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Abstract. The CANDU 6 plant now under construction in Cernavoda include over two hundred significant 
improvements made in order to comply with current codes and standards and licensing requirements relative to 
the operating CANDU 6 in Romania. These evolutionary improvements are incorporated in CANDU 6 design 
taking advance of CANDU operating experience, of the designer company research and development and 
technical advances worldwide in order to further enhance safety, reliability and economics. This paper gives a 
general idea of the evaluation of the modifications of the Cernavoda 2 nuclear power plant against the design of 
Cernavoda 1 and states the safety principles and requirements which are the basis for this evaluation. 

1. The Licensing Steps 

The licensing process is the means by which the National Commission of Nuclear Activities Control 
(CNCAN), in Romania, gains assurance that a nuclear facility will be sited, designed, constructed, 
commissioned and operated in compliance with acceptable safety criteria. The features of the process 
are: 

- the involvement very early in the project; 
- maintenance of surveillance over safety related activities in each phase of the project; 
- review of the product (safety analysis, constructed reactor, operating reactor); 
- review of the process that generates the product; 
- integration of many of the CNCAN resources to meet specific milestones. 

In 1982 work started at Unit 2 of Cernavoda NPP on AECL project with a design from 1979. The 
regulatory body, the State Committee for Nuclear Energy granted work permits for each particular 
structure or system being installed. The safety analysis documentation assessing the nuclear safety of 
the intended design and specific to each system / structure safety documentation was prepared prior to 
the work in the field. In 1989 the work was basically stopped at the end of year with few exceptions 
allowed by the budget, generally the unit being under preservation, and the processes were controlled 
by applicable quality assurance program requirements. In 1991, in order to conserve available 
financial resources and focus efforts, it was decided to continue works only on Unit 1, temporarily 
ceasing the works on other units. Until 1998, only preservation and some remedial and progress works 
were performed at Unit 2. Unit 1 has been successfully put into commercial operation in December 
1999.

Work on Unit 2 resumed in 1999 and a partial license was issued by CNCAN for construction & 
installation activities in nuclear field. In February 1999, a license was issued by CNCAN for the 
installation of the fuel channels in the reactor. In August 2001 CNCAN issued an extension of the 
partial construction license for the performance of construction and installation activities. The 
activities were performed to a series of systems which were specified in the license. The Nuclear 
Safety documentation based on which the license was issued consisted of: the Preliminary Safety 
Analysis Report of Cernavoda 1 NPP, the Safety Analysis Report of Cernavoda NPP Unit1, Edition 
2001, and the document describing the utility’s nuclear safety policy. The authorization of the Quality 
Assurance Program of the Unit 2 was issued by CNCAN in 2001, as a prerequisite for performing the 
construction and installation activities. 
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In 2001, after the renegotiation of the commercial contract for the completion of Cernavoda 2, 
between the Romanian utility SNN, and the companies AECL and ANSALDO, some of the of the 
contract’s Appendixes were modified, including the Licensing Basis Document, the Licensing 
Prerequisites Document and the licensing schedule. These documents were approved by CNCAN in 
2001. In 2003 was issued an extended scope partial construction license granted to sustain fieldwork 
for systems covered by U1 design intent. A Partial license for performance of construction and 
installation activities was issued in April 2003, for an extended range of activities. The supplementary 
works were performed on structures and systems with the same design as Unit 1. Accordingly, the 
same nuclear safety documentation as that specified was attached to the license application. 

The Preliminary Safety Report was transmitted to CNCAN at the end of 2002 until the beginning of 
2003 in several steps, as condition from the previous license, as support for application for a 
construction license. Also, the following documents were sent at CNCAN as support for the licensing: 
the item classification list (ICL) and for the assessment of the compliance against the Canadian 
Nuclear Safety regulations R-7, R-8, R-9, and R-10, issued by the Canadian Nuclear Safety Authority.  

2. The Review Process 

The Licensing Basis for Cernavoda 2 is consisting of: 

- The Regulatory requirements implemented in the overall plant design. The mandatory design 
requirements are addressed in the four Safety Design Guides and are sustained by safety reports, 
assessment and analysis. 

- The Romanian norms and regulations. An extensive list of updated regulations on: design guides, 
the content of the Safety Report, which is describing the reference design, and the safety analysis, 
including the safety analysis program with dose guidelines, Quality Assurance Program for 
design, commissioning and construction, staffing and training program, ALARA program, the 
conceptual plan for decommissioning, the fire protection program and other applicable industry 
standards. 

- The applicable Canadian Regulatory Documents: R7, R8, R9 and R10, and the consultative 
document C6 (full compliance of which is not required); 

- The applicable Codes and Standards, for which the edition is specified. 

The basic requirements were codified in a set of Power Reactor Safety Criteria and Objectives listed 
in the Republican Norms for Nuclear Safety and these include the following safety criteria and 
objectives: 

- the design and construction of systems important to safety shall follow the best applicable code, 
standard or practice and be confirmed by independent audit; 

- the quality of process system shall be such that the frequency of serious failures shall not exceed 1 
per 3 years; 

- safety systems shall be physically and functionally separate from the process systems and from 
each other; 

- each safety system shall be testable and shall be tested at a frequency that will demonstrate that its 
unavailability is less than 10-3;

- the design shall be such that the dose limits specified in the Norms shall not exceeded. 
(Application of ALARA principle may require the use of even more stringent design targets.) 

The reference design of Cernavoda 2 is the design of Cernavoda Unit 1, described in the Final Safety 
Report of U1, considered frozen at June 1997, including the design changes, site dispositions, station 
dispositions, non-conformances reports approved from that date till 2001, minus those which have 
been identified in design modification evaluation reports as non applicable for Cernavoda 2. 
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Also there are included the design changes and improvements generated by CANDU operating 
experience and new regulatory requirements.  
CNCAN performed a thorough review of the Preliminary Safety Report of Unit 2, consisting of: 

- Review the design basis for all safety related systems; 
- Review of the methodology of the safety analysis (chapter 15 of the PSAR - the series of 

assumptions, source of the data used, analytical techniques used in calculation models). Review in 
depth of the safety analysis to confirm adequate confidence in predictions upon which design 
requirements are based. It was reviewed the scope of safety analysis to confirm that sufficient 
analyses are performed to identify all design requirements for safety related systems arising from 
consideration of internal plant events. 

- Review of the acceptability of design basis external events (earthquakes, floods, high winds, toxic 
gases, projectiles etc.). 

- Review of the seismic rating (0.2g PGA – peak ground acceleration). 
- Review of the adequacy of the proposed code class (ASME BPVC Edition 1989). 
- Review of the impact of modifications on safety analysis, reliability analysis, and on the 

compliance with the regulatory requirements.  

3. Design Requirements 

The safety design requirements were reviewed for consistency with the regulatory requirements from 
the regulations R-7, R-8, R-9, and R-10: 

The preliminary assessment of the Containment System for Compliance with the CNSC Regulatory 
Document R-7 and its Appendix was submitted by the licensee. The R-7 provisions were assessed 
item by item and there were explained or detailed the compliance. The assessment was based on the 
design information available at the middle of the year 2002. The document identified that Cernavoda 
U2 design complies with the R-7, with some exceptions on code class of equipment already procured. 
For those exceptions, tangible safety concern analyses shall be performed and documented in separate 
reports. The case of the Hydrogen Control System and the Local Air Cooler fan motors which have to 
be environmental and seismic qualified and powered from seismically qualified source were 
addressed in the design.  

- The preliminary assessment of the Shutdown System 1, for compliance with the CNSC 
regulatory documents R-8 and R-10 showed through clause by clause evidence that compliance is 
assured. Some limitation due to unavailability of Design Manuals and reliability analysis at the 
moment of the analysis induced the preliminary character of the assessment document. The 
assessment document identified that Cernavoda 2 design complies with R-8 and R-10, with some 
possible exceptions on code class of equipment already procured. The trip coverage analysis and the 
reliability analysis are under revision. 

- The preliminary assessment of the Emergency Core Cooling System for compliance with 
CNSC Regulatory Document R-9 showed clause by clause evidence of compliance. The Cernavoda 2 
complies with R-8 and R-10 with some possible exceptions on code class of equipment already 
procured. It was highlighted that the previous CANDU 6 design (Unit1) the use of common water 
supply for dousing and Medium Pressure Emergency Core Cooling System. The unmodified layout 
for repeated units in order to maintain inspection and repair capability for interior containment 
boundary was kept. Generally, the Cernavoda 2 design complies with the R-9, with possible 
exceptions on code class equipment already procured.  
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Approval of licensing documents 

CNCAN approved: the safety analysis program, the QA program for design and construction, the 
staffing and training program. CNCAN reviewed also the detailed design of the plant, which is an on-
going activity.  

The analysis was based on the AECB document C-6 “Requirements for the safety analysis of 
CANDU nuclear power plants”. This document attempts to overcome weaknesses in single / dual 
failure approach by requiring: 

- analysis of a more extensive list of initiating events and combination of events 
- a systematic review to determine if additional events need to be added to the list 
- Classification of events and combination of events into five classes. 

The modified single failure / dual failure approach based on C-6 requirements was used, supported by 
probabilistic analyses and reliability analyses. The current safety issues that are still in analysis and 
review are of two categories: generic safety issues and current safety issues. 

The generic items are, but not limited to: 

- the hydrogen behavior in containment 
- pressure tube inspections 
- reliability of Mercury-Wetted relays 
- core cooling without forced flow 
- management of ageing 
- post-accident containment venting 
- reactor operating with a flux tilt 

There are still outstanding safety issues, such as: 

- consequences of the pressure tube rupture 
- emergency core cooling effectiveness 
- molten-fuel moderator interaction 
- high temperature fuel and fuel channel behavior 
- fission product and aerosol behavior 
- moderator and circulation and sub cooling 

5. Issuing of Licence. License Conditions 

After the review of the construction license application and confirming that all license prerequisites 
have been met, the license for the overall construction & installation process was issued by CNCAN 
in October 2003, licence which will be valid until 2006 or till the beginning of the commissioning 
activities. 

Once the safety licensing file is approved by CNCAN, the licensing conditions, related to design were 
defined. The licensing conditions are including generally aspects related to the safety described in the 
documents for the presentation of the concept of the plant and the modification control procedures. 
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