
IAEA-CN-133/14 
The Efforts of the Beznau Nuclear Power Plant in Order to Achieve the 
Safety of Extended Operation 

 Reinhard Müller 
 Nordostschweizerische Kraftwerke, Kernkraftwerk Beznau 

CH-5312 Döttingen, Switzerland 

Abstract. At Beznau nuclear power plant extensive back fitting and modernization measures were performed in 
the past. This was done in a continuous manner regardless from the original design basis. Due to this approach, 
the power plant with 35 years of successful operation practically matches the standard of a new plant in terms of 
the core damage frequency. On this basis Beznau is ready to operate safely up to 50 or 60 years, provided that 
specified technical and economical improvements will be performed further on and the consent of the Swiss 
community to nuclear power also persists in the future.

1 Introduction 

The Beznau nuclear power plant consists of two units, each of them has a rated net output of 365 MW. 
The nuclear steam supply system of each unit consists of a Westinghouse pressurized water reactor 
with two loops enclosed in a steel and concrete double containment. Unit one came on line in July 
1969. It was one of the first generation nuclear power plants erected in continental Europe on a purely 
commercial basis. Unit two was put into operation in October 1971. Despite the fact that units 1 and 2 
are identical units, for political reasons only unit 1 got an unlimited licence of operation at its 
beginning of operation. Unit 2 obtained an unlimited operating license in January 2005 after 34 years 
of operation. 

The Beznau nuclear power plant is fully owned by the company “Nordostschweizerische Kraftwerke” 
(NOK). It is situated in the north of the canton Aargau on an island in the river Aare. In the past the 
annual production of both units typically contributed 30 % to the NOK turnover. 

2 Back fitting measures – what was done in the past? 

The need for backfitting and modernization measures arises from the growing gap between the 
concept and technology when the nuclear power plant was designed and built and the actual state of 
science and technology. The intention of the company is to keep the plant up to the state of the art. 

In the past this goal was achieved by numerous plant modifications, which were performed in a timely 
continuous manner regardless of costs. Examples are given in Table I. From 1980 – 2000 the company 
invested an amount of money for backfitting and modification activities which exceeds the original 
construction costs of both units. The major investments were done in the beginning of the nineties 
with the installation of the bunkered emergency heat removal system. With this measure, a third train 
of emergency injection systems was added and the original design basis of the power plant was 
changed. 

SYSTEM PROJECT TIME 
H2-Recombiners inside containment 1985 
Replacement of refuelling water storage tanks 1985 
Bunkered emergency heat removal system 1986-1994 
Filtered containment venting system 1994 
Additional emergency feed water system 2001 
Passive H2-Recombiners (severe accidents) 2003/2004 

Safety systems 

Charcoal filters in the ventilation of the spent fuel building 2007 
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SYSTEM PROJECT TIME 
Plant information system ANIS 1993 

Digital reactor protection system 2002 

Instrumentation 
and control 
systems 

Turbine monitoring and control equipment 2004 
Additional 220 kV-Switch 1986 
Replacement of the 6/0.4 kV-substation (ASKAREL) 1986 
Replacement of the emergency power supply (battery backup) 1992 
Renewal of the on-site power protection 1997 

Electric Power 
supply 

Replacement of the vital AC power supply 2001 
New pressurizer safety valves 1987 
Replacement of the incore flux measurement system 1993 
Replacement of steam generators in both units 1993/1999 
Replacement of the rod control / rod position system 1994 
Replacement of the nuclear instrumentation 2000 

Reactor and 
reactor cooling 
system 

Replacement of the pressurizer spray valves 2002 
Digital radiation monitoring system DRMS 1985 
System for treatment of radioactive waste water (AURA) 1986/94 
Radioactive waste intermediate storage facility 1993/99 
Dose measurement and monitoring system MADUK outside plant  1994 

Radiation 
protection and 
radioactive 
waste 
disposal NANO – filtration of radioactive waste water 2006 

Replacement of the main steam isolation valves 1987 
Substitution of copper alloys by stainless steel 1993/1999 
Replacement of high pressure turbines 1994 
Partial replacement of low pressure turbines 2000 

Secondary 
systems 

Installation of vibration monitoring system (turbines) 2004 
Reconstruction of the fuel transfer facilities  1985 
Reconstruction of the spent fuel pool cooling system 1985 
Extension of the fuel storage capacity 1988 
Replacement of gantry cranes for fuel cask handling 1993 

Fuel storage 
and fuel 
handling 
systems 

Additional ultimate spent fuel pool cooling system 2001 
Probabilistic safety analyses Since 1983 
Seismic requalification of mechanical and electrical equipment Since 1985 
Revision of safety analysis reports Since 1992 
Analyses for pressurized thermal shock 1992 

Analyses 

Severe accident management guidelines 2001 
Compact simulator inclusive retrofitting in 1993 and 1997 1986 
Retrofitting of the full scope simulator in USA 1994 
Extension of the compact simulator (additional emergency control 
room) 

2000

Training and 
Qualification 

New full scope replica simulator at Beznau 2007 
Reconstruction of the main control room 1981 Man-machine 

interface Advanced computerized alarm management procedures 2001 
Extension of office building, workshop building and warehouse 1993 Infrastructure 
New changing room (clothes for the primary system) 1996 
Fire protection measures for the outdoor electric substation  1994 
Separation of the 6 kV-station 1997 
Improvement of fire protection inside containment 1999/2004 
Renewal of fire monitoring/protection system 2001/2003 

Fire protection 

Improvement of lightning protection 2004 
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Table I. Examples of backfitting and modernization activities from 1980 until now. Only a small part 
of projects with costs higher than one million Swiss Francs is listed here. 

In the past, the investments into safety systems were one contribution in order to convince the Swiss 
citizens that nuclear power is a clean, reliable, safe and economical source of energy. Despite of many 
problems (e.g. the final storage of nuclear waste) all four votes against nuclear energy did not lead to a 
withdrawal from the nuclear energy program at least in the past. Moreover, in the surrounding of the 
Swiss nuclear power plants and in the canton Aargau, where four of the five Swiss nuclear units are 
located, the acceptance of nuclear energy was growing from the first to the last vote for a cancellation 
of the nuclear energy program in 1979 and 2003, respectively. 

There are three categories of back fitting measures which may be indicated as follows: 

a) Continuous plant maintenance. Every year 80 to 120 measures are taken in order to assure and 
improve reliability and availability of the plant. 

b) Optional plant renewal. It stands for improvements of plant safety independent on the licensing 
authority requirements.

c) Compulsory plant renewal. It is based on requirements of the authority. In the past the procedure 
at Beznau was the following: First priority was given to achieve compliance with the valid 
protection goals instead of an exact application of revised or new regulatory rules. An example of 
this philosophy is the bunkered emergency heat removal system: Originally an emergency system 
with redundancy was demanded. However, an emergency system with only one train of safety 
injection was implemented. It was shown (also by probabilistic investigations) that the safety 
functions of a second train can also be achieved by other additional or requalified systems.

As a result of these continuous investments into plant safety the core damage frequency could be 
lowered by a factor of about 100 in the period from 1980 until now. This is illustrated in figure 1. 
Especially the bunkered emergency heat removal system showed a large effect in terms of the core 
damage frequency since all new equipment was diverse and well separated from existing equipment. 
The consequences were such that no common-mode or common-cause failure had to be assumed in 
the probabilistic safety analysis. With the implementation of the additional emergency feed-water 
system actually there are three independent and well separated emergency feed-water systems with 
four emergency feed-water pumps in total. Thus a high degree of redundancy for the delivery of the 
steam generators was reached. 
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Beznau PSA History
Results of full-scope Level 1 PSA incl. External Events
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FIG.1. Relaxation of the core damage frequency from 1984 until now. 

3 How to proceed further? 

3.1 Aging management project 

The aging management project was started at Beznau in 1995. Aging management shall provide 
satisfactory evidence that for all safety relevant components all known aging mechanisms are taken 
into account in maintenance and quality assurance. The objective of the program is to identify all 
particular systems which must be changed on time in order to maintain always a sufficient safety 
margin. Up to now the aging management program is implemented for all class 1 components in all 
Swiss plants. Work for the class 2 and 3 components has started. 

3.2 Lifetime management project 

The initial phase of the lifetime extension management project was started at Beznau in 1996 in 
association with the aging management program. The objectives of the program were: 

Evaluation of the feasibilities to operate the plant beyond 40 years. This includes technical, 
economical and political (regulatory) aspects. 
Evaluation of the approximate costs for necessary actions and their influence on the production 
costs. 

With the help of the lifetime management project an investment program could be tailored in a manner 
such that investments are made rather early and more or less equilibrated. Three different scenarios 
with realistic, optimistic and pessimistic constraints were considered. The intention of the project is to 
minimize the economic risks for the further operation of the plant. It helps to assure continuously the 
safety and availability of the plant. 

The experience shows that the replacement of electrical equipment is relatively easy possible. It 
becomes necessary because of the growing unavailability of spare parts. On the other hand, the 
replacement of mechanical equipment is more difficult. Certainly no replacement of the reactor 
pressure vessel or the containment is possible. Therefore it becomes important to minimize the wear 
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out of mechanical equipment. For instance the embrittlement of the reactor pressure vessel can be 
minimized by low-leakage loading patterns. 

4 Conclusions 

In this paper the efforts of the Beznau nuclear power plant in order to operate the plant safely up t 50 
or 60 years are summarized. The continuous investments in all areas and especially into safety systems 
regardless from the original design basis are one of the most important conditions for further 
operations. The main results of the lifetime extension management project are the following: 

With respect to technical feasibility including safety aspects: Running the plants up to 60 years 
is technically feasible, even if further detailed evaluations are necessary. But definitively no "show 
stopper" has been identified. 

With respect to economical feasibility: Based on present economic assumptions, running the 
plants for at least 50 years is economically feasible. The plant is well prepared in order to survive 
also in the challenges of the open market. 
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