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Abstract. The paper describes the key points of the accomplished and current regulatory activities in order to 
revise PSA guide and the corresponding technical documents in Germany. The regulatory German PSA guide 
covers the fundamental requirements concerning the performance of PSAs in the frame of comprehensive safety 
reviews. The technical details regarding the performance of PSA are set out in two technical documents (PSA 
Methods and PSA Data) that have been developed by a working group of PSA experts (FAK PSA). Based on the 
experiences from the first series of PSRs, international experiences and the fact that PSR is mandatory since 
April 2002 revisions of all guides are underway. The first guide to be updated is the PSA guide together with the 
corresponding technical documents. The working programme and the revision process of FAK PSA was finished 
at the end of 2004 and the technical documents have recently been republished.  

1. Introduction 

On the regulatory level, three guides for the performance of periodic safety reviews (PSR) have been 
developed and issued in 1997 in Germany. These are the guideline on the basic principles of PSR, 
displaying the fundamentals and the overall evaluation of the different analyses, the guideline on the 
deterministic safety status analysis and the PSA guideline [1]. The PSRs were carried out by the 
licensees on a voluntary basis. 

By the recent amendment of the Atomic Energy Act [2] to perform safety review (SR) at ten years 
intervals is now mandatory. It was decided to develop regulatory guidance documents for SR using the 
existing guides as starting point and to begin with the PSA guide. The regulatory PSA guide (German 
PSA guide) covers the fundamental requirements concerning the performance of PSAs. The technical 
details regarding the performance of PSA are set out in two technical documents (PSA Methods [3] 
and PSA Data [4]) that have been developed and updated by a working group of PSA experts 
(Facharbeitskreis Probabilistische Sicherheitsanalyse für Kernkraftwerke (FAK PSA)).  

2. Extension and Update of the Regulatory Requirements and Methodologies on PSA 

The main modifications that are being implemented in the PSA guide can be summarized as follows: 

description of the new legal frame, 
formulation of tasks and goals in accordance with the current international status, 
calculation of core damage states, taking into account preventive accident management measures     

(PSA Level 1 for full power operation), 
extension of Level 1 PSA to the low power and shut down state (LPSA), 
extension of the event spectrum to external hazards such as aircraft crash, explosion, flooding, 

 earthquake and 
performance of Level 2 PSA for full power operation. 
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Moreover, the current state of the art of science and technology demands updating in the following 
areas: 

common cause failures, 
uncertainty analyses, 
determination of reliability data, 
data update for generic values in the PSA data document, 
internal hazards, 
operator actions and 
requirements on computer codes for PSA, in particular for Level 2 PSA. 

The following subchapters describe the key points of the current regulatory activities in order to revise 
PSA requirements in Germany. 

2.1 Extension of Event Analysis 

According to the existing regulatory guidance it is required to determine and quantify event sequences 
which can lead to hazard of core cooling. For that purpose a systematic procedure is there described to 
deduce a total spectrum of plant-specific internal initiating events – primarily for power operation – as 
causes of core damage. Some quantitative criteria are also given in order to exclude initiators which 
have an expected contribution to the total frequency of plant hazard states below 10-7 per year and if 
the entirety of contributions of all these events is below 10-6 per year. The recommended current 
spectrum comprises coolant leaks, various transients and plant-interfacing impacts resulting from 
flooding of safety related parts of the building due to plant-internal causes and fire. 

The intended extension of the spectrum of initiating events is directed on involving further internal 
events (e.g. missile effects as a consequence of component failure like turbine blade failure) and 
especially site-specific, external events such as earthquake, flooding, various weather conditions, 
explosion pressure wave and aircrash impact. The general approach mentioned above and methods for 
event analysis shall be maintained. Selected aspects of event extension regarding low-power and 
shutdown states are discussed in the following. 

2.2 Involvement of Accident Management (AM) and Determination of Core Damage 
Frequencies

A further step to complete the scope of Level 1 PSA for power operation and low-power and shut-
down states will be done by regular required analyses on beyond design basic accidents (BDBA) and 
determination of core damage frequencies. 

The objectives are to determine and quantify event sequences which can lead to severe core damage or 
core melt down. The designed safety systems and technical design reserves as well as preventive AM 
measures and active containment functions are to be considered in the PSA. It shall to be investigated 
if vulnerabilities on systems, structures and components as well as shortcomings on operating and 
accident instructions are existent. Finally, the entire safety related design features and the approved 
procedures of operating manual shall be evaluated in order to achieve a well balanced safety concept.  

For the analyses the following aspects will be addressed: 

required information on the implemented and described protection goal oriented staff actions 
 (operating manual) and AM-measures (accident management manual) as well as on the status of 
 emergency exercises and training, 

human factor analysis based on proven methods, 
use of existing models or results of similar accident analyses and verification and validation of 

 their applicability on plant-specific conditions, 
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estimation of core damage frequencies and description and evaluation of results regarding the 
 efficiency of AM on accident progression.  

2.3 PSA Level 1 for Low-Power and Shutdown States (LPSA)

Regulatory guidance documents are being extended to cover Level 1 analyses to the LPSA. The 
performance of Level 2 analyses shall be limited to power operation states (see 2.4) because existing 
LPSA-methods for Level 2 still need some development from the regulatory point of view. The 
following points have to be addressed: 

Required information on outage planning and organization, maintenance measures and shift 
 prescriptions, 

Plant dynamic analyses for low power and shutdown states, success criteria, 
Identification of different operational phases with constant boundary conditions to a large extent 

 for the event analysis; 
Identification of initiating events for each phase; 
Estimation of initiating event frequencies; 
Reliability data for systems and components; 
Human factor analysis. 

Preventive accident management (AM) and repair measures are not treated methodically in the 
documents, but they can be involved voluntarily if planned and described in respective manuals. 

PSA studies have shown that in many cases the development of additional written procedures can 
improve the confidence that plant personnel will act as required in certain event sequences. This has 
been underlined by the Reactor Safety Commission (RSK) in a recent meeting. As examples 
procedures based on LPSA insights related to the containment status – open or closed – and for the 
supply of media and electric power for recovery measures can be mentioned. 

2.4 PSA Level 2 for Power Operation States

The extension of probabilistic analyses in the frame of PSR regarding severe accident sequences 
leading to core melt is to comprise the following objectives from the regulatory point of view: 

determination of a plant-specific possible spectrum of relevant severe accident scenarios and the 
 impacts on the plant resulted from accident dominated phenomena, 

evaluation of efficiency AM-measures including repair in order to mitigate the consequences, 
estimation of the release of radioactive materials inside and outside the containment envelope and 

 determination of quantity, quality and frequency of relevant release categories, 
investigation of sensitivities and uncertainties taking into account the insights of reactor safety 

 research and the current state of the art. 

Objectives comprise verification of the AM concept and procedures and derivation of technical 
solutions in order to reduce accident consequences. 
According to the procedures of the Level 2 analyses there also basic conditions required on: 

Necessary prerequisites and assumptions derived from Level 1 analyse, 
Dtermination of representative core damage states, 
Deterministic analyses of accident progression especially physical and chemical phenomena, 
Containment behaviour and failure modes of components, fission product release and transport, 
Probabilistic event tree analyses, 
Ncertainity, sensitivity – and importance-computations and 
Description and evaluation of result, quality assutance and documentation. 
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It is explicitly expressed in the draft revised PSA guide, that these analyses shall be performed 
including substantial contributions of the licensee in order to bring more input of plant-specific 
knowledge into the analyses. 

Guidance on Level 2 PSA includes a systematical approach to derive reasonable conditional 
probability ranges for quantification of accident progression event trees. Focus is on those phenomena 
that are of importance with respect to their consequences and to which a large uncertainty is 
associated. As far as possible quantitative values for the probability ranges are introduced. 

2.5 Evaluation of Safety Review Results 

It is intended to cover questions related to evaluation of PSA results in the guideline on the basic 
principles of the safety review; the evaluation of the quantitative results of a PSA is still seen as 
difficult, in particular the role of fixed orientation values - for example for core damage frequency. 

The evaluation of the safety review results have to comprise both the results of the deterministic and 
the probabilistic safety analysis. To address an open key problem of methodical nature, the protection 
goal oriented approach applied in PSR has been questioned, but a new approach for the safety status 
analysis evaluation is not yet determined. 

The decision on measures to be taken and directives to be given by the responsible supervisory 
authority in the scope of the overall assessment of the results are based on some general cornerstones 
which have to be taken into account:  

common understanding is that engineering insight derived from PSA clearly have a higher ranking as 
numerical results, 

compliance with deterministic principles, 
minimizing potential exposure, 
sufficient safety margins should be maintained, 
the higher the extent of damage the more attentive precautionary measures must be taken into 
consideration that can reduce probabilities of occurrence of these states, 
discretionary decision of the supervisory body (e.g. commensureability). 

3. Ongoing and Future Activities

Presently, the publication of the PSA guide is in preparation and is expected in the very near future. 
The associated technical documents have recently been republished. 

The future perspective is such that the regulatory guide will not be modified during a longer period of 
time whereas the technical documents will need further updating as the state of the art progresses. 
Typically, periods of three to four years are under discussion for the latter. A work programme for a 
first term is presently being set up. Preliminary thoughts comprise areas like uncertainty analyses, 
extension of HF-methodology and defining more specifically adequate operational phases and end 
states for LPSA. Above all, feedback of experiences from the first SR carried out on the basis of the 
new guides is of paramount importance.   
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4. Summary and Conclusions 

Findings and experiences resulted from comprehensive PSA studies and plant-specific PSA as well as 
regulatory investigation programme on probabilistic methods reflects the needs to make German PSA 
guide and technical documents subject to extension and update. These activities have focused basically 
on the areas extension of internal and external event spectrum, determination of core damage 
frequencies, concideration of AM including repair, implementation of PSA Level 1 for low power and 
shutdown states and PSA Level 2 at power operation. 

The first guide to be updated is the PSA guide together with the corresponding technical documents. 
The working programme and the revision process of FAK PSA was finished at the end of 2004 and the 
technical documents have recently been republished [3, 4]. 

The technical documents will need updating after a couple of years as the state of the art progresses 
whereas the PSA guide is expected to require renewal later.  
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