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ABSTRACT 

The AP1000® plant is an 1100-MWe pressurized water reactor (PWR) with passive 
safety features and extensive plant simplifications that enhance construction, operation, 
maintenance, safety, and costs.   

The first deployment of the AP1000 plant formally began in July 2007 when 
Westinghouse Electric Company and its consortium partner, the Shaw Group, signed 
contracts with China’s State Nuclear Power Technology Corporation Ltd., Sanmen Nuclear 
Power Company Ltd., and Shandong Nuclear Power Company Ltd. to build four AP1000 
units on coastal sites of Sanmen and Haiyang, China.  Both sites have the planned ability to 
accommodate at least six AP1000 units.  Construction for all four units is largely concurrent.   

Additionally the U.S. Nuclear Regulatory Commission (NRC) issued combined 
operating licenses (COLs) to allow Southern Nuclear Operating Company (SNC) and South 
Carolina Electric & Gas Company (SCE&G) to construct and operate AP1000 plants at the 
existing Vogtle and VC Summer sites in Georgia and South Carolina, respectively.  
Construction at both U.S. sites is underway.  The first four China AP1000 plants will become 
operational ahead of the U.S. Domestic AP1000 plants.  

Westinghouse is also actively engaged in deploying the AP1000 design in other regions 
throughout the world, including Europe. For example, the AP1000 design was evaluated by 
the U.K. Office for Nuclear Regulation as part of the U.K. Generic Design Assessment and 
received a statement of interim Design Acceptance in late 2011.   

Within this paper, a licensing and construction status will first be given; then significant 
lessons learned gathered through the AP1000 worldwide deployment will be discussed, 
including: 

• Resolution of key licensing issues that were reviewed in the United States, 
China, or the United Kingdom. 

• Lessons learned and experience gained from Sanmen Unit 1, the first AP1000 
being constructed, and how it benefited the construction of the other units in 
China. 
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• Early lessons learned from the U.S. construction activities, and how the 
experience in China is being used to enhance the U.S. AP1000 project 
construction. 

1 INTRODUCTION 

The AP1000 plant, described in Section 2, is an 1100-MWe class PWR with passive 
safety features and extensive plant simplifications that enhance construction, operation, 
maintenance, safety, and costs.   

Westinghouse and its consortium are currently building four AP1000 plants in China.  
Five U.S. utilities have also chosen the AP1000 design for possible nuclear plant construction.  
Two of these five utilities have received a combined construction and operation license from 
the U.S. Nuclear Regulatory Commission and have started the construction of a total of four 
AP1000 units.  Additionally, Westinghouse is participating to the U.K. Generic Design 
Assessment (GDA) process and has submitted the AP1000 design to the U.K. nuclear 
regulators who assessed the safety, security, and environmental aspects of the design.  The 
global licensing and construction activities are further described in Section 3.  

The purpose of this paper is to discuss significant lessons learned gathered through the 
AP1000 design worldwide deployment will be discussed, including: 

• Resolution of key licensing issues that were reviewed in the United States, 
China, or the United Kingdom (Section 4). 

• Lessons learned and experience gained from Sanmen Unit 1, the first AP1000 
being constructed, and how it benefited the construction of the other units in 
China (Section 5.1). 

• Early lessons learned from the U.S. construction activities, and how the 
experience in China is being used to enhance the U.S. AP1000 project 
construction (Section 5.2). 

2 THE AP1000 DESIGN 

The AP1000 power plant is a two-loop PWR that uses a simplified, innovative design 
and effective approach to safety.  

The AP1000 plant, described in Section 2, is an 1100-MWe class PWR; the power 
producing primary system is a familiar one based on proven and reliable Westinghouse PWR 
features, but with evolutionary improvements, such as the replacement Alloy 600 steam 
generator tubing with Alloy 690 tubing and the use of low cobalt-content alloys to reduce 
activation. Another example is the use of seal-less reactor coolant pumps eliminating the need 
for shaft seals and their complex support systems; a source of potential primary system leakage, 
especially important following a station blackout event is eliminated.   

These improvements make benefit of decades of operating experience, development of 
improved materials, and better manufacturing techniques.  

The AP1000 passive design represents a significant improvement over conventional 
PWRs, and is developed around the fundamental design principles of safety, simplification, 
and standardization.  The European Utility Requirements (EUR) organization completed their 
review of the AP1000 design in 2007 providing confirmation that the AP1000 design aligns 
with the European operational practice. 
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2.1 Safety 

The overarching design principle of the AP1000 plant, with respect to nuclear safety, is 
the use of simple, passive safety systems.  These safety systems are dedicated to the 
mitigation of safety issues and are not required for normal operation.  This approach is 
applicable to core cooling, containment cooling, spent fuel cooling, control room habitability, 
and the electrical power supply for instrumentation & control (I&C).   

The AP1000 passive safety systems use natural driving forces such as gravity and 
natural convection to address abnormal and/or accident conditions.  These passive safety 
systems require no external or onsite AC power sources to function, and once actuated require 
no support systems to maintain their functionality for at least 72 hours.  They greatly reduce 
the dependency on operator actions to respond to an event.  The AP1000 design uses the 
inherent reliability of natural phenomena to simplify safety systems while enhancing safety.  
These passive safety features result in very low core damage frequency and very low large 
release frequency, as calculated by the probabilistic risk assessment. 

Structures, systems, and components critical to placing the reactor in a safe shutdown 
condition are protected within the steel containment vessel, which is further surrounded by a 
substantial “steel and concrete” composite shield building. 

Typical PWR active safety systems and safety-related support systems (e.g., AC power, 
HVAC, and cooling water) exist in the AP1000 design as simplified systems located in non-
seismically-qualified building structures. They reliably support normal operation and provide 
an additional line of defense in case of abnormal conditions. 

The AP1000 approach to safety is further described in [1]. 

2.2 Simplification 

The principle of simplification is applied throughout the lifecycle of the AP1000 plant: 

• Simpler design: The elimination or simplification of active systems as a result of 
the reliable passive safety systems allows an overall simplification of the plant.  
This in turn results in the reduction of large quantities of unnecessary equipment 
and structures compared to other PWRs, which maximizes the certainty of 
delivery and schedule.  

 
Figure 1: Modular Construction Allows Activities in Parallel 

 

• Simpler construction: The AP1000 design has a highly developed construction 
plan to minimize the time and cost of construction.  It is designed from the 
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outset for modular and “open top” construction techniques.  Modular 
construction allows activities to be run in parallel and it allows more activities to 
be performed in a controlled factory environment instead of in the field (see 
Figure 1).  The lower demand of the AP1000 design for construction 
commodities decreases the overall demand for planning and construction 
through the passive design’s compact dimensions and greatly reduced areas that 
require nuclear seismically qualified (Seismic Category 1) construction, as 
illustrated in Figure 2. 

 

 
Figure 2: 3D Sketch of the AP1000 Power Block Showing Seismic Ratings 

 

• Fewer safety related components: The passive safety systems result in fewer 
components, which contribute to considerable savings in maintenance, testing, 
and operation costs. 

 

2.3 Standardization 

The AP1000 standard plant design uses conservative, bounding site parameters (e.g., 
temperatures, wind velocities, and seismic levels) to achieve a very high level of safety and 
incorporate utility operational desires.  As a result, it is a plant design that can be applied to 
different geographical regions around the world adhering to varying regulatory standards and 
utility expectations without major changes. This simplifies and standardizes construction, 
procurement, installation, testing, operator training, licensing, and operation. 

3 AP1000 LICENSING AND CONSTRUCTION WOLRDWIDE ACTIVITIES 

3.1 U.S. Activities 

Historically, U.S. plants were licensed using a two-step process that included both a 
construction permit (based on a preliminary safety analysis report) and an operating license 
(based on final safety analysis report and plans).  In the late 1980s, the U.S. NRC issued a 
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new plant licensing process, 10 CFR Part 52, with the intent to minimize risk by allowing 
early resolution of safety and environmental issues.  Based on 10 CFR Part 52, vendors can 
submit a standard plant design for design certification by the U.S. NRC.  On the other hand, 
applicants can now obtain approval for a reactor site (early site approval) and then submit 
their applications for a combined construction and operating license (COL) by referencing 
both the early site permit and the design certification.   

In line with this new licensing process, Westinghouse first submitted the AP600 design 
in 1992 for certification to the U.S. NRC which granted Final Design Approval in 1999.  The 
AP1000 design was submitted in 2002 and certified by the NRC in September 2004 [2].  In 
May 2007, Westinghouse submitted an application to amend the AP1000 certified design.  
This amendment to the original 2006 certification sought to resolve several issues that would 
otherwise be left to COL applicants and to enhance security and aircraft crash resistance.  The 
AP1000 final design certification was granted by the NRC in December 2011. 

Two U.S. utilities have since referenced the AP1000 standard certified design in their 
COL application: 

• Southern Nuclear Operating Company (SNC) has applied to construct and 
operate two AP1000 units at their existing Vogtle site in Georgia and was 
granted its COL in February 2012. 

• South Carolina Electric & Gas Company (SCE&G) has applied to construct and 
operate two AP1000 units at the existing VC Summer sites in South Carolina 
and was granted its COL in March 2012.   

Construction at both U.S. sites is underway.  Vogtle Unit 3 is scheduled to start 
operations by 2016 and Vogtle Unit 4 by 2017, while VC Summer Units 2 and 3 will come 
online in 2017 and 2018 respectively.   

3.2 China Activities 

The first deployment of an AP1000 plant began formally in July 2007 when 
Westinghouse Electric Company and its consortium partner, the Shaw Group, signed 
contracts with China’s State Nuclear Power Technology Corporation Ltd., Sanmen Nuclear 
Power Company Ltd., and Shandong Nuclear Power Company Ltd.  Currently, there are four 
Westinghouse AP1000 nuclear power plants being constructed in pairs at the coastal sites of 
Sanmen (Zhejiang Province) and Haiyang (Shandong Province).  Both sites have the planned 
ability to accommodate at least six AP1000 units [3].   

Following the Chinese licensing process for new plants, the plant owners have 
submitted the Preliminary Safety Analysis Reports (PSAR) to the Chinese Regulator (NNSA 
– National Nuclear Safety Administration) in 2008.  Following its review, NNSA has issue all 
construction permits in 2009 for both sites, and the regulatory review is continuing towards 
resolution of all construction permit conditions to support the target commercial operation 
date. 

Construction for all four units is largely concurrent.  Sanmen Unit 1 will be fully 
operational in November 2013 followed by Haiyang Unit 1 in May 2014.  The original plan 
also shows the operational dates for Sanmen Unit 2 and Haiyang Unit 2 as September 2014 
and March 2015, respectively [3]. 

3.3 U.K. Activities 

In response to the potential for the building of new nuclear plants in the United 
Kingdom, the U.K. Office for Nuclear Regulation has adopted a two-phase licensing process, 
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with the objective of improving clarity and certainty in the new nuclear power station 
regulatory process. 

Phase 1 is a Generic Design Assessment (GDA) that assesses the safety, security, and 
environmental implications of particular generic reactor designs before an application is made 
for the permission to build at a particular site. Phase 2 relates to Site Specific Licensing, 
which is the assessment of the application to build a nuclear power plant, and is therefore 
specific to site, reactor design, and operator. One key outcome from the GDA process is a 
commitment from the regulators at the site-specific stage not to further assess aspects of the 
safety case already assessed and accepted at the generic design stage [4]. 

The GDA process was started in 2007 and after four years of discussion with the U.K. 
regulator, Westinghouse successfully completed Step 4 of the Office for Nuclear Regulation’s 
GDA process in the U.K. and the AP1000 design was granted an interim design acceptance 
certificate in December 2011. 

4 LEARNING THROUGH LICENSING 

For decades Westinghouse has provided fuel, services, technology, plant design, and 
equipment for the commercial nuclear electric power industry and has supported its customers 
in various commercial and licensing activities in many parts of the world. 

However, the AP1000 licensing activities carried out in support of AP1000 worldwide 
deployment have presented some unique challenges: 

• The AP1000 design is the first reactor to go through the generic design 
certification process defined in 10 CFR Part 52 and the only Generation III+ 
reactor to have received design certification from the U.S. NRC. 

• Standardization is a fundamental principle in the AP1000 design. Benefits of 
standardization include plant cost and construction optimization, fleet operation 
optimization, and share of operational experience data. While recognizing that 
limited adaptations would likely be necessary to satisfy varying regulatory 
standards and utility expectations in different parts of the world, it is important 
to maintain the nuclear island design bases to the extent possible for all plants 
delivered to ensure the full achievement of the benefits of standardization. 

Westinghouse has identified a number of key lessons learned which it will take forward 
into future activities globally. One example relates to the challenges of adapting the safety 
case to local regulatory requirements and expectations.The NRC approach is prescribed in 
NUREG-0800, which defines actions required by the licensee. The NRC approach can be 
described as prescriptive: the licensee has to demonstrate in its licensing basis documentation 
that the design complies with detailed regulations. 

In contrast, the U.K. regulatory approach may best be described as goal setting and non-
prescriptive. Apart from statutory radiological worker and public dose limits for normal 
operation, the onus is on the licensee to demonstrate that the design, construction, and 
operation of the plant is safe and that risks are as low as reasonably practicable (ALARP). 

The challenge of bringing a U.S. design already certified to a U.S. approach into a very 
different U.K. regulatory regime has proven significant. 

At the beginning of the GDA process, a slight adaptation of the U.S. licensing 
documentation was transmitted to the U.K. regulators to support their review. It quickly 
became apparent that it was necessary to produce a licensing documentation adapted to the 
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U.K. practice. With support from U.K. consultancy companies, Westinghouse prepared a 
U.K.-specific safety case that detailed how the AP1000 design meets the U.K. regulatory 
requirements. The U.K. practice is to present the safety case based on the concept of claims, 
arguments, and evidence, which is a hierarchical approach to demonstrating how that 
particular technical aspect of the design was shown to be safe, secure, environmentally 
acceptable, and ALARP, in line with the U.K. regulatory approach.  

If only limited adaptations to the design were required to meet U.K. regulatory 
requirements, a completely new approach has to be defined for the safety case and licensing 
documents. 

Another important lesson learned related to the adaptation of the safety case is the need 
for an adequate and early definition of important safety principles. For example, in the area of 
safety classification, the AP1000 active defense-in-depth features are classified as Class 2 in 
the United Kingdom but non-safety in the United States. The term non-safety was the cause of 
early debate. This highlighted the need for both early clarification of the safety classification 
issue, and reinforced the requirement to use the Human Performance tool of Three Way 
Communication. It is important that language and key principles are clarified as early as 
possible to avoid significant delays later [3]. 

5 LEARNING THROUGH CONSTRUCTION 

5.1 Lessons Learned from China Construction Activities 

Westinghouse’s efforts to promote design standardization are not only beneficial in 
limiting redundant first-of-a-kind engineering and licensing efforts but also in ensuring 
construction lessons learned are directly applicable to future builds. The repeated nature of 
AP1000 construction makes capturing lessons learned during the initial China projects critical 
to continuous improvement efforts. To support companywide accessibility and long-term 
archival, Westinghouse established a database to serve as a repository of lessons learned. 
Westinghouse employees not only have access to previously entered lessons learned, but also 
to enter new lessons learned to be shared with the organization. Furthermore, keywords allow 
users to subscribe to and automatically receive lessons learned relevant to their work scope. 
During the first three years of construction in China, Westinghouse employees entered more 
than 6,000 lessons learned into the database.  

In addition to the use of a lessons learned repository, Westinghouse staffs each 
construction site with both a site engineering organization (SEO) and an installation support 
(IS) organization. The SEO works closely with construction to resolve emergent issues 
through the Engineering and Design Coordination Report (E&DCR) design change process. 
This E&DCR process allows the SEO to simultaneously evaluate a change and document the 
change for incorporation into the standard design. Many of these E&DCR changes are minor 
in nature, but the combination of them represents a significant improvement in the 
construction of an AP1000 plant. These efforts ensure the standard design is fully vetted 
during construction of the initial units. The construction of each additional unit provides 
confidence that interferences are cleared, construction sequences are optimized, and the 
overall constructability is improved.  

Westinghouse IS organizations work closely with construction on the assembly and 
installation of critical AP1000 equipment such as the reactor vessel, steam generators, and 
polar crane. Westinghouse prepares and maintains detailed installation guidelines to cover the 
systematic process for receipt, assembly, installation, and construction testing. Critical to the 
success of these guides is capturing lessons learned. Westinghouse has mobilized the authors 
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of these guides to site to support critical evolutions. At the completion of the projects, the 
installation guides are updated as required to reflect any improvements identified. These 
modifications capture valuable lessons learned for the key AP1000 components. 

While most construction lessons learned are minor and seamlessly incorporated into the 
standard design, some construction lessons learned represent significant improvements. One 
example of a significant lessons learned is the change in connection to the basemat. 

As described in Section 2.2, the AP1000 design makes extensive use of modularization 
to improve constructability. Structural modules consist of a series of walls made up of two 
steel plates. The steel plates provide reinforcement and formwork for the concrete that is 
placed after the module has been set. The original design called for reinforcement dowels to 
form a connection between these modules and the basemat. Early as-built conditions in China 
indicated these dowels had a tendency to interfere with specific module components during 
set of the modules. 

Recognizing the difficulty associated with ensuring no interferences during the setting 
of a heavy component, Westinghouse undertook a redesign effort to improve the connection. 
The current standard design no longer utilizes dowels to form the basemat connection. Rather 
structural modules are first set and then the connection is made. This greatly improves 
constructability and personnel and equipment safety. 

5.2 Early Lessons Learned from U.S. Construction Activities 

Even though Vogtle and VC Summer are fairly early in plant construction activities, 
important lessons learned have already been captured for future plant design and construction 
activity. The examples shown below relate to lessons learned discovered during Vogtle Unit 3 
construction, but apply to all current U.S. projects. 

To date, Vogtle Unit 3 construction/fabrication activities have led to creation of 4800 
E&DCRs as well as 300 design deviations (Field Deviation Reports). Listed below are two 
design changes described in more detail: 

5.2.1 Redesign of Nuclear Island Basemat Drain Hub Locations to Eliminate 
Interference Issues with Rebar 

The nuclear island basemat (Elevation 60"-6" to 66'-6") contains both embedded piping 
for the radioactive waste system (WRS) and the waste water system (WWS). The systems 
consist of 36 separate drain hubs located throughout the nuclear island at Elevation 66'-6". 
During construction work package review and construction execution, it was noted that many 
of the drain hub locations were actually interfering with previously designed rebar for the 
nuclear island. A total of 12 E&DCRs were created to correct the interferences. Some directed 
cutting WWS or WRS pipes to relocate the associated drain hubs while others allowed rebar 
to be relocated within the allowed ACI 349 tolerance limitations ( +/- 3 inches [7.6 cm]). 

5.2.2 Modified Containment Vessel (CV) Post Weld Heat Treatment Process to 
Eliminate Cracks/Defects in CV Welds 

In April 2012, four butt welded vertical seams (verts) of the S1 cylindrical shell course 
of Vogtle Unit 3 were discovered to have linear indications after completion of Post Weld 
Heat Treatment (PWHT) of the verts. Hydrogen cracking, restraint cracking, and reheat 
cracking were identified as the three most likely failure mechanisms. Based on the evaluation, 
it was determined that the linear indications were caused by reheat cracking. Reheat cracking 
cannot form without a weldment spending time at a temperature of at least 650°F [343.3°C]. 
This is well above the 300°F [148.9°C] maximum design temperature of the vessel. 
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Therefore, reheat cracking is only an issue for PWHT seams. The PWDT procedure was then 
modified in June 2012 to prevent the reoccurrence of reheat cracking. 

6 CONCLUSIONS 

A total of eight AP1000 units are currently under construction in China and in the 
United States. In addition to the licensing activities in these countries, the AP1000 design has 
also been through a detailed pre-licensing assessment in the United Kingdom. 

Recognizing the importance of lessons learned to improve safety and benefit future 
projects, Westinghouse has been capturing relevant lessons learned from these constructions 
and licensing activities. Examples have been provided in this paper. 
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