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INTRODUCTION

Market analysis of the U.S. electricity generating market indicates that the
generating cost of competitive new generating capacity must be <$0.03/kw-hr.
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 $10007kw.
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.

In the United States, the Utility Requirements Document for advanced light water
reactor plants included a cost goal that was based on the cost of coal generated
electricity at the time the document was written. Since that time, the cost of new
generating capacity and the overall operating cost of generating electricity has
gone down. This is a result of low natural gas prices, more efficient plants in
general and the current record breaking reductions in outage times and operating
costs for nuclear plants.

The plant designs resulting from the United States advanced light water reactor
plant programs received Design Certification from the United States Nuclear
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Regulatory Commission. Some are being deployed, with variations, in countries
other than the United States. But they can not compete today with other sources
of central station generation in the United States.

AP600 BACKGROUND

Westinghouse Electric Company has designed an advanced 600 MWe light
water reactor power plant called the AP600. A cut way view of the AP600 is
shown in Figure 1. The AP600 has recently received Design Certification by the
Nuclear Regulatory Commission when it formally approved the final rule
amending 10 CFR Part 52 to certify the AP600 standard plant design. The
overnight capital cost for the first AP600 plant is estimated to be between 1300-
1500 $/kW depending on the site selection. This is much less that the Utility
Requirements Document cost goal. It also places the AP600 as the most cost
effective nuclear power option available for deployment in the world today. It is,
however, more expensive than the $1000/kw needed to compete in the United
States today. Implementation of conventional cost reductions and state-of-the-art
power upratings could potentially realize a 10% decrease in the $/kW. This still
will not place its cost within the competitive range. Therefore if nuclear power is
to be commercially attractive, a dramatic decrease in capital cost per kW is
necessary.

Figure 1 -Westinghouse AP600 Reactor Plant

AP600 is an advanced passive nuclear plant that has been designed to meet
globally recognized requirements. Its designers made a concerted effort to
simplify systems and components to facilitate construction, operation and
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maintenance. Plant safety systems performance relies on the natural forces of
gravity, compressed gas, natural circulation and evaporation to shut down and
cool down the plant in the unlikely event of an accident. No pumps, fans, diesels,
chillers, or other rotating machinery are used for safety related responses to
unlikely events. A few simple valves automatically align the passive safety
systems when they are needed without the use of ac power.

SIMPLICITY

The use of passive safety systems allows the plant design to be significantly
simpler than typical pressurized water reactor safety systems. In addition to
being simpler, the passive safety systems do not require the large network of
safety support systems found in current generation nuclear plants. These safety
support systems include ac power, HVAC, cooling water systems, and the
associated seismic buildings and foundations needed to house these systems
and components. These reductions in systems led to the elimination of safety-
grade emergency diesel generators and their network of support systems, air
start, fuel storage tanks and transfer pumps, and the air intake/exhaust systems,
safety support systems found in current generation nuclear plants. These safety
support systems include ac power, HVAC, cooling water systems, and the
associated seismic buildings and foundations needed to house these systems
and components. These reductions in systems led to the elimination of safety-
grade emergency diesel generators and their network of support systems, air
start, fuel storage tanks and transfer pumps, and the air intake/exhaust systems.
The overall reduction in components compared to a current generation
pressurized water reactor of the same size is shown in Figure 2.

Simplicity reduces cost for reasons other than the reduction of the number of
items to be purchased and incorporated into the plant. With a fewer number of
components to install, the overall cost of installation is reduced. The reductions
include the cost of electrical terminations, hanger installations, and foundation
attachments.

In addition to the simplicity obtained by eliminating active safety systems, AP600
has achieved additional simplicity in its other systems. Within the operational
constraints and desires of its utility sponsors, the AP600 has reduced the overall
complexity of all of its operating systems. AP600 is also a highly standardized
design, which simplifies overall component procurement and maintenance.

Copyright ©2001 byASME



50% Fewer
Valves

35% Fewer
Pumps

80% Less
Pipe*

80% Fewer
Heating,

Ventilating &
Cooling Units

45% Less
Seismic
Building
Volume

70% Less
Cable

* No safety grade pumps
** Safety Grade

Figure 2 - Fewer Components Reduce Cost

MODULAR CONSTRUCTION

In construction, time is money. The AP600 has been designed to make use of
modern modular construction techniques. To the maximum extent possible, the
design is based upon parallel construction activity paths. This is done through
the extensive use of modules. Not only does the design incorporate vendor
designed skids and equipment packages, it includes large (>700 tons) structural
modules and specialty equipment modules.

The use of modules allows work on all portions of the plant to continue in parallel.
While the foundation is being excavated, assembly work on the containment,
structural modules and equipment modules is being performed both on and off
the site. As a result, the AP600 construction schedule from first basemat
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concrete to fuel load is 36 months. This duration has been verified by experience
construction managers through 4D (3D models and time) reviews of the
construction sequence.

The modules are designed to be transported by rail or to be barged by
waterways. Figure 3 shows how parallel efforts in the factory and onsite
eliminate the need for events to occur in series. Associated savings with the use
of modules are the reduction of labor in the field, the reduction in field rework and
the overall improvement in field efficiency (traffic control, warehousing, tool
control and trade interactions).

RaibTnjek Shipment
of Modules

Factory Production
of Modules

Time

Figure 3 - Parallel Activities Shorten Construction

The economic results of these improvements in plant complexity and
construction timing have led to plant cost reductions of 20% to 30% compared to
current evolutionary plant designs. Plant costs for AP600 were confirmed by
completing a detailed cost buildup using direct quotes in 1900 commodity
categories for over 25,000 specific items including components, bulk commodity
and other materials, labor, indirect, and ownei^ costs. This evaluation led to the
following overnight plant completion costs, assuming a two-unit AP600 site.

? Direct and Indirect Costs
? Ownets Costs
? Total Cost

$1650 million
$205 million
$1520/kWe
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AVAILIBILITY

When calculating the overall generation cost of power, there are two major
operations related costs to be considered in addition to returning the investment
in the overnight cost. They are availability and the cost of staff. For AP600,
availability is enhanced by the simplicity designed into the plant as described
above. There are fewer components which results in lower maintenance costs,
both planned and unplanned. In addition, the great reduction in safety-related
components results in a large reduction in planned inspections and tests. So the
cost of maintenance can be reduced for a simplified plant such as AP600.

In addition, the AP600 design is built up from components that have been used
before. There are no components that are unique or developmental or first time
for AP600. As a result, there is an operating track record for the components
making up the AP600. This allows the prediction of availability to be based upon
experience and not conjecture. Also, the trend in the world for operating reactor
plants is one towards increased availability. Plant operators have found ways to
eliminate unplanned outages and reduce planned outage times even for the
relatively more complicated current generation plants.

AP600 uses an assumed availability of 90% for power generation cost
calculations. This may be a low estimate considering the current availability
rates of over 92% for some plants today. AP600 has a planned refueling outage
time of 17 days and plans to use a 24-month fuel cycle. With no new design
components, a proven utility track record of high availability and short refueling
outage times, the AP600 should easily exceed this 90% availability assumption.

STAFFING

AP600 simplicity is also reflected in its staffing plans. AP600 staffing is based on
INPO studies for advanced light water plants, regulatory requirements and
AP600 specific staffing studies. It is expected that the first unit will require 30
operators including 5 trainees and 5 additional operator supervisors. For the first
follow plants on other sites, 20 operators including 4 trainees and 5 supervisors
are required on a 5-shift basis with one shift always in training. The second unit
on any given site operates with a total of 20 operators.

With the required management, administrative, training, maintenance and
security staff this equates to a need for about 187 people on the first unit of a site
and additional 108 for the second.

Based on the operations costs of some plants today, the reduced staff with the
increased availability discussed above and current fuel costs can realize an
operations cost of less than 10/kWhr for AP600.
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EVOLUTION TO AP1000

The AP1000 is a logical extension of the AP600 design activities. Many of the
studies coming from this effort provided a high-confidence that a two-loop
configuration using the passive safety technology could produce over 1000 MWe
with minimal changes to the AP600 design. In fact, maintaining as many aspects
of the AP600 design as possible became a design objective of the AP1000. This
includes maintaining the design philosophy of AP600, such as using proven
components, as well as maintaining as many design features as possible. The
obvious purpose of moving forward with the AP1000 was to optimize the power
output, thereby reducing the resulting overall generation costs. This has been
met and has led to a plant that is competitive with all types of fossil and
renewable generation options.

The AP1000 is a two-loop, 1000 MWe plant that keeps the same basic design as
AP600. The core diameter, reactor vessel diameter, containment diameter and
nuclear island footprint are all the same as for AP600. See Figure 4. The main
differences between AP600 and AP1000 are shown in Figure 5. Those
component changes that impact the plant the most are the increase in size of the
steam generator, from a delta-75 to a delta-125, and the larger capacity reactor
coolant pump, from 51,000 gpm to 75,000 gpm. An example of one of the added
benefits of larger reactor coolant pumps is its higher inertia compared to that for
AP600. This higher inertia allows increased margin for departure from nucleate
boiling (DNB) for loss-of-flow events by providing increased coastdown flow to
the core after pump trip.

AP600 AP1000

Figure 4 - Footprint Comparison
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AP600

EL. 308'3'

AP1000

EL. 333'-9'

Figure 5 - AP600 to AP1000 Comparison

All of the plant components use proven technology. If any, the modifications
required to match AP1000 design conditions are minor. Using the test data
developed for AP600 and similar design, the AP1000 is capable of meeting the
higher power output and current regulatory requirements with proven technology.
Where margins are affected by power level, modest deign changes (for example,
larger pipe sizes) have been incorporated. No change has been made to the
Certified AP600 design unless it was required to increase power or to maintain
margins. The PRA shows that the plant simplifications embodied in the AP600
are not power level dependent.

The effect on plant overnight cost is small. A detailed estimate of each difference
from AP600 was applied to the already extensive and validated AP600 cost
estimate. This overall additional cost is on the order of 11 %. The overall power
increase however is over 66%. The overnight cost per megawatt is greatly
reduced.
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There are less than ten additional valves required. The change in size of the
other components affected does not impact the construction schedule. 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.

There is no change to the planfe availability potential or staffing level since they
are independent of power level.

Evaluation of the generation costs for the AP1000 yields results below 3.20/kWhr
for twin units constructed on a single site. This makes AP1000, in general, more
than competitive with generation using fossil and renewable fuels.

CONCLUSION

Westinghouse is currently in discussion with the NRC to identify areas of review
that are necessary to obtain Design Certification for the AP1000 beyond those
already accepted by the NRC for the AP600 Design Certification. Interest in
AP1000 has led to support from the USDOE and EPRI, primarily to facilitate
completion of the plants safety case review.

AP1000 is competitive with alternative sources of central station power. It is
based solidly on a Certified design and proven components. It shows that
nuclear can be designed to be competitive.
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