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Abstract. In the U.S., conditions are becoming more favorable for considering the nuclear option again for new
baseload generation. While oil and natural gas prices have risen, the cost of operating the existing fleet of nuclear
plants has decreased. Furthermore, an advanced 1000 MWe nuclear plant that will be even more cost-competitive
with fossil fuels and natural gas will be available by 2005. Westinghouse, in an effort to further improve on the
AP600's cost competitiveness, has developed the AP1000, a two-loop, 1000 MWe, advanced pressurized water
reactor (PWR) with passive safety features and extensive plant simplifications to enhance the construction,
operation, and maintenance. Like the AP600, the AP1000 uses proven technology that builds on over 30 years of
operating PWR experience. Westinghouse has completed design studies that demonstrate that it is feasible to
increase the power output of the AP600 to at least 1000 MWe, maintaining its current design configuration and
licensing basis. To maximize the cost savings, the API000 has been designed within the space constraints of the
AP600, while retaining the credibility of proven components and substantial safety margins. The affect on the
plant's overnight cost of the increased major components that is required to uprate the AP600 to 1000 MWe is
small. This overall cost addition is on the order of 11 percent, while the overall power increase is almost 80
percent. This paper describes the changes made to uprate the AP600 and gives an overview of the plant design.

1. THE CURRENT ENVIRONMENT FOR NUCLEAR ENERGY IN THE UNITED
STATES

In recent years, the conditions that would enable the consideration of a new generation of
nuclear energy plants have all been moving in favorable directions. These conditions include:

• Electric industry deregulation,

• Performance and safety of existing nuclear plants,

• More stable regulatory environment,

• Increased concern over greenhouse gases and global warming, and

• Low Cost Alternatives for New Baseload Generation in Light of Higher Fuel Prices.

1.1. Electric power industry deregulation

The operating nuclear plants have proven themselves to be valuable assets for reliably
generating electricity at minimal costs, with minimal environmental impact, and without
creating undue risks to the general public. While support for nuclear energy has waxed and
waned over the past several decades, deregulation of the electric power industry is creating an
environment that is proving very attractive for the existing nuclear plants -just the opposite of
what many in the industry had anticipated.

The movement to deregulate electricity markets, initiated about a decade ago, is leading to
major changes in the structure of the electric power industry, on a global scale. The basic
premise of deregulation is that power generation should be unbundled from the transmission
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and distribution functions. Thus, generation can be left to an unregulated, competitive
marketplace - while, transmission and distribution can continue to be the responsibility of
regulated utilities.

Many industry experts feared that deregulation would lead to the demise of the current fleet of
nuclear plants. To the contrary, however, it has, instead, produced a nuclear industry that is
more viable than it has been in decades. Preparation for transitioning to a deregulated
environment has forced all parties - including regulators, plant owners, and suppliers - to
look closely at the economics of nuclear power generation, relative to alternative sources for
electricity generation.

The forced sales of generating assets has been preceded by negotiations between the regulators
and the utilities, concerning fair and equitable treatment of stranded investments. As a result,
utilities have then been able to sell existing nuclear units at prices low enough to attract
buyers. The units are being purchased by a relatively small number of unregulated power
generation companies that are able to efficiently operate the units, because of the economy-of-
scale associated with running a large number of reactors with one organization. Thus, the
industry is now seeing the formation of large, efficient generating companies that could
become potential customers for new nuclear plant capacity.

Besides consolidation of the plant owners, the nuclear industry is also seeing consolidation of
the suppliers - reactor suppliers, architect/engineers, services companies, equipment vendors,
and the like. The overall result of these consolidations is the formation of a healthy, viable
industry that will be well positioned to efficiently satisfy the needs of a competitive
marketplace.

1.2. Performance of the current fleet of nuclear power plants

Accompanying the industry's consolidation, the existing nuclear power plants have, in recent
years, enjoyed substantial improvements in performance (for example, plant availability) and
reduced operating costs (for example, reduced staffing levels). In many parts of the world,
including the U.S., existing nuclear plants are able to generate electricity at lower costs than
any alternative, except hydro. U.S. industry experts are saying that for the first time in more
than a decade, production costs at U.S. nuclear power plants are the lowest of any major
reliable electricity fuel source, even dropping below coal-fired plants. Production costs (which
include fuel, operations and maintenance) at nuclear power plants averaged 1.83 cents per
kWh in 1999, lower than coal's 2.07 cents and well below oil-fired plants at 3.18 cents and
natural gas-fueled plants at 3.52 cents. And, this does not reflect last year's price spikes for oil
and natural gas. Industry experts expect most, if not all, of the nation's 103 nuclear plants to
extend their operating licenses for 20 years. But some utilities are taking a further look at
nuclear power, particularly if they are able to build at existing sites and use a standardized
design that could streamline the lengthy licensing process and cut construction expenditures.

1.3. Safety record

The existing nuclear plants around the world have amassed an impressive safety record that
provides another reason for growing public acceptance. With the exception of the Chernobyl
accident (which was based upon a technology no longer offered in the nuclear industry), the
health and safety of the general public has never been threatened by nuclear energy. After
more than a quarter century of safe operation, coupled with their clean air and economic
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benefits, the operating nuclear units are gaining greater and greater acceptance by the general
public.

1.4. Regulatory stability

A major factor in holding down operating costs has been the stabilization of the safety
regulatory environment. After more than a decade of changes mandated by the safety
regulators, because of accidents such as the one at Three Mile Island, the regulatory
environment has improved significantly. Recognizing that regulatory stability is a critical
component in assuring economic competitiveness of the existing nuclear plants, the U.S.
Nuclear Regulatory Commission is transitioning to a risk-informed, performance-based
regulatory structure that is proving to be highly effective and efficient. As a consequence of
such changes, the investment community is becoming more optimistic about nuclear energy's
viability. On top of this, the plant owners are extending the lifetimes of their operating units
and obtaining regulatory approval for doing so. As a result, there is a growing sense of
optimism that the existing nuclear industry will be viable for decades to come.

1.5. Environmental benefits

Meanwhile, there is a growing concern about the effects that greenhouse gases will have on
the earth's environment. The international community is moving toward a consensus (through
agreements such as the Kyoto treaty) that significant steps must be taken to reduce the
production of greenhouse gases. In fact, the U.S. Energy Information Administration has
noted that the largest single contribution to avoiding new greenhouse gas production in the
U.S., in recent years, has been the increased availability and power uprating of the operating
nuclear units. Many environmentalists and governments are beginning to acknowledge that
the existing nuclear plants are playing an important role in avoiding further production of
greenhouse gases and other air pollutants. As a result, there is growing support for extending
the lifetimes of the existing nuclear units.

1.6. Low cost alternatives for new baseload generation

Market analysis of the U.S. electricity generating market indicates that the generating cost of
competitive new generating capacity must be less than $0.03 per kWh. When such factors as
an attractive return on investment and payback period are considered for a new nuclear
electric generating facility, this results in the requirement to have an overnight capital cost of
approximately $1000/kW or less. Industry executives indicate that any new nuclear plant must
be able to compete in the deregulated generation wholesale marketplace and provide a return
to the shareholders. Against this standard, the costs of advanced nuclear power plants
currently available are still too high. This includes the AP600, Westinghouse's 600 MWe
advanced, passive plant, which was issued Design Certification by the U.S. NRC at the end of
1999.

When the AP600 was developed, the U.S. Utility Requirements Document for advanced light
water reactor plants included a cost goal that was based on the cost of coal and natural gas
generated electricity at the time the document was written. The AP600 meets this cost goal;
the overnight capital cost for the first AP600 plant is calculated to be between 1300-1500
$/kW depending on the site selected. Although the AP600 is the most cost-effective nuclear
power plant ready for deployment, it is still more expensive than other new generation options
in the U.S.
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In response to the demand for a clearly cost-competitive nuclear power plant, Westinghouse
developed the AP1000. Westinghouse has completed design studies that demonstrate the
feasibility of increasing the power output of the AP600 to at least 1000 MWe, while
maintaining its current design configuration, use of proven components and licensing basis.

2. AP1000 - COST COMPETITIVE NUCLEAR OPTION

The API000 builds on the design and licensing basis of the AP600, while providing higher
power output without an appreciable increase in capital cost. This is achieved by designing the
API000 within the space constraints of the AP600, while retaining the credibility of proven
components and substantial safety margins. The arrangement of the reactor, the passive safety
systems and the auxiliary systems is the same as the 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 reactor components are based on components that are used in operating
PWRs or have been developed and tested for new PWRs. In order to maintain adequate safety
margins, the capacity of the passive safety features have been selectively increased based on
insights from the AP600 test and analysis results. Figure 1 shows a section view of the
API000 and AP600 containments; Figure 2 shows a plan view.
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FIG. 1. Westinghouse API 000 and AP600 plants (section).
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AP600 AP1000

FIG. 2. Westinghouse API 000 and AP600plants (plan).

The affect of the changes that are required to uprate the AP600 to the API 000 is small on the
plant's overnight cost. A detailed estimate of each difference from AP600 was applied to the
already extensive and validated AP600 cost estimate. This overall cost addition is on the order
of 11 percent. The overall power increase, however, is almost 80 percent. This yields a greatly
reduced overnight cost per megawatt.

2.1. Larger components

To achieve the higher power level, the following changes have been incorporated into the
basic design of the advanced passive plant:

• Increased core length and number of assemblies
• Increased size of key NSSS components

- Taller reactor vessel
- Larger steam generators
- Larger canned reactor coolant pumps
- Larger Pressurizer

• Increased containment height
• Some capacity increases in passive safety system components
• Turbine Island sized to increase power rating

Like the AP600, the API000 plant is designed to be simple to construct, operate and maintain
with significantly fewer safety and non-safety components, simpler components, and better
materials than a currently operating PWR.

The design of the major components used for power generation (fuel, internals, steam
generator, reactor coolant pumps, turbine, etc) is based on equipment that has successfully
operated in power plants. Modifications to these proven designs are based on similar
equipment that has had successful operating experience in similar or more severe conditions.
Table I provides a summary comparison of the key design parameters of the API000 with
those of the AP600.
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2.2. Core design

The major differences in the API000 core design compared to the AP600 core design are the
addition of 12 fuel assemblies, an increase in the length of the fuel assemblies, and additional
control assemblies. The extra assemblies and increase in length along with an increase in the
linear power density in the core enables 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 was increased to 53 in the API000 compared to 45 in the AP600. The API000 core
also 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.

TABLE I. COMPARISON OF NSSS DESIGN PARAMETERS

AP600 API 000

Reactor Power, MWt
Net Electric Output, MWe

Hot Leg Temperature, °F

Number of Fuel Assemblies

Type of Fuel Assembly

Active Fuel Length, fit

Linear Heat Rating, kW/ft

R/V I.D., inches

Number Control Rod Assemblies

Hot Leg / Cold Leg Pipe ED, in

Steam Generator Heat Transfer Area, ft2

Reactor Coolant Pump Flow, gpm

Pressurizer Volume, ft

Core Makeup Tank, # / Volume, ft3

Containment Diameter / Height, ft

1933
610

600

145

17x17

12

4.10

157

45

31/22

75,180

51,000

1600

2/2000

130/190

3400
1090

615

157

17x17

14

5.707

157

53

31/22

125,000

75,000

2100

2/2500

130/215

2.3. Reactor vessel

The API 000 reactor vessel has the same overall diameter and number and size of nozzles as
the AP600 vessel. The overall length of the API000 vessel has been increased to
accommodate the increase in core length to 14 feet. The API000 reactor vessel internals are
essentially the same design as the AP600 vessel internals, with the major differences being
that 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 API 000 core,
which has both additional fuel assemblies (12) and heavier assemblies due to the longer
length. The API000 integrated head package design is the same as that of the AP600 except
that the overall height has increased to accommodate the longer control rod drives and incore
components required for the 14-foot API000 core. Internally, the API000 integrated head
package also accommodates eight additional control rod assemblies. Figure 3 illustrates the
overall height differences between the API000 and AP600 reactor vessels and integrated head
packages.
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2.4. Steam generators

The APIOOO Model A125 steam generators incorporate very similar features to the AP600
Model A75 SGs. Both units are vertical-shell U-tube evaporators with a triangular pitch tube
bundle and integral moisture separating equipment. They both use Inconel-690 thermally
treated tube material. To accommodate the higher thermal output of the APIOOO more heat
transfer surface is required, thus increasing 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 side APIOOO steam generator has been increased such
that it is about 36-percent larger, on a per megawatt basis, than that of the AP600 steam
generator. This increased water mass results in a greater heat transfer capability from the
reactor coolant system during transients and improves safety margins. Westinghouse has
successful experience in building and operating steam generators as large as the A 125 s in a
number of plants including Arkansas, San Onofre and Waterford. Figure 4 illustrates the
dimensional differences between the APIOOO and the AP600 steam generators.

2.5. Canned-motor reactor coolant pumps

The same basic canned-motor pump design is employed in the APIOOO as in the AP600
including the use of a uranium alloy flywheel to provide rotating inertia to extend the flow
coastdown. However, the higher thermal power and core power density of the APIOOO
requires higher flow and longer coastdown from the APIOOO pumps compared to the AP600
pumps.
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FIG. 3. APIOOO andAP600 reactor vessel and upper head package.
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FIG. 4. API000 and AP600 steam generators.

2.6. Pressurizer

The API000 pressurizer volume was increased compared to the AP600 to accommodate the
larger reactor coolant system volume in the API000. This was accomplished by making the
API000 pressurizer taller while maintaining the same diameter pressurizer as in the AP600.
The total volume of the API 000 pressurizer is 2,100 ft3 compared to 1,600 ft3 for the AP600.

2.7. AP1000 passive safety features

The API000 passive safety features use the same design approach and arrangement as the
AP600 (Figure 5). The capacities of the API 000 passive safety features have been selectively
increased using insights from the AP600 design, testing, analysis and licensing activities. Two
key factors in these insights are the uncertainty in the computer analysis tools and the margin
between the calculated results and the licensing limits. These insights indicate that whereas
some passive safety features should be increased at least as much as the increase in core
power, other features do not need to be increased as much.

2.8. API 000 accident analysis

Preliminary accident analyses have been performed for the API000 using the AP600 validated
analysis codes and preliminary models of the API 000 plant. This report has been prepared and
submitted to the U.S. NRC as part of the pre-application review of the AP1000. These
analyses are not a complete set of analyses as prescribed by 10 CFR 50. They were performed
to characterize the expected performance of the AP1000. These analyses were performed
using bounding assumptions and are performed in a manner consistent with the approach
taken for the AP600.
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IRWST

FIG. 5. API 000 reactor coolant system and passive core cooling system.

Based on the results of these analysis assessments, it appears that the analysis results for the
API000 will provide large safety margins for the range of postulated accidents and transient
events. The timing and interactions predicted for the API000 are similar to the performance
predicted for the AP600. No new phenomenon or significant differences in performance
characteristics were observed in the analysis results.

Westinghouse has evaluated scaling studies of the AP600 tests and assessed their scalability to
the API 000. This report has been prepared for submittal to the U.S. NRC as part of the pre-
application review of the API 000. This evaluation indicates the API000 design features and
operating characteristics have been selected such that the performance of each safety feature
and their interdependent effects are judged to be sufficiently similar to the AP600 such that
the AP600 test data should satisfy the NRC requirements in 10 CFR 52.47. As a result, the
Westinghouse analysis codes validated for AP600 should be sufficient to perform the accident
analyses for Design Certification of the API 000 without the need for additional testing.

2.9. Costs and construction

The change in size of the affected components does not impact the construction schedule for
the API000. And, there are less than ten additional valves required. The increased
containment height is accommodated in the existing containment module rings, so no
additional containment ring lifts are required. The only addition to the construction schedule
is one more shield building concrete pour. It is on the critical path and will add at most two
weeks.
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There is no change to the plant's availability potential or staffing level since they are
independent of power level.

Table II compares the cost to build, operate and decommission the AP600 and APIOOO plants.
Evaluation of the generation costs for the APIOOO yields results of approximately 3 e'/kWh for
twin units constructed on a single site. This makes APIOOO, in general, more than competitive
with generation using fossil and renewable fuels.

TABLE H. AP600 VS. APIOOO ECONOMICS IN THE U.S.*

Aspect

Cost to Build ($/kWe)

Cost to Build (cents/kW-hr)

Cost to Operate (cents/kW-hr)

Cost to Decommission (cents/kW-hr)

Total Generating Cost (cents/kW-hr)

AP600

1400

2.9

1.3

0.1

4.3

APIOOO

900-1000

1.9

1.0

0.1

3.0

* For 20-year financing at commercial rate of return.

2.10. APIOOO licensing status

The APIOOO is being designed to meet U.S. NRC regulatory criteria in a similar manner to
that found to be acceptable for the AP600. Furthermore, the APIOOO is being designed to meet
NRC deterministic safety criteria and probabilistic risk criteria with large margins.
Westinghouse intends to certify the APIOOO standard plant design under the provisions of
NRC regulatory criteria 10 CFR Part 52.

Preliminary pre-application discussions with the NRC began in 2000. Westinghouse continues
in discussions with the NRC to identify areas of review that are necessary to obtain Design
Certification for the APIOOO beyond those already accepted by the NRC for the AP600
Design Certification. Interest in APIOOO has led to support from the U.S. Department of
Energy and the Electric Power Research Institute, primarily to facilitate completion of the
plant's safety case review.

The strategy for licensing the APIOOO is to leverage the AP600 licensing program. To that
end, Westinghouse is working to obtain NRC agreement on a plan to avoid high cost activities
during Design Certification review, such as additional testing, safety code development, and
additional detailed engineering. To further support this strategy, Westinghouse has evaluated
scaling studies of the AP600 tests, assessed their scalability to the APIOOO, and has submitted
the evaluation to the NRC. The current schedule proposed under consideration is for obtaining
Design Certification of the APIOOO by the end of 2004.

2.11. Looking beyond APIOOO design certification

As noted above, the licensing strategy for APIOOO is to use the original licensing bases that
were applied to AP600, so as to minimize the cost and schedule for obtaining NRC
certification and, thus, bringing APIOOO to the marketplace as quickly as possible. The U.S.
Department of Energy is funding some of the analytical work on the APIOOO design.
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Meanwhile, however, Westinghouse is currently involved in three other research &
development projects being funded under the U.S. Department of Energy's Nuclear Energy
Research Initiative. These projects include: (1) risk-informed assessment of regulatory and
design requirements for future nuclear plants, (2) development of methodologies for utilizing
smart equipment with self-monitoring, self-diagnostic features, and (3) development of
advanced technologies for design, fabrication, and construction of future nuclear plants. If
future funding becomes available, it should be possible to apply the results of these efforts to
the API000 design, as a means to further reduce costs and improve performance. However,
any such changes would not be pursued until after the API000 design has been certified by
NRC. Bringing the design to the marketplace as quickly as possible must be the highest
priority. Further improvements can follow.

3. CONCLUSIONS

The API000 is derived directly from the AP600, which uses passive safety features and
extensive simplifications to enhance construction, operation, and maintenance. Design
changes related to uprating the AP600 to 1000 MWe are being incorporated into the API000
standard plant design that Westinghouse intends to license in the U.S. under 10 CFR Part 52.
The AP600 design has already been licensed with the NRC, receiving Design Certification in
December 1999.

Preliminary safety evaluations and analysis results, performed on the API000, indicate that
passive safety features can be successfully applied to a plant of a higher power rating while
maintaining large safety margins. Scaling evaluations indicate that the AP600 test program
and the analysis codes validated for AP600 should be sufficient to perform the accident
analyses for Design Certification of the API000 without the need to perform additional
testing.

The design evaluations performed on the API000 indicate that the design objectives of
maintaining the AP600 design configuration, use of proven components and licensing basis
can be met and that the API000 costs will be competitive in the U.S as well as other parts of
the world.
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