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Abstract 
Design Reliability Assurance Program was used in AP1000 which developed the III Generation 

Nuclear Power Plant by Westinghouse Company of U.S., and acquired the certification of NRC. 

Reliability Assurance Program Guidebook for Advanced Light Water Reactors which published by 

IAEA provides the basis theory and practice procedure of the Design and Operation Reliability 

Assurance Program. ACP600 is the CNNC devoting to develop newly III Generation NPP, and all its 

general goals and performance indicators are meeting the next generation NPP indicators 

requirement. In this paper will use the D-RAP technical and Risk-Informed requirements, establish the 

RAM and PSA model to optimize the ACP600 design. After the iterative loop of analyzers with the 

designers information exchanges, achieving the goal of ACP600 primary design improving and 

optimizing. 

 
Key Words：D-RAP，PSA，ACP600，Risk-Informed 

 

1.  Introduction of ACP600 

ACP600 is a newly nuclear power plant technology of CNNC in China which based on the Generation 
III NPPs design experience and general safety goals. ACP600 is the newly NPP which with 
independent technical innovation and intellectual property rights. The ACP600 Design Reliability 
Assurance Program (D-RAP) is implemented as an integral part of the ACP600 design process to 
provide the confidence of the plant reliability and auxiliary design decision. Figure 1 is the inspiring 
chart of ACP600 project. 

 
Figure 1 Inspiring Chart of ACP600 

1.1  General Design Rules 

ACP600 is based on the domestic NPPs’ design and operation experience, inherits the technical 
research results and follow the advanced standards, codes and the rules as follows: 

 Keep to the standing domestic codes, such as HAFs and HADs, guidelines and related 
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standards, IAEA and other advanced specific are the supplementary references, and; 
 Absorbed the international existing suchlike AP1000,EPR and VVER advanced Generation III 

NPPs’ design experiences, and; 
 Advanced and proven technical used in the ACP600, promoting the key components and 

equipments localization, and; 
 Combine the research work and the engineering, before the detail design, development some 

research and test verification needed. 

1.2  General Design Targets 

The general design targets of ACP600 showed in the table 1. 
Table 1 ACP 600 general design targets 

No. Technical indicators description Unit Value 
1 Plant Designed Life Cycle year 60 
2 Plant Layout   Single 
3 Containment Type  Double 
4 Refueling Cycle month 18~24 
5 Core Damage Frequency (CDF) 1/yr <1.00E-05 
6 Large Release Frequency (LRF) 1/yr <1.00E-06 
7 Plant Capacity % >90 
8 Instrument and Control System  DCS 
9 Server Accident Mitigating and Management Ability  Mature 

2 D-RAP Applications in ACP600 

A reliability assurance program (RAP) is a formal management system which assures the collection of 
important characteristic information about plant performance throughout each phase of its life and 
directs the use of this information in the implementation of analytical and management process which 
are specifically designed to meet two specific objects, etc, confirm the plant goals and cost effective 
improvements. In general, typical reliability assurance program have four broad functional elements: 

 Goals and performance criteria; 
 Management system and implementing procedures; 
 Analytical tools and investigative methods, and; 
 Information management. 

2.1  D-RAP in ACP600 

Design review process is the important and major program element of Reliability Assurance Program 
in design phase (D-RAP). Design review must not only follow the conventional practice in reviewing 
and comparing the design to all deterministic criteria and requirements imposed by owner and 
regulatory authorities, but also compare the predicted performance of the design with its prescribed 
probabilistic criteria. Another important element of D-RAP is focusing the attention onto the reliability 
and maintainability of SSCs. 
In ACP600 project, we use simplified the D-RAP to allocation the safety system’s goals and 
performance criteria, utilizes PSA for the analytical tool to quantify the importance of critical SSCs, 
etc, by the means of Fussel-Vesely and Risk Achievement Worth to identify and classify the SSCs. 
Figure 2 is the flow chart of reliability assurance program in ACP600 design phase. 
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Figure 2 Flow Chart of Reliability Assurance Program in ACP600 Design Phase 

ACP600 composites the reference plant design and operation experience, some safety system, safety 
related system and their support systems, we need to optimize and improve the system design to meet 
with the requirements of owner and regulatory, such as HAF102, HADs and URD/EUR. First we 
should get ready for the data input which needed, set the plant safety goals, and then allocate the 
system goals, for example, reliability, maintainability, availability and etc by the meaning of main 
logical chart and/or success tree. PSA and RAM models to quantify the performance criteria, 
unreliability and unavailability which are determined in the system goals. The PSA and RAM results 
can use to identify and rank the safety important SSCs. Figure 3 is the sketch of design optimize and 
improve by D-RAP in ACP600 project. 
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Figure 3 Flow Chart of Design Optimization and Improvement by D-RAP of ACP600 

In ACP600 project, passive and motile safety system are used to enhance the safety goals and the 
reliability of these front line system which play an important role in mitigating and terminating the 
accidents and transients events, at the same time, ACP600 has the ability to mitigate and manage the 
severe accidents to satisfy with the URD or EUR requirements. D-RAP is a deductive method, in other 
words, from the plant top goals such as safety goals, economy goals, and performance criteria and so 
on. Especially, we are focus on the safety goals in ACP600, tracing the significant important safety 
function, we add some new passive safety systems to mitigate and manage during the plant at 
accidents or severe accidents. Figure 4 is the matrix of system and safety function in ACP600 
preliminary design. 

 
Figure 4 Matrix of System and Safety Function of ACP600 
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2.2  Scope and Content of Level 1 PSA 

Level 1 PSA evaluates accident sequences from the initiating events and failure of safety function to 
core damage. The frequency of core damage and identification the dominant contributors are 
determined from the PRA results, and use the PSA as an effective analytical tool to quantitative 
analysis the importance of SSCs. In the D-RAP if the events that meet the threshold risk achievement 
worth (RAW) and/or risk reduction worth, then should pay more attention to these events and take 
action to enhance or degrade the relative SSCs important level.  
In ACP600, for the time and ACP600 is ongoing concept design, the analysis scope and content of 
level 1PSA is localized in the internal events included the loss of offsite power and loss of heat sink 
events, but exclude the internal flooding and fire events when plant at power. Low-power and 
shutdown state is conducted to address concerns about risk of operations during shutdown conditions 
or encompasses operation when the reactor is in subcritical state or in a transition between subcritical 
and power up to 2%.  
The PSA model update is a iterative process, with the design in detail, the performance criteria and 
system allocation before determined, we momentarily adjust the systems and components’ reliability 
indicator in needed. Figure 5 is the PSA of D-RAP update during design phase.  

  
Figure 5 PSA Update during Design Phase of ACP600 

2.3  Database for D-RAP of ACP600 

The ability to perform quantitative reliability analyses to predict the performance of ACP600 depends 
very much upon the mathematical analog and the database which used in PSA and RAM models. 
There are many diverse source of component reliability database, some public, some proprietary, 
generally, generic database, plant specific data, company generic database and sister plant operating 
data used in PSA models. Since the database is one of the important input conditions and element of 
the PSA and RAM models. 

In ACP600 project, the analysis contents of database are the following types: 
 Methodology, include the definition for hardware reliability and unavailability, parameter 

assessment, distributor type, error factor, data update and data collection; 
 Database source, by the now, there are some choice to select the generic database, so should 

select the most appropriate database for the ACP600, and; 
 Specific data for the ACP600, for example, the site information, expert judgment and 

engineering analyses method. 
Establish the reasonable and applicably database is the most important cornerstone of all the work, and 
it’s the requirement that the regulatory focus on. Figure 6 shows the database system for PSA and 
RAM models. 



 NEA/CSNI/R(2012)2 

341 
 

 

 

Figure 6 Database System for PSA and RAM Models 

2.4  Organization Hierarchy of D-RAP  

Any organization to implement a formal reliability assurance program will require a fully capable 
support group which is able to transfer the needed technical skills to existing organization, based on 
the definition processes which needed in D-RAP of ACP600 developing, provide procedural and 
technical guidance, develop and apply the analytical tools, techniques and methods which are an 
integral parts of the quantitative decision making process of D-RAP. An effective D-RAP organization 
will probably need a highly skilled group of specialists in RAM models, PSA model development. 
Figure 6 is the organization hierarchy of D-RAP in ACP600. 

 
Figure 6 D-RAP organization of ACP600 

2.5  Analysis Tool 

In D-RAP we use the importance such as Fussel-Vesely and Birnbaum which come from the PSA and 
RAM models. Because the importance is a key factor to providing the focus needed by the design 
team, so the design team members to understand the physical relationship of the importance is 
essential. Usually, the Fussel-Vesely importance and Risk Achievement Worth (RAW) are used to rank 
the importance of SSCs, specifically in light of maintenance activities. The more detailed approach is 
suggested by “Evaluations and Utilizations of Risk Importance” (NUREG/CR-4377). In this model, 
the area bounded by the system RAW importance measure, plotted on the ordinate axis, and the system 
F-V importance measure plotted on the abscissa, is divided into four quadrants as shown in figure 7: 

 Quadrant I, significant impact on safety assurance, (RAW>2 and F-V<5.0E-3); 
 Quadrant II, significant impact on risk reduction and safety assurance, (RAW>2 and F-

V>5.0E-3); 
 Quadrant III, insignificant impact on risk reduction and safety assurance, (RAW<2 and F-

V<5.0E-3); 
 Quadrant V, significant impact on risk reduction, (RAW<2 and F-V>5.0E-3); 
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Figure 7 Importance Measures Categories of SSCs 

3.  Conclusions 

ACP600 is a new nuclear plant design that CNNC is devoting into develop, which is a new generation 
III of ALWRs. D-RAP is one of the most effective and useful information management system and 
analytical tool, especially in developing new nuclear plant in the design phase. The D-RAP is the first 
time for CNNC using in developing newly advanced light water reactors, which based on the Risk-
Informed regulatory requirements, establish the corresponding PSA and RAM models to rank the 
significant safety and risk reduction SSCs. Compared with design process as before, the D-RAP is 
more competent for the higher design targets and requirements, with more creativity and highlight of 
breakthrough. By using D-RAP, the plants goals, system goals, performance criteria and safety criteria 
can be easier to realize, and the design can be optimized and more rational. 
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