difficult, because of the rdaively high capita costs of nuclear plants.

These obstacles can be overcome in sufficient time for new plants to be in operation by 2010.
This Roadmap presents the actions and resources required.
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Basdload Generation Economics

Depending on market conditions, project overnight capita cost (including engineering,
procurement and congtruction (EPC) cost, owners cost, and contingencies) need be contained at
about 1,500 $¥KWe or less. Overnight capita costs of 1,200 $/KWe or less should secure broad
market acceptance. Today’s NRC-certified ALWR designs do not meet this low cost threshold.
However, some near term deployment options (both water-cooled and gas-cooled) have the
potentia to meet this cost target, and should be certified as soon as possible. Further, options to
sgnificantly reduce the capitd costs of currently certified designs dso exist.

The appearance of first proposas to build new baseload coal-fired capacity is Sgnificant because
it indicates severd things. (1) areadinessto build new large plants with higher capitd costs like
nuclear plants, (2) arecognition that we are beginning to need large new basdoad, not just mid-
sized and pesking units, and (3) a recognition that we should reduce our reliance on natura gas
inthefuture. Fud diversty haslong been the great strength of the American eectric power
industry. These redlities should be factored in to nationd nuclear energy strategy (see Chapter
11-6).

Like renewable energy, conventiona cod-fired power plants and advanced "clean cod”
technologies, nuclear power is a capita-intengve technology. Large new nuclear power plants
could cost as much as $2 Billion each, and would thus represent a substantid investment risk for
the company or companies that build them. Private companies would only undertake
investments of this Sze if they were convinced that new nuclear power plants, once built, would
be competitive with other sources of dectricity.

In contrast to gas-fired dectricity, a srength of our nation's nuclear energy program isthe low
cost of producing eectricity at nuclear power plants and the stable forward pricing of dectricity
produced by nuclear power plants. The importance of this forward price stability was evident
last year as sharp increases in natural gas prices resulted in Sgnificant increases in the price of
electricity across the United States. The availability of along-term, reliable and competitive fuel
supply isacritical factor in achieving the excdlent economic performance a nuclear power
plants.

Carbon taxes to defray the codts of fossl fud environmenta mitigation (e.g., sequestration)
would make nuclear energy the cost leader today, but it is not clear that an energy strategy based
on such taxes will ever emerge, given their negative impact on the economy. Hence agenerdly
accepted and conservative planning bass for near term deployment of nuclear energy plants by
industry isthat carbon taxes should not be assumed. Overdl, the coststo bring nuclear energy
into a competitively attractive market position without imposition of a carbon tax are much lower
than the cost to the U.S. economy of imposing such atax.

Clearly, no solution to our growing demand for new eectricity generation isSsmple and
inexpensive. Each option has its advantages and disadvantages. But on balance, nuclear
energy’ s benefits cannot be ignored, and its potentia to carry mgor respongbility for new
capacity should be investigated.
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Commitment to Standar dization

One of the lessons learned from the early years of nuclear energy development in the U.S. was
that alack of standardization among nuclear plants contributed to industry complexity, and
imposed barriers to cooperation and efficiency. These impacts either added costs or blocked
efforts to reduce costs because mogt joint initiatives for improvementsin design or operation had
to be customized to each plant. 1n 1991, as part of the development of the Nuclear Energy
Industry’ s Strategic Plan to Build New Nuclear Power Plants, a Standardization Policy was
developed under the leadership of INPO and EPRI, and endorsed by the chief executives of dl
U.S. nucleer utilities. That policy caled for “life-cyde standardization”, starting with the Utility
Requirements Document (URD) that specified user design requirements for al reactor designers,
followed by standardized engineering and congtruction for each design, and standardized
operationa programs, asfeasble. This policy would alow for congtruction of standardized
nuclear plant designs at significantly reduced costs, and for common procedures, training, parts,
and engineering solutions to emerging issues.

The concept behind the industry’ s standardization policy was not to restrict future nuclear plants
to agngle desgn, snce thiswould diminate the benefit of competition in the marketplace and
ultimately not serve the interests of energy consumers. Rather, the concept was to seek to
manage the divergity of design options to the minimum necessary to maich variationsin market
need, and to then achieve a high degree of standardization for each design in use.

The Administration’s National Enerqy Policy

The new National Energy Policy Report, issued in May 2001 by the Nationa Energy Policy
Development Group, led by Vice Presdent Cheney, set out a comprehensive long-term strategy
that uses leading edge technology to produce an integrated energy, environmental, and economic
policy. It cdlsfor improving consarvation, modernizing our infrastructure, and increesing our
energy supplies. It recognizes the vitd role that nuclear energy must play, asthe only large-scae
energy supply option that does not produce greenhouse gasses or other harmful emissions.

With respect to nuclear energy, the report recommends that “the President support the expansion
of nuclear energy in the United States as a mgor component of our nationa energy policy.”
Following are specific components of the recommendation:

= Encourage the Nuclear Regulatory Commission (NRC) to ensure that safety and
environmentd protection are high priorities as they prepare to evauate and expedite
goplications for licenang new advanced technology nuclear reactors.

= Encourage the NRC to facilitate efforts by utilities to expand nuclear energy generation
in the United States by uprating existing nuclear plants safely.

= Encourage the NRC to relicense exigting nuclear plants that meet or exceed safety
standards.

= Direct the Secretary of Energy and the Adminigtrator of the Environmental Protection
Agency to assess the potentia of nuclear energy to improve air qudlity.

= |ncrease resources as necessary for nuclear safety enforcement in light of the potentid
increase in generation.

2-14



Near Term Deployment Roadmap 10/31/01

»  Usethe best science to provide a degp geologic repository for nuclear waste.

= Support legidation darifying that qudified funds set asde by plant ownersfor eventua
decommissioning will not be taxed as part of the transaction.

= Support legidation to extend the Price- Anderson Act.

The Report aso includes two recommendations related to long-term gods in the devel opment of
advanced fud cycles. These recommendations support longer-term objectivesthat are being
examined by the Generation IV program.

The Nuclear Energy Institute’' s Vision 2020

One week after the National Energy Policy was issued to the American public, the Nuclear
Energy Ingtitute announced the nuclear energy industry’s“Vision 2020”: 50,000 megawatts of
new nuclear generating capacity added to the U.S. grid by 2020. In addition, the industry vision
as0 includes achieving another 10 percent in efficiency gains and power uprates a today’s
plants, equivaent to an additional 10,000 megawatts of additiona nuclear generating capacity.

This commitment to building new nudear plants— roughly 50 of them, assuming an average Sze
of 1,000 MWe each — may seem smdll in the bigger picture of U.S. energy supply needs. The
entire 50,000 megawatts, along with the 10,000 megawaitts of enhanced capability at today’s
plants, is predicted to only dightly expand the total percentage of U.S. ectricity generation
from nuclear from about 20 percent to about 23 percent. However, from industry’ s perspective,
thisgod isamgor chalenge:

=  Many ssgments of U.S. nuclear infrastructure have atrophied during the nuclear
congiruction hiatus of last two decades, especialy our nation’s fabrication,
meanufacturing, and skilled human talent poal.

= Although three new advanced plant designs that incorporate Sgnificant sfety
enhancements have been certified by the U.S. NRC and are ready to build, the next steps
in the new regulatory process, the Early Site Permit process and the Combined
Congtruction and Operating License, are untested and open to wide interpretation.

= Although the economic performance of the current fleet of nuclear plants has been
outstanding in recent years, the economic competitiveness of new nuclear plants, because
of their relatively high capitd codts, islessclear. In aderegulated dectricity
marketplace, any new plant must be economically competitive. Some of the nuclear
options discussed in this Roadmap may be economicaly competitive, depending on
assumptions made regarding natura gas prices, sability of regulatory processes during
congtruction, and local economic conditions (see Chapter 11-4). Importantly, there are
things industry and DOE can do to improve the picture.

Additiond information on the industry’s Vision 2020 can be found in Attachment 3.

NEI’s Integrated Plan for New Nuclear Plants

NEI has established an * Executive Task Force on New Nuclear Power Plants,” comprised of
industry leaders with astrong interest in forging ahead on efforts to enable new plant orders.
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The Task Force membersinclude utility executives from owner-operator companies committed
to along-term role for nuclear energy, executives from reactor vendors, architect-engineer firms,
and EPRI. NEI and its Executive Task Force are focused on the business conditions and other
factors impacting the economics of building new basdoad generating plantsin a deregul ated
eectricity marketplace, such astax and regulatory policy and investment strategies. NEI is
developing a document to address these issues: an “Integrated Plan for New Nuclear Plants.”
The planincdudes

= A number of initiatives to improve the economics of new nuclear power plants;

= Programsto cresate a stable licensing regime and reduce regulatory uncertainties,

= A sriesof initiatives to build support for new nuclear power plants among policymakers,
the mediaand local communities around prospective Sites for new nuclear power plants.

For an electricity-generating company, new nuclear power capacity — if economica enough to
enter the market — represents:

= A reiable source of dectricity with low "going-forward" or "dispatch” costs

= A highleve of forward price stability and protection againg the fued price volatility that
impacts gas-fired power plants (e.g., as aresut of fud supply problems)

= Protection againg possible escaation in environmenta requirements imposed on fossil-
fueled power plants. For companies already operating coa-fired or gas-fired power
plants, new nuclear capacity reduces the cost of clean air compliance that might
otherwise be imposed on that cod- and gas-fired capacity.

Additiond information on NEI’s Integrated Plan for New Plants can be found in Attachment 4.

Availability of Suitable Near Term Nuclear Ener gy Options

There are anumber of excdlent design options that could be deployed this decade. These
options are examined in detail in Chapter 11-5 of this Roadmap. In summary, potential near term
options include, but are not limited to:

1. Two Advanced Light Water Reactor (ALWR) designs that have been certified recently
by the U.S. Nuclear Regulatory Commission (NRC) for referencing in a Combined
License (COL) application, which would authorize their congtruction and operation.
(Note that three designs have been certified by NRC, but one [System 80+] was not
submitted for consideration to the NTDG.)

2. Two 1000+ MWe passively cooled ALWRs that are power uprates of aready certified
designs (or from substantially complete passve ALWR designs), but that have not yet
been certified.

3. Two modular direct cycle high temperature helium-cooled reactors that are under
development.

Probabiligtic Risk Assessment studies show that these designs have substantiadly lower core
damage frequencies than exigting plants that are dready highly safe, and offer many advantages,
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in terms of additiond religbility, smplicity-of-operation, and safety margin. Key to success of
any near term option will be aclear indication of sufficient market interest to actudly deploy it.

Pantsin the first group of options above are designed for sixty years of operation, and some of
them have dready been congtructed overseas. These plants are available for purchase today, but
their competitivenessis sgnificantly affected by very uncertain projections of long-term fossll
fud prices, particularly for natura gas. If natural gas prices returned to those of a year ago and
prevalled long into the future, the cost of eectricity from new nuclear plants could be higher than
from gas-fired plants, making them less competitive. Further reductionsin nuclear costs could
overcome thisfoss| fuel price uncertainty.  Since the primary cost factor for nuclear energy is
its capita cost, subgtantid attention must be given to identifying cost- effective means to reduce
these capita costs and construction schedules, and to improving process efficiencies, eg., in
procurement and construction management. In defining these improvements it is essentia that
levels of safety and reliability be maintained, and that existing design certifications remain valid.

Plants in the second group of options above are power uprates of previoudy certified desgns or
subgtantialy complete passve ALWR designs that have not yet been certified. These designs
are expected to achieve substantialy improved economics over the life of the plant (expected
reductions on the order of 30 percent for life cycle generating costs), providing very promising
cost comptitiveness with fossl-fueled plants in the deregulated marketplace.

FPantsin the third group of options above are helium-cooled and graphite moderated. They
indlude smal modular unitsin the 100-300 MWe range that differ primarily in their fue forms
and refuding design. They offer the potentia for enhanced safety through reliance on TRISO-
coated fud particlesthat can sustain very high temperatures without damage. These desgns are
at aless complete stage of development than ALWRs and have a smdler operating experience
basisto build on, but have potentid to achieve low congtruction and life-cycle cogts, equal to or
better than ALWRs. One of these designs, the Pebble Bed Modular Reactor (PBMR) currently
enjoys particular market interest from alarge U.S. nuclear utility.

Nuclear Safety and Public Confidence

Safety a our nation's nuclear power plants has been achieved and remains at record high levels.
There has not been any nuclear plant event that has jeopardized public hedth and safety due to
the release of radiation in the United States. 1n 2000, the median number of unplanned reactor
shutdowns industry wide was zero for the third straight year, and 59 percent of U.S. reactors had
no automeatic shutdowns. In addition, the number of significant eventsat U.S. nuclear power
plants declined to an average of 0.03 in 2000, compared to 0.44 in 1990. Sgnificant events
include a degradation of important safety equipment, a reactor shutdown with complications, or
operation of the plant outside technical specifications.

Today's energy shortfdls are increasing public support for building new nuclear power plants,
according to public opinion surveys conducted in January and July 2001. The nationd survey of
1,000 adults found those in favor of "definitely building more nuclear energy plantsin the

future” increased from 42 percent in October 1999 to 63 percent in July 2001. The increase was
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largest in the West, where those in favor increased from 33 percent in October 1999 to 63
percent in July 2001.

Federd and state legdators and locd government officids, as well as the nationd news media,
also are re-examining nuclear energy, and many support an increased reliance on nuclear energy.
A key reason for increased public support of nuclear energy is the public’ s growing appreciation
of the environmental benefits of nuclear energy.

Surveys over the last decade have consstently shown that national leaders underestimate the
level of public support for nuclear energy. Nationd leaders generdly support nuclear energy as
much as their congtituents do, but presume support among their congtituents is much lower than
itredly is

But perceptions are changing as energy and environmenta policy risesin importance. Here are
some recent quotes by national leaders regarding the role of nuclear energy:

Vice President Richard Cheney addressed the Nuclear Energy Assembly in May 2001 and said
thefollowing: “We think the [National Energy] policy provides ardiable, affordable and
environmentally sound policy going forward with respect to our future. Part of that, obvioudly,
we think aso ought to involve nuclear energy. It'simportant that we focus on thet in the future,
just as we recognize that nuclear power is avery important part of our energy policy today inthe
United States. One out of five homesin Americatoday runs on eectricity generated by nuclear
energy; that American dectricity is dready being provided through the nuclear industry
efficiently, safely, and with no discharge of greenhouse gases or emissons, and we want, asa
matter of nationa policy, to encourage continued advancements in thisindustry, improve safety
and efficiency a nuclear plants, safe disposal of nuclear waste, and perhaps even technology that
reduces the amount and toxicity of waste going forward.”

Federd Reserve Chairman Alan Greenspan, in a speech before the Economic Club of Chicago in
June, said that nuclear energy is“an obvious mgor dternative’ for eectricity production in the
United States; and “Given the steps that have been taken over the years to make nuclear energy
safer and the obvious environmental advantages it has in terms of reducing emissons, thetime
may have come to consder whether we can overcome the impediments to tapping the potentia
more fully.”

BACKGROUND ON REGULATORY PROCESSES

Part 52 was introduced in the late 1980s since the existing system had become unpredictable and
extremely inefficient because of the way the process was structured. The need to wait until
congtruction of the plant was completed before an operating license was granted put the owners
at enormous financia risk and offered intervenors broad opportunity to delay or thwart startup of
the plant. In addition, the adminigirative, legal and procedura process was implemented in
practice in amanner that focused the process on issues that had minima public hedth and safety
sgnificance. Part 52 isintended to make the process of licensing anuclear power plant more
predictable, more efficient, and more objective. It focuses the process and atention on issues
that are substantive and have public hedth and safety significance. The Part 52 processis dso
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intended to get more information to the public at an earlier stage o that the public is better
informed.

Early Site Per mit Applications

Early Site Permits (ESPs) are the subject of Subpart A of 10CFR Part 52. An ESPissued by the
NRC provides approval of astefor one or more nuclear power plants (NPPs), without actudly
applying for approva to build the NPP yet — which would require filing a separate gpplication
for a Congtruction Permit (CP) or acombined license for construction and operation. Approva
of an ESP is advantageous in severd ways to prospective NPP congtruction applicants. It
permits planning of congtruction at the approved site in advance of a decision to construct. For
congtruction on existing nuclear sites, advance gpprova and “banking” of ESPs dlows for the
flexibility to build new NPPs at the Stes in areas of greatest energy demand.  Since power
supplierstypicdly “bank” sitesfor potentia fossil-fueled projects that might be proposed in
competitive bids to supply eectricity, it is aso important that potential nuclear projects have a
number of banked sites to compete in such bids to supply power. In the case of an ESP for
multiple units, it would alow condruction of alater unit or units after undertaking the firs. The
latter case would be important for plants of standard design, and in particular, for plants of
modular design for which 4 to 10 units might comprise the find full output of the multiple plant
gte. Subpart A identifies and sets forth conditions and requirements for such applications.

Thereis no experience or precedent for nuclear plant ESPs. In order to enable near term plants,
it is necessary to initiate planning and to prepare actua ESP applications for review and gpprova
by the NRC. Carrying the process through to conclusion, including the digposition of potentia
chalenges by intervenors, will show the way to successful and expedited applications in the
future. Further, thereisaneed to review the requirements of Part 52, Subpart A, to ensure they
are up-to-date, anticipate gpplicant circumstances, and reflect other rule changes.

Combined Congtruction and Oper ating L icenses

The Combined Congtruction and Operating License (COL) for nuclear facilitiesis aso provided
for in Part 52. It isaconcept that evolved from review of past experience and consderation of
means for improvement, especidly with respect to condtruction schedule. 1t dlows for timely
public access to rdevant information, thorough review, and approva to build and operate before
congtruction starts. In contrast, throughout the period of NPP congtructionin the U. S. in the
1960s- 1980s, the Atomic Energy Acts required two gpplications, first an gpplication for the CP,
and, when congtruction was nearly complete, the gpplication for a plant Operating License (OP).
This two-step sequence was not a problem initidly. Astime and events moved on, however, it
became a problem because of procedural and legal challenges requiring excessive time and effort
to resolve. Delay of a production plant under construction increases finance charges, and defers
revenue. The COL concept addresses thisissue, by calling for review and resolution of al issues
related to the plant design and intended operation, and a Commission decison on granting a
COL, before congtruction begins. Applicants may reference a pre-approved design and a pre-
approved sSte, thereby limiting the issues remaining to be resolved in the COL, thus offering an
opportunity to gpplicants for asingle, conclusive review with the benefit of greater certainty that
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the plant will start up on schedule. Of coursg, it is hecessary to carry a project through the
process in order to prove the vaue of the concept in practice.

There were reasons for the two-step processin the early days. Typicadly ste preparation and
construction began before completion of design, and the CP accommodated this process. Ore of
the results was that alot of information became available in the course of find design and
congtruction that had received little or no attention in the review of the CP gpplication. Not
infrequently, reviews a the time of consderation of the OL gpplication uncovered safety
questions that required time and effort to answer. Frequently, magor design changes and
construction rework ensued. However, as the design process matured, it became apparent to the
industry, the regulators, and Congress that the effect of this old CP/OL process was to postpone
congderation of important issues and the making of key decisonstoo late in the project —
decisons that could be dedlt with much more effectively & the beginning. Further, from the
gtandpoint of interested members of the public, a new process would alow for much better
public participation early on, when it is useful and can be easly incorporated into the desgn and
licensing process. In other words, beginning construction before completion of design crested
more problems than it solved. It was to everyone' s advantage, including the public's, to take this
new COL approach.

Thereis an important factor related to review of design and congtruction detall late in the project.
Intervenors used the opportunity presented to cause further delays by questioning the regulatory
review through litigation. These questions rarely surfaced any sgnificant safety issues, but

added mgor delays to the project, which added significantly to find plant construction costs.

The intent of the COL processisto require resolution of important Site, design, construction, and
operating issues a the beginning of the project, when the application is under consderation by
the NRC. Another advantage is that public input and concerns are provided when they can be
most effectively addressed — just prior to the granting of an ESP, DC, or COL — not after plant
congtruction is complete when potential remedies are limited or prohibitively expensve.
Stakeholdersin the development of Part 52, including environmenta groups, recognized that this
shift in the timing of public interaction and gpplicant accountability was necessary and
appropriate. The process does not allow waiting until the end of the project to raise new
questions. In other words, the processis front-end loaded, instead of the reverse — asit wasin
the early days. Thereis, of course, a downside as discussed above, i.e., the need for mgjor front-
loaded investments, such asin design engineering, public education and interactions. These

costs are formidable, but the benefits in terms of stability of the process and assurance that public
concerns about safety are resolved prior to construction are preferable by comparison to the
unpredictable delays that accompanied nuclear plant projectsin the past. This front-end loaded
characterigtic is very compatible with the concept of standardized designs.

Since the COL process has not been tested, there are a number of related technical and process
issues that are not resolved. Referencing a certified designin a COL application leaves some
Ste-specific technica issuesto be resolved (e.g., ultimate heat sSink design) and a number of
process and operationa issues not addressed in the DC (e.g., construction ingpection
requirements, emergency planning requirements, security requirements). These issues need to be
identified and resolved in atimely manner, genericaly, if possible, prior to the first COL
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gpplication, or at least during that application. For issues that cannot be resolved genericdly for
al future plants, ageneric resolution gpplicable to afamily of plants usng a standardized design
ishighly preferable to applicant-by-applicant trestment.

In addition to concerns about the predictability and timeliness of these processes, other important
questions have emerged recently regarding the sequencing of ESP, DC and COL applications
and gpprovas. Part 52 dlowsfor sgnificant flexibility (e.g., the option of goplying for a COL
without a pre-exiding ESP or a pre-exising DC, aslong as the necessary information to review
the design and the Site are provided in the COL application). This option appearsto be attractive
to applicants who will need some type of prototype demondtration as part of their design
gpprova. Also emerging asimportant questions are ones that relate to the ability and practica
limits to overlapping these processes. For example, it now appears that the COL gpplication for
agiven ste could be submitted shortly after an ESP application is submitted, alowing for
concurrent review and near-smultaneous gpprova by NRC. These options need more anayss.

Ingpections, Tests, Analyses, and Acceptance Criteria (I TAAC)

ITAAC arerequired by Part 52 as akey step in assuring that a design that is granted a combined
license for congtruction and operation is actudly constructed in accordance with the provisions

in the design submittal (Safety Analysis Report) that was reviewed and gpproved by the NRC,
and in accordance with the provisons in the design certification and COL. These ITAAC are
verified by testing and andys's during congtruction but prior to the authorization to load fud.
ITAAC developed for the certified designs were subject to public comment in the design
certification proceeding and will be incorporated in any COL that reference the certified design.
A congtructed plant can load fuel and go into commercid operation following afinding by NRC
that dl the ITAAC have been satisfactorily completed.

Development of a Risk-1nformed, Performance-Based Regulatory Framework

Today’ s reactor regulatory processis based on the same concepts and principles asit was 35
years ago. determinigtic desgn-basis events. As operating experience has increased new
indghts and information have been transformed into new prescriptive requirements. These new
requirements have been layered on top of existing regulations without an overall comparison of
the safety benefit againgt the resources required to implement the requirements.

The current regulations have provided for an adequate leve of protection of public hedlth and
safety. Y et, operating experience and risk anayses insghts have reveded that the process could
be significantly enhanced by increasing regulatory focus and attention on some requirements,
while other requirements could be significantly reduced or eiminated. The adoption of a
complete risk-informed, performance-based approach would significantly enhance the protection
of public hedlth and safety through increased licensee and NRC attention and focus on safety
ggnificant matters.

In a competitive generating market, plant safety must continue to be of paramount importance.

Nearly 30 years after PRAs were first used to evauate reactor designs and operations, tools and
processes are available that would alow the NRC to provide licensees additiond flexibility in
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the manner in which they can implement the regulations, while a the same time improving the
protection of public hedth and safety. A risk-informed, performance-based process will dlow
licensees to implement, and NRC gaff to oversee, the regulations in amore efficient and
effective manner, which will improve safety.

In 2001, the NRC completed its watershed trangition to arisk-informed, performance-based
oversight process for current plants. To further enhance efficiency and safety focus and ensure
continuity between NRC oversght and underlying regulations, efforts are underway to risk-
inform adminidrative, operationd and technical regulations and the associated implementing
guidance that govern the design and operation of nuclear plants. Progress to date on risk-
informing regulationsin 10 CFR Part 50 for existing plants has been sporadic, due to severd
factors:

= Current plants are dready designed, built and have established operating programs that
aredifficult and costly to revise,

= Theregulations are interwoven in afashion that makes targeted changes difficult, and

= Many of the regulations have detailed, prescriptive requirements that do not alow
dternative approaches or the consideration of improvementsin technology.

In pardld with efforts aimed at current plants, work has begun on new, risk-informed,
performance-based regulatory framework for future plants. To avoid the difficultiesinvolved in
risk-informing the existing regulaions for current plants, an entirely separate regul atory
framework is envisoned for future plants. In addition, unlike the exigting regulaions that are
based on “light water reactor” technologies, the new framework will encompass varying reactor
designs, reactor technologies, ingghts from 40+ years of reactor operating experience, and
advancesin andytica techniques and technologies.

Development of arisk-informed, performance-based regulatory framework isimportant for
licensing, congtruction, and operation for future plants. Current regulations have been modified
S0 many times that they are extremely complex and contain numerous outdated and extraneous
requirements. A risk-informed, performance-based regulatory framework can incorporate
decades of experience with licensaing, design, congtruction, and operation of more than 100 plants
inthe U.S,, emphasizing e ements that are important to safety, removing reguirements that do not
affect or improve safety, and incorporating improvementsin safety technology and analyses over
the same period.  The improvements include insghts developed with more safety data and with
probabiligtic risk assessment, improvements in systems and component design and performance,
and improved system configurations that have reduced core damage frequencies and produced
engineered safety systemsthat are morereliable. The Design Bass Accident methods of
regulatory evauation that evolved in the early years of the industry, aong with the regulations,
guides, and directives, do not give full credit to the safety and performance advantages of new
technologies. Key principles that should be embodied in a new risk-informed, performance-
based regulatory framework include:

= The gructure must support the NRC's mission of “adequate protection of public hedlth
and safety” and support the current safety godls.
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= Theframework mus take advantage of the 30+ years of determinigtic licensing
experience as well as rdatively new risk-informed insghts, and build on the risk-
informed regulaory activities that have been implemented.

= Thenew dructure should focus on safety significant issues, processes, and equipment,
and diminate requirements in current regulations that do not address nuclear safety

= Theframework should be flexible enough to accommodate new reactor designs aswell as
exiging design certifications.

= Theframework should improve predictability and stability of regulaion, and result ina
more efficient and effective regulatory review and approva of designs, license
gpplications and regulatory oversight of plant operations consstent with the safety
sgnificance of theissue. Thiswill set safety-focused priorities, make more effective use
of resources, decrease new plant lead-times, and reduce financial exposure and risks
attributable to regulatory uncertainty of the past.

= Theframework should incorporate a defense-in-depth concept based on prevention and
mitigation congstent with the degree of uncertainty with sgnificant consequences to
public hedth and safety.

It must be noted that new technicd regulations should not impact existing Design Certifications
or those designs obtaining certifications under the present regulations. This ensuresthe
continued validity of these existing certifications for near term application.

Because a complete new regulatory framework will not be in place before 2005, theinitid round
of new plant licensesislikely to be based largely on exigting regulaions. However, to the
degree that new risk-informed, performance based regulations are established at the time of a
new plant licensng proceeding (e.g., DC, COL), the gpplicant may wish to take advantage of
new regulations to improve the safety focus of an aspect of the design or relevart operationa
requirements. It isexpected to be possible for new plants licensed before the new regulatory
framework isfully in place to adopt portions of the framework (e.g., enhanced operationd or
adminidrative requirements) once they are established.

A new plant regulatory framework should provide a generic process and a set of regulations that
specify safety objectives, but permit flexibility in how the objectives are achieved. Thisis
important as the next generation of power reactors may include a variety of plant designs where
the “one sizefitsal” prescriptive regulatory approach is not appropriate. Setting top tier safety
performance objectives is amore efficient gpproach that avoids having to promulgate a different
et of regulations tailored to each class of design.

Findly, within the scope of efforts toward an improved regulatory framework for new plants are
anumber of opportunities for incrementa improvements that do not need to wait for completion
of the new framework. Some of these could be applied to dready certified designs, epecidly at
the COL stage. These opportunities relate to taking advantage of progress on risk-informing the
regulations for current plants using “Option 2” and “Option 3" of SECY-98-300, to the extent
applicable to new plants.

Option 2 for risk-informing regulations relates to changes that could be made to “specid
trestment requirements’ without modifying the underlying regulations. The term “specid
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treatment requirements’ refers to the regulations that govern structures, systems and components
(SSCs) that are currently categorized as“ safety related.” Option 2 proposes to modernize these
requirements through an improved categorization of SSCsin terms of their true safety
sgnificance, and then establishing specific risk-informed requirements for each new category.
The NRC and the industry have made significant progress on thisinitiative, and agree on which
equipment has high safety significance and on how to treat it. They aso agree on appropriate
trestment of equipment that is non-safety-related.

However, there has been disagreement about how to ded with equipment and systems
categorized since the early years of the industry as safety-related, but which have been proven to
have low safety Sgnificance. Theindustry believes that commercid industrid standards, not
more stringent nuclear safety standards, should be gpplied to such equipment. Commercid
industrid standards are widdly used in the nuclear industry, as well as other indusiries with
smilar or higher potentia impact on public hedth and sefety.

The cost savings for replacement parts at reactors, and for initia construction for new reactors, is
subgtantid. For example, an industrid-grade 10- horsepower e ectric motor could be purchased
for $350. The same motor, purchased as a safety-related item, would cost 57 times that amount:
$20,000. The two motors perform the same function; but the cogt differenceis huge.

Smilaly, an indudtrid-grade dectrica circuit card could be purchased for $1,160. The same
circuit card, under nuclear standards, would cost $5,700—five times as much as the indudtriad-
grade item. Either component could perform the function for which it isintended.

The main difference in cost is the extent of the process used to verify the component's
performance capability. Commercia industrial Sandards are entirely satisfactory for many
gpplications with low safety-sgnificance in nuclear power plants. In fact, they aready are
widely used in nuclear plants, and their use could be expanded substantidly. Improved
categorization and trestment of SSCs has been shown to be achievable in a manner that does not
compromise safety, but alows for significant cost savings.

Option 3 for risk-informing regulaions relates to actua changes to the technica regulations. For
current plants, an gpproach is being taken that focuses on selected regulations in greatest need of
updating, instead of a top-down rewriting of the entire body of regulations. It is quite possble
that some of the sdlected efforts under Option 3 (e.g., revisng large break LOCA requirements,
revisng concurrent LOCA and Loss of Offsite Power requirements) could be applied to new
plants.
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[1-3: GENERIC GAP ANALYSIS

This Chapter summarizes the gaps and issues that are generic to most or al NTD designs, and
discusses solutions or required outcomes for each. Gaps and issues presented in this Chapter
have resulted from both externd inputs (from respondents to the NTD Request for Information
(RFI) issued in April 2001, and interna deliberations among NTD Group members. All
stakeholder inputs were carefully consdered. The NTD Group then identified the high priority
generic gaps for primary attention by industry and Government. The NTDG dso identified some
issues that were judged to be longer term in nature, and less critica to near term deployment.

The priority generic gaps focus on regulatory process issues that must be resolved promptly and
demonstrated successfully to enable near term deployment of new designs, and on economic
competitiveness, “time to market”, cost management, and investor arrangements. The need for
an integrated and results-oriented National Nuclear Energy Strategy is aso discussed.

For the purposes of this Roadmap, the term “ Gap” applies to Stuations where aproblem is
judged to be asgnificant technica, indtitutiond, or economic obstacle to near term deployment
— one that needs to be reasonably well resolved in some manner to permit near term deployment
of new nuclear energy plantsin the U.S. by 2010.

For the purposes of this Roadmap, the term “Issue’ appliesto a condition or circumstance that is
judged to be an important generic factor to the longer-term effectiveness of nuclear power, but
not necessarily an obstacle to near term deployment. ssues need to be monitored and managed,
and progress should be made on each to dlow nuclear energy to reach itsfull potentid. Some
issues could eventualy become obstaclesin the longer term, if adequate progress is not made or
conditions worsen. In some cases, issues may have been perceived as gaps by some, whileon
closer examination these issues are actudly being managed effectively today to prevent them
from becoming gaps.

This Roadmap does not intend to draw a sharp distinction between “Gaps’ and “Issues,” since
progress on dl of them isimportant, and since 100 percent resolution is not required in any
indance. Rather, thisdidtinction isintended to suggest a quditative difference in terms of
priority, urgency, and resource alocation. As such, Chapter 11-6 presents recommendations on
the gaps identified below, but does not present recommendeations on the Issues.

KEY NEAR TERM DEPLOYMENT " GAPS’

The following five priority generic “Gaps’ have been identified to receive primary attention of
industry and Government to enable near term deployment.

Gap 1: Nuclear Plant Economic Competitiveness

The primary disincentive to choose nuclear power for very near-term new U.S. dectricity
generating plants is that the plant designs certified by NRC in the’96-"99 timeframe, and thereby
the ones immediately available, require higher capita investment than do natura-gas-fired

plants, which then requires these higher capital costs to be offset by lower fuel, operating, and
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maintenance codts. Initialy, while the return on and of the capita investment has to be included
inthetota cos of the dectricity generated, these nuclear options would be more expensive than
the natural- gas-fired dternative under today’ s financing arrangements. For the several decades
of plant life remaining after the investment has been recovered, the nuclear option would be the

much lower-cost option. This near-term/long-term trade-off is not currently marketable.

The life-cycle economic benefits of nuclear energy could become marketable as aresult of
potentia government measures to address the carbon dioxide issue, measures such asa
Sequestration requirement or atax on releases (or the converse, atax credit for not releasing).
Another possibility is substantid natura gas cost increases driven by risng demand, possibly
aggravated by locd ddivery difficulties. Neither of these possibilitiesislikdly in the near term,
and the nuclear industry cannot and does not assume these outcomes in its planning process.

The responsible R& D approach isto identify this non-competitiveness during the investment
recovery period asthe prime hurdle the R& D should target to surmount, indeed diminate. Then
the externd potentiditiesidentified in the preceding paragraph and/or the long-term economic
superiority of the nuclear option would condtitute a strong deployment incentive.

Thisisprimarily a“gap” that individua reactor designers must address for their own designs.
Differing views exist among industry experts on the most likely way to get over this short-term
economic hurdle. One view isthat currently certified designs, with evolutionary cost
improvements within the congraints of the certification, are the most likely pathto near term
success, especidly if gas prices continue to increase. Another view isthat a more innovative
gpproach to defeating economies of scale with smaler plants must be undertaken, because
smdler designs are more desirable choices in a deregulated business environment that works
agang large capitd investment. These different views match, to alarge degree, variationsin
deregulation across the country, and the expectation that small plants may fit better in states that
have completed deregulation, while larger plants may fit better in Sates that have only partidly
implemented deregulation. These differing perspectives reinforce the need for choices — thusthe
imperative to pursue adud track strategy that ensures both large and small plant optionswill be
avalable. They reinforce the importance of this NTD Roadmap encompassing both tracks.

Critical to this market assessment is the overriding issue of “timeto market” amajor
consderation in new capacity decisons in a deregulated dectricity marketplace. Investors
amply cannot afford the risk of ordering a plant that will not go on line for 8-10 years, by which
time other investors may have added new capacity in that region. Time to market is of course
dependent on plant congtruction times, which are essentidly fixed by the technology and have
aready been the subject of sgnificant optimization through new technology (e.g., modular
congtruction techniques, time dependent 3-D plant modding (computer-aided design + time
dimenson ="4-D modding”). However, from the sandpoint of uncertainty, investment risk,
and opportunities for sgnificant improvement, the most important dependency in “time to
market” isthe NRC licensing process.
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Gap 2: Business Challenges of the Deregulated Electricity Marketplace

Better models for ownership and financing are needed to provide sufficient flexibility and risk
sharing among investors and vendors to cover the relatively high congtruction costs of nuclear
plants, despite their relatively low operating and fuel costs. Thisgap is primarily the
respongbility of indugtry to solve. NEI hasthe lead for the indudtry in identifying the
opportunities for improved business arrangements to facilitate new orders, and in working with
the Adminigtration and Congress to get administrative procedures and laws changed where
necessary. Most of theissues that industry is discussing with Government relate to current
provisions that unnecessarily increase the uncertainty and business risk associated with investing
in anuclear power plant in a deregulated marketplace. Some of these issues are discussed under
“Other Issues’ below.

Also important to closing this gap for near term deployment of new nuclear plants are means of
informing and “conditioning” the marketplace to be more receptive to the longer term investment
benefits of basdloaded nuclear plants. Benefits such as longer operating lives that dlow more
return on investment (ROI), low and predictable production costs (due primarily to low fuel
costs), high rdiadbility and availability, and other advantages typicaly go undervaued in short-
term market investment decisons. Investment risks associated with longer construction times,
capitd intensiveness, and larger plants can be managed by reducing uncertainty and placing
these short-term investment issues in perspective with longer-term investment vaue,

The industry needs to develop the business plans and models to facilitate the financing
arrangements that will be required to build new plantsin a deregulated el ectricity marketplace.
Thisisaresponshility of industry, and NEI is fadilitating this process through its devel opment
of a“Integrated Plan for New Nuclear Plants.”

A key dement of the industry plans to address thisissue should be an effort to explore interest
and build support for a consortium or consortia of owner/operators, vendors, architect/engineers,
equipment suppliers and other investors, to share the risks and rewards of new plant ventures.
The benefits of such consortiawould be:

= Enhancing the technical and business expertise available through joint review of options
and joint development of the generic aspects of an overal industry strategy and specific
products of vaueto dl participants (e.g., NEI guiddine documents for ESP, COL,
generic technology products)

= Leveraging resources, and enabling potential owner operators that are not ready to initiate
an actua construction project to share resources with other owner operators who are
ready for this step, thereby obtaining access to information that would help them later.

Enabling the formation of smaler and more focused consortia that would support the completion

of engineering work and initid construction of specific desgns, thereby cresting the foundation
for a“family of plants’ infrastructure for specific desgns.
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Gap 3: Efficient Implementation of 10 CFR Part 52

10 CFR Part 52, created by the NRC in 1989 and affirmed by Congressin 1992 (EPACT),
edtablished three new licensing processes for future plants. Early Site Permit (ESP), Design
Certification (DC), and Combined License (COL). These were judged as mgjor improvements
over the previous Congtruction Permit/Operating License process used for al existing U.S.
plants. One of these processes has been demonstrated successfully:  three standardized nuclear
plant designs have been approved and “certified” for useinthe U.S. However, these three
certifications took 6-10 years each to complete, with many unanticipated process issues
emerging to sal the process.

This gap hasfour key dimensions and solution objectives. Thefirgt three require essentidly
complete resolution to achieve near term deployment. The last one is not an obstacle to near
term deployment, but deserves significant attention because of the opportunity it presents for
mgor improvements toward more efficient and safety-focused regulation:

1. TheDC process must be expedited to help resolve the “time to market” obstacle to
nuclear plant ordersin aderegulated market. In dl instances of adesgn submittd thet is
complete and high quality, the DC process should take no more than three years,
including the rulemaking phase. Experience gained from the firgt three DC rulemakings
during the 1990s should provide a solid basis for achieving thisgod. For DC
goplications thet rely sgnificantly on design information from a previoudy reviewed
and/or certified design, the goal should be to complete the processin less than two years.

2. ESPand COL processes must be demonstrated successfully for new plants to be built.
They must be shown to be stable and predictable processes that can be completed
efficently, in no more than 1-2 years eech. Achieving this god is equaly important to
resolving the “time to market” obstacle discussed above. The ESP process in particular
alows companies to obtain pre-gpprova for numerous potentid Sites, reducing the time
from project decision to commercia operation, should market forces determine the need
for additiona generating capacity. A drategic focus should be maintained in these
gpplication projects, beyond the minimum effort necessary to demondtrate the regulatory
process. Industry and DOE should work to obtain multiple ESPs for nuclear projects,
epecidly in areas of the U.S. with subgtantia projected power needs. With deregulation
subgtantidly in place, this means maintaining a sengtivity to market needs and using
market incentives to get the right Size plants built where the greatest needs are, from both
an energy supply perspective and an emissions avoidance perspective.

3. Generic guidance needs to be devel oped to ensure efficient, safety-focused
implementation of key Part 52 processes, including ESP, COL and ITAAC veification.

4. Toincreaseinvestor confidence in predictable licensing and stable, efficient regulation,
progress is needed toward a new regulatory framework for future plants. This effort
would go beyond the ongoing effortsto risk-inform 10 CFR Part 50 for current plants, to
establish a new regulatory framework thet is fully risk-informed and performance-based.
This effort promises to enhance the protection of the public hedlth and safety by
maximizing the safety focus and efficiency of future plant licensng and regulation. This
will be along term effort, with benefits accrung as various parts of the framework are
completed and judged “ready for use” by gpplicants. Equally important isthat progress
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toward a new regulatory framework will increase the confidence of prospective
gpplicants in the regulatory environment for new plants and encourage business decisions
to proceed with new nuclear projects.

Gap 4: Nucdlear Industry Infrastructure

Adequate industrid and human infrastructure exists today to build and operate afew new nuclear
plants. But the ability of the industry to expand this infrastructure quickly enough to achieve the
industry’s new “Vision 2020" (50,000 MWe in new nuclear plant installed capacity) is not
assured today.

In the area of human resources, the industry needs to begin to replace an aging workforce, and
expand its employee base in the areas of skilled plant operators, maintenance technicians,
engineers, project managers, and construction workers. With license renewa now a high
probability for dl of today’ s plants, the industry will need to train replacements in these areas for
both currently operating plants and new plants. These new industry employees will be needed at
both plant Stes and manufacturing and engineering facilities.

The Federd Government will need new employees with nuclear killsaswel. TheNRC is
facing an issue with an aging workforce that is at least as urgent asthe industry’s. The scientific
and technica skills needed to license new nuclear power plants differ from those needed for
oversght of today's nuclear plants—which has been the NRC's principa activity for the past 15
years—or in license renewd. To review applications for new licenses, the agency will need
geologidts, hydrologists, and other scientists. Current NRC staff may not have the appropriate
expertise for this new function. To prepare for new nuclear power plant construction and
operating license gpplications, the NRC should examine its saffing and determine how to fill
any gapsinitsexpertise. Smilarly, DOE, other federd agencies and nationd laboratories must
ensure that they have the expertise and qudified staff for the development and staffing of future
nuclear technologies.

Universtieswill need new faculty to conduct research and to educate future generations of
nuclear professonds. Both DOE and industry support a multi- stakeholder effort to attract and
retain top caliber nuclear talent, and have encouraged Congress to continue funding university
programs in nuclear technologies, including continued support for their research reactors.

In order to retain and attract the top talent, it isimperative to create and sustain afavorable
environment for nuclear energy that sends a clear message that nuclear professionas have
expanding opportunities with bright futures. Industry and Government both have a part to play
— through support of univeraity programs involving nuclear technologies; through nuclear R&D
funding; and through achievement of regulaory reform and invesment in license renewd and
new nuclear technologies. Each of these actions sends a message to young professonas who are
making career decisons.

In the area of indugtrid infragtructure, the U.S. has lost much of its capacity for fabricating large

long-lead nuclear components such as reactor vessals and steam generators, aswell as
specidized components for nuclear plants that must be manufactured and tested to specia safety
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criteria. In amogt al cases, the necessary capacity exists overseas, and will be used in the early
stages of an expangon of nuclear plant congtruction in the U.S. For cost reasons, much of this
infrastructure will have to be recondtituted herein the U.S. Also, for some components, the
worldwide capacity may not be adequate to support such an expansion. This appearsto be the
case with the globa industrid capacity for the forging of large nuclear plant components such as
the reactor pressure vessdl’ s bottom and top heads.

Gap 5: National Nuclear Energy Strategy

Until recently, the U.S. has not focused on anationa energy policy and supporting strategy. The
Adminigtration and Congress are now working to develop and implement a strategy based on
sound energy and environmenta science, and supportive of our national economic objectives and
limitations.

This presents an opportunity to establish a consensus for anational commitment to take
advantage of nuclear energy’ s safety and environmental benefits, itslow operating and fuel

cods, its high rdiability, and the U.S. position of technological leadership in advanced and even
safer designs. Strategies for nuclear energy should be practicd, results-oriented, and capable of
implementation in the near term. To balance an urgent need to begin building new plants to meet
our growing nationa need for emisson-free dectricity, apardld effort should be undertaken to
resolve longer term issues, especidly ones rdated to the nuclear fud cycle.

In aderegulated dectricity marketplace, energy supply options should be able to compete fairly,
without legal and financia obstacles (or specid treatment provisions) erected for some
technologies but not others. The nuclear industry has identified some circumstances where
policies, statutory requirements, environmenta regulations, R& D investments, and economic
incentives regarding safety and environmenta impacts may not be equivadent for nuclear energy
and competing technologies. Both industry and Government should examine the various
government policies, requirements, and funding programs, to correct aress of inequity. Also
needing examination are areas of dud regulation, e.g., anong NRC, EPA, FEMA, and OSHA.

Financing the development of new nuclear generation technology is difficult, snce the wholesde
power supply businessis being deregulated and generation sources must compete in a highly
competitive marketplace that is fill evolving. Further, nuclear energy faces an untested

licensng process that results in Sgnificant cost uncertainties. Virtudly al of nuclear energy’s
environmental costs have been “internalized” by federd regulation (e.g., spent fud disposd, cost
of safety regulation, cost of routine emissons elimination), meaning that such costs are passed
on to the eectricity consumer in the case of nuclear energy, whereas comparable environmental
costs for dternatives are carried by Government or deferred.

Federd R& D investments in the various dternative energy options are about an order of
magnitude greater than nuclear energy supply R&D. It is highly gppropriate for the Government
to consider actions as part of the new Nationa Energy Policy that recognize the need for a

ba anced investment strategy for new generation options that must compete in this new business
environment. Such actions would encourage the deployment of new nuclear technologies—
especidly those offering improvementsin licensability and economics. Although the industry

3-6



Near Term Deployment Roadmap 10/31/01

will carry the primary burden of this investment, incentives should indude significantly

increased federd investment in R&D and demongtration, and the deferrd or defrayd of federaly
mandated demondtration costs and regulatory review costs associated with new nuclear
technologies and untested regulatory processes (e.g., ESP, COL).

KEY NEAR TERM DEPLOYMENT * | SSUES”

Based on the convention above, anumber of “issues’ have been identified that should receive
appropriate attention by industry and/or Government to ensure progress and improved public
understanding. These issues are dready the subjects of significant attention and ongoing
programs by both industry and Government, and thus no specific recommendations are provided
in Chapter 11-6 to addressthese issues. The following four key issues have received significant
attention in RFI responses and/or the public arena:

Nuclear Safety

Spent Fud Management
Non-Proliferation

Public Acceptance of Nuclear Energy

Nuclear Safety

It isimportant to note that safety is not considered a hurdle to expanded use of nuclear energy.
Today’s current plants are very safe and continue to improve. Chalenges to safety systems have
been reduced by afactor of three and safety significant events by afactor of ten. U.S. plantsare
ranked among the safest plantsin the world by objective measures established by nuclear
regulators and the World Association of Nuclear Operators (WANO). The certified “ Generation
11" designs have surpassed dl regulatory and utility requirements for enhanced safety. Near
Term Deployment options will continue to ensure high safety margins, because the superior
reliability and performance standards demanded in the marketplace also ensure superior safety.

It is aso expected that various Generation |V options, many of which take fundamentaly
different approaches to achieving safety requirements, will match or exceed the levels of safety
achieved by the already certified designs, if they can be deployed successtully.

The close scrutiny of the NRC and gtringent licensing requirements requiring proof of safety
through testing, andyss, and/or prototype demondtration, will ensure very high safety levelsfor
al plants. Both NRC and industry engage in rigorous processes of identifying and resolving
emerging safety issues, and will continue to do so for future plants. For example, the recent
attack on the World Trade Center has raised concerns about the adequacy of sabotage protection
at nuclear energy plants. Industry, NRC, and other responsible federad and state agencies are
addressing thisissue. A number of specific short-term actions have been taken, and longer-term
options are under consderation. Near term deployment nuclear plants will benefit from this
examination and will implement al actions deemed gppropriate for existing plants. Thisand
other experience with safety issues demondtrate that public concerns about safety need to be
addressed by providing more accurate and timely informetion to the media regarding nuclear
safety and how it is ensured and maintained.
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Spent Fuel M anagement

Inthe NTD RF, it was noted that spent fuel management is considered to be alonger term
globd fue cydeissue, and that it is being addressed by the Generation IV Roadmap. The
judgment of the NTDG in promulgating the RFI was that adequate response exists today, or
adequate progress is being made on thisissue to alow near term new plant congruction in the
U.S,; and that it is not an gppropriate issue for near term deployment gap anadysis. However,
two RFI respondents nevertheless identified the spent fuel management issue as an important
generic gap, reflecting a sense among many in the public that nuclear spent fud management
policy should be resolved prior to new plants being built.

The NTDG believes that spent fud management is part of alarger long term issue of nuclear fud
cycle optimization, and that today’ s scientificaly preferred solutions (centralized above-ground
storage and deep geologic repository) may evolve, and other solutions, such as recycling spent
fudl, may become preferred optionsin the future. In every scenario and solution to thisissue
under discussion, centraized storage is required, whether above or below ground, and whether
permanent or retrievable. There is aconsensus among experts that centralized aboveground
storage and deep geological repository are adequate solutions, if phased and implemented
properly. Hence, the continued progress toward satisfactory implementation of these solutions
provides a basis for near term deployment, based on the following consderations:

= New plants are designed to use nuclear fuel more efficiently, achieving higher burnups
than current plants. Some fud cycle designs produce significantly less spent fuel
volume.

= New plants are designed to safely store all nuclear fud on-gtefor the life of the plant.

= Scientific consensus supports deep geological disposa as the best way to isolate spent
nuclear fud. Infact, the Nationad Academy of Sciences concluded in a June 2001 report
that “today’ s growing inventory of high-level waste requires atention by nationa
decison-makers’ and that “ after four decades of study, geologic disposa remains the
only scientifically and technicaly credible long-term solution.”

= TheU.S. Government has been studying the Y ucca Mountain site in Nevada for
permanent underground disposa of high level nuclear waste for over 15 years—an
isolated Ste that scientific experts claim is one of the best geologic Stes for the safe
storage of nuclear waste on earth. Adequate progress is being made by DOE toward the
god of determining that Ste could be licensed as a spent fuel repository.

»  Sudiesof YuccaMountain have now yidded the scientific information necessary for a
decision by the Secretary of Energy that there are no technica or scientific issues that
will prevent Y ucca Mountain from serving as a permanent repository, thereby providing
the scientific basis to support a recommendation by Secretary Abraham to President Bush
and to Congress to proceed on licensing a permanent repository a Y ucca Mountain.

= Optionsfor ultimate safe storage and disposition of spent fud at a centraized repository
are capable of significant expansion to accommodate increased spent fue volumes,
aufficient to support license renewa of current plants and near term deployment of new
plants.
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However, amgor expansion of nuclear generation will inevitably focus much more attention to
nuclear fud supply consumption and spent fud management —on aglobd basis. Each naion
using nuclear energy will need to develop its own cgpability to properly manage spent fuel

and/or collaborate on regiona or globa spent fue management regimes that properly address
hedlth, safety, nonproliferation, and material control issues. These long-term issues, because of
thelr international nature, will require many years to resolve, and efforts should begin soon to
addressthem. The DOE’s* Generation IVV” program is doing that, by focusing on issues such as
sugtainability and nuclear fue cycle optimization. These issues, however, should not have a
detrimentd effect on the near term deployment of new plants using current technology and
regulations.

It isessentid to the long-term future of nuclear power in the U.S. to complete the licensang and
congtruction of anationd repository for spent nuclear fuel and other government-generated high
level wastes. No matter what nuclear technologies and fud cycles are developed in the future to
minimize the production of spent fud, there will dways remain aneed for such storage capecity.

Also confirming this conclusion is a recent report by the Nuclear Energy Agency of the OECD:
“nuclear waste management is fully consstent with the principles of sustainable developmernt,
and thisissue should not be consdered a barrier to the continued development of nuclear
power.”

Non-Prolifer ation

Inthe NTD RFI, it was noted that non-proliferation concerns are consdered to be longer-term
globa fud cycle issues, and are being addressed by the Generation 1V Roadmap.

Extraction of wegpons-usable materid from spent commercid fud is extremdy difficult and
more codtly than other methods, and is not anissuein the U.S. for ether current plants or new
plants being considered for near term deployment inthe U.S.

Asdiscussed earlier under the spent fudl management issue, mgjor expansion of nuclear
generation will inevitably focus much more attention to nuclear fud supply consumption, spent
fud management, and strict maintenance of the globa non-proliferation regime maintained by
the International Atomic Energy Agency (IAEA). Each nation usng nuclear energy will need to
develop its own capability, adhering to internationa standards, to properly manage spent fuel
and/or collaborate on regiond or global spent fud management regimes that properly address
both hedth and safety issues and materia control/proliferation issues. These long-term issues,
because of their internationd nature, will require many yearsto resolve, and efforts should begin
soon to addressthem. The DOE's“Generation V" program is doing that, by focusing on issues
such as sugtainability and nuclear fud cycdle optimization, as well as entering into internationd
cooperaive R&D through which internationa standards will evolve.

All of the desgn candidates consdered for near term deployment utilize fud cycles that do not
recycle fud. Therefore, they share the same strong proliferation resistance as existing reactors.
As areault, these issues should not have a detrimentd effect on the near term deployment of new
plants usng current technology and regulations.
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Public Acceptance of Nuclear Ener gy

Many recent public opinion surveys show positive and growing public support for building new
nuclear plants. “A new nationa survey finds that the dramatic increases in public support for
nuclear energy have held at high levels, despite lower public concern about energy shortages.
Almogt two thirds of U.S. adults continue to support definitely building new nuclear power
plants” [Bisconti, September 2001] Galup, and other mgjor media surveys are finding smilar
results. This support is particularly true in regions of the country where energy supply has not
kept up with demand (e.g., Cdifornia), and in regions of the country concerned about the
environmenta impacts of fossl fuels. However, public opinion surveys dso reved agenerd
lack of understanding of nuclear technology, a rudimentary understanding of how nuclear power
plants work and the nature of nuclear fuel; and alack of gppreciation for the clean-air benefits of
nuclear power, the safety accomplishments achieved by currently operating plants, and the
enhanced safety of new plants. Further, successin obtaining ESPs will require effective
communicaions with the public living in the areas of potentid Stes.

OTHER | SSUES

There are anumber of gaps and issues that have been raised by the nuclear industry that industry
believes should be addressed by the Federd Government in the near term that have an impact on
new nuclear plant deployment. These ggps and issues are primarily legidative or inditutiond in
nature (e.g., anendments to existing laws, tax policies). No DOE-funded tasks have been
identified in this Roadmap to support these items because they have not been examined in
aufficient detall to offer recommendations, and because some of them are judged to be outside
the NTD assigned scope.

NEI and other industry organizations are studying these gaps and issuesin light of the need to
assure equity in Federd energy laws and policies. The text below comes primarily from
Congressiond testimony by industry leaders, and does not currently represent a recommendation
to either DOE or its advisors for any particular initiative. However, the NTDG bdievesthat dl

of these matters warrant closer examination by the Administration, Congress, and industry, in
order to determine which ones are critica to near term deployment.

Price-Ander son Act Renewal

The U.S. public has more than $9.5 billion of insurance protection if an accident were to occur a
acommercid nudear facility. Thisentire sum would be paid by the nucdear industry. The
framework for thisinsurance coverage was established in 1957 by the Price- Anderson Act,
which expires on August 1, 2002. The act requires each nuclear facility to have that insurance
coverage to satisfy its satutory obligations. Nether taxpayers nor the Government pay for this
coverage.

Like dl the costs of dectricity from nuclear power plants, the cogts of Price- Anderson are

interndized. That means the nuclear industry bears the cost of insurance, unlike the
corresponding costs of some mgjor power aternatives.
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The Price-Anderson Act requires two levels of financid protection. The primary leve provides
liability insurance coverage of $200 million—insurance thet is purchased by the utilities. If this
amount is not sufficient to cover clams arisng from an accident, a secondary level applies. For
the second level, eectric companies that own nuclear power plants must pay a retroactive
premium equa to their proportionate share of the excessloss. That amount is $10 million per
year, up to amaximum of $88.1 million per reactor. Currently, 106 nuclear reactors participate
in the secondary financia protection program—2103 operating reactors and three closed reactors
that till handle used nuclear fud.

Industry has recommended that Congress renew the act this year to ensure that Price- Anderson
coverage will be available to companies that are consdering building new nuclear power plants.
Renewd dsoisimportant to Energy Department contractors, which are indemnified under the
Price-Anderson Act. Nuclear power plants are grandfathered under the act; DOE contractors are
not. The continued operation—and, where necessary, the cleanup—of federa sites dependson
timely renewd of the Price- Anderson Act's provisons.

Changesto Atomic Enerqy Act

Theindustry has proposed severa changes to the Atomic Energy Act to facilitate reform of the
NRC and its regulatory processes to ensure the effective and efficient regulation of NRC
licensees. Other changes are recommended by industry to remove unnecessary impediments that
would inhibit the ability of nuclear power plant operators to make the trangtion from a cost- of-
service market to a competitive market. The following actions recommended by industry to
Congress for action could have a sgnificant impact on near term deployment:

= Removing the requirement that the NRC conduct antitrust reviews. Other federd
agencies conduct such reviews—notably the Securities and Exchange Commission, the
Federd Trade Commission and the Federd Energy Regulatory Commission. Industry
believes that an additiona review by the NRC is unnecessary.

= Removing the regtriction on foreign ownership of commercid nuclear fecilities.

» Claifying that the NRC has the discretion to determine the most appropriate form of
hearing to hold in each circumstance and that the agency is not required to hold
adjudicatory hearings for licensing proceedings unless it determines that such a
proceeding is necessary.

= Claifying that in the case of a combined congtruction and operating license for a nuclear
power plant, the sart of the operating license term is keyed to when operation begins,
rather than when the license isinitidly issued.

= Clarifying that federd law preempts Sate insurance laws and congtitutiond provisons
that would restrict insurers that satisty NRC requirements from providing insurance to
nuclear facilities.

Dual or Conflicting Requlation

Dud regulation of nuclear sandards should be diminated, particularly by NRC and EPA, who
use widdly divergent approaches to sandards setting with frequently conflicting results. This
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Stuation creates significant uncertaintiesin projecting costs and schedules. These uncertainties
adversdy affect awide range of decisions, including:

» Federd budgeting and site suitability for Y uccaMountain

=  Mergers and acquistions within the eectric industry

= Expansion of nuclear energy through license renewd for today's plants and the licensing
and building of new plants.

GENERIC GAP ANALYSES

The following are specific ggp andyses addressing two of the five generic gaps listed above for
which specific resource requirements are identified (Efficient Implementation of Part 52, and
Economic Comptitiveness). For each analysis, a short definition is provided for the gap,
followed by a short description of the solution or outcome required. Then, projected resource
requirements are identified to close the gap, listing the total resource needs, irrespective of
source, estimated on an annua basis, from FY 02 to FY 10. For most of these gaps, the primary
respongbility for addressng the problem lieswith industry and the NRC. For the industry, NEI
has the leadership role for both NRC interface and strategic policy matters. EPRI has primary
respongbility for industry R& D on these generic issues, and works closely with NEI and NRC.
Because of the drategic nature of these gaps, most frequently related to the chalenges of dedling
with complex federa requirements, DOE has an important role to play, via public-private
partnerships, to help reduce federa obstacles unique to nuclear.

The resource requirements listed below are rolled up in summary form, dong with design-
gpecific resource requirements from Chapter 11-5, in Appendix J to this Roadmap.

Generic Guidance for the ESP Process
Gap: Efficient Implementation of 10 CFR Part 52

Solution or outcome required: Develop generic guidance on al aspects of the ESP process,
including application format and content, and a Sandard schedule of Applicant-NRC
interactions. ESP generic guidance documents will include an update to the industry’s Site
Selection Criteria, and ESP guidance, to be gpproved by the NRC in advance of ESP filings, for
preparation of an ESP Application Submittal.

Resource Requirements to close gap (G-1):

Year FYo2 |FYO3 | FYO4 | FY0O5 | FYO6 | FYO7 | FY08 | FY09 | FY10 | TOTAL
Source

DOE 0
Industry | 0.5 1 0.5 2
TOTAL |05 1 0.5 2

Note: All funding requirementsin $M
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Respongbility:

Lead: NEI, working with potentid gpplicants, NRC

Supporting: EPRI. Note that at the current time, industry can probably close this gap without
direct financid assstance from DOE. Industry should inform DOE if this assessment changes.

Early Site Permitting Demonstr ation
Gap: Efficent Implementation of 10 CFR Part 52

Solution or outcome required: Demonstrate NRC's ESP process for at least two “lead Site”
gpplications, and support up to two additional ESP applications (total of four) that demonstrate
the ESP process for differing Sting scenarios, eg., existing nuclear dtes, apossible “greenfield
gte” an exising non-nuclear indudtria Ste or a Ste with an existing nuclear condtruction permit
but no operating nuclear plant.

Resource requirements to close gap (S-1):

Y ear FYo2 | FY03 | FYo4 | FY0O5 | FY06 | FYO7 | FY0O8 | FY09 | FY10 | TOTAL
Source

DOE 3 7 5 15
Industry | 3 7 5 15
TOTAL |6 14 10 30

Note: All funding requirementsin $M.

Note that the resource requirements listed above are difficult to judge at this point, because the
full range of Sting scenarios that could require afocused demonstration for licensing purposesis
not fully appreciated. The NTDG recommends that DOE cost sharing of ESP demongtrations be
limited to the total number clearly required to demondrate the licensing process for the range of
likely Siting scenarios, thereby establishing “pilots’ or “templates’ for othersto follow. Also,
DOE has an interest in encouraging the banking of Sitesin regions of the country that could
experience critical power shortages. For planning purposes, the funding levels above assume
joint industry-DOE funding of ESPs for two existing Sites, one green field Site, and one non
nuclear or prior CP dte. This probably represents an upper bound to the total number of stes
and tota funding required to close this gap.

Respongbility:
Lead: NEI, working with potentid gpplicants, NRC
Supporting: DOE and EPRI.
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Combined License (COL) Demonstration

Gap: Efficient Implementation of 10 CFR Part 52

Solution or outcome required: Demongtrate NRC's COL process for eech NTD design option to

be supported in Phases 2 and 3. This demonstration may reference a pre-existing ESP and/or

DC, or may encompass one or both. Because of the unique nature of the technical issues
involved in the COL application for each design, the COL process must be demonstrated
separately for each NTD design that proceeds to deployment. DOE funding would only be
required for those NTD designs that actualy draw sufficient market interest to proceed with

adequate industry resources to complete the COL process, assuming DOE cost share.

Resource Reguirements to close gap (5-2):

Year FYo2 | FY03 | FYO4 | FY0os | FYO6 | FYO7 | Fy08 | FY09 | FY10 | TOTAL
Source

DOE 5 10 10 5 30
Industry 5 10 10 5 30
TOTAL 10 20 20 10 60

Note: All funding requirementsin $M.
For planning purposes, the assumptions used for these funding requirements are as follows:

= Totd cost for aCOL gpplication and review for a certified design and gpproved site:
$10M (assumes mgjor industry and NRC effort (see below) to establish generic guidance
to address application form and content, ITAAC verification)

= Totd cost for a COL gpplication and review for an un-certified design: $15M (COL
scope only, not including design completion scope to support NRC's design gpproval.
See Chapter 11-5 for resource requirements for design completion.)

= For planning purposes, the assumed number of NTD designs that proceed with adequate
industry resources to obtain matching DOE support is three certified designs and two
uncertified designs.

These estimates could be low for total cost for each COL application, but are likely to represent
an upper bound for total number of designs achieving adequate industry funding to proceed.

Respongbility:
Lead: NEI, working with potential gpplicants; NRC
Supporting: DOE and EPRI.
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Generic Guidance for COL and ITAAC Processes
Gap: Efficient Implementation of 10 CFR Part 52
Solution or outcome required: Develop generic guidance on COL gpplication form and content

and processes for efficient, safety-focused COL review, congtruction ingpection and ITAAC
verification.

Resource Requirements to close gap (G-2):

Year FY02 | FY03 | FY04 | FYO5 [ FYO06 |FYO7 | FY08 | FY09 | FY10 | TOTAL
Source
DOE 0
Industry 1 1 1 3
TOTAL 1 1 1 3
Note: All funding requirementsin $M.
Respongbility:
Lead: NEI, working with potentid gpplicants, NRC
Supporting: EPRI. Note that at the current time, industry can probably close this gap without
direct financid assstance from DOE. Industry should inform DOE if this assessment changes.
Risk-Informed Regulatory Framework for New Plants
Gap: Efficient Implementation of 10 CFR Part 52
Solution or outcome recommended: Develop risk-informed performance-based regulatory
framework for future plants, to include both design and operationa requirements applicable to al
future plants.
Resource Reguirements to close gap (G-3):
Y ear FY02 | FY03 | FY04 | FY05 [ FY06 |FYO7 | FYy08 | FY09 | FY10 | TOTAL
Source
DOE 2 2 4
Industry | 0.5 1 1 1 5 4
TOTAL |05 1 3 3 5 8

Note: All funding requirementsin $M.

Responghility:
Lead: NEI, working with potentid gpplicants, NRC
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Supporting: EPRI (initidly); DOE (in FY 04 and FY05). Note that at the current time, industry
can probably complete dl initid actions to close this gap without direct financid assstance from
DOE. Cost-shared DOE assstanceis envisoned to support detailed implementation
(development of design-specific technica guiddines, as well as operationd, programmetic and
adminigrative guideines). Industry should inform DOE if this assessment changes.

Advanced Information Management; Virtual Construction Technologies

Gap: Economic Competitiveness

Solution or outcome required: Develop advanced information management systems using open
architecture information technology, that can manage plant design, procurement, and operating
data, and as-built conditions. Adapt advanced fabrication, modularization and construction
technologies including time-sequenced virtua congtruction, to new plants. Integrate these
information systems and gpply them to future nuclear power plant congtruction and operation.

This solution develops the tools that will be used to reduce plant costs and time to market,
described in more detail in the next task/solution.

Resource requirements to close gap (G-4):

Y ear FYo2 | FY03 | FYo4 | FY05 | FYoe | FYO7 | FY08 | FY09 | FY10 | TOTAL
Source

DOE 1 2 2 1 6
Industry 1 2 2 1 6
TOTAL 2 4 4 2 12

Note: All funding requirementsin $M

Responghility: DOE and EPRI, working with applicants

Advanced Technologiesto Reduce Design, Fabrication and Construction Time and Cost
Gap: Nuclear Plant Economic Competitiveness

Solution or outcome required: Although the primary responsibility for making sure new designs
are economic resdes with the individua reactor designer, there are anumber of generic
technologies that can be developed to assist designers achieve the god, and to facilitate greater
gandardization in the industry. This solution would build on the advanced information
management system and 4D plant mode devel oped above and apply it to plans, programs and
technologies that reduce plant cost by reducing the time required to design and construct the
plant, including long lead component fabrication and component manufacture.
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Adapt advanced modularization and congtruction technologies to establish applicability to future
nuclear power plant congtruction. Comprehensve dectronic modeling of the plant to be
congtructed, automation of information gathering and management, and automation of repetitive
deductive conclusion-deriving functions are the essence of severd advanced congruction
technology candidates currently emerging.

Develop standardized advanced man-machine interface systems for plant safety and contral,
including advanced sensors, programmable controllers, fiber optics, sdf-diagnostics, and human
performance technologies.

Develop an integrated configuration control system for managing nuclear power plant programs
that integrates with the design basis of the plant to provide continuity through the life cycle of a
nuclear power plant. This syssem would implement collaborative engineering architectures,
hand-off design information in amanner that preserves the integrity of design basis informetion,
and thereby improve the confidence in expedited congtruction. The benefit of an integrated
configuration control system is sgnificant reductions to construction and operating costs as well
asincreased safety.

Systematically evaluate other opportunities (in addition to those above) to reduce plant
condruction time. Evauate technologies, techniques, and human resource opportunities.

Resource requirements to close gap (G-5):

Year FYo2 | FY0o3 | FYo4 | FYo5 | FY0o6 | FyOo7 | FY08 | FY09 | FY10 | TOTAL
Source

DOE 4 4 4 2 14
Industry | 2 4 4 4 2 16
TOTAL |2 8 8 8 4 30

Note: All funding requirementsin $M

Responghility: DOE and EPRI, working with gpplicants

NOTE: The generic gaps associated with effective ownership and financing options for usein a
deregulated marketplace, and industry infrastructure are viewed as industry responsbilities to
address. NEI isrespongble for these gaps and is working with utilities and suppliers to develop
solutions.
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[1-4: NTDG ECONOMIC ANALYSIS

OVERVIEW: THE NEW ELECTRICITY MARKETPLACE

This chapter addresses the competitiveness of new nuclear power plantsin the future deregulated
eectricity marketsin the U.S. Under deregulation the basic definition of competitiveness has
changed. New nuclear plant owners and developers have to consider not only economic
superiority over other power generating technologies, but aso meet the following deregulated
market requirements.

The ability to obtain over the mid- to the long-term market clearing prices that will cover
not only the annua going forward (running) codts of the nuclear plant, but provide
additiona margin to return the initia investment and an adequate return on thet
invesment.

A short time to market, required both to respond to near-term market opportunities (high
prices due to temporary supply shortage), and to reduce the risks and costs associated
with long congtruction lead-times.

Flexibility to adjust to the locationd (noda) nature of market prices and to the locationd
need for new plant projects. At each node the baance of loca supply and loca demand,
aswdl| asthe availability of the dectric transmisson network to transmit power in or out
of the region, will determine the nodal market prices and the need and timing for new
capacity.

Hexibility to adjust to time variationsin market prices caused by the perception of
avallability of scarcity risks of foss| fudsto the margina (price-setting) plants.

The ahility to satisfy the economics of the new plant as acost and a profit center. New
plants cannot depend on a parent utility to cover periods of financid shortfdls that may
occur. Thusthere exists amore pronounced need for a detailed risk andlysis and for
devising risk mitigation strategies before committing to a new plant project.

The ahility to meet the competition for new plant projects that is not just horizontd
(between different types of power plants) but rather vertical (each plant competing
individudly against market prices). A utility or power developer will not only evauate
different generation options againgt each other to choose the least cost option, but will
initidly evauate whether the projected regiond and noda forward market prices will
provide adequate revenues to cover the full generation costs of each prospective plant.

Given the above market characteristics, how will new nuclear plants compete in the new
deregulated markets? Nuclear plants have some advantageous and some negative attributes
related to their role under the new market conditions.

The capitd investmentsin new nuclear plants are higher than required for most
competing fossl-fired plants. This makesit more difficult to obtain the full funding
package, under optimal financing terms, required for plant congtruction and startup.

The congtruction lead-times for new nuclear plants are longer than the lead-times for
fossi-fired plants. Nuclear plant lead-timesin the U.S. are uncertain, in part Snce no
new nuclear project has been initiated and completed in the U.S. for more than a decade.
This uncertainty represents arisk to the potentid investors who may require a premium
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on the return they seek from their investments in prospective nuclear projects. Thelong
lead-time implies that the economic conditions that justified project commitment may not
be there when the plant reaches commercia operation.

» Nuclear power plants have very low margind production costs and are called upon first
to generate, thus assuring a congtant revenue stream and generdly large margins
(between market prices and variable production costs) that are available to repay thelr
initid invesments.

= Nuclear production cogts are very stable and are not subject to significant escaation
pressures. Nuclear fud costs are a small component of the production cost and are not
influenced by market scarcity perceptions like fossil fuels. Thus nuclear production costs
exhibit low time-dependent volatility, and are epecidly suitable for long-term stable
bilatera contracts, which will be used increasingly in future dectricity transactions.

= New nuclear plant vendors and prospective owners have embarked on programs aimed at
controlling the investment costs in new plant projects, reducing construction lead-times to
periods comparable with some fossil power plants, reducing the production costs below
the best values achieved in currently operating nuclear plants, and assuring high annud
capacity factors. These programs will improve the profitability and the attractiveness of
future nuclear plants and will reduce the risks associated with committing to new plants.

= Under deregulation the assurance of safe operation has become a matter of first order
economic necessity, rather than being an externdly mandated regulatory requirement.
The cost of regulatory-imposed reviews, shutdowns, and performance improvement
programs in case of a safety breakdown has become prohibitive, to the point that safe
operation, and gtrict compliance with regulations, are essentia to guaranteeing a revenue
stream and preventing corporate bankruptcy.

=  The environmentd ligbilities (externdities) of nuclear power plants are rlatively small
portions of the production cost or total generation cost, and have been mostly internalized
in their cogt sructure. The environmentd liahilities of fossl-fired plants have only
partialy been internaized, resulting in uncertainty as to future emissons control and
mitigation requirements and cogts, and incrementa risks related to uncertain total
production and generation costs.

The decision to commit to anuclear plant rather than afossl plant will depend on the baance
between the higher near-term economic risks associated with anuclear plant, as compared with
the higher lifetime economic risks associated with obtaining and burning fossi| fuds. Nuclear
plants represent greater front-end costs and risks, but are very attractive from along-term
operation perspective. Fossil-fired plants represent lower front-end risks but higher lifetime
operating risks and reduced economic attractiveness over time. Short-term investors interested
inreativey low risk projects of short duration may favor investing in fossi-fired plant projects.
Longer-term investors, willing to absorb higher front-end risks for the sake of higher profit
margins over longer periods laer in the plant life, may consder nuclear plant projects, if the
near-term disincentives can reasonably be mitigated.
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DEREGULATED ELECTRICITY SUPPLY — THE NEW M ARKETPLACE

The deregulation of the dectric utility industry has brought sgnificant changes to the way the
new markets work, as compared with the regulated markets. The following discussion reviews
how the newly deregulated markets work, and how prospective new owners make their plant
commitment decisons.

The New Market Structure

The basic changes in the operation of the deregulated as compared with the previoudy regulated
markets derive from three basic factors.

= Thederegulated utilities are not limited to a fixed and contiguous service territory and are
not operating under the obligation to serve ther native load.

= TheEqua Access provison of the Federal Energy Regulatory Commission (FERC)
Orders 888 & 889 which have deregulated the dectric transmission industry, require
open access (for afee) to the interconnected bulk transmission network to any generator
serving any load.

= Theregulated markets alowed a ba ance between investments in capitd-intensive base
load plants and in low front-end cost peaking plants, through a stable rate of return
regulation. The deregulated markets are geared more to short-term low capita cost
generdion options, to compensate for price volatilities and mitigate investment risks.

The mgor impact of these trends has been the locdlization or the “noddization” of the market
and of the market clearing prices obtained a each node. Locational market clearing prices are
determined by the balance between the eectricity supply bids and the demand bids submitted
within each location or node. These unconstrained market prices, however, are modified by the
availability of low cost power that could be transmitted from outside the region. Market prices
areincreased if transmission congraints prevent the wheding in of low cost power, or are
decreased if abundant low cost power generated outside the region can be wheded in, assuming
tranamisson line availability, rather than relying on local higher cost generation. A specific

node may be consdered attractive if it is connected by adequate transmission capacity to an
adjacent node (or region) where dectricity supply is congtrained and high market prices are
avalable. A new plant can then dedicate a part of its output to supply its native load demand,
and export the rest of its output to the adjacent region with high prices. The balance between
generation for local demand and for exports will congtantly vary, and will depend on the relative
vaues of market pricesin each node and the avallability (and cost) of the interconnecting
transmission capacity. From anew plant owner’s perspective, the prices that count are the
locationa (congtrained) market clearing prices, which take into account power transmisson
congtraints and costs.

The market under deregulation is thus more complex than in regulated times. In order to
understand the behavior of market prices, it isimportant to consder not just the generation nodes
and the demand centers but aso the transmission links connecting intra- and inter-regiond

supply and demand nodes. Thereis not much point in generating power without being able to
ship it to market. It isquite possble that a plant will serve different demand nodesin different
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seasons of the year.  Securing transmission rights on the regiond network, leading to the
different demand centers likely to be served, isamgor congderation in choosing anew plant
location. It may be that the owner may have to buy transmisson rights on aline leading to a
demand center during the months when demand isincreasing, power prices are rising, and other
suppliers may wish to capture that market.

The regulated markets operated as integrated markets at the power pool level. Participantsin
those markets were the locd utilities with the obligation to serve the load within their service
territories, and awide assortment of local distribution companies, that purchased energy on the
wholesale market for their customers. Utility generation costs were determined by the state
Public Utility Commissions (PUCs), based on rate of return eva uation for each approved capita
investment project. Fuel and Operating and Maintenance (O& M) expenses were directly passed
through to the ratepayers, or reviewed through a Performance Based Regulatory (PBR) approach.
The integrated utility, which aso owned the transmission and digtribution (T&D) regulated
sarvices, attached T& D charges covering its gpproved expenses in these areas to the generation
costs, and these, with various other gpproved charges such as Generd and Adminidrative (G&A)
public service research and devel opment, conservation measures, and Quaified Fedilities
contract payments, formed the basis of the electric retall rates charged to the consumers.

In the deregulated world, the services performed previoudy by the regulated utilities have been
disaggregated. The distribution network and customers hilling services have remained with the
utilities. The transmission system has been restructured but not deregulated. The transmission
grids, though till under the ownership of the utilities, are operationdly controlled by an
Integrated System Operator (1SO) organization that functions a the state levd, like the
Cdifornial SO or the New York 1SO, or as a Regiona Transmisson Organization (RTO), like
the 1SO New England, the PIM Interconnection, or the Midwest 1SO. The various 1SOs and
RTOs are regulated by the FERC in Washington DC, and not by their State regulatory agencies.
In its Order No. 2000 of December 1999, the FERC has mandated the formation of severa large
RTOs that will cover the entire U.S. transmission network. The Open Access requirement
alows non-discriminatory access into the transmission grid, and al users must pay an equa and
non-preferential charge, as determined by the ISO/RTO, for shipping power through the grid.

The regulated utilities have been freed from their obligation to serve, and have lost the monopoly
position they have held within their service territory. The utilities' obligation to serveits
ratepayers has metamorphosed into the State obligation to oversee the adequate supply of energy
sarvicesto dl itstaxpayers - the citizens of that State. The State exercises this authority through
its Energy Commission or its PUC, by monitoring supplies available from non-regulated
generators both from within and from outside the State, by regulating the remaining
commitments of the regulated utilities, and, in the last resort, by direct intervention in the
markets. An example of such patterns has occurred in Caifornia during winter 2000/2001.
During that energy shortage episode the State forbade the export of eectric energy out of
Cdifornia during Emergency Notice periods, attempted to regulate availability factors and
outage plans of dl plantsin Cdifornia, and have used the Cdifornia Department of Water
Resources (DWR) as the State agent to purchase large amounts of long-term power supply
contracts (at fixed prices), using the State Generad Fund as the revenue source.

4-4



Near Term Deployment Roadmap 10/31/01

The mgor change brought about by deregulation has been the restructuring of the generation
system. New power plants can now be congtructed by the utility companies, by Independent
Power Producers (1PPs) seeking to sdll their plant output through Power Purchase Agreements
(PPAS), and by private developers willing to operate their plants as merchant plants relying on
the short-term or spot energy marketsto sdll their output. A large number of new plant owners
now exist, some owning asingle or a part of a plant, others representing alarge domestic
diversfied 1PP such as Cdpine, or alarge domestic aswell asinternationa power developer/
producer such as AES. Both Capine and AES represent anew type of private generating
company with power plant assets spread over the entire country as well as abroad, and with total
ingtdled capacity (at 50,000 MWe or greater) larger than the largest formerly regulated utility in
the U.S. The assorted older and new generators compete to sdll their plants' output in the
various energy markets developed in the deregulated world.

The Energy Markets—How They Work

Severd types of dectric markets now exist. The most stable market arrangements are the long-
term bilateral contracts between power producers and large-sized end users. Such contracts
specify the amount of energy delivered over each time period and the price for each block of
power sold. Price escalation indices may be included in the PPAS, to account for unexpected rise
inthe sdler’sfuel cost or tota generation codts. Following the ingtability in the Cdifornia
energy market of fal 2000 and winter 2000/2001, bilateral contracts are recognized asthe
preferable type of transaction between power generators and consumers. Therole of bilatera
contracts at stable prices in the future supply mix will likely increase. Nuclear power plants are
especialy well suited for such bilaterd contracts due to their stable, and low-volatility
production costs and tota generation costs. Shorter term but also stable markets are the Block
Forward Markets, in which power is sold in the forward markets for afixed time period (a
month) at afixed price. Power consumers may solicit forward power contracts for a specified
energy block a agiven price range (not to exceed). Various power producers may offer a
portion or dl their available capacity for future ddlivery at a price range (no lessthan). The
market maker matches requests and offers, and ensures that the physica ddivery and the
financia commitments of both parties are met. These types of energy markets are desirable due
to their stable supply arrangements and low volatility prices. These market arrangements gained
only limited acceptance in the U.S. due to imperfect market design problems, but have gained
greater prominence after the energy supply problems of winter 2000-2001.

The more typical energy markets that came into being after the onset of deregulation are the
sngle auction Day Ahead (DA) and Hour Ahead (HA) markets. In the single auction markets,
for each time period, energy users submit bids for the capacity they wish to obtain a prices not
to exceed, and the power producers submit bids for the amounts of power they are willing to
generate at prices not lessthan. The market maker matches the supply and demand bids and
determines the price that clearsthat market. This price is defined asthe Market Clearing Price
(MCP) and isthe angle price that dl end-users pay dl generators for power delivered during that
time period. Inthe DA market, 24 hourly bids are submitted in one package for dl hours of the
next day and single price auctions are smultaneoudy held for each hour, resulting, when the
process is completed, in twenty-four hourly MCPs for the next day. Inthe HA market, separate
hourly auctions, for asmall number of hours, are held about Six hours prior to ddivery. Market
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authorities try to channe alarge portion of the demand into bilatera or block forward contracts.
Mog of the un-contracted demand is then met through the DA market and asmall portion is
provided through the HA market.

A specid feature of the deregulated markets is the further modification of the Sngle auction
MCPs due to localized transmisson network problems. In specific sub-regions within an ISO
control area, which depend on power transmitted from other parts of the 1SO, a supply-demand
imbaance may occur, if due to line outages the grid cannot transmit in the power required to
meet the localized demand. In that Situation loca higher cost plants might be called upon to
generate to serve the local demand, while in other parts of the SO territory, other plants, which
normally would transmit power into the specific sub-region, will have to ramp down their
capacity. Theresult isthat localized MCPs in the affected sub-region may increase above the
average single auction ‘unconstrained” MCP, whereas in other parts of the ISO loca MCPs may
decline below the average MCP. Thus the transmission network can dynamicaly interact with
the generation system to creste regiond or loca MCPs, over some periods, which might vary
from the uncongtrained vaue. In the regulated world, the local utility, through its own reserve
margin capacity, could resolve this problem. In the deregulated world, the coupling of the
transmission and generation network is unique in itsimpact on locd ‘congtrained MCPs, and is
the reason for the grester emphasis on transmisson congderations in evauating the prospects of
investing in and congtructing a new power plant. Under deregulation thereis no obligation to
provide reserve capacity, and such capacity is purchased as a separate service through a different
auction process discussed below.

Due to the single auction price determination mechanism, those power producers with low
production costs are likely to obtain, at least during pesk demand hours, alarge margin between
the MCP received from the market and their own production costs. The accumulated price—cost
margins provide the basis for the recovery of the fixed costs of the project, i.e., for the return of
the initid investment an adequate return on that investment. Nuclear power plants, having
inherently low production costs will accumulate the largest margins. The issue is whether the
accumulated margins are large enough to provide returns of and on the initid investment, which
islarger in anuclear power project, as compared with afossil-fired plart.

Both the DA and the HA markets represent forward energy markets. Other energy markets,
which are essentid for the proper matching of supply and demand, are the redl-time energy
markets. These markets have been devel oped to counter unexpected imbalances between the
projected demand and available supplies. Such imbalances can occur due to unexpected or un-
forecasted changes in the weather (a heat wave, a snow storm), due to forced outages in one or
severd generating plants that reduce the available supply, or due to transmission line outages,
which condrain the inflow of required generation from outsde the region. Thered-time
markets are cleared through the use of specid pre-submitted ‘adjustment’ bids, through issuing
generation orders to speciadly desgnated Regulation-Must-Run (RMR) plants, or through
activating bids submitted in the various ancillary services (AS) markets.

Ancillary services represent the reserve energy markets, which in the regulated world were

provided by the locdl utilities as apart of their overadl obligation to serve the demand within their
savicetaritories a given rdiability levels. With the remova of the obligation to serve, the
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local utilities were d 0 released from having to provide reserve capacity for unexpected supply-
demand imbalances. Providing reserve capacity is now the responghility of the 1ISO, and is
managed through the operation of the AS markets. Several such markets exist, each onefor the
provison of aspecific religbility service. The highest quality service is the Regulation service,

in which the participating plants operate under automated generation control (AGC) exercised by
the regiond 1SO. The 1SO operators from their centralized control room can issue eectronic
ingructions to specific plants to ramp their capacity up or down, as required to meet locdl
demand fluctuations. The regulation reserve service is further subdivided into ‘regulation up’

and ‘regulaion down’ services. Only plants with very fast response time and ramp rates e.g., gas
turbines or combined cycle plants qudify for this most vauable service.

Other ancillary services include the spinning reserve and the non- Spinning reserve services, in
which the plants are synchronized to the grid and can be called upon to generate within minutes
of being natified. Nuclear plants qualify for these types of ancillary services and may dedicate a
portion of their capacity to participate in these markets. A longer duration (thus less vauable)
religbility service is the reserve sarvice, in which aplant may be called upon to generate within
an hour. ThisASisreserved to older existing fossl units, which are maintained for pesking or
reserve services by locd utilities. Other rdiability services include the provison of voltage
control and black-start capability, both required to maintain the operation of the transmission
network. The provison of ancillary services or the designation asa RMR unit qualifies the plant
to receive capacity charges for every hour the plant is designated for that service, in addition to
recelving market prices for every hour the plant is called upon to generate. The combined
income from capacity charges and energy priceswill improve the plant's margins and its
prospects for capital recovery. Thus, participation in the AS markets, even for a portion of the
plant output, may represent a good bus ness opportunity in the deregulated markets.

Economic Considerationsin New Plant Projects

Developers and investorsin a pecific power technology now consider the locationa forward
market clearing prices at severa proposed plant sites, and andyze the adequacy of the price-cost
margins likely to be obtained at those sites for capital recovery, as wdl as the adequacy of the
transmisson system for wheeling their output to high price demand centers. These are theredl
important condderations facing future nuclear plant owners.

Under deregulation, the new plant’s only sources of revenues are its PPA, other merchant-type
sdes on the wholesdle (spot) market, or sales of various ancillary services. The projection of
these revenue streamsis the first basic step in deciding on the advisability of building anew
power plant, and what type of plant to construct. Such a projection will depend on analyzing the
time- dependent energy supply and demand Situations around the specific potentia locations of
the proposed power plant, and choosing the location, or node, where the highest sales revenue
gream in relaion to the loca fuel prices and production costs can beidentified. This differentia
between the nodal energy prices and fud (production) costs, particularly in gas-fired generation,
istermed the “spark-spread”, and it represents one of the mgjor decision-making criteriain
choosing and locating a new power plant. A developer will seek to locate anew plant in regions
with high price volatility and limited in-bound transmission capacity, conditions which should
exig for saverd years and which should guarantee him large margins, though a higher risks.
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Regions with many plants operating under long-term PPA's, and with adequate transmission
interconnections, will exhibit rdatively lower, sable, and less volatile energy prices. Such
gtuations are beneficia to the regiona ratepayers, though not necessarily to a new plant
developer.

From a private sector developer’ s perspective, particularly in anew power plant project, there
exis saverd mechanismsto control the risks inherent in the project:

»  The developer may seek aplant with alow capitd investment requirement and with a
short congtruction lead-time. The recent trends in building gas-fired combustion turbines,
micro-turbines, and wind power generators dl tetify to the investors desires to limit their
exposure both with respect to totd investment at risk, and regarding the time-at-risk, until
arevenue stream is obtained.

= Thedeveloper may seek to reduce the equity portion of the total plant investment,
increase the debt portion of the total up-front cost, and secure a high return on his
investment, possibly including arisk premium, so as to compensate for the amount, and
time of equity & risk.

= The developer may seek non-recourse (or, a worgt, limited recourse) loan financing, in
order to insulate his other projects from the project specific cost overruns or other non-
performance events. In this type of loan arrangement the lenders have no recourse to
other assets of the developer, outside of the project itsdlf, in order to recover their loans.

=  Themos essentid requirement for non- or limited recourse financing is awell-structured
PPA, which specifies the amounts of power to be provided by the plant over the
contract's period, and the obligation of the purchaser to take that power at the pre-
determined contract price (a must-take contract). The sanctity of the PPA isthe sole
guarantee the developer hasthat his plant will produce a revenue stream from which to
recover hisown investment. A merchant plant developer not relying on PPAs will incur
even greater risks on hisinvestment, and will require stronger risk mitigation measures of
the types mentioned above.

=  The PPA can specify power prices equa to the projected locationad MCPs at the plant
Ste, or pricesthat are higher than market prices based on complex indexing formulae.
The developer will evauate the terms and conditions of the PPA, and his own expected
production cost structure, in order to determine whether adequate margins will be
generated from the future revenue stream, so asto dlow the return of and onhis
investment.

NUCLEAR PLANT REALITIES

The new nuclear plants now being proposed for near-term deployment in the U.S. have specific
characterigtics that distinguish them from other base load power technologies available in the
market. Some of those characterigtics are advantageous for nuclear plant deployment, while
others may represent risks that are acceptable to alimited number of utilities or developers. In
generd, nuclear plants, particularly in the U.S. where no new nuclear projects were initiated for
severd decades, may represent commitment and congtruction risks. On the other hand, when in
operation, nuclear plants offer sgnificant economic benefits. The decision to deploy anew
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nuclear plant will depend on the balance between the perceived short-term risks and the expected
longer-term benefits. These issues are not just owner-specific but aso depend on unique time-
dependent loca conditions, and on the way the project ded isfindly structured among dl the
participants. Theissues of nuclear-fossil competition, and competition against market prices
were reviewed above. The specific issues related to the nuclear commitment decisons are
addressed next, both quditatively and with reference to representative numerical values.

Large Plant Sze

Most new nuclear plants or coa-fired plants are designed for unit sizes of 1,000 MWe or larger.
Gas-fired plant dternatives are now commercidly offered at smdler unit Szes. The largest
nuclear plant available for near-term deployment in the U.S. is 1,350 MWe, while a European
vendor offers new plants for deployment in Europe in the capacity range of 1,550 —1,750 MWe.
The larger Sizeis required to obtain economy of scale benefits and to reduce the capital costs
expressed in $¥kWe units. Coal-fired plants are offered a unit sizes varying from 500 MWeto
1,300 MWe. Gas-fired combined cycle plants, which are the most widdly used foss| generation
technology now offered, are designed for a capacity range of 500-600 MWe. Gas-fired
combustion turbines, used mostly for peeking gpplications, are offered in various equipment
packages ranging in capacity from 100 MWeto 300 MWe.

The larger-sized nuclear plants, or cod-fired plants, while providing improved per kWe cog,
have the drawback of exceeding demand growth in smdler-sized networks, or in dow load
growth rate demand nodes. Large plants better fit fast expanding large-szed generation
networks. Inlow growth markets, severa years worth of demand growth are required before the
need for large capacity addition materidizes. In deregulated markets the addition of alarge, low
production cogt, base load plant could significantly dter the margina peeking plant that
determines the locationd or regional MCP. Thus the addition of alarge nuclear or coal-fired
plant may lower the MCPs and marginsfor dl other plants participating in the regiond single
price auction market. These observations may change with the formation of the large RTOs
mandated by FERC. These RTOs will represent very large eectric systems and will require
large capacity additions due to their size, even under low growth rate conditions. Theimpact of
the large RTOs on locationd MCPsis not yet clear. The formation of the RTOs will enhance the
prospects for large base load plants that will likely operate under long-term PPAs. Both these
trends will favor the commitmentsto large sized cod-fired or nuclear power plants.

Nuclear plant designers face the trade-off of increasing their plant Sze to obtain economy of
scale benefits, or containing the growth of their plant capacity so as not to be locked out of
andler or dow growing markets. One way of finessng this dilemmais the devel opment of
modular nuclear plants based on the High Temperature Gas Reactor Technology (HTGR). The
HTGR technology is amenable to smaller-szed modules of 110-285 MWe, which can be
congtructed, according to their developers, a unit costs Smilar to the unit costs of large
Advanced Light Water Reactors (ALWRS). A large Szed nuclear power station can be
edtablished from severa smal-sized modules constructed side by side, each operating as an
independent plant. The smdler-szed modules may better match local load growth, and can be
committed consecutively as the demand increases. Another benefit of the modular construction
gpproach isthe smaler total investment required for each module (compared with alarge plant)
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that makes obtaining financing easier and reduces return on investment requirements. An
additiona bendfit isthat the early modules can start generating power and provide an early,
though partid, revenue siream, even before the find and full station capacity isingdled. While
these expected benefits have been studied for decades, there exigts little experience in the large-
scale commercidization of the HTGR technology, and in achieving sSgnificant modularization
benefits rated to smal-szed nuclear plants. Such benefits could be redlized only when a
sgnificant number of modules have been congructed. These issues have been addressed with
ALWR technology, dthough in amore limited way, by the design and development of the
APG00. Itisnot clear yet how will RTO formation affects the prospects for the smaler modular
HTGR type nuclear plants.

Capital Intensiveness

Nudear plants, being large facilities and requiring massive radiation protection shielding and
containment buildings, and heavy high pressure and corrosion resstant components, represent
capita-intensve projects. A amilar Stuaion exigs regarding cod-fired plants, which are so
highly capitd intensve, due to their large physica size, high pressure piping (particularly for
supercritica units), and extensve pollution abatement equipment and facilities. Competing base
load plant options such as gas-fired combined cycle plants having smdler szes, being based on
standard industrial components, and not requiring massive shidding, are less capita-intensve.
Nuclear plants' engineering, procurement and congtruction (EPC) costs vary between 800 and
1,400 $’kWe. When project contingency and owners costs at 20 percent of the EPC cost are
added, an overnight cost range of 1,000-1,600 $¥kWe is estimated, excluding al time-related
charges — escalaion and interest during congtruction (IDC). At the high end of the range, for
ingtance, assuming a capacity of 1,350 MWe and 1,600 $kWe, atotd overnight investment of
2.16 Billion Dallars s required, excluding time-related charges which could add 25-33 percent to
the total project cost, depending on the project duration. At the lower end of the range at 1,090
MWe capacity and 1,000 $kWe, an overnight cost of 1.09 Billion Dollars would be required.

Gas-fired combined cycle plants EPC costs range between 450 and 650 $kWe, with
contingency and owners costs increment of 5 percent of the EPC cost. At an intermediate value
range of a500 MWe plant capacity and 600 $/kWe EPC cogt, atotal EPC cost of 0.30 Billion
Dollars and an overnight cost of 0.32 Billion Dollars are computed. Combustion turbines require
an even amdler up-front investment. At representative vaues for a200 MWe plant with 300
$'kWe EPC cost and 5 percent contingency and owners cost increment, atotal project overnight
investment of 0.06 Billion dollars would be required.

The above representative numbers demondirate the greater capital intensiveness of a nuclear
plant, and, by inference, also of coa-fired plants, as compared with gas-fired power plant
dterndives. The larger up-front investment is more difficult to raise, and resultsin alarger
amount of vaue-at-risk throughout the construction period, until the plant sarts generating

power and providing an incoming revenue stream.  |n order to better control the risks associated
with thislarge financing package, the lending ingtitutions may require a grester portion of the

totd investment to be provided by equity financing, and the investors may require a higher return
on investment (ROI) rate. Both factors tend to increase the time-related charges and the total
project investment.
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Modular HTGR type plants aim at dleviaing the front-end nuclear financing hurdles by
condructing smaler-szed modules, one a atime. Each module will require alower up-front

totd investment. At arepresentative values set of 110 MWe module size, 1,250 $/kWe EPC cost
and 20 percent contingency and owners cost increment, the total overnight cost is estimated at
0.16 Billion Ddllars. Thisis significantly lower than the overnight investment requirement in a
1,000 MWe low cost nuclear plant or a 500 MWe combined cycle plant. Thistota investment is
thus easier to arrange, and may require alower ROI, even though the per kWe unit cost of the
HTGR type module could be higher than the unit cost of the monalithic ALWR plant.

Longer Lead-Times— Slower to M arket

Nuclear or coa-fired project lead-times are longer than gas-fired plants |lead-times due to the
larger physical size of the nuclear or coa-fired project, the grester complexity of the design and
the congtruction effort, and the need to demonstrate construction quality assurance and detailed
paper trails of equipment purchases and of on-Site congtruction practices, to the satisfaction of
the regulatory agencies. Gas-fired plant lead-times are shorter than nuclear or cod-fired plant
lead-times due to the smaller scope of the congtruction projects, the use of industria quaity
equipment, and less regulatory-driven pre-approvals and quality assurance requirements.

In generd, the overdl project congtruction phaseis divided into three time periods:

= The project sartup period consgts of three distinct activities. During this period, detailed
dterelated permitting is completed; Site preparation work isinitiated based on alimited
work authorization; and procurement of |ong lead-time components such as pressure
vessas and steam generators in nuclear plants and gas turbines and boilersin fossl-fired
plantsisinitiated.

= The project on-site congtruction period that involved three mgor activity phases, broadly
defined as civil work, mechanical work and eectrical work. Civil work includes
excavation, foundation and base-mat concrete pour, and the erection of plant buildings.
The mechanica work phase includes equipment ingtalation, pipe connections and
welding, and the completion of dl plant facilities. The Electricd work phase includes dl
electricd cable laying and connections, ingalation of al measurement devices,
congtruction and connection of the control room and electrical equipment, eg.,
transformer ingtallation.

= The project Startup and acceptance testing period includes the testing of completed
systems and their turn over from the congtruction crews to the operation staff; fuel
loading and the operationd testing of the entire plant; connection to the grid and the ramp
up of generation to rated capacity; and the warranty testing activities required to ascertain
that the completed plant and dl related equipment perform to specifications for pre-
determined time periods, and meet warranty conditions.

The advanced nuclear plant designs now proposed for near-term deployment in the U.S. require
three to three and one hdlf years for the on-site construction work phase, haf year for startup and
operationd testing, and one year for the project development phase. Thisresultsin atotd lead-
time of saxty months or five years. (Thisdoes not include NRC regulatory gpprovas (i.e., ESP,
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DC, COL) which can add three or more years to total project lead-time)) Similar congtruction
lead-times are projected for cod-fired plants. Combined cycle plants require shorter project
lead-times conssting of one year for the up-front project development phase, and two years for
on-gte congtruction and Startup. Thetota project requires thirty-six months or three years.
Combustion turbines can be built with tota lead-times of thirty months or two and one half
years, conssting of one year for the project development phase, and one and one half years for
on-dte construction and startup.

The nuclear project lead-times mertioned here have been achieved and demonstrated abroad.
Thereis no current experience of achieving such short lead-times in recent, and more modern,
U.S. nuclear projects. Magor nuclear industry programs, based on lessons learned in U.S. and
foreign plant construction projects, are amed at assuring the achievement of the projected short
lead-timesin future U.S. nuclear projects. The foss| plant lead-times discussed here have been
demonstrated in severa plants built in the U.S. and do represent redl project experience. It
should be mentioned that fossi| plant lead-timesin the U.S. have increased recently, due to
longer project development phases than originaly estimated, and longer wait periods for long
lead-time equipment procurement due to shortage of manufacturing capecity.

Project lead-times have profound effects on totd project capita investment requirements due to
the accumulation of escalation charges and IDC throughout the construction period. Project
lead-times a so represent the mgjor risk eement in eval uating the prospects of committing to a
new plant. Project risk is derived from three basic factors:

= Thelonger the plant isin congtruction before power is generated and a revenue stream is
established, the longer the project financing is at risk, should the project fall. Thuslonger
congtruction projects require various mitigetion strategies such as higher ROI on the
equity portion of the investment and higher interest rate on the debt portion. The
equity/debt ratio will be required to demondtrate higher equity fractions the longer the
period that financing is & risk.

= Thelonger the project lead-time the more likely it is that the specific loca conditions that
gave riseto aproject may change, thus reducing the economic judtification for the
project.

= |nthe deregulated marketsthe first plant that respondsto aloca need situation will regp
the major economic benefit in terms of the highest, market price minus production cog,
i.e, margin capture. That firg plant, by virtue of itsfirgt entry into the market, will
reduce the MCPs and marginsfor dl follow-on other plants. Thisisthe firg-to-market
syndrome.

It follows from the above discussion that nuclear plants or cod-fired plants with longer lead-
times are at a disadvantage compared with gas-fired plants, due to the larger accumulation of
time-related charges, due to potentialy being late to market, and due to the risk of changing
market conditions, on which the project profitability evaluation was originaly made, before the
project has reached commercid operation. Controlling and reducing project lead-timeisan
essentia requirement for committing to a new nuclear or cod-fired plant. It remainsto be seen
whether the later in life economic benefits of nuclear projects make up for their greater up-front
cog and risk. It isaso unclear how RTO formation will impact fird-to-market considerations.
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Long Operating Lifetime

Nuclear and coal-fired plants operating lifetimes are longer than gas-fired plant lifetimes.
Currently operating nuclear plants are undertaking license renewa programs that will extend
their operating license to sixty years, or beyond. Advanced nuclear plants proposed for near-
term deployment are designed, from the start, for a sixty years operating period, though they will
require license renewa beyond the forty year licensed term of operation. The plant designs are
robust enough to support possible life extenson beyond this nomind plant lifetime. The bass
for these long plant lifetimes is the large margins designed into the plant equipment, the stringent
quality assurance programs required to prevent equipment failure with potentid radiologica
exposure consequences, the better choice and improved understanding of construction materids
and dloys, the overdl robust plant construction required as a radiation protection measure, and
the high level of annual maintenance activities designed to prevent equipment deterioration or
falure

Gas-fired plants operating lifetimes are much shorter. Little experience has yet been gained in
the long-term operation of gas-fired combined cycle plants, and nomind plant lifetimes are not
expected to exceed twenty-five years. Beyond the nomind vaue, plants' lifetime could be
extended through major equipment replacement programs such as turbine rotor and blades
replacement. The cost of such replacement program, as afraction of the overal plant cos, isa
much higher than the fraction of nuclear life extenson programsisin rdation to the initid plant
investment. The reasons for the shorter lifetimes of gas-fired plants are that plant equipment is
designed to industriad standards rather than to the more stringent (and more expensive) nuclear
standards, the plants operate at much higher gas burning temperatures thus increasing metd
fatigue and shortening lifetime, corrogve contaminants in the gas stream cause equipment
corrosion, accelerated by the high temperature operating regime, and the plants are not as
rigoroudy inspected and maintained on an annua basis as nuclear plantsare. In order to conduct
equal comparisons of nuclear and gas-fired plantsit is necessary to carry out the andyss over a
long time period, on the order of fifty years, and consider al mgor capita improvement
programs throughouit this period, properly discounted to a reference time-point. The economic
performance of a gas-fired combined cycle plant will deteriorate if dl periodic equipment
replacement costs will have to be accounted for in the economic anayss.

The consequences of longer plant lifetimes are that nuclear plants have longer time periods over
which to accumulate increasingly larger margins which will be used to repay the origind plant
investment, pay al equipment improvement and replacement programs, pay al fixed costs such
astaxesand G&A, provide the required ROI, and generate net profit to the owners. While early
in life the available margin is used to repay the construction loan and depreciation charges, once
these expenses are retired after the first twenty years of life or earlier, alarger fraction of the
available margin can be dedicated to provide ROl and net profits. In the deregulated world the
congtruction and operation loan has to be returned, with interest, over a shorter time period than
in the regulated world. Whereas in the regulated world the construction loan repayment period
for a capital-intensve nuclear or cod-fired plant could be stretched over a 30 years period, in the
deregulated world that loan is expected to be repaid over a 20 years period, or less. Gas-fired
plant loans are expected to be repaid within ten years, or less. The longer the plant’s lifetime,
assuming no maor equipment replacement needs, the more time exigts, after the construction
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loan isrepaid, to generate areturn of and on the equity investment, and to further generate net
profits.

A different Stuation exists with regard to a combined cycle plant. The congruction loanis
returned over ashorter time span, and the RO is provided to the investors earlier in the plant’s
lifetime. Any additiona funds generated have to be st aside againgt the need for amgjor
equipment replacement program at the end of the nominaly shorter lifetime. Investors who wish
to obtain their expected ROI as soon as possible and move their capita to other projects would
seek low capita-intensive power projects such as gas-fired power plants. Larger-szed investor
organizations with longer capital recovery horizons can expect higher longer-term profitsfrom
nudear power plants.

High Capacity Factors

Nuclear and cod-fired plants operate a higher capacity factors than gas-fired combined cycle
plants. Peaking gas turbines are planned for operation at low capacity factors. The operating
nuclear plantsin the U.S. now consstently achieve flegt-average capacity factorsin the 90
percent range. An increasing fraction of the plants achieve higher than 90 percent capacity
factors over severa consecutive years. This achievement is atestimony to the rigorous operating
and maintenance programs implemented in dl U.S. operating plants. The U.S. experienceis
now duplicated in many other countries that operate nuclear power plants, indicating that the
U.S. experience is not unique but rather the norm, and that transfer of good practices and best-in-
class benchmarking programs can improve the performance of nuclear plants worldwide. New
nuclear plants proposed for near-term deployment are capitalizing on this accumulated
experience, and the plants are designed, a priori, with best practices in mind, for lifetime
operation at capacity factors of around 90 percent (87-93 percent range).

Gas-fired combined cycle plants have not yet achieved such high capacity factors, duein part, to
the short period of experience in the operation of such plantsin the U.S, and in part due to lack
of standardization in equipment supplies. It isnot anticipated that combined cycle plantswill
reach capacity factors as high as nuclear power plants, for the same reasons that affect their
shorter operating lifetimes as compared with nuclear plant lifetimes. Current combined cycle
plants now suffer from the same ownership and vendor and plant models bakanization problems
that have negatively affected the earlier U.S. nuclear power program. It is expected that asthe
gas-fired generation industry matures and plant ownership is concentrated in severd large
operating companies, that performance improvement programs will be ingtituted, which will
improve the future capacity factors. It isnow assumed that gas-fired plants will achieve lifetime
averaged capacity factors in the 80-85 percent range.

The achievement of high capacity factorsis essentid for plant profitability snce eech MWh
generated resultsin incoming revenues. As each plart isits own profit center, the revenue and
the margin bases for profitability depend on energy sales by the plant itself, rather than profits
accumulated elsawhere by the parent owner. 1t follows that as each plant generates more energy
it lays the badis for its own profitability. The longer the plant can operate on an annud and
multi-year basis, the more profitable it will become, if properly managed.
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L ow and Predictable Production Costs

The mgor beneficid attribute of nuclear power plantsistheir low production costs. Nuclear
production costs are not just low, but aso are highly predictable, and exhibit low volatility over
both the short and the long-term. The combination of low production costs, limited cost
volatility, high capacity factors, and long operating lifetimes gives nucdlear plantsther digtinctive
economic advantage compared with fossil-fired plants over the long-term. Nuclear production
costs for near term deployment plants are projected to be in the range of 10.0 ¥MWh,
compatible with the cost range of the best currently operating plantsin the U.S. Thiscostis
made up of 5.0 ¥MWh O&M cost component and 5.0 ¥MWh nuclear fuel cycle cost
component. Nuclear fuel cycle costsinclude a 1.0 ¥MWh contribution to the Federd
Government for ultimate spent fud digposdl.

Gas-fired combined cycle plants exhibit higher production costs driven mostly by high natura
gasprices. Combined cycle plant production costs are not very predictable due to the high
voldility in netural gas prices, which was amply demonsirated in the fal 2000, winter 2000-2001
and spring 2001 seasons. Over that period natura gas pricesfirst doubled from their historic
values of 2.0 ¥MMBTU to 4.0 ¥MMBTU, then doubled and tripled again, and then exhibited
shortage- related short-duration spot price peaks as high as 60 ¥MMBTU in the Southern and
Northern Cdiforniaenergy markets. Findly, a the end of the Winter heating season, with the
onset of the mild weather Spring and Summer 2001 seasons, naturd gas prices have tumbled to
the 3.0-4.0 ¥MMBTU price range, depending on transmission costs and other local conditions.
Gas prices are expected to increase again with the coming of the Winter 2001- 2002 hegting
season, though this price increase may be moderated due to the economic downturn. Over the
long run gas prices are expected to increase to the range of 3.5-5.5 ¥MMBTU, reflecting the
increased demand in the U.S. and the lower than expected reservesin the North American
continent. This range will be compatible on aper BTU basis with ail prices at 20-32 $/Barre,
which seems to bracket the 25 $/Barrel long-range price target of the OPEC ail cartdl.

It is necessary to multiply the per BTU fue prices by the combined cycle plants heet rate (in
units of BTU/KWHh) in order to convert the fuel cost to eectric energy cost component expressed
in ¥MWh units. Depending on design and maturity, combined cycle plant heat rates vary
between 7,500 and 6,000 BTU/kWh. For comparison purposes, assuming representative heat
rate vaue of 7,000 BTU/kWh (multiply by afactor of 7.0), and further assuming atypica O& M
cogt figure of 2.0 $¥MWh, anatural gas price range of 3.5-5.5 ¥MMBTU will resultina
combined cycle plant’s production cost range of 26.5-40.5 ¥MWh. When compared with the
expected nuclear plant production cost of 10.0 $MWh, the nuclear plant production cost
advantage is Sgnificant.

Beyond the numerica production cost figures, which represent but current estimates, the more
important observation is that combined cycle plants production cost estimates are more volaile
and prone to changes than nuclear production costs are. Based on the above representative
vaues, at 3.5 ¥MMBTU natura gas price, 24.5 out of 26.5 $MWh, or 92 percent represent the
fuel price component of the total production cost, which isless predictable and subject to
changes. In nuclear production costs the fudl cost and the O& M cost components each represent
about 50 percent of thetotal. Thus the volatile component of the nuclear production cost is both
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smaller, on an absolute bad's, and represents a smd ler percentage of the totd, than the volatile
component of the combined cycle plants production costs. The nuclear plant production cost
advantage is not just the lower numerica cogt figure, but also the smdler volatile cost
component; hence the lower production cost risk.

A MODEL FOR NUCLEAR PLANT COMPETITIVENESS— NUMERICAL RESULTS

This section deds with the numericd evauation of the competitiveness of new nuclear plants,
proposed for near term deployment, in the future energy markets. This section is divided into
four parts. Thefirgt part reviews the methodology used in the economic andysis. The second
part describes the computational model used. The third part reviews the base case results of the
andyss, and the fourth part describes the sensitivity studies conducted around the base case.

Proj ection of the Competitive Playing Field

The gpproach taken in this sudy isto perform a parametric analysis of the range of economic
competitiveness of advanced nuclear power plantsin future market conditions. In order to do
this, the tota generation costs of future nuclear plants is compared againg the tota generation
costs of gas-fired combined cycle plants, and gas-fired combustion turbines. A reasonable
parameter range is defined as a base case, and then extensive sengtivity anadyses are performed
around the base case vadlues. Thisanadydisis not a definitive determination that could lead to a
commitment decision for a specific plant at a specific location. Rather, afirst order economic
evauation is performed that answers the question: “1s there a reasonable range of plant economic
and performance parameters under which a future nuclear plant would be competitive in the
market?’ If, 0 then it makes sense for interested utilities or developersto perform detailed
locationa analyses of the competitiveness of specific plant designs, under specific ded terms. If
not, then nuclear plants proponents will have to wait for different market conditions to evolve to
the point that their designs will be compstitive, or plant vendors will have to drive to modify
their designs, so that they meet the economic conditions likely to prevail in the market.

The economic analyses performed here alow for three basic comparisons:

= A generation cost comparison between a nuclear plant and a combined cycle plant to
indicate whether the nuclear plant represents an economica base load option on a
lifetime generation cost basis.

= A baseload cost-price comparison between market prices represented by the production
cost of acombined cycle plant, and nuclear generation cogts. The purpose of this
andysisisto identify whether base load prices obtained cover nuclear production cost
and provide amargin for the (partia) recovery of nuclear capita charges.

= A peak load cost-price comparison between market prices represented by the production
cost of a combugtion turbine, and nuclear generation costs. The purpose of this andyss
isto indicate whether pesk load prices, obtained mostly during the summer season, alow
for full recovery of nuclear production cogt, full recovery of nuclear capital charges
during the peak prices period, and provide additional revenues to cover the portion of the
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nuclear capital charges not recoverable from base load market prices during the
remainder of the year.

In this stage of the analysi's a reasonable parametric range is chosen that encompasses the
specific plantsdata. Plant designers can interpolate among the base case and the sengitivity
andyss computations, to identify the results most gpplicable to their own specific plant design
data.

The Economic Analysis M odel

The economic mode used in this study was origindly developed for the U.S. Council on Energy
Awareness (USCEA), one of the predecessor organizations of the current Nuclear Energy
Ingtitute (NEI). Thismodd was then transferred to Bechtel Power Corporation (BPC), where it
was further developed and used for initid project profitability andysis. The modd wasthen
further extended by NEI and used in their economic evaluations related to advanced nuclear
plant deployment. This modd takes as an input a set of plant performance parameters and cost
data, and a set of economic factors such as discount rate, inflation rate, cost of debt, return of
equity, debt/equity fraction, interest during congtruction rate and debt repayment period.

The mode can be exercised in ether of two possible modes as follows:

=  Generation cost cdculator: The modd computes annud fud costs and annua fixed and
variable O&M cogts throughout the specified plant lifetime. The mode computes annud
fixed charges required to pay back the congtruction and operation loan as well asthe
interest on the loan, pay Federa and State taxes, and provide for plant depreciation and
for decommissioning sinking fund, where appropriate. The mode computes annud fixed
charges required for the return of the equity investment in the plant, and using externaly
supplied RO rate, the required annud return on equity. The model computes the year-
by-year total generation cogsi.e., the sum of the annua fuel costs, O& M costs, debt
return charges, and equity repayment charges, throughout the plant’slifetime. The modd
then discounts and sums the stream of annud generation coststo yield levelized
generation cost values.

= Profitability calculator: Thisisareverse set of computations, which have been described
ealier in thiswrite-up. Given an externdly supplied stream of annua market prices, the
mode pedls off the computed annua fuel cost, annual O&M cogts, annua debt return and
tax related charges. For the remainder, the modd then computes the internal rate of
return (IRR), which will dlow for the return of the equity portion of the plant investment,
and provide areturn on that investment. If the computed IRR isequd to or larger than
the target ROI the utility or developer requires, the project could be considered profitable,
on afirdg level of computations.

The model has been exercised in this study, mostly in the generation cost caculator mode, to
provide generation cogts of advanced nuclear power plants, gas-fired combined cycle plants and
gas-fired combustion turbines, over awide range of input parameter variations for each type of
plant. The resulting sets of generation costs on an annud or lifetime-levelized basis were then
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compared, to yield conclusions regarding the prospective profitability of advanced nuclear plants
under near-term market conditions.

Nuclear Plant Competitiveness— Base Case Results

A base case analys's comparing the generation costs of an ALWR, agas-fired combined cycle
plant and a gas-fired combustion turbine has been performed, using the NEI cost model. The
bas ¢ assumptions of the andysis are reported in Tables 1 and 3. The results of the computations
arereported in Tables 2 and 4, and shown in Figures 1 to 6. Some of the input variables used
have been discussed above in the section on Nuclear Plant Redlities. The more important
variables that affect the relative competitiveness of the ALWR vs. the gas-fired plants are the
natura gas price range, the ALWR capitd cost range, and the returns required on the debt and
the equity portions of theinitid investment.

Future natural gas prices have been assumed in the range of 3.5 ¥MMBTU to 5.5 ¥MMBTU,
increasing with inflation rate only (no redl price escalation) throughout the plant lifetimes. A
combined cycle plant heet rate of 7,000 BTU/KWh has been assumed, averaged over the 25 years
of plant life. Gasturbine plant heet rate of 10,000 BTU/kWh has been assumed. The combined
cycle plant is estimated to operate at alifetime average capacity factor of 85 percent, and the gas
turbine at an average peaking capacity factor of 30 percent.

In pardld with this gas-fired plants cost/performance variability range, nuclear plant base

capita costs were estimated to vary in between 1,000 and 1,200 $/kWe, with an additiona 20
percent cost adder for contingency and owners codts. Thus, an overnight capital cost range of
1,200-1,440 $/kWe has been assumed here on a parametric basis. Nuclear plants are assumed to
require an additional 30 Million Dallars cost increment for up-front licensng and project

devel opment activities, whereas the combined cycle plant and the gas turbine are expected to
require only an additiona 10 Million and 7 Million Dallars, respectively, for project

development. The ALWR isassumed to have an improved hest rate of 9,600 BTU/KWh, to have
aproduction cost of 10 ¥MWh (equally distributed between fuel and O&M costs), and to
operate at an annual average capacity factor of 90 percent over a conservatively estimated, forty
ye lifetime.

In terms of financia parameters, nuclear plants are assumed to require a 40 percent equity
fraction of their total investment. The combined cycle plant, being a more mature technology,
will require a 30 percent equity fraction, and the gas turbine will require 20 percent. The ALWR
investors are assumed to require a 15 percent, before taxes, return on their equity, and the
investors in the gas-fired plants are assumed to require a 13 percent ROl. The ALWR
congtruction loan (Debt Fraction) is assumed to be returned over a 20 years period and carry an
interest rate of 10 percent. The gas-fired plant debt is assumed to be retired over aten-year
period and to carry an interest rate of 9 percent. All three types of plants are assumed to reach
commercia operation by January 1% 2010, and the project initiation dates are adjusted
accordingly. ALWR totd lead-time is estimated at five years, including one year of project
development prior to congtruction start. The combined cycle plant’ stotal lead-timeis three
years, and gas turbine plant’s lead-timeis two and one haf years, both including one-year of up-
front project development activities.
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The basic conclusion derived from this andlyss, given the sets of input data described above and
shownin Tables 1 and 3, isthat for the range of gas prices expected here, and for the combined
cycle plant performance parameters listed, ALWRs with overnight capita costs in the range of
1,100 —1,500 $¥kWe or higher, will represent a competitive base |oad generation option.
Congdering the production costs of the combined cycle plant to represent the market pricesa
nudear plant will likely recaive in the off- peak seasons of the year, and the production costs of
the gas turbine as representative of market prices during the summer peak season, it is evident
from the results shown in Tables 2 and 4, that ALWR will receive substantid margins aboveiits
production costs during the off-pesk seasons, and high margins during the pesk seasons. It isthe
accumulation of these margins that will be utilized to repay the plart investment and provide the
required returns. The availability of adequate margins for capitd cost repayment is the basis for
nuclear plant profitability, and it accounts for the finding here of the ALWR being an economic
option for base load generation

First year generation codts for the ALWR and the two gas-fired plants are shown in Figure 1, for
an ALWR with EPC cost of 1,000 $/kWe and natural gas price of 4.0 ¥MMBTU, and in Figure
4 for an ALWR with EPC cogt of 1,200 $/kWe and naturd gas price of 5.0 ¥MMBTU. Firgt
year costs are of importance, asthey are higher than the levelized generation costs reported in
Tables 2 and 4. Not only are the lifetime levelized cogts higher than the corresponding ALWR
costs, but the first year cogts of the gas-fired combined cycle plant are higher than the
corresponding ALWR cogts. Thisistrue for the range of natural gas pricesand ALWR
overnight capital cost cases evauated in this section, even though the component makeup of the
total generation costs are quite different. ALWR generation cogts are capita charges dominated,
while the combined cycle plant costs are fud cost dominated, as seenin Figure 1. Itismore
difficult to receive market prices high enough to recover the full first year costs, or to cover the
production costs and a significant fraction of the required capital charges. Intime, asthe annud
generation costs decrease below the lifetime levelized vaues, adequate market prices can be
obtained. It is, however, an issue as to how to operate the plant, with market prices below full
cost recovery reguirements during the first years of operation, and meet dl the financia
obligations to the debt holders and to the investors.

Two potentid approachesto getting over the hurdle of the high first year’ s generation costs (in
relation to market prices) include:

= Negotiating a PPA with higher than market price payments during the first years of the
new plant’s commercia operation, to be potentialy repaid later in life.

= Levdizing the annud carrying charge payments over the new plant’s lifetime, so that the
high early in life investment repayments are reduced, and the low capitd chargeslater in
the plant’s lifetime are increased.  Such rescheduling of the annud carrying charges can
be negotiated between the plant owners, investors, and the banks.

Options for resolving the price-cost mismatch early in life are discussed in a more quantitative

way in the next section. The computations here indicate that thisis as much of an issue for the
gas-fired combined cycle plant asit is for the more capitd-intensve nuclear plants.
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Table 1 - Input Data - Generation Cost Comparison - ALWR, CCGT & GT

ALWR 1,000 $/KWe Base Cost, Natural Gas Price 4.0 $/MMBTU

Base case

15 % IRR

6 months post construction hearings, startup
No production or mitigation credits
Project development start date
Development time in months
Construction time in months or "manual”
Post-construction time in months
Commercial operation date

Number of years before first capadd

First capadd construction time in months
Number of years before second capadd
Second capadd construction time in months
Escalation start date

Inflation rate

Project operating period in years

Discount rate

Plant net electrical output in MWe

Net plant capacity factor (% or "detailed")
Base EPC cost ($'000)

Construction schedule "manual” or "auto”
Startup and mobilization ($'000)

First capital addition cost ($'000)

Second capital addition cost ($'000)
Owner development costs & fee ($'000)
Owner costs & contingency (% TCB)
Owner post-construction costs ($'000)
Working capital: on or "off"

Equity share

Term debt tenor (including any refinance)
Term debt interest rate

Pre-refinance period

Refinanced term debt rate

Term debt repayment style (enter "M" or "P")
Closing costs ($'000)

Upfront fees (% debt)

Debt service reserve (months)

Equity during construction (%)

Interest rate during construction (IDC)
Commitment fee rate

Fuel price in $ per MMBtu

Net heat rate in MMBtu per kWh

Fuel assemply rental costs ($'000 p.a.)
Fuel escalation rate

Total or variable O&M ($/MWh)

Custom periodic maintenance ("on" or off)
Fixed O&M and G&As ($'000 per annum)
D&D sinking fund amount ($ million)
Nuclear industry fees ($/MWh)

Income tax rate

Tax depreciation period (avg.)

Declining balance rate (avg.)

Investment tax credit rate

Tax carry forward in years

Property tax

Project levered after-tax IRR (enter value or '?")
Power price (enter $/MWh or ‘detailed’ or '?")
Power/fixed capacity escalation rate
Carbon emissions credits in $/ton

SO2 emission credits in $/ton

Nox emission credits in $/ton

Production sales credit in nominal $/MWh
Production tax credit in nominal $/MWh
Sales/tax credit validity period in years (if any)

1000 $/kw EPC
40% Equity
ALWR BaseCase

1-Jan-2005
12
42
6
1-Jan-10

1-Jan-2000
2.0%
40
12.0%
1,000
90.0%
1,000,000
auto

60,000
20.0%

on
40%
20
10.00%

1,000

40%
10.0%
0.75%

9,600
39,420
2.00%
5.00

off

465
1.00
35%
15
1.50

1.0%
15.0%

1.0%

600 $/kw EPC
Gas 4.0 $/MMBTU
CCGT Base Case

10 Years Debt Term
1-Jan-2007

12
24

1-Jan-10

1-Jan-2000
2.0%
25
12.0%
500
85.0%
300,000
auto
5,000

10,000
5.0%

off
30%
10
9.00%

M
500
1.0%
6
30%
9.0%
0.75%
4.00
7,000

2.00%

2.03
off

35%
15
1.50

1.0%

13.0%

1.0%

5.0

300 $/kw EPC
Gas 4.0 $/MMBTU
GT Base Case

10 Years Debt Term
1-Jul-2007

12
18

1-Jan-10

1-Jan-2000
2.0%
25
12.0%
200
30.0%
60,000
auto
5,000

7,000
5.0%

off
20%
10
9.00%

M
500
1.0%
6
20%
9.0%
0.75%
4.00
10,000

2.00%
1.00
off

35%
15
1.50

1.0%
13.0%

1.0%
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Table 2 - Computational Results - Generation Costs Comparison - ALWR,
CCGT & GT ALWR 1,000 $/KWe Base Cost, Natural Gas Price 4.0 $/MMBTU
1000 $/kw EPC 600 $/kw EPC 300 $/kw EPC
40% Equity Gas 4.0 $/MMBTU  Gas 4.0 $/MMBTU
ALWR BaseCase CCGT Base Case GT Base Case
10 Years Debt Term 10 Years Debt Term
First year generation $ per MWh 44.9 45.8 64.2
Capital cost 34.9 15.7 23.2
- of which : IRR 17.8 4.9 3.5
O&M cost % 5.0 2.0 1.0
Fuel cost g 5.0 28.0 40.0
Initial years production credit (if . % - - -
Lifecycle generation $ per MWh E 41.6 42.7 59.9
Capital cost 3 31.6 12.5 18.7
O&M cost 5.0 2.0 1.0
Fuel cost 5.0 28.2 40.3
First year generation $ per MWh 55.2 56.3 79.1
Capital cost 42.9 19.4 28.6
O&M cost % 6.2 2.5 1.2
Fuel cost %j 6.2 34.5 49.2
Initial years production credit (if . g - - -
Lifecycle generation $ per MWh g 60.0 61.6 86.4
Capital cost = 45.4 17.5 26.2
O&M cost 7.3 3.0 1.5
Fuel cost 7.3 41.1 58.8

Nuclear plants represent aless volatile generation cost option and, thus amore suitable choice
for long-term bilaterd contracting with large customers interested in stable energy prices. This
is evident from the results shown in Figures 1 and 2, and other Smilar tables and figures derived
from the computations performed in the course of this study. Figure 2 shows the year-by-year
breakdown of the ALWR generation costs, at 1,000 $/kWe EPC cost. Figure 5 showsthe year-
by-year cost breakdown for a combined cycle plant burning natural gas at aprice of 5.0
$¥MMBTU. The equity and debt related cost components are the largest contributors to the
lifecycle costs. At anatura gas price of 4.0 ¥MMBTU, fuel codts represent 67 percent of the
lifecycle generation cost of the combined cycle plant, as seen in Figure 3. O&M codts represent
an additiona 5 percent of thetotd cost. Asgas pricesincreaseto 5.0 ¥MMBTU, fud costs
account for 72 percent of the total lifecycle cogt, with O&M codts contributing an additional 4
percent, as seen in Figure 6. Thus the volatile component of the combined cycle plant’ slifecycle
cost represents 70 percent or more of the total cost, given the range of the likely natural ges
prices assumed here. This volatile cost component increases with the increase in naturd gas
prices.

The voldile percentage of the ALWR lifecycle cog, a an overnight cost of 1,200 $/kWe, is
computed as 24 percent, (12 percent fuel cost component and 12 percent due to O&M costs).
Capitd charges are determined at the commercid operation date, and the payment schedule
edtablished at that time is not subjected to change during the plant’ s lifetime. As nuclear
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Table 3 - Input Data - Generation Cost Comparison - ALWR, CCGT & GT
ALWR 1,200 $/KWe Base Cost, Natural Gas Price 5.0 $/MMBTU
Base case 1,200 $/kw EPC 600 $/kw EPC 300 $/kw EPC
15 % IRR 40% Equity Gas 5.0 $/MMBTU Gas 5.0 $/MMBTU
6 months post construction hearings, startup ALWR BaseCase CCGT Base Case GT Base Case
No production or mitigation credits 10 Years Debt Term 10 Years Debt Term
Project development start date 1-Jan-2005 1-Jan-2007 1-Jul-2007
Development time in months 12 12 12
Construction time in months or "manual” 42 24 18
Post-construction time in months 6
Commercial operation date 1-Jan-10 1-Jan-10 1-Jan-10
Number of years before first capadd
First capadd construction time in months
Number of years before second capadd
Second capadd construction time in months
Escalation start date 1-Jan-2000 1-Jan-2000 1-Jan-2000
Inflation rate 2.0% 2.0% 2.0%
Project operating period in years 40 25 25
Discount rate 12.0% 12.0% 12.0%
Plant net electrical output in MWe 1,000 500 200
Net plant capacity factor (% or "detailed") 90.0% 85.0% 30.0%
Base EPC cost ($'000) 1,200,000 300,000 60,000
Construction schedule "manual” or "auto" auto auto auto
Startup and mobilization ($'000) 5,000 5,000
First capital addition cost ($'000)
Second capital addition cost ($'000) = = =
Owner development costs & fee ($'000) 60,000 10,000 7,000
Owner costs & contingency (% TCB) 20.0% 5.0% 5.0%
Owner post-construction costs ($'000)
Working capital: on or "off" on off off
Equity share 40% 30% 20%
Term debt tenor (including any refinance) 20 10 10
Term debt interest rate 10.00% 9.00% 9.00%
Pre-refinance period
Refinanced term debt rate
Term debt repayment style (enter "M" or "P") M M M
Closing costs ($'000) 1,000 500 500
Upfront fees (% debt) - 1.0% 1.0%
Debt service reserve (months) 6 6 6
Equity during construction (%) 40% 30% 20%
Interest rate during construction (1DC) 10.0% 9.0% 9.0%
Commitment fee rate 0.75% 0.75% 0.75%
Fuel price in $ per MMBtu = 5.00 5.00
Net heat rate in MMBtu per kWh 9,600 7,000 10,000
Fuel assemply rental costs ($'000 p.a.) 39,420
Fuel escalation rate 2.00% 2.00% 2.00%
Total or variable O&M ($/MWh) 5.00 2.03 1.00
Custom periodic maintenance ("on" or off) off off off
Fixed O&M and G&As ($'000 per annum)
D&D sinking fund amount ($ million) 465
Nuclear industry fees ($/MWh) 1.00
Income tax rate 35% 35% 35%
Tax depreciation period (avg.) 15 15 15
Declining balance rate (avg.) 1.50 1.50 1.50
Investment tax credit rate - - -
Tax carry forward in years 3 3 3
Property tax 1.0% 1.0% 1.0%
Project levered after-tax IRR (enter value or '?") 15.0% 13.0% 13.0%
Power price (enter $/MWh or ‘detailed’ or '?") ? ? ?
Power/fixed capacity escalation rate 1.0% 1.0% 1.0%
Carbon emissions credits in $/ton
SO02 emission credits in $/ton
Nox emission credits in $/ton
Production sales credit in nominal $/MWh
Production tax credit in nominal $/MWh
Sales/tax credit validity period in years (if any) 5.0 5.0 5.0
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Table 4 - Computational Results
Generation Costs Comparison - ALWR, CCGT & GT
ALWR 1,200 $/KWe Base Cost, Natural Gas Price 5.0 $/MMBTU

1,200 $/kw EPC 600 $/kw EPC 300 $/kw EPC

40% Equity  Gas 5.0 $/IMMBTU  Gas 5.0 $MMBTU

ALWR BaseCase CCGT Base Case GT Base Case

10 Years Debt Term 10 Years Debt Term
First year generation $ per MWh 50.9 53.4 75.0
Capital cost 40.9 16.3 24.0
- of which : IRR 21.1 5.3 4.2
0&M cost 5 5.0 2.0 1.0
Fuel cost s} 5.0 35.0 50.0

Initial years production credit (if any’ ‘g - - -
Lifecycle generation $ per MWh E 47.3 49.8 70.0
Capital cost 3 37.3 12.5 18.6
O&M cost 5.0 2.0 1.0
Fuel cost 5.0 35.2 50.3
First year generation $ per MWh 62.7 65.7 92.3
Capital cost 50.4 20.1 29.5
O&M cost g 6.2 25 1.2
Fuel cost 1_% 6.2 43.1 61.6
Initial years production credit (if any’ c_és - - -

Lifecycle generation $ per MWh 'g 68.2 71.8 100.8
Capital cost =z 53.5 17.4 25.9
O&M cost 7.3 3.0 15
Fuel cost 7.3 51.4 73.4

Figure 1 - First Year Generation Costs Comparison -
ALWR, Gas-Fired Combined Cvcle Plant & Gas Turbine
Natural Gas Price 4.0 $/MMBTU - Constant Year 2000 $/MWh
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overnight capital costs increase to 1,440 $/kWe, the volatile cost component decreases to 22
percent (haf fuel cost contribution and haf O&M cost contribution). Nuclear plant’ s lifecycle
costs are thus estimated here to be only one third as susceptible to market impacts as are the
combined cycle plant costs. Nuclear plants incur an up-front cost uncertainty and risk but
provide lifecycle cost gability. Gas-fired plantsincur lower up-front cost uncertainty and risk,
but represent a greater economic risk over their lifetime, due to their greater exposure to fudl

Figure 2 - Year-by-Year Generation Cost Comparison - ALWR
1,000$/KWe EPC Cost - Year 2000 Constant $/MWh

Lifecycle Generation Cost - Constant Dollars
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Figure 3 - Lifecycle Generation Costs Breakdown - Natural Gas
Natural Gas Price - 4.0 $/MMBTU - Constant Year 2000 Dollars
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supply curtailments and market disruptions. This trade-off needs to be resolved by interested
utilities and devel opers, depending on the overal corporate risk mitigation strategies, on specific
locationd factors, and on possible dedl terms.

Figure 4 - First Year Generation Costs Comparison -
ALWR Gas-Fired Combined Cycle Plant & GasTurbine
ALWR EPC Cost - 1,200 $/KWe - Natural Gas Price 5.0 $/MMBTU

Constant Year 2000 Dollars
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Figure 5 - Year-by-Year Generation Cost Breakdown - Gas-Fired Combined Cycle Plant

60.0
50.0
e tOta|
g capital
Z 004 non IRR
a o&M
@
» 30.0 4+
S fuel
= :
© e CT @i TS
»  20.0 4+
c
LO) y —tOtal
10.0 = levelized
00— ¢ v ¢ v v bbb ey S 4
———————————— 11—ttt s
o © © © © ©
= 3 3 8 o 8 8 § & o @ 8§ 3 8 o 8 § ¥ = = B
© ©o o o © o o © © © o o © o © o o o o o o
(3] N o~ N o N N N N o N N N N (3] N N N o o~ N

4-25




Near Term Deployment Roadmap 10/31/01

Figure 6 - Lifecycle Generation Cost Breakdown by Component
Combined Cycle Plant - Natural Gas Price - 5.0 $MMBTU
Constant Year 2000 Dollars

Lifecycle Generation Costs

(Last Calculated Case)

fuel
72%

o&Mm
4% |\ RrR capital
8% 16%

Nuclear Plant Competitiveness— Sensitivity Analyses

The parameter range of the ALWR-gas-fired plants cost comparisons was extended in the
Sengtivity Anayss part of this study, to investigate the envelope of nuclear plant
compstitiveness under various cost and performance conditions. The results of this section can
be used for extrgpolating of the range of nuclear competitiveness, identified in the previous
section. Six input variables were changes parametricaly, one at atime, and the generation costs
of the appropriate plants were computed under the new assumptions. The results of these
computations is the development of sengtivity vaues thet indicate by how much will plant
generdion cogts change, per unit changein an input variable. The input and output tables of the
computer runs of the Economic Analysis Mode are presented in a separate, stand alone version
of this Chapter. The computationd results are presented below, in decreasing order of
sengtivity.

= Changein Nuclear Plant Overnight Capitd Cost
The Base (EPC) capitd cost of a prospective ALWR was parametricaly changed
between 800 $/kWe and 1,600 $/kWe. An additiond increment of 20 percent for
contingency and owners costs was assumed in converting the EPC cost to an overnight
capita cogt. It isfound that a change of plusminus 100 $¥kWein the ALWR capital cost
resultsin a change of plugminus 2.8 ¥MWh in the ALWR 40 years levelized generation
cost. All other cost/performance characteristics of the ALWR are smilar to the base case
vaues shownin Tables 1 and 3.

= Changein Natural Gas Price to a Combined Cycle Plant
Natural gas prices to acombined cycle plant were varied between 3.5 ¥MMBTU and 5.5
$MMBTU. The combined cycle plant’s generation costs were computed, dl other input
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varidbles hdd smilar to the vaues shown in Tables 1 and 3 above (7,000 BTU/kWh heat
rate, 85 percent annua capacity factors). It isfound that a change of plusminus 1.0
FMMBTU will result in a change of the levelized generation cost of acombined cyce
plant by plugminus 7.0 ¥MWh.

= Changein Natural Gas Priceto a Gas Turbine
Natural gas pricesto a gas turbine peaking plant were varied between 3.5 ¥MMBTU and
55 $¥MMBTU. The gasturbine plant’s generation costs were computed, dl other input
vaiables hdd amilar to the vdues shown in Tables 1 and 3 above (10,000 BTU/kWh
heet rate, 30 percent annua capacity factors). It isfound that a change of plusminus 1.0
FMMBTU will result in a change of the levelized generation cost of a combined cycle
plant by plus’minus 10.0 ¥MWh.

= Changein Equity Investment Fraction in a Nuclear Plant
The equiity fraction of the total investment in an ALWR is varied between 10 percent and
50 percent (nominal value of 40 percent). All other input variables were kept congtant at
the base case values of Tables 1 and 3. The sengtivity values are found to increase as
nuclear plant’s capita cost increases. It isfound that at an EPC cost of 1,000 $kWe, a
change of plus'minus 10 percent in the ALWR equity investment fraction resultsin a
change of plugminus 2.4 $¥MWh in the ALWR 40 years levelized generation cost. At an
EPC cogt of 1,400 $kWe, a change of plusminus 10 percent in the ALWR equity
investment fraction results in a change of plugminus 3.9 ¥MWh in the ALWR 40 year
levelized generation cost.

= Changein ROI Requirements for a Nuclear Plant
The ROI rate required for the repayment of the equity investment in a nuclear plant has
been varied parametricaly between 12 percent and 17 percent (nomina value of 15
percent). All other input variables were kept constant at the base case values of Tables 1
and 3. The sengtivity vaues are found to increase as the nuclear plant’s capital cost
increases. It isfound that at an EPC cost of 1,000 $¥kWe, achange of plusgminus 1.0
percent in the ALWR ROl rate resultsin a change of plugminus 2.0 ¥MWh in the
ALWR 40 year levelized generation cost. At an EPC cogt of 1,400 $kWe, a change of
plus'minus 1.0 percent in the ALWR ROl rate results in a change of plugminus 3.0
$¥MWh inthe ALWR 40 year levelized generation cost.

= Changein the Debt Repayment Period for a Nuclear Plant
The repayment period of the debt fraction of the investment in an ALWR was varied
between 10 years and 25 years. The nomina valueis 20 years. All other input variables
were kept constant at the base case values of Tables 1 and 3. The sengtivity vaues are
found to increase the nuclear plant’s capital cost increases. It isfound that at an EPC cost
of 1,000 $kWe, a change of plugminus 5 yearsin the ALWR debt repayment period
results in areverse change of minug/plus 1.4 ¥MWh in the ALWR 40 year levelized
generation cost. At an EPC cogt of 1,400 $kWe, achange of plugminus 5 yearsin the
ALWR debt repayment period results in areverse change of minug/plus 1.9 ¥MWhin
the ALWR 40 year levelized generation cost.

= Changein Interest Rate on Debt ona Nuclear Plant
Theinterest rate on the debt fraction of the investment in an ALWR was varied between
8.0 percent and 12.0 percent. The nomind vaueis 10.0 percent. All other input
variables were kept constant at the base case values of Tables 1 and 3. The sengtivity
vaues are found to increase as the nuclear plant’s capita cost increases. It isfound that
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at an EPC cogt of 1,000 $kWe, a change of plus/minus 1.0 percent in the ALWR debt
rate results in a change of plusminus 1.3 ¥MWh in the ALWR 40 yeer levelized
generation cost. At an EPC cogt of 1,400 $kWe, a change of plusminus 1.0 percent in
the ALWR debt rate results in a change of plus/minus 1.6 ¥MWh in the ALWR 40 year
levelized generation cost.

Change in Debt Repayment Period for a Gas-Fired Combined Cycle Plant

The levelized generation costs of gas-fired combined cycle plants are found to be less
sengtive to variations in the debt repayment period than do the generation costs of an
ALWR. Thisisdueto the smaler fraction of the capital chargesin the combined cycle
plant generation cog, as shown in Figure 1. The repayment period of the debt fraction of
the investment in a combined cycle plant was varied between 5 years and 25 years. The
nomind valueis 10 years. All other input variables were kept constant at the base case
vauesof Tables1 and 3. It isfound that achange of plusminus 5 years in the combined
cycle plant’s debt repayment period results in areverse change of minus/plus 1.0 ¥MWh
initslevelized generdion cost.

Changein Equity Investment Fraction of a Gas-Fired Combustion Turbine

The equity fraction of the total investment in a gas turbine was varied between 10 percent
and 50 percent. The nominal vaue is 20 percent. All other input variables were kept
congtant at the base case values of Tables1 and 3. It isfound that a change of plusminus
10 percent in the gas turbine equity investment fraction resultsin a change of plusminus
0.8 ¥MWh initsleveized generation cost. The lower sengtivity vaue found here, in
comparison with the ALWR, is caused by the lower contribution of the capita-related
chargesto the total generation codts of a gas turbine.

The sengtivity vaues computed here can be used to identify the boundaries of nuclear plant
competitiveness under changing market conditions. Two examples of such use are;

Natura gas prices have declined by 1.0 ¥MMBTU to 3.0 ¥MMBTU, averaged over the
lifetime of acombined cyde plant. Thisresultsin areduction of the lifetime leveized
generation costs by 7.0 ¥MWh. If ALWRs are to maintain their economic
competitiveness as base load generation options againgt gas-fired combined cycle plants,
then ALWR EPC costs have to decline by 250 $/kWe (7.0/2.8 x 100 $'kWe) to 750
$kWe, from the nomina vaue of 1,000 ¥kWe, dl other factors being congtant at the
base case values.

A utility-developer consortium is formed to construct severd nuclear plants. The new
corporate structure will require only 30 percent equity investiment fraction in the ALWR
projects (nomina vaue of 40 percent), the remainder being provided by bank loans. The
equity partners do however require 17.0 percent ROI, rather than the base case value of
15.0 percent. The average EPC cost of the ALWR projectsis estimated at 1,000 $/kWe.
These changes will result an overdl increase of the ALWRS' 40 year levelized generation
cogtsof 1.6 ¥MWh (-2.4 + 2 x2.0 ¥MWHh). Assuming that the generation costs of gas-
fired combined cycle plants represent future market prices, likely to be received by the
ALWR projects, then natural gas prices will have to increase by 0.23 ¥MMBTU (1.6/7.0
x 1.0 ¥MMBTU) above the nomina vaue of 4.0 ¥MMBTU over the plant lifetime, to
sugtain these ALWR funding structure changes.
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Summary of the Senditivity Analysis Studies

The generd observation derived from the sengitivity andyss performed hereisthat a
correspondence exists between natural gas prices, average market prices, and the acceptable
ALWR capital costs that the M CPs could support, asfollows:

»  Gaspriceof 3.0 ¥MMBTU will support ALWRs with overnight capital cost of 1,000
$kWe.

»  Gaspriceof 4.0 $¥MMBTU will support ALWRs with overnight capital cost of 1,200
$kWe.

»  GasPriceof 5.0 ¥MMBTU will support ALWRs with overnight capita cost of 1,440
$kWe.

The above results are understated (higher nuclear capital costs could be supported) since no
correction has been made here for periodic equipment replacement in the combined cycle plant
and mgor replacements at the end of its nomina 25 years operating lifetime.

Theissue of nuclear competitiveness and the acceptable, or break-even, nuclear capitd cods,
depend on one's perception of future natura gas prices, and by extension (equivaence on a per
BTU bads) of dl fossl fud prices, and the MCPs determined by the fossil-fired margind plants.
If one believesin low and abundant long-term natura gas prices—a 3.0 ¥MMBTU date of the
world — thisimplies that competitive overnight nuclear capital costs should not exceed 1,000
$kWe. If one assumes uncertain fossl fud prices due to declining reserves, politica
ingabilities, and difficulty in laying additiona gas pipeline capacity, then gas prices ought to be
higher, and the break-even nuclear capitd costs will increase correspondingly. The best estimate
of future natura gas pricesisin the range of 3.5t0 5.5 ¥MMBTU which will dlow
competitiveness with ALWRs with overnight capita costsin the range of 1,100 — 1,500 $/kWe
or dightly higher. If project developersbdievein a3.0 ¥MMBTU gate of the world and build
plants accordingly, then gas-fired dectric capacity will increase Sgnificantly, thus incressing the
demand for natura gas and driving gas prices higher, towards the 4.0 ¥MMBTU range. The
implication is thet while a nuclear plant capital cost of 1,000 ¥kWeis aworthy god for the
various design teams to shoot for, it is not clear that such cost will be required, given our
understanding of the evolution of future fossil fuel prices. A moreredistic range of acceptable
nuclear overnight capital costsis 1,100 $kWeto 1,500 $/kWe or dightly higher, depending on
local market conditions.

KEY FACTORS AFFECTING NUCLEAR PLANT COMPETITIVENESS

In addition to the maor factors affecting the relative competitiveness of nuclear and foss| power
plants, which were discussed in the two previous sections, there are several nuclear specific
parameters that affect the deployment of nuclear plantsin the U.S. during this decade. These
factors are discussed next.
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Licensing Cost and Time

Project licensing and loca permitting activities are part of the development activities undertaken
after the commitment decison ismade. The project owners are responsible for licenaing at this
gage. Following the commitment decision, the owners apply for a combined construction and
operation license (COL ), aswell as seek other Federa and State environmenta permits, and
State determination of economic need. The cost to obtain these required licensesis assumed as
30 Million Dallarsin our nuclear base case. Thisisa subgtantia sum, but rdatively small
compared with the EPC cost of an ALWR, which in many cases exceeds one Billion Dollars.
Thetotd licensing period of an ALWR prior to construction start is anticipated to be about three
years, including both NRC licensing and loca permitting. Thisis asignificant time period (30-
40 percent of total project lead-time), however itsimpact on the time-related chargesisrdatively
gmdl, snce only asmal amount of the EPC codt is expended during this period.

To test the sengitivity of nuclear generation costs to variations in project development cost and
time, aset of parametric values of each of these input variables was run on the NEI Economic
Andyssmodd. Atadl ALWR EPC vdues, achange of plusminus 20 million Dollars will result
in aplugminus change of 0.5 ¥MWh in the 40 year levelized generation cogts. A changeinthe
licensing and project development period isfound not to affect the ALWR's 40 years levelized
generation cost, since the licensing costs are small compared to EPC costs, and since they appear
concentrated as one time payment at the end of the licensing period and the art of the
construction period.

The variationsin licensing period and cogts, though found to have rdaively smdl impact on the
nuclear generation costs, do have amuch grester quditative impact on project uncertainties.
Changesin licensing requirements affecting both cost and time, create up-front uncertainties
regarding the viability of the proposed nuclear projects. Inred life the effect of such up-front
uncertainty could be the willingness of the prospective owners to abandon the project. Thisis
particularly o, snce only smal sums of money have been expended during the project
development period, so that the net loss to the owners, at this point, issmal. Thus, even though
licensng cost and time are rdatively smal compared with the overal EPC expenses, the impacts
of licenang uncertainties on project commitment and viability could be significant.

Congruction Cost and Time

The cost and time of the ALWR' s congtruction (EPC) phase are the two variables that will have
magor impacts on its economic prospects, as compared with the only modest impacts found for
changesin licenang cost and time. Thisis because the EPC codts represent the largest
component of nuclear generation cogts, thus changes to the EPC cost will have adirect linear
impact on the plant lifetime cogts. Changing the EPC period affect the accumulation of time-
related charges - IDC and escdation - during the construction period. Since IDC and escaation
accumulate exponentially rather than linearly, the longer the congtruction period, the more
pronounced the increasein totd capital requirements and in generation codis.

The economic impacts of changing the EPC cost and duration period have been investigated
through a series of runs of the NEI Economic Analyss modd, with separate parametric changes
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to each input variable. The impacts of changing the EPC cost on the ALWR generation costs
were reported in the previous section. A sengtivity vaue of 2.8 ¥MWh changeinthe ALWR's
40 year levelized generation cost was computed, per change of 100 $¥MWe in the EPC cost.
Thisisalinear impact related both to EPC cost increase or decrease.

A separate series of runswas performed, varying the EPC period above and below the nominal
vaue of 42 months (3 ¥ears). The impacts on generation costs are non -linear. Increasing the
EPC period will increase tota generation costs, more than asimilar reduction in the EPC period
will decrease generation costs. Thus, increasing the EPC period by one year (to 4 “gears) will
increase the ALWR 40 year levelized generation cost by 4.9 ¥MWh. Reducing the EPC period
by one year (to 2 “ears) will decrease the levelized generation cost by 4.2 ¥MWh. The effect
is more pronounced the further we modify the EPC period away from the nominad vaues.
Increasing the EPC period by 18 months (to 5 years) will increase generation costs by 7.0
$MWh. Reducing the EPC period by 18 months (to 2 years) will decrease the leveized
generaion cost by only 5.2 ¥MWh. Further increases in EPC periods will have significant
impact on generation costs. A 6 years EPC period (total project lead-time of 7 Ygears), will
increase the 40 years levelized generation cost by 11.8 ¥MWh, above the nomina value of 47.3
$MWh, and will devate it to vaues higher than the prevailing or projected energy market

prices.

More than the quantitative impact on generation costs, changes (or projected changes) to the
EPC cost and execution period, signify greater project risks to the plant owners and investors.
Higher congtruction costs and longer project durations were important factors in cancding
nuclear plant projectsin the U.S. over the last two decades. The perception of uncontrollable
nuclear project period represents amgjor hurdle to new plant commitment, to thisday. Investors
and developers could plan and initiate mitigation measures againgt long lead-times, so long as
those periods were stable and well understood. It israther the concern for lack of control over
the licensing and EPC periods, which worries prospective new plant owners or developers. Thus
understanding the economic impacts of EPC cost and schedule changes is important. Stabilizing
EPC cost and durétion is essentidl.

Nuclear O& M Costs

Nuclear O&M costs significantly increased in the 1980s and early 1990s and became the
dominant component of the production costs of the currently operating plants. Since the mid-
1990s saverd joint industry programs have resulted in sgnificant fleet-wide nuclear O&M cost
reductions. These reductions were attributed to the improved nuclear capacity factors, to the
incorporation of lessons learned from best-in-class plants, to O&M cost benchmarking programs,
and to personnel reduction programs. Despite the Sgnificant improvement in nuclear O&M

costs, the perception remains that these costs represent a mgjor uncertainty factor affecting the
prospects of future nuclear plants.

ALWRs were designed, from the gart, for ease of maintenance, for equipment smplification and
improved layout, and for optimized and lower plant personnel complement based on a from-the-
ground-up functiondl analysis. These factors, coupled with the fact that the ALWRs are planned
for lifetime operation at 90 percent or higher capacity factors, account for the low O&M costs
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(5.0 ¥MWh) as compared with the current best values of about 8.0 ¥MWHh. If it will be possible
to achieve these low costs in near-term deployed plants, then O&M costs will become a
relatively small contributor, accounting for less than 12 percent of total nuclear generation costs.
The annud O&M budget a 5.0 ¥MWh is estimated at 39.42 Million Dollars, sgnificantly less
than the annua budgets of current plants, which vary between 80-100 Million Dallars. A
sengtivity figure of 1.27 $¥MWh per change of 10 Million Dollarsin the annua O&M budget of
afuture 1,000 MWe operated at 90 percent capacity factor, can be computed.

Thelow ALWR O&M cost estimates represent arisk, in that they have not yet been provenin a
sugtained manner in commercidly operating plantsin the U.S. Current U.S. LWR plant O&M
cogts have consgtently declined since 1993, due to improvementsin capacity factors, staff
reductions, and more efficient operations. This experience is sgnificant, but it covers a period of
about ten years only, whereas ALWR plant lifetimes are projected to be sixty years. The
optimized ALWR cogt estimates have many margins diminated from them. To that extent, the
potentia for cost increases due to less than optima performance, over an extended period within
the operating lifetime, cannot be ignored. On the other hand, future nudear plants will likely be
operated by large, well-experienced, nuclear utilities with severd other plants under their
management. Such utilities should be able to operate thair plant fleets efficiently, and achieve
low operating budgets.

Market Prices

The economic prospects of future nuclear plants depend on receiving adequate market pricesto
ultimately cover dl their generation costs. While this can be accomplished over the plant’s
operating lifetime, a problem 4till exigts regarding high generation cost requirements early in life
that might exceed likely market prices. One potentia solution to this problem may include
obtaining power purchase agreements above market prices during the early years of operation,
this price subsidy to be returned later in life when adequate price-cost margins have
accumulated. Such PPAs can beissued by a state or aregiona agency, interested in diversifying
its energy supply technology mix. In principle, such a PPA wasissued by the State of Cdifornia,
in order to assure adequate energy suppliesto Cdiforniaratepayers. The DWR, whichisthe
Cdifornia agency charged with purchasing power on behdf of the State, reported in July 2001
commitments to purchase power until 2010, with average annud prices of 65 ¥MWh, when spot
prices during those periods are estimated by the DWR to average 50 ¥MWh. Other types of
power purchasing arrangements are contemplated by New Y ork State and by the State of
Georgia. Thusthere exigis a least one precedent for the issuance of a higher-than-market price
PPA, which serves to fill an importance socid or economic policy god of the issuing agency.

A study of such market prices strategy was performed in cooperation with NEI, using the NEI
Economic Andyssmode. The results of these computations are shown in Figure 7. The basic
assumption of this evauation isthat new ALWRs will receive market prices of 40 ¥MWh, in
constant year 2000 Dollars, through their operating lifetime, except for the first ten years of life
when those plants will receive higher than market prices. Various price increments above 40
$MWh were assumed parametrically. For arange of ROI vaues required by the investors,
assuming 40 percent equity fraction, the question is, “What ALWR overnight capitd cost could
be sustained by this schedule of market price paymentsto the plant?” A typica result, as shown
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in Figure 7, indicates that for a 1,200 $kWe and a ROI requirement of 15.0 percent, a PPA with
apriceincrement of 15 $¥MWh will be required over the first ten years of life, in line with the
Cdiforniamarket price support. These PPA price increments can be returned by the ALWR
owners later in the plant’ s life, after the construction loan has been returned and margin
accumulation can be dedicated to equity repayment.

Figure 7 - Economic Competitiveness of an ALWR with
PPA Above Market Prices in First Ten Years of Life

Representative 1000 MW LWR with Differening 10 year PPA
prices
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SPECIAL CASES

The andysis of advanced nuclear plants o involves afew specid cases and consderations.
Some of these cases are reviewed here. In particular, the case of modular plantsis reviewed, as
well as, specid consderations related to First Time Engineering (FTE) codts, and the differences
between first of akind (FOAK) and Nth of akind (NOAK) plants.

Economic Analyss of Modular Plants

Modular, small-szed, advanced nuclear plants based on the HTGR Helium gas-cooled design
concept, are considered by proponents to be more suitable to the current market redlities, and
thus more likely to be ordered commercidly, than the larger-sized ALWRS. The mgor
advantages of the modular plantsinclude:
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Smdler-sze which better matches low load growth Stuations or small generation
gystems. Additiond units can be added a each station when the demand grows. These
plants are likely to cause smdler price depressions when introduced into the supply mix.
Congtruction in shorter time periods than the larger ALWR, making them more
respongve to specific market opportunities, and giving them a better chance of being
firg-to-market.

Smdler up-front investments, so that financing may be easier to obtain. These plants
may represent smaller risk to the investors, thus requiring lower ROIs.

Commercia operation could be reached in shorter |ead-times than could be achieved with
the larger-szed ALWRS. Thus arevenue stream may be generated at the sation earlier
than could be obtained in an ALWR project.

For agiven capacity addition alarger number of smdler modules will have to be
manufactured, thus creating opportunities for series production and module cost
reduction through learning and economy of scale in manufacturing. Modules could be
produced in a centrdized facility and shipped to different Stes, thus enjoying the benefits
of factory manufacturing, rather than on-Site congtruction.

Higher thermd efficiency particularly for some HTGR concepts, resulting in lower
cooling water requirements, smaler amount of spent fuel production per unit of
electricity generation, and lower O&M costs.

On the other hand, there exist very limited actual plant operating data to support the projections
for improved economics of the modular HTGR plants. Severd issues should be raised:

The modular plants could be more capitd intensive than the larger sized, monoalithic,
ALWRSs. Thisisdueto two factors. economy of scae effects will increase the per kWe
cost of the smdler-szed modules, and modular, graphite moderated, HTGR type plants
require large-sSzed vessdls, in order to provide low core densities. The GT-MHR plant a
about 300 MWe capacity required a pressure vessdl as large asthat of a1,100 MWe
BWR,; the HTGR plants require severd large Sized vessals— for the reactor system, for
the energy conversion system, and for the gas compression system; most vesselswill be
partialy, or completely, constructed below grade for safety purposes. Thisincreasesthe
excavation and civil works costs. The cost of the factory-manufactured modules will be
higher than the cost of field congtruction due to the higher labor hourly ratesin the
factory than in thefidd (thisis partidly mitigated by higher factory Iabor productivity).
An andysis performed by GE/NE has indicated that the footprint of 2110 MWe PBMR
module will be about equd to the footprint of a 1,300 MWe ABWR. Plant capital costs
are, in part, proportiond to the facilities footprint and volume. Thusthe smilar
footprints for the PBMR and the ABWR could imply high PBMR per kWe capita cost.
There exi4 little commercid experiencein the U.S. in full-9zed long-term operation of a
verticdly oriented energy converson module. Thisis particularly true of the GT-MHR,
where the functions of the energy conversion and the gas compresson modules are
combined on a single shaft and housed in asingle large dimension vessd. The HTGR
commercidization plans cal for trangtion to commercia-szed plants with limited scale-
up and performance endurance testing of the energy converson modules. These
modules represent performance and cost risks that may not be fully factored into the plant
capital cost estimates.
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» Thereexig very limited records of HTGR operation at high and sustained capacity
factors. High capacity factors are required, particularly for capita-intensve plants, to
reduce the per MWh unit energy costs. Projections of thirty years or longer levelized
capacity factors are not based on redl life experience.

= Thereexis limited data on achieving consgtently low O&M costs over extended
operating periods. The HTGR plants low O& M cost projections are based on functiona
andyss and on limited operating records. There thus exist asignificant risk that such
projections may not materidize for the early HTGR- type plants built.

»  The U-235 percent enrichment of the HTGR fud is higher than the U-235 enrichment
levels of the current LWRs and future ALWRs (8-9 percent vs. 4-6 percent, respectively).
Under the current redlities of the U.S. Enrichment Complex, HTGR type fud cannot be
enriched in the U.S,, thus, gas-cooled plant ownerswill have to rely on foreign
enrichment services providers, operating a specia purpose cascade. Thisrepresentsa
potentia fuel availability risk that may require keeping larger reload inventories on-Ste
and paying higher fud inventory charges, thusincreasing overdl fuel cycle codts.

» Theimpacts of large Szed RTO formation on the need for smal and modular plants has
not yet been evauated. It ispossible that centraizing network expanson planning in
large RTOs will favor the development of large monalithic plants, rather than smdl
modular plants.

The economic analyss of modular HTGR plants is more complicated than the andyds of large-
szed ALWR projects. Each module has to be andyzed as a separate plant, from commitment to
commercia operation and throughout its operation. The costs, energy generation, and revenues
streams from each module, each sarting at a different time point, should be combined,
discounted, and levelized to one reference point, to derive the totd lifetime-averaged generation
cost of the HTGR station. Each module should be evauated separately though amargin
andysis, consdering that later modules will obtain different market prices, will represent lower
costs due to learning experience, and will represent lower risk, thus requiring a different ROI.
Thisanalysisis complicated further by consderation of the modular stations' common facilities.
Are these common facilities costs charged to the cost of the first module, or to the averaged cost
of the first group of modules built on Site, or to the station averaged cost? Evidently, more
andysswork is required for amodular plant than for a monalithic plant, though the andytica
principles are common. The difficulties emerge when severa module-specific analyses have to
be properly combined into a station-averaged evauation.

First Time Engineering and Differ ences Between FOAK and NOAK Plants

Fird time engineering (FTE) isthe generic design required to complete dl detalled design
drawings to the point of ready for procurement. FTE relates to the generic plant, not considering
detailed adaptation to specific Site conditions. The FTE effort for an ALWR-szed plant may
require an expenditure of severa hundred million Dollars, as demongtrated by the experience of
the Advanced Boiling Water Reactor (ABWR), the only ALWR that has yet reached the FTE
completion milestone by 2001. The advanced nuclear plant vendors dl face the difficulty of
securing financing for their FTE completion plans. Regardless of how funding is obtained, the
vendors will have to recoup the cost of FTE completion from future plant sdes.
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Thisraisestheissue of how to charge for the cost of FTE completion. Areal FTE coststo be
charged to the first ALWR plant to be ordered, or to the first several plants, assigning afixed
FTE cost increment to each plant sold until all cogts are recovered, or to a program of severd
ordersissued by severa prospective owners each paying his equa share of the tota FTE cost
whether he completes his plant congtruction or not? Different vendors will evolve different
drategies for charging a portion of their FTE costs to new plant orders. This may create some
equdity in andyssissues. Some vendors will tend to assign most of the FTE codt to thefirgt
oneor few plants sold. Other vendors may develop amultiple-plant-order strategy with each
owner paying afraction of the FTE cost. These strategies will thus affect the costs of the FOAK
plants differently. Some prospective FOAK plants may be obligated with different fractions of
the FTE costs than other plants. How do we evauate different plant designsto be
commerdidized under different strategies on acommon bass?

Firg-of-a-kind plants differ from Nth-of-a-kind plants in severd ways.

=  FOAK plantswill get charged with portions of the design commercidization Sirategy
expenses. NOAK plants represent mature plants unencumbered with commercidization
costs.

=  NOAK plants are expected to enjoy the benefits of alearning curve a the manufacturing
plants, improved congruction efficiency due to on-gte replication, learning efficiencies
between plants of the same owners, and multiple equipment order discounts. All these
benefits will not gpply to the FOAK plants.

= NOAK plants could be constructed with shorter lead-times than FOAK plants due to the
accumulation of congtruction experience. Prospective investors will be better assured
that the plant can be built, that it can be built on time, and that lead-times can be
shortened further with experience. The shorter the plant lead-time, the smdler the time-
related charges, the lower the total up-front capital investment and the leveized energy
cost.

= NOAK plantswill represent lower construction risks because of the overal experience
gained in building dl previous plants of the same design. Thusit is possible that
obtaining project financing will be easier. This may result in potentialy reduced equity
fraction, lower ROI requirements, and lower interest rate on debt.

There are two sets of related problems discussed here: How to assign FTE costs (or fractions
thereof) to FOAK plants, and how to distinguish between FOAK plant costs and NOAK plant
costs. The resolution of these issues will affect the costs and prospects of the FOAK plants
planned for early deployment in the U.S. and the prospects for new plant orders.

SUMMARY

This summary section reviews and comments on the results of the economic computations
performed in this sudy using the vendor-specific cost data. It then comments on the attributes of
a success path for a new nuclear power plant project.
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Economic Competitiveness of Reactor Designs Based on Vendor-Specific Data

An economic analyss has been performed on the generation costs of severd reactor designs,
based on design-specific cost data provided by the vendors. The various cost components for
each design were incorporated into the NEI Economic Andysis Modd, and the Modd computed
the lifecycle cogsfor dl designs. In generd, designs closer to commercialization provided

limited cogt data, and designs early in their development process were willing to provide more
detailed cost breakdowns. The submitted cost data relate to the NOAK plants, and are based on
the assumption of success in the development, design and licensing activities of the various

designs. The expectation of future market pricesisthe range of 35 ¥MWh to 55 ¥MWh.
Inspection of the expected NOAK generation costs of the various reactor designs considered,
versus the range of likely market prices indicates the following:

= The generation cogts of al the reactor designs considered here are within the range of
likely future market prices. Most of the generation costs fal within the more narrow
range of market prices of 36 ¥MWh to 46 ¥MWh, or even below that range. Thus,
nuclear plants are expected to be generally competitive on atotd cost basis, with market
priceslikely to prevail in the U.S. in the future. As such, nuclear plants should be
included as potentia supply optionsin utility generation expanson studies.

= Should these lifecycle generation costs be achieved in future projects, nuclear plants will
represent economic power supply options in specific market Stuations. More detailed and
localized economic analyses will have to be performed to clarify whether a specific
reactor design would prove to be a competitive choice in alocal market under specific
contracting arrangements.

= Thederegulation of the energy markets did not price new nuclear plants out of the
market. Given the low production costs of 10 ¥MWh and the lower margind costs of 5
$MWh (fud and variable O&M cogts), adequate margins exist between nuclear
production costs and market prices to allow an gppropriate return on the investment.
Nuclear designs currently under development, which will achieve the cost/performance
data provided here, will be able to compete in the deregulated energy markets.

= Nuclear plants, at the low end of their lifecycle generation costs, present costs lower than
the likely range of future market prices. Nuclear plants at the high end of the cost
uncertainty range dill fal within the band of likely market prices.

= Theissue of costsin the early years of life should be evauated further. It is possible that
some reactor designs will be competitive in their specific markets from the first year of
operation going forward. In other cases and based on local conditions, aspecidly
structured PPA may have to be devised, to alow recovery of dl costsin the early years of
life

Success Path for Future Nuclear Projects

The above conclusions are based on the assumption that the cost/performance data presented by
the reactor vendors are achieved. What will, however, be required in order to guarantee that the
target cogts are redized? In other words, what is the success path for a future nuclear plant
project? Evauation of the computational results obtained in this study, alows the following
observations to be made:
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= Nuclear plant construction lead-times should be contained at four years or less, and total
project lead-times should be constrained not to exceed five years. Being first to market is
important in a deregulated energy system. Longer lead-times will reduce economic
competitiveness, result in changing market conditions, and will increase project risk.

» Resolution of licensing issues before project commitment is essentid to ensuring
acceptably short lead-times. Resolving the issues of economic need for the project, Site
licenang and permitting, and NRC safety regulatory goprova of the design will be
required, to prevent an open-ended licensing process when the plant is under congtruction
and interest during congtruction accumulates.

= For the genera U.S. market, project overnight capital cost (including EPC cost, owners
cost, and contingencies) need be contained at 1,100 $¥kWe to 1,500 $/kWe, depending on
the expectation of future fossl fud prices. The lower the plant capital cost achieved
within the above range, the greater the competitive posgtion and the profitability of a
future nucdlear project. Overnight capital cost figures within the high end of this range
could prove economic in specific Stuaions, depending on locally high and sustained
market prices, or on specidly structured PPAs. Most 1,000 MWe and higher capacity
nuclear plantswill require atotd as-spent investment, expressed in current year Dallars,
of about two Billion Dollars. This poses strong competition from other lower front-end
cost options for bringing asimilar capacity power block to market.

* Nuclear plant production costs (fud and O&M expenses) should be held to 10 ¥MWh or
less. The mgor advantages of nuclear power plants are their low and stable running
cogs, which makes them idedl for long-term bilateral contracts. In order to dlow
competitively priced contracts, production costs should be kept as low as possible to
provide adequate margins for capital cost recovery and profits.

= Nuclear plantslifetime capacity factors should be sustained at 85 percent or higher, in
order to maximize incoming revenues and the potentia for margin capture. The longer
the plant operating life and the higher the annua capacity factors, the greater the return
on the investment.

= Achieving high safety performance is essentid to the economic well being of the plant.
Regulatory-mandated shutdowns and ingpections will reduce incoming revenues, increase
capita outlays for recovery and reduce plant profitability.

= Nuclear project developers and owners should locate their plants in specific locations
likely to experience high and sustained market clearing prices. In generd, locations
where market prices can be forecasted to remain above 40 ¥MWh for at least the first ten
operating years would be preferable.

* Nudear plant owners should gtrive to anchor their generation in long-term bilateral PPAS
of 10 to 20 years duration, based on the prevailing local market prices (at or about 40
$MWh). The mgor sdling point of an operaing nuclear plant isthe very low voldtility
of itsannud prices. This should alow competitively priced PPAS, which will provide
adequate margin capture.

=  Nuclear plant developers should strive to obtain the best financing package possible,
based on dl of the above. Typica vaues could include containing the ROI requirements
to 15 percent or less, allowing debt repayment periods as much longer than 10 years as
feasble, and reducing equity financing to 40 percent or lower. Thesefactorsaredl
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mutually dependent, and the most advantageous package should be negotiated actively
and aggressvely.

The most important observation derived in this study is that the deregulation of the energy

markets did not iminate the prospects for capital-intensve base |oad generation options such as
nuclear and cod-fired plants. New nuclear plant designs have adjusted to the requirements of the
new energy markets. Should the cost/performance targets now expected be demonstrated inred
projects, then the long-term role of nuclear power in the future energy markets could be
sustained and enlarged.
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[1-5: DESIGN OPTION EVALUATIONS

INTRODUCTION

This Chapter provides a more detailed evauation of each of the designs submitted in response to
the Request for Information (RF1), relevant portions of which are provided as Attachment 2. As
noted in the RFI al information provided by the respondentsis viewed as non-proprietary and as
such may be limited in its content. As aresult of the RFI processthe NTDG received and
evaduated eight designs submitted by five organizations.  The designs and the submitting
organizations are summarized in Table 5.1 below.

TABLE 51 SUMMARY OF CANDIDATE DESIGNS

DESIGN SUBMITTING ORGANIZATION
A. Advanced Boiling Water Resctor (ABWR) Generd Electric Nuclear Energy
B. ESBWR General Electric Nuclear Energy
C. SWR 1000 Framatome ANP
D. AP1000 Westinghouse Electric Company
E. AP600 Westinghouse Electric Company
F. Internationa Reactor Innovative and Secure (IRIS) Westinghouse Electric Company
G. Pebble Bed Modular Reactor (PBMR) Exelon Generation
H. Gas Turbine Modular Heium Reector (GT-MHR) Generd Atomics

Each of the eight designsiis briefly described in Appendices A through H as noted above, based
on information provided by the submitting organizations. The key design fegtures, plant layout,
and operating characteristics are presented for each design.

In this Chapter, each design evauation includes a brief summary of the respondent's reply on
how their submitted design meets each the Sx NTDG criteriaand the NTDG's assessment of that
response, an analysis of the design specific gaps associated with the submitted design, and an
overd| assessment by the NTDG on the viability of each design to be deployable by 2010 based
on the information provided. Each overdl assessment includes aroadmap and timeline to deploy
the particular design.

The NTDG acknowledges that thisis not an dl-inclusive ligt of currently available reactor
designs. Other options exists that were either submitted late in response to the RFl and
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subsequently were not evaluated, or were not submitted at al by their respective vendors. These
other options include:

System 80+
Westinghouse BWR 90+
EPR

CANDU Desgns

It is possible that one or more of these designs would be deployable by 2010, and therefore need
to be factored into the overal conclusions and recommendations of this Roadmap. Factors worth
consdering regarding some of these designsfollow:

EPR

The European Pressurized water Reactor (EPR) isavery large (1545 MWe or 1750 MWe)
design that was developed as a joint venture by French and German companies, Framatome and
Semensinthe 1990s. The basic design was completed in 1997, working in collaboration with
other European nations, and conforms to French and German laws and regulations. Significant
cooperation took place during the 1990s between the European utilities developing user
requirements for this design and the U.S. utilities leading the US ALWR Program and its Utility
Requirements Document. The EPR was not submitted to the NTDG in time to support an
assessment.  Further, as with the SWR-1000, the designer, Framatome ANP, has not made a
decison regarding entry into the U.S. nuclear market.

Systems 80+

The System 80+ isa 1350 MWe PWR design developed by ABB-CE (prior to that company’s
acquisition by Westinghouse), and is ready for deployment. It conformsto the ALWR Utility
Requirements Document, and was certified by NRC in May 1997. Plants based on the System
80+ design have been built in Korea. However, as of thistime Westinghouse has chosen not to
market the System 80+ design inthe U.S. I conditions change, it could be made available for
order.

CANDU

Canada’'s CANDU reactor designs use multiple pressure tubes containing nuclear fuel assemblies
in the active core region, which permit on-line refuding. Heavy water is pumped through the
pressure tubes to remove heat and is aso used to moderate neutrons in alow pressure vessel (the
Calandra) that surrounds the pressure tube region. CANDU reactors have been deployed outside
Canada (e.g., Romania, South Kored). Recent advances to this design use light water cooling but
retain heavy water moderation in the Calandra. This gpproach holds significant promise for
improved maintainability and economics. Most CANDU designs are in the medium (500- 1000
MWe) size range.

It should aso be noted that severd of the options being evaluated as part of this near term

deployment effort are dso being evaluated separately as part of the Generation IV Reactor
Roadmep initictive.
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GE/NE ABWR DESIGN

A. CRITERIA EVALUATION

Criterion 1: Regulatory Acceptance

Summary of General Electric Response

The Advanced Boiling Water resctor (ABWR) was the first design reviewed and certified (on
May 2, 1997) by the U.S. Nuclear Regulatory Commission (NRC) under the provisions of Title
10 of the Code of Federad Regulations Part 52 (10CFR52). The ABWR has been licensed to
Japanese standards and continues to be reviewed by Japanese regulatory authorities as new
ABWR plants are deployed in Japan. The first two ABWRs constructed, Kashiwazaki-Kariwa
Units 6 and 7, are currently in their fifth cycle of operation and have met or exceeded operationd
and safety performance goals.

More recently, the ABWR received regulatory gpprova in Taiwan by the Atomic Energy

Agency in the form of a Prdiminary Sefety Evaluaion Report, issued in late 1998 and a
congtruction permit for two ABWR units at the Lungmen Steissued in March 1999. The plant
congtruction project is about to resume in the fourth quarter of 2001, after having been suspended
dueto poalitica problemsin early 2001. The ABWR design has, by mid 2001, been reviewed by
ateam of European utilities, which have indicated that the ABWR is suitable for deployment in
most of Europe, in terms of meeting European regulatory requirements.

NTDG Assessment

The ABWR has been licensed by the NRC to afull Design Certification satus, and thus fully
meets the requirements of Criterion 1. The ABWR has been licensed in two other countries, and
found to be licensable in several European countries. Furthermore, the design has been
completed and proven through the construction and operation of two units, and the construction
of two other units (now ongoing). The NTDG judges that the ABWR meets the criterion of
Regulatory Acceptance.

Criterion 2: Indudtrial | nfrastructure

Summary of General Electric Response

The infragtructure isin place for the design, fabrication, and construction of two ABWR unitsin
the Lungmen gation in Tawan. GE/NE has contracted with a globa supplier network to deliver
these ABWR units. Those countries that have alarger portion of the supply scope include Japan,
U.S,, Scotland, Germany, Spain, and the Czech Republic. Many of the suppliers are located in
the U.S. The supplier chain is capable of supporting additiona unitsin the U.S. and dsawhere.

ABWR mechanica components and hardware such as pumps, piping, vaves, heat exchangers
and tanks can be and are being produced in the U.S. for the current ABWRs under construction.
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The sameistrue for the dectrica components and instrumentation. The nuclear fud, control
rods and some reactor internas are dso currently produced in the U.S. at GE/NE’ s nuclear fue
and components manufacturing facilities. Most components of the Turbine Idand and baance-
of-plant equipment can be produced inthe U.S. The turbine generators for the two ABWRs built
for Tokyo Electric Power Company (TEPCO) in Japan were manufactured by GE/NE &t its
turbine manufacturing facilities in Schenectady, New York. Thereactor pressure vessel (RPV)
and large internal components used for both the Japanese and Taiwanese ABWRs were
fabricated by Japan Steel Works and other vendors, which have maintained their capacity and
expertise for fabrication and machining of these large components. Some European suppliers
could be used to meet a higher demand. GE/NE is seeking to develop other suppliersto shorten
the RPV supply schedue.

Foreign suppliers can and do meet U.S. codes and regulations, when needed, since most foreign
countries follow identica or smilar Codes such as ASME Section 111, 1X and X1, aswdl asU.S.
NRC imposed regulations and regulatory guides. For the Tawanese ABWRs, full compliance
with U.S. Codes and Federd regulations, including the ASME code, is contractudly required by
Tawan Power Company. When the ABWR was first designed for Jgpan and certified in the
U.S,, the dud country codes and regulations were followed, to satisfy both nationa

requirements. The U.S. Utility Requirements Document (URD) was used as a guiddine for the
U.S. design and was relied upon heavily by Taiwan Power Company for their bid specifications.

NTDG Assessment

A full-scope supply infrastructure now exists, cgpable of building atwo-unit ABWR gaionin
the U.S. or abroad for operation by 2010. This has been demonstrated by GE/NE and its
Japanese partners, Toshiba and Hitachi aswell as other suppliers, in actua construction projects
in Jgpan and now in Taiwan. The ABWR has a proven track record of existing and well
functioning supply infrastructure. GE/NE hasindicated thet it isworking on cregting options for
expanding and diversifying its vendors supply network.

Future sgnificant expanson of the supply infrastructure for the s multaneous congtruction of
severd ABWRs may require careful scrutiny by interested utilities, at that time.

A dgnificant congraint now facing the expanson of the ABWR supply infragtructure, aswell as
that of al other designs, isthe avalability of industrid capacity for the forging of large-9ze
nuclear plant components such as the RPV, and the pressure vessd’ s bottom and top heeds.
Currently only Japan Sted Company has maintained this manufacturing capability. GE/NE is
working with other European and Asan large forging plants to remedy this potentia condraint,
should the demand require. This Stuation requires careful monitoring, as gpplied to future
ABWRs or any other reactor concept proposed for deployment by 2010.

The NTDG judges that the ABWR meets the criterion of Indugtrid Infrastructure.
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Criterion 3: Commercialization Plan

Summary of General Electric Response

The ABWR has aready reached an advanced state of commercidization oversees. Severd
ABWRs o be constructed and operated by various Japanese utilities have been announced or are
in the pre-project phase. The two Taiwanese units, expected to reach commercial operation in
2006 and 2007, are based on the ABWR design that has been licensed in the U.S. The ABWR is
acontender for the proposed Fifth Nuclear Plant in Finland, which is expected to receive
Government approva within the next 12 months and go into commercia operation around 2008.

The ABWR technology was developed and fully tested by GE, Hitachi, and Toshiba, and paid
for by TEPCO in amulti-year program estimated to cost $500M. There are some smdl
variationsin the Japanese, U.S. and Finnish designs necessary to meet locd requirements but the
underlying technology isthe same. The GE/NE approach to new plant projects is not based on a
smultaneous multiple unit commitment contract, required to reduce the per-unit desgn
completion cost. They rely on asingle- or two-unit ABWR project contracts, each being
negotiated separately with the prospective client, each benefiting from learning effects associated
with previous contracts.

An important dement of the ABWR commercidization plan is the willingness of the supplier
team, led by GE/NE, to assume an acceptable portion of the project risks. For the projectsin
Japan and Taiwan, GE/NE has contracted for its scope of work providing the customer with a
fixed price and schedule. GE/NE now claims to have the confidence to firm price its scope of
supply and the associated delivery schedule, and require Smilar arrangements from other team
membersfor future projects. GE/NE states that its gpproach to ABWR commercidization in the
U.S. isto discuss firm scopes of supply with interested utilities or generators and other
gopropriate third parties on an individua bass.

NTDG Assessment

The ABWR team has the qudifications to prepare, present, and implement a successful
commercidization plan. The ABWR has a completed design with dl first time enginesring
dready completed and al the generic design drawings available. The ABWR has areference
plant for construction and a reference plant for operation. GE/NE has a proven track record,
abeit not under U.S. conditions, of leading a project team thet can provide most of the scope of
supply of acomplete ABWR dation in severd fixed price and firm ddlivery schedule contracts.

GE/NE' s characterization to the NTDG of market projections and supplier arrangementsis very
limited. GE/NE has stated thet it has had detailed discussons with severd U.S. utilities
potentidly interested in the ABWR, however the detalls are held confidentia for commercid
reasons. Due to the limited discussion of possible commercid project arangements, we are
unable to comment on the details of the GE/NE offerings, however we consder that the ABWR
can meet the criterion of the Commercidization Plan.
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Criterion 4: Cost Share Plan

Summary of General Electric Response

No funding has been requested and is needed for ABWR design specific activities.

GE/NE dates that an ABWR project in the U.S. could be considered as an “Nth of akind”
(NOAK) project. Thefirg time engineering and detailed design have aready been completed.
Cog sharing with the U.S. Government for ABWR design completion is not required.

Cogt sharing with the U.S. Government is recommended for early site permits (ESP) and for
combined construction and operation license (COL) applications, related to ABWR projects.
These are generic indudry initiatives, discussed in a separate section of this Volume.

NTDG Assessment

The ABWR design team has not requested any U.S. Government cost share plan for Design
Certification or for firgt time engineering completion. 1ts ABWR product is now fully licensed
and engineered. ABWR project specific engineering will be included in the commercid
discussons with the prospective customers. The NTDG agrees with GE/NE that no design
specific activities are needed.

A cost share approach to cover the generic U.S. ESP/COL licensing process is recommended.
The NTDG judges that the ABWR mests the criterion on Cost Sharing Plan.

Criterion 5: Economic Competitiveness

Summary of General Electric Response

The ABWR isthe only plant for, which thereis actud project desgn and construction experience
to support high-confidence firm prices and schedules. 1n assessing economic competitiveness,
prospective investors will consider economic factors such as cost and cost uncertainty to
complete the remaining engineering, construction cost and schedule, programmatic and safety
risks, plant lifetime and projected operating, maintenance and fuel costs, projections of market
conditions and dternative system generation costs. The cost to build a new ABWR can be
estimated with confidence, Snce the design is highly detailed and firm pricesfor ahigh

percentage of the equipment, materias, and congtruction have been committed for existing
projects. GE/NE has developed a cost database of more than 500,000 entries that definesin great
detall the cost of an ABWR. Thisisahighly detailed cost database now available for anew
ABWR project prior to the start of construction.

The congtruction cost of anew ABWR in the U.S. will depend on overseas cost experience, on
U.S. project unique e ements, and on the success of the indudtry in redlizing improvementsin
regulatory and licensing initiatives. GE/NE expects that the current ABWR could be congtructed
inthe U.S. in the range of $1400/KWe to $1600/KWe for overnight cost (including owners costs
and contingency), depending on various assumptions and conditions.
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The ABWR unitsin Jgpan have demongtrated that ABWRs can be built rapidly. From first
concrete to commercia operation took 48.2 months at K-6 and 48.6 months at K-7. 1f U.S.
constructors adopt some of the techniques and lessons learned from Japanese construction,
GE/NE edtimates that the firs ABWRs in the U.S. could reasonably be built in 48 months (first
concrete to commercia operation).

Given the current economic trends created by the growth in demand for naturd gas and given the
environmental prohibitions and costs related to development of cod burning plants, the ABWR
could be an economic aternative for future mgor additions of generation capacity. Therisks of
generation cost increases, such as have recently occurred in Cdiforniaand esawhere, for natura
gasfired plants, are not gpplicable for the ABWR, or other nuclear plants.

NTDG Assessment

The ABWR cost estimates are based on a high degree of accuracy and real world experience.
Future ABWR projectsin the U.S. will demondtrate learning experience from previous oversess
ABWR projects.

The NTDG agrees that economic competitivenessis afunction of projected overnight capital
cogts, uncertainties and economic risk factors. The NTDG economic andysis, presented in
Chapter 11-4 of thisVolume, indicates that the ABWR capital cost figures reported by GE/NE
represent the high end of the economic competitiveness range, estimated as 1,000- 1,400 $/kWe.
We conclude that the ABWR could represent an economic generation option in specific market
gtuaions at some locationsin the U.S. and thus the ABWR design can meet the criterion of
Economic Competition.

Criterion 6: Fud Cycle Infrastructure

Summary of General Electric Response

The ABWR is able to use the same fud cycleindustrid structure as conventiond BWRs. The
ABWR'sfud assembly design is the same as the fudl assembly design for the current BWRs.
The ABWR can accept standard 8x8, 9x9 or 10x10 BWR fud assemblies utilizing the once-
through fud cycle with low enriched uranium fuel. The ABWR could dso accommodate mixed
Uranium-Plutonium Oxide (MOX) fud in the future if needed. The ABWR fud design
compliance with the fue licensang acceptance criteria constitutes NRC acceptance and approva
of thefud design for initial core and core reload gpplications without further specific NRC
review.

Currently, excess capacity exists worldwide to provide the fuel cycle services needed to fabricate
BWR fud. Thisgtuation will continue for the foreseesble future, assuming that capacity is not
taken off line. Globa Nuclear Fuels (GNF) has provided fud fabrication for past and present
overseas ABWR projects. Generd Electric Company (GE/NE) of America, and Hitachi, Ltd.,
and Taoshiba Corporation of Jgpan, have established GNF, an integrated nuclear fud joint venture
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with fabrication capabilities both in the U.S. and Japan. This organization has decades of
experience supplying fuel under strict QA requirements for current BWRs. Other organizations
cgpable of supplying BWR fud include Empresa Naciond dd Uranio SA (ENUSA) with
fadlitiesin Spain, Framatome ANP with facilities in Germany and the U.S., and Westinghouse
Atom AB of the British Nuclear Fud Ltd. (BNFL) Group with facilitiesin Sweden. Cogema
(France, Belgium) has developed capability to supply BWR MOX fud.

An extensve fud performance experience base has been amassed by GE/NE and known failure
mechanisms have been sysematically diminated. The Electric Power Research Indtitute (EPRI)
godsfor defect rates set in 1972, and again in 1990, have been achieved in practice with
continuing decline in defects up to the present time.

The spent fud pool in the ABWR reactor building can hold 10 years of discharged spent fuel
plus onefull coreloading. Additiona on-site storage of spent fuel can be added to the Site layout
if necessary, usng wet or dry methods, without impacting the existing design.

NTDG Assessment

No gaps exist in the fud cyde supply infrastructure that will prevent deployment of ABWR in
the U.S. by the year 2010. All licensing issuesrelated to ABWR fud design have been resolved
by the NRC through the Design Certification processin the U.S., and by the Japanese nuclear
regulatory agencies for gpplication to their operating and future ABWRs.

Adequate ABWR fud-manufacturing capacity exists in the GE/NE and the Tashiba and Hitachi
Corporations joint manufacturing venture. The BWR Owners Group tracks the BWR fuel supply
gtuation, and will encourage GE/NE and its partners to increase and upgrade their manufacturing
capacity, should an ABWR related need arise. The BWR Owners Group will likely aso review
GE/NE plansfor on-ste dry cask storage of spent ABWR fuel.

Based on dl the above we do not find any gapsin the fudl cycde infrastructure area that may
hinder ABWR deployment in the U.S. by 2010. We are reasonably assured that no such gaps
will emerge in the near future. The ABWR mests the criterion of the Fuel Cycle Indudtrid
Infrastructure.

B. GAP ANALYSIS

The NTDG has identified no design-specific gap that may hinder ABWR deployment inthe U.S.
by 2010. There exists one area of concern related to the economic competitiveness of the
ABWR, for dl possible scenarios and regions of the U.S. The ABWR, like other designs, may
be congtrained by the current availahility of only one RPV forging vendor worldwide, Japan
Steel Works.
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C. OVERALL ASSESSMENT

The NTDG judges the ABWR can be deployed in the U.S. by 2010. The ABWR has obtained a
Design Cetification in the U.S. and has been licensed for congtruction and for commercid
operation in Taiwan and in Jgpan. Two ABWR units have been in commercia operation for

more than four yearsin Jgpan and two units are under congtruction in Taiwan.

GE/NE has proven that it can lead an international vendors team in submitting lump-sum
contracts for the full scope of supply of atwo-unit ABWR gation, though at an overseas
location. They have further demondtrated that they have aworldwide supply infrastructure
capable of providing on-time components supply to meet their congtruction contract obligations.
A supply chain exigts now to provide ABWR fud, which is smilar to current BWRsfud, to
severd ABWR plants. GE/NE has completed the first time engineering of the ABWR and they
have a complete set of design drawings. They clam to have dready recovered the codts of their
firg time engineering effort. A future ABWR project will have areference plant for congtruction
and areference plant for operation.

Future congtruction projects, should the demand for future nuclear plants revive, may be
congtrained by having only one worldwide vendor for RPV and other large component forgings.
Other vendors may be qudified in time, however a potentid supply congtraint Stuation exists.
The capital cost figures reported for the ABWR are very reliable, based on actual plant
construction experience (though outside of the U.S.). These cost figures represent the high end
of the competitive range, as estimated by the NTDG. The ABWR could represent a comptitive
base load generation option in specific market Stuationsin the U.S.

Timdinefor the ABWR

Thetimdine for the ABWR follows.
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GE/NE ESBWR DESIGN

A. CRITERIA EVALUATION

The ESBWR is a4000 MWth (approximatey 1380 MWe), Boiling Water Reactor (BWR),
developed by GE/NE to improve the overadl economics of the earlier 2000 MWth Simplified
Boiling Water Reactor (SBWR). The ESBWR is derived from along history of GE/NE BWRS,
and incorporates many of the design features of the Advanced Boiling Water Reactor (ABWR)
and the now discontinued SBWR design.

The ESBWR has been developed by industry in a systemétic eight-year long stepwise process,
which has addressed changing market conditions. The overdl program had initid oversght from
agroup of European utilities, which were joined in the last few yearsby U.S. utilities and their
representatives. The current design and technology team has partners from Europe and the U.S.
andisled by GE.

Criterion 1: Regulatory Acceptance

Summary of General Electric Response
The following are the basic attributes of the ESBWR design:

Advanced smplified design,

Passve safety systems,

Extensve use of components developed for the ABWR,

Extengve plant optimization with utility inputs,

Based on SBWR technology which was reviewed by US NRC,

Can utilize the infrastructure in place for ABWR,

Extensve invesment by industry to develop the design and technology, and
Developed by an internationa design team.

Some of these issues are discussed balow.

The ESBWR uses the same basic passve technology and smplified design of its SBWR
predecessor. By incorporating additiond innovations, the design has been scaled to a higher
power level — 1,380 MWe. The ESBWR dso enjoys astrong synergism with the ABWR, using
many of the fully developed technologies such as the Fine Motion Control Rod Drive (FMCRD),
materias and water chemistry, multiplexing and fiber optic datatransmission, and control room
design. Because of this synergism, the detail design, andysis, and Certification resource
requirements for the ESBWR have been grestly reduced. The ESBWR passve system
innovations are supported by an extensive experimenta database and rely on heat transfer
mechanisms that are well understood and modded. By using passive coolant circulation and
passive safety systems, the ESBWR achieves Sgnificant smplification while sill meeting the
current internationa requirements for safety and reliability.
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The ESBWR does not have a Design Certification by the U.S. Nuclear Regulatory Agency
(NRC).

GE/NE bdlieves that the time required to license the ESBWR in the U.S. ought to be less than
three years, excluding public hearing and rulemaking. The reasons for the expected short review
period are the following:

= Synergism with the ABWR, which isdready certified,

= Bagsfor the Standard Safety Analysis Report (SSAR) isin place since the ESBWR can
capitdize in amagor way on the dready written SBWR’s SSAR which had been
submitted to and partialy reviewed by the NRC and which is, in turn, fifty percent
identical to the ABWR's SSAR,

= Safety testing program has been completed, with extensive additiond tests since the prior
relevant testing within the SBWR program,

= Technology reportswill dl be completed in time for the NRC licensing review,

» Thedesignisnow completed to the point required for review by the NRC for issuing a
Cetification license, and

= TheNRCiscurrently reviewing for generic gpprova the GE verson of the Trangent
Reactor Analyss Code (TRACG), which will be an essentid toal in its Certification
review of the ESBWR.

GE/NE requested support from the DOE through a cost-sharing program to complete the Design
Certification documentation, present the application to the NRC, and proceed with alicensng
review.

NTDG Assessment

The licenaing review period probably can be reduced to about three years for areatively mature
design such asthe ESBWR. The three mgor pointsin favor of the shorter licensing period in the
NTDG estimate are:

= TheNRC isdready patidly familiar with the ESBWR given its earlier reviews of the
ABWR and the SBWR,

=  Theextendve multi-year safety-testing program is dready completed, and

= Some licensang documentation and design data at the level required for Certification are
currently available.

Design Cetification in time to dlow ESBWR deployment in the U.S. by 2010 requiresthe
following:

= A detaled licensang review plan that has been approved by the NRC. Thereisthe need
for NRC commitment to the target cost and timeline for a Design Certification review.

= Commitment by GE/NE to proceed with a Design Certification program, and

= Funding for the SSAR preparation, for a completed Certification gpplication, and for a
NRC licenang review.
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Assauming that the commitments and financing gaps are resolved in atimedy fashion, the NTDG
consdersthat the ESBWR design can meet the criterion of Regulatory Acceptance.

Criterion 2: Industrial I nfrastructure

Summary of General Electric Response

The ESBWR design team plans on utilizing the exisgting ABWR indudtrid infragtructure in
commercidizing the ESBWR. The ESBWR will use components that are identical to or smilar
to the ABWR: smilar sze vessd, fine motion control rod drives, pressure suppression
containment, fuel designs, materias and chemigtry. Since the supply infrastructure for the
ABWR dready exigs, the ESBWR will rely on an existing network of suppliersin Europe, the
U.S and East Asa

Similar to the ABWR, the ESBWR team expects a large fraction of the componentsin various
plant systemsto be provided by U.S. suppliers. Inthe Nuclear Idand, U.S. manufacturers will
likely provide valves, pumps, piping and heat exchangers. In the Turbine Idand, the turbine
generator, the condenser and various heat exchangers could be domesticaly manufactured. Plant
ingrumentation and controls will dso be built inthe U.S. The ESBWR, like the ABWR, will
depend on Japanese vendors for the manufacturing of the Reactor Pressure Vessd (RPV)
forging, large internds, and control rod drives. The ESBWR, like dl other Advanced Reactors
proposed for deployment in the U.S. by 2010, will depend on a single Japanese vendor for RPV
forging — Japan Sted Works. GE/NE has reported thet it is exploring other RPV forging venues
both in Europe and in Asia, which can be activated should the demand exceed the capacity of the
current Japanese supplier.

NTDG Assessment

The NTDG agress that the ABWR globa supply infrastructure will likely provide the industridl
base for the deployment of the ESBWR. The ESBWR like the ABWR and other Advanced
Reactors planned for deployment by 2010 will al depend on a single supplier — worldwide —for
the provison of RPV forging. Also, GE/NE's commercidization plans for the ESBWR cdl for
the congtruction of severd ABWRs before the deployment of the ESBWR commences. By the
time the firs ESBWR is committed, in the second haf of this decade, additiond ABWRS may
then concurrently be under congtruction. The globd ABWR/ESBWR supply chain may be
constrained to meet an increased demand, and may have to be expanded on an accelerated basis.

In summary, the NTDG condders that the ESBWR meets the criterion of Industria
Infrastructure.

Criterion 3: Commercialization Plan

Summary of General Electric Response

The ESBWR program plan for the last eight years has been an industry funded and supported
plan to develop a passive BWR plant that is economica and meets the utility needs for ardigble
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and safe plant. The overdl plan presented —past and future — has severd steps with decision
points on whether to proceed to the next step. This plan includes the following steps:

=  GE/NE will continue preparation of Design Certification documentation, and will present
the completed application to the NRC review process when funding, through DOE cost-
sharing program, is secured.

» Detailed engineering and any needed component testing will beinitiated a the find
gtages of the Design Certification review. Funding sources and requests will depend on
the then prevailing market conditions, and could include 50/50 cost share from DOE.

=  GE/NE will keep informing its ESBWR utility review board of progress made in the
Design Certification and engineering completion programs, and will solicit utility interest
in developing the design.

The ESBWR team has completed the supporting technology programs and has completed the
desgn in sufficient detail to conclude that it will meet the economic gods. GE/NE expects an
ESBWR to be acommercidly viable plant only if the First Of A Kind (FOAK) plant cog,
including the ESBWR firgt time engineering codts, will be lower than the cost of athen fully
commercidized Nth Of A Kind (NOAK) ABWR. They are not relying on multiple plant
congruction plansin order to amortize the engineering costs among severa prospective clients.

The next stepsin the plan are U.S. NRC design certification (2-4 years) followed by detailed
design completion, commitment to a plant, plant specific licenang, and congtruction. The plans

to offer afully designed and economicaly competitive ESBWR product in the market has been a
long, systematic and generdly successful program and hes been totdly an industry effort,
involving both European and U.S. utilities. Beyond Design Certification the plan relieson a
robust nuclear marketplace, especidly involving severad ABWR's, to proceed to the next stepsto
commercidization. It relies on synergies with ABWR to keep first time engineering costs low

and relies on the manpower and industrid infrastructure developed for ABWR.

NTDG Assessment

The NTDG notes that the generd commercidization strategy presented for the ESBWR has been
successful in bringing the design and technology to its current state. The Strategy is areasonable
gpproach for commercidizing alarge-scale indudtrid product such asthe ESBWR, under the
circumstances of alimited market, and with minimum resources for developing a new product.
While the overall thrust of the strategy seems feasible for orderly deployment, there are issues,
which must be addressed and accel erated to deploy the ESBWR for operation in the U.S. by
2010. Theseissuesare:

= Ealy commitment to a Certification program.
=  Timdy completion of Design Certification.
= Accderation of the firgt time engineering effort.

With the exception of timing and/or funding firgt time engineering, no mgjor commercid factor

exigs, which would impede deployment of the ESBWR in the U.S. by 2010, should GE/NE
proceed with an accelerated commercidization gpproach. A number of commercid decisons
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and milestones will have to be met by al involved parties, to assure the ability to achieve
deployment by the end of this decade.

GE/NE stepwise gpproach to commerciaization depends on government cost-share for the
Certification program, and will not initiate a detailed engineering and a component testing
programs until the Certification review is dmaost completed, and until severd ABWRSs have been
ordered. While this program minimizes reliance on U.S. Government funding support, it does
not accelerate the commercidization schedule to dlow deployment by 2010. The NTDG
considers that should GE/NE proceed with the stepwise commerciaization gpproach, it may not
be able to deploy the ESBWR for operation in the U.S. by 2010, thus the criterion on the
Commercidization Plan isnot met.

Criterion 4: Cost Sharing Plan

Summary of General Electric Response

GE/NE has stated the need for U.S. Government funding to support a Design Certification
application and review by the NRC. That funding would support the completion of an ESBWR
SSAR, completion of technology reports, qudification of design analyss computer codes,
preparation of gpplication documents, and review by and interaction with the NRC's gaff. The
total cost of a Design Certification licensaing program has been estimated by GE/NE to be 30
Million Dollars. GE/NE requests a 50/50 cost-share program with the U.S. Government. The
period for this effort is estimated as 2-4 years.

GE/NE judtifies U.S. Government cogt sharing in its Certification application based on the fact
that industry has taken the entire lead for the current eight-year program for designing avigble
plant concept, technology development, and safety testing. GE/NE is dso seeking government
cost sharing for the completion of the ESBWR FTE detailed design.

NTDG Assessment

The NTDG agreeswith GE/NE that it isjudtified in requesting U.S. Government support for its
ESBWR Design Certification application, and that this cost share program is needed to support
the deployment of the ESBWR inthe U.S. The NTDG judges that careful attention must be
given to assure that Design Certification and design completion are funded.

The limited U.S. Government funding requested is judtified to develop thisindustry-funded
design into a viable option, by minimizing the risk associated with U.S. Government mandated
licensing approvd.

A recent GE/NE decison to request U.S. Government cost-share for detailed engineering

completion could shorten the ESBWR commercidization schedule to about 2010. The NTDG
judges that the ESBWR meets the cost share criterion.
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Criterion 5: Economic Competitiveness

Summary of General Electric Response

The approach of the ESBWR design team has been to reduce the number of systems and
components in order minimize capital costs and annual operating expenses. The ESBWR
nuclear idand cogt is estimated to be 50 percent of the cost of the nuclear idand of its SBWR
predecessor, and lower than the nuclear idand cost of the ABWR. To keep the development
costs low, systems components, processes, and technologies from the aready developed and
operating ABWRs are used extensively. This approach keepsfirst time design cost uncertainties
low.

GE/NE did not provide any capital cost estimate figures for the ESBWR, however it clams that
it has an interndly generated cost estimate which support its claim for alower cot for the
ESBWR, compared with the ABWR. GE/NE has provided comparisons of several key ESBWR
materid quantitiesin relaion to such requirementsin other BWR designs. These comparisons
provide evidence that the ESBWR isa smpler design than the ABWR and other BWR designs,
and that it does not require some of the mgor components, such as the interna recirculaion
pumps, inherent in the ABWR design. These facts support GE/NE' s assertions that the ESBWR
should have alower capitd cost than the ABWR.

The ESBWR is being designed with the availability god of 92 percent, concentrating on
reducing the length of outages. Due to the smplicity of the systems and the reduction of
components, the rdigbility, availability and maintainability should be improved over today’s
BWRs.

NTDG Assessment

The NTDG agrees with many of the quditative assertions of GE/NE regarding the prospective
economics of the ESBWR. Given the lack of any cost figures presented, and consdering that the
ESBWR design has not yet proceeded through FTE completion, it is premature to judge the
overal economic competitiveness of the ESBWR. GE/NE has presented estimates of significant
materias quantities reduction in the nuclear idand of the ESBWR compared with the ABWR. It
is not expected that smilar large materials or cost savings can dso be achieved in the turbine
idand and the balance of plant (BOP) area, which normally comprises about forty percent of the
tota plant cost. The ESBWR nuclear idand cost advantage would be reduced by about forty
percents when averaged over the entire plant.

There exigts a reasonable quditative bass for anticipating that the ESBWR can achieve a

competitive position in the future U.S. nuclear market, and thus it can meet the criterion of
Economic Competitiveness.
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Criterion 6: Fud Cycle Infrastructure

Summary of General Electric Response

The ESBWR fud cycle uses sandard BWR and ABWR fud, with adightly shorter

configuration. No new fuel design demondtration and qualification program isrequired. The
ESBWR could use the BWR/ABWR exigting fud manufacturing facilities, and the basic
manufacturing capacity isdready in place. The ESBWR design has dlowed the reduction of the
number of control blades and control rod drives (CRDs) as compared with its predecessor SBWR
design. The use of anew core lattice design has further reduced the number of CRDs in the
ESBWR.

The ESBWR is designed to effectively utilize the once-through uranium oxide fud cycle. Longer
cyde length and higher fud burnup levels have been stressed in the core design development.
The core support components and reactor vessdl will dlow for mixed oxide uranium-plutonium
(MOX) fud use, or the use of mixed fud types such as uranium and thorium.

NTDG Assessment

Given reliance on sandard BWR/ABWR fud designs, there are no mgjor developmental
problemsin the fud areathat may prevent deployment of the ESBWR in the U.S. by 2010. The
use of wider control rod blades in the ESBWR core design, as compared with the ABWR control
rods, will not require aredesign of the control rod drive mechanisms, nor will it impact their
operation. The ESBWR mests the criterion of Fuel Cycle Indudtrid Infrastructure. No design-
specific gap isidentified.

B. GAP ANALYSIS

The NTDG hasidentified severa design specific questions that need to be addressed for ESBWR
deployment in the U.S. by 2010.

Design Certification of ESBWR

The NRC has not yet certified the ESBWR design. There remains some uncertainty as to how
long it will take NRC to conduct any Design Certification review, and how long it will take the
NRC specificdly to review and gpprove the ESBWR license gpplication. Another uncertainty is
the timing of U.S. Government cost-share funding support for ESBWR Certificetion. If
Certification funding is delayed to 2003, and GE/NE application is delayed accordingly,
completion of the Certification process by 2005 may be delayed. A time breakdown of the
proposed GE/NE request for 50/50 cost-share program is enclosed below.

Closure: Obtain Design Certification of the ESBWR from the NRC by the end of year 2005.
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Edtimated Cost: GE/NE edtimates that the entire process through the granting of Certification
will cogt 30 Million Dallars and should require lessthan 3 years, given NRC'sleved of
familiarity with the design, and GE/NE s levd of preparations for design submitta to the NRC.

The Annua 50/50 government-industry cost-share budget request is provided below, in units of
Million Dollars per year.

FY02 | FY0O3| FYo4 | FYO5| FY06 | FY07

Industry | $0 $5M | $5M $5M
DOE $0 $5M | $5M | $5M

The proposed judtification for DOE funding is that the ESBWR eght-year design and testing
effort has been entirdy financed by private industry and has not involved the DOE, but the
licengng issues are specific to the U.S. Government and going through them thefirg timeisa
development effort appropriate for shared cost.

Funding Firs Time Enginegring

The ESBWR detailed firgt-time engineering (FTE) isincomplete. GE/NE recognizes that such
funding will have to be provided from avariety of sources, in order to offer the ESBWR asa
commercid product.

d osure: Complete FTE, including al detailed engineering not covered in other gagps/solutions,
project development, vendor selection, and procurement specifications.

Edtimated Cogt: First time engineering effort for an Advanced Reector like the ESBWR could
cost several hundred million dollars, depending on the design concept, and on the percent
engineering completion achieved by the time of the award of the Design Certification. No
funding sources or schedule were identified by GE/NE in any levd of detail. The decisonson
how to close this gap will depend on progress on the earlier gap closures, on future ABWR sales,
and on the development of the marketplace. Following is arough estimate of anticipated

FOAKE costsfor ESBWR:

FY04 | FY05 | FY0o6 | FYO07 | FY08 | FY(Q9

Industry | $10M | $40M | $50M | $40M | $10M
DOE $10M | $40M | $50M | $40M | $10M

C. OVERALL ASSESSMENT

The NTDG consders that the ESBWR possibly can be deployed in the U.S. by 2010. Its
deployability by 2010 islimited by GE/NE plans to proceed with the commercidization of the
design in a stepwise manner, as described above. GE/NE has requested a 50/50 cost-share
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funding for Design Certification and FOAKE. The large resources deployed by industry to
develop the technology and design justifies the requested funding.

There exist severd factors favorable to early deployment of the ESBWR in the U.S. market:

= Thedesgnisan extenson of other GE/NE BWR product lines, and represents a
amplification and optimization of the entire BWR reactor family. It capitalizes on the
design, component specifications and commercidization experience of its predecessor
BWRs and ABWRs.

» Thedesgn represents a passive safety plant concept at a capacity sSize of amature,
evolutionary, Advanced BWR. It could enjoy the benefits of improved public acceptance
and improved economics, related to the elimination of active components such asthe
internd recirculation pumps, used in the ABWR design.

= TheNRC isdready familiar with the design, and GE/NE has completed an extensive list
of safety testing to confirm it. A significant percentage of the Certification application
reports and documents already exist.

= GE/NE has proven experience in commercidizing the ABWR and in establishing a
globa supply network, capable of negotiating lump sum contracting, and meeting
delivery schedules. Thiswill prove useful for ESBWR commercidization.

= Commondity in equipment and component pecifications, such asthe use of smilar fud
designs and assembly configurations, could reduce the FTE completion effort and cost
and ease the licensing process.

The NTDG consders that additional work has to be completed on the ESBWR, before its
potential, as highlighted above, could be redized. In particular, we note the need to secure
GE/NE commitment to proceed expeditioudy with ESBWR licensing, the need to obtain a
Desgn Certification from the NRC, and the requirement of completing the first time engineering
design. GE/NE has proposed funding support to complete the Design Certification licensing and
FTE completion. However, GE/NE does not plan to initiate a FTE program until the

certification program is nearing completion. These factors raise uncertainty asto the feasble
deployment schedule of the ESBWR, should the stepwise commercidization approach be
pursued and, as such, the ESBWR is judged to be in the “ possibly can be deployed” category for
deployment in the U.S. by 2010.

Timelinefor the ESBWR

Thetimdine for the ESBWR follows.
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FRAMATOME ANP SWR-1000 DESIGN

A. CRITERIA EVALUATION

The SWR-1000 is aresult of along-term product development project of the Siemens KWU, part
of the newly merged Framatome ANP (FANP). FANP has other product lines, such asthe EPR,
under consderation for potentid introduction to the U.S. market.

Criterion 1: Regulatory Acceptance

Summary of Framatome Response

The SWR-1000 does not have a Design Certification from the U.S. Nuclear regulatory
Commisson (NRC). The design concept of the SWR-1000 was developed on behaf of German
utilities that required that the design be licensable according to German law, and was reviewed

by the experts of the German Government's Reactor Safety Commission (RSK). Framatome
ANP is proposing to bid the SWR-1000 for Finland's fifth nuclear power plant. The concept was
discussed with the Radiation and Nuclear Safety Authority (STUK) in Finland. STUK dated

that the SWR-1000 is basicdly licensable according to Finnish codes and standards. An
assessment, conducted by the European utilities (EDF of France, TV O of Finland aswell as
certain German utilities) concluded in 2001 that the SWR-1000 design concept complies with the
requirements of the European Utility Requirements Document (EUR) for Light Water Reactor
(LWR) Nuclear Power Plants. The results of this assessment will be published in January 2002
asVoal. 11l of the EUR. FANP has completed design and safety related documents relevant to
licensng and is continuing work on the design in preparation for the Finland fifth nuclear plant
proposd. FANP states that its sgnificant European licensing experience will be used in support

of NRC Design Certification.

FANP expects the following main issues to arise as part of adesign certification by NRC:

= Assessment of the neutron-physics and therma- hydraulic design of the core under
normal operationa conditions.

= Confirmation of the course of design accident events using the passve safety features of
the SWR-1000 only.

= Confirmation of the capability of these safety featuresto control a postulated severe
accident with core melts.

= Confirmation of compliance by the SWR-1000 design concept with US regulatory
requirements.

In order for afirst SWR-1000 plant to start operation in the U.S. in 2010, construction must
commence (with first concrete pour) in 2006. FANP assumesthat U.S. Certification would
require two years, though it is the generd industry assumption that this process may require at
least three years, particularly for aforeign design devel oped to different codes and standards than
the NRC isfamiliar with. This schedule requires that the gpplication to NRC, with dl the
required documentation, must be submitted by 2003.
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FANP has provided a detailed proposed timeline for design certification, starting in July 2001
and assuming the start of the NRC review by February 2002, leading to Design Certification,
including public hearing and rulemaking by 2005. However, as of the date of this report there
has been no contact between Framatome ANP and the NRC concerning certification of the
SWR-1000.

NTDG Assessment

The NTDG concludes that there may be no serious technica hurdles that might prevent

regulatory acceptance of the SWR-1000 in the U.S. There are, however, mgor schedule-related
problems that unless expeditioudy addressed, could make the licensing schedule proposed by
FANP infeasble. Theseinclude:

= FANP has not yet committed to commercidizing the SWR-1000 in the U.S. FANP has
dated that they will not pursue Design Certification in the U.S. in amore proactive
manner, until an interna corporate marketing study is completed in 2001.

=  FANPdid not yet have detailed interaction with the NRC to develop a Certification
timeline. They have sated that they are only now in the process of studying 10CFR52 to
determine what aredigtic Certification schedule might be. FANP has not obtained any
commitment from the NRC regarding the assgnment of adequate licensing resources, or
completion schedule.

= FANP has not yet committed corporate resources for SWR-1000 licensing review in the
U.S. These resource requirements could be significant, considering that the German
codes and standards used in the SWR-1000 design may have to be re-qudified and
trandated to NRC approved codes and requirements.

FANP provided limited information on the anaytica tools and computer codesto be used to
obtain NRC Certification. The SWR-1000 development, design, and safety work, have al been
donein Europe. The development, qudification and approva of the safety andysis tools have
traditionally taken the bulk of the effort required for NRC Certification of new designs. FANP
will have to validate the computer safety codes used in the design of the SWR-1000 and their
Quality Assurance standards, to fit the U.S. NRC' s requirements. The effort required to convert
al submissons and/or reandyze to U.S. terms so that they can be evaluated using U.S. approved
safety codes may be greater than FANP is estimating. Furthermore, given the current German
Government policy on nuclear phase-out, future design development work on the SWR-1000
could be dowed down.

The NTDG concludes that with mgor resource commitment and expeditious schedule criterion

1- Regulatory Acceptance can be met. At thispoint in timeit istoo early to tel whether FANP
would make such a commitment
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Criterion 2: Industrial I nfrastructure

Summary of Framatome Response

The development of the SWR-1000 has been based on experience gained from boiling water
reactor (BWR) plants currently in operation, and incorporates the service-proven technology
used at these plants. FANP anticipates no difficulty in finding suitably qualified and certified
component manufacturers and suppliers. They believe this dso applies to the new passve safety
equipment to be used in the SWR-1000 (emergency condensers, containment cooling
condensers and passive pressure pulse transmitters), which condtitute rdaively smple
mechanica components (basically heat exchangers). Such components can be fabricated by
certified manufacturers, qudified to the ASVIE Code, which are availableinthe U.S. and in
Canada, Europe and Japan.

The state-of-the-art digitd instrumentation and cortrol (1& C) equipment to be used for the SWR-
1000 will be manufactured by Siemens Corporation, which has dready received gpprova from
the U.S. NRC for its safety 1& C platform TELEPERM XS.

FANP anticipates that with careful advanced planning and the timely placement of purchase
orders to procure equipment, it should be possible to construct multiple units. For procurement
of RPV, a suitable manufacturer ill exigts in Japan.

The largest nuclear-grade component with the longest lead-timeisthe RPV. Thetotd time span
involved in its manufacture is approximately 40 months and thiswill possibly require placing
orders before ESP/COL is granted.

NTDG Assessment

FANP isrelying on established indudtrid infrastructure in Europe for the building of BWRs, and
that the worldwide nuclear capabilities of the FANP organization and its Framatome and
Semens subsdiaries are very subgtantid. A full-scope supply infrastructure exists, cagpable of
building severa BWRsin the U.S. or abroad for operation by 2010. However, FANP has not
built aBWR in amogt 15 years, so this particular infrastructure and the associated manpower
may be unproven. Alternate sources of supply may be available to FANP, however no religble
information about that topic was provided.

In generd, the potentia gaps related to indudtrid infrastructure are judged to be resolvable for

the deployment of an SWR-1000 in the U.S. by 2010. However, further significant expanson of
the supply infragtructure for the smultaneous construction of severd types of LWRS, may

require careful scrutiny by interested parties, a thet time. We consider that the SWR-1000 meets
the criterion of Indudtrid infrastructure.
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Criterion 3: Commercialization Plan

Summary of Framatome Response

FANP has begun to develop a commercidization plan for the SWR-1000. They believe the
SWR-1000 can be ready for deployment in the U.S. by 2010, and will represent a nuclear energy
option that is capable of generating power at acommercidly attractive leve.

Development of the SWR-1000 is based on three phases: a Conceptual Phase, a Basic Desgn
Phase and a Detailed Design Phase. The Conceptua Phase started in 1992 and was completed in
1995. During that time the new concept of passive accident control was developed. Inthe
subsequent Basic Design Phase, the SWR-1000 design was further developed and a preliminary
safety andysis report (PSAR) was generated. This PSAR is now available. In the course of this
development work new technical issues arose, and the Basic Design Phase was extended to 2002
in order to address these new issues. All development work performed during the Conceptua

and the Basic Design Phases has been jointly financed by the German nuclear utilities and by
Framatome ANP.

Thethird and find phase, the Detailed Design Phase, should result in the completion of dl plant
design details, such that the SWR-1000 design will be ready for congtruction. This phaseis
mainly oriented towards participation in the Finland fifth nuclear power plant bid. The detailed
design will reach apoint by the fall of 2002 when a proposal can be submitted for an SWR-1000
in Finland.

The SWR-1000 could be ready in the spring of 2003 for commercidization in the U.S. market.
The period up to 2005 will be utilized for obtaining Desgn Certification from the U.S. NRC.
Another 15 months are then anticipated as being necessary for contract award and acquisition of
acondruction permit, with congtruction starting in 2006. This would be followed by a
congtruction period of 48 months.

Framatome ANP is capable of building the SWR-1000 either as amain contractor who supplies
the entire plant on aturnkey basis, or as the head of a consortium. Construction of an SWR-1000
inthe U.S. would be facilitated by the fact that FANP aready has anational company operating
here — Framatome ANP Inc. —, which would be available for project execution.

NTDG Assessment

The SWR-1000 isonly a potentid entrant into the U.S. market, a thistime. FANP has begun to
evauate the U.S. market in the second quarter of 2001. Until FANP completes its marketing
studies, planned before the end of 2001, and recognizes the opportunities and the chalengesin
the U.S. nuclear environment, it is not clear that they will launch a commercidization drive for
the SWR-1000 inthe U.S.

The FANP commercidization plan now concentrates on winning the Finnish fifth nuclear plant

contract to provide resources for completing the detailed design. Thereisyet no identified U.S.
utility interest, which could provide impetus for detailed design completion and Certification in
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the U.S. However, FANP has considerable resources and very closetiesto U.S. utilities. The
FANP gatement that it will consider full scope turnkey contracts is consdered amgor postive
element in gaining acoeptance by U.S. utilities

The NTDG judges the probability for successful SWR-1000 commercidization in the U.S. by

2010, and the likelihood of meseting the criterion of the Commercidization Plan, to be
indeterminate, until afull commitment by FANP to commercidizing the design is made.

Criterion 4: Cost Share Plan

Summary of Framatome Response

The SWR-1000 basic design has been developed in recent years on behaf of the German
utilities. The mgjority of the development costs have been borne by these utilities and by FANP.
The SWR-1000 incorporates passive safety systems, which are basicdly new, and which have
been tested at large-scale test facilities to verify their functiona capabilities and capacities. Most
of the tests were funded with R&D funds from private industry as well as from the European
Union (EU). Additiond tests are currently underway to verify core melt retention ingde the
reactor pressure vesse in the event of a severe accident, and to test the functiona cgpability of a
passive boron shutdown system. These safety tests are funded by industry and by the EU.

U.S. Government funding is suggested by FANP for adaptation of the SWR-1000 design to U.S.
regulatory requirements and to U.S. sites, aswell aslicensng in the U.S. — and the possible need
for additiona experimentd or anadytical design verification in U.S. laboratories, as apart of an
NRC Design Certification program. FANP may, in the future, seek U.S. Government cost
sharing for Design Certification Licensing and for ESP/COL gpplication.

FANP further identifies the need for funding of future activities associated with the Detailed
Design Phase of the SWR-1000 and experimental design verification. No specific request for
U.S. Government cost sharing for these activities has been made.

NTDG Assessment

FANP has gtated that they would initiate aU.S. Design Certification program by themsdves, but
would look for cost share in parity with past Design Certification submittals. They have not yet
defined these needs for U.S. Government cost-share. FANP did not submit atotal cost-share
budget request, or an annua breakdown of that request. Thislack of detall seemsindicative of
the preliminary satus of FANP s licensng and commercidization plan.

The NTDG condders that it is indeterminate as to whether FANP meets the criterion of the Cost-
Share Plan for the SWR-1000, pending FANP s commitment to commercidize.
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Criterion 5: Economic Competitiveness

Summary of Framatome Response

Achieving areduction in capital and power-generating costs was, in addition to increasing plant
safety, one of the two main goas pursued in developing the SWR-1000. Thefollowing design
features for SWR-1000 account for the projected lowers codts:

= Smplifications in system and component design and the short construction period of
48 months enable the specific capita cost to be lower by 30 percent compared with the
capitd codts of exiging LWR plants of the same capecity

=  Smplificationsin plant design leads to lower maintenance cost Since there are fewer
components to be inspected, maintained, and repaired. The smaller number of ATRIUM
12 fud assemblies may enable shorter refuding outages and higher plant availability. A
study conducted by EDF predicted along-term availability rating of 91.3 percent for the
SWR-1000.

= Fue cycle cods are reduced due to the use of larger fuel assemblies and due to the higher
core design burnup of up to 65 GWd/tU.

Based on afirgt-of-a-kind (FOAK) plant built at a coasta (seawater) site without acooling
tower, the plant specific capital cost is estimated to be within the range of 1,150 — 1,270 $/kWe.
Cost data were reported in year 2000 U.S. Dallars. The smaller value is considered by FANP to
be aredigic vaue, while the larger value is regarded as conservative. Cogt savings attainable

for a subsequent Nth-of-a-kind (NOAK) plant compared to those of the first-of-a-kind (FOAK)
plant were estimated to be in the range of 15 to 20 percent.

NTDG Assessment

FANP was very respongve to the RFI regarding the cost and economic information for SWR-
1000. However, it is unclear whether some of the data are appropriate to U.S. conditions. The
data presented indicate that SWR-1000 could redlize excellent economics, but they are based on
limited recent construction experience, in the European context. The SWR-1000 could redize
these favorable projected economics through major design smplification and equipment
elimination programs. Until more design information is developed and the FTE is completed,

and until the licensing status of, and the requirements for, the SWR-1000 inthe U.S. are
established, the economic projections under U.S. conditions cannot be considered definitive.
Among other uncertainties, it isaso not clear whether the cost of detailed design is factored into
theinitia U.S. FOAK plant’s cost.

The low capita cost figures provided by FANP fdl within the range of economic
competitiveness of 1,000 — 1,400 $/kWe, as estimated by the NTDG. The FANP cost
projections for the SWR-1000 design can meet the Criterion for Economic Competitiveness.
However, there exig many uncertaintiesin trandating a German design into an economic plant
under U.S. conditions.
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Criterion 6: Fud Cycle Infrastructure

Summary of Framatome Response

The type of fud that will be used for the SWR-1000 issmilar to fuel used in BWRS operating
today. Although advanced assembly geometry has been developed which feasturesa 12 x 12 fue
rod lattice, dl fue assembly materials and components correspond to those employed in existing
BWRs.

The current BWR fue fabrication facilities are suitable for manufacturing future SWR-1000

fud. Enrichment services for SWR-1000 fuel can be provided by the same enrichment plants that
enrich uranium to concentrations required in today’ s BWRs. Conversion from UF6 to UO2 can
be accomplished in the conversion plants used today, including FANP s advanced dry
converson facilities. Pellet fabrication and fuel assembly manufacturing can dso be donein

other exiging fabrication facilities, including FANP sfadilitiesin the U.S. and Europe. The fud
produced for the SWR-1000 should have the high reliability levelsthat are typica for today’s
BWR fud.

The U.S. and the European nuclear fuel industry are expected to have reserve capacity to
fabricate and supply the required SWR-1000 fud. There exists congderable flexibility in the
reliable supply of fuel for the SWR-1000.

It is anticipated that dmost al components used in the SWR-1000 fuel assembly will be proven
from previousinsartion in BWR cores. Although some components, such as the fue channe

and spacerswill have different dimensions due to the trangtion to the 12 x 12 lattice, the design
features and materids will be the same asin current BWR reload fud design. It will not be
possibleto irradiate lead test assemblies (LTAS) of the SWR-1000 design in current BWRs due
to the different ATRIUM 12 assembly dimensions. FANP expects, however, that there will be
no need to develop a special quaification and licensng srategy for the SWR-1000 fue, Snceits
design features and components resemble those of familiar BWR reload fud, and the licensing
procedure is expected to resemble that for familiar BWR reload fud.

The SWR-1000 fuel assembly uses Low Enriched Uranium (LEU) and is suitable for the once-
through fud cycle aswdl asfor reprocessng and recycling. Extensive experience is available
regarding the on-gte storage of LWR spent fuel assemblies. This experienceis gpplicable to
SWR-1000 fuel assemblies. FANP will optimize the scope of on-sSite storage of SWR-1000 fudl
assemblies based on the requirements specified by its customers. This applies aso to the type of
storage, e.g. compact storage in the storage poal, or dry storage. From the experience available
today with on-gite storage of BWR spent fuel assemblies, FANP concludes that no conceptua
engineering problem has been identified or is anticipated.

NTDG Assessment
There exig no technica problemsin the fuel cyde supply infrastructure, which cannot be closed

intime for deployment of SWR-1000 in the U.S. by 2010. SWR-1000 will use a non-standard
new fuel assembly design. It will not be possible to perform irradiation testing of aLTA inan
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actua reactor, asisthe curent practicein the U.S. Thisislikey to present alicensang chalenge,
possibly requiring testing in an ATR type reactor, athough FANP s postion isthat only therma
hydraulic testing will be needed.

In summary, the unique 12x12 ATRIUM fud design could pose difficult problemsto licensing
that fud for insertionin U.S. reactors. FANP, given its considerable fue cycle resources, should
be able to resolve these problems in time for reactor deployment in the U.S. by 2010. We
consder that FANP can meet the criterion of Fuel Cycle Infrastructure.

B. GAP ANALYSIS

Overview

FANP did not identify specific gaps but generally recognized the need for closure of severa
issues related to certification and detailed design completion.

Design Certification

The SWR-1000 has not been submitted to the U.S. NRC for any review, nor doesit have a
Design Certification. This congtitutes a gap that needs to be resolved in order to alow
deployment. The exigting design and licensing informeation has been developed for the European
regulatory system, in particular for Germany. A magjor question arises as to the extent to which
the existing SWR-1000 licensing information, safety testing, and non-US certified codes are
gpplicable and useful for NRC Design Certification.

Closure: Apply for and Obtain Design Certification of the SWR-1000 from the NRC.

Estimated Cost: No cost figures were provided by FANP on atota funding request or an annual
budget breskdown. FANP indicated it would seek parity with previous U.S. Design Certification
programs, however no specific numbers were yet provided.

Completion of First-Time Engineering

The SWR-1000 detailed firg-time engineering (FTE) isincomplete. In generd, FTE resultsin
about 70 percent design completion and may cost upwards of 500 Million U.S. Dallars (The
ABWR design team estimates the totd FTE cost of the ABWR as 500 Million Dollars).

The SWR-1000 has dready been partidly designed, to acompletion level higher than required
for an U.S. Design Certification. FANP estimates design completion leve of 40 percent, which
would bring the SWR-1000 design completion effort to smilar levels as have been achieved
during the U.S. First-Of-A-Kind-Engineering (FOAKE) Program.

Closure: Complete FTE, including al detailed engineering, modify design documentation for
U.S. codes and standards; incorporate al changes required by NRC in Certification Process.
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Edtimated Cost: No cost figures were provided by FANP. The leve of effort required will
depend on the effort expended on the Finland Fifth Nuclear Plant program. FANP has not yet
indicated whether it will seek U.S. cost-share funding for this program.

Lead Assembly Testing I n a Reactor Environment

The fud cycle specific gap related to the SWR-1000 deployment istheirradiaion tegting, in a
reactor environment, of aLead Test Assembly (LTA) of the new ATRIUM 12 fud. Coretesting
under redlistic neutron flux conditions may be required for the licensaing of a new assembly

design. FANP s position is that only therma hydraulic testing will be required, but FANP has
not yet interacted with the NRC on thisissue. The testing required may need afocused program
inan ATR type test reactor, SnceaLTA could not be tested in an existing commercia reactor
given the incompatible dimensons of the ATRIUM 12 assembly.

Closure: Develop and carry out aL TA test program, possibly requiring a high flux U.S. or
European test reactor, in a coordinated program with the licensng authorities,

Estimated Costs: No cost figures for this activity were provided by FANP.

C. OVERALL ASSESSMENT

The requirements for the SWR-1000 design deployment in the U.S. include: FANP early
commitment to commercidizing in the U.S. market, expanding of the required resources to do so
on an accelerated schedule, and overcoming the identified design-specific, aswell asthe generic
gaps. At thistime, however, FANP has not provided information on its decison to commit to
commercidize the SWR-1000 in the U.S. or detalls of its commercidization plans. Thusthere
exigs significant uncertainty as to whether the SWR-1000 can be deployed in the U.S. by 2010.

Closure of the design specific gaps will require a concentrated effort in the following aress.

= Desgn certification by the U.S. NRC — this requires amgjor effort of code devel opment,
qudification and testing. A more comprehensive licenang and cogt share plan for this
effort is aso needed.

= Completion of the detailed design by FANP, which could depend on winning the Finnish
fifth nuclear plant order and/or significant U.S. utility interest and demongtrated U.S.
market potentid.

= A focused effort to resolve the potentid fud licensing issues for the ATRIUM 12 fud.

Beyond these gap resolution issues remains a basic concern with the FANP commercidization
plan. FANP is only now developing its commercidization plan for the U.S. market, to be
completed by the end of 2001. It isnot clear, at this point, that the SWR-1000 will be chosen as
their preferred nuclear technology to be commercidized inthe U.S. This decision will aso be
influenced by FANP andlysis of the prospects of the SWR-1000 winning the bid for the Finland
fifth nuclear plant.
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Commercidization of any foreign nuclear reactor design in the U.S. will require amgjor
commitment of financid and engineering resources. A large globd nuclear corporation such as
FANP, with severd large subsidiariesin the U.S., and with good exposure to U.S. nuclear
utilities, could undertake such commitments, when it determines to do so. Considering the
chdlenges in adopting the design to meet U.S. requirements, and in developing an expedited
commercidization drategy, it isjudged, at this point, that the SWR-1000 isin the “possibly can
be deployed in the U.S. by 2010” category.

Timdinefor the SWR-1000

Thetimdine for the SWR-1000 follows:
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SWR1000 Near Term Deployment Roadmap
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WESTINGHOUSE AP1000/600 DESIGNS

Westinghouse has submitted two plant designs, the AP600 and the AP1000 for evauation as
near term deployment candidatesin the U.S.

The AP600 is atwo-loop, 600 MWe pressurized water reactor (PWR) with passive safety
features and extendve plant smplifications to enhance construction, operation, and maintenance.
The AP600 design received Design Certification in December 1999.

The approach in uprating the AP600 to the AP1000 was to increase the power capability of the
plant within the space congraints of the AP600, while retaining the credibility of proven
components and substantial safety margins. The AP1000 power uprating results in 30 percent
generating cost reduction relative to AP600 because the increased power is achieved with asmal
increment in capital cost and without significant loss of design detail. The AP1000 passive
safety systems are the same as those for the AP600, except for some changes in component

capacities.

The NRC is performing a pre-gpplication review of the AP1000 during 2001. AP1000 Design
Certification is expected to be completed by the end of 2004.

The AP1000 and AP600 are both PWR systems whose power trains use technology proven over
decades of extensve operating experience in both commercia eectricity generation and nava
nuclear propulson. The core, reactor vessd, internas, and fud are essentidly the same design
asfor present operating Westinghouse PWRs. Canned rotor primary pumps, proven in the naval
program and in fossil boiler circulation systems, have been adopted to improve reliability and
maintenance requirements. The pressurizer is a conventiona design except that it has alarger
volume to minimize the need for rdief vave actuation. Providing larger desgn margins has
reduced the burden on the components and systems.

The innovative aspect of the design isthe use of passve features for emergency coaling of the
reector and containment. The cooling is provided by natural forces such as gravity, natura
circulation, convection, evaporation, and condensation rather than on AC power supplies and
motor-driven components. All safety-related electrical power requirements are met by Class 1E
batteries, diminating the need for safety grade on-Site AC power sources and greetly reducing
dependence on off-site power.

The passve emergency core cooling system provides core residua heat remova, safety

injection, and depressurization. 1t includes a 100 percent capacity passive residual heet remova
heat exchanger that satisfies the safety criteriafor loss of feedwater, feedwater line bresks and
geam line breeks. The entire system is located within the containment building, requiring no
circulation of reactor coolant outside the containment boundary. The system congsts of a
combination of cooling water sources: gravity drain of water from two core makeup tanks and a
large refueling water storage tank suspended above the leve of the core as well as water injected
from two accumulator tanks under nitrogen pressure.
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The passive containment cooling system provides the safety-related ultimate heat Sink for the
plant. Inalossof cooling accident, the naturd circulation ar-cooling of containment is
supplemented by evaporation of water flowing by gravity from atank located on top of the
containment building shield. Hest is removed from the containment vessdl by the continuous,
natura circulaion of ar so that design pressure is not exceeded and pressureis rapidly reduced.

The use of passve emergency cooling permits substantia smplification of the plant: 60 percent
fewer valves, 75 percent less piping, 80 percent less control cabling; 35 percent fewer pumps and
50 percent less seismic building volume as compared to present operationa PWRs. Extensive
testing of the AP600 passive cooling systems has been completed and supported by independent
confirmatory testing by NRC to verify the design and analyses of the passive emergency cooling
features.,

Al. CRITERIA EVALUATION: AP1000

Criterion 1: Regulatory Acceptance

Summary of Westinghouse Response

The AP1000 is based largdly on the AP600 design that has received design certification (DC)
from the U.S. NRC. AP1000 is being designed to meset current U.S. regulations in the same
manner as the AP600. The AP1000 safety systems are the same as those for the AP600, except
for some changes in component capacities. Westinghouse expresses little doubt that the AP1000
can meet current regulatory requirements.

Significant licenaing issues are expected in the NRC review, many of which have aready been
addressed to some degree by the AP600 DC. These include:

= 20 percent of the AP600 sections of the SSAR will require change.

=  Thetest results and analysis codes accepted by NRC for the AP 600 will be used in
support of AP1000 Design Certification gpplication. No additional testing is expected to
be required to support AP1000 licensing.

= Applicability of the AP600 safety analysis codes to the AP1000 must be demonstrated.
The AP1000 Code Applicability Report was submitted to NRC in judtification.

= Applicability of the AP600 PRA to the AP1000 PRA must be demongtrated. The AP1000
is desgned to maintain large safety margins for postulated accidents; low risk associated
with the APG0O0 design will be reflected in AP1000 results,

= Acceptance criteriafor the AP1000 design (not needed for DC of the AP600) will be
based on the same ITAAC Design Acceptance Criteria (DAC) process used for the
evolutionary ALWRs.

= Applicability of exemptions granted to AP600 must be extended to the AP1000.

Examples of the more significant safety margins estimated for the AP1000 design are shown in

Tablel. These and some other margins are lower than AP600 but they till meet NRC's
regulatory requirements and, in no case does a particular margin drop below avaue that has
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aready been successfully licensed in a currently operating plant. The most Sgnificant margin

that is decreased from the AP600 vaueis the large break LOCA peak clad temperature. As part
of its pre-gpplication submittals to NRC, Westinghouse has provided an extensive discussion
comparing safety margins between AP600 and AP1000 and expects to identify NRC concerns, if
any, prior to beginning the review of its forma gpplication.

TABLE I: Examples of AP1000 Safety Margins®

Typicd Plant AP600 AP1000
Lossof flow margin 1-5 percent 15.8 percent 13.6 percent
to DNBR limit
Feed water line Greater than 0 F 170 F 140 F
break sub-cooling
margin
Steam Generator Operator action Operator Actionnot | Operator Action not
Tube Rupture required in 10 required required
minutes
Large Pipe Bresk 2000-2200 F 1644 F 1940 F

(1) Based on preiminary AP1000 T& H analyses using AP600 SSAR computer codes

To avoid opening new policy issues, AP1000 will follow the past precedents set by the AP600
review. This should avoid opportunities for delay in the NRC review schedule, since it will limit
the ability of NRC reviewers to re-open issues aready sdttled in the AP600 Design Certification.

The AP1000 Design Certification will likdly be off the critical path for deployment because
projected ESP and COL licensing schedules appear today to extend to 2005.

NTDG Assessment

The AP1000 has a good regulatory position. There s little doubt that the AP1000 can meet the
current regulatory requirements and that a design certification will be obtained. The uncertainty
resdesin the timeit will take, including the necessary public hearings. This uncertainty is
ameliorated because AP1000 licensing relies heavily on precedents aready established by NRC
in their AP600 review, and because it appearsthat DC is not presently on the AP1000 critica
path to deployment. Presently it appears that ESP and COL may be on the AP1000 critica path.

The up-front effort to address the key issues of applicability of the AP60O0 licensing
determinations is an appropriate strategy. The timely resolution of the gpplicability issues
identified through the pre-application review of the AP1000 with the NRC are key to confirming
that the design certification schedule will meet the near term deployment criteria.

It is reassuring that Westinghouse preliminary estimates indicate that adequate safety margins

remanin the AP1000 design and, in amost al cases, are Sgnificantly larger than in present
operating plants. But, the magnitude of the regulatory acceptance gap depends strongly on the
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magnitude of changes in safety margin from the AP600 to the AP1000. Significant safety

margin decreases could reopen issues that are thought to be settled. This could delay the process,
particularly if the NRC requires additiona tests and code modifications. PCT (Pesk Clad
Temperature) isimportant because it is ameasure of core-cooling effectivenessin loss-of-

coolant accidents. A 300 °F increase makes the ECCS significantly less effective than in APG00.
However, the result does not appear to be afundamenta design issue, but one that could be
optimized if need be. NRC can be expected to look at this closdly.

A dgnificant hedge againgt the possible need for further testing is the Oregon State facility thet
was used for AP600 testing and is now being funded under NERI to perform confirmatory
testing related to AP1000 plant safety system performance.

The AP1000 can meet Criterion 1. AP1000 is not yet certified, but the pre-gpplication review is
in progress. Itslicensing position is based on APG00.

Criterion 2: Industrial I nfrastructure

Summary of Westinghouse Response

The U.S. nuclear power plant industrial base has been in place for over 40 years. It was
developed specificaly for light water plant designs and has maintained most of its capability by
participation in the internationa new plant market and by meeting domestic fudl and services
supply requirements. Standardized, pre-licensed plants are expected to reduce significantly the
complexity of the indudtrid infrastructure necessary to build new plants.

Pant Design: Westinghouse has successfully used integrated industry resources to desgn many
of the existing commerciad PWRs and more recently the AP600. Design support has come from
numerous sources. Plant design for more than one plant should be easily facilitated by use of
standard designs that are nearly complete.

Equipment Supply: The AP1000 safety systems have fewer pumps, vaves, and associated piping
in comparison with current or evolutionary plants. Substantial magor equipment supplier
cgpability exists worldwide, including many qudified suppliers with the capability to

manufacture the mgor nuclear grade components needed for new plant congtruction.
Westinghouse has identified along list of domestic and internationa suppliers of mgor nuclear
equipment. Standardization can provide the buying power to enable build up of domegtic

equipment supplier capability.

Nuclear (ASME) certification is a key issue with suppliers of smaler components, especialy for
ged mill piping, and possible Section 111 heat exchangers and filters. No samdl U.S. supplier has
maintained this certification. Re-establishing supplier capability is straightforward, but depends
on determination by the suppliers whether or not the new market can support the expense of re-
qudification.
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Thelig of nucdlear- A SM E-qudified suppliers would grow congiderably for highly reliable
equipment not requiring a nuclear pedigree. The design of the AP1000 is unique in this respect
because the U.S. NRC has accepted control functions, including components, as non-safety, that
do not need to meet nuclear-grade requirements. Also, the AP1000 safety systems have less
equipment when compared to current or evolutionary plants, reducing qudified supplier
capability requirements.

Architect Enginesring: A dgnificant A/E capability dill exigsinthe U.S. and elsewhere, and is
available for new plant projects. The capability is more than adequate to support engineering of
the site interface for anew plant or multiple plants due to the reduced effort required for
standardized designs.

Project Management: Assembling anew plant project management team with nuclear
experience will be chdlenging. More than one organization may be needed to provide the talent
for acomplete project team. Westinghouse anticipates it will need a project team of 100 to 150
people, including site management above the craft labor supervisor leve.

Congruction Companies. The Sze and complexity of alarge new nuclear plant project will be
chdlenging, and finding capability isasgnificant issue. The recent experience of building
combined cycle power plants and other process plants is gpplicable, with the exception of the
particular QA and QC chalenges of nuclear congtruction. The AP1000 benefits because large
portions of the on-Site construction capability required for current plant congtruction, will not be
required because of sructural and systems modules to be built in manufacturing facilities. An
estimated 40 percent of field labor hours will be moved to shops. Also if needed, overseas
construction companies could probably be used to fill any gaps.

Long L ead Procurement: Long lead items, such as reactor vessals, sseam generators, reactor
coolant pumps, integrated head package, turbine generators, certain heat exchangers, and the
plant smulator need to be ordered gpproximately 30 to 36 months in advance of ingtdlation.

NTDG Assessment

The reectivation of the nuclear power plant design and congtruction industry called for by
Westinghouse will require firm commitments on the part of many companies to meet near-term
deployment schedules. This can be done for one or severa new plants, but would probably
present difficulties for alarger number of plant starts because of supply limitations. Standard
plant designs are a necessary ingredient for success. The standardization policy established in
the ALWR Program is being followed.

Equipment supply, given theloss of amal U. S. suppliers with ASME Nudear cettification is
clearly a problem, but is probably managesble for near-term deployment. One reason is that
there are still ASME-qudified suppliers for the mgor components. Ancther isthat the
Westinghouse passive design diminates many of the active syslems and protective functions
required in earlier plant designs, with the result that fewer suppliers of smal components will be
needed. Also regulatory acceptance of some components, formerly safety-grade, as non-safety
grade would be hdpful, if the NRC implements Option 2 of SECY —98-300. Nuclear safety
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qudification of off-the shelf equipment is of potentid use. Some use of foreign suppliers will
aso be helpful.

Project management is acritica skill, and recruiting the 100- 150 people will be achdlenge. An
issue generic to dl NTDG plantsis the need for a nationd effort to educate and train the human
resource infragtructure to sustain and expand nuclear energy activities.

Obtaining congtruction capability will dso be achdlenge, and use of some foreign congtruction
companies may be needed.

The AP1000 meets Criterion 2. Strong internationd infragtructure isin place. No gaps are
unique to AP1000.

Criterion 3: Commercialization Plan

Summary of Westinghouse Response

The key to successful commercidization of new nuclear generation by 2010 isreadinessin
severd different areas. The main areas requiring progress to meet one or more stages of
completion are (1) plant design completion, (2) regulatory gpprovas of the plant design, to the
design certification stage, and congtruction Sites, (3) a project implementation planinduding
detailed scheduling, (4) reliable project cost projections leading to competitive eectrical
generation, (5) project participants with defined and integrated scopes of supply who are
committed to meeting objectives and estimated costs, (6) reliable supplier chain, (7) adequate
experienced engineering , project management and construction workforce, and (8) reliable
financing at competitive rates. No one company or inditution can satisfy dl of the needs
generated by the above list. Westinghouse identified areas within its domain of expertise and
influence.

Market Opportunities. For the past 25 years the only market opportunities for new plant saes
were internationa customers, including Korea, Japan, and Ching, with plant offeringsin smdler
marketsin Finland and South Africa. Due to plansto retire their Magnox and gas-cooled
reactors over the next 20 years and commitment to reducing greenhouse gases, the United
Kingdom could be one of the largest markets for 1000 MWe plantsin the next 20 years. A
ggnificant smal plant market (<700 MWe) will become active after 2005.

The U.S. isjust awakening to the future potentid of nuclear power and it is difficult to predict
the sze of the market in the next ten years. The focus will be on generation costs, plant
performance, and new and smpler designs. AP1000 meets these objectives. When the firgt
advanced passve plant is deployed, it is possble that many more units will follow.

Pant Design Completion: thisis criticaly important. Emphasiswill be on 1) developing a

reliable project schedule, 2) generating a complete lowest cost price, 3) gaining NRC acceptance
of the plant design, and 4) establishing well-defined boundaries and respongbilities between
project participants.
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The effort required for AP1000 design completion can be estimated with confidence with
reference to AP600, for which the plant design has been completed such that detailed project
schedules and substantive vendor quotes can be and have been generated. Completed design
detail includes equipment specifications down to the sub-component leve, detailed find
equipment drawings on al mgor components, piping and instrumentation drawings for dl
nuclear and turbine idand areas, and detailed module descriptions available for bidding by large
systems fabricators.

Approximately 80 percent of the AP600 design drawings apply directly to the AP1000 plant.
This high percentage was accomplished by minimizing component and systems design changes

to achieve 1000 MWe. This approach has led to an AP1000 footprint that isidentical to that of
the AP600. Component changes for the AP1000 were accomplished using existing equipment
design features mogt of which have had field duty such as the seam generators, nuclear fud,
reactor vessdl and control rod drive mechanisms. For those changes made in the AP1000 plant,
new costs were established by utilizing existing quotes or obtaining new ones. Minor changesin
pipe sizes, vave flow rates and heat exchanger requirements were also consdered in the revised
cost estimate. Therefore, asisthe case for the AP600, there is a high degree of confidencein the
cost estimate for the AP1000.

Regulatory Approvas. A criticd factor in the Commercidization Plan is the presumed
completion of al regulatory gpprovas required to initiate congtruction of the plant at an
acceptable Ste. Three necessary gpprovas are the Design Certification, the Early Site Permit
(ESP) and the Combined License (COL). ESP and COL require owner actions with the NRC.
Potentid owners are currently exploring the possibility of pursuing ESPs and COLs.

Detalled Congruction Scheduling: An extremely detailed project schedule that includes three
years from the pour of first concrete to fud load has been generated for the AP600. Only minor
changes are required to make the schedule applicable to the AP1000, with the most significant
being the ingalation of an additiona containment ring, which is off the criticd path.

Project Planning: Many questions on planning require answers. supply chain capability
(addressed in Criterion 2), project costs (addressed in Criteria4 and 5), and adequate
engineering, condruction and operations resources, and financing.

Project Financing: Thisisacriticad part of commercidization. The focus will be on the owners,
but strong support is needed from the suppliers, the A/Es and the U.S. Government to assure the
lending indtitutions that the project is viable. Needed support includes project risk dlocation,
project costs and schedule, design completion, project payment structure, experience in new
projects and working together. The owners need to address the issues of experienced operations,
reliable maintenance, the fud cycle, waste disposa and decommissioning.

U.S. Government: The U.S. Government has arolein at least three areas: 1) providing timely
regulatory review of the plant and site submittals to the NRC, 2) assuring the implementation of
waste disposa and spent fuel storage/disposition, and 3) heping develop confidence in lending
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indtitutions by addressing and removing uncertainties associated with long-term government
actions.

Introduction of New Technologies. New technologies, especialy computer-aided drafting and
advanced management information systems, are being gpplied in other industries and can be
applied to design, procurement and construction of AP600 and AP1000 units. New processes
and tools can integrate and coordinate the entire team of owner, designer, constructor,
fabricators, and suppliers into a cohesive, quick turnaround whole.

Teaming Arrangements. Westinghouse endorses an approach that would bring power companies
together to share certain costs of new congtruction, e.g., first time engineering, procedures
development and training, so the firgt plant buyer would not have to cover dl of the first time
costsalone. A teaming approach for the designers and constructors can provide the close
working relationships needed to minimize costs and resolve problem aress.

NTDG Assessment

NTDG agrees that readinessisrequired in the list of 8 main areas requiring progress thet is
shown above. Westinghouse has identified its areas of expertise, but a substantial cooperative
effort by other playersin the industry is needed aswell. Market opportunity isthe most critica
in this category.

The approach of minimizing change between the AP600 and AP1000 designs isimportant to
achieving timely design completion, but congtruction planning and schedule uncertainty is
introduced because of the AP1000 design differences. Westinghouse has minimized those
differences by keeping the footprint and layout of the two desgnsthe same. Although larger
components are used in the AP1000 design, these components are based upon designs that have
been used in operating plants. Use of virtual construction technology to compare the two designs
would improve the understanding of the impact of those differences.

The Westinghouse commercidization plan shared with the NTDG is not as complete as one
would expect of an internd strategic action plan that sets forth goals, describes the actions that
must be carried out and the activities that are needed to make sdles and get underway for timely
completion. Thisis not surprising, because companies do not normdly tell their competitors
how they plan to do the job.

Westinghouse introduces the possibility of a cooperative effort among power companies,
suppliers and congtructors but does not seem to weight it heavily in their commerciaization plan.
A consortium is awel-known concept to reduce individual company risk, which isavery
important factor in deciding to build a nuclear plant. NTDG believes that the consortium idea
should receive more attention as a possible route to near-term deployment. The consortium idea
could aso gpply on the supplier Sde, as away to bring together dl of the capabilities needed for
plant design, for component fabrication, and for plant construction. It isaso possiblethat a
consortium could link together the power producers, the plant suppliers, and long-term eectricity
supply contracts. An encouraging move in this direction has recently been announced publicly

by Mitsubishi Heavy Industries. MHI has agreed to participate and contribute toward
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completing the AP1000 and woud be a participant in actudly deploying units. EDF and BNFL
are aso involved and Westinghouse states that they plan to add a number of other companies
over the next year or 0.

The AP1000 can meet Criterion 3. It isamature design but will require subgtantid financid
investment to bring to market.

Criterion 4: Cost Sharing Plan

Summary of Westinghouse Response

Westinghouse proposes that DOE cost share generic and plant-specific activitiesup to apoint in
time where congtruction of anew plant can be committed. During this period, a project to
deploy anew plant is speculative, and government cost share will be important to attracting
potentia owners to participate in bringing plant options to market and investing their own funds.
This period aso involves sgnificant FOAK costs that are nonrecurring. For anew plant design
to be competitive, these costs will need to be spread over multiple unitsin addition to being
shared with the Governmen.

Benefits from stimulating the deployment of new nuclear plants would include royaty income
for DOE, based onits prior investmentsin the ALWR program. It would aso assst in making
nuclear power agreater contributor to meeting U.S. energy needs, thereby lessening reliance on
new foss| units, with their associated pollution and resulting costs to consumers,

Westinghouse is willing to cogt share such efforts asit did in the successful ALWR program —
including roydty payments for any future funding. Support for current AP1000 design,
developmert, and NRC review activitiesis being provided by indusiry (Westinghouse Electric
Company, British Nuclear Fuels Limited, EPRI, Mitsubishi Heavy Industries, Electricite de
France, and severd other European utilities) and by the U.S. Government through a DOE NERI
grant.

The proposed cost sharing is 50 percent by industry and 50 percent by Government. The one
exception isthe NRC fees for performing the federally mandated reviews associated with ESPS,
COLs, and design certifications, whereit is proposed that these fees be fully funded by the
Government. Theindustry cost share would be carried in part by Westinghouse and in part by its
partners/suppliers.

Thetotd cost estimated by Westinghouse to complete the AP1000 design, identified in their
design specific gap andysis, is $303M. Westinghouse proposes that $155M be paid by the
Government and $148M by industry. The identified funding is based on an approach that the
plant specific detailed design and engineering efforts will be carried out on either (but not both)
APG600 or AP1000, depending on Westinghouse reviews with potentid plant owners.
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NTDG Assessment

The Westinghouse cost-sharing plan includes a clear statement of coststo be shared by
Government and by industry, as well as arationde for the proposed split. The funding proposed
to be shared by DOE and other industrid partnersis very large and will be difficult to come by.

It is not clear whether the Federd Government will be willing to provide the substantial amount

of cost-share that Westinghouse has proposed. To be successful, Westinghouse will need to be
flexible in its cost-sharing approach and should also consider other options, e.g., (1) convince
industry to provide more than 50 percent cost share, (2) enlist support of the power companies to
help demondtrate a wider industry interest in going forward with the design, and/or (3) develop

an dternate commercidization approach that alows some of the design completion steps and
their funding to be phased, congstent with key milestones. This gpproach is further €laborated
under the design specific gap andyses, and a conclusion reached that a revised cost-sharing
(Table V) of 41 percent Government and 59 percent by industry is more gppropriate.

AP1000 meets Criterion 4, since the cost-sharing is dtered to increase industry participation,
relaive to government contribution.

Criterion 5: Economic Competitiveness

Summary of Westinghouse Response

Congtruction Schedule: The construction schedule is important because the interest during
congtruction and the congtruction overheads add significantly to the cost of power and will to a
considerable extent be determined by the time between expending funds for fabrication and
congtruction and the time the plant begins to operate. The standard AP1000 schedule for an Nth
plant is 5 years from order placement and 3 years from first concrete pour to fuel load. Having
the Design Cettification in hand and the smplified AP1000 design will make this schedule
possble. The cost estimates (in $ millions) provided by Westinghouse for the AP1000, rated at
1090 MWe, are shown in Table ll.

The overnight capita cost for the first unit is estimated to be $1.49 hillion (or 1,365 $¥kWe).
This assumesthat the firgt unit is ordered as part of apar of units and the cogts include
procurement costs, construction costs, post-construction costs, contingency, owner’ s costs, and
the firg time engineering. If it is assumed that the first time engineering codts are recovered
before the firgt project (e.g., through a cost- shared Government/industry program), then the
overnight capital cost for the first unit would drop to $1.32 billion (or 1,210 $kWe). For the
Nth-of-a-Kind plant, the learning curve would reduce the overnight capita coststo $1.13 hillion
(or 1,040 $kWe). The cost estimate is based on quotes and estimates from vendors and standard
labor rates for Kenosha, Wisconsin. The production cost (O& M, fuel, and decommissoning) is
1.1 centskWh. The total generation cost for an Nth-of-a-Kind unit is estimated to be 3.2
centskWh. All costs are in year 2000 dollars.
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Tablell: AP1000 Cost Estimates

Procurement 676
Condtruction 406
Post congtruction 9
Contingency 78
Pant Engineering 338
Owner’s cost 150
Sum of firgt 6 rows 1657
Less W Plant enginesring -169
FOAK overnight cost 1488
(FOAK $/kWe) (1365 $’kWe)
Less i Plant engineering -169
Less Nth plant reduction -185
Nth plant overnight cost 1134
(Nth plant $kWe) (1040 $/kWe)
Notes:

= FOAK overnight cost is based on the assumption that the plant engineering cost would be
charged to the firgt two units, each unit bearing half the cost since units would be ordered
in pairs.

= Nth plant overnight cost assumes that the plant engineering cost is charged to the first
two units; the Nth plant reduction is derived from the learning experience on earlier
plants.

NTDG Assessment

The Westinghouse financid projections show that AP1000 has lower capital and operating costs
than AP600, estimating atotal generation cost of 3.2 centskWh for AP1000. Thisisa
substantia reduction (about 37 percent) that results from treeting the changes as a power up-rate
of the AP600 design rather than smply scaing up dl of the design features in the plant.

A comparison of the projected generation cost of AP1000 with anew naturd gas fired plant
shows that AP1000 is competitive in the present market with gas-fired and coal-fired plants.
This assumes anaturd gas price in the range of $3 to $4 million BTU, which has prevailed until
increases (which may be temporary) were caused by increased demand for natural gas and
inadequate new production and transmission line capabilities eectricity shortagesin some
regions of the U.S. If gas pricesrisein excess of normd inflation, the profit margins could be
even more substantial.

The key to assuring an adequate return on invesment is plant religbility. Thereis strong

assurance of AP1000 operationd rdiability because the plant design utilizes proven technology,
and incorporates the lessons learned from decades of operating experience at U.S. nuclear plants.
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The primary uncertainty isin the ability to achieve the capitd cost target and to complete
congdiruction (from the first concrete pour to commercia operation) in the three years planned. It
is recommended that a contingency of 6 months be added to the scheduled construction time for
thefirg unit. The overdl time-line can be kept the same by scheduling the tota time to obtain a
COL at 18 months rather than 24 months and starting Site and construction preparations 6
months earlier. Investor confidence has to be gained that the plant will be built on that schedule
and within budget. A contribution to building that confidence can be to utilize virtud

congtruction (3D+ time digitd portrayas of the construction process) to provide detailed
planning and schedule recovery capability as well as to demondrate the vdidity of the schedule.

Based on Westinghouse projected costs, AP1000 can meet Criterion 5.

Criterion 6: Fud Cycle Indugtrial Structure

Summary of Westinghouse Response

Production: All of the facilities necessary for fuel production supporting the operation of the
Westinghouse AP1000 plant are currently in commercia operation and are supplying fud for the
existing PWR operating plants thet is the same as needed in the AP1000.

The enriched uranium supply chain (consisting of uranium ore extraction and refining, UFg
conversion and enrichment) is characterized worldwide by significant over-capacity from both
the conventiona sources as well as the sources resulting from nuclear wegpons dismantling.

The fuel fabrication portion of fuel supply has excess capacity both within the U.S. and from
internationad sources. Westinghouse has sgnificant available capacity that is currently in lay-up
but could be re-activated in arelatively short period of time. The capacity needed to support new
plant orders could easily be put into commercid service within the new power plant congtruction

period.

Fud Qudlification & Licensng: No fud qudification or licenang will be required for the
Westinghouse AP1000 plant design, since it uses fud that is currently licensed and in
commercia service.

Fud Rdiability: The fud required for the Westinghouse AP1000 design is currently in service
and is exceeding the industry fud rdiability requirements.

On-Site Spent Fuel Storage: The Westinghouse AP1000 plant design provides for on-Site wet
spent fuel storage to accommodate the spent fud resulting from at least 10 years of operation
without shipment of spent fuel or fud consolidation, while maintaining the ability for afull core
offload. In addition, on-Ste dry storage is aclearly demonstrated and feasible option for the
interim storage of spent fud!.
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NTDG Assessment

NTDG agrees with the Westinghouse response. There is no problem in the fuel cycleindudtria
structure that would hamper deployment of the AP1000. Although thereisa plentiful supply of
enrichment services worldwide, a generic issue exigts in that domestic supply is limited to one
relatively old plant. In the longer term, a more robust domestic enrichment supply would be
prudent

AP1000 meets Criterion 6. It will utilize conventiona fud.

A?2. CRITERIA EVALUATION: AP600

Criterion 1: Regulatory Acceptance

Summary of Westinghouse Response

The AP600 received Design Certification from the U.S. NRC in December 1999. Thisresulted
from a saven year review of the AP600 standard plant design review including:

=  AP600 Standard Safety Analysis Report (SSAR)
=  Probabiligtic Risk Assessment

= Ingpections Tests Analyses and Acceptance Criteria (ITAAC)
= AP600 Test Program and Safety Anadysis Codes

The test program results were used to validate the safety analysis codes. The purpose of these
codes isto predict the performance of the passive safety features in response to transents and
accidents. Firgt-of-a-kind (FOAK) engineering totaled approximately $190 million and
produced over 12,000 design documents and a 3-D computer model of the entire plant thet is
integrated with both the plant engineering database and detailed 36-month construction schedule.
The FOAK work was helpful in assuring NRC that the bal ance-of- plant safety issues had been
adequately addressed.

Westinghouse dso identified the need for the Early Site Permit (ESP) and the Combined License
(COL), which have not been completed yet. Both require plant owner actions with the NRC.

NTDG Assessment

Because the NRC has accepted the AP600 test and analysis codes, and granted AP600 Design
Certification, the AP600 has a strong regulatory position. NTDG concurs with Westinghouse
that an ESP and a COL are necessary for near-term deployment. Some additiona work is
needed for Westinghouse to reach agreement with the NRC on details of the ITAAC process.
However thisis ageneric issue that applied to dl certified designsthat are referenced in a COL.
It is reasonable to expect that these needs can be met in time for deployment by 2010.
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The AP600 meets Criterion 1; the design is certified.

Criterion 2: Industrial | nfrastructure

The summary of the Westinghouse response and the NTDG eva uation for the APG00 are
essentialy identical to the AP1000 and thus are stated under the AP1000 criteria evaluations.

The AP600 meets Criterion 2, with the same comments provided for AP1000.

Criterion 3: Commercialization Plan

The summary of the Westinghouse response and the NTDG evauation for the AP600 are
essentialy identical to the AP1000 and thus are stated under the AP1000 criteria evaluations.

The AP600 can meet Criterion 3. It isamature design but will require subgtantid financiad

investment to bring to market. Because it isdready certified, AP600 design completion costs
are incrementally (~10 percent) lower than AP1000.

Criterion 4: Cogt Sharing Plan

The summary of the Westinghouse response and the NTDG evauation for the AP600 are
essentialy identical to the AP1000 except that the design certification effort, (identified at atota
cost of $30 million versus an $18.7 million government cogt-share). Thus the AP1000 criteria
evauations are given under AP1000 Criterion 4.

The AP600 meets Criterion 4. It is recommended that the Westinghouse plan be dtered to
increase industry participation, relative to government contribution

Criterion 5: Economic Competitiveness

Summary of Westinghouse Response

Congtruction Schedule: The construction schedule is important because the cost of power from
any plant will, to a condderable extent, be determined by the time between committing funds for
fabrication and construction and the time the plant begins to operate. Because the AP1000
follows the design footprint of the APG00, their overal schedules areidentical. The standard
AP600 schedule for an Nth plant is 5 years from order placement to commercid operation.
Having the Design Certification in hand makes this schedule possble. The Westinghouse cost
esimates (in $ million) for the AP600, rated at 610 MWe, are shown in Tablelll.
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TABLE I11: AP600 COST ESTIMATES

Procurement 614
Congtruction 352

Post congtruction 8
Contingency 69

Plant Engineering 268

Owner’s cost 150

Sum of first 6 rows 1461

Less i Plant engineering -134

FOAK overnight cost 1327

(FOAK $/kWe) (2175 $/kWe)
Lessigf Plant enginesring -134

Less Nth plant reduction -182

Nth plant overnight cost 1011

(Nth plant $kWe) (1657 $/kWe)

Notes:
= FOAK overnight cost is based on assumption that the plant engineering cost would be
charged to the firgt two units), with each unit bearing haf the cogt, since unitswould be
ordered in pairs.
= Nth plant overnight cost assumes that the plant engineering cost is charged to the first
two units; the Nth plant reduction is derived from the learning experience on earlier
plants.

The overnight capital costs for the first unit are estimated to be $1.33 billion (or 2,175%kwe).
This assumes that the first unit is ordered as part of a pair of units and the costs include
procurement costs, construction costs, post-congtruction costs, contingency, owner’s costs, and
the first time engineering. If it isassumed that the first time engineering costs are recovered
before the firgt project (e.g., through a cost-shared Government/industry program), then the
overnight capita cost for the firgt unit would drop to $1.19 billion (or 1,956 $/kWe). For the
Nth-of-a-Kind plant, the learning curve would reduce the overnight costs to $1.01 hillion (or
1,657 $/kWe). The cost estimate is based on quotes and estimates from vendors and standard
labor rates for Kenosha, Wisconsin. The production cost (O& M, fud, and decommissioning) is
1.4 centskWh. The total generation cost for an nth-of-a-kind unit is estimated to be 4.7
centskWh. All costs are in year 2000 dollars.

NTDG Assessment

The Westinghouse financia data show that AP600 has higher capital and higher operating costs
than AP1000, citing atotal generation cost of 4.7 centskWh for AP600 (and 3.22 centskWh for
AP1000). AP600 has the important advantage of Design Certification, which AP1000 does not
yet have, and will not have for severd years. Since the projected schedule is the same for the
two plants, i.e.,, 2010, an AP600 order would essentialy be a hedge against possible delay of
Design Certification of AP1000, assuming that the plant output is not an issue.
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A comparison of the generation cost of AP600 with a new naturd gas fired plant shows that
AP600 is competitive a a price of natura gas between $5 and $6 per million BTU with a
combined cycle naturd gas plant. The conclusion isthat AP600 would be competitive with new
naturd gas power plantsif natura gas prices remain at levels of this past winter. If gas prices
fdl to average levels of the 1990s, AP600 would be unlikely to be competitive.

The key to assuring an adequate return on investment is plant relidbility. Thereissrong
assurance of AP1000 operationd rdiability because the plant design utilizes proven technology,
bolstered by infusion of decades of operating experience, that is dready being achieved by most
of the present U.S. nuclear plants.

The primary uncertainty isin the ability to achieve the capita cost target and to complete
congtruction (from the first concrete pour to commercia operation) in the three years planned. It
is recommended that a contingency of 6 months be added to the scheduled construction time for
the first unit. The overdl time-line can be kept the same by scheduling the tota time to obtain a
COL at 18 months rather than 24 months and starting Site and construction preparations 6
months earlier. Investor confidence has to be gained that the plant will be built on that schedule
and within budget. A contribution to building that confidence can beto utilize virtua

congruction (3D+ time digita portrayas of the construction process) to provide detailed
planning and schedule recovery capability as wel as to demondrate the vdidity of the schedule.

AP1000 can meet Criterion 5. Based on Westinghouse projected costs, AP1000 would be

competitivein today’s market. The AP600 can meet Criterion 5. The AP600 may be
competitive in some U.S. market scenarios.

Criterion 6: Fud Cydelndustrial Structure

The summary of the Westinghouse response and the NTDG evauation for the AP600 are
essentialy identical to the AP1000 and thus are stated under the AP1000 criteria evaluations.

APG600 meets Criterion 6. It uses conventiond fud.

B. GAP ANALYSISFOR AP1000 AND AP600

The design specific gaps are the tasks to be done by Westinghouse relating to completion of
design, licensing, and component tests that are necessary to assure near term deployment of the
AP1000 and AP600. The gaps, the needed closure actions, and the costs (in $ million) estimated
to achieve closure are summarized in the tables below. 50-50 cost-sharing between industry and
DOE isproposed. The gaps are identical for both the AP1000 and AP600 except that there is no
gap for design certification for the APG00.
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Design Certification of AP1000

Gap: The AP1000 design offers superior economics, but it is not yet certified.

Closure: Obtain Design Certification of the AP1000 from the NRC by the end of year 2004.

Y ear FY02 FYQ03 FYo4 | FY05 | FYO6 | FyOo7 | FY08 | FY09 | FY10
Source Total
DOE $3M $6M $6M $3.7M $18.7M
[ndustry $6M $3M $2M | $0.3M $11.3M
Total $OM $M $BM | ¥M $30.0M
COL ItemsCalled for in AP1000/600 Design Certification
Gap: AP600 and AP1000 specific COL items are needed by COL applicants.
Closure: Develop AP600 and AP1000 specific COL itemsthat are not addressed by other gap
solutions.
Y ear Fy0o2 |FY03 | FYO4 |[FYO5 | FYO6 | FYOr | FY08 | FY09 | FY10
Source Total
DOE $2M $2M $4M
Industry $2M $2M $4M
Total $4M M $M
Firg Time Engineering
Gap: AP600 and AP1000 detailed first-time engineering (FTE) are incomplete.
Closure: Complete FTE, including dl detailed engineering not covered in other gaps/solutions,
project development, vendor selection, and procurement specifications.
Y ear FYo02 FYQ03 Fyo4 FY05 FYoe | FyO07 | FY08 | FY09 | FY10
Source Total
DOE $145M | $165M | $19M $50M
Industry $145M | $165M | $19M $50M
Total $29M $33M $38M $100M
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Reactor Coolant Pump Prototype Testing

Gap: AP600 and AP1000 reactor coolant pump (RCP) detailed design and prototype

development and testing are needed.

Closure: Develop and test RCP prototype.

Y ear FYo2 | FY03 |FY0o4 |[FY05 | FY0e |FYo7 | FY08 | FY09 |FY10

Source Total
DOE $40M | $40M | $25M | $2.0M $12.5M
Industry $40M | $40M | $25M | $2.0M $12.5M
Totd $B.0M | $8.0M | $5.0M | $4.0M $25.0M

Human Factor s and Plant Smulator

Gap: Human factors engineering and a plant smulator are needed for AP600 and AP1000.

Closure: Complete human factor engineering consistent with gpproved processes identified in the

AP600 SSAR and develop plant smulator. (These steps are aso required to support the digital
control room gap/solution.)

Y ear Fy0o2 |FY03 | FYO4 |[FYO5 | FYO6 | FYOr | FY08 | FY09 | FY10
Source Total
DOE $5M $6M $5M $4M $20M
Industry $5M $6M $5M $4M $20M
Total $IOM | $12M | $10M | $8M $40M
Control Room Design
Gap: Detailed design of adigita control room is needed for AP600 and AP1000 deployment.
Closure: Complete design of the digital control room consistent with the NRC gpproved
requirements in the AP600 SSAR. (The AP1000 design will be the same. Support for this
solution is required from the human factors gap solution.)
Year Fy02 |FY03 | FYO4 |[FYO5 | FYO6 | FYO7 |FY0O8 | FY09 | FY10
Source Total
DOE $5M $5M $5M $15M
Industry $5M $5M $5M $15M
Total $10M | $10M | $10M $30M
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Squib Valve Development & Testing

Gap: Certain squib valves used in the passive safety systems of AP600 and AP1000 plants
require development and testing of prototypes for deployment.

Closure: Complete development and testing of AP600 and AP1000 prototype squib valves.

Y ear Fy02 | FY03 | FYO4 | FY05 |[FYO06 | FyO07 | FY08 | FY09 | FY10
Source Total
DOE $IM $IM $0.5M $2.5M
Industry $IM $1IM $0.5M $2.5M
Total $2M $2M $1M $5.0M
Environmental Qualification of Selected Equipment
Gap: Certain safety related equipment used in AP600 and AP1000 plants requires qudifications
to be extended for in-containment environs consstent with NRC regulations.
Closure: complete qudification of AP600 and AP1000 safety related equipment.
Y ear Fy0o2 |FY03 |FYO4 |[FY0O5 | FYO6 | FYO7 | FY08 | FY09 | FY10
Source Total
DOE $5M $5M $2.5M $12.5M
Industry $5M $5M $2.5M $12.5M
Total $10M | $10M | $5M $25.0M
Piping & Module Design
Gap: Detailed design of AP600 and AP1000 piping and modules is needed for NTD.
Closure: Complete detailled design of AP600 and AP1000 piping and modules.
Y ear FY02 | FY03 |[FYO4 | FYO5 |[FYO6 | FYO7 | FYO8 | FY09 | FY10
Source Total
DOE $15M | $35M | $5M $10M
Industry $15M | $35M | $5M $10M
Total $3M $'M $10M $20M
Standardization

Gap: Standardization of AP600 and AP1000 plant equipment and commaodities is needed for cost
effective deployment.

Closure: Complete standardization of AP600 and AP1000 plant equipment and commodities.
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Y ear FY02 | FY03 | FYO4 | FY05 |[FY06 | FyO07 | FY08 | FY09 | FY10
Source Total
DOE $25M | $5M $2.5M $10M
Industry $25M | $BM | $25M $10M
Total $5M $10M | $5M $20M
Summary of Gap Analyses
TABLE 1V: Total Resources Required for All Gaps
Y ear FY02 FYQ03 Fyo4 FY05 FY 06 FYQ7 | Fy08 FY09 | FY10
Total
Source
DOE $3M $17M $475M | $47.2M | $40.5M $155.2M
Industry | $6M $14M $435M | $43.8M | $40.5M $147.8M
Tota $M $31M $91M $91M $381.0M $303M

Design Completion Cost Sharing Evaluation

Asdated inthe NTDG Cost Sharing Evaluation, the proposed sharing between DOE and
industry may not be achievable and therefore an dternative has been developed that relies on
more funds from industry in its cost-sharing approach. The dternate cost- sharing agpproach is
based on the following principles:

Activities necessary to obtain regulatory gpproval should be cost-shared 50/50 between
industry and Government.
Activities necessary to further the design should be cost-shared in the range of 60/40
between industry and Government, respectively.

Thereis subgtantid precedent and justification for Government to provide 50/50 cost-share on
activities necessary to obtain regulatory gpprova. Substantia government cost-shareis judtified

at this stage of a program because NRC licensing isamagor hurdle for introducing new

technologies and is unique to the nuclear industry. It isin the public interest to encourage
industry to bring new, safer technologies before the NRC and assure that a thorough and timely
review is supported by the gpplicant. 1n addition, regulatory review usually occurs before a

potential buyer has placed an order.

In continuing the design of a plant, however, thereisalogicd basisfor assuming that some
degree of interest in the design must be provided by potential buyers before proceeding very far
into the detailed design effort. A possible vehicle for this could be to absorb dl or some of the
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$100 million of the total design completion costs identified to FOAKE among 3 to 5 plants rather
than carrying dl the cost on the 1% plant. AP1000 hes the advantage of significantly lower
capita cost in $kWe compared to AP600.

On the other hand, potentia buyers in the deregulated marketplace may not be able to provide a
100 percent commitment to congtruct a plant until after al of the regulatory approvas and design
details are completed. Therefore, it would be gppropriate to require greater industry cost-share at
this stage of a particular program.

Thisrevised gpproach is shown in Table V, reflecting 62 percent DOE/38 percent industry cost-
sharing on the Design Certification gap and 40 percent DOE/60 percent industry cost-sharing on
al other gap closures activities, for an overdl cost-sharing of 42 percent by Government and 58
percent by indudtry.

TABLE V: Revised Cost Sharing Scenario for AP1000

Y ear FY02 FY03 Fyo4 FY05 FY 06 Fyo7 | FYo8 | FY09 | FY10

Totd
Source
DOE $3M $15M $37M $40M $33M $128M
Industry $6M $15M $52M $52M $50M $175M
Total $OM $30M $39M $92M $83M $303.0M

Since the $30 million for design certification is not needed for the AP600, the cost-sharing
pattern would change to show no expenditure in FY 2002 and only $12 millionin FY 2003. The
pattern would remain the same as for AP1000 in the subsequent years. The decisons on which
of the AP1000 and AP600 designs will be successful will be determined by progress on the early
gap closures as well as the marketplace.

C. OVERALL AsSesSMENT: AP1000 AND AP600

The Westinghouse AP600 is based on proven pressurized water reactor technology. |1ts power
tranisidenticd in basic design to the conventiond design but with many detailed improvements
coming from the extensive operationa experience gained worldwide on thissystem. A key and
innovetive feature of the AP600 safety systemsisthe utilization of natural phenomena, such as
gravity and compressed gas releases, to assure the availability of cooling water in the case of a
loss of coolant accident. These features assure that the cooling weater level will not fall below the
top of the core in the event of a severe accident and that no operator action is needed in such
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emergency conditions for three days. The naturd (or passve) emergency cooling sysems dso
have effected amgor smplification in the plant by the imination of the power driven pumps
and their associated lines, vaves, and controls.

The AP600 was developed by a cadition of industry (domestic and internationd utilities through
EPRI), Westinghouse, and DOE, al of who cost-shared the mgor effort involved. Highly
qudified consultants and university experts made important contributions. The utilities
developed a set of owner-operator requirements to guide the design development and assure
sdfety, rdiability, and mantainability to an even higher leve than is being achieved today.

Vadidation of the design of the passive safety features has been obtained by extensive testing by
the industry in the U. S. and overseas. NRC has carried out independent testing that has
confirmed the Westinghouse safety design of the APG00.

Withthe onset of low natura gas prices and the rate de-regulation of dectricity generation, the
AP600 economic competitiveness has been weakened. Westinghouse has thus turned to
economy of scae to improve its economics by raising its nominad 600 MWe output to 1000
MWe. The AP1000 is bascdly the same design as the AP600 and follows on the Westinghouse
experience in developing its conventional set of standardized nuclear sleam supply systems at the
600, 900, and 1200 MWe nominal levels.

The gaps that need to be closed in the time frame to achieve deployment of AP1000 or AP600 by
2010 encompass three mgjor efforts: regulatory, detailed design completion, and market
acceptance. The issues that have to be addressed to close the gaps are summarized for each
effort.

Regulatory: The prime regulatory gap closure needed for the AP1000 is obtaining design
certification (DC) from the NRC. Because the design is so firmly based on the dready certified
AP600, thereisllittle uncertainty that the DC can be obtained. The NTDG hasless confidencein
the optimigtic DC schedule projected by Westinghouse, but notes that this may not be a
determining factor in the overdl schedule since an early Ste permit is on the critica path.

There is no gap for AP600 design certification since it has dready been granted.

Additional key gap closuresin this effort, gpplicable to both AP1000 and AP600 aswell as all
designsthat choose to seek a COL, isto obtain from the NRC one or more early site permits, a
findized practicable ITAAC process, and a combined construction-operating license (COL).
The completed safety design, dong with the experience gained to date with the NRC in defining
an ITAAC approach related to LWRs, should help to accelerate this gap closure for the AP1000
and AP600.

Detailed Design Completion: Completion of the detailed designs on schedule for both the
AP1000 and AP600 isfairly assured, assuming the availability of the needed funds, because of
the AP600 design work that has been completed to date and its acceptance by NRC through the
DC. Thereissomewhat more uncertainty for the AP1000 because of possible changesin the
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license-rdaed design completion arising from the design certification review. Completing the
remaining design work for both AP1000 and AP600 is straightforward.

The primary gap in this effort is obtaining the large funding ($303 million for the AP1000 and
$273 million for the AP600) necessary to complete the design to a high degree (of the order of
90 percent), so asto assure efficient and rapid plant condruction. Early investor and sub-
supplier interest will be key to obtaining the requisite industry cogt sharing. A significant change
in politica support will be essentid to obtain the proposed government cost sharing. An
important way of fostering industry and government investment is to focus resources in esch
phase on closing the gaps, which will best build confidence among the prospective investors.

Market Acceptance: Market acceptance will require that the nuclear plant being offered: (1) is
economicaly competitive and highly reliable so as to produce the income to gain the expected

return on investment (ROI) and (2) hasinvestor confidence that it will be built on schedule and
within budget.

On the firgt requirement, the fundamental merit of the AP1000' s near-term deployment
candidacy is its economic competitiveness under the conservative assumption that gas price
increases will remain within the bounds of norma inflation. There gppearsto be adequate
margin in the projected bus-bar generation costs to provide an ROI premium to compensate for
the longer time to achieve the ROI as compared to gas-fired units. If gas pricesrisein excess of
normd inflation, the profit marginswill be even more substantid.

The ability of the AP600 to compete broadly in the marketplace depends on a continuation of the
high natura gas pricesin the range experienced in 2001-2.

There is strong assurance of high operationa reliability for both the AP1000 and AP600 because
the plant designs utilize the proven technology, bolstered by infuson of decades of operating
experience, that is aready being achieved by most of the present U.S. nuclear plants.

The second requirement is an important gap to be closed in this effort and applies to both
AP1000 and AP600. Obtaining an early site permit(s), aCOL, and a practical ITAAC process,
as identified under the regulatory phase, is an essentid eement in gaining investor confidence.
Assurance of completion of design to congtruction-readiness is another key element that can be
re-enforced by utilizing virtua construction of the congtruction process to provide detailed
planning and schedule recovery capability as wdll as to demondrate the vaidity of the schedule.
The content, skills, and quality assurance requirements to build the plant have been fully
developed over the past severd decades in building the present fleet of plants. The AP1000 and
APG00 can meet the evauation criteria and close the gaps necessary for deployment.

The NTDG concludes that the gaps in the above three efforts can be closed on a schedule
consistent with the near term deployment goa and therefore both the AP1000 and AP600 can
probably be deployed in the U.S. by 2010. NTDG does not expect that there will be sufficient
resources available to carry both APs to deployment in the 2010 time frame, but that the leve of
progressin closng the gaps, as well as market consderations, will determine the choice among
them at asufficiently eerly stage to permit focusing resources on one of them. In any event,
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Westinghouse has gtated that it only intends to pursue one or the other of them, but not both
designs.

Timdinesfor the AP1000 and/or AP600

The AP1000 Roadmap and associated timelines are given in Chart 1 and 2, below. The
schedule and relationship of the other main lines of effort, i.e,, Early Site Permits, Combined
Licenses, Congruction & Startup, Engineering and Procurement, and Key Decision Points, are
shown in thefallowing lines.

With the exception of Design Certification, which has dready been accomplished for the AP600,
this Roadmap appliesto AP600. The schedule and rdationship of the other main lines of effort
are the same as those for AP1000. For deployment by 2010, Early Site Permits and Combined
Licenses are on the critica path for both AP1000 and AP600, asis completion of firg time

engineering

This Roadmap is a broad overdl summary of acomplex indudtria campaign to assemble dl the
necessary human and materia resources, and to focus them on the find god of building a power
plant and putting it into operation at the end of 10 years.

Of thefour top level lines that represent the mgor project activitiesthe first two, Early Site
Permits, and Combined Operating Licenses, are normally plant owner responsibilities, with some
tasks delegated to the reactor vendor, particularly those that require reactor and plant engineering
information to carry out. The next main lines are Congtruction/Startup, and
Engineering/Procurement. The plant owner, reactor vendor, architect-engineer, constructor,
component and equipment suppliers, and various consultants are involved in these activities,

with their respongbilities defined by contract. At the bottom of the page, under Engineering and
Procurement the key decision points are shown: Design Sdlection, Order Placement, and
Congtruction Commitment. The second page shows aline for the plant buyer/owner’s
respongbilities, and amendments to Design Certification that incorporate any changes made in
the course of find design. A consderable part of the respongbility for this would probably be
delegated to the reactor and plant vendor.

The following charts and the top leve lines shown thereon, dong with some additiond

information, make up the big picture roadmap of the projects. It isclear that the main lines are
not independent of each other. All work on them must be completed on the dates shown in order
to complete the project and operate the plant. Thelinesin fact are strongly interdependent,
because of the relationship of each of the lines to the others, i.e., Engineering to the ESP and the
COL, and to Congruction. Procurement and Congtruction will in turn affect Engineering when
changes occur. These must be recorded and reviewed to make sure that the licenses are not
affected by the changes; or, if they are, so that gppropriate changes can be initiated.

Generic and specific design gap closures have strong connections with the top-level project lines.

Closure of Gaps has the greatest impact on obtaining the ESP and COL, and on Engineering and
Procurement. The schedule of Generic Gap ESP work ties directly into the top level ESP
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schedule, as does design specific work required to complete the ESP gpplication. Likewisethe
maostly design specific COL work ties directly into the COL top leve timdine. Smilarly design
gpecific Gaps 3-10 in the information supplied by Westinghouse tie into the Engineering and
Procurement top level timeline.

The charts below, with the gap information tied into it, are roadmaps for the AP1000 and for
AP600, with the exception of Design Certification as noted. It is not sufficient, however, for
project management and control. Attention to project management detail is absolutely necessary
to successful project completion and operation of the plant at the gppointed date.
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AP 1000 Near Term Deployment Roadmap

Activity | 2001 | 2002 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
Prototype Testing of Equipment |‘\‘|Complete Testing
Engineering | |
(AP1000) lCompIete Engin|eering of Design| Design Complete
Human Factors, Control Room & Simulator Design |“'|Simu|ator Design Complete |
Prepare COL Action Items k\|§ubmit COL Action ltems
Regulatory Submit SSAR
(AP1000) Pre-Application
Review
Prepare DC
Application
NRC Review EDA
Hearing Phase
TIMELINE 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Prepare ESP .(ISubmit ESP Application |
| Application I
NRC Review Staff Approval
Hearing _/|ESP Issued
Phase

Regulatory
(Site Specific)

Prepare COL
Application

Submit COL Application
Design Selection NRC Review &~ LWA Issued ]

Hearing Phase COL Issued ]

Site Preparation |

Construction & First Concrete

Procurement [ Construction (3 years)
|
(Site Specific)

Long Lead Procurement |
I I

[ commercial Operation

| Install Major Components

Startup
Testing
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AP 600 Near Term Deployment Roadmap

Activity I 2001 | 2002 I 2003 | 2004 | 2005 | 2006 I 2007 I 2008 [ 2009 I 2010

Prototype Testing of Equipment "\‘l(:omplete Testing
Engineering | | |

(AP600) |Comp|ete Engint|aering of Design| “'Design Complete

Human Factors, Control Room & Simulator Design I‘*"|Simulator Design Complete

Prepare COL Action Items Iv\.|5ubmit COL Action Items |
Regulatory
(AP600)
TIMELINE 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Prepare ESP I‘/ISubmit ESP Abplication |
Application
NRC Review Staff Approval
Hearing _/|ESP Issued
Phase
Regulatory

(Site Specific)

Prepare COL
Application

Submit COL Application
Design Selection NRC Review < 1LWA Issued ]

| Hearing Phase |0 1ssued ]

Site Preparation |

Construction & First Concrete l’

Lo Lea‘f EIOEIEmE | Commercial Operation

Procurement ‘ [ Construction (3 years) Jo :':IF”EI Load
1

(Site Specific) |
7

| Install Major Components

Startup
Testing
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WESTINGHOUSE IRISDESIGN

IRIS is an innovative smdl (100-300MWe) pressurized water reactor design featuring an
integrated primary system —that is, dl primary system components, including the steam
generators, coolant pumps and pressurizer are housed dong with the nuclear fud inasingle,
large pressure vessdl. As such, IRIS offers potentia safety advantages, primarily related to the
dimination of large-break loss of coolant accident potentid. 1ts smal sze and modular design
may smplify on-Site congtruction and be deployable in areas not suitable for large, monolithic
nuclear plants. Evaluation of the IRIS proposa follows:

A. CRITERIA EVALUATION

Criterion 1: Regulatory Acceptance

Summary of Westinghouse Response

a. Licendngisdraghtforward because IRIS isfirmly based on LWR technology, and will
comply with current regulatory requirements. Severd categories of accidents are not
credible. Fuel design isrdlatively conventiond for the Category | plants (i.e., those that
would be consdered for near-term deployment).

b. A prototypeisnot needed. Thefirst IRIS deployment will be the first-of-a-kind (FOAK)
plant. Primary reliance will be placed on focused testing.

c. Risksare primarily inditutiona, not technical, and hinge on a consortium decision to commit
in 2003 (anticipated).

d. The proposed scheduleisto obtain design certification by the end of 2007, with operation
commencing in 2010.

e. There has been prdiminary interaction with NRC Commissoners and staff.

NTDG Assessment

a  Thesubmittal overstates the degree to which IRIS is based on proven technology, and it
understates the development required to build a practical, cost-competitive IRIS. In
principle, IRIS is a conventiond PWR and much of LWR/PWR operating experience is
goplicable, but the IRIS design detalls are vadtly different from dl US commercia operating
experience with respect to steam generators, pressurizer, reactor shutdown, and in-reactor
1&C, to name some particularly important aress. IRIS, with its in-reactor configuration, may
require revison of the Generd Desgn Criteria

b. Thefirg IRISwill be aprototype, whetever eseit may be caled. Theteting is extremely
important and will have to be very lengthy and carried out under avariety of non-normd
operating conditions to verify the key issues of the rdiability and maintainability of the mgor
non-core components within the reactor vessdl. Development of practical remote
maintenance tooling will be needed.

c. Therisksof achieving successin deployment are identified under Criterion 1 by
Wedtinghouse as primarily inditutiond not technicd. Thisisacommercid viahility issue,
not a regulatory acceptance one.
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d. Thedesign needsfurther development and safety review before one can project adesign
certification schedule with confidence. The proposed operation schedule (3 years after
certification) is not credible.

e. Prdiminary interaction with the NRC is of very limited vaue, based on ALWR experience

IRIS does not meet Criterion 1. Design certification in the time frame needed to support 2010
deployment is very unlikely, because of the extensive analysis and testing required.

Criterion 2: Industrial I nfrastructure

Summary of Westinghouse Response
Very wdl qudified, diverse IRIS team:
=  Wedgtinghouse/ BNFL

=  Bechtd
MHI-Ansado/ ENSA / NUCLEP

NTDG Assessment

It isjudged that the LWR-based industrid infrastructure is suitable for the IRIS. 1& C sensors
and transmitters are a possible exception.

IRIS can meet Criterion 2. The internationd RIS team, which includes manufacturing
capability, has been assembled.

Criterion 3: Commercialization Plan

Summary of Westinghouse Response

a. IRISisbased on proven technology LWR technology and therefore the time scale of the
FOAK work isreasonable. The IRIS consortium member capability is restated.

b. Thereisrenewed worldwide interest in nuclear plants, combined with projected very high
demand for eectricity. Future investment can be expected in new nuclear plants.

NTDG Assessment

The IRIS concept proposed by Westinghouse isamagjor innovation of systems and component
design that places the steam generator, pressurizer, and vitd elements of control and protection
systems within the reector vessd, for which thereislittle basis in proven PWR technology.
Therefore the time scale of work is not reasonable, because of the R&D that will be required to
prove safety in both norma operation and under accident conditions, including completion of
testing programs before the design can be made final. The testing program schedule itsdlf is
overly optimigtic. Given the extent of IRIS innovations, it is quite possible that operationd
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experience on an IRIS test reactor would be required to produce and confirm afina design.
These points gpply directly to Criterion 2.

IRIS does not meet Criterion 3. The commercidization plan (in time to support 2010
deployment) is unredigtic.

Criterion 4: Cost Sharing Plan

Summary of Westinghouse Response

Through 12/2002, existing government cost sharing (viaNERI) isin place. An additiona $5M
for focused testing is suggested. After 1/2003, (presuming the consortium elects to proceed),
government funding will be needed. Cost sharing of 30/55/15 percent (U.S. Government/IRIS
consortium partnersforeign Government/organizations) is proposed.

NTDG Assessment

The cost sharing proposa of 70 percent industry, 30 percent Government appears reasonable
athough the overdl cogt estimate is subject to uncertainty because of the innovative features of
the design.

IRIS meets Criterion 4. Identified cost sharing would support IRIS engineering, testing, and

licenang.

Criterion 5: Economic Competitiveness

Summary of Westinghouse Response

The Westinghouse cost estimates for the FOAK and Nth of-a-kind cases are given in the Table
below:

IRISCAPITAL COST ESTIMATES ($¥kWe)

Low Nomind High percent from
Nomind
NOAK 687 836 1224 -18 percent, +46
percent
FOAK 746 925 1343 -19 percent, +45
percent

The plant availability factors are estimated to range from 85 percent to 98 percent for the FOAK
plant and between 90 percent and 99 percent for the NOAK plant, resulting in anomina
production cost of 10.9 ¥MWh. The nomind tota cost of dectricity for the NOAK plant is
stated to be 23.5 $¥MWh.
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NTDG Assessment

Cost estimates need thorough assessment, particularly capital costs because of the loss of
economy of scale and operating costs and because of the maintenance issue for in-reactor vessdl
components. One should not have high confidence in cost estimates until design and regulatory
review are further dong, and the IRIS safety basis better established.

It isindeterminable as to whether IRIS meets Criterion 5. Westinghouse projectionson IRIS

cogs are highly conjecturd; if true, IRIS would be economicaly competitive, but there is not yet
sufficient basis for confidence in the projections.

Criterion 6: Fud Cycle Industrial Structure

Summary of Westinghouse Response

Initid core loads (Category | operation) are largely conventiond (see gap andyss). No
development will be required for manufacture of the higher enriched fuel.

NTDG Assessment

It is agreed that the initiad core loads (Category ) are conventiona but the subsequent Category
Il core loads (at ~9 percent enrichment, high burn-up, extended cycle) are well beyond current
practice and US licensed manufacture (see Gap andyss). The degree of required development
seems understated.

IRIS meets Criterion 6 for initid fuel loads. More highly enriched fud loads, proposed to be
used in later years, would require new manufacturing capability

B. GAPANALYSIS

The design specific gaps are the tasks to be done by Westinghouse relating to completion of
design, licensing, and component tests that are necessary to assure deployment. The gaps, the
needed closure actions, and the cogts (in $ million) estimated to achieve closure are summearized
below.

Safety By Design

To confirm that the IRIS design provides the high leve of safety claimed, correctly smulated
testing, using amockup of the IRIS vessdl / containment and associated safety systems, must be
caried out. The scope of the testing program is as yet undefined, but the overall magnitude,
given needed R& D, looks low.
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Year | FY02 |[FYO3 | FYO4 | FY05 | FYOo6 | FYO7 | FYo8 | FY09 | FY10
Source Total
DOE $5M $5M $5M $3M $1M $21M
Industry $AM $3M $M $3M $5M $AM $21M
Totd $AM $8M $OM $8M $3M $5M $42M

Integral Steam Generator

An extensve test program is needed to demonstrate steam generator (SG) normal operation

performance and reiability, and safety functions, (using “reasonably” sized SG module); and the

samefor in-reactor 1& C sensors and transmitters. 1t may aso be advisable to perform integral
RV/containment/SG/ emergency HX tests. Thistest work is centra to IRISfeasibility. A very
high standard for successful completion is required, given the integral nature of the design (i.e,

not much flexibility for later desgn adjusments, if there are performance problems). The tests
could take longer, and be more costly than projected.

Yea | FY02 | FY03 | FYO4 | FY0O5 | FYOe | FY07 | FY08 | FY09 | FY10

Source Total
DOE $1M $IM MM $3M $1M $10M
Industry | $4M M $™ $M $3M $2M $24M
Total M $5M $8M $BM $6M $3M $34M

M aintenance Optimization

Extended (4 year) maintenance shutdown intervals demands extensive evauation and “multiple

solutions’, related to equipment design (to alow ease of ingpection), diagnogtics, regulatory

changes (presumably re in-service ingpection), to provide optimized maintenance. Substantial

funding ($26.5M) is projected. Thisisanother areacentrd to IRIS success. Itisnot just

“optimization” — it is more correctly “feasbility”.

The Westinghouse submittal suggests that some part of the solution will be to relax

requirements. Caution should be exercised here: the red issue is whole plant rdiability, not just

safety system rdiability or regulatory compliance. A large funding alocation is gppropriate but

the adequacy of the testing cost projection is uncertain.

Y ear Fy02 | FY03 |[FYO4 | FYO5 |[FYO6 | FYO7 |FYO8 | FY09 | FY10
Source Total
DOE $15M | $2M $2M $2M $0.5M $8 M
Industry | $1.5M | $3M $5M $5M $3M $1IM $18.5M
Total $1.5M | $45M | $/M $'M $5M $1.5M $26.5M
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Steam Gener ator | nspection Procedure

SG ingpection procedures need to be revised to reflect different functions, configuration, and
failure modes of the IRIS SG tubes. There are fundamenta design differences from present
experience with PWR plants (primary circuit is externd to the tubes; tubes in compression, not
tenson). Thisisan important issue, and is related to the second gap above. SG ingpection
requirements and methods will, in fact, have to be changed, but the broader issues of materials,
SG dedign details, and SG accessibility for ingpection and maintenance need to be addressed.
The projected testing cost may be low.

Year | FYO02 |FY0O3 |FYO4 |[FYO5 | FY06 | FYO7 |FY08 |FY09 | FY10
Source Total
DOE $0.3M | $0.3M | $0.5M | $0.2M | $0.2M $1.5M
Industry | $0.4M [ $0.3M | $0.3M | $0.5M | $1M $0.7M | $0.5M $3.7M
Total $0.4M | $0.6M | $0.6M | $IM $1.2M | $09M | $0.5M $5.2M

System Performance M odeling

The IRISintegrd vessd/coupled smal containment requires modeling of system performance

under normd and abnormal conditions, asinput to the IRIS control system. The planisto

“modd the IRIS system response and interaction of different subsystems...” Thisis acomputer-

based andytical mode, which will require using test data from testing in the first gap. The

projected testing cost is subject to uncertainty.  Pressurizer faults and control under normal and

accident conditions should be carefully studied to determine adequacy of the current concept,

functiona and design specifications, but thiswork is not included in the cost estimates.
Y ear Fy02 |FY03 |FY04 |[FYO5 | FYO6 | FYO7 |FY08 |FY09 | FY10
Source Total
DOE $IM $2M $IM $0.5M $4.5M
Industry | $1.2M | $2M $15M | $0.5M | $0.5M $.7M
Total $1.2M | $3M $35M | $15M | $1M $10.2M

Internal Control Rod Drive M echanisms

The IRIS reactor vessdl (RV) configuration causes very long interna control rod drive
mechanism (CRDM) drive lines and more CRDMs than a conventiond LWR. The planisto
develop and apply, if feasible, an internd dectromagnetic or hydraulic CRDM system. This
would diminate the long drive lines and dso diminate RV penetrations, which are possible loss
of coolant accident Sites). It isnot clear whether the long drive linesare an IRIS “technical
gap’, or that the designers smply view theinternd CRDM as a potentidly attractive design
improvement. It isaso not clear how thisrelatesto Category | vs. 11, inthat it is not directly
related to operating cycle time. The internd CRDMs are not proven technology, and that
configuration places a vitd safety component in arelatively inaccessble location (i.e,, ingde the
RV).
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Y ear FYo2 | FYos FYo4 | FY05 | FYoe | FYo7 | FYo8 | FY09 FY10

Source Totd

DOE $2M $3M M $2M $2M ($2M | $1IM $1M) | $13 ($16.M)
Industry $2.0M | $2M $5M $5M M $2M ($2M | $2M $2M) | $19M ($24.5M)
Total $2M M $M $3M $M M (M | $3M M) | $3IM(H41M)

() indicate additiond development — Category |1 — if necessary

Extended Cycle Fudl Operation

IRIS fud assemblies will be operating on a4-5 year cycle (Category 1), and later on an 8-10 year
cycle (Category I1). Design and qudlification testing are needed for the cladding, grids and
assembly structures. Materia testing and post-irradiation exams are needed to confirm adequacy
of materids, design and licensing data. No testing is planned to support Category |, but is not
clear that no testing is required.

Y ear Fy0o2 |FY03 | FYO4 |[FYO5 | FYO6 | FYO7 |FY0O8 |FY09 | FY10
Source Total
DOE $0.3M [ $0.3M [ $0.3M | $0.1M | $0.1 M | $0.1 M | $1.2M
Industry $O5M [ $05M [ $0.7M | $0.7M | $0.7M | $0.4M | $0.4M | $0.4 M | $4.2 M
Total $O05M [ $05M | $1 M $1 M $1 M $O5M | $0O5M [ $O5M | $5.4 M

Licensng of Higher Enrichment Fuel

Reload cores will use up to 9 percent enriched fudl, above the level currently alowed for US

fadilities. Thus, licensing requirement changes will have to be reviewed and approved by NRC

and the license production line will have to be desgned or modified. Thisis clearly a Category ||

gap; not centra to IRIS success unless overdl IRIS economic success dictates the shift to

Category 11 fud loads.

Year | FY02 |[FYO3 | FYO4 | FYO5 |FYO6 | FYO7 | FY08 |FY09 | FY10

Source Total
DOE $0.4M | $1M $1IM $1M $1M $1IM $1IM $1M $7.4M
Industry $0.8M | $1.5M | $1.5M | $1.5M | $3M $3M $IM $12.3M
Total $04M [ $1.8M [ $25M [ $25M [ $25M | $AM $4M $2M $19.7M

High Burnup Fuel Demonstration

High burn-up of Category |1 IRIS fudl needs to be demondtrated, via prototypica testing. Thisis
clearly a Category 11 gap; not centra to IRIS success unless overal IRIS economic success
dictates the shift to Category |1 fud loads.
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Y ear FY02 | FY03 | FY04 | FYO5 | FY06 | FYO7 | FY08 | FY09 | FY10
Source Total
DOE $1M $1M $15M [ $15M | $1.5M | $0.5M $3M
Industry $0.5M | $2M $2M $3M $3M $0.5M | $0.5M | $2M $13.5M
Total $1.5M | $3M $35M | $45M | $45M | $1IM $0.5M | $2M $21.5M

Because of very congested “integrd” configuration of IRIS, thorough assessment of RV /
internals disassembly, lay-down, fud remova, ingpections, etc is needed, followed by design
refinement as called for. Thisisnot included in the cost estimates.

C. OVERALL ASSESSMENT

Along with its potentiad advantages, the integra primary system configuration introduces
sgnificant design and licensing chalenges that may be difficult to overcome, particularly in the
relatively short time frame established for this near term deployment assessment. In key design
detalls, IRISis fundamentdly different from any reactor licensed and operating in the United
States or anywhere in the world. Extensive andlysis and testing will undoubtedly be needed as a
prerequisite to NRC licenang and commercid deployment inthe U.S.

For those reasons, the evauation team concludes that the IRIS design is not deployable by 2010.
This designation does not suggest that the potential advantages of the IRIS concept are
unimportant or unachievable — rather, it reflects the daunting challenge of design and licensing of
an innovative and unfamiliar reactor configuration in the near term. In that respect, the team aso
recommends that further consideration of the IRIS concept be assigned to the Generation 1V
Water Reactor Technica Working Group (TWG).

The following isabrief summary of the NTDG' s assessment of IRIS compliance with the NTD
criteriaand of identified gaps.

NTDG Criteria Compliance: With respect to Criterion 1, Regulatory Acceptance, it isthe
NTDG'sview that because of the subgtantive differences between IRIS and currently licensed
reactors, agrest dedl of andysis and test work will be required to support a successful design
certification submittal. The necessary test work will undoubtedly involve extensive computer
and large-scale physical modeling, as proposed by Westinghouse. However, the review team
believesthat full prototype testing, in some fashion, will aso be needed. It isthe team’sview
that the extent, cost and duration of the testing needed to secure regulatory acceptance is
sgnificantly greater than predicted by Westinghouse.

The current plans regarding NTDG Criteria 2 and 3 (Indudtria Infrastructure and
Commercidizaion Plan) are vague. Because much of the IRIS design utilizes LWR technology,
the LWR industrid infrastructure would appear to provide the requisite support except possibly
for the specid inspection and maintenance features needed in the integra design. The
commercidization plan to achieve deployment by 2010 is unredidtic.
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Criterion 4, Cogt Sharing Plan may have to be adjusted to reflect the increased amount of testing
needed compared to the Westinghouse projection. In addition to the lengthier testing required
for regulatory acceptance, extengve testing will be needed to satisfy potentid investors that the
reliability and maintainability of the system will meet present industry performance.

Compliance with Criterion 5, Economic Competitiveness cannot be determined with confidence
a thistime because of the rdative immaturity of the design, and because of the economic
importance of the plant maintainability, akey desgn issue (see the Gagp Andysis) for IRIS.

The IRIS Criterion 6, Fudl Cyde Indudtrid Infragtructure is satisfactory for the Category | fud
load. However, the potentia fudl design for subsequent loads (called Category 11) will involve
higher enrichment and higher burn-up than current fuel designs, and will require substantial
devel opment work.

Gap Assessment: Westinghouse identified six gaps applicable to the IRIS “ Category I” design,
that isthe verson of the IRIS concept which utilizes nuclear fuel with conventiond enrichment
levels. These gapsdl relate to the needs for development and testing referred to above. They
are:

» ThelRIS"Sdety by Design” concept of integrated primary components, requiring
mockup testing and andysis of safety system performance.

= Integral Steam Generator and Steam Generator |nspection Procedure: The IRIS steam
generator concept presents very significant technica chalengesin operation,
maintenance and safety, requiring extensive anaytica and mock-up testing. The
difficulty of ingpecting steam generators of novel design and housed within the reactor
vessel must dso be addressed through analysis and testing.

= Maintenance Optimization The IRIS integrated primary system configuration, in
combination with the planned four-year refuding cycle, demands extensive evauation
and development of ingpection, diagnostic and maintenance methods.

=  System Performance: Modding and /or testing of the integrated reactor vessdl and
containment are required. In-reactor 1& C must aso be extensvely analyzed and tested.

= Internal CRDM: This gap addresses the objective of consdering internd CRDMs asa
means of avoiding the very long CRDM drives necessitated by the very tal IRIS reactor
vesd. Thisisanovd design for an important plant control and safety feeture, and will
require significant development and testing.

Three additiona gaps identified by Westinghouse relate to the Category 11 IRIS utilization of
higher enriched, longer life cores. These dso present sgnificant difficulty and would require
extensve testing, but they are not relevant to near-term deployment consderations.

In summary, the NTDG considers the Westinghouse gap assessment to be a reasonably complete
identification of magor chalenges facing the IRIS designers. In some cases, the NTDG believes
that the cost to resolve these issues conclusively will exceed the Westinghouse projection. But
regardless of cost, the NTDG does not consider it redlistic to project resolution of these gaps,
successful IRIS licenang and congtruction of the firgt unit in the near term. On that bedis, IRIS is
not deployable by 2010.
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IRIS Near Term Deployment Roadmap

Activity 2001 2002 2003 2004 2005 2006 2007 2008 | 2009 2010 2011 2012 2013 2014
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PBMR PTY. PBMR DESIGN

The Pebble Bed Modular Reactor (PBMR) is a graphite moderated helium-cooled reactor. Heat
generated by nuclear fisson in the reactor is transferred to the coolant gas (heium), and
converted into eectrical energy in agas turbo-generator viaaBrayton direct cycle. The PBMR
core is based on the German high temperature gas cooled technology and uses spherica fue
elements.

The PBMR core conssts of acylindrica array of 6 cm diameter, spherical elements. The core
array is3.5 min diameter and 8.5 m high and produces about 268 MWth. The center of the
array contains gpproximately 100,000 unfueled graphite spheres. The outer part of the core
contains about 300,000 fuel dements, each containing about 9 grams of fud, in the form of 9
percent enriched uranium dioxide. The core geometry is established by a graphite reflector,
whichin turn is contained in asted reactor vessd. The reactor isrefueled continuoudy by
withdrawing fuel spheres from the bottom of the core and returning them to the top. Fuel
elements pass through the core from 5 to 10 times during their useful life. Each time an dement
isremoved from the core, burnup and other fuel element characteristics can be measured, and
spent fue can be diverted to on-gte, long-term storage.

The fundamental concept of the design of the PBMR isamed a achieving aplant that has no
physica process that could cause aradiation hazard beyond the site boundary. Thisis

principaly to be achieved in the PBMR by demondrating thet the integrated heat |oss from the
reactor vessel exceeds the decay heat production in the post accident condition, and that the peak
temperature reached in the core during the transent is below the demonstrated fuel degradation
point and far below the temperature at which the physicd structureis affected. This effectively
would preclude the possibility of a core mdt accident. Heat remova from the vessd is achieved

by passve means.

The containment concept for high temperature gas reactors (both GT-MHR and PBMR) is
diginctly different from the high-pressure containment of light water reactors. For HTGRs there
isan additiond leve of radionuclide containment in the TRISO coated fud particles used in
these reactors. This containment is provided by a SC coating that is presumed to contain the
fisson radionuclides during norma operation and during al accident scenarios. A primary
system boundary rupture during operation would lead to an initid pressure buildup. The
building containment design dlows this pressure to be released through filtered vents, which
would then close. Analyses suggest that release of radioactivity for any accident scenario is
aufficiently smal that the emergency planning zone (EPZ) could be st a the Site boundary.

The PBMR module is the smdlest stand-a one component of the PBMR power generation

sysem. The module is a power station that can produce gpproximately 110 MW (or more) of
electricad power with an overal thermodynamic efficiency of about 40 percent. This module can
be used to generate power in a stand-aone mode or as part of a power plant that consists of up to
10 units.
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A. CRITERIA EVALUATION

Criterion 1: Regulatory Acceptance

Summary of PBMR Pty. Response

The Part 52 licensing process for the licenang and congtruction of PBMR plants will be utilized.
An gpplication for ESP is projected for the first of these gtesto the NRC in mid-2002. In
pardld with ESP review by the NRC, preparation and submitta of an application for
congtruction and operation (COL) of anumber of PBMR modules will be pursued for the first
gtein late 2002/early 2003.

Obtaining the COL prior to design certification will shorten the timeto first plant congtruction
and operation because the reviews and hearings associated with the design and Site-specific
issues can be combined and completed well in advance of the Republic of South Africa (RSA)
demondtration plant completion. The US COL gpplication would be submitted after the
completion of the detailed design in South Africa; therefore, it will contain complete design and
safety andysisinformation including ITAAC. Asthedesgninthe USisanticipated to be
identical to the RSA design, it is not expected to have design features that are not demonstrated
inthe RSA demongtration program. Thereis potentid that the RSA demondtration test plan can
be influenced to include those tests required by the NRC. Exelon expects the PBMR to receive
design certification after the demondration unit in RSA and the first US unit have operated
successfully.

Technicd areasthat present a chalenge to meeting the licensing schedule have been identified
and include: licensing review framework; licensng bad's event sdection; source term;
containment; role of the operator; emergency planning; equipment classification; and prototype
testing. In addition, code verification is an important activity that requires timely completion.

NTDG Assessment

The overdl| drategy is credible, but thetime lineis extremely aggressive. The Strategy relies on
the use of the design and safety andys's developed for an identica unit in the RSA, which serves
as ademondration unit. It uses an early submisson of the ESP and COL in parale without
design certification (DC) in order to savetime. Because the design is being developed for the
RSA demondration unit, it is anticipated that the COL will contain a comprehensive safety
andyss, including acomplete plant PRA, that equas or exceeds that necessary for an
goplication for DC. Also it will contain proposed Inspections, Tests, Analyses and Acceptance
Criteria (ITAAC).

This srategy is very chdlenging, with only two and a haf years dlotted for completion of the
COL, including hearings. That is short based on past experience with safety reviews and the
complex and difficult Exelor+identified list of issues to be resolved withthe NRC. It is
presumed that the regulatory infrastructure issues and the technology expertise within the NRC
will belargdy resolved before the COL gpplication is submitted. If these are not resolved then
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delays in the schedule will be likdly. Inthis regard, cooperation with GA (for licensng the GT-
MHR) on the regulatory infrastructure issue is desirable.

Of particular concern for maintaining the schedule is the testing program required to qudify the
fuel and the gpprovd of alow pressure, vented containment. Insufficient timeis dlowed from
dartup of the fud facility in South Africato conduct shake-down tests and properly prepare fud
for irradiation testing before the irradiation tests would presumably begin. Since fud
qudification to stlandards consistent with the specified source term, EPZ boundary and
containment is critical to plant operation, there isalimit to how much one can “rush” the
program. Also, there must be sufficient time in the schedule for NRC review of the find results.
Since the proposed containment design is alow- pressure citade type structure with filtered vents
for pressure release, this means the fud is the primary containment barrier, and the fuel testing
must demondrate thet thisis satisfactory. In addition, there will be licensing issues that must be
resolved with the NRC related to using aforeign supplier of fuel.

Thereis aso concern about the timing of completion of the code qudification program. The
accident scenarios that must be evauated, and the NRC requirements for code verification and
validation have yet to be worked out with the NRC. Many of the accidents and transients can be
anticipated, such asair and water ingress, loss of heat sink, turbine overspeed, seismic events,
and rod gection. The status of this effort within PBMY Pty. Ltd. asit relatesto the RSA
Demongtration has not been identified to the NTDG. The NRC has some codes in development
for independent safety evauation, but it is not clear whether there is sufficient independent code
capability to evauate dl the codes required, for example in core physics.

The non-fuels testing program aso presents a schedule concern. Thisindudes qudifying the
graphite that is used in both fuel and in the reflector, and eva uating absorber materials such as
boron carbide that would be used to limit neutron streaming. The time to complete this program
and submit atopical report to the NRC seemsto alow very little review time for the NRC before
the decison is made regarding the COL application. Another licenang areathat resulted in
lengthy LWR negotiations with the NRC is control room design, and the number of operators
needed to operate aplant. This problem is currently being addressed for the RSA plant, but its
resolution for the U.S. plant is uncertain. The insrumentation and control design will dso be of
strong interest to the NRC, athough the review should be different from the LWRS because of
the different nature of the reactor safety response. In addition, the schedule provides essentialy
no overlap between the RSA Demonstration unit startup and the issuance of the COL. This
would not present a problem aslong as prototype testing is not required to resolve any safety
issue. In the document “Prdiminary Staff Views on PBMR Licensang Plan” (letter of August 23,
2001 from Samud J. Callins, Director, Office of Nuclear Regulation, NRC, to James A. Muntz,
VP of Exdlon Generdtion), it states “ Exelon’s licensing plan should not assume that the NRC
will issue a combined license prior to completion of al testing that is determined to be necessary
to demonstrate the acceptability of acommercia PBMR.” If prototype testing is required to
resolve any issue this could delay the issuance of the COL Findly, it is noted that the use of the
COL without Design Certification has lessfindity to it. Since thereis no rulemaking involved,
there is the possibility of design changesthat could result in the first commercid unit differing
from the RSA demondtration unit, and there is greater risk of post-congtruction intervention.
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The schedule presented in Table 1 (Criterion 3) calsfor loading fuel in September 2007. The
NTDG bdievesthat some delay in this schedule is probable. While adippage in schedule for
licenang delays, congtruction ddlays, fud qualification or technical reasons hasfinancid
implications that could impact decisonsto proceed, it is possible to tolerate some delay in
regulatory acceptance and gtill have the first commercid unit in operation by the end of 2010.
Since the critical path is determined by fue qudification, and may well extend six to twelve
months beyond the schedule presented to the NTDG, even a six-month delay on the COL could
be accommodated.

The NTDG bdieves the PBMR can meset the criterion provided that severa chdlenging technical
issues (including fud issues) can be resolved and demongrated to NRC satisfaction in thetime
frame needed for 2010 deployment. U.S. licensing submittal information must be adapted from
the German/South African design and test work. Pre-agpplication steps with NRC are in progress.

Criterion 2: Indudgtrial Infrastructure

Summary of PBMR Pty. Response

Theindugtria infrastructure needed to support the commercidization is dready in place
internationally with the exception of the fue manufacturing facility. PBMR Pty. Ltd., which
congsts of ESKOM, the utility owned by the Republic of South Africa, IDC, BNFL, and Exelon,
will provide this capability as well as support the plant development with their own resources

and talent, as wdll asthat of consultants. Contracts are in place for detailed design of dl mgor
components with credible industria suppliers and preliminary design of these componentsis

now complete. The suppliers would be cagpable of producing components for multiple unitsin a
year. PBMR Pty Ltd. has aso obtained full access to the German base of high temperature
reactor (HTR) technology, experience, and know-how. Key technical specidists have been
incorporated into the PBMR team to assure effective technology transfer.

The turbine generator, the fud, and the pressure vessds are dl on the critica path for the first
plant. The systems requiring the largest extent of development are judged to be the
turbomachinery, the magnetic bearings/auxiliary bearings, and the recuperator. Negotiations are
currently underway with severa suppliersfor the turbine generator and the pressure vessels. The
fue will be produced in a plant in South Africathat is currently under design. It is anticipated
that the longest lead-time component is gpproximately 24 months.

The PBMR will require unique operator training. PBMR is currently designing a control room
samulator for this purpose and ESKOM is developing the operator training courses modeled on
the INPO systematic training development format. INPO and Exelon will advise ESKOM on the
training and procedure development, which would then be used in the US.

NTDG Assessment

The manufacture of mgor components should be able to meet the criteriafor 2010 deployment if
the RSA program moves forward according to schedule. The responses state that design
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contracts with suppliers of al major components are in place and that one or multiple (up to
three) units could be built by 2010. The longest lead component, the pressure vessdl, was
identified as 18 months to two years. While this seems like a short time, it is based on quotes
from the suppliersinvolved. Ordering of long lead-time materids and componentsistaking
place on a schedule that could achieve fud loading in late 2005. Thisis somewhat optimistic for
afirg plant, even with a congtruction schedule provided by a reputable architect-enginesring
firm that supports such aschedule. On the positive Sde, since the lead-plant in South Africais
identica to the U.S. plant, the mgor component manufacturers will have experience before
producing the U.S. plant components.

One concern regarding PBMR is the lack of an experienced vendor organization with a strong
management structure and a depth of technica knowledge in fuds and design. Much of the fuels
expertiseis provided by consultants from Germany. This provides vauable ingghts and
information, but is not the basis for along-term commercidization organization. It isimportant
that the partners involved in the PBMR development, including ESKOM, BNFL, IDC and
Exelon, put together a suitable vendor organization in the near future with strength in reactor
design, safety andysis, and plant licensing.

One of the biggest technology risksislikely to be in the operation of the power conversion
system. While components operating individudly have operated under smilar conditions, there
appearsto belittle or no experience for such a system operating with its high temperatures and
verticd mounting of the turbines within the context of a Brayton cycle. The RSA prototype,
with two to three years of operation before the startup of the first commercid unitinthe U.S,
will be critica in providing a demongration of this new technology.

The NTDG bdieves the PBMR can meet the criterion. An international team is being

assembled. Design contracts are in place for mgor equipment. Thereisaneed, in the near
future, to develop a strong vendor organi zation that can support both the design and licensing.

Criterion 3: Commercialization Plan

Summary of PBMR Pty. Response

The commercidization of the PBMR will be accomplished by the construction and operation of a
full 9ze demondration plant in South Africawith concurrent licensing in the US by Exdlon.
ESKOM and Exelon will place the first orders of commercia units during the demongtration
plant congtruction and startup phases.

Ingtitutiona issues that need to be resolved for commercidization include insurance cost per unit
under Price-Anderson legidation, and the funding formula reated to the Decommissioning Trust
Fund.

The table below ligts key events and the earliest potentid dates for their completion.
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Table 1 — Potential PBMR Timdine

Earliest
Possible Event Acting Party
Date
Oct. 2001 Completion of RSA SAR, submitta to NNR PBMR
Mar. 2002 SAR Rev 0 Approval — permission to construct NNR
1Q, 2002 Decision to proceed with construction PBMR
4Q, 2002 Start construction — RSA PBMR Demo Unit PBMR, Eskom
4Q, 2005 Start non-nuclear testing, RSA Demo Unit PBMR, Eskom
May, 2005 | Load Fud, RSA PBMR Demo Unit PBMR, Eskom
May, 2007 | Complete nuclear testing, start com. operation Eskom
Aug. 2002 Submit ESP Application Exdon
Mar. 2003 Submit COL Application Exelon
Sept. 2004 | Recelve ESP NRC
Sept. 2005 | Receive COL NRC
Sept. 2005 | Start approved congtruction Exelon
Sept. 2007 | Load Fue Exelon
Sept. 2008 | Complete Nuclear Testing Exelon
May 2007 Submit Design Certification Application PBMR
2010 Issue Design Certification NRC

NTDG Assessment

The PBMR has a credible and detailed plan for commercidization if the commitment by Exelon,
ESKOM and the other partners to keep the scheduleis maintained. The actud construction and
testing of the design in RSA, assuming it goes forward on schedule, will confirm the economic
viahility of the design, or a least provide the ahility to project ahead to acceptable nth of akind
cods, with fabrication infrastructure in place and operating efficiently on a continuous

production schedule.

The success is heavily dependent on the success of the RSA program for design, technology
development, operating experience and fud production. While experience gained from the RSA
program impacts al aspects of U.S. commercidization it cannot assure that dl problemsin
licensing in the U.S. and use of new technology will be satisfactorily resolved for commercia

use of the PBMR inthe U.S. Additiond financia issues specific to the U.S. rdlated to insuring
nuclear units and in providing for the decommissioning fund aso must be resolved to make the
gmdl szed units like the PBMR commercidly vigble. Licensing issues, as described under
Criterion 1, could aso influence a decision to proceed in the U.S. Thus, while the
commercidization plan is strong it does not assure that commercidization of the PBMR inthe
U.S. will be achieved by 2010.

The NTDG believes the PBMR can meet the criterion since there is dready a potentid U.S.
customer (Exelon) with subgtantial — dbeit conditional — commitment. Presuming successful
continuation of the South African project and an Exelon decision to proceed with aU.S. project,
the PBMR commercidization plan is credible.
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Criterion 4: Cogt Sharing Plan:

Summary of PBMR Pty. Response

PBMR Pty Ltd. does not request any U.S. Government funding for the design and manufacture
of the prototype PBMR module in the RSA, or for the design and manufacture of any PBMR
unitsin the U.S. The recommended use of government funding is for the U.S. Government’s
fees associated with review of the ESP and COL applications, PBMR design and system
education programs, improved gas reactor regulatory framework, code verificaion, fue
confirmatory testing, and materid testing to demondtrate long term reiability.

PBMR Pty Ltd. will spend on the order of $200 million in the development and $300 million in
the demondtration of the PBMR design. In contrast, the recommended government funding to
support the PBMR aggregates to gpproximately 7.5 percent of this amount during FY 2002 and
FY 2003.

NTDG Assessment

The PBMR has a workable gpproach to cost sharing between industry and Government,
primarily by virtue of the indicated commitment of PBMR Pty. Ltd. to cover the codts of

devel opment (estimated $500 M, including congtruction of the first RSA unit) while seeking only
minima U.S. Government funding for cogts related to licenang activities, including the NRC
confirmatory fuel characterization and test programs.  This represents an effective leveraging of
U.S. Government funding againg industry investment.

The NTDG bdieves the PBMR meets this criterion.

Criterion 5: Economic Competitiveness;

Summary of PBM R Pty. Response

The PBMR would be deployed in increments of 110 MWe, dlowing for an improved match to
demand growth and utilization of capacity. The owner/investor financid risk is reduced relative
to intermediate or large capacity plants. Congtruction times are short, reducing cost and
matching market demand. The PBMR would bresk-even with a Combined Cycle Gas turbine
(CCGT) plant with gas at about $4.00/ MMBTU.

The table below indicates key economic parameters for the PBMR as currently designed. The

costs for mgjor components embedded in this estimate are based on quotations received from
commercid suppliers of that equipment.
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Table 3 - Approximate Cost Evaluation

\Vdue
PBMR Module Thermd Rating 268 MWth
PBMR Module Electrical Rating 110 MWe
PBMR Module power conversion efficiency ~40 percent
Modules per Plant 710 20
FOAK Deveopment, including Fue and
Demongtration Module (FOAK) ~$500 M
Mature Plant PBMR Capitd Cost Target (NOAK)  [~$1250/kWe
Mature Operation and Maintenance Cost Target 2-3 millskwh
Mature Fuel Cycle Cost Target 4-6 millskwWh
Tota Mature Generating Cost Target ~3-3.50kWh

These costs do not include government fees associated with the ESP, COL, or certification
process for the PBMR in the US since these are proposed for government support.

NTDG Assessment

The economic competitiveness of multiple smal unitsvs. alarger unit isahighly controversid
topic. Exelon presentsthe case for use of smaller units, which includes short congtruction time
that gets the dectricity on line more quickly with lessinterest cost; more closdy matching
electricity production to demand o as not to depress the market with oversupply; and the
financing advantages of sequentidly building smaler units. This advantage is both through the
learning process and the discount that comes with multiple component orders. In addition, the
inherent passive safety potentialy reduces the cost of safety systems and containment. They
have higher fud utilization than LWRs, and thisimproves fuel cycle economics. On the other
hand, to reach the same power output as alarge LWR they require 10 pressure vessels thet are
the same size asone LWR, and 10 structures. 1t will be a consderable chalenge to have the
beneficid codt factors compensate for the added costs. The PBMR projected busbar costs |ook
favorable, but the economic uncertainties of usng a new technology are much greater than using
technology that has a stronger experience base. Also, the plant design and system costs such as
the Power Conversion System (PCS) are not finalized so aredlistic cost basis for the FOAK is
not yet possible. Exelon indicated an instaled cost in the range $1000/Kwe to $1700/Kwe, with
an “expected value’ of $1250/KWe. The economic competitiveness of the resulting busbar cost
is quite different for these cases. Aswith al new reactor desgnstheinitid unitswill have
higher generation cost, so one should not be surprised by a vaue that exceeds the “ expected
uence, in both gas-cooled reactor designs, of sacrificing economy
of scaein the interest of safety, but achieving economics through efficiency and multiplicity.
Multiple unit orders, congstent with the commercidization strategy, will be required to bring the
cost down to more competitive levels. The NTDG cautions againgt over optimism in projecting
the electricity cost of relaively untested technology. It isill premature to be confident of the
finad outcome.
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The NTDG believesthe PBMR can meet this criterion. However, projected economics are
preliminary and have high uncertainty. Satisfactory economics rely on deployment of multiple
modules and successful development of the design.

Criterion 6: Fud Cycdelndustrial Structure:

Summary of PBMR Pty. Response

The PBMR uses TRISO coated fud kernels embedded into graphite spheres of racket-bdl sze.
The kerndls contain UO, enriched to between 8 percent and 9 percent U-235. Individud spheres
pass through the core from 5 to 10 times during their useful life, and are then placed in long-term
storage, without any reprocessing. The PBMR design accommodates the dry storage of spent
fue within the citadel over the lifetime of each module,

PBMR Pty. has selected the reference fuel design from the German AVR 21-2 pebble fud with
UO2 TRISO coated particles that was developed and tested in the AVR reactor. Thisfud was
produced over a period of severa years and underwent testing at the Julich Research Center in
Germany. In the German program, relevant irradiation testing of more than 2E5 particles was
performed without asingle coated particle failure during irradiation. Statistically, that
corresponds to a 95 percent confidence level that the coating failure fraction of the reference
desgn fud islessthan 2E-5. Fue spheres were also subjected post-irradiation to high
temperatures to Smulate loss of cooling and loss of pressure events. The performance of the fuel
under these conditions was well documented and forms the basis for the determination that the
selected reference fuel design will be acceptable for use in the PBMR. The manufacturing
gpecifications and test data for this fuel which was manufactured by NUKEM in Germany have
been obtained by PBMR and are being used by ateam from NUKEM, BNFL and PBMR to
design the fuel manufacturing plant and its processes.

PBMR Pty Ltd. has obtained the licenses, fud design specifications, tooling design
specifications, and procedures used by Nukem in the manufacture of fud for the AVR and
THTR plants as wdll astest capsules for the German modular HTR designs. PBMR fud will be
manufactured in the RSA, by PBMR Pty Ltd. The PBMR manufacturing facility isbeing
developed within the physical plant used for the BEVA LWR fud manufacturing facility at
Pelindaba, RSA. Thisfacility adapts the Nukem base fuel process technology, however, key
system aspects such as process autometion, quaity monitoring, and data management will be
updated to current standards. Sources for the enriched feedstock have been identified and
negotiaionsfor supply arein progress. A pilot plant startup is scheduled for 2003 with full
production by 2005. Theinitial core and reload fud for the initial reactor modules proposed for
congruction in the US by Exdlon will be manufactured in the RSA, a the fud facility to be
congtructed at Pelindaba, RSA.

The manufacturing processes and Quality Control (QC) parameters used in Germany will be
reproduced, in order to ensure that PBMR fuel dementswill be equivalent to German fuel
elements, and that testing performed on AVR fuel can be incorporated into the body of data
supporting the PBMR safety case. The proof of equivaence conssts of showing that the
quaified PBMR fud manufacturing process, based on the German fud manufacturing process,
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produces fud that complies with German fud performance. Compliance will be demonstrated
by usng QC techniques and satistica sampling equivadent to those used during manufacture of
German fud.

NTDG Assessment

The PBMR probably can meet the criteriafor 2010 deployment athough the proposed schedule
for U.S. operation callsfor fud loading in September 2007. This date is questionable, based on
the expected length of the fud qudification program. The current schedule cdlsfor PBMR Pty.
Ltd. to have apilot fud plant in operation in late 2003. Assuming fud tests begin in mid-2004,
fud qudification is unlikely before mid to late 2008. Of course, there are dtill uncertaintiesin
meeting this schedule related to successful operation of the fud production facilitiesin South
Africaand in the resolution with the NRC of fud testing requirements and QA requirements to
meet fud acceptance criteriafor fud useinthe U.S. Therdationship of the licensing rationde
for the low pressure containment to an acceptable upper limit for fue falure fraction will need to
be resolved with the NRC in the near future. Nonetheless, the schedule has sufficient margin for
tuning the fuel production process and for fud testing to alow U.S. operation of the reactor prior
to 2010. In addition to fud testing it will dso be necessary to ded with licenang issues related to
having aforeign fud supplier. The mechanismsfor NRC oversght of the QA program will have
to be devel oped.

It isknown that certain radioactive fisson decay products, especidly Ag-110, can diffuse
through the SIC layer at operating temperatures. This might lead to contamination of the power
conversion system, especialy the turbine blades. The presence of Ag-110 was previoudy seen a
Ft. St. Vrain, but was found to be of little consequence. However, the PBMR operates a a
higher temperature than Ft. &t. Vrain does, so the potentid exists that the problem may be worse
than found previoudy. The possble cost consequences are uncertain. It isthe view of GA and
Exelon that thisis primarily a maintenance issue and not a safety issue, and it is being treated as
such.

Storage of used fud for the 60-year plant life is satisfactorily addressed in the PBMR design.
Digposal of used fue in aonce-through fue cyde isfacilitated by the SC coating thet provides a
fisson product barrier not present in LWR fud. Design fegtures of this system, from both a
system and worker safety viewpoint, would be included in the NRC review. However, thereis
no reason to believe that this would cause any delay.

The NTDG bdievesthe PBMR can meet the criterion. PBMR safety and reliability hingeon a
successful fud test program and high qudity fud manufacture. The current plan includes a
program to replicate German fud design, perform confirmatory testing, obtain NRC license, and
produce PBMR fud. It isnoted that the fue for theinitia U.S. unit isto be procured from a
foreign supplier, so that licenaing concerns regarding such a supplier will need to be addressed.
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B. GAP ANALYSIS

The design specific gaps are the tasks that need to be doneif this technology is to be brought to
the marketplace by 2010. They relate to licenaing, fuel and materials testing, and computer code
verification. Below these gaps are presented aong with the closure actions needed and the
estimated cost (in $ million) of achieving closure. Cost sharing specifically rated licensng and
to confirmatory testing, which is aso congdered regulatory driven, isrequested a a higher rate
than 50-50 cost share with industry.

Numerous technical gaps exist as discussed under Criterion 1. Among these are instrumentation
and control design, safety andlyses, and the power conversion sysem. These and other FOAK
design issues are being addressed by PBMR Pty. Ltd. during their design of the RSA
demondtration unit and are being funded by indudtry. It is estimated that the cost of these efforts

is approximately $200 M. They are not included below.

Regulatory Framework

Gap: No gas reactor regulatory framework exigts againgt which to license the PBMR.

Closure: This gap can be resolved by developing atop-down risk-informed gas reactor regulatory
framework. Thiswould shorten the Part 52 licensing process and reduce regulatory uncertainty
that could prevent the commitment to construction.

Year | FYO2 FYo3 Fyo4 FYo5 | FYoe | FyOo7 | FYo8 | FY09 | FY10
Source TOTAL
DOE $3.5M | $3.5M $7.0M
Industry | $0.5M | $0.5M | $0.5M $1.5M
TOTAL $0.5M | $4.0M | $4M $8.5M

Fud Performance and Testing

Gap: Regulator concurrence is needed on coated particle fuel performance characteritics that
impact PBMR safety, source term, containment design and length of time to obtain alicense.

Closure: To closethe gap, it is proposed to perform a particle fue characterization and test
program that dlows the PBMR to demongtrate to regulators that its fuel meets specified
performance characteristics for safe operation. Testing would be performed on fud from different
countries aswell as South Africato benchmark fud performance of known high qudity fud.

Year | FY02 | FY03 | FY04 | FYO5 | FY06 | FY07 | FY08 | FY09 | FY10
Source TOTAL
DOE $10M | $11M | $11M | $8M $40M
Industry | $1M $2M | $BM | $BBM | $3M $12M
TOTAL | $1IM $12M | $14M | $14M | $11M $52M
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NTDG comment: While the totd dollar value for fud testing is reasonable, the funding
profile needs to be stretched into FY 08 to complete the program.

Computer Codes

Gap: PBMR computer codes used for design and safety analysis need to be verified and
vaidated (V& V) to US standards.

Closure: To close this gap, devel op the process by which these safety critical computer codes
will be V&V’d and perform the benchmarking required by that process.

Year | FYO2 | FYO3 | FY04 | FY05 | FYO6 | FYO7 | FY08 | FY09 | FY10
Source TOTAL
DOE $0.6M | $2M | $2M | $1M $5.6M
Industry | $0.6M | $2M | $2M | $1M $5.6M
TOTAL | $1.2M | $4M | $4M | $2M $11.2M

M aterials Research

Gap: Data are lacking on high temperature and high radiation level performance of some

materials to be usad in the reactor cavity.

Closure: To close this gap, perform testing on selected materials at temperatures and radiation

levels that represent the operating environment in the PBMR.

Year | FY02 | FYO3 | FY04 [ FYO5 | FY06 | FYO7 | FY08 | FY09 | FY10
Source TOTAL
DOE $1.4M | $3M $2M $6.4M
Industry | $2.5M | $3M | $2M $7.5M
TOTAL | $3.9M | $6M $4M $13.9M

Total Resource Requirements to Close All Technical Gaps
Yer | FYO2 | FY03 Fyo4 FY05 FY06 | FY07 | FY08 | FYm | FY
10

Source TOTAL
DOE $2.0M | $18.5M | $18.5M | $12M $8M $59M
Industry | $4.6M | $7.5M | $7.5M | $4M $3M $26.6M
TOTAL $6.6M | $26M $26M $16M $11M $85.6M
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C. OVERALL ASSESSMENT

The schedule put forth by Exelon is very aggressive, including a demondration unit to be
completed in South Africafor fuel loading in 2005, a smultaneous ESP and COL application to
the NRC with the ESP in 2002 and the COL in 2003, and two and a haf years to complete the
COL from its submission with the complete safety documentation. Based on this schedule the
firgt unit would gtart up in 2007 and begin commercid operationin 2008. All the gaps identified
for the PBMR, except for the engineering and technical gaps discussed earlier, relate to the
licensng process, and include: (a) the development of a gas reactor regulatory framework; (b)
safety and design code verification; () fud testing and qudification; and (d) confirmatory
materid testing. Concurrence by the NRC with the containment design isaso needed. In
addition, licenang issues related to having aforeign fuel supplier will need to be addressed. The
NTDG congdersit unlikely that al these issues can be resolved in two and ahaf years, even
with pre-gpplications meetings. In addition, a startup by 2007 is unlikely because of the length of
timefor the fud testing program and fuel qudification. Thisisthe mogt critical safety issue that
exigsfor gas reactors snce the fud is proposed to be the find containment barrier, and judtifies
the use of alow pressure vented containment structure and potentialy an evacuation zone at the
gte boundary. Findly, a congruction schedule of only 24 months may be redigtic for later units,
but it is unlikely to occur on thefirg unit. It will include startup of amodular manufacturing
facility and firgt time assembly and condruction a the 9te. The NTDG bdlievesthat afirg unit
islikely to take three years to complete. While these factors may lead to adday of 18to 24
months, the unit should till be operationd before 2010.

Desgn certification will be sought later, after the COL isissued and the RSA demondtration unit
begins operation. The demonstration unit in RSA serves as a prototype. Other technologies are
pursuing design certification firgt in order to potentidly shorten the licensing time since safety
issues would aready be resolved before seeking the COL. While this gpproach has a higher risk
for achieving the goa of operation by 2010, for the PBMR it has the potential to succeed because
of the strong commitment of Exelon Corporation who would be the first customer in the United
States. Exdonisapartner in PBMR Pty Ltd., the company that is developing the PBMR for
commercia application, with the firgt unit to be built in South Africaif the desgn study shows

the economic efficacy of the PBMR and the partners agree by early 2002 to go forward.

There are many uncertainties in the early use of anew technology. Cost estimates are limited by
the lack of acomplete design and by experience with building and operating acommercia
gpplication of the PBMR. Even though a 15 MW experimental reactor operated for 20 yearsin
Germany, the commercid PBMR uses an untested power conversion system based on the
Brayton cycle, adirect cycle with gas turbines, one of whichisaverticaly mounted power
turbine on magnetic bearings that drives the generator. Modular construction would be
incorporated to minimize congruction time.

PBMR probably can be deployed in the U.S. by 2010.

PBMR is unique among the NTDG candidates in thet it has an active customer, currently
pursuing this design for U.S. application. Nonetheless, deployment by 2010 would require that:
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= The South African project continues successfully

= Exelon decides to proceed with aU.S. PBMR project, and commitsto early (prior to
COL) procurement of long lead-time plant components.

= A successful, expedited ESP/COL schedule

»  Resolution of severd chalenging technical issues, including those related to fue
reliability and the energy conversion system.

Subsequent to the NTDG evaduation, Exelon announced that it intends to delay its decison to
proceed with the PBMR by ayear, and that one or two technical issues that creste uncertainty
with regard to PBMR licensability will need to be resolved for Exelon to proceed. The South
African demongtration plant has aso been delayed by one year. Exelon advises that it ill plans
to proceed with its ESP application in 2002, but will be delay the COL schedule. This recent
development is an example of the uncertainty inherent in the proposed PBMR project schedule
which led to the cautious NTDG judgments regarding deployment potentid.

Timdinefor the PBMR

The roadmap reflects the schedule shown in Criterion 3 but with adjustments based on NTDG
judgments. It shows the interconnection of the various tasks necessary to support the schedule,
including the gaps and when they are closed. The development of the power conversion system
(including design and testing) is shown as being completed by the end of 2002. Non-fud
materids testing and code vaidation and verification is estimated to be completed in two years
and three years, repectively. The relatively short time for codeV & V isbased on having a
smple single- phase system, much smpler than LWRs. Fud testing and characterization was
anticipated by the vendor to be a four-year task, with two yearsfor fud qudity verification. The
date for issuing the COL is dightly extended to dlow additiona NRC review time for materias
testing results and code verification results. The NTDG has adjusted the schedule for the fue
test start date. It also notes that additiona time for review of the tests may be needed before the
NRC qudifiesthe fud. The demongration unit in RSA has dlowed extensve time for reactor
testing. The times anticipated for regulatory actions and for ordering components and
congructing afirg plant in the U.S. are dso shown. Two criticd points are highlighted, the
decision on whether to proceed to congtruction in RSA, which isin early 2002; and the decision,
if thefirg decison is pogtive, on whether to proceed to condiruction in the US. This one comes
at the end of 2003.
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GENERAL ATOMICSGT-MHR DESIGN

The Gas Turbine — Modular Helium Reactor (GT-MHR) is a graphite moderated helium cooled
reactor. Heat generated by nuclear fisson in the reactor is transferred to the coolant gas (helium)
and converted into eectrica energy in a gas turbo-generator viaa Brayton direct cycle. The fue
ismade up of sphericd fud particles encgpsulated in multiple coating layers, induding an
impermeable coating that contains fission products to temperatures up to 1600° C. These
particles are formed into cylindrica fuel compacts and loaded into fud channdsin graphite
blocks that are 0.79 metersin height. These blocks are stacked horizontaly and verticaly to
make up an annular core. The core is contained within three boundaries, the primary system
boundary, which contains the helium coolant, a chamber that houses the reector, and the
containment/confinement building.

The containment concept for high temperature gas reactors (both GT-MHR and PBMR) is
didinctly different from high- pressure containment for light water reactors. For HTGRs there is
an additiond leved of radionudlide containment in the TRISO coated fud particles used in these
reactors. A SIC coating thet is presumed to contain the fission radionuclides during norma
operation and during al accident scenarios provides this containment. A primary system
boundary rupture during operation would lead to an initid pressure buildup. The building
containment design alows this pressure to be released through filtered vents, which would then
close. Analyses suggest to the designers that release of radioactivity for any accident scenario is
aufficiently smdl that the emergency planning zone (EPZ) could be s&t a the plant boundary.

The fundamenta concept isamed at building a plant that has high therma efficiency (48

percent), yet has no physical process that can cause aradiation hazard beyond the site boundary.
Thisisto be achieved by demondrating that passive heat remova from the reactor vessel

through conduction, convection and radiation exceeds the decay heat production in the post
accident conditions, and that the peak temperature reached in the core during the transient is
below the demondtrated fuel degradation temperature and far below the temperature at which the
physcd dructureis affected. This effectively would preclude the possibility of a core melt
accident.

The GT-MHR module generates approximately 286 MWe and can be used to generate power in
a dand-alone mode or as part of a power plant that conssts of up to 4 modules.

A. CRITERIA EVALUATION

Criterion 1: Regulatory Acceptance

Summary of General Atomics Response

The Generd Atomics plan for licenang the commercid verson of the GT-MHR isaimed a
gaining design certification of the GT-MHR. However, the first and potentialy one or more
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subsequent modules would be licensed through a combination of early site permitting (ESP) and
combined congtruction / operating licenses (COL).

Conggtent with the schedule outlined in Criterion 3, a or about the time of aletter of intent for a
plant order (end of 2002) a pre-gpplication safety document will be submitted to the NRC to
alow for an early identification and resolution of issues and to minimize the time required for
review of an gpplication for COL. Prior to this submittal, the regulatory requirements for the GT-
MHR will have been established through early interaction with the NRC. An ESP gpplication
will be submitted shortly after the pre-application safety document. It is anticipated that a
potentid customer for the GT-MHR will prepare the gpplication for an ESP and will submit it to
the NRC prior to or a the time of providing a letter of intent for aplant order. An application for
aCOL and DC would be submitted dong with submittal of a SAR and risk assessment in mid
2004. Receipt of a COL isanticipated approximately 36 months later. Also aiding the review
schedule would be the establishment of the acceptance testing (ITAAC) that would be
performed. It isexpected that design certification will be issued after sartup of the first module.

NTDG Assessment

The licenang strategy makes use of the design and safety analysi's developed for a plutonium
burning unit in Russia, which serves as a prototype and makes possible an early submisson of a
pre-application safety document. Application for a DC made at the same time asthe COL
goplication should avoid duplication of NRC review efforts. Because the designisbeing
developed firdg for the Russian prototype and the relevant aspects are being transferred (Gap 1)
to the U.S. for the commercia unit, the COL will contain the same level of safety andyss,
including a complete plant PRA, as the gpplication for DC. Also it will contain proposed
Inspections, Tests, Analyses and Acceptance Criteria ITAAC). To meet their schedule, it will
be necessary to have aletter of intent from afirg-plant customer by no later than mid- 2003 for
the COL application, but the intent letter is desired by the end of 2002 for customer support of
the pre-gpplication safety document. According to the GA schedule, there would be one and a
haf yearsfor pre-COL submission safety review, and two years dlotted for NRC review and
gpprova of the COL, up to the hearing stage and 1 year for a hearing following completion of
the NRC review.

Thisdrategy is credible but very chdlenging. Thetime for review is short based on past LWR
experience with safety reviews. Of particular concern for maintaining the schedule are the early
identification of a customer, the testing program required to quaify the fuel, the gpprovd of a
low pressure, vented containmernt (features shared in common with the PBMR), and the
development schedule in Russiafor the power converson sysem. The GT-MHR power
converson schedule is somewhat longer than the devel opment schedule in South Africafor the
PBMR power conversion system. In addition, the schedule provides one-year overlap between
the Russian Prototype unit startup and the artup of the commercid unit, so there is some, abeit
limited, opportunity for transfer of operating experience. However, the prototype cannot be used
to resolve any safety related issueif a COL isissued. If prototype testing were required to
resolve any issue this would delay the issuance of the COL (Letter of August 23, 2001 from
Samud J. Callins, Director, Office of Nuclear Regulation, NRC, to James A. Muntz, V.P. of
Exelon Generation regarding NRC Staff view of PBMR licenang plan.) Findly, it is noted that
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the use of the COL without Design Certification hasless findlity to it. Since thereisno
rulemaking involved, there is greater risk of post-congruction intervention.

Generd Atomics has the advantage of significant experience from the pre-gpplication review of
itsprior MHGTR design, as well as experience from Ft. S. Vrain licenang activities.

Sgnificant GT-MHR engineering development has been completed in severd related programs.
These include DOE funding of the MHGTR; DOE funding of the GT-MHR up until 1995 for the
gas-cooled option for atritium production reactor; as well as efforts toward the joint initiative
with Russafor a gas-cooled reactor focused on burning excess wegpons plutonium. The latter
program is particularly important, for the design, development and safety anadysis that would be
transferred to the commercid program is estimated to have asgnificant value. If thiswork were
performed in the US, the cost is estimated to be $345 miillion, but will be done for about one-
third thiscost in Russa. The design informetion to be trandferred (Gap 1) would bein find
design detail. The design must be upgraded to Western standards for licensing purposes. In
addition, ether joint NRC review of common issueswith PBMR or follow-on learning from an
earlier PBMR submission would help speed the review process.

There are severa issues that need to be resolved to accomplish the NRC review in the scheduled
two year time period. Licensing issues shared with the PBMR include: lack of regulatory
framework unique to gas reactors; selection of and acceptance by NRC of design basis accidents;
policy issues regarding containment, resolution of source term and emergency planning;;
determination of fuel acceptance criteria with the NRC, establishment of fud performance
requirement in terms of testing, repestability and QA. Cooperation with PBMR, especidly on
the regulatory framework issue, but possibly aso on others, could potentialy benefit both
designs. Issues unique to the GT-MHR include: completion of find design documentation that
requires the International Program maintain its schedule; and significant cost-sharing funds must
be available from DOE for commercid plant design, andyss and fud fabrication facility
development. Based on the gap andlysisit does not gppear that the COL could be submitted
earlier because the design documentation and analyses from both the Russian program and the
additiona work required by GA will not be ready for the find design before mid 2004. Inthis
context, alisting of some of the technica tasks that are to be completed in the Internationa
Program by 2004 but currently represent technology gaps are the following:

» Reactor physicstests to validate the reactor physics codes.

=  Thermd hydraulic tests to provide the data needed for flow distributions and core
components pressure drops, therma mixing at the core outlet, core column flow induced
vibrations, and verification of core dynamic stability.

= Materidstests on reactor metals and ceramics to obtain supplementa data on materia

properties.

VessH materiastedts, particularly on heavy section and welds.

Reactor core graphite materia tests on irradiated and unirradiated graphite specimens.

Shutdown Heet Exchanger tests for flow behavior and to ISI with an eddy current probe.

Reactor Cavity Cooling System component and integrated tests for RCCS properties and

performance.

= Fud handling systern component and integrated tests.

5-86



Near Term Deployment Roadmap 10/31/01

=  Turbomachine teststo verify key performance characterigtics including surface coating
tests where materids are in contact and subject to movement; flow distribution tests to
characterize flow digributions in the compressor and turbine inlet and outlet ducts; and
rotor dynamics tests.

= Turbomachine bearing tests to verify the performance of journd and thrust magnetic and
catcher bearings.

»  Sed testsrdated to the interface of the turbomachine and interfacing assemblies.

= Recuperator teststo verify the performance characteritics of this counterflow gas-to gas
recuperator.

= Handling equipment tests for the turbomachine and generator.

=  Precooler/intercooler tests to verify performance and ingpectability of these heat
exchangers.

Thislist enumerates the extensive design and testing effort being performed in Russa
Maintaining the schedule so dl these efforts can be completed and transferred to the U.S. by
2004 represents a subgtantial challenge. 1t is a challenge not only to complete the large number
of tasks to acceptable U.S. standards, but aso to trandate the design, testing, and anaysis
documents from Russian to English and prepare them in suitable form to be submitted to the
NRC for the COL license gpplication.

The NTDG bdieves the GT-MHR can meet the criterion, provided that severd challenging
technica issues (including fuel issues) can be resolved and demondrated to NRC satisfaction in
the time frame needed for 2010 deployment. U.S. licensng submitta information must be
adapted from the Russian design and test work.

Criterion 2: Industrial I nfrastructure

Summary of General Atomics Response

The GT-MHR is currently under development in an Internationd program being performed in
Russafor the digpostion of surplus wegpons plutonium. Both government and indudtrid
organizations from the United States, Russia, France and Japan are sponsoring the devel opment
work. The lead Russan organization for the GT-MHR design and development work is the
Experimenta Machine Building Design Bureau (OKBM); Genera Atomics (GA) has the lead
responsbility for providing technical support from the United States, Framatome from France
and Fuji Electric from Japan have aso provided support.

A commerddization program (see Criterion 3) has been developed for commercia deployment of
the GT-MHR system in the United States and its markets based on utilizing the GT-MHR
technology developed in Russia. The organization for commercid supply of GT-MHR plantsin the
United States is planned to be a consortium consisting of GA, OKBM, one or more domestic
Architect- Engineer/ Congtructor companies, and other potential organizations participating in
development of the GT-MHR. For the firs commercid plant in the United States, the
commercidization program is based on usng equipment suppliers that meet U.S. qudification
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requirements. These suppliers will dso supply the equipment for the firgt prototype plant in Russa.
However, the commercid plant will be fuded with uranium and adomestic fuel supplier is planned.

NTDG Assessment

Theinitid commercid GT-MHR unitswould utilize internationa suppliers for the major
components, epecialy the Russan companies that are participating in the gas-cooled reactor
program for plutonium burning. Meeting U.S. equipment standards will be an on-going
chalenge and concern for GA. The Russans are likdly to have limited experience in meeting the
ASME requirements. The development and testing of the technology for the Russian prototype,
especialy the power conversion equipment, istied closdy in schedule to the commercid
programin the U.S. On the one hand, this dlows for rapid technology transfer of evolving
technology. On the other hand, full scae testing on the power conversion syssem will be limited
because the prototype isn't scheduled to operate until one year before the first commercid unit.
A degree of uncertainty in schedule isintroduced related to funding uncertaintiesin the DOE
funded Internationd Program. The GT-MHR program may aso experience complex

rel ationships with the Russan Government that could result in commercid impediments, eg.
import-export rules. Even without these uncertainties there is atechnology risk because of the
complexity and lack of operating experience with the power converson system, especidly for a
design with the turbocompressors and the power turbine-generator on asingle shaft. The
primary supplier of the power conversion sysem, OKBM, has areputation for quaity
engineering, but lacks experience in the commercid market, especidly in qudification asa
commercid supplier inthe U.S. Achieving equipment qudification for U.S. usein thetime
frame for 2010 deployment will be a challenging issue. On top of this, the vendor, GA, has not
built a power reactor ance Ft. St. Vrain in the 1970s, and they no longer have a strong vendor
organization for reactor and system design. Thiswill require that, in addition to obtaining a plant
customer, GA must find a partner who can add this strength and experience to their organization,
aswdl asfinancia resources.

The NTDG bdievesthe GT-MHR can meet the criterion, provided that the Russian industria
infragtructure can be qudified as a commercid supplier inthe U.S. Thismay be difficult to
achieve in the time frame required for deployment by 2010. In addition, it must find a partner in
the near future to strengthen the engineering and system design, provide an enhanced leve of
experience in building plants, and to provide industry match resources.

Criterion 3: Commercialization Plan

Summary of General Atomics Response

The GT-MHR is an effective nuclear power eectric generation plant for commercia deployment
when fueled with uranium. Because of this, a program has been implemented for commercid
deployment in the United States and its foreign markets of the technology being developed in
Russa. Schedule-wise, the commercia program closely followsthe Internationa program. Key
milestones for the Internationa program and the Commercid program are as follows:
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GT-MHR INTERNATIONAL PROGRAM

Complete design and devel opment By end of 2004

Obtain prototype congtruction license By end of 2005

Compl ete prototype construction By end of 2009

Complete prototype demondration testing By end of 2010

Start prototype full power operations By end of 2010
GT-MHR COMMERCIAL PROGRAM

Complete regulatory framework By end of 2002

Submit pre-gpplication safety anadlyss By end of 2002

Submit COL and DC gpplications By mid 2004

Complete NRC COL review By mid 2006

Complete COL hearing By mid 2007

Obtain COL By mid 2007

Obtain letter of intent for plant order Desired by end of 2002

(Needed by 4" Q of 2003)

Plant order By mid 2006

Submit application for ESP Early 2003

Obtain ESP Early 2005

Complete fud fabrication pilot plant End of 2005

Complete fue proof tests End of 2009

Start plant site work By mid 2006

Start plant construction By mid 2007

Complete condruction, begin fud load By end 2010

The engineering tasks necessary for adapting the technology developed in Russafor commercia

plant deployment in the US congists of:

Plant safety and licensing

GT-MHR technology transfer (e.g., drawings, specifications, reports)
Performance of Incrementa Design Items (e.g., uranium core, commercid BOP)
Egtablishment of uranium fud fabrication facility

Pant level design and andysis (e.g., utility/user requirements, performance analyses)

This engineering work is to be performed by team members of the GT-MHR supplier
consortium. It is anticipated that no new R&D will be needed. All of the necessary development
and test work, except for fuel supply proof testing covered under criterion 6, will be performed in

Russaas part of the Internationd program.

NTDG Assessment

GA has etablished a utility advisory group with agod of identifying afirst U.S. customer. Itis
critica to their schedule that they succeed by third quarter of 2003. Their big advantages are
leveraging work from the International Program to reduce design and development cogt, and
their experience from earlier reactor design development and licensing. Nonetheless, there are
ggnificant uncertainties in the commercidization plan related to the licensang schedule; the
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heavy dependence on DOE funding and schedule adherence for the International Program in
Russa; the U.S. funding for the commercid program; and the technology risks related to fud
and to firg-of-a-kind power converson system technology. The time period to successfully
develop the commercid planisrather short in order to have the first plant operating in the U.S.
by 2010.

The NTDG bdieves the GT-MHR can meet the criterion. However, this presumes continued
U.S. Government support to the Russian project, timely identification of a U.S. customer and

industry partners who will strengthen the engineering organization and provide resources, and

technica success with the Russian project.

Criterion 4: Cost Sharing Plan:

Summary of General Atomics Response

A table of cost categories and expected cost sharing between Government(s) and private industry
for initid development of the GT-MHR for plutonium disposition and subsequent deployment of
the GT-MHR for commercia power generation using uranium fuel is asfollows:

Private
Cost Category Gover nment Industry
Cog Share Cog Share
GT-MHR Conceptud design 30 percent 70 percent
GT-MHR Design & Deveopment for Pu Digpostion 95 percent 5 percent
GT-MHR Prototype Congtruction for Pu Digposition 95 percent 5 percent
Commercid Plant Design and Andyss 50 percent 50 percent
Technology Trandfer for Commercid Deployment 50 percent 50 percent
Commercid Plant Incrementd Design Items 50 percent 50 percent
Commercia Plant Safety and Licensing 50 percent 50 percent
Commercid Fud Devedopment 50 percent 50 percent
Commercia Fud Fabrication Fecility 5 percent 95 percent

Therationa behind the planned cost sharing percentages is based on expenditures to date, DOE
nuclear energy cost sharing precedents, and nuclear industry investment practices.

NTDG Assessment

The commercid program relies on U.S. Government cost sharing for licensing, transfer of
technology and design from the Russan program, plant design not covered by the Russan
program, and fuel development. The rationale for the proposed cost sharing percentagesis based
on expenditures to date, DOE nuclear energy cost sharing precedents, and nuclear industry
investment practices. The GT-MHR has benefited from having its basic engineering

development tied to the plutonium disposition program, which is amost fully government

funded as a national security issue. This does not, by itself, negete the rationale for cost sharing
for developing a commercid unit. Indeed, this has enabled GT-MHR to reduce its requested
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government support from DOE by transferring the technology from Russiarather than
performing the firg- of-a-kind engineering for the commercia reactor.

The mgor uncertainties include the availability of funds to continue the past government cost
sharing precedents, and the identification of the necessary additional industria participants who
will provide the industry cogt share. At thistime theindusiry cost share participation is not dl
identified.

The NTDG bdievesthe GT-MHR meets the criterion. The cost share proposal is predicated on
continued U.S. Government support to the Russian project and presumes substantia private
sector participation for commercidization.

Criterion 5: Economic Competitiveness:

Summary of General Atomics Response

The data provided to eva uate the economic competitiveness of the GT-MHR issummarized in
the following table:

GT-MHR Data for Economic Competitiveness Evaluation

Plant Configuration & Capacity Data

Number of modules/plant 4
Thermd power/module [MWih] 600
Therma efficiency [ percent] ~48
Net module capacity [MWe] 288
Net plant capacity, [MWe] 1150
Plant Construction Cost

Site Enginesring Cost [M$] 60
Procurement Cost [M$] 630
Congtruction Cost [M$] 260
Plant Base Cost [M$] 950
Contingency [M$] 190
Owners Cost [M$] 150
Overnight Cost [M$] 1,290
Overnight Unit Cost [$/kWEe] 1122
NOAK/FOAK Cost ~0.75
Other Plant Costs

Fixed O&M Costs [M$/yr.] 30.44
Variable O&M Costs [$/MWh] 0.64
Fuel Cost [¥¥MBTU] 1.27
Expected Plant Lifetime [Yrs] 60
Nomina Capacity Factor [ percent] 90
Decommissioning Cost [M¥YT.] 11
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Aswith dl new reactor desgnsthe initia unitswill have higher generation cost. Thisisadirect
consequence, in both gas-cooled reactor designs, of sacrificing economy of scalein the interest
of safety, but achieving economics through efficiency and multiplicity. Multiple unit orders,
conggtent with the commercidization strategy, will bring the cost down to more competitive
levels

NTDG Assessment

The short congtruction time, estimated to be three years after the four-year congtruction for the
initid unit, is favorable to economic competitiveness snce there would be smdler interest codts.
In addition, the rdaively smdl cost of the individua reactor modules should make financing
easer than for large plants. Other features of the GT-MHR a so favor good economics,
induding high thermd efficiency and high fud burnup. On the other hand, it will take four
pressure vessels and four structures to have the same power output asalarge LWR. 1t will bea
considerable challenge to have the beneficid cost factors compensate for the added cods. The
projected bushar power cost looks favorable, particularly for the NOAK plants, but the
uncertainties are Sgnificant. Thisisbased on the lack of a complete design and the lack of
experience with the power converson equipment and the fuel manufacturing production facility.
Much of the detailed design work and component technology development and testing will be
funded through the Internationa Program. Even with this, and cost-shared funding with DOE to
trander the technology to the commercia program, the initia four-unit plant is estimated to have
anomind capital cost of 1,576 $¥kWe. Thisnot surprising for FOAK technology, but it clearly
identifies the need for multiple unit orders to reach a more competitive cost basis.

The NTDG bdievesthe GT-MHR can meet the criterion. However, projected economics are

preliminary and have a high uncertainty. Satisfactory economics rely on deployment of multiple
modules and successful development of the design.

Criterion 6: Fud Cydelndustrial Structure

Summary of General Atomics Response

The GT-MHR uses TRISO coated particle fuel. The reference fud is TRISO particles
containing uranium oxycarbide (UCQO) with 19.8 percent enrichment. Test specimens for the
reference fuel need to be manufactured for qudification testing.

No coated particle fud fabrication facilities currently exist in the United States. An automated
fud fabrication pilot plant will be designed and congtructed. It is scheduled to begin operation
by the end of 2005. Proof test specimens will be fabricated in the pilot plant to qudify the
automated fuel fabrication process.

For thefirg GT-MHR plant(s), the required GT-MHR uranium enrichment can be produced by

blending highly enriched uranium down to 19.8 percent enrichment level. Once the demand has
been established for these enrichment leves, supply capability for the required enrichmentsis
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expected to be established. There are no unique conversion requirements for the GT-MHR.
Worldwide converson capacity is sufficient to satisfy GT-MHR conversion needs.

Immediatdy after discharge from the reactor, spent GT-MHR fud eements are stored dry, inan
array of storage tubes externdly cooled by water, for an gpproximate one-year cooling period.
After 1 year of cooling, the spent fuel eements are removed from the storage tubes and placed in
dry spent fuel storage casks. Loaded spent fuel storage casks are moved to an on-site spent fuel
sorage yard sized to contain al of the spent fud storage casks required for the life of the plant.

NTDG Assessment

The fud supply strategy isto qudify TRISO particle fuel containing uranium oxycarbide (UCO).
The fuel supply will come from HEU that is blended down to 19.8 percent enrichment. GA will
need to give attention to assuring that along term, relidble fuel supply isavalable. The UCO
fud resultsin high fud utilization and good fud cycle economics. Smultaneous with the testing
program with existing fudl, an automated fudl production pilot plant would be built in the U.S.
by Generd Atomicsthat, when qudified for production, would be expanded into afue
fabrication fadility.

The criticd issue that is not resolved is the determination, with the NRC gpprovd, of fuel
acceptance criteria and a demongtration that the fuel produced and tested meets those criteria
While GA previoudy used TRISO particle fud a Ft. &. Vrain, which had alow-pressure
containment, the type of containment is quite different from previoudy approved LWR power
plants. Although abody of evidence on radionuclide release from irradiated TRISO particle
fuels dready exigts, the licensing process has not proceeded far enough to make a reasonable
determination whether the cost and effort is consstent for use of alow pressure containment for
the GT-MHR operating conditions.

In any event, afull fud-testing program is planned and required using fuel fabricated in the pilot
plant. Thisfud-testing program is required for NRC to qudify the fuel. Thiswill take
gpproximately four yearsincluding the NRC review of the topica report. Such atesting program
iscritica to the plant operation since the fud is the main containment for fisson products and

the barrier to radionuclide release in the event of an accident. The testing program must show
that the fuel meets the fud acceptance criteria. If alow pressure, vented containment is used,
then the risk is being taken in building the plant that the acceptance criteria for that type of
containment will be met. Thisrisk is necessary to achieve 2010 operation since the fue testing
isn't completed until early to mid 2010.

It isknown that certain radioactive fisson decay products, especidly Ag-110, can diffuse
through the SIC layer at operating temperatures. This might lead to contamination of the power
converson system, especidly the turbine blades. The presence of Ag-110 was previoudy seen a
Ft. S. Vran, but was found to be of little consequence. However, the GT-MHR operates at a
higher temperature than Ft. . Vrain does, so the potentid exists that the problem may be worse
than found previoudy. The possible cost consequences are uncertain. It isthe view of GA that
thisis a maintenance problem, not a safety problem, and it will be treated as such.
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The NTDG bdievesthe GT-MHR can meet the criterion. The GT-MHR safety and reichility
hinge on successful fue deve opment and high qudity fud manufacture. The current plan
includes an ambitious program to develop, test, license and produce GT-MHR fud.

B. GAP ANALYSIS

The design specific gaps are the tasks that need to be doneif this technology isto be brought to
the marketplace by 2010. They relate to licenaing, fud fabrication and testing, safety andyses,
and technology transfer for plant design plus additiond plant desgn and andysis. Below these
gaps are presented dong with the closure actions needed and the estimated cost (in $ million) of
achieving closure. Cost sharing on a per task basisis requested at a 50-50 cost sharing rate
between industry and the U.S. Governmen.

The technology gaps that are to be filled in the International Program are identified under
criterion 1 and represent much of the technicd develop effort, FOAK engineering and safety
andyss. GA has estimated that the cost of that effort at approximately $300 M. It isnot singled
out here, but the results are included in the technology transfer gap.

Technology Transfer

Gap: GT-MHR technology developed in Russain the Internationa Program needs to be
transferred to the United States for the commercia program. A complete detailed design of a
GT-MHR plant for plutonium dispostion is being prepared in the Internationa program and all
of the necessary R& D to vdidate the design will be performed. For commercia deployment of
thistechnology in the US, atrandfer of the technology needs to take place.

Closure: To cdose this gap, the following activities are required:

=  Preparaion of System Design Descriptions (SDDs) for the commercia plant systems
based on the equivaent documents developed in the Internationa program but
incorporating the use of US codes and standards.

= Adaptation of Drawings and Specifications by changing from the use of Russian codes
and standards to the use of US codes and standards and any associated design

CONSEqUENCES.

= Adaptation of Design and Technology Reports by verification of compliance to US codes

and standards.

Year | FY02 | FYO3 | FY04 | FY05 | FY06 | FYO7 | FY08 | FY09 | FY10
Source TOTAL
DOE $3M | $4M $3M $2M $12M
Industry $1IM | $2M $3M $3M $2M $1M $12M
TOTAL $4M | $6M | $6M | $5M | $2M | $IM $24M
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Systems Design

Gap: Design of plant sysems for commercia deployment of the GT-MHR technology using

uranium fud.

Closure: To close this gap, the design of the following incremental systemsiis required for the

commercid GT-MHR:

A uranium core design,
A low pressure, vented (LPV) containment system,
A reactor cavity cooling system (RCCS) for the LPV containment,
Converson from 50 hertz to 60 hertz ac power generation,

BOP gructures and systems for the commercia plant design.

Year | FY02 | FYO3 | FYO4 | FY05 | FY06 | FYO7 | FY08 | FY09 | FY10
Souree TOTAL
DOE $BM | $4M | ¢4M | $4M $17M
Industry $IM | M | 4M | $4M | $3M | $1IM $17M
TOTAL $6M | $8M | $8M | $8M | $3M | $1M $34M
Obtaining a COL
Gap: Safety and licenang of the commercid GT-MHR amed a gaining a postive Safety
Evaduation Report (SER) for the GT-MHR, approval to start congtruction of the firgt plant
and adesign certification of the standard plant.
Closure: The mgjor items that need to be completed to close this gap are asfollows:.
» Prepardtion of alicensng plan
= Performance of safety analyses and risk assessment
= Preparation of SAR for COL
= Interaction with NRC through completion of SAR review, SER preparation, and
public hearings.
Year | FYO2 | FYO3 | FYO4 | FY0O5 | FY06 | FYO7 | FY08 | FY09 | FY10
Source TOTAL
DOE $1M $B3M | $2M | $2M | $2M $10M
Industry | $2M | $1.2M | $1.6M | $2.5M | $2.5M | $1.5M | $.5M $10M
TOTAL | $1.2M | $4.2M | $3.6M | $4.5M | $4.5M | $1.5M | $.5M $20M
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Fud Fabrication and Testing

Gap: No GT-MHR uranium fuel fabrication facility currently existsin the United States. The
gap includes the design, congruction and qudification of a GT-MHR fud fabrication
process.

Closure: The following activities are required to close this gap:

Irradiation testing of GT-MHR fuel compacts to proof test TRISO coated particle fuel
compacts for GT-MHR performance requirements
Fud fabrication QC process improvement
Fud fabrication process automation and qudification (pilot plant scae)

Design and congtruct afud fabrication facility.

Year | FYO2 | FYO3 | FYO4 | FY05 | FY06 | FYO7 | FY08 | FY09 | FY10
Source TOTAL
DOE $1M $AM $AM $5M $5M $19Mm
Industry M | $3M | $5M | $M | $3M | $3M $21M
TOTAL $1M $6M $/M | $10M | $10M | $3M $3M $40M

NTDG comment: It is unlikdy that the fud-testing program will be completed by the end

of FY08. It islikely that additiona fundswill be required since $42M may be on the low

sde (PBMR indicated that an equivaent program would take $52M, and a fuds-testing

expert supported the higher number.)

Design Analysis

Gap: Commercid GT-MHR plant leve design and andysis activitiesincluding a plant
requirements document to be satisfied by the GT-MHR commercia plant and performance of
plant level assessments such as economic performance (safety assessments areincluded in a

Separate safety and licensing gap).

Closure: Thefollowing items are required to close this gap:

A plant requirements document to be used for preparation of the commercid plant

desgn.

Plant level economic, proliferation resistance, and spent fud waste assessments.

Year | FYO2 | FYO3 | FY04 | FYO5 | FYO6 | FYO7 | FY08 | FY09 | FY10
Source TOTAL
DOE M | M | M | $2M $14M
Industry | $0.2M | $1.6M | $3M | $3M | $2.2M | $2M $2M $14M

5-96




Near Term Deployment Roadmap 10/31/01

| TOTAL | $0.2M | $5.6M | $7M | $7M [ $4.2M | $2M | $2M | | | $28M |
Total Resour ce Requirementsto Close All Gaps
Yea | FY02 FY03 FYo4 FY 05 FY 06 FY 07 FYyos | FY09 | FY10
Source TOTAL
DOE $2M $19M $18M $18M $15M $72M
Industry | $0.4M | $6.8M | $13.6M | $17.5M | $16.7M | $11.5M | $7.5M $74M
TOTAL | $2.4M | $25.8M | $31.6M | $35.5M | $31.7M | $11.5M | $7.5M $146M

The overdl deveopment cost isrdatively low for development of a new reactor concept, with
anticipated total development cost on the order of $400 M. Most of the remainder is being
developed as part of the International Program for a plutonium disposition reactor in Russa.

C. OVERALL ASSESSMENT

The GT-MHR isapromising design being developed in Russa as a plutonium burner. Thisisan
International Program with joint funding and/or participation from DOE and Russia, and
companiesin Jgpan and France. This gpproach has the advantage that much of the design and
development effort for the commercia unit can be leveraged from the work being supported in
Russa. However, it dso meansthat the U.S. commercia schedule istied to both the funding
and schedule for the International Program, as well asthe qudity of the work performed and the
ability of the Russian equipment suppliersto meet U.S. qudification sandards. This introduces
asggnificant schedule risk for the commercid program. Gaps that need to be filled on a cost-
shared basis with industry include: (a) technology transfer from Russiafor design work and
technology development; (b) design of all aspects of the reactor not covered by the Russan
design, including the core, containment and baance of plant structures and systems; (€)
obtaining a COL ; and (d) fud fabrication and testing. A gap for code verification and vdidation
is not identified on the basis that past work from the MHTGR and the NPR programs, and further
physics code tests and safety andlysesin Russia, will be sufficient to qudify their codes with
little additiond effort. Nonethdess, it isimportant that completion of this task be explicitly built
into their schedule to assure the work is completed well before a decison is expected from the
NRC on the COL application.

The GT-MHR has chosen a commercidization plan that involves seeking a combined
congruction and operating license (COL) in pardld with an ESP. Design certification will be
sought later, after the first plant serves as a demondtration but an application for DC will be
submitted at the same time as the gpplication for COL. The COL scheduleis aggressive, with 36
months dlotted from submission of the COL gpplication to issuance of the license.
Approximately 18 months prior to submission of the COL application, a Pre-Application Safety
Document will be submitted. In thistime period, the main safety issues such as the fud
qudification and acceptability criteria, acceptability of alow- pressure containment, and an EPZ

at the site boundary are planned to be resolved. During the 36 months following submitta of the
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COL application, NRC review can focus on the adequacy of the final design, the ITAAC, and a
public hearing. Some licenaing benefits could accrue to the GT-MHR if the PBMR makes an
earlier COL gpplication. (The projected schedules have the PBMR submitting their COL
goplication 18 months earlier than the GT-MHR, coincident with the GT-MHR pre-gpplication
submittal). This schedule would seem to fal within the minimum time requirements NRC has
indicated for issuing the COL. It would be desirable to have the COL submitted earlier.
However, thisis unlikely because the documentation required for the COL agpplication istied to
the International Program and to additiona DOE funding.

A successful commercidization will require a strong vendor organization with experience in
design, engineering and licensing, and who can provide the necessary financia resources for
industry match in cost sharing. GA currently does not these capabilities and it will be necessary
to find a partner by the time a customer expressesinterest — by mid-2003 — if they are to keep
even close to the proposed schedule.

Current cost estimates for an NOAK plant are encouraging. However, there are many
uncertainties in the early use of anew technology. Cost estimates are limited by the lack of a
complete design and by experience with a building and operating a commercia gpplication of the
GT-MHR. Even though a commercia demongtration plant with a steam cycle operated at Ft. St.
Vrain in the 1980s, the current design uses an untested power conversion system based on the
Brayton cycle with vertically mounted turbines on asingle shaft. The Russian prototype will not
provide any operating experience because the prototype won't operate until 2009, at the earliest.

Fud performance under irradiation and safety tests that meets the fuel acceptance criteria
remains a centra requirement for operation. Because the tests will not be completed until
congiruction is essentialy complete, the customer and partners must accept the risk that the fuel
will meet the acceptance criteria on schedule,

Whilethe NTDG indicated that each of the criteria could be met, many of them were met
margindly. As an overdl assessment, the NTDG bdieves that the GT-MHR “possibly can be
deployed in the U.S. by 2010”.

For deployment by 2010, the following will be required:

= Successin the Russan GT-MHR project (in turn, requiring continued U.S. Government
support).

=  GA mug secure, in the near future, adequate investment from prospective customer(s) to
fund engineering and licenaing gpplications for the U.S. plant.

= A successful, expedited ESP/COL schedule

* Resolution of severd chdlenging technical issues, including those related to fuel
reliability and the energy conversion system.

Deployment could be achieved, however, if a currently interested customer commitsto aGT-
MHR by 2003, and it finds a partner in the near future to strengthen the engineering and system
design, provide an enhanced leve of experience in building plants, and provide industry match
resources.
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Timdinefor the GT-MHR

The roadmap reflects the schedule shown in Criterion 3 but shows the interconnection of the
various tasks necessary to support the schedule, including the gaps and when they are closed.
The development of the power conversion system (including design and testing) is performed as
part of the Russian development program and is not identified separately. 1t will be completed
by the end of 2004. Gap closureis particularly emphasized in the “ Engineering” block, where
technology transfer from the Russian program is identified, and where the additional design work
for acommercid uranium-fueled reector isidentified. Code verification and validation is not
cdled out because GA believes the codes developed for the MHTGR and NPR programs are
largely applicable, dthough new safety analyses must be performed for the SAR and COL
submission, and new reector physics tests will be performed in Russa. Fue fabrication and
testing gaps are identified and the time for closureis shown. If the fuel meets the acceptance
criteria, it dlowsfor full loading by the middle of 2011. A time of three yearsis shown for NRC
review and hearingsto obtain aCOL. A full 3.5 yearsisdlowed for theinitid plant
condruction. Two criticd points are highlighted: receiving aletter of intent to purchase a plant
from a plant owner/operator, which is needed by the end of the second quarter of 2003; and the
plant order decison by mid-2006. Even with these, the most probable time for fudl loading is
mid-2011; however, if an order and partnering with a strong vendor should occur earlier, the
schedule could be moved forward to make alate 2010 fuel load.
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[1-6: CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The following isasummary of the mogt Sgnificant conclusons drawn by the NTDG in the
course of their assessment, and as described in this report:

1.

New nuclear plants can be deployed in the U.S. in this decade, provided that thereis
aufficent and timedly private-sector financid investment.

To have any new nuclear plants operating in the U.S. by 2010, it will be necessary for
generating companies to commit to new plant orders by the end of 2003, in order to proceed
with preparation of COL gpplications. Thiswill require very near term action by prospective
new plant owner/operators and strong support from the Government.

Although conditions are currently more favorable for new nuclear plants than in many years,
economic competitivenessin a deregulated dectricity supply structure remains akey area of
uncertainty with respect to near term deployment potential. The other gaps to near term
deployment require attention; in particular, implementing an efficient and effective
regulatory approval process for Sting and licensing of new plants is an urgent maiter, and
will require use of new processesin 10 CFR Part 52, that have not been demonstrated in
actua practice.

There are excdlent new nuclear plant candidates that build on the experience of existing
reactorsin the U.S. and around the world, and that could be deployed in the U.S. in this
decade. Readiness for deployment varies from design to design, based primarily on degree
of design completion and status of regulatory gpprova. Those that are the most advanced in
terms of design completion and gpprova status appear to be economicaly competitivein
some scenarios, but not dl. Other new nuclear plant designs, which il require licensing
and engineering, show promise for improved economic competitiveness.

The design-specific gaps that must be overcome by the gas-cooled candidates to achieve near
term deployment are somewhat greater than those facing most of the water-cooled
candidates.

Achieving near term deployment will require continuing close collaboration between
Government and industry. Selections of new projects must be market-driven and supported
primarily by private sector investment, but government support is essentid, in the form of
leadership, effective policy, efficient regulatory goprovas, and cost sharing of generic and
design-specific one-time costs.

RECOMMENDATIONS

This Chapter provides specific recommendations in both generic and design- specific categories.
Generic recommendations are initialy organized to coincide with the Gaps and |ssues presented
in Chapter 11-3. Design-specific recommendations are derived from actions presented in Chapter
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[1-5. These recommendations are then reorganized and presented in a Phased Action Plan, which
is an integrated, success-oriented approach to closing the gaps while taking concrete steps to get
new plants under congtruction. The Phased Action Plan provides alogica and manageable
gpproach to achieving the godss of this Roadmap — multiple plants on line by 2010.

Appendix Jto this Roadmap provides a“roll-up” of the resource requirements needed to close
Ste-specific, generic and design-specific gaps that present obstacles to near term deployment.
These resource requirements are taken from Chapters 11-3 and I1-5. The design-specific funding
needs in that table are for those designs that the NTDG judges should be candidates for industry-
government cost sharing for near term deployment. However, the table does not represent
NTDG funding recommendations, since actua government funding levels will be contingent on
industry’ s ability to assemble the specified cost-share, as explained later in this Chapter.

The electricity shortages that are beginning to appear around the country are creating a sense of
urgency. Itisappropriate for the U.S. to take the necessary steps to see that nuclear energy
options are available in time to support alikely surge in the need for new power plants over the
next decade. The United States should be seeking to identify and support opportunities to
immediatdy begin implementation of projects that will lead to the commercia operation of new
nuclear plants by 2010. This near term imperative will complement the long-term development
of new reactor technologies and fue cycles viathe Generation IV Roadmap.

Building new nuclear plantsin the U.S. requires certainty and stability. Government can play a
key role in encouraging market interest in new plants, and supporting public private partnerships.
New nuclear capacity can and will be built when it makes sense to take the financid risk.
Investors must see manageable risks equa or better than aternative sources of power, in the
following aress.

= Cgoitd and life-cycle operating costs of new plants

= Regulatory processes for new plants

= Timerequired to build anew plant, minimizing “time to market”
» Feded policy and technology support commitment

GENERIC GAP RECOMMENDATIONS

Following are recommendations to support resolution of the five generic gaps confronting near
term deployment in the U.S,, as discussed in Chapter 11-3. These recommendations are viewed
as very important to successful deployment of new plants by 2010. Because of the urgency of
encouraging new ordersin the next two years to support deployment by 2010, these
recommendations focus on the near term horizon, and on Strategic steps that must be taken now
to enable near term deployment goas to be redized.

In generd, the industry should have the overdl responghility for most of the actions described
below. However, government assistance is needed for many of these recommendations to be
successful. More important, increased government leadership is needed to help establish the
policy, economic and regulaory environment that will alow nuclear energy to compete on a
level playing fidd in a deregulated dectricity marketplace with other energy supply options.
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Gap 1: Nuclear Plant Economic Competitiveness

Recommendations to address the economic competitiveness of new nuclear plantsfdl into three
categories.

Designspecific recommendations. the mgor actions to ensure one or more designs are
clearly economicaly competitive this decade are ones that individua vendors must take.
These are covered in Chapter 11-5 and in Appendix J.

Generic recommendations that focus on technological advances of vaue to al gpplicants.
There are anumber of technologies that can reduce capita costs and congtruction times,
and that can be made available in the short term that can be gpplied to certified designs
without modifying the design itsdlf, thus ensuring thet the DC remainsvdid. These
include enhanced information management systems, virtua congtruction technologies,
advanced instrumentation, controls, and on-line diagnostic monitoring. These
technologies may aso help reduce capitd and operating costs for uncertified designs.
Details are discussed in Chapter 11-3, with resource needs summarized in Appendix J.
Generic recommendations that focus on business arrangements, federd treatment of
energy investments and regulatory efficiencies that benefit dl applicants. These are
covered in the next gap related to deregulation, and in later sectionsin this Chapter.

Gap 2: Business Challenges of the Derequlated Electricity M arketplace

The industry needs to devel op the business plans and mode s to facilitate the financing
arrangements that will be required to build new plants in a deregulated eectricity marketplace.
Thisisaresponghility of industry, and NEI isfacilitating this process through its development
of an“Integrated Plan for New Nuclear Plants.” (See Attachment 4.)

Execution will need help from Federa and State Governments, who can assist by taking actions
in three generd aress.

1) Esablish vehiclesfor business risk reduction that can be taken to reduce the risks of

capital-intensve new bassload generation investment, including nuclear energy. These
vehicles should focus on one time costs and market-based incentives, and could include:

= Provisonsfor accelerated depreciation to alow quicker recovery of capita
investment

= Negotiated long-term power purchase agreements (e.g., 20 years)

=  Tax creditsfor investmentsin new plant design, development, licensing and
congtruction

=  Tax incentives for diversity in fud supply and/or emisson-free generation

All of these measures can be considered for federd action; some can aso be implemented
at the regiond, state, or even local leve to provide incentives to address more specific
market needs. Both federd and state/loca entities have an interest in incentives that
support strategic energy and environmental goa's and that encourage competition among
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amix of generating options. Many of these incentives can be put in place on atemporary
basis — until the investment community has confidence that these plants can be built on
schedule and within projected cost.

2) Take actionsto reduce “timeto market” for new capita-intensive projects. Ina
deregulated market, business decisons to invest in new basel oad generation require many
years of lead-time prior to congtruction of the plant. To remain competitive when placed
in commercia operation, both pre-construction lead-time and actud plant congtruction
time must be minimized. This requires concerted action by industry to plan and execute
new plant projects efficiently, and requires NRC to execute licensing applications for
new stes and designs as efficiently as possible, consstent with safety requirements.

3) Takeactionsto ensure energy and environmenta policies and regulations are ba anced
among energy supply options, based on good science, through consistent tax and
invesment incentive trestment.

Industry and DOE should work together to investigate the costs and benefits of each of the
above-recommended provisions, and seek implementation of those deemed appropriate. There
are anumber of other regulatory and statutory issues that industry has stated need to be

addressed that are not directly within the purview of DOE or thisNTD Roadmap. These were
discussed at the end of Chapter 11-3, where some actions, generally encouraged by industry, were
presented. No recommendations are provided here. Thislist of issuesincluded:

= Renewd of the Price-Anderson Act;
= Legidative and regulatory reforms, including changes to the Atomic Energy Act
= Dud or conflicting reguletion (e.g., federd radiation protection policy)

Gap 3: Efficient Implementation of 10CFR Part 52

Asdiscussed in Chapter 11-3, there are four focus areas associated with thisgap. Eachis
addressed by a separate set of recommendations below. These are consistent with and
complement the President’ s recommendations in the Nationa Energy Policy: “...expedite
gpplications for licensng new advanced technology nuclear reactors,” as summarized in Chapter
[1-2. DOE and industry should encourage a process that expedites resolution of open issues with
the NRC, standardizes processes prior to applicant submittal's, and tests these processes as soon
as possble for effectiveness and efficiency. To fulfill the recommendations of the Nationd

Energy Policy, the NRC must continue regulatory modernization, including both the creetion of
risk-informed, performance-based regulations and regulatory guidance, and the assurance of
regulatory stability for licensng of new plants. This effort is urgent and important to success.

The first three focus areas described below require essentialy complete resolution to achieve
near term deployment. The fourth focus areais not an obstacle to near term deployment, but
deserves sgnificant attention because of the opportunity it presents for mgor improvements
toward more efficient and safety-focused regulation. Thislast focus areaisincluded here for
consstency and because it should be trested urgently.
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A. The DC process must be expedited to help resolve the “timeto market” obstacleto
nuclear plant ordersin a deregulated market.

NRC should work with industry to expedite the DC process so that any near term design could
reasonably expect to complete the process in three years, including the rulemaking phaese,
assuming aquaity submittal covering al required topics required by the regulations (e.g., full
scope PRA for the design). For DC gpplications thet rely sgnificantly on design informetion
from a previoudy reviewed and/or certified design, the god should be to complete the processin
less than two years.

DOE should cogt share the costs of DC with any near-term gpplicant capable of producing a
qudity DC submitta and capable of assembling the financing for the industry share.

B. ESP and COL processes must be demonstrated successfully for new plantsto be built.
They must be shown to be stable and predictable processes that can be completed
efficiently, in no morethan 2 yearsfor ESP and no morethan 1 year for a COL that
referencesan ESP and DC rule(i.e., for a certified design).

DOE should cooperate with industry and NRC to achieve these timing goas in amanner that
encourages utility investment and development of gpplications for submittal to NRC as quickly
aspossible. Inorder to achieve that response by multiple utilities for multiple nuclear projects,
DOE and Congress should agree to provide cost-share support for a sufficient number of ESP
and COL applications to demondirate and establish confidence in these processes for arange of
likely scenarios.

The level of Federa commitment to a cost-shared program that is needed to create a sustained
and sdf-supporting industry process of utility applications for new plant licensing should be as
follows

= Demonstrate NRC's ESP process for arange of likely siting scenarios by providing DOE
cost share support for at least two “lead Sit€” applications, and up to two additional ESP
gpplications (total of four) that demongtrate the ESP process for differing Sting scenarios,
eg., exising nuclear Stes, a possible “greenfield site,” an existing non-nuclear industrid
dgte or agte with an exigting nuclear congtruction permit but no operating nuclear plant.
Joint industry-DOE funding for up to four Stesis detailed in Chapter 11-3 and Appendix
J.

= Demondrate NRC's COL processfor arange of likely licensaing scenarios by providing
DOE cost share for the first COL application for each near term design that is supported
in Phases 2 and 3, including both the first COL gpplication for each certified design, and
the first COL gpplication for each uncertified design where the applicant chooses to
submit an early COL application. DOE funding would only be requested for those NTD
designsthat actudly garner sufficient market interest to proceed with adequate industry
resources to complete the COL process.
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C. Generic guidance must be developed to ensur e efficient, safety-focused implementation
of key Part 52 processes, including ESP, COL and ITAAC verification

The industry and NRC should work to provide generic guidance to COL applicants on COL
application form and content, COL review processes, and the ITAAC verification process. NRC
should aso work with industry to ensure that process guidelines are reflected in the NRC's
revised Congtruction Inspection Program. These efforts should ensure safety focused and
efficient processes.

D. In paralle with the above, an overall risk-informed, performance-based regulatory
framework should be established for future plantsasthe basisfor NRC design review,
licensing and oversight of future plants.

To increase investor confidence in predictable licenang and stable, efficient regulation, progress
is needed toward a new regulatory framework for future plants. This effort would go beyond the
ongoing efforts to risk-inform 10 CFR Part 50 for current plants to establish a new regulatory
framework that isfully risk-informed and performance-based. This effort promises to enhance
the protection of the public hedth and safety by maximizing the safety focus and efficiency of
future plant licenang and regulation. Thiswill be along term effort, with benefits accruing as
various parts of the framework are completed and judged “ready for use” by gpplicants. Equaly
important is that progress toward a new regulatory framework will increase the confidence of
prospective gpplicants in the regulatory environment for new plants and encourage business
decisionsto proceed with new nuclear projects

For dl the above efforts addressing Gap #4, the lead responsbility for resolution should be NEI,
representing the industry and working with prospective applicants and the NRC. Support should
be provided by DOE, individua applicants, and EPRI, per the resource requirements listed in
Chapter I1-3.

Gap 4: Nuclear Industry Infrastructure

Industry and Government should focus attention on both aspects of nuclear energy infrastructure
thet require reinvigoration:

= Fabrication and manufacturing infrastructure, including mgor components such as
reactor vessels and steam generators, as well as smaler components such as pumps and
vaves.

= Next generation of scientists, engineers and technicians required to design, build and
operate nuclear power plants.

Although these areas are not prepared today to support alarge expansion of nuclear energy, they
will likely grow as the expangon grows, through the naturd process of supply and demand. So
to aggnificant degree, most infrastructure gaps today will take care of themsdves. However,
longer lead-time issues related to qualified personnd and U.S. fabrication capacity warrant
examination to seeif anticipatory initiatives are needed to expedite preparation for a sgnificant
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expangon of nuclear energy. Itislikely tha the most urgent infrastructure gap that must be
addressed will be adequate qualified construction crews to support multiple plant projects.

Key initiatives dealing with human resources are dready underway at DOE, ANS, and NEI.
The DOE/Industry NEER Program for University Nuclear Engineering Departments should be
maintained and strengthened. This program has had amgor impact in improving the educationa
infragtructure for supplying nuclear engineers and has alowed the departments to enhance the
qudity of their programs. NERAC has made recommendations on strengthening educationd
infragructure in its Long-Term Nuclear Energy R& D Plan and based on the Blue Ribbon Panel
on Universty nuclear program infrastructure needs. Additiondly, the ANS Task Force on
Nuclear Workforce has identified human infrastructure needs. Important NEI initiatives on
infrastructure are described in Attachment 4.

Industry and Government should cooperate on a study of manufacturing and infrastructure
capacity, to determine if foreign suppliers can adequately meet U.S. needsin advance of market-
driven domestic expansion of these cagpatilities.

Gap 5: National Nuclear Energy Strategy

It isvitd to the future of nuclear energy and in particular to near term deployment of nuclear
energy plants, that the Federd Government take a strong, sustained, and results-oriented stance
on nuclear energy as akey component of our energy dtrategy. The President’s Nationd Energy
Policy was an important step in that direction, but should be expanded to a more comprehensive
Nationad Nuclear Energy Strategy, backed up by specific actions and resources.

A Nationd Nuclear Energy Strategy should:

= Clearly explain to Americans why our nationa security, economic strength, and
environmental quaity require — and will benefit from — greater reliance on nuclear energy
asaprimary source of energy in this country.

= Commit the Federd Government to embracing the nuclear energy industry’ s Vison
2020, which has asits god the addition of 50,000 MWe of new nuclear generation by
2020, and the addition of 10,000 additionad MWe of nuclear generation from efficiency
improvements to current plants. This commitment should engage the Federa
Government in assuming respongbility for dl actions it could take to make thisgod a
redity, working closdly with industry. Note that many of the specific actions thet
Government should take were listed above as recommendations to close other gaps.

= |nthe near term, commit the Federd Government to a nuclear energy supply R&D
investment drategy thet isin balance with thet for other energy supply options. This
R& D investment should focus on successful demondiration of untested regulatory
processes and cost- sharing generic gap closure and the one-time costs associated with
design completion.

= Redffirm the commitment of the Adminigtration to expedite applications for new plants
through the NRC, consistent with safety regulations, as cdled for in the Nationd Energy
Policy.
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= Commit DOE to enter into market-driven, public-private partnerships to execute those
activities that garner the necessary industry support for cost sharing with DOE. This
should include jointly funded efforts with NEI, EPRI, or any industry-wide consortium
that is created to advance work of generic benefit to al new plant gpplicants, aswell as
design-specific consortia established to complete engineering work on aparticular design
and share the risks of new plant projects.

= Commit DOE to undertake a stronger leadership role in forging a strong consensus
among the rdlevant DOE Offices, scientific and energy policy leaders, and government
contractors, toward an integrated and effective nationa policy on nuclear fud cycle
issues, focused initidly on establishing centraized used fud management. This
consensus should include a feadibility and cost- benefit assessment and subsequent
prioritization of the various proposas for longer-term technologies that could further
improve the management regime.

= Develop aplan of action to expand this Vison 2020 milestone to greater reliance on
nuclear energy in the 2030 to 2050 timeframe, based on further advances in nuclear
technology, developed under DOE leadership in partnership with industry.

= Seek broad support from Congress for this Nationa Nuclear Energy Strategy.

At its heart, the case for DOE leadership, including a commitment to action and resources, rests
on the premise that the Government has an interest in securing the supply of new emisson free
electrica generation and should be willing to pay part of the cost of expediting it. The
importance of nuclear energy to clean air and carbon abatement has been hitorically unvalued.
Without government support, the new capacity would probably be added eventudly, but at a
much dower pace that would be consistent with market forces and private financing. This could
result in shortages of dectricity, and reduced economic growth that would attend the shortages.
A dday in deploying economically competitive nuclear plants will lead to substantialy increased
congtruction of fossl burning power plants, which will lead to increased emissons of air
pollutants and greenhouse gases, as well asincreased short-term electricity costs to consumers.

Necessary actions by Government are not limited to those recommended above as elements of a
National Nuclear Energy Strategy. All recommendations above to close other ggpsinvolve
actions that Government should take on its own or in concert with indudtry.

Appendix J provides a complete “roll-up” of the funding needs identified in Chapter 11-3 for Site
specific and generic gap closure, and Chapter 11-5 for design-specific gap closure. 1t isimportant
to recognize that the NTDG is not recommending full funding of every design-gpecificitemin

that table. Rather, the table should be viewed as a Roadmap for successful deployment of those
designsthe NTDG recommends be consdered for public-private cost sharing as near term
deployment options. Not dl the designslisted in that table will be able to mugter the industry
cost-share proposed, and thus would not quaify for the full level of federa funding proposed.

The approach being recommended here is thus a market-driven one — proposing that the federa

government support those plant project initiatives that are capable of showing sufficient private
sector funding to make the initiative viable and capable of facilitating the deployment god.
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DESIGN-SPECIFIC RECOMMENDATIONS: NEED FOR A DUAL-TRACK STRATEGY

Asdescribed inthe NTD Action Paper prepared for DOE in May 2001, the NTDG recommends
adua track approach that encourages public-private investment in both of the following tracks:

=  ALWRES, including dready certified desgns and 1000+ MWe passively cooled designs
that are power uprates of dready certified designs (or subgtantidly complete passive
ALWR designs). This approach offers a substantiad near-term opportunity to build new
plants with low technological and licensing risk.

= Direct cyde high temperature helium-cooled reactors. Besidesthe ALWR options, there
are other advanced resctor designs with near term potentia, including designs currently
being developed overseas. ThisNTD Roadmap identifies designs that have the potential
to meet U.S. regulatory and U.S. utility requirements for safety and economic
performance, and that have clear potential for near term deployment. By collaborating
with other interested parties, it should be possible for U.S. companiesto invest in these
designs and for the NRC to review and certify these designs with a reduced effort.
However, it may be necessary for NRC to follow a more flexible regulatory approach —
especialy, when reactor technologies with less operating or testing experience are being
licensed. Such new designs, especidly ones requiring prototype demonstration, might
firgt be licensed by a Combined License for the firat units, with the Design Certification
coming later.

In order to meet the objectives of this Roadmap, both, not just one of these tracks, must be
followed. ALWRs are the most likely options for achieving commercid operation in the shortest
amount of time. They involve alower level of investor risk than gas reactors because the
technology islargely proven and the licensing path is more predictable. On the other hand, the
gas reactors offer agnificant potentid to improve safety and fud-cycle objectives, and possibly
to overcome the economies of scale with their higher efficiency, and improve on nuclear energy
economic competitiveness for the future. However, the technology and market risks are
consderably higher, suggesting a more aggressive role for the Government in demondtrating the
promise of gas-cooled reactor technology.

The primary reason why both tracks are needed to proceed in parallel relates to the marketplace.
Both of these tracks support a robust nationa energy portfaolio, i.e., to ensure a secure energy
future under arange of market scenarios. Neither industry nor Government can accurately
predict the competitive price of eectricity adecade or more into the future, or the demand
growth, or the degree to which new environmentd regulations will shape the power generation
business. Perhaps large basdoad plants will offer the best match to future markets because of
their economies of scale and ability to service large indudtrid and commercid regionswith
sgnificant projected demand growth; or perhgps smaller, modular plants will offer the best
match to future markets because of their quicker time to market and ability to match load growth
in more managesble increments. Because of the uneven progress by individua states toward
electricity deregulation, and because of the large variations in regional demand growth in a
country aslarge asthe U.S,, it isvirtualy guaranteed that both large and smal nuclear options
will be needed to match the markets that will exist in different regions of the country. Smaller
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plants are more likely to be needed for deregulated markets, whereas larger plants might better
serve markets that have not been substantialy deregulated.

The investment dtrategy required for these two tracks are different, since the technologicd and
licenaing risks are much higher for the two gas-cooled reactors evaduated in this Roadmap, i.e.,
the PBMR and the GT-MHR. In the case of ALWRS, the key needs are improved economics
and going through 10CFR52 process, in the case of PBMR and GT-MHR the key needsarein
separate effects tests, fud and materid development to satisfy regulatory and investor needs.
Therefore, the NTD Roadmap proposes different gpproaches for these two tracks:

»  For ALWRsthat are either certified by NRC now or could complete certification on an
expedited basis, the need is for an aggressive Strategy to support expedited licensing,
project decison, and commercia operation. This approach would consst of industry-led
initiatives with government cost-share focused on one-time costs.

= For gas-cooled reactors, the NTDG recommends a similar strategy that could support
expedited deployment if regulatory issues are resolved in the near term. If regulatory
and/or technica issues emerge that require more study before deployment, then industry
and DOE should evauate the option for a demondtration project. Such a project would
have mgor industry input, but might rely more extensively on government support.

Industry and Government should avoid the temptation to make a premature decision to pick one
of thesetwo tracks. Thereis not enough information to judge whether the second track is
capable of delivering on its promise, and new plant deployment cannot be delayed for the
amount of time required to determine the technologica viability and economic competitiveness
potentid of gasreactors. Therefore, both tracks should be pursued until the relative merits of
both tracks are clear. It may turn out that one track proves superior to the other. A much more
likely outcome will be that both tracks prove out well and both have an important placein the
marketplace because of their respective advantagesin different markets.

This dud track gpproach is more focused than the design selection process of the 1960s and 70s.
Inthat era, five or sx vendors offered a variety of designs that were customized to meset the
individua preferences of each utility investor. That process hel ped explore the advantages and
disadvantages of awide range of designs and design features, but it dso led to unnecessary
complex and costly engineering, operations, training, and regulatory oversight. In the 1990s, the
nation’ s utilities committed to astrong policy of sandardization, in order to optimize design,
construction, operations and maintenance. That commitment aso benefits the NRC, because it
dlows standardized processes, reduces the number of unique regulatory anayses and licensing
actions, and amplifiesthe training of NRC gaff. This commitment remains in effect today, and
will facilitate the formation of consortia of owner-operators that order and construct agiven
gandardized design. The benefits of such consortiainclude leveraging of initid investments,
sharing information to improve performance and safety, and sharing engineering/training codts.

RECOMMENDATIONS FOR A PHASED ACTION PLAN
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The recommendations above and the design- specific needs from Chapter 11-5 are structured
below into a phased approach to better plan and execute those urgent activities that must be
undertaken in the next 2-3 years, in order to achieve deployment of new plants by 2010. This
phased approach aso presents the necessary implementing actions and resource requirementsin
amanner that better supports industry and Government planning. The basic purpose of phasing
iSto permit measurement of progress to confirm the vaue of continued commitment of resources
and increasing degrees of industry and DOE investment to achieve deployment.

Three phases are identified below that should be developed further by industry and DOE, asa
public- private partnership, into a comprehensive Plan of Action for Near Term Deployment.
These phases, particularly Phases 1 and 2 are staggered, i.e., they require sgnificant overlap in
order to expedite processes and make most efficient use of resources:

= Phasel. Regulatory Approvas
=  Phase 2 Desgn Completion
= Phase3: Congruction and Startup

Phase 1 lays the foundation for Phases 2 and 3. Itisintentiondly structured to ensure a strong
bassfor redlizing the NTD god of “... making available arange competitive, NRC-certified
and/or ready to congtruct nuclear energy generation optionsin arange of Szesto meet variaions
in market need.” Sinceit isnot yet clear which NTD options will best match market conditions
and regiond needs later this decade, it isimperative that generic regulatory processissues are
resolved and that regulatory gpprovas are obtained for an optimum range of siting scenarios and
reactor design options. Once this foundation islaid, the market place will judge which options
are ready, and which ones best match business plans and investment criteriaasthey exist 2-3
years from now. Phase 1 islessresource intensive than Phases 2 and 3. However, it must be
completed on an expedited basis, and must aso be sufficiently robust to support the expected
range of market conditions and needs.

Phases 2 and 3 will require substantid investment. Because the one-time cogts of design
completion are so high, it is likely that industry consortiawill form behind those designs that
best meet owner/operator specifications, in order to conserve and leverage resources. Federa
cost sharing of these focused efforts to complete engineering work will be essentia to success.

To deploy these nuclear plant candidates by 2010, a phased plan of action by industry and
Government is proposed.  This plan completes both the generic regulatory and technical work
gpplicable to and needed by al applicants, and the design specific work needed to deploy NTD
designs by 2010, on an industry/DOE cost-shared basis. This phased action plan isfocused on
the primary gapsto near term deployment:  ensuring nuclear plant economic competitiveness and
ensuring early and efficient implementation of 10CFR Part 52.

For design specific work, the NTDG believesthat adud track strategy, comprised of public-
private investment in both 1000+ MWe ALWRs and 100-300 MWe gas cooled reactors, is
essential. The needs of and investment strategy required for these two tracks are different, since
the technologica and licenaing risks are much higher for the gas-cooled reactors evaluated in this
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Roadmap. In order to meet the objectives of this Roadmap, it isimperative that both, not just
one of these two tracks, be followed.

Phase | : Regulatory Approvals

Objective: Demonstrate and implement the regulatory requirements under 10 CFR 52 that are
necessary and urgent prerequisitesfor NTD applicants, with the following objectives:

= Demondrate the ESP process for arange of sting scenarios and obtain sufficient early
Ste permits to support industry business plans for new plant orders and congtruction.

= Obtain design certifications (or FDAsfor gas reactors) as needed for those NTD designs
to be supported in Phases 2 and 3.

= Develop the necessary generic guidance to ensure the processes to obtain a combined
congtruction and operating license are stable and predictable and efficient. Thisincludes
establishing guidance on the form and content of a COL agpplication, developing review
guidance, and guidance for the Ingpections, Tests, Analyses and Acceptance Criteria
(ITAAC) verification and congtruction inspection programs.

= Obtain on an expedited bass an initial COL for each NTD design to be supported in
Phases 2 and 3, in order to demonstrate the process.

Also important to proceed on a best-effort basi's, as opportunities to enhance the process and
improve investor confidence, are two additiona focus areas:

= Onageneric bass, make more risk-informed and performance-based the operationa
requirements within the scope of the COL.

= Edablish arisk-informed, performance-based regulatory framework for the above
processes.

Schedule: This objective should be met by 2005. Work on the last two items above may take a
year or S0 longer. Since the specific course of action to obtain al necessary regulatory approvals
will differ among various Sites and designs per industry business plans, it isimperative that the
above objectives be developed in greater detail to ensure proper timing and adequate resources.
Many of the above objectives must be achieved in 2002 or early 2003 to ensure success. The
exception isthe new plant regulatory framework, which can proceed as a continuing pardld
activity.

Funding: Most of the above activities are to be cost-shared equaly by industry and DOE. The
total resource requirements (irrespective of funding source) over afour-year period are estimated
asfollows

=  Generic regulatory tasks (e.g., resolution of generic issues and guidance devel opment for
ESP, COL, ITAAC veification, congtruction inspection, risk-informed regul atory
framework): $13M

= ESP Demondrations for an adequate range of Siting scenarios. $30M

= DC completion for desgns based on previoudy certified or NRC-reviewed designs.
$30M per design
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= COL completion for approved sites and designs. $10M to $15M per application
(estimate)

= COL completion for designs that defer design certification and seek NRC design
approva viaCOL (eg., gasreactors): $100M to $150M (estimate). Note that because
this regulatory gpprova involves substantid engineering work, this funding estimate
bridges into Phase 2 activities and could extend beyond the Phase 1 completion schedule
above.

Phase|l: Design Completion

Objective: Complete the detailed testing, engineering, and planning necessary to permit sart of
congruction, including:

Detalled design and evduation, including firg- of-a-kind engineering
Nuclear and component and plant system testing

Pant materids testing, if needed

Fud development and teting, if needed

Baance of plant/power converson system testing, if needed

The focus of this phaseis on design specific work in support of those designs with sufficient
market interest to obtain the necessary private sector investment, contingent on DOE cost-
sharing, to proceed to successful completion and deployment.

In order to achieve the NTD goals discussed above, Phase 2 requires adual track strategy
comprised of both ALWR and gas reactor design options, asfollows:

ALWR: At least one design must proceed on an expedited bass through design completion
aufficient to support plant order and congtruction, probably on the basis of multiple projects
supported by a consortia of owner-operators and other investors for afamily of plants. If the
resources permit, the ALWR track should consist of both a currently certified desgn and a
design not yet certified but capable of accelerated DC completion based on prior design
engineering and NRC review. |f resources do not permit both a certified and a non-certified
design project, then a market- driven selection should be made by private sector investors.

Gas Reactor: One or both gas reactor designs must proceed through design completion,
depending on market interest and available private sector investment to match DOE codt- sharing.
Given the leve of testing required to confirm regulatory compliance and commercid

performance, it islikely that the best path to success would involve a demonstration project,
perhaps at afederd facility. DOE and potentia private sector investors should evauate the
feashility, practicality, and desirability of such a project and develop the commercid objectives
that should be achieved by such aproject. The evauation should include consderation of siting
such a demongtration project on federd land.

Schedule: This objective should be met for both the ALWR and gas reactor tracks by the end of

the year 2007, although earlier completion is possible for some design options. The content and
cogt of the effort differs among the various designs.
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Funding: The funding requirements for Phase 2 vary widely, depending on design-specific
needs. Thiswork has been completed for one certified design, and significant work has dready
been completed for some of the uncertified NTD designs. The cost to complete NTD designs
that are not yet certified range from roughly $150M to roughly $300M per design. In some
Cases, private sector investors may be willing to fund design completion a afunding rate
sgnificantly above the 50 percent/50 percent-cost share formula applied to Phase 1.

Phaselll: Congruction and Startup

Objective: Congtruct, startup, and operate the plants to be economicaly competitive with
dternative power generation options.

Schedule: The plants are to bein commercia operation no later than year-end 2010.

Funding: The private sector will raise the investment necessary to build and operate the plants
with the help of environmenta credits and other financia incentives of the kind dready being
goplied to dternative generating systems, as discussed below.

Executing the Phased Approach: Aggressive Schedules

This phased approach will be implemented on an aggressive schedule, taking maximum
advantage of coordinated efforts by industry consortia (or “family of plant” entities) working
together and with Government to achieve earliest possible deployment of each design with
aufficient market support to achieve commercia operation.

Measures to achieve aggressve project schedules will include:

= Padld efforts on regulatory approvasfor siting, design approva, and combined license.
All of thetimelinesfor NTD designs shown in Chapter 11-5 propose significant
overlapping of these activities. In many cases, the optimum schedules have been
discussed with NEI and/or NRC for feasihility.

= Padld efforts on Phases 1 and 2, such that detailed engineering work is completed
concurrently with (or very soon after) regulatory approvals, in order to support
congruction gart shortly after site permits and COL gpprovasarein hand. Again, dl of
the timelinesfor NTD designs shown in Chapter 11-5 propose significant overlgpping of
these Phase 1 and Phase 2 activities

= Early procurement of many plant components, to ensue timely ddivery of long lead-time
items (e.g., large vessels), to support completion of detailed engineering, and to support
early congtruction start soon after COL approval.

» Ealy actionsto secure dl necessary state and loca approvals from dl entities as needed.
These actions include environmental and other investigations, and preparation and
submittal of permit gpplications.

These aggressive project schedules necessarily require more up-front investment than would be
required with more methodical, sequentia project planning and execution. As such, projects

6-14



Near Term Deployment Roadmap 10/31/01

implemented on aggressive schedules will require innovative business arrangements, such as
consortiaamong designers, constructors, NSSS and magjor equipment suppliers, and plant
owner/operators, with strong and common incentives to successfully build and operate new
plants. Such consortia, to be successful, would include multiple future owner/operators, eech
willing to build one or more plants, which pool resources and expertise behind a chosen design.
This enables cost and risk sharing between a broader investor base, and grester benefits from
standardization of common engineering and programmatic efforts, state-of-art congtruction and
operaiona management systems and equipment to optimize the cost and schedule of multiple
plant projects. These teams of owner/operators form what industry refersto as“family of plant”
organizations.

The government’ s role in making such projects succeed is very important, and includes the
critically important step of cogt- sharing the one-time costs associated with the phased approach,
aswell as providing economic incentives (e.g., federa tax credits) as discussed below, to
encourage industry investmen.

Alternate Scenarios and Contingencies

It is quite possible that the generd assumptions taken in developing this Roadmap, which
generdly follow the standard assumptions that industry and Government (i.e., Energy

Information Agency) use for energy planning, could vary widdly. For example, the recent attack
on the U.S. by terrorists and the subsequent war on terrorism could place energy resourcesin the
Middle East at risk.

An energy crisis, brought about by problemsin the Middle East or el sewhere could stress our
fossl energy resources and create increased pressure on U.S. energy consumers to achieve
greater energy independence and a higher leve of dectrification of our nation’s commercid,
indugtrid, and transportation infrastructure. Specificdly, it is very likdly that the nation would
shift to higher reliance on dectricity and naturd gas in the trangportation sector, and place
greater reliance on cod and nuclear energy in power generation. To accelerate such ashift in
energy srategy, the Federd Government might create incentives to support such shiftson an
expedited schedule.

If such an need for accelerated nuclear energy plant construction occurred, the NRC would be
asked to accelerate licensing procedures as much as possible, consstent with safety
requirements. Investment incentives would focus on rapid market response. Design choices for
new plants would trend more toward proven technology and choices with very high assurance of
rgpid deployment with minimum chance of project delays. In such Stuations, it islikdy that
designs that are dready certified or are near completion of NRC certification would be built. It is
aso likely that existing nuclear Steswould be used for new plant gting, preferably one
previoudy evauated for the addition of one or more nuclear plants. These strategies would take
optimum advantage of existing infrastructure, transmission access, and more rapid Site gpprovals.

Other scenarios should be considered and planned for. They might include wider variaionsin

foss| fud prices than generdly projected, severe delaysin NRC licensing of new designs, mgor
shiftsin nationa or globa economic conditions, sgnificant changes in trends toward economic
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deregulation of dectricity, and greater prominence of heath and safety issuesrelated to fossl
fuel consumption. Each of these scenarios present chalenges to anationd nuclear energy
drategy that must remain flexible and ready to respond with arange of optionsin both design
choices and business approaches to building new plants.

PUBLIC-PRIVATE PARTNERSHIPS: IMPLEMENTING A MARKET-DRIVEN APPROACH

Recent events suggest that a more proactive gpproach to encouraging new nuclear plant projects
isinorder. Fird, the National Energy Policy (NEP) was issued in May 2001 under the direction
of Vice Presdent Cheney. The NEP seeks amuch more active role for nuclear power than
previous government positions. Second, President Bush commissioned a Nationa Climate
Change Technology Initiative (NCCTI) in June 2001 to seek technologica dternatives for
addressing possible global climate changes. In particular, Bush directed that nuclear power be
considered as one of the NCCTI dternatives for mitigating carbon emissions. A report
addressing the capability of nuclear power (and other dternatives) to provide this carbon
emisson mitigation is due to the President by the end of 2001. Third, the Congressis becoming
more aware of the need to pursue a baanced energy strategy that includes new power generation,
in addition to conservation, and is generdly supportive of the important role nuclear energy can
play. These Federd Government directions suggest that nationd policies may be emerging that
could change the driving forces for new nuclear power, at the same time that marketplace forces
suggest increasing private sector interest and investment in nuclear energy.

Examples of such nationd policy consderations are:

= Maintaining or increasing the share of nuclear power in the nation’s energy mix to ensure
ardiable future energy supply for the US through diversfication of energy sources.
Maintaining or increasing the share of nuclear power would seem to require a Sgnificant
increase in the Government’ s role compared to current or presently planned actionsin
gimulaing the deployment of new nuclear plants at afaster rate than would normally
occur from market-driven forces only.

= Achieving energy independence from foreign sources.

= Providing a sure, technologicaly proven bass for reducing carbon emissions without
incurring serious nationa economic pendties.

= Support of nationd defense issues such as utilization of the GT-MHR to burn excess
wegpons grade plutonium as currently being supported by the U.S. Government.

= Maintenance of the lead role of the USin the internationd nuclear power community to
support astrong voice in the future directions of this technology.

In light of these drategic incentives, the Federal Government should encourage invesment in

new power plant congruction. This should be accomplished by federd funding, on a cost-shared
basis with indugtry, the first time cogts of new plants that are generic to the entire industry or
generic to familiesof NTD plants.

The one-time cogts that DOE and industry should cost share in the design- specific category fall
into two overlapping categories.
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=  One-time cogs of Design Certification for near term deployment cgpable designs (or
equivaent costs for licensing application preparation and review for designs that seek
NRC agpprova via COL without a pre-approved DC), dong with asmall number of
design-specific aspects of the COL application that are dso Site specific (eg., ultimate
hesat Snk design).

=  One-time cogts associated with firgt-time engineering that is generaly beyond the scope
of DC but essentia to completing afirm cost and schedule estimate, essentid for investor
decisons.

These one-time costs include those needed to close technology gaps identified in Chapter 11-5,
and summarized in Appendix J.

Thereisno Sngle, smple srategy for an early art of nuclear congruction. Many different
activities need to come together with the right timing and resource priority. Broad-based
investment on the industry sde will be necessary, and Government willingness and commitment
to support a market-driven decision process will be required. For these reasons, a phased
gpproach that relies heavily on industry- Government cooperation is proposed.

The Cooper ative Agreement

DOE and industry should create a Government/industry partnership to pursue these objectives.
Full exercise of thisinitiative would cover, on a cost-shared basis, most of the one-time generic
cods for each family of plants for each design clearly capable of near term deployment, aswell
as representative Sting Stuations of generic vadueto theindustry. Thisinitiative will require a
modest additiona federa investment in nuclear energy research and development.

The chalenge isto determine how to best Sructure this initiative in a deregulated marketplace.
Ultimatdy, the industry should establish a partnership with DOE that shares one-time costsin a
manner that is responsive to the marketplace. Experience with the ALWR program suggests that
the Federd Government, particularly OMB and Congress, will expect some degree of red, hard-
dollar private sector cost sharing as an indication of market interest. Exploiting this desire for
industry cost-share is the best way to creete the market incentives to encourage the designs most
likely to be competitive in the marketplace to come forward for DOE cogst-share support. In spite
of the pressures of deregulation that limit private sector cost-sharing, the closer industry can

come to demondirating its ability to bring together meaningful private sector investment funds,

the more likely the Federd Government should be willing to leverage public funds for success.

Again, based on experience with the ALWR program, the NTDG proposes that DOE and
industry use a process smilar to that used in the early 1990sto select designs for joint funding
under the ALWR FOAKE program. Other processes that could facilitate market-driven resource
alocation should also be considered. The ALWR process relied upon broad utility participation
in aprocess that identified the necessary R& D, analyses, process devel opment tasks, and
engineering work, and sought broad utility participation on a collaborative bads, to cost-share

the costs with DOE under a Cooperative Agreement. That process aso relied on industry to
select those designs most worthy of joint development with DOE through a utility- managed,
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market- driven voting process among the utility funders, which ensured the best designs
proceeded. In the case of the ALWR FOAKE program about 15 utilities participated in selecting
the designs for cost-shared R&D. Intoday’s marketplace, the likely utility participants would be
less than ten. However, this number is ill high enough to obtain multiple independent
assessments of the merits of each candidate NTD design, and to obtain the benefits of
standardization among owner-operators.

This collaborative modd could aso be used to select representative Sting demongtrations of

vaue to the industry, achieve consensus on strategies for resolution of regulatory process issues,
and achieve consensus on operationd programs for NRC concurrence, on an industry-wide basis.
It could then be used as a springboard to create more design-specific consortia of future
owner/operators, suppliers, and other investors to proceed ahead on one or more specific
congruction projects.

This process would provide DOE with the same high integrity competitive decison process that
it did in the early 90s, which satisfied its mandate for unbiased contracting decisons. DOE's
Cooperative Agreement stipulated a partnership with an organization that exercised a market-
driven voting procedure acceptable to DOE.

Gas Reactor Demonstr ation Project

The gas reactor track discussed above within the Phased Plan of Action introducestheideaof a
gas reactor demongtration project. The need for such aproject isnot yet clear. If gas reactor
regulatory issues are resolved expeditioudy, and if technical obstacles are resolved quickly to
investor satisfaction, then gas reactors could proceed on a phased gpproach smilar to ALWRs.
However, if technica or regulatory issues emerge that require more testing than anticipated

today, then an approach that better supports such testing via demonstration should be considered.

The needs of the gas reactor options are different than those of the ALWR options. They need
al theindustry and Government coordination discussed above, eg., to facilitate closng generic
gaps and to establish consortia and public private partnerships to complete firgt time engineering.
They dso need agreat ded more development of regulatory criteriaand licensing processes to
ded with new and unresolved questions, some of which are fundamentad to the safety case of the
gas reactor (e.g., reliance on unique and highly resilient fue that could obviate the need for
traditiona defense-in-depth features like the large pressure-tight containment that surround water
reactors). Findly, they will need much morefirs time and confirmatory testing to benchmark
andyss codes and verify licensng assumptions.

These additiona needs represent a higher level of project risk and alarger R& D component to
deployment, in turn suggesting a greeter federa role. More federa resources may be required.
More reliance on federd test facilities, such as those located at some nationa [aboratories may
be required. If a prototype demondtration is deemed necessary for ether licensing or commercia
reasons, there may be a benefit to Sting that demondtration at afedera ste (e.g., nationd
laboratory, native Indian reservation). Most nationd |aboratories dready have some facilitiesto
support nuclear operations and could expand those facilities to support a demondtration initiative.
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Federd sites dso present chalenges. For licensing purposes, most federd sites are essentidly
“greenfidd gtes’ or “indudrid Stes’, which require more extensve andyss and licenang work
than existing commercid nuclear plant Stes. Existing sites dready have a complete safety
andyds of the site and full emergency planning and security measuresin placeto NRC
dandards, as wdll as transmission right-of-way, switchyard, maintenance and training facilities,
and other supporting infrastructure aready in place. Further, many federa Siting options are not
in aregion of heavy and growing electricity demand, and thus are not amenable to Sting alarge
plant such asan ALWR. However, Snce the gas reactors are smdler, they might well fit within
the regiond dectricity market needs of many federd dtes. Findly, Federd sting would raise
sgnificant legd issues such as jurisdiction and licensing respongbility.

Siting isonly one of many questions that must be resolved to proceed with such a demondration.
Even more urgent are regulatory consderations, especidly ones that might require an extensve
test program (e.g., for fuel performance) that will take yearsto plan and execute.

Even though grester federa involvement and support may be required for a gas reactor
demondtration project relative to an ALWR project, the importance and vaue of commercid
entities leading the effort and ultimately taking responsbility for owning and operating the
facility should be recognized. Egtablishing project objectives that ensure commercid viability is
demondtrated, dong with technica viahility, are dso critical to success. For example,
demongration on afedera site should be done under NRC safety and environmentd regulations
to facilitate commercia application

Whatever specia condderations might be required to facilitate obtaining the commitments to
support a gas reactor demonstration, should be provided on a non-discriminatory basisto
commercid dtesaswel. Ultimately the decison on where to Site a plant should be made by the
primary investorsin the project who will operate the plant on a commercia bas's, after the
demondration is completed. The Federa Government should consider offering afederd ste but
should not requireit as a condition for proceeding. DOE and industry should make every effort
to Structure the arrangements for a gas reactor demonsgtration in a manner thet is highly scrutable.
Siting decisons should be based on their merits as they relate to licensability, availability of
infrastructure, need for power, and many other factors that could effect the success of the project
(seeindudtry’ s recently updated Siting Selection Guide).
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DESCRIPTION OF APPENDICES AND ATTACHMENTS

ThisNTD Roadmap includes twelve Appendices and four Attachments:

Appendices:

T ITOMMODOW >

L

Design Description, Advanced Boiling Water Reactor (ABWR)

Design Description, ESBWR

Design Description, SWR 1000

Design Description, AP 1000

Design Description, AP 600

Design Description, International Reactor Innovetive and Secure (IRIS)

Design Description, Pebble Bed Modular Reactor (PBMR)

Design Description, Gas Turbine Modular Helium Reactor (GT-MHR)

Cogt Sharing Retiondle. This gppendix provides a more complete rationale for the imperative
for apublic-private partnership approach to attacking the many chalenges facing this
nation’s energy security in the decade ahead, and specificdly the many chdlengesto
facilitating an important role for nuclear energy.

Near Term Deployment Roadmap Resource Needs. This table displays proposed tasks and
annua funding requirements, dong with a short discusson or judtification for each task.
Thistableis broken down into broad categories, such as site-specific tasks, generic
regulatory and technica needs, and design- specific tasks, and proposes how costs should be
dlocated between industry and Government.

. Background and Source Documents. This gppendix provides a high level summary of seven

key DOE and industry strategic planning documents related to building new plants. It
focuses on goal's established by these recent documents.
Reference List

M. Acronyms

Attachments:

el SN

Near Term Deployment Group Mission

Near Term Deployment Group Request for Information

NEI's“Vision 2020" — Strategic Objectives for Nuclear Energy’ s Future
NEI's “Integrated Plan for New Nuclear Plants’
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APPENDIX A: DESIGN DESCRIPTION, ADVANCED BOILING WATER REACTOR
ABWR

ABWR DEVELOPMENT

The ABWR was developed in cooperation with the Tokyo Electric Power Company and
Hitachi and Toshiba, GE’slong time partners in the development of advanced nuclear
technology. The stated purpose of the development effort was to design aBWR plant
that included a careful blend of (1) the best features of worldwide operating BWRS, (2)
available new technologies, and (3) new modular congtruction techniques. Safety
improvements were the top priority. Anticipating the economic chalenges that lay

ahead, specid attention was paid to systematicaly reducing the capita cost and
incorporating festuresinto the plant design that would make maintenance significantly
esser and more efficient.

After more than a decade of test and development the first two ABWRs went into
commercia operation in Japan in 1996 and 1997, known as Kashiwazaki-Kariwa Units 6
and 7. They are currently in their fifth cycle of operation.

The ABWR was the first design reviewed and certified by the U.S. Nuclear Regulatory
Commission (NRC) under the provisons of Title 10 of the Code of Federa Regulations
Part 52 (10CFR52). More recently, the ABWR received regulatory approva in Taiwan
and a congtruction permit for two ABWR units at the Lungmen Ste wasissued in March
1999. Thetwo Taiwan units are currently under congtruction.

PLANT OVERVIEW

The key design objectives for the ABWR were established during the development
program. The key gods, dl of which were achieved, are asfollows:

Dedgn life of 60 years.

Part availability factor of 87 percent or grester.

L ess than one unplanned scram per year.

18 to 24-month refuding intervd.

Reduced calculated core damage frequency by at least afactor of 10 over
previous BWRs (god <10°°/yr).

Radwaste generation <100 nt/yr.

48-month congtruction schedule.

20 percent reduction in capital cost ($kWh) vs. previous 1100 MWe class BWRs.

SUMMARY OF THE ABWR KEY FEATURES

A comparison of key features of the ABWR to the previous modd, known as BWR/6, is
shownin Table 1.

Appendix A A-1 ABWR
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Tablel

Comparison of Key ABWR Featuresto a BWR/6

Feature ABWR BWR/6
Recirculation Vessel mounted reactor Two externa loop recirculation
internd pumps system with jet pumpsingde
RPV
Control Rod Drives Fine-motion CRDs Locking piston CRDs
ECCS 3division ECCS 2 divison ECCS plusHPCS
Reactor Vessal Extensve use of forged rings Welded plate
Primary Containment Advanced — compact, inerted Mark 111 —large, low pressure,
not inerted
Secondary Reector Building Shidd, fud, auxiliay & DG
Containment buildings
Control & Digitd, multiplexed, fiber Andog, hardwired, sngle
Instrumentation optics, multiple channd channd
Control Room Operator task-based System-based
Severe Accident Inerting, drywell flooding, Not specifically addressed
Mitigation containment venting
Reactor Water 2 percent, sealless pumpsin 1 percent, pumpsin hot leg
Cleanup cold leg
Offgas Passive Offgas with room- Active Offgas with chilled
temperature charcod charcod filters

The cutaway rendering of the ABWR plant (Figure 1) illugtrates the genera configuration
of the plant for asingle unit Steinthe U.S.

Appendix A
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Figurel

ABWR BuiLDING CUTAWAY

Shown in the foreground is the Reactor Building, and in the background is the Turbine
Building. Between them islocated the Control Building.

An artig’ s rendering of the mgjor systems and how they are inter-connected is shown in

Figure 2. This shows the reactor, ECCS, containment, turbine equipment and the key
auxiliary mechanicd systems.
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Safety Enhancement

Recognizing the desire for the continuous enhancement of safety, one of GE's gods for the
ABWR was to reduce caculated core damage frequency by an order of magnitude relative to
currently operating plants. The most important design feature contributing to thisgod isthe
adoption of reactor interna pumps (RIPs). These vessa-mounted pumps eiminate large,
recirculation piping on the vessd, particularly involving penetrations below the top of the core
elevation, and make possible a smaller Emergency Core Cooling System (ECCYS) network to
maintain core coverage during postulated |oss-of- coolant events.

The ABWR ECCS network was designed as a full three-divison system, with both ahigh and
low pressure injection pump and hest remova capability in each divison. For diversty, one of
the systems, the Reactor Core Isolation Cooling (RCIC) System, includes a steam:-driven, high
pressure pump. Trangent response was improved by designing three available high-pressure
injection sysems in addition to feedwater. The adoption of three on-gte emergency diesd-
generators to support core cooling and heat removal, as well as the addition of an on-Site gas
turbine-generator, reduces the potentia for “ station blackout” (SBO). The balanced ECCS
system has less reliance on the Automeatic Depressurization System (ADS) function, since a
sngle, motor-driven high pressure core flooder (HPCF) can maintain core safety for any
postul ated pipe break.

Response to anticipated trangents without scram (ATWS) isimproved by the adoption of fine-
moation control rod drives (FMCRDs), which alow reactor shutdown either by hydraulic or
eectric insertion. In addition, the need for rapid operator action to mitigate an ATWSis avoided
by automation of emergency procedures such as feedwater runback and Standby Liquid Control
System (SLCYS) injection.

Cdculated core damage frequency is reduced by more than afactor of ten relative to the BWR/6
design. Furthermore, the ABWR adso improved the capability to mitigate severe accidents, even
though such events are extremely unlikely. Through nitrogen inerting, containment integrity
threats from hydrogen generation were diminated. Sufficient spreading arealin the lower

drywell, together with a drywd| flooding system, assures coolability of postulated core debris.
Manua connections make it possible to use ondite or offdte water systems to maintain core
cooling. Findly, to reduce potentia offsite consequences, a passive, hard- piped wetwell vent,
controlled by rupture disks, is designed to prevent catastrophic containment failure and provide
maximum fisson product “scrubbing”. Theresult of this desgn effort isthat in the event of a
severe accident, the whole body dose consequence at the calculated site boundary is less than 25
Rem. The probability of such an occurrenceis cdculated at the very low leve of

10 %/year.

I mprovementsto Operation and Maintenance
With the god of smplifying the utility’s burden of operation and maintenance (O& M) tasks, the

design of every ABWR dectrical and mechanicd system, aswell as the layout of equipment in
the plant, isfocused on improved O&M.
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The reactor vessel is made of forged rings rather than welded plates. This diminates 30 percent
of the welds from the core beltline region, for which periodic in-service ingpection is required.
Since there are ten RIPs on four power buses, the ABWR' s recirculation system is quite robust.
Pump speed is controlled by solid-state adjustable speed drives, diminating the requiremert for
flow control valves and low-speed motor-generator sets. The wet motor design aso eiminates
rotating sedls.

The FMCRDs permit a number of amplifications. Firgt, scram discharge piping and scram
discharge volumes (SDV's) were diminated, since the hydraulic scram water is discharged into
the reactor vessdl. By supporting the drives directly from the core plate, shootout stedl located
below the reactor vessdl to mitigate the rod gection accident was eliminated. The number of
hydraulic control units (HCUs) was reduced by connecting two drivesto each HCU. The
number of rods per gang was increased up to 26 rods, greatly improving reactor startup times.
Finaly, since there are no organic seds, only two or three drives will be ingpected per outage,
rather than the 30 specified in most current plants.

It was possible to sgnificantly downsize ECCS equipment as aresult of diminating large vessd
nozzles below the top of the core. Capacity requirements are sized based on operating
requirements—transient response and shutdown cooling—rather than on the need for large
reflood capability. Inside the reactor vessel, core spray spargers were eliminated, Snce no
postulated LOCA would lead to core uncovery. For trandent response, the initiation water levels
for RCIC and HPCF were separated so that there is reduced duty on the equipment relative to
earlier BWRs. There are three complete shutdown cooling loops, including dedicated vessel
nozzles. Complex operating modes of the Resdud Heat Removd (RHR) Systems, such as
steam condensing, were diminated. Findly, heat removd, in addition to core injection, was
automated so that the operator no longer needs to choose which mode to perform during
transients and accidents.

Lessons learned from operating experience were applied to the sdection of ABWR materias.
Stainless sted materids which quaified as resstant to intergranular stress corrosion cracking
(IGSCC) were used. In areas of high neutron flux, materias were also specidly selected for
resstance to irradiationassisted stress corrosion cracking (IASCC). Hydrogen Water Chemistry
(HWC) is recommended for norma operation to further mitigate any potentia for stress
corrosion cracking. The use of materia producing radioactive cobat was minimized. The
condenser uses titanium tubing at seawater Sites and stainless sted tubing for cooling tower

gtes. Theuse of gainless sted in gpplications that currently use carbon sted was expanded.
These materias choices reduce plant-wide radiation levels and radwaste and will accommodate
more stringent water chemistry requirements.

Also contributing to good reactor water chemistry is the increase of the Reactor Water Cleanup
System (RWCU) capacity to two percent.

The Offgas System was smplified, reflecting lessons learned from operating experience. The

charcod beds are maintained at ambient temperature rather than refrigerated. The desiccant drier
was eiminated.
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The ABWR Reector Building (including containment) was configured to smplify and reduce the
O&M burden. The containment itself is areinforced concrete containment vessel (RCCV).
Within the containment itself, no equipment requires servicing during plant operation. The
containment is sgnificantly smaler than that of the preceding BWR/6. However, primarily due
to the dimination of the externd recirculation system, there is actualy more room to conduct
maintenance operations. To smplify maintenance and surveillance during scheduled outages,
permanently ingtalled monorails and platforms permit 360° access, and both the upper and lower
drywdls have separate personnel and equipment hatches. To smplify RIP and FMCRD
maintenance, arotating platform is permanently ingtaled in the lower drywdl, and semi-
automated equipment was specidly designed to remove and indal that equipment. The wetwell
areais compact and isolated from the rest of containment, thus minimizing the chance for
suppression pool contamination with foreign meterid.

A new Reactor Building design surrounds the containment and incorporates the same functions
asthe BWR/6 auxiliary, fud and diesd-generator buildings. 1ts volume (including containment)
is about 30 percent lessthan that of the BWR/6 and requires substantialy lower congtruction
quantities. Itslayout isintegrated with the containment, providing 360° access with servicing
aress located as close as practical to the equipment requiring regular service. Clean and
contaminated zones are well defined and kept separate by limited controlled access. The fud
pool is sized to store at least ten years of spent fuel plusafull core. Therefore, the BWR/6-type
fud trandfer system has been diminated.

Controls and instrumentation were enhanced through incorporation of digital technologies with
automated, salf-diagnostic features. The use of multiplexing and fiber optic cable has diminated
1.3 million feet of cabling. Within the safety systems, the adoption of a two-out-of-four trip
logic and the fiber optic data links have significantly reduced the number of required nuclear
boiler safety system related tranamitters. [n addition, athree-channd controller architecture was
adopted for the primary process control systems to provide system failure tolerance and on-line
repair cgpability. A number of improvements were made to the Neutron Monitoring System
(NMYS). Fixed wide-range neutron detectors have replaced retractable source and intermediate
range monitors. In addition, an automeatic, period-based protection system replaced the manual
range switches used during Startup. The man-machine interface was significantly improved and
amplified for the ABWR using advanced technologies such aslarge, flat- panel displays, touch
screen CRTs and function-oriented keyboards. The number of dlarm tiles was reduced by dmost
afactor of ten. Many operating processes and procedures are automated, with the control room
operator performing a confirmatory function.

The plant features discussed above, while smplifying the operator’ s burden, have an ancillary
benefit of increased failure tolerance and/or reduced error rates. Studies show that less than one
unplanned scram per year will be experienced with the ABWR. Increased system redundancies
will dso permit ontline maintenance. Thus, both forced outages and planned maintenance
outages will be significantly reduced.

Table 2 provides asummary of the ABWR design parameters.
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TABLE 2
ABWR DESIGN PARAMETER SUMMARY
Design Parameter

Thermd Power 3926 MWt
Electrica Power 1350 MWe (nominal)
Reactor Coolant Pressure 7.17 MPa (1040 psia)
Reactor Coolant Temperature 287° C (549°)
Core Flow Rate 52.2 x 10° kg/hr  (115.1 x 10° Ib/hr)
Active Fud Length 3.7m
Reactor Pressure Vessdl Inner Diameter 71m
Number of Fud Assemblies 872
Number of Control Rod Drives 205
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APPENDIX B: DESIGN DESCRIPTION, ESBWR

ESBWR Development

In 1992, GE dong with its sponsors at the US Department of Energy (DOE) and severd
internationd utilities, designers and research organizations, undertook to design and

obtain USNRC design approva for anaturd circulation power resctor festuring passve
plant safety-systems technology. This effort produced a Standard Safety Anadysis Report
(SSAR) describing a 670 MWe predecessor to the current ESBWR. Work undertaken by
GE with the support of many European nuclear power design firms, nuclear research

labs, utility companies and universties in the period snce 1994 has teken this

predecessor, SBWR-670 nuclear power plant design, to new uprated power levels.

ESBWR Features

The ESBWR plant design relies on the use of naturd circulation for the recirculation
system and passive safety features to enhance the plant performance and smplify the
desgn. The use of naturd circulation has alowed the dimination of severd systems.
Table 1 shows a comparison of some key plant features for severd BWR designs. It
shows that the full benefit of naturd circulation has been achieved in the ESBWR,
alowing the reduction of the number of control blades and control rod drives (CRD’s).

Table1l. Comparison of Key Features

Parameter ABWR SBWR ESBWR
Power (MW1) 3926 2000 4000
Power (MWe) 1350 670 1380
Vess height (m) 21.1 24.5 27.7
Vess inner diameter (m) 7.1 6.0 7.1
Fuel bundles, number 872 732 1020
Active fud height (m) 3.7 2.7 31
Power density (kw/l) 51 41.5 53.7
Number of CRDs 205 177 121

The ESBWR has evolved over the last seven years from the origina 670 MWe SBWR
taking advantage of the economies of scae, enhancing the natural circulation core flow,
retaining the origind passve sfety features, but adding to the smplification with
enhanced safety and economicsin mind. The gpproach to improving the commercid
attractiveness of the ESBWR compared to the SBWR was to follow a multi- pronged
approach by:
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1) Enhancing the overdl plant performance
2) Taking advantage of the modular design of the passive safety systems, and
3) Reducing overdl materid quantities.

The ESBWR design has achieved amgjor plant smplification by diminating the
recirculation pumps. The use of naturd circulation, dong with the desire to maintain the
same or better plant performance margins, resulted in the following key design feetures:

1) Opening the flow path between the downcomer and lower plenum

2) Useof shorter fue - resulting in areduced core pressure drop

3) Use of an improved steam separator to reduce pressure drops

4) Use of a5m chimney to enhance the driving head for naturd circulation flow

The sdection of the optimum power level was based on the desire to utilize the

synergism between the ABWR and the ESBWR and to utilize existing design and
technology from the ABWR - like using the same diameter pressure vessd. With this
congraint, the SBWR core circumscribed diameter was increased, using the ABWR
vesse diameter and leaving approximately the same size annulus as the earlier SBWR.
The ESBWR core was then increased in Sze by adding fuel bundles to accommodate this
increased diameter. The core was increased from 732 fud assemblies, in the SBWR, to
1020 fud assemblies, resulting in an optimum therma power rating of 4000 MWi.

The selected power for the ESBWR would have required the addition of 400 fud
assemblies and 92 control rod drives (CRD) compared to the SBWR. However, the use
of anew core lattice design reduced the number of CRDs from 269 to 121, better than a
50 percent reduction and 56 fewer drives than the original SBWR.

Plant Safety Systems

The ESBWR safety system design was extended to a higher power level by taking
advantage of the modular design gpproach of the safety systems. Theisolation
condensers and the passive containment decay heat removd system, utilize smple heat
exchangers. Any increase in power level only requires additiond heat exchangers or
tubes. The Gravity Driven Cooling System (GDCYS), is not sendtive to power level and
its cgpacity is primarily determined by containment geometrical consderations.

High and Low Pressure Inventory Control

The ESBWR uses isolation condensers for high pressure inventory control and decay heat
remova under isolated conditions. The isolation condenser system has four independent
high pressure loops, each containing a heat exchanger that condenses steam on the tube
sde. Thetubesarein alarge pool, outsde the containment. The steam line connected to
the vessdl is normally open and the condensate return line is normally closed. The four
units are the same size as those previoudy tested for the SBWR.

The reactor vessd is depressurized rapidly to dlow multiple sources of safety and non
safety systems to provide water makeup. Typicaly inaBWR, rapid depressurization
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only resultsin theloss of haf the reactor inventory, alowing the core to remain covered.
Consequently, any makeup system has only to provide a dow water makeup to account
for loss of inventory resulting from boil-off by decay heat. For the ESBWR, the makeup
water flowsinto the vessel by gravity (GDCS), ingtead of relying on pumps and their
associated support systems. The ESBWR uses the Automatic Depressurization System
(ADS) to depressurize the vessel. The GDCS pool capacity is primarily determined by
containment geometrica consderations. The vessd diameter was increased to 7.1m
resulting in an increase of the lower drywell volume, consequently the GDCS pool
volume increased by approximately 200 nt.

Containment Heat Removal

Containment heat removal is provided by the Passive Containment Cooling System
(PCCS), consigting of four safety-related low-pressure loops. Each loop consists of a heat
exchanger open to the containment, a condensate drain line and avent discharge line
submerged in the suppression pool. The four heat exchangers, smilar in design to the
isolation condensers, are located in cooling pools externd to the containment. The heet
exchanger unit isonly about 35 percent larger than the as-tested PCCS unit. Figure 1
shows a combined sketch of the safety systems.

BUILDINGSAND STRUCTURES

The ESBWR Reactor Building has been consderably smplified and reduced in volume,
through use of passve sysems. The primary safety-grade inventory control system - the
isolation condenser - isasmple heat exchanger. The backup low- pressure inventory
control system - the gravity driven cooling system (GDCY) - isafairly smdl pool of
water. The passive containment decay heet remova system consists of modular heet
exchangers, requiring no moving parts or valves. Mogt of the safety systems are now
ether in the containment or directly aboveit.

Any other sysemsin the plant are either non-safety grade or fairly smal. Thisdlowsa
sgnificant reduction of the overdl building volumes, especidly for the expensive safety
category buildings. A reduction of the reactor building volume and footprint has the
added benefit of reducing the sze of the building which is on the critical path for
congtruction.

The plant design has some added festures that alow it to be very flexible in Sting at
different locations. The design is reasonably robust to account for evolving severe
accident requirements by different safety authorities. The design of the plant structures
alows gpplication to different saismic requirements. The main access to the building and
fud cask trandfer hatch, alow different building embedments - for different Ste
conditions and seigmic levels. The main control building location is flexible enough to
accommodate differing requirements.
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PLANT PERFORMANCE

The key design festures described above, dong with the use of the latest fuel designs,
result in asubstantia enhancement of the overdl plant performance, as summarized in
Table 2.

Table2
Comparison of Performancefor Various BWRs

Performance Par ameter Typical BWRs SBWR | ESBWR
Average naturd circulationflow 35-50 8.5 12.0
per bundle [kg/s]

Power/Flow ratio at rated 0.25 0.31 0.26
conditions [MW/(kg/s)]

Pressurization rate during fast 0.8 04 0.4
transents [MPals]

Margin to SRV set point during SRV opens 0.52 0.32
fast isolation event [MPd]

Minimum water leve following 0.0* 15 2.8
accident [m above fuel]

Pogt accident containment pressure 40 100 160
margin [kPa beow design]

* For internd pump plant, for jet pump plant vaueis-2m

Thistable shows that the use of naturd circulaion sgnificantly improved severa key
performance parameters, while kegping others within the same range as those for forced
circulation plants. Additiondly, certain design changes made for the ESBWR, dlowed
the increase in power leve from the SBWR without a decrease in margins - in some cases
margins actudly increased.

a The higher average flow per bundle in the SBWR and ESBWR, is due to the
unrestricted downcomer and shorter core. The increased flow from SBWR to
ESBWR isdueto alonger chimney and improved separator configuration.

b. Ingenerd, areactor is more stable with alower power/flow ratio. The ESBWR
power/flow ratio is comparable to the operating BWRs at rated conditions. This
is because the power per bundleis lower for the ESBWR and the naturd
circulation flow has been enhanced, as described above.

c. Slower pressurization ratesin ESBWR and SBWR, are due to the large steam
volume in the chimney and the use of Isolation Condensers (IC). Because of the
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dower pressurization rate and the use of IC's, there is adequate margin to
prevent any Safety Rdief Vaves (SRV) from opening.

d. Dueto larger vessdsfor the ESBWR and SBWR, the water level aways covers
the core following an accident.

e. Theincreasein containment pressure margin from SBWR to ESBWR isdueto
the relocation of the GDCS pool from the drywell to the wetwdll.

The mgor advantage of the increased margins is the added flexibility the plant design
givesthe plant operator. These margins can be utilized to optimize fud management or to
modify plant features for individua utility needs without an increase in codts,

Figure 2 shows the mgor systems for the overdl ESBWR plant.
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APPENDIX C: DESIGN DESCRIPTION, SWR 1000

INTRODUCTION

Framatome Advanced Nuclear Power (F-ANP) has developed a medium-capacity
(approximately 1000 MW,) boiling water reactor (SWR 1000) in conjunction with German
electric utilities, with the support of European partners. This project is based on experience
ganed from the operation of proven BWR plants. However, evolutionary development is
supplemented by an innovative approach, which entails partly replacing the active safety
systems with passive safety feetures. The passve safety systems utilize basic laws of physics
such as gravity, for example, enabling these systems to function without dectrical power
supply or actuation by insrumentation and control (1& C) systems. In this way, evolutionary
developments are supplemented by innovative concepts, which provide enhanced safety
benfits.

The SWR 1000 was devel oped on the basis of the reevant requirements set forth in
Germany’ s nuclear codes and standards, while taking into consderation the
recommendations proposed by the French and German reactor safety commissions for the
EPR (European Pressurized Water Reactor).

Development a Siemens (now F-ANP) of a new BWR plant concept with an approximate
capacity rating of 650 MW began in early 1992. This concept phase was completed in the fall
of 1993, while the subsequent consolidation phase reached completion by mid-1995. The
fallowing four-year design phase of the SWR 1000, carried out in consultation with the
German Reactor Safety Commission (RSK), was completed in 1999. The design phase was
concluded with the release of a Ste-independent safety analyses report, a probabilistic safety
analysisreport and an anadysis of projected erection costs.

In pardld with the design phase, an experimenta testing program was conducted at F--ANP's
own testing facilities and at other German and European research centers to provide
veification of the function and effectiveness of the SWR 1000’ s passive safety systems.
DESIGN GOALS

a) High Safety Standards

The high safety standard of current nuclear power plants is based, among other factors, on a
very reliable and correspondingly complex system of redundant active safety equipment.
However, achieving this safety standard entails high investment costs and considerable
expenditure for operation and maintenance in terms of both personnel and equipment.

The driving force behind this further development was therefore the search for dternative
concepts for enhancing the safety of future nuclear power plants by smpler means.

To achieve thisgod, the following requirements were defined for the safety concept:
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= Clear and smple systems engineering through consistent use of passve safety
equipment

» Increassed safety margins
= Good accident control behavior through dower reaction to off-norma conditions

= Increased grace periods (up to severa days) after the onset of accident conditions
before active intervention by operating personndl is required

= Effect of human error on reactor safety is minimized or avoided entirely

= Much lower probabilities of occurrence for serious accidents with core met thanin
present designs

= Compliance with the requirements governing the control of core melt accidents st
forth in the July 1994 amendment to the German Atomic Energy Act. This means
limiting the effects of a core melt accident to the plart itsdlf, i.e. diminating the need
for emergency-response actions with far-reaching effects such as temporary
evacuation or permanent relocation of the loca population.

= Optimum Availability
= Applicaion of the wide range of experience gained from plants currently in service

by making extensve use of systems and components that have proven themsalvesin
operation.

= Optimization of these systems on the basi's of well established operating experience.
= Economic Competitiveness

Future nuclear power plants can only be economicaly competitive if power-generation costs
(i.e. investment cogts plus operating, maintenance and decommissioning costs) are no higher
than those for BWR and PWR plants of evolutionary designs or for fossl-fired power plants
(e.g. coa- or gas-fired units).

Cost reductions are achieved by introducing passve safety equipment and cost savings to
amog dl plant aress (e.g. systems, components, electrica and [& C equipment and civil
gructures) are feasible by utilizing one type of component for multiple tasks. Thisalows
equipment sandardization. Asaresult the need to comply with more stringent safety
requirements is achieved while competitive eectrica generating codts are obtained.

d.) Public Acceptance
= Improvement of public acceptance of nuclear power generation through the use of
smple, understlandable safety technology and verification of control of serious
accidents.
SWR 1000 BASIC DESIGN FEATURES

The key design features of the concept are asfollows:.
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= Reactor core with low power density

= Largewater inventory inside the reactor pressure vessd (RPV) to ensure good
therma-hydraulic behavior in the event of an accident, i.e. excellent dow-acting
accident control capabilities

= Control of transents without coolant makeup in the RPV from an externd source

= Large heat storage capacity insde the containment thanks to large water inventories
in the core flooding pool and the pressure suppression pool

= Passve equipment for heat remova from the RPV and containment

= Largeflooding weter inventory available indde the containment for discharge by
gravity flow into the RPV following depressurization

= Passve actuation of key safety functions such as reactor scram, pressure rdlief and
depressurization as a diverse means to actuation by the safety 1&C

= Passive accident control without power supply, actuation by 1& C systems or
intervention by operating personnd in theinitid days following the onset of accident
conditions, and subsequent unlimited heat removad via Smple active measures

= Nitrogen-inerted containment atmosphere to preclude hydrogen combustion and
hydrogen reactions ingde the containment in the event of a serious core melt accident

= Extended containment pressure load-bearing capacity to accommodate the quantity of
hydrogen arising from 100 percent zirconium oxidation in the event of a serious
accident

= Passve cooling of the RPV exterior in the event of core melt scenarios to ensure
retention of the core mdt insde the RPV

» Hexible operating cycle length (1 to 2 years) with a mean discharge burnup of up to
65 GWd/t

= High plant avalability (> 87 percent/a) thanks to short plant downtimes for refueling,
maintenance and servicing

= 48-month plant congtruction period
= 60-year plant sarvicelife.

PLANT DESCRIPTION

The systems and components are arranged ingde the various plant buildings and structures
(Fig. 1), credting three delineated structura complexes, which enables the buildings to be
congructed in apardld time frame. The structurd complex at the center of the plant
comprises the reactor building, the turbine building and the reactor auxiliary building. The
second complex contains the switchgear equipment, the systems for radioactive waste
treatment and storage, the hot workshop, staff amenities and the entrance to the controlled
access area. The third structura complex consists of the plant service systems such asthe
circulating water supply systems, the emergency diesd generators, the workshops and the
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deminerdized water system, etc. The first complex is fixed together while the other buildings
and systems can be adapted to a specific Ste.

The plant (Fig. 2) is equipped with aboiling water reactor to generate steam at atherma

output of 2778 MW. The saturated steam produced, which has a pressure of 71 bar, is used to
drive a steam turbine which in turn drives a generator, supplying a gross ectrica output of
1013 MWe. The steam leaving the low pressure turbine sectionsis condensed into water in

the turbine condensers. This condensate is returned to the reactor by condensate and

feedwater pumps via a reactor water cleanup system and a feedwater heating train.

Figure 1 — Site Layout and View into the SWR 1000 Reactor Building
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Figure 2 — Power Generation Cycle
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Table 1 — Design Parameters
Data SWR 1000
Overall plant
-thermal output MW 2778
- gross electric output MW 1013
- net electric output MW 977
- net efficiency percent 35.2
Reactor core
- No. of fuel - 624 (12x12)
assemblies
- Total uraniumweight t 119
- Active height of core m 2.80
- Average power kW/I 48.8
density
- Average discharge GWd/t 65
burnup
- Corethroughput gpm 200000
- Coolant Pressure psi 1030
- Coolant Temperature °F 547
Reactor pressure vessel
- Inside height ft 76
- Inside diameter ft 23
- Design pressure psi 1276
- No. of recirculation - 6
pumps
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Data SWR 1000
Turbine
- Number - 1
- Speed rpm 1800/3600
- No. of HP/LP casings - 1/3
Containment
- Inside diameter ft 105
- Inside height ft 94
- Design pressure psi 109
(abs.)
- Drywell volume + t3 201000
gas volume of core
flooding pool
- Water volume of ft3 102000
pressure suppression
pool
- Gas volume of pressure 3 194000
suppression pool
- Water volume of core 3 109000
flooding pool
-Plant design life years 60
- Plant construction months 48
period
SWR 1000
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APPENDIX D: DESIGN DESCRIPTION, AP 1000

The AP1000 is atwo-loop, 1000 MWe pressurized water reactor (PWR) with passive safety
features and extensive plant amplifications to enhance the congtruction, operation, and
maintenance. The AP1000 design is derived directly from the AP600, atwo-loop, 600 MWe
PWR. The AP600 uses proven technology, which builds on the over 30 years of operating
PWR experience. The AP600 design received Final Design Approva from the U.S. NRC in
September 1998 and Design Certification in December 1999. The AP600 meets dl of the
U.S. dectric utility requirements including their cost gods. Although the AP600 is the most
cost-effective plant ready for deployment, it is still more expensive than the $1000/kw needed
to compete in the United States today. In order to develop a cost competitive nuclear power
plant Westinghouse has completed design studies which demondirate thet it isfeasible to
increase the power output of the AP600 to at least 1000 MWe, maintaining its current design
configuration, use of proven components and licensing basis. In order to achieve these
objectives the AP1000 has been designed within the space congtraints of the AP600, while
retaining the credibility of proven components and substantial safety margins. This paper
describes the changes made to uprate the AP600 and gives an overview of the plant design. It
aso summarizes the basis for the AP600 testing program and computer codes being sufficient
for the AP1000.

The United States Nuclear Regulatory Commission issued Design Certification of the AP600
standard nuclear reactor design in December of 1999. This culminated a 7-year, 110 man-
year, and review of the AP600 design, safety andysis and probabilistic risk assessment. The
AP600 is a 600 MWe reactor that utilizes passive safety features that, once actuated, depend
only on natura forces such as gravity and naturd circulaion to perform dl required safety
functions. These passive safety systems result in increased plant safety and have dso
dgnificantly amplified plant systems and equipment, resulting in smplified plant operation and
maintenance. The AP600 meets NRC deterministic safety criteria and probabilistic risk criteria
with large margins. The Westinghouse computer codes used to andyze the AP600 were
validated against the extensive APG00 test program in accordance with U.S. NRC procedures.

The AP600 meets the EPRI ALWR Utility Requirementsincluding the cost goals. The
overnight capital cost for the first AP600 plant is calculated to be between 1300-1500 $/kW
depending on the site salected. Although the AP600 is the most cost effective nuclear power
plant ready for deployment, it is still more expensive than the $1000/kw needed to competein
the United States today. In order to develop a cost competitive nuclear power plant
Westinghouse has completed design studies which demondirate thet it is feasible to increase
the power output of the AP600 to at least 1000 MWe, maintaining its current design
configuration, use of proven components and licensing basis.

The gpproach to achieving these objectives isto design the AP1000 within the space
congraints of the AP600, while retaining the credibility of proven components and substantia
safety margins. The arrangement of the reactor, the passive safety systems and the auxiliary
systemsis the same asthe AP600. To increase the output of the reactor, the core, reactor
coolant pumps and steam generators have been increased in Size. The design of these larger
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reactor components are based on components that are used in operating PWRs or have been
developed / tested for new PWRS. In order to maintain adequate safety margins, the capacity
of the passive safety features have been sdectively increased based on insights from the
AP600 test and analysisresults. Figure 1 shows a section view of the AP1000 and AP600
containments; Figure 2 shows a plan view.

The AP1000 is being designed to meet NRC regulatory criteriain asmilar manner to that
found to be acceptable for the AP600. The AP1000 is being designed to meet NRC
deterministic safety criteriaand probabilistic risk criteriawith large margins. Westinghouse
intends to certify the AP1000 standard plant design under the provisons of 10 CFR Part 52.
Preiminary pre-application discussions with the NRC began in 2000.

Some of the high level design characterigtics of the AP1000 are asfollows.
= Net dectrica power is 1090 MWe and nuclear steam supply therma power is 3415 MWe.

» Rated plant performance is achieved with 10 percent of the SG tubes plugged and with a
maximum hot leg temperature of 610°F.

= SAfety systems are passive, they provide core and containment cooling for a protracted
time without ac power and require no operator actions for 72 hours.

=  PRA peformanceis predicted to be smilar to AP600 and well within NRC gods. Core
damage frequency of AP600 is 1.7E-7/yr vs. NRC goa 1E-4/yr and large relesse
frequency is 1.8E-8/yr vs. NRC goa of 1E-6/yr.

= QOccupationa radiation exposure is expected to be below 0.7 man-Sv/yr.

=  Ovedl plant avaldbility is expected to be greater than 93 percent, including forced and
planned outages. Lessthan 1 reactor trip is expected per year.

= Theplant isdesigned to accept a 100 percent load rejection without reactor trip.

= The plant is designed to be smple to construct, operate and maintain with sgnificantly
fewer safety and nonsafety components, Ssmpler components, and better materidsthan a
currently operating PWR.

= Theplant design lifeis 60 years without the replacement of the reactor vessd. The desgn
provides for the replacesbility of other major components, including the SG.

= Thedesign of the mgor components used for power generation (fud, internas, SG,
reactor coolant pumps, turbine, etc) is based on equipment that has successfully operated
in power plants. Modifications to these proven designs were based on smilar equipment
that had successful operating experience in Smilar or more savere conditions.
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AP1000 Major Reactor Components

The mgjor differencesin the AP1000 core design compared to the AP600 core design are the
addition of 12 fud assemblies, an increase in the length of the fud assemblies, and additiond
control assemblies. The extra assemblies and increase in length aong with an increase in the
linear power dendty in the core enabled the core power rating to be increased from

1,933 MWt to 3,400 MWt within the same diameter reactor vessel. The number of rod

control cluster wasincreased to 53 in the AP1000 compared to 45 in the AP600. The AP1000
core aso incorporates the Westinghouse ROBUST fuel assembly design compared to the
Vantage 5-H design of the AP600. The ROBUST design includes guide tubes with increased
wall thickness.

The AP1000 core is based on core designsin operation today. The core active fud lengthis
14 feet, Smilar to the XL core designsin operation in South Texas, Dod4 and Tihange3. The
linear power density of the AP1000 core is gpproximately the same as the operating fleet of 3-
loop Westinghouse plants. The AP1000 reactor vessdl has the same overdl diameter and
number and size of nozzles asthe AP600 vessdl. The overall length of the AP1000 vessdl has
been increased to accommodate the increase in core length to 14 feet. The AP1000 reactor
vess internals are of the same design as the AP600 vessel internals except thet the length of
the lower internals has increased because of the longer core design. Also, the thickness of the
lower support plate has increased to accommodate the heavier AP1000 core which has both
additiona fuel assemblies (12) and heavier assemblies due to the longer length.

The AP1000 integrated head package design is the same as that of the AP600 except that the
overal height has increased to accommodate the longer control rod drives and incore
components required for the 14-foot AP1000 core. Internally, the AP1000 integrated head
package aso accommodates an additiona eight control rod assemblies.

The AP1000 steamn generators incorporate very smilar festures. Both units are vertica-shdl
U-tube evaporators with atriangular pitch tube bundle and integra moisture separating
equipment. They both use Incond-690 thermally treated tube material. To accommodate the
higher therma output of the AP1000 more heet transfer surface isrequired, thusincreasing
the shell diameter and height to enclose the larger tube bundle and larger moisture separation
equipment required for the higher steam flow. The mass of water stored in the secondary sde
AP1000 SG has been increased such that it is about 36 percent larger, on a per MW basis,
than that of the AP600 SG. This increased water mass results in agreater heat transfer
capability from the reactor coolant system during transents and improves safety margins.
Westinghouse has successful experience in building and operating steam generators as large
as the AP1000 in a number of plants including Arkansas, San Onofre and Waterford.

The same basic canned-motor pump design is employed in the AP1000 as in the AP600
including the use of a uranium flywhed to provide rotating inertiato extend the flow
coastdown. However, the higher therma power and core power density of the AP1000
requires higher flow and longer coastdown from the AP1000 pumps compared to the APG00
pumps. A variable speed controller was added to the AP1000 pumps to reduce the motor
power required when pumping cold reactor coolant. To provide the larger flow rates, the
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AP1000 pumps include higher efficiency hydraulics which were scaled down from the
Westinghouse APWR reactor coolant pump design. A longer coastdown is obtained in the
AP1000 pumps through increased inertiain the flywhed.

The AP1000 pressurizer volume was increased compared to the AP600 to accommodate the
larger reactor coolant system volume in the AP1000. Thiswas accomplished by making the
AP1000 pressurizer tdler while maintaining the same diameter pressurizer asin the AP600.
The total volume of the AP1000 pressurizer is 2,100 ft> compared to 1,600 ft* for the AP6QO.

The szes of the AP1000 reactor coolant |oop piping are the same as those for the AP600. The
elevations of the AP1000 hot and cold legs are dso maintained the same as those in the APG00.
Table 1 provides asummary comparison of the key design parameters of the AP1000 with
those of the APG0O.

AP1000 Passive Safety Features

The AP1000 is being designed to meet NRC regulatory criteriain asmilar manner to that
found to be acceptable for the AP600. The AP1000 is being designed to meet NRC
determinigtic safety criteriaand probabilidtic risk criteriawith large margins. Westinghouse
intends to certify the AP1000 standard plant design under the provisons of 10 CFR Part 52.

The AP1000 passive safety features use the same design approach and arrangement asthe
AP600. The capacities of the AP1000 passive safety features have been sdectively increased
using ingghts from the AP600 design, testing, analysis and licenaing activities. Two key
factors in these ingghts are the uncertainty in the computer andysis tools and the margin
between the calculated results and the licenang limits. These ingghts indicate thet some
passive safety features should be increased at least as much as the increase in core power.
These indghts dso indicate that other features do not need to be increased as much.

A summary comparison of key passive safety system design features is provided in Table 2.
These key features are discussed due to their importance in affecting the key thermal-
hydraulic phenomenon exhibited by the passve safety sysemsin critical aress.

COSTSAND CONSTRUCTION

In the United States, the Utility Requirements Document for advanced light water reactor
plantsincluded a cost goa that was based on the cost of cod generated dectricity a the time
the document was written. The overnight capital cost for the first AP600 plant is cdculated
to be much less that the Utility Requirements Document cost god, between 1300- 1500 $/kW
depending on the Ste selection. It dso places the AP600 as the most cost effective nuclear
power option available for deployment in the world today. Thislow cost demongtrates the
benefits of the use of passve safety systems and other plant smplifications (Table 3).
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However, since that time, the cost of new generating capacity and the overal operating cost
of generating dectricity has gone down. Thisisaresult of low natura gas prices, more
efficient plantsin general and the current record bresking reductions in outage times and
operating costs for nuclear plants. Asaresult, the cost of the AP600, is more expensive than
the $1000/kw needed to compete in the United States today .

The affect of the changes that are required to uprate the AP600 to the AP1000 is smal on the
plants overnight cost. A detailed estimate of each difference from AP600 was applied to the
dready extensve and vdidated AP600 cost estimate. Thisoveral cost addition is on the
order of 11 percent. The overdl power increase however isover 66 percent. The overnight
cost per megawatt is grestly reduced.

Westinghouse has designed the AP600 using 3D computer models which dlows very
detailed quantity calculations. A detailed construction schedule has been devel oped for the
APG00 over eight years using input from a number of design participants. This schedule
shows that the AP600 design smplifications and use of modular construction techniques
dlowsfor a 36 month duration from start of basemat concrete pour to the beginning of fuel
load.

More recently the 3D model has been linked to construction schedule model to develop a4D
(3D plustime) representation of the plant construction and as used this mode! to review and
optimize the congtruction sequence and schedule. Asaresult of using thismode to study the
initid portion of the 36 month construction schedule, that schedule has been reduced by over
4 months.

CONCLUSIONS

The AP1000 is derived directly from the AP600, which uses passive safety features and
extensive smplifications to enhance congtruction, operation, and maintenance. This paper
describes the design changes that are most important in uprating the AP600 to 1000 MWe.
These design changes are being incorporated into the AP1000 standard plant design that
Westinghouse intends to license in the U.S. under 10 CFR Part 52. The AP600 design has
aready been licensed with the NRC, recaiving Design Certification in December 1999.

Preiminary safety evauations and andysis results, performed on the AP1000, indicate that
passve safety features can be successfully gpplied to aplant of ahigher power rating while
maintaining large safety margins. Scaing evauations indicate that the APE00 test program
and the analysis codes validated for AP600 should be sufficient to perform the accident
andysesfor Design Certification of the AP1000 without the need to perform additiona
tegting.

The design evduations performed on the AP1000 indicate that the design objectives of
maintaining the AP600 design configuration, use of proven components and licensing bass
can be met and that the AP1000 costs will be competitive in the U.S as well as other parts of
the world.
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Table 1 Comparison of Selected Parameters

AP600 AP1000
Reactor Power, MWt 1933 3400
Hot Leg Temperature, °F 600 610
Number of Fuel Assemblies 145 157
Type of Fuel Assembly 17x17 17x17
Active Fuel Length, ft 12 14
R/V 1.D., inches 157 157
Number Control Rod Assemblies 45 53
Hot Leg / Cold Leg Pipe ID, in 31/22 31/22
Steam Generator Heat Transfer Area, ft* 75,000 125,000
Reactor Coolant Pump Flow, gpm 51,000 75,000
Pressurizer Volume, ft* 1600 2100

Appendix D D-6 AP1000




Near Term Deployment Roadmap

10/31/01

Table 2 Comparison of Passive Safety System Design Features

AP600 AP1000 Comment

Passive RHR Heat Exchanger The AP1000 PRHR HX retains the AP600 configuration and elevations. The heat transfer
Type C-Tube C-Tube | surface area is increased by extending the horizontal portion of the heat exchanger tubes.
Surface Area, % 100 % 122 % | The inlet and outlet piping has been increased resulting in higher flow rates.

Design Flow Rate, % 100 % 174 %
Design Heat Transfer, % 100 % 172 %

Core Makeup Tanks Core makeup tank volume and flow rate is increased to provide additional safety injection
Number 2 2 flow. A flow control orifice is changed to increase the flow. CMT elevations are
Volume, ft3 2000 2500 maintained at the AP600 level. The duration of CMT injection is maintained similar to
Line Resistance, % 100 % 64 % AP600.

Design Flow Rate, % 100 % 125 %

Accumulators The accumulators are the same as AP600. Accumulator sizing is based on LBLOCA
Number 2 2 performance and is affected by reactor vessel volume and core power density. The AP600
Volume, ft3 2000 2000 and AP1000 employ the same diameter reactor vessel. Although the AP1000 has a higher
Pressure, psig 700 700 core power density, there will still be large margins to the peak clad temperature limit of

1204C (2200F).

IRWST The IRWST normal water level is increased by using more accurate level instruments. The
Volume, gallons 557,000 | 590,000 | higher IRWST water level increases the driving head, which together with larger injection
Driving Head, % 100 % 108 % line piping, results in higher flow rates.

Line Resistance, % 100 % 32%
Design Flow Rate, % 100 % 184 %

Containment Recirculation The post accident containment flood up level has been increased by using a higher initial
Line Resistance, % 100 % 39 % IRWST level and installing check valves in the refueling cavity drain line so that it does not
Driving Head, % 100 % 209 % | flood. In addition, the RNS pumps are aligned to take suction from outside containment
Design Flow Rate, % 100 % 231 % instead of from the IRWST; this change delays the start of recirculation which adds
Time of Recirculation, hr 2.10 2.67 additional margin.

D-7
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AP600 AP1000 Comment

Automatic Depressurization

Stages 1-3 The first three stages of ADS are the same as AP600. Their sizing basis is to reduce
RCS connection Top pzr | Top pzr | pressure to permit adequate injection from the accumulators and to permit transition to 4th
Configuration 6 paths 6 paths | stage ADS.

Vent Area, % 100 % 100 %

Stage 4 The 4th stage ADS vent capability is the most important design feature to allow for
RCS connection Hot Leg Hot legs | adequate IRWST/sump injection during long term core cooling. The 4th stage piping has
Configuration 4 paths 4 paths | been increased resulting in higher flows.

Vent Area, percent 100 % 176 %
Line Resistance 100 % 28 %
Capacity 100 % 189 %

Containment The AP1000 containment volume and design pressures are increased to accommodate
Diameter, ft 130 130 higher mass and energy releases. Increasing the shell thickness to 1.75” and using higher
Overall Height, ft 189.83 215.33 | strength steel allows for the higher design pressure.

Design Pressure, psig 45 59
Net Free Volume, ft3 1.73 E06 | 2.07 E06

Passive Containment Cooling The PCS water storage tank was increased to accommodate higher flow rates. The PCS

Storage Tank Volume, gal 580,000 | 800,000 [ flow rates have been increased based on the increase in core power.
D-8
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AP1000 Smplifications

1000 MW Reference AP1000 Reduction
Pumps 280 180 36 %
ASME Valves 2800 1400 50 %
ASME Piping, million m (ft) 33,500 (110,000) 5800 (19,000) 83 %
Cable, million m (ft) 2.77 (9.1) 0.37 (1.2) 87 %
Seismic Building Volume, million m?® (ft°) 0.36 (12.7) 0.16 (5.6) 56 %
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EL. 333'-9°

EL. 308'3*

EL. 606" N B

AP600 AP1000

Figure 1 — Westinghouse AP1000 and AP600 Plants (Section)

AP600 AP1000

Figure 2 — Westinghouse AP1000 and AP600 Plants (Plan)
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APPENDIX E: DESIGN DESCRIPTION, AP 600

The Westinghouse AP600 is a 600 MWe Pressurized Water Reactor (PWR) with advanced passive
safety features and extensve plant smplifications to enhance the corstruction, operation, and
maintenance of the plant. The plant design utilizes proven technology which builds on over 30

years of operating PWR experience. PWRs represent 76 percent of adl Light Water Reactors
around the world, and 67 percent of the PWRs are based on Westinghouse PWR technology.

The AP600 is designed to achieve a high safety and performance record. It is conservatively based
on proven PWR technology, but with an emphasis on safety features that rely on natural forces.
Safety systems maximize the use of naturd driving forces such as pressurized gas, gravity flow and
natura circulation flow. Safety systems do not use active components (such as pumps, fans or
diesdl generators) and are designed to function without safety-grade support systems (such as AC
power, component cooling water, service water, HVAC). The number and complexity of operator
actions required to control the safety systems are minimized; the gpproach isto eiminate a

required operator action rather than to automate it. The net result is a design with sgnificantly
reduced complexity and improved operability.

The AP600 standard design complieswith al applicable U.S. NRC criteria. Extensve safety
andysis has been completed and documented in the Standard Safety Analysis Report (SSAR) and
Probabilistic Risk Andysis (PRA) submittalsto the NRC. An extensive testing program has been
completed, and verifies that the innovative plant features will perform as designed and andyzed.
PRA results show avery low core damage frequency which meets the god's established for
advanced reactor designs and alow frequency of release due to improved containment isolation
and cooling.

An important aspect of the AP600 design philosophy focuses on plant operability and main-
tainability. These factors have been incorporated into the design process. The AP600 design
includes features such as smplified syssem design to improve operability while reducing the
number of components and associated maintenance requirements. In particular, smplified safety
systems reduce surveillance requirements by enabling ssgnificantly smplified technical
specifications.

Sdlection of proven components has been emphasized to ensure a high degree of rdiability with a
low maintenance requirement. Component standardization reduces spare parts, minimizes main-
tenance training requirements, and alows shorter maintenance durations. Built-in testing capabi-
lity is provided for critical components.

Plant layout ensures adequate access for ingpection and maintenance. Laydown space for staging
of equipment and personnel, equipment remova paths, and space to accommodate remotely
operated service equipment and mobile units have been considered as part of the plart design.
Access platforms and lifting devices are provided at key locations, as are service provisons such as
electrica power, deminerdized water, bresthing and service air, ventilation and lighting.
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The AP600 design aso incorporates radiation exposure reduction principles to keep worker dose as
low as reasonably achievable (ALARA). Exposure length, distance, shieding and source
reduction are fundamentd criteria that are incorporated into the design.

Reducing congtruction costs of commercid nuclear power plantsis essentid in order to expand the
future use of nuclear energy. Two mgjor components of plant congtruction cost are the cost of
financing during congtruction and the cost of skilled craft labor needed on Site during construction.
Modular congtruction techniques, a design requirement for the AP600, significantly reduce these
components of construction cost. Through the use of modular congtruction, our congtruction
planning has shown that AP600 can be congtructed in 36 months from pouring the first concrete to
fud load.

Various features have been incorporated in the design to minimize congruction time and total cost
by diminating components and reducing bulk quantities and building volumes. Some of these
featuresindude the following:

» Theflat, common basemat design selected for the nudlear idand effectively minimizesthe
congtruction cost and schedule.

= Ultilization of the integrated protection system, the advanced control room, the distributed
logic cabinets, multiplexing, and fiber optics, Sgnificantly reduces the quantity of cables,
cable trays, and conduits.

= A key feature of the AP600 plant configuration is the stacked arrangement of the Class 1E
battery rooms, the dc switchgear rooms, the integrated protection system rooms, and the
main control room. This stacked arrangement eiminates the need for the upper and lower
cable spreading rooms that are required in the current generation of PWR plants.

= Applicaion of the passve safeguards systems replaces and/or diminates many of the
conventiona mechanica safeguards systems that are typicaly located in the Seismic
Category | buildingsin the current generation of PWR plants.

The AP600 is designed with environmenta consideretion as a priority. The safety of the public,
the power plant workers, and the impact to the environment have al been addressed as specific
desgn gods, asfollows:

= Operationd releases have been minimized by design features.
= Aggressve gods for worker radiation exposure have been set and satisfied.
= Totd radwaste volumes have been minimized.

= Other hazardous waste (non-radioactive) have been minimized.

The AP600 Nuclear Power Plant has been designed by Westinghouse under the sponsorship of the
U.S. Department of Energy (DOE) and the Electric Power Research Indtitute (EPRI). The design
team includes a number of U.S. and foreign companies and organizations, such as Bechtd, Burns
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& Roe, Initec (Spain), UTE (Spain), and Ansado (Italy) as architect engineers, Avondae
Industries (module design), CBI Services, Inc. (containment vessd design), M-K Ferguson Co.
(congtructability, schedule, and cost estimation), Southern Electric Internationd (turbine idand
buildings and systems), ENEA Energy Research Center of Italy (tests of the automatic depressuri-
zdion sysem), SIET, SPES Fadility in Itdy (full- pressure integral passive safety system tests), and
Oregon State Univerdty (low-pressure integrd passive safety system tests).

The Electric Power Research Indtitute (EPRI) has, with a broad participation of numerous
countries, developed a Utility Requirements Document (URD) for ALWR, taking into account the
wedth of information related to nuclear power plant safety and operations that has been generated
worldwide with commercia nuclear power. The purpose of the URD isto ddinegte utility desres
for their next generation of nuclear plants, and to this end, it conssts of a comprehensive set of
design requirements for future plants.

Incorporation of the ALWR URD has been a design god for the AP600 from the design inception,
and has continued to be so during the ongoing First-of-a-Kind Engineering (FOAKE) program.
The AP600 has awell-defined design basis that is confirmed through thorough engineering
andyses and testing and is in conformance with the URD. Some of the high-level design characte-
rigics of the plant are:

= Net eectrical power of at least 600 MWe; and athermal power of 1940 MW.

= Rated performance is achieved with up to 10 percent of the steam generator tubes plugged
and with amaximum hot leg temperature of 600°F (315.6°C).

= Coredesgnisrobust with at least a 15 percent operating margin on core power parameters.

= Short lead time (five years from owner's commitment to commercid operation) and con
Struction schedule (3 years).

= No plant prototype is needed since proven power generating System components are used.

= Mgor safety systems are passive; they require no operator action for 72 hours after an acci-
dent, and maintain core and containment cooling for a protracted time without ac power.

» Predicted core damage frequency of 1.7E-07/yr iswell below the 1E-05/yr requirement,
and frequency of significant release of 1E-08/yr iswell below the 1E-06/yr requirement.

=  Standard design is gpplicable to anticipated U.S. Sites.
= Occupationa radiation exposure expected to be below 0.7 man-Sv/yr (70 man-rem/yr).

= Coreisdesigned for a24-month fud cycle assuming an 87 percent capacity factor; capable
of a18-month cycle.

» Refueling outages can be conducted in 17 days or less.
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= Plant design life of 60 years without replacement of the reactor vessd.

=  Ovedl plant avalability greater than 90 percent, including forced and planned outages; the
god for unplanned reactor trips isless than one per year.

AP600 PLANT COMPARISON WITH SIMILAR FACILITIES

Systems - Components APE00 Reference 2L Reference 4L
Plant design objective 60 yrs 40yrs 40yrs
NSSS power 1,940 MWt 1,882 MWt 3,425 MWt
Core power 1,933 MWt 1,876 MWt 3,411 MWt
Net electrical output 600 MWe 620 MWe 1,120 MWe
Reactor operating pressure 2,250 psia 2,250 psia 2,250 psia
Hot leg temp 600°F 616°F 618°F
Steam Generator Design pressure 1200 psia 1100 and 1200 psia 1200 psia
Main feedwater temp 435°F 430°F 440°F
Core
Number fuel assemblies 145 121 193
Active fuel length 144in 144in 144in
Fuel assembly array 17x 17 16 x 16 17x 17
Fuel rod OD 0.374in 0.374in 0.360in
Number control assemblies 45 33 53
- Absorber material Ag-In-Cd Ag-In-Cd Ag-In-Cd
Number gray rod assemblies 16
- Absorber material SS-304/Ag-In-Cd
IAverage linear power 4.10 kwi/ft 5.37 kwift 5.44 kwi/ft
Heat flux hot channel factor, FQ 2.60 2.34 2.32
Reactor Vessd
Vessel ID 157in 132in 173in
Construction forged rings welded plate welded plate
Number hot leg nozzles 2 2 4
-1D 31.0in 29.0in 29.0in
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AP600 PLANT COMPARISON WITH SIMILAR FACILITIES

Systems - Components APE00 Reference 2L Reference 4L

Number cold leg nozzles 4 2 4
-1D 220in 275in 275in
Number safety injection nozzles 2 2 0
Design fluence 2.0E+19 n/em? 5.0E+19 n/cm? 3.0E+19 n/em?
Steam Generators
Type vertical U-tube Vertical U-tube vertical U-tube
recirc. design Recirc. design recirc. design

M odel Delta-75 D Series/F D5
Number 2 2 4
Heat transfer area/SG 75,180 ft2 55,000 ft2 48,300 ft2
Number tubes/SG 6,307 5,626 4,568
Tube material 690 TT 1600TT 1600TT
Separate startup feedwater nozzle Yes Yesand No Yesand No
Reactor Coolant Pumps
Type canned Shaft seal shaft seal
Number 4 2 4
Rated HP #3,500 hp/pump 7,000 hp/pump 7,000 hp/pump
Estimated flow/loop 102,000 gpm 102,000 gpm 100,200 gpm
Pressurizer
Total volume 1,600 ft3 1,000 ft3 1,800 ft3
\Volume/MWt 0.825 ft3MW1 0531 ftIM Wt 0526 ft3MW
Safety valves#/size 2-6" 2-6" 3-6"
PORV #/size no 2-3 3-3
PRT volume no 1,000 ft3 1,800 ft3
IAuto depressurization yes no no
Turbineldand
Turbine - # HP cylinder 1 1 1
# LP cylinders 2 2 3
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AP600 PLANT COMPARISON WITH SIMILAR FACILITIES
Systems - Components APE00 Reference 2L Reference 4L

Max blade length 47in 44in 44in
Number reheat stages 1 2 2
Feedwater heating stages

- # LP stages 4 5 5

- # HP stages 2 1 2
Deaerator yes no no
Main feedwater pumps 2 motor driven 3 motor driven 3 turbine driven
Condensate pumps 3 3 3
Condenser tube material Ti SS SS
Condensate polishing 33 percent 0-100 percent 0-100 percent
Containment
Type Steel steel pre-stressed concrete
Inside dia. 1301t 1051t 1401t
\Volume 1.76E+06 ft3 1.44E + 06 ft3 2.80E + 06ft3
Volume/MWt 910ft3MWi 768 ft3MWit 821 ft3IMWit

Post accident cooling

air and water on out-

Component cooling

Service water cooled

side of steel contain- | water cooled fan coolers fan coolers
ment vessel
Safety | njection
IAccumulator - #/volume 2/2,000 ft3 2/2,000 ft3 4/1,350 ft3
Core makeup tank - #volume 2/2,000 ft3 no no
High head pumps- # none 2 2
- runout flow - 800 gpm 600 gpm
- shutoff head - 2,000 psi 1,800 psi
L ow head pumps- # none see RHR pumps see RHR pumps
Refuel water storage tank - # 1 1 1
- location in containment ex-containment ex-containment
- volume 530,000 ga 350,000 gal 350,000 ga
Boron inject tank #/vol no 1/900 gal 1/900 gal
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AP600 PLANT COMPARISON WITH SIMILAR FACILITIES

Systems - Components APE00 Reference 2L Reference 4L
Nor mal Residual Heat Removal (NRHR)
Design pressure 900 psig 600 psig 600 psig
Normal RHR pumps- #/design 2/1,000 gpm per pump 2/2,200 gpm per 2/3,800 gpm per pump
flow pump
Cooling Water Systems
Saf ety-related no yes yes
Component cooling water pumps 2 4 4
Service water pumps 2 4 4

Heat sink

separate mechanical
draft cooling tower

separate mechanical
draft cooling towers

separate mechanical
draft cooling towers

Startup/Auxiliary Feedwater

Motor pumps- #/flow per 2/380 gpm/no 2/400 gpm/yes 2/600 gpm/yes
pump/safety-related
Turbine pumps - #/flow none/- 1/800 gpm 1/1,200 gpm
Passive RHR HX - #/heat 1/42 MW/Y es None/-/- None/-/-
removal/safety-related
Chemical and Volume Contral
Purification/L etdown flow
- hormal 100 gpm 60 gpm 75 gpm
- max 100 gpm 120 gpm 120 gpm
Purification location IRC ORC ORC
RCP seal injection/pump None 8 gpm 8 gpm
Charging pumps 2 @ 100 gpm 2 @ 160 gpm 2 @150 gpm
1@35gpm 1 @ 90 gpm
- Sl use No no yes
- safe shutdown use no yes yes
- continuous oper. no yes yes
Boron thermal regeneration no yes yes
Boron recycle evaporator no 15gpm 15gpm
Appendix E E-7
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AP600 PLANT COMPARISON WITH SIMILAR FACILITIES

Systems - Components APE00 Reference 2L Reference 4L

MIrumentation and Controt
Type control room work station control boards control boards
Electrical
Diesels- # 2 2 2

- safety-related no yes yes

- capacity 4,000 kw 4,600 kw 6,000 kw
1E batteries- total capacity 28,000 AMP-HR 5,700 AMP-HR 4,800 AMP-HR
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Figure 1 —The Westinghouse AP600 Standard Nuclear Plant received Design Certification
from the U.S. NRC in 1999
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Figure 2 —The AP600 Passive Core Cooling System
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Figure 3 — AP600 Passive Containment Cooling
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APPENDIX F: DESIGN DESCRIPTION, INTERNATIONAL REACTOR I NNOVATIVE AND
SECURE (IRIS)

IRIS (Internationad Reactor Innovative and Secure) is a modular, integra, light water cooled,
medium power (335 MWe) reactor which addresses the requirements defined by the US DOE for
Generation 1V reactors, i.e, proliferation resstance, enhanced safety, improved economics and
fud cyde sudanability. IRIS is being deveoped by an internationd team led by Westinghouse
and including a present 18 organizations from 9 countries.  Reactor vendors, component
desgners and manufecturers, architect-enginears, utilities, laboratories and academia are
paticipaiing. IRIS relies on the proven technology of light water reactors but it features
innovative engineering for improved performance.

The mgor unique feetures of the IRIS design are:
= five-year long Sraight burn fuel cycle without shuffling, or partid refuding
* integrd primary coolant circuit,
=  modular helica tube steam generators,
» internd radiation shields.
= immersed spool pumps,
» ety by design approach, where severd accident initiators are diminated by design
*  maintenance shutdown interva no shorter than 4 years

The following represents a description of the mgjor IRIS plant components and characterigtics,
while design and operation parameters are summarized in Table 1.

System Configuration

An integrd vessd (23.52 m height and 6.45 m outside diameter) houses reactor core and support
dructures, core barre, upper internals, control rod guides and drivelines, radiation shidds, steam
generators, pressurizer, and spool reactor coolant pumps (Figure 1). Such an arrangement
eiminates separate steam generators and pressurizer, connecting pipes, and supports.  Hot
coolant rigng from the reactor core to the top of the vessd is being pumped by eight immersed
ool pumps into eght hdical-tube, once-through steam generators.  Currently, conventiond
out-of-vessd Control Rod Drive Mechanisms (CRDMs) are included in the reference design.
However, inteend CRDMs are envisoned for reducing the number of vessd pendrations,
reducing the vessdl height and diminating some control rod g ection accidents.

Core and Fuel

In order to stay within the current licensing space, the first IRIS cores will employ standard <5
percent UO, fud and standard PWR fud assembly design. Reload cores might employ higher
(about 9 percent) enriched fud to achieve longer (8-10 yrs) fue cycle and higher burnup.
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The reference first core design uses UO; fud, enriched to 4.95 w/o in U235, with axid blankets
and with lower enrichment at the core periphery. Fuel pellet diameter is 0.366", amilar to the
Westinghouse 15x15 fud assembly design. It incorporates 204 fuel rods, 20 guide thimbles for
control rods, and 1 central insrumentation tube. Fuel rod diameter is 0423°. Use of soluble
boron is reduced, or possbly diminated. This makes the moderator temperature coefficient
more negative, thus contributing to inherent safety. It dso dlows usng a somewhat more open
latice than in current PWRs, with a lattice pitch-to-rod diameter ratio of 1.4. The average
discharge burnup is about 40,000 MWd/tU, achieved in a draight burn mode. The active fud
length is 14 fest. The fisson products gas plenum length is increased (roughly doubled)
compared to current PWRs, thus diminating potentid concerns with internal  overpressure.
Because of the integrd configuraion, an increase in fud assembly length does not impact the
vesHd heght.

The coreincludes 89 fud assemblies. To control relatively large beginning-of-life excess
reactivity, which is needed to achieve extended core lifetime in straight burn, advanced burnable
absorbers are employed, combined with an increased number of control rod assemblies. Control
rods are arranged in banks of black and gray control rods, to address safety as well as operationd
reactivity control requirements. Current design focuses on use of thin B10 fud pellet coating
(Westinghouse type IFBA - Integrd Fud Burnable Absorber) combined with integrd erbium or
gadolinium, to tailor the reectivity depletion profile as required for a straight burn operation.

Reactor Safety

IRIS reactor safety relies on “safety by desgn” gpproach, which atempts to firgd eiminae the
posshility of accident sequences from occurring, and second, to reduce the severity of
consequences and/or the probability of occurrence. The table bdow summarizes how this is
accomplished by engineering the IRIS design features.

Desgn Characterigtic Safety Implication Related Accident Dispogition
Integral reactor No externdl loop Large LOCAs Elimingted
configuration piping

Can accommodate Reectivity insartion
Tal vesd with interna control rod due to control rod Can be diminated
devated steam drives gection
generators High degree of natural Either diminated (full
circulaion natural circulation) or

LOFAs (e.g., pump mitigated
Low pressure drop N-1pumpskeep core | seizure or shaft bresk) | conseguences (high

flow path and flow above DNB limit, partid natura
multiple RCPs No core damage occurs circulation)

- Primary system cannot Automatic isoltion,
Highpressresteam | o reaqure SGTR accident terminates
generator system -

secondary system quickly
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No SG sdfety valves
required Steam and feed line Reduced probability
Oncethrough SG Low water invento breaks Reduced consequences
design Y
Long life core No partid refuding Refueling accidents Reduced probability
Sowstrangent
Large water evolution
inventory indde
vese Helps to keep core _
covered Small-medium Core remains covered
_ _ with no safety
Reduced size, higher . LOCAs injection
pressure containment | Reduced driving force
: through primary
Insdethevessd heat | gpening
removal

Initid evauations indicate that out of the eight Class IV accidents consdered for the AP-600
reactor design, seven are ether diminated or down-graded to Class Il and the only remaining
(refuding) accident has a much reduced probability of occurring.

The mog innovaive feature in terms of enhanced safety of the IRIS design is in the handling of
gndl-to-medium LOCAs, higoricdly the most troublesome accidents. The approach is to
reduce the pressure differentid between vessd and containment, thus reducing the driving force
across the rupture and ultimately the coolant loss, through: &) a high pressure containment, which
increases the pressure after the breek, and b) an efficient heat remova indde the vessd through
steam generators which reduces the pressure before the bresk. Also, the large water inventory
indde the vessd acts as an accumulator. The ultimate result is that for the worst (in &rms of Sze
and location) hypotheticd LOCA the core remains for severa days safely under water without
any core water makeup or safety injection.

Steam Generator

The 335 MWe IRIS unit festures eight hdlica-coil tube bundle seam generator modules. This
design is capable of accommodating thermd expandgon without excessve mechanicd dress, and
has high resstance to flow-induced vibrations. The tube rupture event likeihood is sgnificantly
reduced due to the fact that the steam generator tubes are in compresson (high pressure primary
flud outgde the tubes); in addition, the feed and deam piping, isolation vaves and
indrumentation are desgned for full primay sysem pressure.  Steam generator modules are
located in the annular space between the core barrd and the reactor vessdl. Each module
conggts of a centrd inner column which supports the tubes and the lower feed water header and
the upper steam header. The tube coils are 1.64 m in diameter and there are 820 hdlica tubes
(outsde diameter 19.05 mm and wall thickness 226 mm) aranged in 20 annular rows. The
tubes are connected to the vertical sdes of the lower feedwater header and the upper steam
header. The module headers are bolted to the vessd from the insde of the feed inlet and steam
outlet pipe.

Appendix F F-3 IRIS




Near Term Deployment Roadmap 10/31/01

Coolant Pump

IRIS design features a “spool type’ pump with the motor and pump consisting of two concentric
cylinders, where the outer ring is the dationary stator and the inner ring is the rotor that carries
high specific speed pump impellers.  As opposed to conventional canned motor pumps, the spool
type pump would be located entirdly within the reactor vessd eiminaing the need for large
vessel openings and closure flanges, only smdl penetrations for the eectricad power cables and
for water cooling supply and return piping are required. It aso provides high inertia/coastdown
and high run-out capability, which will contribute to mitigate the consequences of LOFAs. Use
of spool pumps is not possible in loop type PWRS because d the pump low developed head, a
feature which is no longer limiting in the integra configuretion IRIS.

Maintenance

A three-prong approach is used to overcome regulatory-based and investment protection barriers
to achieve the current IRIS operating cycle length god of at least four years without a

mai ntenance shutdown, to match the long core lifer @) if practical, defer ingpection and
maintenance until the end of the fud cycle; b) when possible, perform on-line ingpection and
maintenance; and c) if the two preceding options are not available, redesign the corresponding
systems and components to dlow for longer operation intervas or online ingpection and
maintenance. For example, the IRIS team has developed anove reactor vessel overpressure
protection system using paired safety vaves which permits on-line testing of one safety vave
while the other valve of the pair provides the required overpressure protection. Furthermore,
many of the known four-year operating cycle barriersin atypical pressurized water reactor plant,
are eliminated due to the inherent IRIS design features. For example, al 18-month reactor
coolant pump lubricating oil maintenance actions performed a existing PWRSs have been
diminated in IRIS by use of internal spool pumps, which are lubricated by the reactor coolant

Internal Rediation Shields

The vessdl surface activation is ggnificantly reduced due to internd rediation shields located in a
1.5 m wide annular space between the core barrel and the vessel. Carbon sted annuli of 200 mm
thickness, with a thin danless sed dadding and incduding or not B4C, were considered.
Composte shields (made of 30 percent vol. carbon sted + 70 percent vol. water, or 20 percent
vol. carbon sted with 10 percent boron carbide + 80 percent vol. water) are expected to result in
dose of 10 Sv/h at the vessdl outer surface, and vessdl activation of 10 Bo/g severd weeks after
shutdown. This has pogtive implications on workers exposure as well as on find disposd (the
vessdl can act as a sarcophagus, with no need for removing the reactor internas).

Generation Costs

For agtein North America, having three IRIS modules each rated a 335 MWe, Nth-of-a-kind
plant cost projectionsincluding dl lifetime costs and revenuesindicate that IRISisfully
competitive with al power options. A staggered congtruction schedule (projected a 36 months
for afirg-of-a-kind and 24 months for a nth-of-a-kind) of the modules adlows to produce postive
cas= flow from dectricity generation in the first module while proceeding with congtruction of

the third module.
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Table 1. IRIS Design Parameters Summary

BASIC COMPONENTS
Reactor Vessd, OD, m (in) 6.45 (254)
Core
Number of Assemblies 89
Rod Array, rods 15x15 square
Rod OD, mm (in) 10.74 (0.423)
Reectivity control with control rods,
movable absorber rods, Integral Fuel
Burnable Absorber coated fuel pdlets
Number of Control Rods per Assembly 20
No. of ingrumentation tubes per assembly 1
Fud rodsin afud assembly skeleton with 204
grid support
Number of Grids 12
Totd Fud Assembly Length m (in) 5.18 (204)
Fud Assembly Loading, Kg U 542
UO, fud 4.95 percent (first core),
approximately 9 percent (reload cores)
enriched
Active Fue Length, m (in.) 4.27 (168)
Fud Pdlet Diameter, mm (in) 9.3 (0.366)
Fuel rod average power 3.93 kwi/ft

Target burnup | First core:

40 to 50 GWd/MT-HM

Reload core:

<90 GWd/MT-HM

DESIGN PARAMETERS

Reactor Thermal Power, MWt (10° BTU/hr) 1000 (3412)

Reactor Electric Power, MWe 335

Reactor Coolant Flow, kg/s (10° I/hr) 4481 (35.53)

Reactor Coolant Pressure MPa (psia) 15.5 (2250)

Reactor Coolant Temperature, °C (°F)
Core Outlet 330 (626)
Vessd Outlet 327.9 (622.2)
Core Average 311 (591.8)
VessH Average 309.9 (589.9)
Vessal/Core Inlet 292 (557.6)
Steam Generator Outlet 292 (557.6)

Steam Generator

Model Modular Hdlicd Cail
Number of Modules 8
Reactor Coolant Pressure, MPa (psia) 15.5 (2250)
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Steam Temperature °C (°F)

310.8 (525.4) (superheated)

Steam Pressure, MPa (ps)

7.0 (1015)

Secondary Design Pressure, MPa (ps)

17.24 (2500)

Steam Flow, kg/s (10° Ib/hr) total

535.97 (4.25)

Feed Temperature, °C (°F)

226.7 (440.1)

Tube Plugging, percent

10 percent (max)

Reactor Coolant Pump

Submersed Spool Pump

4877mm
CORE

2376mm
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Figurel. Vessal Layout for the 335 MWeIRIS Plant
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APPENDIX G: DESIGN DESCRIPTION, PEBBLE BED MODULAR REACTOR (PBMR)

GENERAL DESCRIPTION

Technical Design Philosophy

The fundamenta concept of the design of the PBMR isamed at achieving a plant that has no
physical process that could cause a radiation hazard beyond the Site boundary. Thisis principaly
achieved in the PBMR by demonstrating that the integrated heat |0ss from the reactor vessd
exceeds the decay heat production in the post accident condition, and that the peak temperature
reached in the core during the trangent is below the demongtrated fuel degradation point and far
below the temperature at which the physica sructure is affected. Thisis intended to preclude

any prospect of a core melt accident. Heat remova from the vessdl is achieved by passive means.

The PBMR module is the smallest standa one component of the PBMR power generation

system. The module is a power station that can produce approximately 110 MW (or more) of
electrical power. This module can be used to generate power in a standalone mode or as part of a
power plant that conssts of up to 10 units.

The Pebble Bed Modular Reactor (PBMR) is a graphite moderated helium cooled reactor which
uses the Brayton direct gas cycle to convert the heat, which is generated in the core by nuclear
fisson. The hedt istrandferred to the coolant gas (helium), and converted into eectrica energy

by means of a gas turbo-generator. The PBMR core is based on the German high temperature gas
cooled technology and uses spherica fuel dements.

Any concern of firein the graphite core is avoided by showing that there is no method of
introducing sufficient oxygen into a high temperature (>1000 C) core to achieve sustained
oxidation. Thisis achieved primarily by the structurd design of the reactor structure and
building.

The use of hdium as a coolant, which is both chemicaly and radiologicaly inert, combined with
the high temperature integrity of the fud and structurd graphite, dlows the use of high primary
coolant temperatures (800 to 900 C), which yidd high thermal efficiencies. With these high
temperatures, the use of a closed cycle gasturbineisjudified. This increases the efficiency over
asteam plant (from ~35 percent to ~45 percent), thus reducing the unit capital cost. It dso
removes externa sources of contamination of the nuclear circuit, asthere is no system with a
higher pressure than helium. Without the possibility of leskage into the helium circuit the need
for on-line clean up systemsto remove water vapor islargely reduced.

Normal Operation (Figure 1)

At nomind rated full power conditions helium enters the reactor at atemperature of about 500°C
(932°F) and 70 bar (1015 PSIA) and moves downward between the hot fuel spheres. It picks up
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the heet from the fuel spheres, which have been heated by the nuclear reaction. The hdium then
leaves the reactor at a temperature of about 900°C (1652°F).

The hdlium then moves through the High Pressure Turbine and drives the High Pressure
Compressor. Next the helium moves through the Low Pressure Turbine, which drives the Low
Pressure Compressor.

The helium then moves through the Power Turbine, which drives the generator.

At this paint, the hdium is il a a high temperature (~520° C) . It passes through the
recuperator in this state. Hest is transferred between the high temperature helium from the Power
Turbine and the low temperature helium returning to the reactor.

The helium is now cooled by mears of a pre—cooler. This increases the dengty of the helium and
improves the efficiency of the compressor.

The helium is then compressed by the Low Pressure Compressor.

The hlium is cooled in the inter—cooler. This process increases the density and improvesthe
efficiency of the compressor.

The High Pressure Compressor then compresses the helium.

The cold, high-pressure helium passes through the recuperator where it is pre-heated. The
helium then returns to the reactor.

Power output control is achieved by adding (or removing) helium to the circuit. Thisincresses
(or decreases) the pressures and mass flow rate without changing the gas temperatures or the
pressure ratios of the system. The increased pressure and subsequent increased mass flow rate
increases the heet transfer rate, thus increasing the power. Power reduction is achieved by
removing gas from the circuit.

The power control system is supplied by a series of helium storage tanks ranging from low to
high pressure to maintain the required gas pressure in the circuit. Adjustable stator blades on the
turbo machinery and bypass flow are used to achieve short-term control.

During reactor shutdown, residua hest is removed by active and/or passive cooling of the
sysem.

KEY FEATURES
Helium isradiologicdly inert. The radiation in the core does not activate the ges.

Helium isaso chemicdly inert and can not react with any of the materids thet are used in the
congtruction of the PBMR.
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The use of Helium in adirect cycle gas turbine based power converson unit diminates the
requirement for a heat exchanger between a primary and secondary cycle. Thisimproves the
efficiency of the plant.

The PBMR fud is based on a high quaity German design of molded graphite spheres containing
coated fuel particles. See Figure 2. The fud particles (kernels) consist of uranium dioxide. Each
kernel is coated with alayer of porous carbon, two high-density layers of pyrolytic carbon (a
very dense form of heat-treated carbon) with alayer of silicon carbide in between. The porous
carbon accommodates any mechanica deformation that the kernel may undergo during the
lifetime of the fud aswell as accommodating gaseous fisson products released from the kernd
without over-pressuring the coated particle. The deformetion of the kernd is due to the density
changing, which is caused by fisson products. The pyrolytic carbon and silicon carbide layers
provide an impenetrable barrier; containing the fuel and the radioactive products that result from
the nuclear reactions. These coated particles are embedded in a carbon matrix as a 50 mm sphere,
cdled the fud zone. Adding a5 mm thick fud free graphite zone makes up the fud sphere with

an outer diameter of 60 mm. The fuel zone contains approximately 15 000 coated particleswhich
contain 9g uranium. A tota of 330,000 fuel spheres and 110,000 pure graphite spheres are
required for asingle core loading.

SAFETY DESIGN PROVISIONS

Physical Barriers against the Release of Radionuclides

The coated particle is the primary physica barrier againgt radionuclide release.

Conservatism in Radionuclide Retention

Although the coated particle is the most important physica barrier againgt the release of
radionuclides, other physica retention mechanisms do exist. These mechaniamsintroduce ahigh
level of conservatism into the defense in depth gpproach from an engineering point of view and
are mentioned from this perspective. The retention mechanisms are:

= Graphite
* Pressure Boundary
» Reactor Building

Many fud particles are embedded in the graphite matrix of the spherica fud dements. This
graphite has a high capacity for retaining some fisson products (i.e. Sr, Rb, Cs, Ba, and rare
earths), but is virtualy trangparent to others (i.e. noble gases).

The primary gas envelope can aso be consdered a barrier againgt radionuclide release.
However, for the short-lived fisson gases, the dominant remova mechaniam is radioactive
decay. For the condensable fisson products, the dominant remova mechanism is deposition or
plate-out on the various helium wetted surfaces in the primary circuit.
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The reactor building is areinforced concrete, vented containment building. No leaktight
requirement is necessary for this building. In the event of a bresk in the primary boundary, it is
only the very dight gas-borne activity in the primary coolant and a portion of the activity
deposited on the surfaces of the primary system that may be released into the reactor building.

Even if the vent opens, naturd remova mechaniams (including radioactive decay, condensation,
fallout, and plate-out) reduce the concentration of the radionuclides in the containment
atmosphere, reducing off Ste releases.

Accident Prevention and Mitigation

Simplicity of the reliance on passive safety features and inherent characteristics dlow asmple
overdl PBMR plant design. The PBMR modules are operated as independent units and
interaction between them is minimized. The layout of the PBMR diminates unnecessary
components and systems, which smplifies norma and emergency operating procedures,
ingpection, testing, and maintenance. Reliance on control room and operating taff is minimized,
since no operator actions are required to prevent fuel damage. Similarly, errors by the operating
gaff cannot upset the safety characteristics of the PBMR.

The continuous fudlling of the reactor implies that no excess reectivity iS necessary in order to
compensate for burn-up effects. Nevertheless, a certain margin is required for reactor control and
to compensate for changes in the xenon concentration following changes in reactor power. A fast
acting control rod system will serve to keep the reactor within normal operating limits.

Reactor cooling is accomplished by the power conversion unit or by the reactor cavity cooling
system. The power conversion unit is an active system that operates during power generation and
provides the primary shutdown cooling when available.

In the event active heat remova systems are unavailable, the core design ensures apassive
resdud heat remova capacity. The core geometry, limited core diameter, low therma power
rating, low power dengties, high negative temperature coefficient, and the passive cavity cooling
system limit the maximum core and fud temperatures.

Under these conditions, hest is transferred through the reactor vessd wall by thermd radiation
and natural convection to the cooling surfaces of the reactor cavity cooling system. The reactor

vessd wadlls are uninsulated to facilitate this process.
GJB, 8/9/01
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Schematic Description MPa PSIG C F
1 Precooler outlet 2.6 377 33 91.4
LP Compressor Inlet
2 LP Compressor Outlet 4.7 682 130 266
Intercooler Inlet
3 Intercooler Outlet 4.7 682 33 91.4
HP Compressor Inlet
4 HP Compressor Outlet 7.0 1015 100 212
Recuperator Inlet
5 Recuperator Outlet 7.0 1015 500 932
Reactor Inlet
6 Reactor Outlet 7.0 1015 900 1652
HP Turbine Inlet
7 HP Turbine Outlet 5.7 827 800 1472
LP Turbine Inlet
8 LP Turbine Outlet 4.3 624 690 1274

Power Turbine Inlet

9 Power Turbine Outlet 2.6 377 520 968
Recuperator Inlet

10 Recuperator Outlet 2.6 377 150 302
Precooler Inlet

FIGURE 1 - SCHEMATIC/ TEMPERATURE & PRESSURE (METRIC & ENGLISH)
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KEY DESIGN PARAMETERS

Electrical Power Rating 110 MWe (or more)

Reactor Coolant

Pressure & Temperature See schematic (Brayton Cycle)
Fuel
Active Length NA (spherical design)
Core 3.5m Diameter, 8.5 m High
Average Enrichment 8 percent U-235
Burn-up 80,000 MWdA/T
Reactor Vessel 6m Diameter, 20 m High
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APPENDIX H: DESIGN DESCRIPTION, GAS TURBINE MODULAR HELIUM REACTOR

(GT-MHR)

General Description

The Gas Turbine— Modular Hdium Reector (GT-MHR) is an advanced nuclear power system
designed to provide very high safety, high therma efficiency, environmenta advantages, and
competitive dectricity generation cogts. The GT-MHR module, Figure 1, couples a gas-cooled
modular hdium reactor (MHR), contained in one vessd, with a high efficiency Brayton cycle gas
turbine (GT) energy converson system contained in an adjacent vessal. The reactor and power
conversion vessdls are interconnected with a short cross-vessel and are located in abelow grade
concrete silo.
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Figurel. GT-MHR Module
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Key design characterigtics of the Modular Helium Reactor (MHR) are the use of helium coolant,
graphite moderator, and refractory coated particle fue. Helium coolant is heated in the reactor core
by flowing through coolant channdsin graphite fud eements. The heated coolant flows through

the cross-vessd to the power conversion system. The power conversion system conssts of agas
turbine, eectric generator, and gas compressors on a common vertically orientated shaft supported
by magnetic bearings and recuperator, precooler and intercooler heat exchangers.

Figure 2 isa schematic of the coolant flow through the power conversion system. Hested helium
from the reactor is expanded through the gas turbine to drive the generator and gas compressors.
From the turbine exhaugt, the helium flows through the hot Side of the recuperator transferring
resdud heat energy to helium on the recuperator cold side returning to the reactor. From the
recuperator, the helium flows through the precooler and then passes through low and high-pressure
compressors with intercooling. From the high-pressure compressor outlet, the hdium flows through
the cold, high-pressure side of the recuperator whereit is heated for return to the reactor. Nominal
full power operating parameters are givenin Tablel.
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Figure2. GT-MHR Coolant Flow Schematic
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Tablel. GT-MHR Nominal Full Power Operating Parameters

Reactor Power, MWt 600

Core Inlet/Outlet Temperatures, °C 491/850
Core Inlet/Outlet Pressures, MPa 7.07/7.02
Helium Mass Flow Rate, Kg/s 320
Turbine Inlet/Outlet Temperatures, °C 848/511
Turbine Inlet/Outlet Pressures, MPa 7.01/2.64
Recuperator Hot Side Inlet/Outlet Temps, °C 511/125
Recuperator Cold Side Inlet/Outlet Temps, °C 105/491
Net Electrica Output, MWe 286

Net Plant Efficiency, percent 48

The gas turbine power conversion system has been made possible by key technology developments
during the past severd yearsin: large aircraft and indudtrid gas turbines; large active magnetic
bearings, compact, highly effective gas-to-gas heat exchangers, and high strength, high temperature
ded dloy vesss.

The MHR refractory coated particle fud, identified as TRISO coated particle fuel, conssts of a
spherica kernd of fissle or fertile materia, as appropriate for the gpplication, encapsulated in
multiple coating layers. The multiple coating layers form aminiature, highly corroson resistant
pressure vessdl and an essentialy impermeable barrier to the release of gaseous and metdlic fisson
products. The coatings do not start to thermally degrade until temperatures approaching 2000°C are
reached. Norma operating temperatures do not exceed about 1250°C and worst case accident
temperatures are maintained below 1600°C. Extensive testsin the United States, Europe, and Japan
have proven the excdlent performance characterigtics of thisfudl.

The overal diameter of sandard TRISO-coated particles varies from about 650 microns to about
850 microns. For the GT-MHR, TRISO coated particles are mixed with a matrix and formed
into cylindrical fuel compacts, gpproximately 13 mm in diameter and 51 mm long. The fud
compacts are loaded into fud channdsin hexagona graphite fud eements, 793 mm long by 360
mm across flats. One hundred and two columns of the hexagond fud dements stacked 10 high
are arranged in an annular core configuration as shown in Figure 3. Replacesble reflector graph
ite blocks are provided inside and outside of the active core.

GT-MHR Safety Characteristics

The GT-MHR safety is achieved through a combination of inherent safety characteristics and
design sgections that take maximum advantage of the inherent characteristics. These
characteristics and design selectionsinclude:

1. Hdium coolant, which is sngle phase, inert, and has no reactivity effects;

2. Graphite core, which provides high heet capacity and dow therma response, and structura
dability & very high temperatures;

Appendix H H-3 GT-MHR



Near Term Deployment Roadmap 10/31/01

3. Refractory coated particle fud, which retains fisson products at temperatures much higher
than normal operation and postulated accident conditions;

4. Negative temperature coefficient of reactivity, which inherently shuts down the core above
normal operating temperatures, and

5. Anannular, low power density corein an uninsulated stedl reactor vessel surrounded by a
natura circulation reactor cavity cooling system (RCCS).
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Figure 3. GT-MHR Reactor Cross Section

The GT-MHR has two active, diverse heat remova systems, the power conversion systiem and a
shutdown cooling system that can be used for the remova of decay hest. In the event that neither of
these active systems are available, an independent passive means is provided for the removal of core
decay heat. This system surrounds the reactor vessd and isidentified as the reactor cavity cooling
system (RCCYS). For passve remova of decay heset, the core power density and the annular core
configuration have been designed such that the decay hest can be removed by heat conduction,
therma radiation and natural convection without exceeding the fuel particle temperature limit.

Core decay hest is conducted to the pressure vessal and transferred by radiation from the vessel

to the naturd circulation RCCS. Even if the RCCSis assumed to fail, passive heat conduction

from the core, therma radiation from the vessdl, and conduction into the slowalsand

surrounding earth is sufficient to maintain pesk core temperatures to below the design limit.
Radionuclides are retained with the refractory coated fuel particles without the need for AC
powered systems or operator action. These safety characteristics and design featuresresult in a
reactor that can withstand loss of coolant circulation or even loss of coolant inventory and

maintain fuel temperatures below damage limits.
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The large heat capacity of graphite core structure is an important inherent characterigtic that
sgnificantly contributes to maintaining fuel temperatures below damage limits during loss of
cooling, or coolant, events. The core graphite heat capacity is sufficiently large to cause any
heatup, or cooldown, to take place dowly. A subsgtantid time (on the order of days) isavailable
to take corrective actions to mitigate abnormal events and to restore the reactor to normal
operations.

GT-MHR EcoNnoMICc CHARACTERISTICS

The GT-MHR is projected to be economically competitive with aternative eectricity generation
technologies. The economic competitiveness of the GT-MHR is a consequence of:

The high operating temperature of the modular helium reactor,

The use of the Brayton cycle power conversion system,

Enhanced safety characterigtics,

A fud system highly compatible with automated production processes,

The use of amodest module power size and modular design features dlowing for afactory
fabrication with sgnificant learning cost reductions,

Smadll plant foot print, even for amodular plant,

High fud burnup (>100,000 MWd/MT), and

8. Low operation and maintenance requirements.

agkhwpdpE

No

The high operating temperature of the GT-MHR coupled with the use of the direct Brayton cycle
power converson system results in anet therma conversion efficiency of approximeately 48 percent.
The Brayton cycle gas turbine power conversdon system diminates extensive equipment required by
the century-old Rankine steam cycle technology. The enhanced safety characteristics result in
reduced needs for safety systems and their associated capital and O& M cogts. The net effect of
reduced power conversion equipment and fewer safety related systemsis reduced overnight
construction costs, congtruction times, and O&M costs and increased reliability, availability and

capacity factors.

Economic evauations of the GT-MHR in comparison to Smilarly sized dternative generation
technologies indicate the GT-MHR to have economic advantages, in terms of cost of eectricity
generation, to both advanced light water reactor plants and fossil-fired steam power plants and to be
competitive with gas turbine, combined cycle merchant plants.

Waste Management

The GT-MHR produces less heavy metd radioactive waste than other reactor options because of
the plant’ s high thermd efficiency and high fud burnup. Additiondly, the refractory fuel

coatings are superior barriers for containment of radionuclides. The TRISO fud particle coating
system for containment of fisson products under reactor operating conditions, aso provides an
excelent barrier for containment of the radionuclides for sorage and geologic disposa of spent
fud. Experimenta studies have shown the corrosion rates of the TRISO coatings are very low
under both dry and wet conditions. The measured corrosion rates indicate the TRISO coating
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system should maintain itsintegrity for amillion years or more in a geologic repository
environmen.

Appendix H H-6 GT-MHR



Near Term Deployment Roadmap 10/31/01

APPENDIX |: COST SHARING RATIONALE

DOE has established six criteriafor designs to be considered as Near- Term Deployment (NTD)
options. Criterion 4 states “ Cost- sharing between industry and Government — technology plans
must include a clear delineation of the cost categories to be funded by Government and the
categories to be funded by private industry. The private/Government funding split for each of
these categories must be shown dong with rationae for the proposed split.” This criterion was
consdered in preparing this paper and in developing the proposed funding requirements.

The Federd Government has along history of using public- private partnerships to leverage
limited federd funds, to inject market forces into Government R&D prioritization, and to
encourage technology trandfer of federal R& D investments into the marketplace. DOE has used
this srategy effectively in nuclear energy supply R& D, most recently in the ALWR Program.

Cogt sharing by Government and industry is a means of accelerating the development of new
nuclear plants, by channding funds to make things happen sooner than they otherwise would by
means of industry funding done. Thereisincentive for industry to move ahead, but the time to
recover investment from it would likely be longer than the crisis of eectrica generation alows.

Nuclear generation isin aspecid category for severa reasons. It isaviable candidate for supply
of new capacity provided there would be sufficient time available for the nuclear industry to
demondtrate the effectiveness of the NRC' s untested Part 52 licensing process for new plants, get
ste gpprovas, and build the required new plants. The time and cost associated with resolving
licensing issues and obtaining NRC approvals under Part 52 have been enormous, based on the
experience of the 1990s. This experience aso confirms the risks and uncertainties involved —
issues of mgjor concern to investors in today’ s deregulated dectricity marketplace. These and
other chalenges prompted DOE to initiate the NTD Roadmap, to seek opportunitiesto help
facilitate new orders through standardized generic issue resolutions, efficiency improvements,

and direct assstance to applicants to defray regulatory costs and review fees.

There is another important reason for nuclear generation to play amagjor rolein the required
expangon of capacity. That isthe potentid environmenta effect of conventiona foss| fuel
burning dternatives for new generation capacity: the production of huge quantities of air
pollutants and greenhouse gases that nuclear generaion avoids. Although the scientific case for
globa warming and its potential harmful effects has not been proven, the U.S. Government is
consdering aternatives to the U.N. Kyoto Accord that would support a balanced approach to
addressing greenhouse gas emissions — one that does not creste severe economic impacts. Itis
only appropriate that the U.S. aid in the expansion of U.S. nuclear capacity as a cost-effective
way to facilitate a global response without serious negative impacts on nationa economies.

It follows from this analyss that the cogts of new plant construction for the first plant in excess
of the cost of later plants are candidates for government cost sharing. It is reasonable to expect
the excess cost to disagppear with plants that follow and if it doesn't that should be to industry’s
account. The better the management of the process, the sooner the excess cost will disappear.
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Also, when it is clear that the crigis of generation shortage is under control, the need for
government cost sharing disappears.
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No. TASK DISCUSSION FY| FY| FY| FY| FY| FY| FY| FY | Total | Total | TOTAL
02| 03| 04| 05| 06| 07| 08( 09| Ind.| DOE
SITE-SPECIFIC REGULATORY-RELATED TASKS
S-1 | Early Site Permitting This task will demonstrate the ESP 3 7 5 15 30
(Site Specific) process at an appropriate number of
Support of the Firgt-of-a- | representative U.S. sites with sufficiently | 3 7 3) 15
Kind Demonstrations of unigue circumstances so as to examine
Part 52 (Subpart A) at the more credible situations (e.g., green 6 14 |10
representative U.S. sites. | field Sites, exigting Sites))
Federal support to be Funding estimates based on ¥of sum of
provided on cost share each of the following: one green field,
basis, with industry one exigting non-nuclear site, and two
entities providing >50 unique variations on existing Stes.
percent funding. Includes full NRC review fee
reimbursement.
S-2 | COL Application Support | Many aspects of a COL application are 5 10 |10 |5 30 60
(Site Specific): unique to the design and go beyond the
DOE fund, on a cost- design information approved in the DC 5 10 |10 |5 30
share basis, the expense | (e.g., programmatic issues and programs
of developing & tailored for each certified design). The 10 |20 |20 |10
submitting the first COL | first COL applicant for each design will
application for each NTD | bear the extra burden of gaining NRC
design (Limit: one demo approva for many first-of-a-kind
per design). Federa licensing provisions that standardized
support to be provided on | plants of that design will follow.
cost share basis, with Planning assumptions: no COL
industry entities gpplicants in 2002; two applications per
providing >50 percent year each year in 2003 and 2004; each
funding. application takes 2 years. Funding
estimate based on Y4he estimated full
cost to each applicant for developing and
submitting the COL, including full NRC
review fee reimbursement.
TOTAL SITE SPECIFIC REQUIREMENTS 3 12 15 10 5 45 --- 90
2 |15 |10 |5 - 45
24 |30 (20 |10
APPENDIX J: NEAR TERM DEPLOYMENT ROADMAP RESOURCE NEEDS J1

This section specifies compl ete resour ce needsto close all site-specific, generic, and design-specific gaps, but iscontingent onindustry agreement
to provide the necessary cost-share funds to match potential government funding. Asdiscussed in Chapter 11-6, thisisnot a federal funding
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No. TASK DISCUSSION FY| FY| FY| FY| FY| FY| FY| FY | Total | Total | TOTAL
02| 03| 04| 05| 06| 07| 08| 09| Ind. | DOE

GENERIC, INDUSTRY -WIDE COST SHARE PROGRAM WITH DOE

[The following section is intended to address, on a cost-shared basis, the various expenses associated with generic activities of benefit to all NTD designs and all
owner-operators investing in these designs. The types of tasks to be undertaken in this generic category include both generic regulatory activities and generic
technical activities. The proposition behind this cost-shared category of work is that industry will cost-share this work with DOE on an industry-wide basis,
(e.g., viaEPRI) as asingle, integrated program (smilar to NEPO for current plants); and that industry will assume responsibility for prioritizing tasks based on
their urgency and generic benefit to near term deployment (e.g., viaNEI).

The task descriptions listed below have been validated by industry as high priority needs. Many are prerequisites (or essentia paralld initiatives) to other site-
specific or design specific activities. The specific funding needs for each task listed below are less precise, because of the dynamic nature of each issue. Itis
possible that by the time Federal funding becomes available to this proposed program, afew tasks, as currently defined, may be near completion, based on
unilateral industry efforts. However, experience shows that follow-on work in these areas will be needed, and new high priority generic tasks will be identified
that need joint industry-DOE funding. Hence the U.S. needs an integrated, multi-year NTD generic issue resolution program with sufficient flexibility to target
the most important activities each year in support of building new plants. It is currently envisioned that this program would start in 2003 at $6M ($3M DOE,
$3M industry), and would continue each year for 3-4 years. Its continuation would depend on the opportunities for and value of generic activitiesin relation to
Ste-specific projects.]

GENERIC REGULATORY TASKS

G-1 | Early Site Permitting (Generic) Most of this generic work isa 05 |1 0.5 2 2
Resolution of open generic issues | prerequisite to site-specific
with Early Site Permitting, e.g.: projects (S-1 & S-2), or will 0
Update the Guideline for proceed in parald with Ste-
Preparation of an ESP specific applications and 05 |1 0.5
Application Submittal complete as S-1 and S-2 proceed.

Review of Part 52, Subpart A | Much will be done by industry.
for necessary modiifications Some of it is aready underway at
Develop guidance on Part 51 | NEI, under an ESP Task Force,

and EI'S compliance supported by EPRI.
Review & update Site At the present ti me, no DOE
Selection Criteria Document | funding assistance is needed.
G-2 | Combined License (Generic) NEI has the lead for industry 1 1 1 3 3
Resolution of open genericissues | work on the generic aspects of 0
with COL process, e.g., COL thisissue. Resolving these issues
form and content; procedures and | genericaly is essential to 1 1 1
guiddines to document how executing ITAAC on adesign-

ITAAC review and verification specific basis. A need for DOE
will be conducted. Establish an assistance is not anticipated at
efficient process for construction | thistime.

inspection and ITAAC sign-off.
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No. TASK DISCUSSION FY| FY| FY| FY| FY| FY| FY| FY | Total | Total | TOTAL
02| 03| 04| 05| O6| 0O7| 08| 09| Ind. | DOE
G-3 | Generic Risk-Informed NEI hasthe lead for industry in 05 |1 0.5 4 8
Regulatory Framework developing this new framewark. 5 7
Develop anew generic regulatory
framework, using a risk- The DC-related effort islikeyto [ 0.5 |1 3 0.5
informed, performance-based be a new optional regulation
gpproach that builds on the (e.g., Part 53) to address the
policies and cornerstones of the safety design and operating
new NRC Oversight Processand | criteriafor al design concepts
utilizes the work underway on a (eg., LWR, HTGR, LMR), to
risk-informed, performance based | permit consistent specifications
regulatory framework for the for each design, to be developed
present nuclear plants. It will in separate Regulatory Guides.
establish means to risk-inform Part 53 would seek to develop
new plant processes, and will risk-informed, performance-
provide both design requirements | based requirements for each
and operational/programmatic design concept.
requirements for future plants.
Operationa requirements to be Thiswill take about 3 years.
addressed include: security, QA, Prior to completion, industry
Radiation Protection, Emergency | would proceed to license new
Panning. plants based on existing
regulaions, with later DC / COL
Thisis a*"fresh sheet of paper” applications using this new rule.
initiative. However, as progressis
made, applicants may evaluate Progress on NRC’s Option 2 and
the potential for selective Option 3 in SECY-98-300 for
implementation of risk-informed risk-informing the regulations
regulations, in order to apply could be applied here (Option 2
them to individud applications. for application of new specid
treatment requirements to new
plants, Option 3 for gpplication
of LBLOCA and leak-before-
break technology to new plants).
APPENDIX J: NEAR TERM DEPLOYMENT ROADMAP RESOURCE NEEDS J3

This section specifies compl ete resour ce needsto close all site-specific, generic, and design-specific gaps, but iscontingent onindustry agreement
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No. TASK DISCUSSION FY| FY| FY| FY| FY| FY| FY| FY | Total | Total | TOTAL
02| 03| 04| 05| 06| 07| 08( 09| Ind.| DOE
GENERIC TECHNICAL TASKS

G-4 | Advanced information This task will construct an 1 1 6 12
management and virtua integrated, open architecture 5
congtruction technologies: information management system
Thistask will develop, with to govern configuration control 2 2
industry on a cost-share basis, an | for the life of the plant. It will
integrated, opentarchitecture include 4-D virtual congtruction
information management system simulation (3-D plustime) of a
that includes plant design and plant’s congtruction and module
operating characterigtics, as-built | ingtallation. It would be used to
conditions, and licensing bases. plan the construction process, to
Thisisageneric, cost-shared task, | monitor actua construction, to
based on work aready underway. | optimize construction
The basic technology isavailable | management processes,
but it needs to be applied in a including ITAAC verification,
more integrated form and NRC “sign-as-you-go
specifically to nuclear plants. (SAYGO)” ITAAC sign-offs.

G-5 | Expand short term R&D on NPP | Thiseffort must befocusedand | 2 4 4 4 2 16 30
enhancements. limited to only those technology 4 4 4 2 14
Many technologies currently applications that are ready now 2 8 8 8 4
under development for current or will be ready for application
plants can benefit new plants. within the next several years. It
Thisinitiative will examine short- | will be limited to technology
term technologies for rapid gpplications that can provide a
infusion into advanced plant direct and cost-beneficia benefit
goplications, including: digita to NTD designs. It will only
1& C, advanced sensors, fiber examine and apply technologies
optics, salf-diagnogtics, and that can be implemented within
human performance products. existing DCs, and will focus
Thisis ageneric, cost-shared task, | primarily on supporting COL
drawing on prior work done by issue closure and FOAKE
DOE and industry. beyond DC and COL scope.
TOTAL GENERIC FUNDING REQUIREMENTS 3 8 85 |8 35 31 55

5 8 8 3 24
3 13 [ 16516 |[6.5
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No. TASK DISCUSSION FY| FY| FY| FY| FY| FY| FY| FY | Total | Total | TOTAL
02| 03| 04| 05| O6| 0O7| 08| 09| Ind. | DOE
DESIGN-SPECIFIC TECHNICAL TASKS (Note 1)

D-1 | ABWR ABWR certified, design complete

D-2a | ESBWR FDA/DC GE intends to obtain a DC for 5 5 5 15 30
ESBWR prior to seeking COL 5 5 5 15
applicants and orders. 10 |10 |10

D-2b | ESBWR FOAKE FOAKE costs for ESBWR are 10 (40 |50 |40 |10 150 | --- 300
rough estimates. 10 |40 (50 |40 10 150

20 (80 |[100 |80 |20

D-3a | AP600/AP1000 FDA/DC AP1000 DC will be based largely | 6 3 2 0.3 113 | - 30
on AP600 DC, obtained from
NRC in 1998. Expedited DC 3 0 6 37 187
should be possible. 9 9 8 4

D-3b | AP600/AP1000 FOAKE Includes al items from Chapter 12 50 |[51.7 |50 163.7 | --- 273
[1-5 not specificaly listed as DC 9 31 | 363 3 1003

21 |81 |88 |83
D-4a | PBMR pre-gpplication & FDA | All PBMR regts. from Chapter I1- | 46 (75 |75 |4 3 266 | -- 85.6
(incl. fuel testing) 5liged in this row 5 185 [ 185 | 12 3 59
6.6 [26 |26 |16 |11

D-4b | PBMR FOAKE PBMR PTY has provided initid 5 |50 (50 |50 200 |- 200

rough estimates for FOAKE.
50 (50 |50 |50
D-5a | GT-MHR pre-gpplication & All GT-MHR reqgts. from Chapter | 04 (6.8 | 136|175 | 16.7 | 115 75 74 146
FDA (incl. fuel testing) [1-5 liged in this row 5 19 8 118 1 =5
24 [ 258|316(355|31.7|115|75

D-5b | GT-MHR FOAKE GT-MHR FOAKE needs to be
covered by joint US program with @) | 4o | o) | @ (160)
Russia for Pu-burning design @0) | (40 | 40) | (40
(DOE-MD & Russian budgets)
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No. TASK DISCUSSION EY[| FY| FY| EY]| FY| FY| FY| FEY] Total | Total | TOTAL
02| 03| 04| 05| 06| 07| 08| 09| Ind.| DOE
TOTALS, DESIGN SPECIFIC TASKS 11| 34| 138| 169] 170| 102] 17 A1 -
1065
All numbersrounded off to closest $ million 7 58 88| 115( 106 40 10 424
18| 92| 226 284 276 | 142| 27
17| 54| 162| 187] 178| 102] 17 717 —
1210
GRAND TOTAL, SITE-SPECIFIC PLUS GENERIC PLUS
DESIGN-SPECIFIC FUNDING REQUIREMENTS 10 7~ 111} 13| 14} 40| 10 - | 493
SUMMED IN ROWS FOR INDUSTRY FUNDING, DOE
FUNDING, AND TOTAL FUNDING, BY YEAR. 27| 129| 273 | 320| 292| 142| 27
All numbersrounded off to closest $ million
All funding levelsin $M.
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This section specifies compl ete resour ce needsto close all site-specific, generic, and design-specific gaps, but iscontingent onindustry agreement
to provide the necessary cost-share funds to match potential government funding. Asdiscussed in Chapter 11-6, thisisnot a federal funding

request.




Near Term Deployment Roadmap 10/31/01

APPENDIX K: BACKGROUND AND SOURCE DOCUMENTS

The following gods and objectives are quoted from other nuclear R& D planning documents for
purposes of providing abasisfor the gods of the DOE/NERAC Nuclear Technology Roadmap.
For completeness, this listing includes both near term and longer-term godss, and thus provides a
resource for both this portion of the Roadmap and other portions.

1. DOE's Office of Nuclear Enerqy, Science and Technology developed a Strategic Plan for

Nuclear Energy in August 2000. It covered dl aspects of DOE-NE’s charter. The goal and

objective related to nuclear energy supply R&D isasfollows:
“GOAL 1- RESEARCH AND DEVELOPMENT

Promote the R& D necessary to advance applications of nuclear technologies that improve
U.S. energy security, economic vitdity, and qudity of life.

NE engagesin awide array of scientific, medica and engineering research. Our research
isaimed at improving our products (isotopes and power systems), cregting the next
generation of products, and supporting the R&D community in the long-term exploration
of innovative ideas. We have developed the following objectives for meeting this god:

OBJECTIVE 1: Conduct competitively selected research amed at enabling the benefits
of nuclear power to be available to future generations.”

2. TheDOE “Long-Term Nuclear Technology R& D Plan,” (July 2000) prepared by
NERAC, contains the following goals.

Rdated to nudear energy supply R&D:

= Advanced fud cycle R&D: deveop (1) improved performance and advanced fuel design
for exiging light water reactors (Generation 11 and 111) and (2) advanced fudl designsand
related fud cycle requirements for advanced Generation |V reactor designs.

= Plant operations and control R&D: develop instrumentation, controls, information
management and decison making systems for use in nuclear power plants that employ or
adapt the latest technologica advancesin digital instrumentation and controls,
communications, and man-mechine interface technology including micro-andytica
devices and/or “smart” sensors, ontline Sgnd vdidation, and condition monitoring.

= Nuclear power R&D: develop advanced nuclear reactor technologies that will alow the
deployment of highly safe and economica new nuclear power plants that would be a
comptitive eectricity production dternaive in the U.S. and foreign markets, while being
responsive to environmental, waste management, and proliferation concerns,

Reated to supporting U.S. energy, environmenta, and economic interests in globa markets.
(DOE Strategic Plan, September 1997, Objective # 4):
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= Apply the U.S. technology used to address the above god s to foster increased
internationa trade in U.S. nuclear technologies (Source: Nuclear Energy R&D Strategic
Man, EPRI, June 1997, Corollary Goal # 14).

=  Cooperate with foreign Governments and internationa ingtitutions to develop open
energy markets, and facilitate the adoption and export of clean, safe, and efficient energy
technologies and energy services. (DOE Strategic Plan, September 1997, Objective 4,
Strategy 2). Specificadly, support implementation of U.S. Government agreements with
Asan-Pacific countries that open enhanced market opportunities for U.S. nuclear
indugtria suppliers, enabling them to exchange information and export U.S. light water
reactor technology and services.”

3. TheJoint DOE-EPRI Strategic R& D Plan to Optimize U.S. Nuclear Power Plants’

(November 2000) contains some long-term goals, as follows (note references to earlier DOE
& EPRI reportsin 1997-99 timeframe):

“Future god: Provide compstitive nuclear energy generation options to meet medium
term (5 to 10 years) requirements for adeguate and affordabl e basd oad capacity.

R& D Objectives:

1. Maintain aviable nuclear option for future, carbon-free basd oad e ectricity through
cooperative technica development activities with U.S. eectric industry that would
facilitate aU.S. order of an advanced nuclear power plant by 2010 (Source: DOE
Strategic Plan, September 1997, Objective 2, Strategy 8).

2. Provide technologies to enable an increasing nuclear share of U.S. generation by 2020.

3. Identify innovative techniques, approaches, and R& D needs to reduce the capital and
operating codts of new nuclear plants and the time required to place them in service.
(Source: A Strategic Direction for Nuclear Energy in the 21 Century, NEI, May *99)

4. Maintain effective, ongoing processes for transfer and application of technologies
devel oped for advanced reactors to meet current plant needs, and for application of
solutions developed for current plant issues to enhance future plant options (Source:
Nuclear Energy R& D Strategic Plan, EPRI, June 1997, Corollary Goal #13).

5. Evauate options for further advancesin the ALWR designsin the current ALWR
program, to meet future contingencies. Possible contingencies that could require a
commitment to more advanced ALWR developments include:

= Future market requirements for passve ALWRs with asmdler or larger than
600 MWe plant eectrica output
* |nnovationsto improve ALWR dectrica production efficiencies.

(Note that longer term advanced reactor design goals and objectives are covered in

DOE's Long Term Nuclear R& D Plan developed by NERAC, and by EPRI’s Electricity
Supply Roadmap.)
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4. TheEPRI Electricity Technology Roadmap (June 99) isa gx-volume st:

Volume 1l Summary and Synthesis
Volume 2. Electricity Supply
Volume 3: Electricity Delivery
Volume4: Economic Growth
Volume5: Environment

Volume 6. Sudainability

Volume 2, covering al energy supply options, including nuclear, was completed in Jan. 1999.
Volume 1, a grategic overview of the entire Technology Roadmap, was completed in July 1999.
Both VVolumes focus on long-term sirategies, in the 2020 and 2050 time frames. Volume 1 calls
for amgor expansion of non-emitting generation technologies, including both renewable energy
and nuclear energy. It proposes that the U.S achieve sustained annua funding levels of $600M
per year by 2010 for nuclear energy R& D aimed at future generation nuclear plants. Thisfigure
isintended to represent both industry and government investments to reach roadmap
destinations.

Detailed technology destinations and R& D objectives from the EPRI Energy Supply Roadmap
(Volume 2) have been factored into the consolidated R& D agendain this Roadmap.

The* Strategic Bridge Plan for the EPRI Nuclear Power Sector” isjust getting underway. This
document is intended to form the strategic planning “bridge’ between the Energy Supply
Roadmap, which looks out 20 — 50 years, and EPRI’s Nuclear Power Sector RD&D Plan, which
isatactical plan that looks out 2-3 years. The Strategic Bridge Plan (SBP) will focus on roughly
the 5-10-year timeframe and will form the bassfor EPRI drategic funding invesmentsin

nuclear energy. It will address both strategic R& D needs for current plants (e.g., running
exiding plants reliably and cheaply for 60 years; achieving cost-risk-focused decision-making),
aswdl as R&D needsfor future plants (e.g., building next plants faster and cheaper; developing
new nuclear plant designs). The SBP will be highly integrated with NEI and INPO grategic
planning documents, as well as government (i.e., DOE, NRC) planning, in order to leverage
public and private sector resources.

EPRI’s Enerqy Supply Roadmap (Volume 2), (January 1999) contains the following priority
R& D needs:

“CIRCA-2020 -- Addressing current obstacles that condtitute uncertainties that are
prohihitive to potentid invesmentsin new nudear plants

1. Closeresidua embedded technology gaps, complete cost-effective designs of, and
condruct the facilities needed to implement the spent fuel management and low-
level radioactive waste disposa systems.

2. Invedtigate and establish which of the many specific deterministic and prescriptive
regulations and regulatory decisions applied to nuclear power plant design,
construction, ingpection, testing, operation, and maintenance are replacesble by
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sgnificantly more codt- effective risk-based regulations and decisions, develop
technical bases for such risk-based replacements, and negotiate their acceptance for
application to future nuclear power plants.

CIRCA 2020 -- essentid to both new plants, and continuing and extended high
performance of exiging plants.

3. Continue the ongoing utility- goonsored technology development, and implement the
planned indusiry/government technology development, designed to reduce the
operationa costs and enhance the capacity factors of the existing U.S. plants and
extend their lives.

CIRCA 2020--most promising tasks to reduce costs of new plants:

4. Adapt advanced dectronic information management technologies to create a plant
information management system that seamlesdy servesthe life-cycle of future
nuclear power plants.

5. Adapt and gpply emerging advanced modular and construction technologies to future
nuclear power plants.

CIRCA 2050:

6. Determine the most cost-€effective choices for basic features of higher-fud-utilization
nuclear power plants options & their associated fud cycles, such asfertile materid,
fud form, reactor coolant, energy conversion equipment configuration, fuel cycle
technology

7. Pursue breskthroughs in high-temperature helium cooled reactor technology that will

support temperatures high enough for process-heat gpplications

8. Determine the most codt-effective & practicable features of the nuclear fusion option

and establish and maintain a credible estimate of its economic potentid, focusing on
establishing viable gpproaches to materias and engineering chalengesin
trandferring heet from fuson.”

Findly, for hisorical completeness, the following fourteen ALWR Palicies from the
ALWR Utility Requirements Document (1991) are provided:

Smplification. Smplification is fundamenta to the ALWR success. Smplification
opportunities are to be pursued with very high priority and assgned greater importance in
design decisons than has been done in recent, operating plants, smplification isto be
assessed primarily from the standpoint of the plant operator.

Design Margin. Like smplification, design margin is congdered to be of fundamentd

importance and isto be pursued with very high priority. It will be assgned greeter
importance in design decisons than has been done in recent, operating plants. Design
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margins that go beyond regulatory requirements are not to be traded off or eroded for
regulaory purposes.

Human Factor s. Human factors consderations will be incorporated into every step of
the ALWR design process. Significantly improvements will be made in the main control
room design.

Safety. The ALWR desgn will achieve excellence in safety for protection of the public,
on-gte personnd safety, and investment protection. It places primary emphasison
accident prevention as well as Sgnificant additiona emphasis on mitigation.
Containment performance during severe accidents will be evauated to assure that
adequate containment margin exists.

Design Basisvs. Safety Mar gin. The ALWR design will include both safety design and
safety margin requirements. Safety design requirements (referred to asthe Licensing
Design Basis [LDB]) are necessary to meet the NRC's regulations with consarvative,
licensing-based methods.  Safety margin requirements (referred to asthe Safety Margin
Bass[SMB]) are Plant Owner-initiated features, which address investment protection

and severe accident prevention and mitigation on abest estimate basis.

Regulatory Stabilization. ALWR licensability is to be assured by resolving open
licenaing issues, gopropriately updating regulatory requirements, establishing acceptable
Severe accident provisons, and achieving a design consstent with regulatory
requirements.

Standardization. The ALWR requirements will form the technica foundation thet leads
the way to standardized, certified ALWR plant designs.

Proven Technology. Proven technology will be employed throughout the ALWR design
in order to minimize investment risk to the plant owner, control codts, take advantage of
exiging LWR operating experience, and assure that a plant prototype is not required;
proven technology is that which has successfully and clearly demonstrated in LWRs or
other applicable industries such as fossil power and process industries.

Maintainability. The ALWR will be designed for ease of maintenance to reduce
operations and maintenance costs, reduce occupational exposure, and to facilitate repair
and replacement of equipment.

Congtructibility. The ALWR construction schedule will be substantially improved over
exiging plants and must provide abass for investor confidence through use of adesign-
for-congtruction gpproach, and completed engineering prior to initia congtruction.

Quality Assurance. The responsibility for high quality desgn and congtruction work

rests with the line management and personnd of the Plant Design and Plant Constructor
organizations.
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Economics. The ALWR plant will be designed to have projected busbar costs that
provide sufficient cost advantage over the competing basaoad dectricity generation
technologies to offset higher capita investment risk associated with nuclear plant
utilizetion.

Sabotage Protection. The design will provide inherent resistance to sabotage and
additional sabotage protection through plant security and through integration of plant
arangements and system configuration with plant security design.

Good Neighbor. The ALWR plant will be designed to be a good neighbor to its

surrounding environment and population by minimizing radioactive and chemica
releases.
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APPENDIX L: REFERENCES

Documents reviewed in the development of this Roadmap include:

1. “Strategic Plan for Nuclear Energy,” DOE Office of Nuclear Energy Science and
Technology, August 2000

2. “Long-Term Nuclear Technology R&D Plan,” NERAC, July 2000

3. “Nuclear Energy Industry’s Strategic Plan for Building New Nuclear Power Plants,” eight
revisons from Nov. 1990 to Nov. 1998.

4. “Strategic Direction for Nudlear Energy in the 21% Century,” NEI, May 1999 — May 2000.

5. “Energy Supply Roadmap” (Volume 2) EPRI, January 1999, and an new complementary
document, “Strategic Bridge Plan for the EPRI Nuclear Power Sector.”

6. “ALWR Utility Requirements Document” EPRI, 1991

7. “Joint DOE-EPRI Strategic R&D Plan to Optimize U.S. Nuclear Power Plants,” November
2000 (Note this Plan relates primarily to current plants, but does contain long term godls).

8. “Nationd Energy Policy,” Report of the National Energy Policy Development Group, May
2001

9. Congressiond Tegtimony (R. Hutchinson, Entergy, March 27 and July 17, 2001; Joe Colvin
(NEI), 8 May 2001; Oliver Kingdey (Exdon), 8 May 2001; Marv Fertel (NEI), 27 June and
12 July, 2001; Maurine Koetz (NEI), 10 July 2001.

Information on most of these reports can be found in Chapter 11-2 or Appendix K.
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Appendix M: Acronyms

ABWR
AC
ALWR
ANS
ASME
BNFL
BTU
BWR
CAD
CANDU
CFR
COL
CP/OL
CRD
CRDM
DC
DNBR
DOE
DOE-NE
EDF
EIA
EPA
EPACT
EPC
EPR
EPZ
EPRI
ESBWR
ESP
EUR
FANP
FDA
FEMA
FERC
FMCRD
FOAK
FOAKE
FTE
G&A
GA

GE
GE/NE
GEN IV
GNF
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Advanced Boiling Water Reactor
dternating current

Advanced Light Water Reactor
American Nuclear Society

American Society of Mechanical Engineers
British Nuclear Fuds, Limited

British Thermd Unit

Boailing Weater Reector

Computer Aided Drawing

Canadian Deuterium (reactor)

Code of Federd Regulations

Combined Operating License
Congtruction Permit/Operating License
Control Rod Drive

Control Rod Drive Mechanism

direct current

Departure from Nudeate Boiling Ratio
U.S. Department of Energy

DOE Office of Nuclear Energy, Science, and Technology
Electricite de France

Energy Information Agency (DOE)
Environmenta Protection Agency

Energy Policy Act

Engineering, Procurement and Construction
European Pressurized water Reactor
Emergency Planning Zone

Electric Power Research Ingtitute
European Smplified Boiling Water Reactor
Early Ste Permit

European Utility Requirements
Framatome ANP

Fina Design Approva

Federd Emergency Management Agency
Federad Energy Regulatory Commission
Fine Motion Control Rod Drive

Firg of aKind

Fra of aKind Engineering

Firg Time Enginesring

Gengrd and Adminidrative

Generd Atomics

Generd Electric

Generd Electric Nuclear Energy
Generation 1V

Globa Nuclear Fuds
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GRNS
GT-MHR
HTGR
IAEA
IDC
INPO
PP
IRIS
SO
ITAAC
kWe
LEU
LOCA
LTA
LWR
MCP
MHI
MHTGR
MOU
MOX
MWe
MWH
MWth
NCCTI
NEER
NEI
NEP
NEPO
NERAC
NERI
NOAK
NOX
NPP
NRC
NSSS
NTD
NTDG
O&M
OKBM
O/O
OSHA
PBMR
PCAST
PCT
PPA
PRA
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Generation IV Roadmap NERAC Subcommittee
Gas Turbine-Modular Helium Resctor

High Temperature Gas Resctor

Internationa Atomic Energy Agency

Interest during congtruction

Ingtitute of Nuclear Power Operations

I ndependent Power Producer

Internationa Reactor Innovative and Secure
Integrated System Operator

Inspections, Tests, Analysis and Acceptance Criteria
kilo-Wett Electric

Low Enriched Uranium

Loss of Coolant Accident

Lead Test Assembly

Light Water Reactor

Market Clearing Price

Mitsubishi Heavy Indudtries

Modular High Temperature Gas Reactor
Memorandum of Understanding

Mixed Oxide (fuel)

Mega Watt dectric

Mega Watt Hour

Mega Wett thermal

Nationd Climate Change Technology Initiative
Nuclear Engineering Educationa Research
Nuclear Energy Indiitute

Nationa Energy Policy

Nuclear Energy Plant Optimization

Nuclear Energy Research Advisory Committee
Nuclear Energy Research Initictive

Nth of aKind

Nitrous Oxides

Nuclear Power Plant

Nuclear Regulatory Commission

Nuclear Steam Supply System

Near Term Deployment

Near Term Deployment Group

Operations and Maintenance

Experimenta Machine Building Desgn Bureau (Russia)
Owner/Operator

Occupationd Safety and Hedth Adminigration
Pebble Bed Modular Reactor

President’s Committee of Advisors on Science and Technology
Peak Centerline Temperature

Power Purchase Agreement

Probabilistic Risk Assessment
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PUC
PWR
QA

QC

RFI
RMR
ROI
RPV
RSA
RSK
RTO
SBWR
SECY
SER
SNF
SSAR
SSC
STUK
T&D
TEPCO
TMI-2
TRAC
TWG
URD
USCEA
V&V
WANO
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Public Utility Commission

Pressurized Water Reactor

Qudity Assurance

Quadlity Control

Request for Information

Regulation Must Run

Return on Investment

Reactor Pressure Vessd

Republic of South Africa

Reactor Safety Commission (Germany)
Regiond Transmission Organizaion
Smplified Boiling Water Reactor

NRC Office of the Secretary

Safety Evauation Report

Spent Nuclear Fuel

Standard Safety Analysis Report
Systems, Structures, and Components
Radiation and Nuclear Safety Authority (Finland)
Transmisson and Digribution

Tokyo Electric Power Company
Three Mile Idand (Unit 2)

Trangent Reactor Andysis Code
Technicad Working Group

Utility Requirements Document

US Council for Energy Awareness
Vdidation and Verification

World Association of Nuclear Operators
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ATTACHMENT 1. MISSION OF THE NEAR-TERM DEPLOYMENT GROUP

The Near-Term Deployment Group (NTDG) shdl identify technologica and indtitutiona gaps
between the current state of the art and the necessary conditions to deploy new nuclear plantsin
the United States before 2010. In order to meet U.S. near-term requirements for affordable
basdaload capacity additions by 2010, at least one competitive nuclear energy generation option,
NRC-certified and/or ready to construct, must be available by 2005. By 2010, the U.S. needsa
range of competitive, NRC-certified and/or ready to construct nuclesr energy generation options
of arange of Szesto meet variaions in market need, supported by sufficient fabrication,
congtruction and human infrastructure to enable smultaneous, large-scae deployment across the
U.S. Multiple standardized nuclear power plants should be under construction this decade, with
lead plants achieving operationa status by EQY 2010.

The scope of the NTDG shdl encompass those nuclear power plants technol ogies that meet the
following Sx criteria

1. Credible plan for gaining regulatory acceptance - Candidate technologies must
show how they will be able to recelve ether a congruction permit for a
demondtration plant or a design certification by the U.S. NRC within the time
frame required to permit plant operation by 2010 or earlier.

2. Exigence of industrid infrastructure - Candidate technologies must be able to
demondtrate that a credible set of component suppliers and engineering resources
exist today, or a credible plan exigts to assemble them, which would have the
ability and the dedire to supply the technology to a commercid market in the time
frame leading to plant operation by 2010 or earlier.

3. Credible plan for commercidization - A credible plan must be prepared which
clearly shows how the technology would be commercidized by 2010 or ealier,
including market projections, supplier arrangements, fue supply arrangements
and indugtrid manufacturing capacity.

4. Cost-sharing between industry and Government - Technology plans must indude
aclear ddlinestion of the cost categories to be funded by Government and the
categories to be funded by private industry. The private/Government funding
split for each of these categories must be shown aong with rationae for the
proposed split.

5. Demondration of economic competitiveness - The economic competitiveness of
candidate technologies must be clearly demondtrable. The expected dl-in cost of
power produced is to be determined and compared to existing competing
technologies aong with al relevant assumptions.

6. Reliance on exiding fue cycleindudrid sructure - Candidate technologies must
show how they will operate within credible fuel cydeindustrid sructures, i.e,
they must utilize a once-through fued cycde with LEU fud and demongrate the
exigence of, or acredible plan for, an indudtrid infrasiructure to supply thefud
being proposed.
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The NTDG shdl report directly to the Department of Energy Near Term Deployment (NTD)
Manager and brief and receive advice from the Generation IV Roadmap NERAC Subcommittee
asthe NTD Manager directs. It shall also maintain a coordination relationship with the Nuclear
Energy Indtitute (NEI) Executive Task Force on New Nuclear Power Plants, assuring close
cooperation with ongoing industry activities

Initia Work Product: The primary objective and initid work product of the NTDG isto develop
aninput to the overdl Generation IV Roadmep that identifies dl the ingtitutiona barriers and
technological gaps that could prevent achieving the near term deployment needs discussed
above. Thisinput should be prepared on an urgent basis as a sand-aone document for usein
spring 2001 to inform federa energy policy makers on urgent needs that could be included in
developing nationa energy policy and energy gppropriations. Thisinput could also be used by
NEI and industry leadersto prioritize their activities on behdf of anew energy policy, and to
plan public- private partnership investment strategies.

Thisinitid NTDG work product shdl specificaly include recommendations for funding
priorities from FY2002 and FY 2003. Thisinitid roadmap input shal provide a systematic and
defensble basis for future federad and industry investments.

Find Work Product: The NTDG will later expand thisinitid Roadmap input in support of

spring 2001 needs, into a more complete document that provides amore direct and useful
contribution to the overdl Generation IV Roadmap effort. In order to develop this document, the
NTDG will solicit and assess non-proprietary design-specific information from potentia

suppliers and/or potential customers of reactor technologies that meet the above screening
criteria. Thisinformation should address how the subject technology meets each of the above
criteria, what specific technologica and indtitutiona gaps exists which must be addressed to

alow successful commercidization of the technology, and the cost, schedule and dliverables

that would be required.

Based upon the initid mid-2001 Roadmap input and the design- specific information above, the
working group shal dso develop and include in this document complete estimates of the
resources (schedule and funding levels) required to close the gapsin time to meet the

deployment gods (achieving new nuclear plant orders by 2005 and arange of optionswith

robust implementation infrastructure on or before 2010). The estimates will be included in the
more complete roadmap for near-term deployment provided as afina report of this Group to the
DOE Generation IV roadmapping effort.  This document will be complete by 9/30/2001.

Liason The NTDG will work closdy with other Working Groups in the broader Generation IV
program to share information, exchange information and conclusions; and to ensure NTWG
work products are useful as an input to longer term Roadmap development.

The NTDG shdl be comprised of two co-chairmen from industry with representation from
industry, vendors, national laboratories and academia
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ATTACHMENT 2: NTD REQUEST FOR INFORMATION

This attachment provides a copy of Sections 1 and 2a of the Near Term Deployment Request for
Information, issued by DOE on March 31, 2001. These sections gave respondents the key
content information and questions they needed that amplified on the six design criteriaand
generic gap discussion in Chapter 11-1. Other portions of the RFI were adminigtrative in neture
and/or provided details on requested format and are not repeated here.

Section 1:
Request for |nfor mation on Specific Candidate Near Term Deployment Options

The primary audience for this section isthe plant designer or design team (vendors, A/Es,
etc.), although owner-oper ator s and others are also invited to provide their inputsand
per spectives (e.q., views on validity and priority of evaluation criteria).

Nuclear design companies or teams are asked to show how their nuclear plant desgns(induding
nuclear systems and power conversion/balance-of- plant systems) satisfy the Sx screening
criteria. The Sx evauation criteria are provided below, with an expanded discusson of the
specific types of information requested. Responses to each of these Six criteria should be as brief
aspossible (eg., 2-4 pages each).

For each criterion, the text below provides a description of the specific information requested
and/or a series of questions to be answered. 1t isimportant that the respondent provide as much
relevant information as possible, within the suggested limit above. However, if the specific
guestions or information requested are not directly gpplicable to the respondent’s design, or the
information is not yet avallable in the form or detall requested, please provide the best available

inpu.

Criterion 1: Regulatory Acceptance:

“Credible plan for gaining regulatory acceptance - Candidate technologies must show how they
will be able to receive either a congtruction permit for ademondration plant or adesign
certification by the U.S. Nuclear Regulatory Commission (NRC) within the time frame required
to permit plant operation by 2010 or earlier.”

For dready certified designs, this criterion requires that the respondent provide a credible plan to
resolve any remaining design-specific COL issues and to show that any other regulatory
considerations (e.g., construction ingpection) can be managed so as to permit operation by 2010.

For designs that are not certified, this criterion requires that the respondent provide acredible
plan for gaining regulatory approva for the design, to include obtaining a design certification or
a congtruction permit and operating license for afirst plant, aswell as a credible plan for
managing the regulatory aspects of construction, test and start up of the first unit by 2010.
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In responding to this criterion, the plan for obtaining a congtruction permit or design certification
should include (but is not limited to) answers to the following:

1. Describe how the technology will comply with current regulatory requirements or a
proposed aternative regulatory approach, and summarize the scope of the documentation
that will be submitted to the NRC.

Summarize the mogt Sgnificant issues expected in the review by the NRC.

3. Identify the most Sgnificant risks to completion of the NRC review on schedule,
accompanied by explanations of how those risks will be managed, etc.

4. Provide atimdine and identify mgor milestones in the submittal and the review schedule
for conducting the NRC review, including Inspections, Tests, Analysis, and Acceptance
Criteria ITAAC) implementation during congtruction.

5. Summarize interactions that have aready taken place with the NRC concerning plans for
review of the candidate technology.

N

Criterion 2: Industrial I nfrastructure:

“Exigence of indugtrid infrastructure - Candidate technologies must be able to demondtrate that
acredible set of component suppliers and engineering resources exist today, or acredible plan
exists to assemble them, which would have the ability and the desire to supply the technology to
acommercia market in the time frame leading to plant operation by 2010 or earlier.”

(Note: no discussion of fud cycle infrastructure should be included here, since thet is covered
under Criterion 6.)

Please answer the following, addressing generic and design- pecific issues as well as hardware
and personnel issues.

1. Describe the indudtrid infrastructure in place today to construct one nuclear unit in the
U.S. by 2010. If an dement of infrastructureis not in place, please identify it and give
anticipated dates for when the dement is needed and will be in place.

2. Destribetheindudrid infrastructure in place today to construct muitiple nudear unitsin
the U.S. by 2010. If not in place, please identify the missing eement(s) and give the
anticipated dates for when the element(s) are needed and will be in place.

3. ldentify the top 3-5 generic areas where today’ s available infrastructure is not adequate to
permit congtruction and startup of multiple units of your nuclear design. Thisquestionis
intended to identify common infrastructure needs (e.g., n-stamp vave manufacturers,
reactor core physics engineers) that many or most near term deployment options see as
importart gaps in the nuclear infragtructure. Prioritize if possible,

4. Describe the extent to which structures, systems and components can be constructed,
manufactured, or procured according to commercia standards (as opposed to safety
grade).

5. Identify the longest lead time component for your design and the time required to
manufacture it.
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Criterion 3: Commercialization Plan:

“Credible plan for commercidization - A credible plan must be prepared which clearly shows
how the technology would be commercidized by 2010 or earlier, including market projections,
supplier arrangements, fuel supply arrangements and industrial manufacturing capacity.”

Commercidization requires bringing a nuclear power plant based on proven technology to the
market with a predictable schedule and within the owner(s) targeted cost. Commercidization
a0 entails meeting the established operating performance requirements so as to mest the
shareholders expected return on investment (ROI).

Provide aredigtic plan that clearly shows how your design would be commercidized. Include a
generd description of project responghilities and financia participation by team members.

Criterion 4: Cost Sharing Plan:

“Cost-sharing between industry and Government - Technology plans must include a clear
delineation of the cost categoriesto be funded by Government and the categories to be funded by
private industry. The private/Government funding split for each of these categories must be
shown aong with retionae for the proposed split.”

1. Ddineste the cogt categories (for dl activities, including licensing, engineering,
congtruction, etc.) that you believe should be funded, al or in part, by the Government,
and those categories that should be funded by private industry or non-Government
sponsors. Identify which private industry organizations (or, a least, types of
organizations) would be expected to provide the funding. If funding isdready being
provided toward your particular design, identify the sources, to the extent possible,

2. For any of the above activities that you suggest receive any government funding, plesse
describe the recommended funding split between Government and private industry and
non-government partners, as well astherationale for the proposed split. Theraionde
should identify the respongbilities of individua parties that would justify thelr
expenditure.

3. Describe any nondirect cost-share provisons or incentives that you believe the
Government should provide, e.g., loan guarantees, tax credits, etc. Identify whether any
of these are viewed as necessary to assure success of your candidate technology.

Criterion 5: Economic Competitiveness:

“Demondration of economic competitiveness - The economic competitiveness of candidate
technologies must be clearly demongtrable. The expected dl-in cost of power produced isto be
determined and compared to existing competing technologies dong with al relevant
assumptions.”

Respondents are requested to provide plant-specific cost datain order to compute the dl-in totd
generation codts of near-term nuclear plants, likely to reach commercid operation by 2010.
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Plant Capital Cost Data

The data requested should be provided in units of Million Dollars or ¥kWe in year 2000 dollars.
For dl the data items requested please provide your nomind vaue as wel as ahigh-low range
around the nomind vaue. Information is requested here for:

1.

Net plant eectric capacity, (for modular plants, please specify the configuration and
number of modules); plant engineering, procurement, congtruction (EPC) cost; project
startup and devel opment costs; owners costs and contingency; and post construction
costs. Please indicate the particular site (or which NERC region) these cost estimates are
based upon.

Project start date; project development period from order until construction starts; project
congtruction time period; post-construction time period; and commercia operation date.
Cost escdation rate during congtruction, above inflation (inflation assumptions are not
required if input is provided in constant year 2000 dollars).

For modular plants, if more than one module is expected to reach commercia operation
before 2010, please provide the above information request for each module,

Please provide the above requested data for the first-of-a-kind (FOAK) plant expected to
reach commercia operation by 2010, and for the subsequent Nth-of-a-kind (NOAK)
plant. Please specify your definition for NOAK.

First Deployment Costs vs. Nth of a Kind (NOAK) Costs

Please provide your assessment and cost breakdown for the difference between the FOAK and
the NOAK plants. Thefirst plant deployment costs are defined as the incremental costs of

specific activities that need to be completed to deploy the first nuclear plantsin this decade.

These would be costs above and beyond those included in the FOAK costs above. Typica costs
could include estimates of the following:

Completing the ESP licensing process,

Resolving dl NRC COL procedural issues and of obtaining the first COL from NRC,
Resolving any remaining generic licenang issues,

Reactivating domestic equipment components manufacturing infrastructure,

Incrementa cogts of manufacturing long lead-time heavy components abroad,

Hiring and training A/E and vendor nuclear manpower required for the plant condtruction
and deployment process, and

Covering any other incremental or contingency costs for the FOAK plant.

Other Plant Cost Components

Other cost components of the totd life-cycle generation costs for the near-term plants. These
costs can be expressed in cost accounting units such as ¥MWh, $Yr.-Yr., or MFYr., all
reported in year 2000 dollars. Please provide information for the following cost components:

1.

2.
3.
4,

Annua O&M costs and breakdown of annual O&M costsinto fixed and variable cost
components.

Annud fud cogts, and full-load net heat rate.

Annud capitd addition codts (if any).

Expected plant operating lifetime.
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5. Projected availability and annua averaged capacity factors.
6. Decommissoning snking-fund annud payment.
7. Other annual costs such as G& A, taxes

Pease indicate if you expect escdation (above inflation) in any of the cost components
mentioned above.

Criterion 6: Fud Cycle Industrial Structure:

“Reiance on exiding fud cycleindudrid sructure - Candidate technologies must show how
they will operate within credible fuel cyde indudtrid structures, i.e., they must utilize a once-
through fud cycle with LEU fuel and demondtrate the existence of, or a credible plan for, an
indudrid infrastructure to supply the fuel being proposed.”

Respondents should provide answers to the following questions:

1. What fud production facilities, including enrichment, conversion, and fabrication, now
exig or will exig (with atime line for operation) to reliably supply the fud for reactor
operaion? Y our response should include areview of fudl manufacturing capacity for
aufficiency and flexibility to handle unanticipated maintenance, QA problems and fud
design changes, while aso meeting the plant requirements for an adequate fuel supply for
the plant(s) life.

2. If required, whet isthe strategy for fudl qudification and licensng?

3. How will fud reiability be assured (e.g., such that the production facilities will meet QA
requirements necessary for the plant to operate reliably and within technicdl
Specifications)?

4. What assumptions are made regarding the onSte spent fuel storage capability?
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Section 2:
Reguest for Information on Barriersto Near Term Deployment Options

This section identifies dl the technicd, indtitutiona, and regulatory barriers and gaps that must

be addressed to achieve near term deployment. The format for this section is structured for
consgtency and for asssting in the prioritization, planning, and resource management of actions
designed to close these gaps. Respondents are requested to discuss each specific barrier or gap
using the format provided below. Each gap andyds response should be limited to 2 pages.

The points addressed under each gap analysis are:

= Gap (short definition of issue)

= Solution or outcome required

=  Resource requirements to close gap (total needs, irrespective of source, estimated on an
annua basis, FY02-FY10. A ampletableto fill-in thisdatais provided below.

* Responghility (primary organization(s) and supporting organizetion(s))

= Anticipated benefits of gap closure in economic and/or schedule terms (e.g., reduction in
busbar costs), if feasble. (Note: some gaps are prerequisites that cannot be quantified.)

This section is comprised of two sub-sections:

SECTION 2A: Generic Gaps and Barriers

The primary audiencesfor this section are owner/oper ator s; although vendors, A/Es,
ener gy policy experts, etc., areinvited to provide their inputs and per spectives aswell.

This subsection addresses generic gaps and barriers. These are primarily in the inditutiona and
regulatory areas, but some crosscutting technical gaps (e.g., generic congtruction technologies)
aredsoincluded. For this section, sgnificant known gaps are pre-identified below.

Respondents are requested to provide their views and add relevant details to the ggp analyss
(e.g., coststo close gap, responsibility, benefits, etc.). Respondents are requested to identify and
andyze any generic gaps not dready noted below. Also, respondents should identify instances,

if any, whereit isjudged that an identified gap has been filled or partidly filled by other past or
ongoing activities, giving references to the work done in this respect.

This section summarizes Six gaps and solutions or required outcomes for each. These gaps and
solutions are then transcribed into “Gap Anadlysis for Near Term Deployment” forms later in this
section.  Respondents are requested to provide further discussion on each of these gaps and
solutions on the forms provided. Respondents are also requested to assign a priority to each
solution in the table below, using H for High, M for Medium, and L for Low.

Note that spent fuel management and non-proliferation concerns are considered to be longer term
globd fud cycleissues and are being addressed by the Generation 1V Roadmap. Adequate
response exists today, or adequate progress is being made on these issues to allow near term new
plant congtruction inthe U.S. They are not gppropriate issues for this near term gap anayss.
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Gap

Solution or Required Outcome

Priority
(H,M, L)

Lack of demonstrated process
for obtaining an Early Site
Permit

1. Develop generic guidance on all aspects of ESP and obtain

NRC concurrence in advance of ESP filings

2. Demonstrate NRC's ESP process for each likely siting

scenario

Lack of demonstrated process
for obtaining a Combined
Congtruction and Operating
License

1. Deveop generic guidance on all aspects of COL and obtain

NRC concurrence in advance of COL filings

2. Demonstrate NRC’'s COL process for each NTD design

option

Lack of an appropriate Risk-
Informed, Performance-Based
regulatory process for licensing
decisons

1. Develop risk-informed performance-based regulatory

framework for future design certifications of new plants

2. Develop ameans for streamlined demonstration, regulatory

gpprova, & infusion of new technologies

Lack of closure with NRC on
major COL issuesthat can
affect construction schedule and
cost-effective plant operation

1. Establish an efficient process for construction inspection

and ITAAC sign-off

2. Develop ageneric, risk-informed, and appropriate basis for

new plant physical plant security.

3. Develop ageneric, risk-informed regulatory basis for

appropriate emergency planning.

Lack of assurance that nuclear
plants will be cost leader in new
generation (with focus on
generic solutions that will
further reduce busbar costs
relative to competing options)

1. Adapt advanced fabrication, modularization and
congtruction technologies including time-sequenced virtual
congtruction.

2. Adapt and standardize advanced information management

system open architectures for life-cycle design,
procurement, construction, maintenance, and
engineering/licensing management

3. Develop standardized advanced man-machine interface

systems for plant safety and control, including advanced
sensors, programmable controllers, fiber optics, self-
diagnostics, and human performance technologies

4. Systematicaly evauate other opportunities (in addition to

those above) to reduce plant construction time. Evaluate
technologies, techniques, and human resource opportunities

Lack of assurance that nuclear
plants will be cost leader in new
generation (design-specific)

Design-specific refinements — see Section 2 B

Attachment 2
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ATTACHMENT 3: NUCLEAR ENERGY INSTITUTE ' SVISI ON 2020
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Attachment 3

F'ositoning today's nuclear energy
industry to meet tomorrow's energy

challenges

projects the need for about

50 percent more electricity
in the United States by 2020.
Reasonably priced energy for
consumers is the foundation for
both economic growth and our
quality of life. Beyond the require-
ment for economical energy, the
nation recognizes the need for
environmentally responsible
electricity. Understanding the
vital and necessary role nuclear
energy must play in meeting
these demands, the nuclear
industry commits to make this
vision o reality by 2020.

'I'hr Department of Energy

Uiston 2020

Muclear energy is widely recognized
as a safe, reliable, competitive and
environmentally sound source of
electricity. In the two decades since
the turn of the century, 50,000
megawatts of new nuclear generating
capacity has been added to the grid.
The domestic and international
industry supporting the existing

and new capacity is robust and
competitive.

Policymakers and the public are
demanding further increases in the
share of sustainable nuclear energy
to satisfy economic growth and
environmental objectives.

Nuclear technologies are widely

used in medicine, food safety, water
management and to produce comple-
mentary clean fuels such as hydrogen.
L5, leadership continues to be
demonstrated in the deployment of
nuclear technology on a global basis.

NEI Vision 2020



Near Term Deployment Roadmap

10/31/01

Attachment 3

building nuclear energy's future

From Renalssance to Reality

@ Attain prominent, equitable acknowledgement of nuclear energy in
national and internaticnal energy and environmental policy.

@ Maintain excellence in safe, reliable nuclear energy operations and
consistent, predictable regulatory processes.

® Attain an integrated, robust nuclear fuel cycle.
#® Maximize the value of nuclear energy assets.

® Increase public and policymaker support for nuclear energy and
associated technologies.

® Develop the necessary infrastructure and gualified human resources
for today and the future.

2 NEI Vision 2020
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non=

30%
non-
emitting

billion kilowatt-hours

B New Nudear Capabity
M Existing Nuclear Capability

B Hydro & Renewables

¥ 0, Gus & Coal
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New Nuclear Capability for Vision 2020

Year Total Demand Huclear Production % Nuclear
2000 3,802 bkwh 754 bkWh 19.8
50,000 muw —_— 4394 blWh Mew Nuclear Capability
10,000 MW —= .79 bkWh Enhanced Capability
2020 5,305 bkWh 1,227 bkwh 231
Maintaining the nation’s clean air
ear- Muclear Renewable Muclear and % of Total Demand
Production Production Renewables Non-emitting
2000 754 bkwh* + 362 bkwh = 1,116 bkwh 293
2020 1,227 bkWh + Ad4 bWh = 1,671 bkWh 31.4

" BiWE = hillon Mowat hoErs

The canterpeece of Vison 2020 is the addition of 50,000
megawatls (MW) of safe, reliable, competitive, environ-
mantally sound and sustainable new nuclear power plant
capability by 2020, The number of plants required to do
this depends on the size of the plants. If they are 1.000
WY, it will take 50 new plants. i the planis are smaller, i
will taka more than 50. Production (s measured in bellions
ol kilowatt-hours (bkWh). The production number for the
50,000 MY of new capability is obtained by multiplying by
the numbser of hours in a year, B, 780, and multiplying again
by the capacity factor. Capacity factor s the amount of
power actually produced in a year compared to the amount
that could have been produced i the plant ran all year al
s maximum powar. The overall nuclear Beet has & capac-
ity facior of 80% so 0.9 was used as the capacity tacior for
the new plants. (50,000 X 8760 X 0.9 = 394 bk\Wh)

It will takes mary yoars o buid all of thess plamts. Tha
nabon needs some guicker fixes. Vision 2020 also expects
the present fieet of nuclear plants to continue to improve in
efficiancy. This can come two ways. One i by up-rating,

That is modilying existing planis with more afficsen] equip-
ment and'or more accurate mstrumentation so that a 1,000
MW plant migh! bacome a 1,100 MW planl. The second
way i by operating more efficlently so there i leas time
whan the reactor s nod producing full power. Vision 2020
sels a goal of a 10% improvement in the presant flest
which amounts o 10,000 MW of enhanced capability.
These impravemsants can ba achieved more quickly than
building naw plants.

Thase two changes will result in increasing the share of
nuclear energy in the nation’s electnic supply from 20¢% o
23%. Together with other renewable production, they will
also maintain the non-emiting percentage of eleciricity
production in ihe U8, at 30%, thus helping io keep our air
clean.

Tha *Total Demand” and “Renswable Production’ rum-
bers in the table fior 2000 and the 2020 forecast come from
govemment reports published by the Enargy Information
Administration,

wEl

FUTLEAN FRENET

FASTITWNE

1776 | Street, NW = Washington, DC 20006 = 202.739.8000 = www.nei.org
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ATTACHMENT 4: NEI’'SINTEGRATED PLAN FOR NEW NUCLEAR PLANTS

Plan Overview

The purpose of this plan is to support the business decisons on new nuclear plant construction
that are expected in the near future. The business entities making the decisions to build new
nuclear plants will need sound estimates of costs and schedules. Many of the cost and schedule
drivers are design/project specific and well understood; others are based upon externd factors
that are less certain and affect the confidence in project estimates. This plan isfocused on
reducing uncertainties related to these externd factors to enable informed business decisons on
new nuclear plant projects.

The plan to address these externd uncertainties is organized into four broad areas of activity:

=  New Plant Economicsand Project Structure — Activitiesin this area are focused on
enhancing the economics of new nuclear plants through energy policy initiatives,
innovative project structures, improved capital cost and schedule estimates, and
modernizing NRC financid-related requirements.

= Predictable Licensing and Stable Regulation — Activitiesin this area are focused on
reducing the “time-to-market” for new nuclear plants by ensuring well understood
processes are in place for predictable and efficient licenang, congtruction, start-up and
operation of new nuclear plants. Reducing time-to-market is a key factor in business
decisonsto build new nuclear plants.

= Policymaker and Public Support — Activitiesin this area are focused on enhancing
support for new nuclear plant construction among policymakers and opinion leaders.

= Nuclear Industry Infrastructure — Activitiesin this area are focused on maintaining a
robust infrastructure — hardware, technical services and the people that provide them — to
support both congtruction and operation of new plants and continued operation of the
current nuclear flest.

Outsde of this plan, concerted, aggressive actions are al'so underway in other significant areas
important to both future and current plants such as ensuring a robust, cost-effective fud supply
and a permanent repository for used nuclear fud. The intent of this plan isto focus and
coordinate industry actions that are uniquely focused on near term deployment of new nuclear
plantsinthe U.S.

This overview identifies the plan objectives and the key supporting actions in progress or
planned to achieve those objectives. The plan is dynamic and status reports are issued quarterly
that highlight sgnificant progress and developments, chalenges ahead, and upcoming meetings.

Attachment 4 1 NEI Plan
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Plan Objectives

Focus Area 1: New Plant Economics and Project Structure

1.1 Identify possible approaches to ownership; risk sharing; capital recovery and reduction of
business risks associated with large, capita intensive projects.

1.2 Identify changesin policy or legidation that might be necessary or desirable to
supplement market forces that influence energy supply choices, and work toward
achieving those changes.

1.3 Identify ways to reduce engineering, procurement and congtruction cogts, and implement
adrategy to achieve those reductions.

1.4 Identify and achieve necessary changesto, or clarification of, NRC regulations that apply
to new nuclear plants built by unregulated, merchant generating companies.

Focus Area 2: Predictable L icensing and Stable Regulation

2.1 Support NEI member applications for early Site permits, combined licenses and design
certifications for new nuclear plants.

2.2 Edtablish efficient and predictable processes for NRC review and issuance of combined
congtruction and operating licenses under 10 CFR Part 52, verifying operationa readiness of
completed plants, and authorizing start-up and operation.

2.3 Establish an efficient and predictable process for NRC review and issuance of early ste
permits under 10 CFR Part 52.

2.4 Edablish arisk informed, performance based regulatory framework for future nuclear

power plants.

Focus Area 3: Policymaker and Public Support

3.1 Broaden the base of support for nuclear energy, and for new nuclear plant construction,
within Congress and the Adminigtration.

3.2 Broaden the base of support for nuclear energy, and for new nuclear plant construction,
with private sector policy organizations, the financid community, the media and other
key publics.

Focus Area 4: Nuclear Industry Infrastructure

4.1 Identify future needs and implement a strategy to ensure sufficient quaified personnd
and sills to support renewed nuclear plant construction and continued operation of the
current plants.

4.2 ldentify future needs and implement a strategy to ensure sufficient manufacturing
capability, engineering services, equipment suppliers, etc., to support renewed nuclear
plant congtruction and continued operation of current plants.

Attachment 4 2 NEI Plan
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Key Supporting Actions

Within each focus areg, there is arange of specific activities underway or planned for achieving
Plan objectives. These activities are identified below. Detailed schedules and work plans for

each activity are maintained by cognizant NEI project managers.
FocusArea 1. New Plant Economicsand Project Structure
Objective 1.1: Identify possible gpproaches to ownership; risk sharing; capita recovery and
reduction of business risks associated with large, capitd intensive projects.
1.1.1 Apply NEI’s merchant plant project financing model and use it to help quantify the
need for, and vaue of, new policy initiatives and economic incentives.

1.1.2 Examine approaches to risk-sharing and financing of capita-intensive projects
that may be relevant for future nuclear power plant projects.

Supporting
Activities

Objective 1.2:  Identify changesin policy or legidation that might be necessary or desrable
to supplement market forces that influence energy supply choices, and work toward
achieving those changes.

1.2.1 Deveop and implement a coordinated industry strategy for providing industry
input to energy security legidation (eq., bills from Senators Murkowski and
Domenici, and the Adminigtration).

1.2.2 Devdop and implement a coordinated industry strategy to achieve renewa of
Price Anderson legidation.

1.2.3 Identify any changes to the Tax Code for new nuclear plant projects, and
implement a grategy to achieve the necessary changes.

Supporting Activities

1.2.4 Devdop and implement a strategy to achieve DOE revisonsto the Energy Policy
Act 1605b program (voluntary carbon emisson reductions) that recognize and
include avoided emissons at both new and existing plants.

1.2.5 Deveop and implement a grategy to include new nuclear plantsin the dectricity
generding sources digible for any economic incentives provided under revisons
to the Clean Air Act.
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Focus Area 1, continued

Objective 1.3:  Identify ways to reduce engineering, procurement and congtruction costs, and
implement a strategy to achieve those reductions.

1.3.1 Assessthe potentid for reduced engineering, procurement, construction, and O& M
cogsfor future plants by applying risk-informed regulation concepts developed for

current plants, e.g., risk-informing the scope of applicability of Part 50 specid
treatment requirements (such as EQ, QA, saismic, €tc.).

Supporting
Activities

1.3.2 Work with reactor vendors and A/Es to improve cost and schedule estimates for
NRC-catified sandard plant designs, both in terms of bottom line enginesaring,
procurement and construction costs and certainty in them.

Objective 1.4: Identify and achieve necessary changes to, or clarification of, NRC
regulations that apply to new nuclear plants built by unregulated, merchant generating

companies.

14.1 daify and/lor modify NRC requirements that apply to new nuclear plants built by
unrequlated, merchant generating companies.

1.4.2 Clarify and/or modify NRC requirements for advanced modular and/or non-light
water cooled nuclear plants

Supporting
Activities

1.4.3 Modify NRC regulations to accommodate plants consisting of a series of modular
reactors.

FocusArea 2: Predictable L icensing and Stable Regulation

Objective 2.1: Support NEI member applications for early site permits, combined licenses
and design certifications for new nuclear plants.
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2.1.1 Maintain close coordination of the plan objectives and milestones with efforts
to establish appropriate design and licensing bases for gas cooled reactors.

Supporting
Activities

2.1.2 Maintain close coordination of the plan objectives and milestones with efforts
to modify desgn and licensing bases for ALWR designs.

Objective 2.2: Edtablish efficient and predictable processes for NRC review and issuance of
combined construction and operating licenses under 10 CFR Part 52, verifying operationd
readiness of completed plants, and authorizing start-up and operation.

2.2.1 Develop and achieve NRC endorsement of guidance on the scope of COL ITAAC,
in particular, that no ITAAC on operationd programs are required.

2.2.2 Provide coordinated industry comments on the Part 52 update rulemaking, and
identify policy issues to the Commission as appropriate.

2.2.3 Achieve dear quidance for future licensees and NRC reviewers on implementation
of the ITAAC veification process and NRC construction ingpection program.

2.2.4 Devedop awhite paper that describes the interface between new Part 52
requirements and existing Part 50 reguirements. Use this paper as the basisfor
comprehensive Part 52 implementation guidance.

Supporting Activities

2.25 Develop and achieve NRC endorsement of guidance on preparation of COL
aoplications.
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Focus Area 2, continued

Objective 2.3:

Egtablish an efficient and predictable process for NRC review and issuance of

early ste permits under 10 CFR Part 52.

2.3.1 ldentify and achieve necessary changes to Parts 51 and 52 to ensure NRC
reviews of early Site permit gpplications are safety-focused, predictable and
0 efficient
:% 2.3.2 Update the tools from the 1991-92 joint industry-DOE Early Site Permit
<é Demonstration Project
%_ 2.3.3 Deveop guidance that facilitates preparation of ESP gpplications for new and
(%— existing sites and promotes NRC reviews that safety-focused, predictable and
efficient
2.3.4 Support NEI member ESP applications.
Objective 2.4: Egablish arisk informed, performance based regulatory framework for
future nuclear power plants.
24.1 Deveop arisk informed, performance based framework for atop down gpproach
g to design and operating criteriafor future plants, and petition NRC to issue an
j% Advance Notice of Proposed Rulemaking.
<
o2 2.4.2  Provide coordinated industry input to proposed and find rulesleading to
g: establishment of arisk informed regulatory framework for future plants
@A 2.4.3  Support NEI member gpplication of arisk informed regulatory framework and

Attachment 4

development of design-specific implementation guidance.
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FocusArea3: Policymaker and Public Support

Objective 3.1: Broaden the base of support for nuclear energy, and for new nuclear plant
congtruction, within Congress and the Administration.

Supporting Activities

3.1.1 Implement acoordinated industry strategy for FY 2002 (and beyond) DOE and
NRC appropriations.

3.1.2 Implement agtrategy to gain support within the NRC and Congressfor an
appropriate level of NRC resources dedicated to assuring efficient licensing
processes that meet the objectives of Part 52 and the Energy Policy Act of 1992.

3.1.3 Ensure coordination of industry and DOE activities related to near-term
commercid deployment of advanced nuclear plant designs

3.1.4 Work with the DOE Energy Information Administration and provide input to the
Annua Energy Outlook to ensure appropriate forecasts related to nuclear energy

3.1.5 Provideinformation to the House Nuclear Issues Group and Senate Nuclear
Caucus on policy changes needed to facilitate new nuclear plant congtruction

Objective 3.2:  Broaden the base of support for nuclear energy, and for new nuclear plant
condruction, with private sector policy organizations, the financia community, the media

and other key publics.

Supporting Activities

Attachment 4

3.2.1 Deveop an integrated communications plan as the platform for all
communications on the industry commitment to new plants and the need for

legidative and policy changes.

3.2.2 Communicate to media, financiad, sate/loca/federa, environmentad and other key
audiences on the benefits of and need for new nuclear plants— “the nuclear
imperative’ — aswell asthe business case for nuclear energy asthe only
competitive, long-haul source of clean, safe, reliable bassload generation

3.2.3 Deveop community and codition support for new nuclear plantsin the U.S.
through outreach to union groups, chambers of commerce, sate and locd officias,

and others.

3.2.4 Support and leverage media coverage of comprehensive energy policy/legidation
and nuclear renaissance.
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Focus Area 4: Nuclear Industry Infrastructure

Objective 4.1: Identify future needs and implement a sirategy to ensure sufficient quaified
personnel and skills to support renewed nuclear plant construction and continued operation of

the current plants.

4.1.1 Edablish acredible estimate of current and projected staffing demand and supply
for the nuclear power generation industry, including generating companies, NSSS
designers, architect engineering firms, equipment suppliers, contractors,
governmenta agencies, and academic indtitutions.

4.1.2 Develop acomprehensve industry staffing plan with specific tasks, lead entities
and respongibilities to address any exigting or anticipated saffing gaps.

Supporting Activities

4.1.3 Implement a coordinated industry strategy to achieve policy maker support and
action on anationa and sate levd for nuclear workforce issues.

Objective 4.2: Identify future needs and implement a strategy to ensure sufficient manufacturing
capability, engineering services, equipment suppliers, etc., to support renewed nuclear plant
construction and continued operation of current plants.

4.2.1 Identify the structures, system and component (SSC) needs that will arise as the result
of adecision to deploy a series of new nuclear plantsin the US market.

4.2.2  Survey nuclear operating companies, NSSS designers, architect engineering firms and
other segments of the nuclear industry to assess possible gaps in the ability to support
renewed nuclear plant construction.

Supporting Activities

Attachment 4 8 NEI Plan
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