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SUBJECT: Westinghouse AP1000 Plant Description and Analysis Report

References: 1. Westinghouse Letter DCP/NRC1465, W. E. Cummins to S. J. Collins, 8/28/2000
2. NRC Letter “AP1000 Pre-Application Review — Phase 2” S. J. Collins to
W. E. Cummins, 12/5/2000
Dear Mr. Wilson,

Enclosed is WCAP-15612, “AP1000 Plant Description and Analysis Report.” The AP1000 report provides an
overview description of a 1000MWe standard nuclear plant that utilizes passive safety systems. The report also
includes results of analyses of the plant response to various accident scenarios. This report is submitted for
review as part of Phase 2 of the AP1000 pre-application review.

The AP1000 plant is derived from the AP600 standard plant that was granted Design Certification under Title
10, Code of Federal Regulations Part 52. The itemsto be resolved during Phase 2 of the pre-application review
have been outlined in Reference 1 and are as follows:

1. Applicability of AP600 Test Program to AP1000

2. Applicability of AP600 Analysis Codes to AP1000

3.  AP1000 Design Acceptance Criteria

4, AP1000 Exemptions
This report is the first submittal of the pre-application review and supports resolution of the four items above.
Subsequent submittals for each of the four items above will be submitted prior to initiation of the NRC review in
February 2001. Based on Reference 2, the NRC has estimated that the Phase 2 review will take 6 to 9 months
to complete. For planning purposes, Westinghouse plans to submit an application for Design Certification
under 10 CFR Part 52 for the AP1000 in early 2002, contingent upon successful resolution of the Phase 2
pre-application review within the currently planned time period and contingent on our ability to attract continued
support for the design from the Department of Energy and the nuclear industry.

Please direct questions on this submittal to Mike Corletti at (412) 374-5355.

Very truly yours,

VA=

W.E. Cummins
/Enclosure

cc:  J.N.Wilson - NRC 0(03
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prepared by or on behalf of the Westinghouse Electric Company in connection with its
request to the United States Nuclear Regulatory Commission for a pre-application review
of the AP1000 passive nuclear plant design. No use of or right to copy any of this
information, other than by the NRC and its contractors in support of Westinghouse’s pre-
application review, is authorized.

The information provided in this document is a subset of a much larger set of know-how,
technology and intellectual property rights pertaining to standardized, modularized,
nuclear powered, electric generating facilities that utilize a minimum of active
components and are characterized by a passive shutdown system, designed by
Westinghouse and referred to as the AP600™ and, or the AP1000™ nuclear power plant
designs. Without access and a Westinghouse grant of rights to that larger set of know-
how, technology and intellectual property rights, this document is not practically or
rightfully usable by others, except by the NRC as set forth in the previous paragraph.
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EXECUTIVE SUMMARY

On December 3, 1999, The United States Nuclear Regulatory Commission issued Design
Certification of the AP600 standard nuclear reactor design. This culminated an 8-year review of
the AP600 design, safety analysis and probabilistic risk assessment. The AP600 is a 600 MWe
reactor that utilizes passive safety features that, once actuated, depend only on natural forces such
as gravity and natural circulation to perform all required safety functions. These passive safety
systems result in increased plant safety and have also significantly simplified plant systems and
equipment, resulting in simplified plant operation and maintenance. The AP600 meets NRC
deterministic safety criteria and probabilistic risk criteria with large margins.

The large safety margins of the AP600 can be attributed to the performance of the passive safety
systems in response to accidents. An extensive AP600 test program was performed to provide
confidence in the ability to adequately predict the performance characteristics of the passive
safety systems as required by 10 CFR 50. This test program consisted of separate effects and
integral systems tests of the passive safety systems and is well documented in NUREG-1512,
Final Safety Evaluation Report Related to Certification of the AP600 Standard Design.
Westinghouse used the test programs to develop analytical computer codes that can predict
with adequate certainty, the performance of the passive safety systems in response to design
basis and beyond design basis accidents. In addition to the extensive test program conducted
by Westinghouse, the NRC also performed confirmatory tests and analyses at both the APEX
test facility at Oregon State University and the ROSA test facility at the Japan Atomic Energy
Research Institute. As a result, the Westinghouse computer codes were validated as sufficient
for use in performing accident analyses in accordance with the requirements of 10 CFR Part 50
and Part 52. In addition, the NRC performed independent analyses of the AP600 using
different analysis codes to confirm the adequacy of the AP600 design as well as the AP600
safety analysis presented in the AP600 Standard Safety Analysis Report. These independent
analyses also confirmed the large safety margins exhibited in the AP600.

Westinghouse is developing a larger version of the AP600 called the AP1000. The AP1000
design is based largely on the AP600. It employs passive systems that operate in the same
manner as the AP600 passive systems. The AP1000 is being designed to meet NRC regulatory
criteria in a similar manner to that found to be acceptable for the AP600. The AP1000 is being
designed to meet NRC deterministic safety criteria and probabilistic risk criteria with large

margins.

Westinghouse intends to certify the AP1000 standard plant design under the provisions of

10 CFR Part 52. As discussed in NUREG 1512, 10 CFR 52.47(b)(2)(i)(A) states that “Certification
of a standard design which differs significantly from the light water reactor designs described
in paragraph (b)(1) of this section or utilizes simplified, inherent, passive, or other innovative
means to accomplish its safety functions will be granted only if

1. The performance of each safety feature of the design has been demonstrated through
either analysis, appropriate test programs, experience, or a combination thereof;
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2. Interdependent effects among the safety features of the design have been found
acceptable by analysis, appropriate test programs, experience, or a combination thereof;

3. Sufficient data exist on the safety features of the design to assess the analytical tools used
for safety analyses over a sufficient range of normal operating conditions, transient
conditions, and specified accident sequences, including equilibrium core conditions;”

In this report the AP1000 plant design is described, with focus on the AP1000 passive safety
systems. Comparisons of the AP1000 design features to the AP600 or operating reactors are
provided to demonstrate the proven basis for the AP1000 design features selected. Table 1
provides a summary comparison of the key design parameters of the AP1000 with those of the

AP600.

Tablel Comparison of NSSS Design Parameters

AP600 AP1000
Reactor Power, MWt 1933 3400
Hot Leg Temperature, °F 600 615
Number of Fuel Assemblies 145 157
Type of Fuel Assembly 17x17 17x17
Active Fuel Length, ft 12 14
Linear Heat Rating, kw /ft 4.10 5.707
R/V LD, inches 157 157
Steam Generator Heat Transfer Area, ft’ 75,180 125,000
Reactor Coolant Pump Flow, gpm 51,000 75,000
Pressurizer Volume, ft’ 1600 2100
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A summary comparison of key passive safety system design features are provided in Table 2.
These key features are discussed due to their importance in affecting the key thermal-hydraulic
phenomenon exhibited by the passive safety systems in critical areas.

Table2 Comparison of Passive Safety System Design Features

AP600 AP1000 Comment

Core Makeup Tanks Core makeup tank volume and flow
Number 2 2 rate is increased to provide additional
Volume, ft’ 2000 2500 safety injection flow. CMT elevations
Line Resistance, % 100% 64% are maintained at the AP600 level.
Design Flow Rate, % 100% 125% | The duration of CMT injection is

maintained similar to AP600.

Accumulators The accumulators are the same as
Number 2 2 AP600. Accumulator sizing is based
Volume, ft’ 2000 2000 on LBLOCA performance and is
Pressure, psig 700 700 determined largely on reactor vessel

volume. The AP600 employs a 3-loop
reactor vessel, while the AP1000
employs a 3XL vessel similar to Doel
and Tihange plants. AP1000

.| LBLOCA performance will be similar
to AP600.

IRWST The IRWST level has been increased
Volume, gallons 557,000 590,000 | in the AP1000 by using more accurate
Water Level, ft 130.00" 131.58" | level instruments. This permits a
Line Resistance 100% 32% higher operating level.

Design Flow Rate, % 100% 184%

Automatic Depressurization The first three stages of ADS are the

Stages 1-3 same as AP600. Their sizing basis is
Location, Top pzr Top pzr | to reduce pressure to permit adequate
Configuration, 6 paths 6 paths | injection from the accumulators and
Vent Area, % 100% 100% | to permit transition to 4" stage ADS.

Stage 4
Location, HotLeg | Hotlegs | The ADS 4" stage vent area is
Configuration, 4 paths 4 paths | increased more than the ratio of the
Line size, nominal 10-inch 14-inch | core power. The 4" stage ADS
Vent Area, % 100% 176% | venting is the most important design
Line Resistance 100% 28% feature to allow for stable
Capacity 100% 189% | IRWST/sump injection during long

term core cooling.

Passive RHR Heat Exchanger The AP1000 PRHR HX retains the
Type C-Tube C-Tube | AP600 configuration. The heat
Surface Area, % 100% 122% transfer surface area is increased by
Design Flow Rate, % 100% 174% | extending the length of the heat
Design Heat Transfer, % 100% 172% | exchanger. The inlet and outlet

piping has been increased resulting in
higher flow rates.
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Table2 Comparison of Passive Safety System Design Features
(cont.) —
AP600 AP1000 Comment
Containment The AP1000 containment volume and
Diameter, ft 130 130 design pressure are increased to
Overall Height, ft 189.83 215.33 | accommodate higher mass and
Shell Thickness, 1A 1.625 175 energy releases.
Design Pressure, psig 45 59
Net Free Volume, ft’ 1.73E06 | 2.07E06
Passive Containment Cooling 580,000 800,000 | The PCS water storage tank was
System Water Storage Tank Volume increased to accommodate higher
(Top of Overflow), gallons flow rates. The PCS flow rates have
been increased based on the increase
in core power.

Accident analyses were performed for the AP1000 using the AP600 validated analysis codes and
preliminary models of the AP1000 plant. These analyses are not a complete set of analyses as
prescribed by 10 CFR 50. They are provided 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, unless otherwise discussed in the
report. In addition, the analysis results are provided in comparison to the AP600 analysis
results for the same event to better demonstrate similarities to, or contrast differences with the
performance of the AP600.

Based on the results of these analysis assessments, it appears that the analysis results for the
AP1000 will provide large safety margins for the range of postulated accidents and transient
events. The figures presented in this report show that the timing and interactions predicted for
the AP1000 are similar to the performance predicted for the AP600. No new phenomenon or
significant differences in performance characteristics are observed in the analysis results.

The use of WCOBRA-TRAC for long-term cooling calculations in a “window” mode was
approved for AP600 for analysis of long-term cooling following a LOCA. Westinghouse intends
to use a similar approach for the same events as was analyzed for the AP600. In this report, the
use of WCOBRA-TRAC for an analysis of long-term cooling for DVI line break is provided and
compared with WCOBRA-TRAC analysis in “window” mode for the same event. The analysis
results demonstrate the validity of the use of the “windows” mode for predicting long-term core
cooling.

Westinghouse is preparing a related report for submittal to the U.S. NRC as part of the pre-
application review of the AP1000. That report - WCAP-15613, AP1000 Scaling Assessment and
Analysis Plan, provides scaling studies of the AP600 tests, and assesses their scalability to the
AP1000. The purposes of WCAP-15613, when considered with the information provided in this
report, are to demonstrate that for the AP1000:
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J The design features and operating characteristics have been selected such that the
performance of each safety feature and their interdependent effects can be judged to be
sufficiently similar to thie AP600 such that the NRC could determine that the AP600 test
data satisfy the requirements of 10 CFR 52.47(b)(2)(I)(A) Items 1, 2, and 3 discussed
above,

. The Westinghouse analysis codes validated for AP600, and modified and/or employed
as described in WCAP-15612 and WCAP-15613 will be sufficient to perform the
prescribed accident analyses for a Design Certification for the AP1000.

In conclusion, this report summarizes the scope of the design changes to the AP600 that are
most important in evaluating the passive plant design features embodied in the certified AP600
standard plant design. These design changes are being incorporated into the AP1000 standard
plant design that Westinghouse intends to certify under 10 CFR Part 52. The safety analysis
results presented demonstrate that the passive safety concepts can be successfully applied to a
plant of a higher power rating, and that the benefits of passive plant technology can be realized
in the AP1000.
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1 INTRODUCTION

Westinghouse Electric Company has designed an advanced 600 MWe (1933 MWt) nuclear
power plant called the AP600. The AP600 uses passive safety systems to enhance plant safety
and to satisfy US licensing requirements. The use of passive safety systems provides significant
and measurable improvements in plant simplification, safety, reliability, investment protection
and plant costs. These systems use only natural forces such as gravity, natural circulation, and
compressed gas to provide the driving forces for the systems to adequately cool the reactor core
following an accident. The AP600 received Design Certification by the Nuclear Regulatory
Commission in December 1999.

Westinghouse has initiated development of the AP1000 standard nuclear reactor design based
closely on the AP600 design. The AP1000, with a power output of approximately 1000 MWe
(3400 MW1t), maintains the AP600 design configuration, use of proven components and
licensing basis by limiting the changes to the AP600 design to as few as possible.

The AP1000 reactor and passive safety features retain the same configuration as the AP600. The
capacities of the major reactor components have been increased to support the increased power
rating. The approach to designing the passive safety features (core cooling and containment
cooling) is to evaluate each feature to determine if changes are necessary to provide proper
safety margins at the higher power rating. Preliminary safety evaluations have shown that the
AP1000 passive safety systems provide adequate performance during limiting design basis
accidents.

This report contains a description of the AP1000 plant design and a summary of the preliminary
safety evaluations which confirm the feasibility of the uprating concept. The AP1000 plant
description focuses on the major components and systems on the nuclear island. Major
differences between the AP1000 and AP600 are highlighted at the end of each
system/component section. Documentation of the preliminary safety evaluations includes
descriptions of the events, analysis input assumptions, and evaluation results.

Introduction December 2000
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2 AP1000 DESIGN DESCRIPTION

21  PLANT OVERVIEW

211 Design Origin and Overall Plant Description

The APlOOO isa two-loop, 1000 MWe pressunzed water reactor (PWR) with passive safety

features and extensive plant simplifications to enhance the construction, operation, and
maintenance. The AP1000 design is derived directly from the AP600, a two-loop, 600 MWe

- PWR. The AP600 uses proven technology which builds on over 30 years of operating PWR

experience. The AP600 design received Final Design Approval from the U.S. NRC in
September 1998 and De51gn Certification in December 1999. The AP1000 retains the AP600

- approach of using proven PWR technology and safety features that rely on natural forces.

The AP1000 passive sa'fety systems are the same as those for the AP600, except for some
changes in component capacities. The safety systems maximize the use of natural driving forces
such as pressurized gas, gravity flow, and natural circulation flow. Safety systems do not use
active components (such as pumps, fans, or diesel generators) and are designed to function
without safety-grade support systems (such as alternating current [ac] power, component
cooling water, service water, or heating, ventilation, and air-conditioning [HVAC]). The
number and complexity of operator actions required to control the safety systems are
minimized; the approachis to eliminate required operator action rather than to automate it.

~ Thenetresultisa de51gn with reduced complexlty and unproved operability.

The approach in upratl.ng the AP600 to the' AP1000 was to increase the power capability of the
plant within the space constraints of the AP600, while retaining the credibility of proven
components and substantial safety margins. Therefore, the AP1000 retains the AP600 licensing
basis.

Some of the high-level design characteristics of the AP1000 are as follows:

. Net electrical poWer is approximately 1090 MWe, and nuclear steam supply system
(NSSS) thermal power is 3415 MWt. - ‘

. Rated performance is achieved with up to 10 percent of the steam generator tubes

plugged and with a maximum hot leg temperature of 617°F.

. Major safety systems are passive; they require no operator action for 72 hours after an
accident, and maintain core and containment cooling for a protracted time without ac
power.

. Predicted core damage frequency will be similar to AP600 (1.7E-07/yr) and will be well
below the 1E-04/yr requirement. The frequency of significant release will be similar to
AP600 (1.8E-08/yr) which is well below the 1E-06/yr requirement.

AP1000 Design Description December 2000
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. Standard design is applicable to anticipated U.S. sites.
. Occupational radiation exposure is expected to be below 0.7 man-Sv/yr
(70 man-rem/yr).

. The core is designed for an 18-month fuel cycle.

. Overall plant availability is greater than 93 percent, including forced and planned
outages; the goal for unplanned reactor trips is less than one per year.

. The plant is designed to accept a 100-percent load rejection from full power to house
loads without reactor trip or operation of the pressurizer or steam generator safety
valves. The design provides for a turbine capable of continued stable operation at house
loads. '

. The plant is designed with significantly fewer components and significantly fewer
safety-related components than a current pressurized water reactor of a comparable size.

. The plant design objective is 60 years without the planned replacement of the reactor
vessel, which itself has a 60-year design objective based on conservative assumptions.
The design provides for the replaceability of other major components, including the
steam generators.

. The design of the major components required for power generation — such as the steam
generators, reactor coolant pumps, fuel, internals, turbine, and generator - is based on
equipment that has successfully operated in power plants. Modifications to these
proven designs were based on similar equipment that had successful operating
experience in similar or more severe conditions. :

2.1.2 Plant Comparisons
2.1.2.1 Overall Plant Parameters

A comparison of the major AP1000 design features and nominal parameters with the AP600 and
conventional pressurized water plants with a similar power rating as the AP1000 is provided in
Table 2.1-1. The values provided are nominal and provided for comparison and not for design
certification. The V. C. Summer plant was chosen for comparison because it has a core power
density similar to that of the AP1000. The San Onofre Unit 2 and 3 parameters provide a
comparison to a two-loop plant of similar thermal power rating.

2.1.2.2 Plant Design Features

The design approach for the AP1000 was to utilize design features and components that have
been proven in currently operating plants or are based on such proven components. The
AP1000 incorporates both design features that are the same as in current operating plants, and
those that are based heavily on proven technology. The major design features which are based

AP1000 Design Description December 2000
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on proven designs in current plants are discussed here. They include the core design, steam
generator design, reactor coolant pump motors.

CORE DESIGN

The AP1000 core design incorporates 157 fuel assemblies. This core design is the same as in
V. C. Summer, Doel 3, and Tihange 4. The active fuel region in the Doel and Tihange plants is
14 feet, just as in the AP1000. However, the linear power density of the AP1000 core is
approximately the same as the V. C. Summer core, although the active length of the

V. C. Summer core is only 12 feet. Thus, the Doel and Tihange plants provide operating
experience with the 157 assembly core and the longer fuel assembly mechanical design. The
V. C. Summer plant provides operating experience with this core arrangement at the higher
AP1000 linear power density compared to Doel and Tihange.

STEAM GENERATOR DESIGN
Design Features and Power Rating

The AP1000 steam generator is a vertical U-tube design with a triangular pitch tube
arrangement. Many of the design features of the Delta 125 units have been incorporated from
the operating replacement Delta 75 and Delta 94 steam generators. Operating experience with
these generators has been obtained in the V. C. Summer and Shearon Harris plants (Delta 75)
and the South Texas plant (Delta 94). These generators operate at a lower power rating than

" those of the AP1000. However, the replacement steam generators for the Arkansas #1 unit,
provide experience in the power range of the AP1000. The steam generators for the San Onofre
and Waterford units are also rated at the same 1700 MWt as the AP1000.

Inconel Tubes

In the past, steam generator tube integrity has been linked with tube material and the reactor
coolant system hot leg temperature. The AP1000 steam generator design utilizes Inconel-690
tubes and has a hot leg temperature of 615°F. Table 2.1-2 lists the current operating plants
which have steam generators with Inconel-690 tubes along with their reactor coolant hot leg
temperature. As can be seen from the table, three plants have hot leg operating temperatures
higher than the temperature proposed for the AP1000.

REACTOR COOLANT PUMP

The AP1000 reactor coolant pump utilizes a hermetically sealed canned motor of proven design.
The addition of a uranium alloy flywheel to provide the rotating inertia needed for flow coast-
down is based on the design of the AP600 reactor coolant pumps. The AP1000 pump
incorporates the hydraulics scaled down from the hydraulics developed for the Tsuruga 3/4
reactor coolant pumps. Thus, the AP1000 reactor coolant pumps are based on components with
extensive operating history and previous design work.

AP1000 Design Description December 2000
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Table 2.1-1  AP1000 Plant Comparison With Other Facilities
Systems/Components AP1000 AP600 San Onofre 2&3 | V. C. Summer

Overall Plant

Plant Life Design Objective | 60 Years 60 Years 40 Years 40 Years

NSSS Power 3,415 MWt 1,940 MWt 3,410 MWt 2,912 MWt

Core Power 3,400 MWt 1,933 MWt 3,390 MWt 2,900 MWt

Net Electrical Output 1,090 MWe 600 MWe ~1,100 MWe ~950 MWe

Reactor Operating Pressure | 2,250 psia 2,250 psia 2,250 psia 2,250 psia

Hot Leg Temperature 615°F 600°F 611°F 622°F

SG Design Pressure 1200 psia 1200 psiat 1100 psia 1200 psia

Main Feedwater 440°F 435°F 445°F 440°F

Temperature

Core

Number of Fuel Assemblies | 157 145 217 157

Active Fuel Length 168 in 144 in 150 in 144

Fuel Assembly Array 17x 17 17x17 - 16x 16 17x17

Number of Control 53 45 83 Full Length | 48

Assemblies 8 Part Length

- Absorber Material Ag-In-Cd Ag-In-Cd Ag-In-Cd Ag-In-Cd
Number of Gray Rod 16 16 None None
Assemblies
- Absorber Material 55-304/ SS-304/ — ——
Ag-In-Cd Ag-In-Cd

Average Linear Power 5.707 kw / ft 4.10kw/ft 534 kw/ft 5.69 kw/ft
(Engineered
Safety Design
Rating)

Heat Flux Hot Channel 2.60 2.60 235 245

Factor, Fo

1 Actual design pressure for the Delta-75 SG is 1200 psia. A design pressure of 1100 psia was retained for

the AP600.
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Table21-1 AP1000 Plant Comparison With Other Facilities
(cont.)

Systems/Components AP1000 APs00 San Onofre 2&3 | V. C. Summer
Reactor Vessel
Vessel ID 157 in 157 in 172in 157 in
Number Hot Leg Nozzles 2 2 2 3

-ID 31.0in 31.0in 42in 29in
Number Cold Leg Nozzles | 4 4 4 3
-1ID 22.0in 220in 30in 27.5in
Number Safety Injection 2 2 None None
Nozzles
Steam Generators
Type Vertical Vertical Vertical U-Tube | Vertical U-Tube
U-Tube, Recirc | U-Tube, Recirc | Design Design
Design Design
Model Delta-125 Delta-75 C-E Delta-75
Number 2 2 2 3
Heat Transfer Area/SG 125,000 ft2 75,180 ft2 103,574 ft2 75,180 ft2
Number Tubes/SG 10,000 6,307 9,300 6,307
Tube Material 1690 TT 1690 TT 1600 1690 TT
Separate Startup Feedwater | Yes Yes No No
Nozzle
Reactor Coolant Pumps
Type Canned Canned Shaft Seal Shaft Seal-
Model 93A
Number 4 4 4 3
Rated HP? 6,000 hp/pump | <3,500 7,200 hp/pump | 7,000 hp/pump
hp/pump (cold)
Estimated Flow/Loop (Best | 150,000 gpm 102,000 gpm 198,000 gpm 103,400 gpm
Estimate)
Pressurizer ,
Total Volume 2,100 2 1,600 £t3 1,514 fi® 1,400 ft3
Volume/MW1 0.615 f8/MWt | 0.825 ft3/MWt | 0.45 ft3/MWt 0.481 ft3/MW