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1. Introduction  

Actual trend in reactor safety  deterministic analysis are evolving toward best estimate 
approach. Best estimate analyses imply use of best estimate codes and input data. The best 
estimate concept is not limited to thermal-hydraulics rather in general terms it covers many 
fields, likewise three dimensional neutron kine tics, structural analysis and containment 
performance evaluation.  
The general frame is to put efforts in avoiding conservative assumptions performing 
analysis adopting the best tool available for each specific topic, all contributing to give an 
integrated evaluation of the plant response.  
The needs to adopt an integrated approach in performing safety analysis come from the 
inherent complexity of a Nuclear Power Plan t and from the tight interactions among the 
subsystems constituting the plant itself. These interactions directly involve the necessity to 
consider a broad spectrum of disciplines typically coming into play in different not 
interacting analyses.  
An example of the integral approach is gi ven in the present document. The integral 
approach has been pursued for the safety analyses of the ‘post-Chernobyl modernized’ 
Reactor Bolshoy Moshchnosty Kipyashiy (RBMK) specifically for Smolensk 3. These 
analyses were performed at the University of  Pisa within the framework of a European 
Commission sponsored activity.  
The mentioned analyses deal with events occurring in the primary ci rcuit, as well as  
excluding those events originated from plant status different  from the nominal operating 
conditions. Following the evaluation of the current  state of the art in the safety analysis area, 
targets for the analysis were established together with suitable chains of computational 
tools. The availability of computational tools,  including codes, nodalisations and boundary 
and initial conditions for the Smolensk 3 Nucl ear Power Plant, brought to their application 
to the prediction of the selected transient evolutions that, however, are not classified as 
licensing studies.  
The integrated approach for safety analysis yields to the evaluation of complex scenarios not 
predictable adopting just a single computational tool. Example is given considering the 
Multiple Pressure Tube Rupture (MPTR) event which constitute one of the main concern of 
this kind of plant.  
The content of this document includes an introd uction to the critical issues to be accounted 
for in the frame of an integral safety analysis approach; the selection of suitable 
computational tools to proper deal with th e scenario subject of the investigation; an 
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approach on how to link (coupling issues) the selected tools; the use of intermediate code 
outcomes and interpretation of the global predicted plant behaviour. All the aspects 
presented in general terms are applied in the case study of a Multiple Pressure Tube 
Rupture having as reference plant the Smolensk 3 Nuclear Power Plant. The selected event 
may occur as a consequence of a fuel channel blockage which (if not detected) brought to the 
rupture of the affected pressure tube. The dynamic loads generated by its breach may lead 
to the rupture of the surrounding  pressure tubes. Direct consequence of the pressure tube 
rupture is the pressurization of the reactor cavity  which envelopes all the core. In the case of 
Multiple Pressure Tube Rupture event, involv ing a large number of pressure tubes, the 
lifting of the reactor cavity top may occur, pu tting in direct connection the core with the 
environment. The present example is a kind of analysis that cannot be performed if an 
integrated approach is not adopted.  

2. Framework 

The best estimate approach is the actual trend of the NPP deterministic analysis 
(International Atomic Energy Agency [IAEA] , 2008). The concept of best estimate is 
generally applied to the software codes used in the analysis. However the best estimate 
approach concept has a broader meaning. It applies to the general framework of the 
analysis, and it involves not only the codes, but the kind of analyses to be performed, the 
approach to realize the models to be realized for the analyses, the input data including 
boundary and initial conditions also. The best estimate approach is not only connected with 
a calculation performed with a best estimate code. The result of the analysis is a best 
estimate evaluation, if all the aspects of the analysis (input data, systems models, results) are 
best estimate, in addition to the codes. As a consequence the use of a best estimate code, 
assuming not best estimate data or systems model cannot be considered a best estimate 
analysis. 
A calculation of a complex system like a NPP, poses a lot of issues to perform a best estimate 
analysis. The main relevant aspect is constituted by the many areas involved in the analysis 
of a NPP. Knowledge in many technical areas are necessary. The solution can be obtained by 
“linking” in a single instrument of investigation the different tools developed for 
investigation in each of the different areas.  

2.1 Complexity of the approach 
The scope is the safety of nuclear power plants,  is demonstration of the capability to keep 
the radiation exposure of personal and populati on within specified limits. It is ensured by 
maintaining the integrity of safety barriers, which are part of the plant defence in depth 
concept. 
A series of barriers prevents the release of radioactive fission products from their source 
beyond the reactor containment and into the environment. In analyzing the NPP safety, i t is 
essential to assess the integrity of these barriers and to decide to what degree the response of 
the whole NPP and its systems to a certain initiating event is acceptable from the viewpoint of 
the plant safety. The integrity of the safety barriers is related to certain threshold values, which 
are referred to as acceptance criteria. Design limits are adopted with a conservative margin so 
that the safety barrier integrity is guaranteed as long as the parameters do not exceed the 
relevant criteria. In the case of not efficacy of the barriers a radioactive release occurs and an 
evaluation of the dose to the workers and population is done (IAEA, 1996 and IAEA, 2000). 
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