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Introduction and Summary 

This report is concerned with the safety of the Swiss nuclear installations in the period of 1993. Surveillance 

of these installations with regard to nuclear safety, including radiation protection, is among the tasks of the 

Swiss Federal Nuclear Safety Inspectorate (HSK). 

Five nuclear power plants are operational in Switzerland: the three jnits Beznau I and II and Muhleberg with 

electrical capacities in the range 300 to 400 MWe, and the two units Gdsgen and Leibstadt with capacities 

between 900 and 1200 MWe. These are light water reactors; at Beznau and Gosgen of the pressurized 

water reactor type, and at Muhleberg and Leibstadt, of the boiling water type. 

Research reactors of thermal capacities below 10 MWth are operational at the Paul Schemer Institute (PSI), 

at the Swiss Federal Institute of Technology Lausanne and at the University of Basel. Further subject to 

HSK's supervision are all activities at PSI involving nuclear fuel or ionizing radiation, the shut-down 

experimental reactor of Lucens, the exploration of final disposal facilities for radwaste and the interim 

radwaste storage facilities in Switzerland. 

The present report first deals with the nuclear power plants and covers, in individual sections, the aspects of 

installation safety, radiation protection as well as personnel and organization, and the resulting overall 

impression from the point of view of HSK (chapters 1 to 4). In chapter 5, the corresponding information is 

given for the research installations. 

Chapter 6, on radwaste disposal, is dedicated to the treatment of waste, waste from reprocessing, interim 

storage and exploration by the National Cooperative for the Storage of Radioactive Waste (Nagra). 

In chapter 7, the status of emergency planning in the nuclear power plants' proximity is reported. 

Certificates issued for the transport of radioactive materials are dealt with in chapter 8. Finally chapter 9 

goes into some general questions relating to the safety of nuclear installations. 

In the reporting period a total of 13 safety relevant incidents, subject to registration, were recorded in the 

Swiss nuclear power plants. Among these incidents there were 3 scrams at operating power. 8 incidents 

were registered for the research installations. These events had no harmful effects on the population in the 

environment. All nuclear installations adhered to the annual limits for the release of radioactivity. The 

radiation doses to members of the public caused by the Swiss nuclear installations were below the 

authorized limits in all cases. Compared to the public's mean annual radiation exposure of about 5 mSv 

(1991 report of the Federal Office of Public Health, BAG), the fraction of the dose, to any member of the 

public, originating from radioactive discharges of the nuclear installations, is less than 1 percent. 

All in all, the safety of operation of the Swiss nuclear installations, in the period of 1993, is judged as good 

by HSK. 
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1. Nuclear Power Plant Beznau 

1.1 Operational data and results 

The Nuclear Power Plant Beznau (KKB), owned by the Nordostschweizerische Kraftwerke AG (NOK), 

comprises two nearly identical dual-loop pressurized water reactor units (KKB I and KKB II), each of net 

capacity 350 MW, that became operational in 1969 and 1971, respectively. Additional data are summarized 

in the appendix in Table 1. Figure 1 shows the functional diagram of a pressurized water reactor installation. 

Units KKB I and KKB II performed with load factors of 70.7 % and 86.8 %. respectively, with availability 

factors of 72.1 % and 86.5 %, respectively, whereby the percentage of unproduced energy is due, 

essentially, to refuelling and the annual revision. The planned outages for refuelling and maintenance lasted 

100 days for KKB I and 49 days for KKB II. The downtime of KKB I was somewhat lengthened by extensive 

preparations for the 1993 installation of the emergency standby system NANO. With KKB I, completion of, 

and taking into operation of, the emergency standby system NANO, caused an exceptionally long downtime. 

In KKB II, normal refuelling took place and could be completed within the 49 days cited. 

For KKB I, the steam generator replacement and the coupling up of the emergency standby system and 

improved power supply (NANO) added to the downtime. 

The thermal energy fed into the regional public heat supply system of the lower Aare valley (REFUNA) 

amounted to 119.76 GWh for both units in 1993. 

Operation of unit KKB I was interrupted by two unplanned outages. Two load reductions to 50 % occurred 

due to a disturbance in the control rod control and an erroneous activation of a protective device in the high 

tension energy transfer. Two load reductions were carried out as directed by the power supplies. 

KKB ll's operation was interrupted by one manual scram caused by control rod group drop. 

A 50 % reduction of power caused by a disturbance during a routine testing and a power reduction as 

directed by the power suppliers caused additional losses to the otherwise disturbance-free full-power running 

of KKB II. 

1.2 Installation safety 

1.2.1 Particular incidents 

No incidents of the A or S class have occurred and no events to be classified higher than 0 on the INES 

scale (see also chapter 9.7). 
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For unit KKBI one incident was classified B': 

- Turbine load run-back due to control rod drop 

A new control regulator of the control rod drives was incorporated during the refuelling in 1992. While 

testing this regulator, a false manipulation led to a power loss to a control rod holder coil. This, in turn, 

led to an insertion of the rod in question and through this, an automatic load run-back due to the reactor 

protection system. 

For unit KKB II, a total of three incidents were classified 'B': 

• Reactor scram 

A short circuit in the coil of a protection device in the drive control to the control rods caused on the one 

hand, a loss in the electrical current to the grab coils in group 2 in the shutdown bank A. On the other 

hand, this activated a fuse which .also cut the current to the shutdown bank A (groups 1 and 2). Through 

this, both of the A shutdown banks were activated (and dropped in), causing an automatic power 

reduction which blocked removal of the remaining control rods. Operating procedures for the installation 

demand that, in such a case, a manual shutdown of the reactor has to occur; this was done. 

After the problem had been found, the defective component was replaced and the permission for a new 

startup was granted. 

• Increased dose-rate by refuelling 

Due to necessary changes in the connections to the borated water tank (BOTA), because of the 

incorporation of the emergency system NANO, the reactor sump could not be completely and directly 

fillled via the BOTA as previously. Part of the water was pumped into the reactor sump via the reactor 

pressure vessel which still had its fuel in place. Through this, Co-58 above all, was released and caused 

a dose-rate of about 4.6 m$v/h above the filled reactor sump. By shielding measures on the fuel element 

bridge, 20 person-Sv less to the personnel, compared to the previous year could be registered. Measures 

were taken to enable the reactor sump to be filled again completely and directly out of the BOTA on the 

occasion of the next reactor shutdown. 

• Turbine shutdown with irregular bleed-off. 

After the completion of the 1993 yearly revision, the turbine group 21 was again connected to the grid. 

During the turbine group run-up, a rapid shutdown occurred at a power of approximately 90 MWe. The 

cause of this was a demand of the differential protection of the block transformer for *he transfer of the 

power from the turbine group 21 to the grid. In this case, the steam blow-off valves should have opened, 

but they did not. The steam pressure continued to rise until the safety valve was actuated. The cause of 

the failure of the steam valve to open lay in a wiring error in the electrical control logic to this valve. 

These incidents had little significance for the nuclear safety aspects 
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1.2.2 Work during the yearly outage 

In block KKB I, the planned duration of the shutdown for refuelling and revision work was 100 days. This 

was, until now, the longest outage in the history of the nuclear power plants at Beznau. The outage was 

caused above all, by the replacement of both steam generators and the implementation of the emergency 

standby system NANO. Thanks to careful planning, the steam generator exchange could be realized in 44 

days with a collective doses of only 1.1 Man-Sievert. The implementation of the NANO could also be carried 

out easily thanks to the experience gained the .ear before with NANO in block II. From the point of view of 

NANO in block I, this is completed with the c^monstration shutdown of the reactor and subsequent cooling 

down of the plant by the NANO. In addition to this work, the steam generator water cleaning system was 

totally renewed and the condensor of the turbine group 12 was backfrtted with titanium tubing. The 

modifications to the main control room were started in autumn 1993 and will be finished in March 1994. The 

integral leak-rate tests of the containment were also carried out whereby the specified leak-tightness was 

verified. 

The shutdown due to revision in block II lasted 49 days. As well as the refuelling, the maintainance on the 

steam generators, the replacement of the control rod drive control and control rod position indicator all took 

time. The original process computer system was replaced by a new plant information system (ANIS). 

During the shutdown of both blocks, all piping penetrations of the reactor pressure vessel head were tested 

to see whether any cracks were present. For block I, no crack growth had occurred for the cracks found in 

two pipes the year before. In block II, the crack-free condition of all pipes could be confirmed. 

1.2.3 Modifications to the plant 

The following major changes are worth mentioning: 

- replacement of the steam generators in block I 

- commissioning of the NANO in block I 

• modifying the main control room in block II 

• starting the modifications to the main control room in block I 

- commissioning the containment venting system in block I (SIDRENT) 

- commisioning the plant information system in block II (ANIS) 

- improvements to the motor cooler for the emergency power diesel (flood diesel) 

1.2.4 Fuel and control rods 

Since the activity of the primary circuit water in both blocks was low during the whole year, it can be 

assumed that no fuel element defects had occurred. 
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During the refuelling, the number of uranium/plutonium-mixed oxide fuel elements in KKB I was reduced 

from 41 to 40; for KKB II from 20 to 8. A burnable neutron absorber (gadolinium oxide), was used for the 

first time in KKB li, in 48 fuel elements. The core loading of KKB II makes possible, for the first time, a fuel 

cycle of 18 months instead of the usual 12 months. 

Corresponding to the control rod inspection programme approved by the HSK, all control rods in block I 

were tested with the eddy current method during the shutdown; they were found to be in order. A similar 

control took place in 1992 for block II. 

In the reporting period, two transports of depleted fuel elements, for reprocessing, took place. 

1.2.5 Radioactive wastes 

An increase in compressible and non-compressible mixed wastes occurred &ae to the steam generator 

exchange. Otherwise, the amount of radioactive wastes is within the bounds experienced in previous years. 

Within the framework of up-dating documentation of existing conditioning processes, the binding of the ion-

exchange resin in a polystyrol matrix was examined. HSK came to the conclusion that the bound-up wastes, 

made at KKB, did not correspond to the state of current technology. KKB was asked either to improve the 

existing technique or to use an alternative method. KKB has decided to improve on the existing process. In 

particular, stainless steel waste containers will be used in the future. Furthermore, KKB has fulfilled its 

documentation up-dating obligation according to the time plan agreed within the RABAK (Radioactive 

wastes from the operation of nuclear installations) working group. 

Only after HSK was convinced that all corresponding requirements were satisfied the permission was 

granted in July for the start-up of the SAA hall of the ZWIBEZ for the storage of low and medium active 

wastes. Prior to this, HSK had agreed to the transfer of the low activity wastes, which had been stored in the 

place foreseen for the steam generator, to the SAA hall. This was necessary in order to prepare the area to 

receive the removed steam generator. 

Associated with the steam generator exchange was also a large quantity of materials coming out of 

controlled zones. Random controls of these materials, through HSK, all shown negative results; 

correspondingly, about 1401 of old metal and building materials were released as being inactive. 

1.3 Radiation protection 

1.3.1 Protection of the personnel 

The following collective doses were determined for KKB in 1993 (1992): 
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Activities 

Steam generator exchange 

Backfitting NANO 

Planned shutdowns 

Power generation 

Total collective dose per year 

man-Sv 

KKB-I 

1.10 

0.24 

2.31 (1.83) 

0.26 (0.22) 

2.57 (2.05) 

man-Sv 

KKB-II 

— 

0.94(1.36) 

0.25 (0.21) 

1.19(1.57) 

man-Sv 

Total 

1.10 

0.24 

3.25(3.19) 

0.51 (0.43) 

3.76 (3.62) 

The sum (3.76 man-Sv) of the year's collective doses of both reactor blocks, lies far below the HSK 

guideline of 8.00 man-Sv, even though both steam generators were exchanged in block I. 

No dose exceeding the guideline was found in the individual doses. The highest single dose, for KKB 

personnel, was. in 1993 (1992). 21.4 (31.0) mSv. All other individual doses were under 20.0 mSv. Further 

information is given in Tables 5-10 and in Figures 8-10. 

The radiological conditions for 1993, for both blocks, have remained practically the same compared to the 

previous year. Since the last 7 years, there has been a slightly decreasing tendency in the local dose rate in 

the water channel heads and the tube bundles of the steam generators and also the main coolant p. -r ig 

Aiming to improve the installations' radiological conditions in the working areas, a large number of radiation 

sources were temporarily shielded with a total of 80 tons of lead sheets per block during the planned 

outages. Radiation exposure of the workforce could thus be considerably reduced by a factor of 2 to10. 

The steam generator exchange carried out in KKB I was trie first for Switzerland. The very comprehensive 

exchange work performed on the primary side was associated with a collective dose of only 1.10 man-Sv. 

This result, compared internationally, is the best yet. This is mainly due to the following measures: 

- Detained planning of the work with consideration of the radiological protection 

- Good preparation of the personnel through mock-up training 

- Use of proven machines and tools 

- Montage of comprehensive temporary lead sheet shielding (-80 tons) 

- Permanent surveillance of the work by radiological protection personnel 

- Problem-free running of the work 

The highest individual dose, which was caused by the steam generator exchange, was 12 mSv. 
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1.3.2 Releases to the environment 

The releases of radioactive materials to the exhaust air and waste water, and from these, the calculated 

maximum yearly dose for people in the vicinity are given in Table 4. All releases were of the same order of 

magnitude as the previous year and were significantly below established limits. The releases lead to a 

maximum dose of 6 u.Sv for the year 1993. 

Additional measurements of the local dose rate in the vicinity and additional places were carried out during 

the steam generator exchange in KKB block I. The short-time increased dose rate associated with this 

action was in the framework of the estimated level and therefore did not lead to unallowable radiation of 

people in the vicinity. 

1.3.3 Radiation protection instrumentation 

All radiation detection monitors for personnal surveillance and other radiological protection measuring 

instruments have fulfilled their tasks according to requirements. 

During the report year, KKB has tried to optimize aerosol sample transport onto the filter of the transportable 

aerosol monitor. This work is continuing. 

1.4 Personnel and organization 

1.4.1 Personnel 

Six B-operators were newly licensed in the reporting year. The total number of licensed personnel is given in 

Table 2. The total plant personnel was 479 people (482 in 1992). 

The compact simulator, belonging to KKB, was installed in the newly prepared educational centre on the 

KKB site. This has taken place after some years of temporary solution, during which the simulator was 

installed outside the KKB site. 

1.4.2 Organization 

Plant organization remained unchanged. The emergency documentation was controlled via an audit from 

HSK and found to be in order. 

1.4.3 Emergency exercises 

The plant's emergency exercise fROMANZE"), was carried out in the summer of 1993. This was the 

exercise, which was postponed from last year due to technical and organizational reasons. A steam 
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generator stuck pipe break at full power, with associated severe fuel damage and release of radioactive 

steam through an open safety valve was taken as the emergency scenario. One aim was to bring the 

emergency staff together into the newly built NANO emergency room and to test the corresponding 

organizational measures. This aim was achieved. There are possibilities for some single improvements in 

the internal organization and between the various emergency teams. 

For the report year 1993, a security emergency exercise was also foreseen. The responsible section for this, 

NS of the BEW, judged the behaviour of the emergency organization as good, when Green Peace activists 

penetrated the site land, and therefore declined from an additional exercise. 

1.5 HSK safety evaluation report on the application for an unlimited operational 
license for KKBII 

Unlike KKB I, KKB II has only a limited operational license which has be enprolonged as necessary. The 

reason for this is a discussion, in the USA in 1971, about the effectiveness of the emergency core cooling 

systems. The issues then raised were dealt with and explained and the necessary measures taken. After 

carrying out further extensive backfrtting such as the construction of an emergency system, the owner 

(NOK) has placed an application for unlimited operation to The Federal Council in December 1991. For this 

application, to which was attached a revised safety analysis report and a probabilistic safety analysis, the 

HSK, as regulatory instance for nuclear safety, must carry out a technical safety eva,. ation. 

The expertise was started in 1992 and was a main activity of the HSK in 1993. Due to lack of personnel 

though, it could not be finished by the end of 1993. Therefore, the existing operational permission was 

extended for another year. 

1.6 Overall judgement by HSK 

The condition of the plant in relation to nuclear safety and radiation protection as well as the management of 

the two blocks can be classified as good. The level of safety of the block I was increased considerably and 

brought to that of block II through the implementation of the emergency system NANO. 

With respect to radiation protection, the year's dose of the personnel lay well below the HSK guideline 

value, despite the steam generator exchange. Also, release of radioactive materials to the environment lay 

well below the officially drawn limits. 

The incidents which did occur had minimum significance for nuclear safety. 
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2. Nuclear Power Plant Muhleberg 

2.1 Operational data and results 

The nuclear power plant Muhleberg, which is owned by the Bemische Kraftwerke AG (BKW), is a boiling 

water reactor of 355 MWo net capicity (it was up-rated by 2 times 5 %, after permission from the HSK based 

on a license of 10% uprate in 1992). The KKM started commercial production in 1972. Further data are 

presented in Table 1 in the appendix; Figure 1b shows a function diagram of a boiling water reactor. 

The nuclear power plant Muhleberg reached a load factor of 90.2 % (relative to the nominal power rating 

before the up-rating to 997 MWe) and an availability factor of 90.4 % in 1993. The annual revision and 

refuelling lasted 33 days. 

The plant had one planned and two unplanned scrams in the reporting period. During full power, two 

planned power reductions were carried out to enable physical measurements to take place concerned with 

the up-rating. Ten unplanned power reductions occurred due to abnormal occurrences "\ the region of the 

turbo group. In addition, there was a power reduction due to lowered demand for energy because of 

exceptionally good production in the hydro-electric works. 

2.2 Installation safety 

2.2.1 Particular incidents 

No incidents of the A or S class have occurred; correspondingly, also none higher than 0 on the INES scale 

(see also chapter 9.7). 

The following 4 incidents were, based on their significance, classified in class B (see also chapter 9.6). 

- After to a partial scram, there was an increase in the reactor power without the obligatory use of the core 

surveillance computer program. The thermal limits were not violated due to this. 

- Reactor shutdown due to the trip-out of the turbines of both turbo groups after a lightning strike on the 

220 kV switchboard. The cause of the reactor shutdown lay in a by-pass valve which opened too slowly. 

- Reactor shutdown caused by a pressure transient in a measurement line of the reactor protection 

instrumentation. It is believed there was a mechanical shaking in the line; the definitive explanation is 

still being sought. 

• Non-availability of an isolation valve of the reactor water cleaning system during a test. The cause was 

two defect axial bearings of the gear box. 

The incidents which occurred had minimum significance for the nuclear safety. 
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2.2.2 Work during trie yearly outage 

The usual activities concerned with revision such as fuel element exchange, inspection, routine tests, 

functionality tests on components and systems, maintenance etc. were carried out according to plan. The 

following activities can be seen as the most important: 

- Test on the core shroud 

Cracks were discovered on the inside of the central circumferential seam of the core shroud during a 

visual control with a TV camera in 1990. Based on a specimen of material removed in 1992 and 

subsequent examination. General Electric determined the cause of the crack as radiation induced stress 

corrosion cracking. During the shutdown in 1993, comprehensive ultrasonic tests and visual inspections 

were carried out which enabled an exact assessment of the extent of the damage. 

Results and judgement: The total integral crack length found was approximately 65 cm, about 7 % of the 

circumference, with a depth of about 2/3 of the wall thickness. Based on the projected damage 

development to 1994 and the large distance to the critical size of 2.8 m in length, for a through-wall-

crack, the integrity of the core shroud, even by unlikely serious accidents in the current cycle, is not in 

danger. 

- Tests on the reactor pressure vessel lower plenum penetrations 

According to the demands of HSK, tests were earned out on six control rod housing penetrations (CRDH) 

and four core instrumentation penetrations (ICMH) in the pressure vessel lower head. These tests were 

not, until now, part of the routine testing program. There were no indications of cracks. 

- Ultrasonic testing of a feedwater support 

Ultrasonic testing was carried out on the feedwater support N4C on the reactor pressure vessel. There 

were no indications of problems relevant to safety. 

- Routine Ultrasonic testing of the recirculation loop 

Mechanised ultrasonic testing was performed on the support weld (mixed seam) and four circumferential 

(austenitic seams). Compared to base-measurements, the tests indicated that no significant changes had 

occurred. 

- Replacement of the pins and rollers made from "Stellite" on 21 control rods, by low cobalt alloy sliders. 

It is believed that the pins and rollers of the control rods, made from "Stellite", contribute significantly to 

the production of the strongly radiating isotope Co-60 and consequently to the increased dose rate on the 

recirculation piping in the drywell. Therefore, the pins and rollers of the control rods will be replaced, in 

two stages, in 1993 and 1994. 
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2.2.3 Special experiments and installation modifications 

Special experiments: 

- Turbine trip TGA 

The aim of the experiment was to test the turbine regulation after the addition of the new high pressure 

turbine and also the behaviour of the feedwater regulation after a partial scram and recirculation pump 

run-back event. The plant behaved as expected and showed no abnormalities. 

- Experiment "Loss of all feedwater pumps" 

The experiment "Loss of all feedwater pumps", within the framework of the experimental programme for 

the power increase, was carried out on the 8th September 1993; this was demanded by the HSK. The 

aim of the experiment was to bring proof that the water level in the reactor could be held and brought up 

again with only one string RCIC above level 1 (• 277 cm). The experiment satisfied expectations; it could 

be shown that the capacity of the system was sufficient, also by an increased power rating to 1097 

MW(th). 

- Checking the reactor protection trips 

Considering that in this year's shutdown also diverse work on the reactor protection system was 

undertaken, the most important reactor protection trips (reactor water level) were subjected to rigorous 

testing. The tests were successfully realized. 

The most important changes to the installation were: 

- Increasing the size of the intake sieve in the torus. 

Due to the incident at Barseback in July 1992, one of the first important measures was to increase the 

area of the intake sieve in the emergency core cooi.ng system in the torus by a factor 30 (from 1.3 m2 to 

42 m2). Through this, the danger of blockage is virtually impossible. 

- Earthquake requalification of the fire extinguisher water system in the reactor building. 

The earthquake resistance proof was brought for the two supply lines of the fire extinguisher water 

system in the reactor building. 

- Renewing the electrical and control equipment of the diesel aggregate. 

The emergency power generating diesel aggregate (System 90) on bus, was given a comprehensive 

electrical and control technical overhaul. With this, the KKM possesses a diesel aggregate corresponding 

to the state of present technology. 

- Fire alarm system. 

The renewing and expansion of the Tire alarm system has been assessed by HSK as an important 

contribution towards the safety of the installation. 
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2.2.4 Fuel and control rods 

Since activity in the reactor water and the exhaust gas was low throughout the year, it can be assumed that 

no fuel rod leaks have occurred. 

40 out of a total of 240 fuel element assemblies were replaced by new ones in the 21st cycle (1993/94). The 

new fuel elements contained 74 instead of the usual 60 fuel rods in c ier to reduce thermal load on the fuel 

rods. 

In addition to the five spent control rods replaced in the las* two years, during the shutdown in 1993, eight 

more exhausted control rods were removed and replaced by new ones having material with lower cobalt 

content. Additionally, in 21 control rods, the upper guide rolls were replaced by low cobalt sliders. With this, 

34 out of a total of 57 control rods are out of low cobalt materials. 

2.2.5 Radioactive wastes 

There was no particular increase in radwastes produced in KKM in 1993, as compared to previous years. 

Based on the results of preliminary rests, KKM has decided for a cement process (cement volume reduction 

system, CVRS) for binding resins, concentrates and sump cruds. After evaluating the project documentation 

presented, permission was granted for the concept and building of the plant. With a view to the installation 

permission, HSK requested various supplementary requirements and adjustments, to improve radiological 

protection; these were followed by KKM. The cement recipes foreseen are in the qualification phase. The 

plant should be ready for production in April 1995. Due to the large demand on time for the CVRS project, 

KKM could not keep to the agreed time plan for the documentation updating for packages which already 

exist. 

The rotor and turbine blades of the high pressure turbine A were replaced during the modification for the 

power up-rating. Hence a large quantity of material came out of the controlled zone; after decontamination, 

this could be released as inactive. 
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2.3 Radiation protection 

2.3.1 Protection of the personnel 

In the calender year 1993 (1992), the following collective doses were determined for KKM: 

Actions 

Planned shutdown 

Power production 

Year's collective dose 

man-Sv 

1.00 (1.29) 

0.77 (0.90) 

1.77 (2.19) 

The year's collective dose of 1.77 man-Sv is satisfactorily low and lies below the HSK guideline of 4.00 

man-Sv. 

No exceeded dose limits were found in the individual doses. The highest single dose (external personnel), 

was in 1993 (1992) 22.1 (21.8) mSv. Two people received doses of more than 20 mSv. Further information 

is given in Tables 5-10 and in Figures 6-7. 

Compared to the previous year, there has been no change in the radiological conditions of the installation. 

In the drywell, the average dose rate on the recirculation pipes was again 4.9 mSv/h. Numerous sources of 

radiation in the drywell were temporary shielded with lead tiles (about 35 tons), in order to improve the 

radiological conditions there. The owner estimates that through these temporary measures, a netto saving in 

the dose of significantly more than 1.00 man-Sv can be achieved. 

In the case of service personnel, the deposition of activated corrosion products, in particular Co-60, leads 

mostly to doses by external radiation. With a view to reducing the dose contribution due to Co-60, in the 

reactor water, new control rods "DURALIFE" have been used and 21 control rods, with "Stellite" pins and 

rollers have been replaced by new type low cobalt containing sliding pieces. With this, there is now a total of 

34 control rods i.e. 60 % of the control rods of the core with pins and rollers and sliders having low cobalt. 

The rest of the 23 control rods, pins and rollers will be modified during the planned shutdown in 1994. 

The injection of iron (Fe-111) into the feedwater, as a means to reduce the deposition of activated corrosion 

products and which has been practiced since January 1991, was continued. The cobalt content of the 

reactor water showed a sinking tendency, probably due to the influence of the iron dosing. Scratch 

specimens were taken from fuel rod surfaces in order to determine the composition of the deposited layer 

and therefore the effect of the iron dosing. 
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The efforts made by KKM to hold the dose rate at the workplace low, such as shielding radiation sources, 

removal of pieces causing radiation (pins and rollers) and influencing the transport of activated corrosion 

products (iron injection), will make it possible to run the plant with a low collective dose. 

2.3.2 Releases to the environment 

All releases of radioactive material to the environment lay significantly below the established limits. The 

calculated maximum annual dose for single members of the public was approximately 3 u.Sv in the reporting 

period. If account is taken of the releases in previous years, then a maximum dose of 13 uSv is found. 

The releases of noble gases in 1993 lay significantly below the detectability limit of the continually 

measuring 0-total noble gas monitor (newly ascertained value: 81013 Bq/year, compare the footnote 10 of 

Table 4). Until now 3-1013 Bq/year was assumed. The balanced release value from KKM of 3.7-1012 Bq, is 

based on regularly earned out nuclide specific noble gas measurements. 

Table 4 contains detained information about the releases and the calculated doses in the vicinity of the 

plant. 

2.3.3 Radiation protection instrumentation 

All measuring instruments used for controlling the release of radioactivity to the environment and level of 

radioactivity in the plant, the personnel monitors and individual dosimetry system have fulfilled their tasks in 

the reporting period. 

The usefulness of the probe on the measurement filter for the aerosol surveillance of the building exhaust 

air could be increased thanks to the improvements to the specimen removal by KKM. 

2.4 Personnel and organization 

2.4.1 Personnel 

Two shift chiefs and a picket engineer were newly licensed. One B-operator was promoted to the A 

category. The total of licensed personnel is shown in Table 2. The total plant personnel was 274 people On 

1992: 259). 

The board of directors of the BKW gave permission for the purchase of a plant specific training simulator 

and the construction of a multipurpose building for the simulator and also for additional bureau rooms. 
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2.4.2 Organization 

Plant organization remained unchanged. Emergency documentation was controlled in an audit by the HSK 

and found to be in order. 

2.4.3 Emergency exercises 

The emergency exercise "DIANA", foreseen for 1992, had to be divided into two parts due to organizational 

grounds. The part concerning the national alarm centre was carried out on 1. October 1992. The part 

concerned with exercising with KKM and various external parties and places was carried out on 4. February 

1993. A core meltdown, with the release of radioactivity to the environment, was taken as the scenario in 

order to allow also the external parties and places to participate in the exercise. Accordingly, the main 

weight of the exercise lay in the communication between the various places (nuclear power plant, HSK, 

national alarm centre, cantonal co-ordinating staff etc.). Inside the plant, the main emphasis was placed on 

exercising the emergency staff; they were found to be competent. Some technical and organizational short

comings in the communication between the places were evident which should be remedied. 

The plant's emergency exercise "ULTIMO", earned out in 1993, used a large fire, caused by a fuel leak on a 

diesel aggregate, as a scenario. This gave the chance to include the professional fire-brigade of Bern in the 

exercise. The team used worked well and was competent. HSK made some proposals for small 

improvements for the internal team organization. 

2.5 Compliance to mandatory requirements 

The state of completeness of the compliances to mandatory requirements were, for 1993, as follows: 

Seismic requalification (rule 4.4 of the Federal ordinance) 

The improvement of the auxiliary cooling water piping in the reactor buildings has been completed in 1993 

in connection with the seismic requalification. Together with comprehensive improvements to other systems 

which have already been done, this requirement is now fulfilled. 

Fire protection (requirement 4.5) 

The review of the fire protection system has been carried out. As a consequence of the review, after release 

by the HSK, there followed a comprehensive improvement and modernisation of the fire warning facility in 

the controlled zone. Further measures are in discussion. 

The improvement to the fire extinguisher piping in the reactor buildings has been carried out. With this, the 

proof of resistance to earthquakes is available. 
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Surveillance off ageing (requirement 4.6) 

The requested ageing surveillance programme has been presented to the HSK which has also approved it. 

Accordingly, this requirement is satisfied. The realisation of the ageing surveillance programme in the plant 

will be treated in a separate pending if sue. 

Revision of the safety analysis report (requirement 4.8) 

A revised safety analysis report was presented in 1993. 

Actualising the risk analysis (requirement 4.9) 

A revised risk analysis was delivered to the HSK in 1993. 

Measures on the interim storage, adjusting the conditioning process to the state of the 
technology (requirement 4.10) 

The state of the waste containers with unconditioned material in them was controlled by the HSK. The 

exhaust air surveillance was modernised. A cement binding plant was built to comply with the state of the 

technology pertaining to conditioning of radwastes; it should be ready for commissioning in 1995. 

Measures for reducing the dose rate due to a power increase (requirement 4.11) 

The pins and rollers of 21 control rods have been replaced by Stellite-free bearings during the 1993 

shutdown. The rest of the Stellite pins and rollers will be replaced in the coming shutdown. With this, a 

significant contribution to the reduction of the dose rate has been and will be achieved. Already, during the 

shutdown, like in 1992, crud specimens were taken from the fuel element surfaces, in order to find out the 

effect of added iron to the feedwater. 

Undertaking the power uprate in a stepwise manner (requirement 4.12) 

The allowed power increase was performed in 2 steps of 5 % in 1993. The power increase was 

accompanied by a comprehensive experimental programme. 

2.6 Overall judgement by HSK 

With the exception of the damage discovered on the core shroud, which does not, however, prevent further 

running of the plant in the present cycle, the condition of the KKM plant and the KKM plant management 

can be classified as good, in relation to nuclear safety and radiological protection. The safety of the plant 

could be improved further through a series of modifications. 

The average dose rate in the recirculation loops was unchanged compared to the previous year. Further 

dose reduction measures were implemented. 

The year's collective 4ose was favourably below, by a factor of 2, the HSK guideline. Equally, the releases 

of radioactive materials to the environment also lay significantly below the official limiting values. 
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3. Nuclear Power Plant Gdsgen 

3.1 Operational data and results 

The nuclear power plant Gdsgen (KKG) is a 3 loop pressurized water reactor of 940 MWe net capacity. 

Operation started in 1979. Further information is given in Table 1 in the appendix; Figure 3 shows a function 

diagram of a pressurized water reactor. 

In the operating period 1993, KKG reached a load factor of 90.5 % and an availability factor of 92.2 %. The 

scheduled outage lasted 28.5 days. In the reporting period, the installation provided 155.8 GWh of process 

heat to the heat supply for the nearby carton factory. 

The plant operation was not interrupted by any unplanned scrams. In the second half of the year, the load 

was reduced during five weekends, as a result of exceptionally high production by the hydroelectric plants in 

the Alps. 

3.2 Installation safety 

3.2.1 Particular incidents 

No incidents of classes A or S have occurred; accordingly, also none on the INES-scale higher than 0 'see 

also chapter 9.7). 

Two reportable incidents, of class B, were noted: 

Since an increased activity in the primary coolant occurred in the last working week before the planned 

shutdown, it was assumed that a fuel element was damaged. This was confirmed during a fuel element 

inspection. It was a defect, probably caused by a foreign object, in the region of the lower spacers. The fuel 

element concerned was finally removed according to plan, after having been used for 3 cycles. 

During the monthly functionality test, a shutdown of a diesel pump in the second water holder, was caused 

by an aggregate protection signal. An inspection of the lubricating oil system found slipping caused by wear, 

when driven by the fan belt. This caused a lowered lubricating oil pressure. After exchange, the problem 

was removed. 

3.2.2 Work during the yearly outage 

All operations involved in the revision such as exchange of fuel assemblies, inspections, routine testing of 

mechanical and electrical components, functional tests of systems and components, maintenance etc. were 

carried out as scheduled. 
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The following activities are worth particular mention: 

- The second routine leak rate testing of the containment with a value found of 0.08 % per day (allowed is 

0.12 % per day by test pressure), has been performed satisfactorily. 

- The three main coolant pump shafts were routinely tested ultrasonically via their axial holes; the tests 

found nothing to cause concern. 

• Based on findings on the steam generator tube tests in 1992, five penetrations were made, by erosion, in 

the cover shroud over the plate in the region of the flow distribution plate in steam generator number 3. 

Localized regions could be optically inspected through these holes. Via these, 22 bolts could be found 

and some of them removed. They originated from the first assembly of the steam generator, where 

transport supports were erroneously left behind prior to the heat treatment of the assembly weld seam. 

The regions with increased damage on the tube bundle are, at the moment, free from foreign bodies. 

The development of appropriate localization and recovery methxis is foreseen in 1994. A wall thickness 

measurement of all the U-tubes of this steam generator was performed using the eddy current method. 

The wall thinning is predominantly in the region above the tube plate and the flow distribution plate. 

Some indications were that the plugging criterion had been reached; these tubes were controlled 

additionally with an ultrasonic analysis method. No tubes were found to require plugging. 

- All weld seams of the primary water chamber and the binding weld seam to the snroud of the second 

steam generator, number 2 on the secondary side, were tested using ultrasonic and surface crack 

detection methods. All weld seams tested were without indications. 

- Ultrasonic and surface crack detection tests were performed on two control rod drive penetrations of the 

reactor pressure vessel head. Nothing was found. 

- A main condensor and a main coolant pump were completely overhauled. 

• Both water lines of the intake structure on the upper water channel were completely emptied and 

cleaned. The worn out parts on the sieve drum were replaced and the over-pressure valves given a 

functionality control. The anti-splashing device had suffered sand erosion; it was replaced by one made 

from austenitic steel. 

• All calibration, function and lock tests in the control and regulating circuits gave no derogatory results; 

the same was valid for the reactor protection system. 

• For the house load of electricity in string 3, there was a major revision. 

- The capacity tests of the emergency batteries were carried out successfully. 

The findings of the other inspections and tests gave no ground for objections or complaints. 
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3.2.3 Installation modifications 

The following significant changes have been earned out in the reporting year 

- The filtered Containment Venting System was completed and commissioned. This system offers an 

additional protection by highly improbable accidents. It has an aerosol filter which has the job to prevent 

an unacceptable rise in containment pressure and also to retain the radioactive aerosols in the case of a 

core degradation. 

- A further point, within the frame of activities for measures against severe accidents, was the backfrtting 

of a by-pass line with a manual valve parallel to the magnetic controller on the steam bleed-off valve. 

With this, there is a secondary side pressure reduction possible, even when the emergency power 

generator is out of function. 

- To lessen the unavailability during string revison, the water supply of both the high pressure delivery 

pumps of the volume control system was changed. 

- Due to stagnant conditions present in the fire extinguisher lines corrosion occurred. Accordingly, several 

horizontal lines, made of ferritic material, were replaced by austenitic ones. 

- To lessen the danger of blockage through particulate matter in the emergency diesel radiator, the high 

and low temperature coolers of three diesels were exchanged for coolers having larger diameter cooling 

tubes. 

3.2.4 Fuel and control rods 

From a total of 177 fuel assemblies, 56 were replaced by new ones in the 15th. operating cycle (1993/1994). 

Amongst them are 48 fuel assemblies with a cladding, the surface of which has been coated with a 

corrosion-preventing protective layer. 

Again, in collaboration with the fuel supplier, there were various test fuel rods present having cladding tubes 

of various material compositions and manufacturing history; a comprehensive measurement programme 

was carried out. In general, a good plant behaviour was seen. 

As in the previous year, all 48 control rods were eddy current tested for cladding damage during the 

shutdown; they could all be used again. 

3.2.5 Radioactive wastes 

The amount of radioactive wastes in KK6 was similar to that experienced in the previous year. 
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KKG has requested the release of the revised waste binder of the type "evaporated concentrates in 

bitumen". To this aim, it has received a certificate for the suitability for end storage from NAGRA. HSK has, 

in relation to this, placed additional demands concerning the composition of the waste materials and quality 

assurance. KKG has further given NAGRA the task of assessing the suitability, for final storage, of the 

binder-type "compressible mixed wastes". With a view to the conditioning of the ion exchange resins in 

bitumen, KKG has applied for an exemption from an extensive suitability testing and a higher activity load 

on the containers. Based on its control of the documents, HSK has. according to the request, given the 

concession of an energy dose limit, on the binder, of 2.5 MGy. The corresponding release request for this 

type of waste binder is expected for early 1994. 

As in other years, KKG has only requested a few releases of inactive material from the controlled zone in 

the current reporting period. This was due to the fact that no work was earned out, thus no components and 

materials which could only be used once were discarded. 

3.3 Radiation protection 

3.3.1 Protection of the personnel 

In the calender year 1993 (1992), the following collective doses were determined: 

Actions 

Planned shutdown 

Power production 

Year's collective dose 

man-Sv 

0.77 (0.78) 

0.15 (0.18) 

0.92 (0.96) 

The year's collective dose of 0.92 man-Sv is, as expected, low and with this, well below the HSK guideline 

of 4.00 man-Sv. 

No exceeded dose limits were found in the individual doses. The highest single dose (external personnel) 

was in 1993 (1992) 12.7 (16.0) mSv. Further information is given in Tables 5 • 10 and Figures 6 - 7. 

Based on many dose rate measurements on the primary circuit, it is seen that a slight rising tendency is 

present. The existing dose roles on the primary circuit, in the region of the working places, justifies more 

work to install temporary lead shielding. Based on the good results found in other plants, the necessary 

steps for the implementation of extensive temporary shielding in KKG, during the shutdown planned for 

1994, have been started. 
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3.3.2 Releases to the environment 

All releases of radioactivity were well below the permitted limiting values. Table 4 gives an overview of the 

balanced releases and, calculated from these, the maximum dose for a single person in the vicinity; these 

are in the order of magnitude of 3u.Sv in the year for the people mostly involved. 

It should be noted that the releases of KKG for waste water without tritium, aerosoles and iodine, were 

below the significance limits of the measuring instruments (newly determined values: 1.3-108 Bq/year for the 

waste water, 6-106 Bq/year for aerosols and 4-106 Bq/year for iodine, see Footnote 10 of Table 4). For noble 

gases, since no nuclide-specific measurements are available, a conservative mixture of 80 % Xe-133,10 % 

Xe-135 and 10 % Kr-88 is taken. 

3.3.3 Radiation protection instrumentation 

The radiation protection measuring instruments and the personal monitors fulfilled their purposes. There 

were electronic problems with the evaluation instruments for the TLO-dosimetry (personnel and ambient 

dosimetry) in the middle of the year. Due to this, after the repair of the instruments, HSK felt it was 

necessary to let an expert control them. The tests carried out regarding the calibration of the instruments 

gave, with the exception of the high dose region, for which no measurements could be earned out, satisfying 

results. The KKG is planning to replace the dosimeter evaluation instrument in 1994. 

3.4 Personnel and organization 

3.4.1 Personnel 

Three B-operators and two shift chiefs were newly licensed in 1993. The total number of licensed personnel 

is given in Table 2. The total plant personnel was, at the end of the reporting period, 371 people (1992: 

372). 

3.4.2 Organization 

Plant organization remained unchanged. The emergency documentation was checked via an audit from 

HSK and found to be in order. 

3.4.3 Emergency exercises 

The main theme in the plant's emergency exercise, carried out in autumn, was a release of activity which 

exceeded the allowed limit. The main aim was to obtain information about the usefulness of the existing 

rules, directions, plant rules and organizational measures for the case of a dangerous release of increased 

activity. Additionally, the exercise served to teach the emergency teams and the behaviour to emergency of 
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the personnel. The readiness of the emergency organization and the behaviour of the personnel to the 

emergency was judged by HSK to be good. There are possibilities for small improvements to the 

organization. 

3.5 Overall judgement by HSK 

The condition of the installation and the management of KKG can, in reference to nuclear safety and 

radiological protection, be classified as good. Both of the incidents which occurred had only a slight 

significance for technical safety. 

The quantity of radioactivity released to the environment was very small and far below the official limits. 

The year's collective dose of the personnel was, like last year, very low and below the value of 1 person-Sv. 

No person accumulated an individual dose of more than 20 mSv. 
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4. Nuclear Power Plant Leibstadt 

4.1 Operational data and results 

The nuclear power plant Leibstadt (KKL) is a boiling water reactor installation of 990 MWe net output. 

Further plant data are given in Table 1 of the appendix; Figure 2 shows a function diagramme of a boiling 

water reactor. 

In its ninth year of operation, the KKL plant performed with a load factor of 84.7 % and an availability of 

90.8 %. The yearly shutdown, which like last year lasted 32 days, caused the non-availability of 8.9 %. The 

stretch-out operation from the middle of May and various load reductions ordered by the power distributer all 

had influence on the load factor. 

Power production of the plant was interrupted some days after the start of the 10th. cycle due to a repair on 

recirculation control valve; a spindle seal was replaced. An unplanned power reduction occurred in January, 

due to an automatic recirculation pumptrip which was caused by a lowered voltage on the 6kV supply bus 

bars. The signal for lowered voltage was produced by a fuse defect in the voltage measurement. There 

were no unplanned shutdowns in the reporting period. Power reductions could take place on four week-ends 

in autumn, due to lower energy demand. 

4.2 Installation safety 

4.2.1 Particular incidents 

No incidents of the A or S class have occurred; none also higher than level 0 of the INES (see also chapter 

9.7). 

The following three incidents were classified "B" as to their safety relevance: 

• Increasing activity values from iodine in the reactor coolant and noble gases in the exhausts from May 

onwards indicated a fuel element defect in the reactor core. The activity values in the remaining two 

months of the 9 cycle did not approach the activity limiting values. Examinations during the shutdown 

found cladding defects on four fuel rods. 

- The failure of an electrical resistance in the voltage supply to the revolution controller of the driving 

steam turbine was found in July during a routine functionality test of the core emergency feed system. 

After replacement of the defect part, the test was successfully carried out. 

- Already in the middle of October, in the 10 cycle, there was a slight increase of noble gas activity in the 

exhaust, indicating a new fuel element defect. The increase of the iodine activity values in the reactor 
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coolant started in December. With careful running of the reactor, the KKL will keep the damage under 

control and the activity values within acceptable limits. 

4.2.2 Work during the yearly shutdown 

During the annual shutdown from August 6 to September 7, 1993 the usual operations involved in the 

revision were performed. These included refuelling, maintenance, recurrent testing of components, plant 

modifications, inspections and functionality checks of systems and components. 

No safety-relevant shortcomings which needed action to be taken were noted during the inspections, 

maintenance work and tests. The routine non-destructive tests on mechanical components were concerned 

with circumferential and longitudinal weld seams and weld seams on supports and piping attachment joints 

to the reactor pressure vessel. This was all foreseen according to a long-term test programme for the year. 

Apart from this, the programme included the testing of various core internals, weld seams on pipings from 

the main steam and feedwater system and emergency core cooling and decay heat removal systems. The 

test results were satisfactory. Furthermore, the functionality and leak tests on valves and containment 

penetrations showed no shortcomings either. 

Special tests were done in 1993, as requested by the HSK, on a number of control rod housings and core 

instrumentation penetrations in the reactor pressure vessel lower plenum. No indication of cracking was 

found. 

Various thermal components in the secondary side, such as preheater, superheater and control vessel were 

tested; there were no signs of degradation. The wall thickness measurements on piping and vessels, which 

concerns mainly the secondary side, will continue to be carried out within the frame of the programme for 

weak-spot analysis due to erosion and corrosion. There is wall thinning in a few places which does not, 

however, reach the minimum wall thickness allowed. 

4.2.3 Installation modifications 

In the reporting year several plant modifications have been initiated, continued or completed. They serve to 

increase the nuclear safety and also the working requirements. The significant changes were: 

- As a consequence of the incident in the Swedish nuclear power plant BarsebSck 2 at the end of July 

1992, the six suction inlet strainers, throug.i which the emergency core cooling systems intake via the 

pool of the containment, were replaced with a new construction. Through this, the effective suction 

surface was increased by a factor of seven in order to avoid the danger of blockage. 

- The installation of filtered containment venting system (FCVS) was completed and made ready for use. 

With this, one of the most important measures against severe accidents is fulfilled. 
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• The cooling pipes, which connect to the fuel element storage tanks in the containment, were installed. 

This is for the case of a storage of a complete reactor core with decay heat removal during a shutdown. 

The pipes were led out of the containment and they will be joined to the decay heat removal system in 

1994. 

- Due to erosion-corrosion damage which was only removed by repairing in the last years, two new low 

pressure pre-heaters have now been installed during the yearly shutdown. These new pre-heaters show 

improvements in construction and material. 

- Work on a new radioactive workshop has started. In this installation, more and larger components can be 

decontaminated and treated in the future. This contributes to an improvement of the maintenance of 

components. It is planned to bring the workshop into operation in 1995. 

- The availability of the emergency exhaust air system, on demand, was increased by the removal of 

interlocks in the function logic. 

4.2.4 Fuel 

Due to an increase in the reactor coolant and exhaust gas activities i i May 1993, in the 9th. fuel cycle, it 

had to be assumed that fuel element damage was present. The examinations carried out on all 648 fuel 

elements during the shutdown, using the sipping method, found 4 defective fuel elements. In one of these 

elements, as in cycles 5 (1989) and 7 (1991), a fuel cladding with a large crack was found. The damage was 

associated with the washing-out of fuel and corresponding contamination of the cooling loop. The 

examinations of the defective fuel element are continuing; a fabrication defect is thought to be the cause of 

the damage. 

For the 10th fuel cycle (1993/94), 124 fuel elements were replaced by new ones during the shutdown. All 

recharging fuel elements have a 10x10 fuel rod configuration. 

In the current cycle 10, which started with a defect-free core, there has been indications, since October 

1993, that fuel element damage is again present; since December 1993, an increase in Neptunium activity 

in the reactor coolant indicates fuel wash-out. 

4.2.5 Radioactive wastes 

The amount of radioactive wastes proc 3d in KKL lay in the bounds of that experienced in previous years. 

Following on after the release of the procedure through HSK, an action was started in the spring to cut up 

and cement in approximately 600 fuel element boxes. There resulted thereby 126 temporary and final 

storage waste containers. Additionally, KKL kept within the agreed time plan for the supplementary 

documentation for wastes conditioned earlier. 
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In the reporting period there followed, according to normal practice, various releases of inactive materials 

out of the controlled zone. 

4.3 Radiation protection 

4.3.1 Protection of the personnel 

The following collective doses were determined for the operation of KKL in the year 1993 (1992). 

Actions 

Planned shutdown 

Power production 

Year's collective dose 

man-Sv 

1.08 (1.08) 

0.57 (0.66) 

1.65 (1.74) 

The year's collective dose of 1.65 man-Sv is low and lies far below the HSK guideline value of 4.00 man-

Sv. 

No exceeded dose limits were found in the individual doses. The Highest single dose (external personnel) 

was, in 1993 (1992) 15.7 (15) mSv. Further information is given in Tables 5 -10 and in Figures 8-10. 

In contrast to the previous year, the radiological conditions in the drywell have slightly improved due to the 

zinc injection to the feedwaten this has been exercised since 1990. The average dose rate on the 

recirculating pipes was 2.2 mSv/h during the 1993 shutdown. As in the previous year, numerous radiation 

sources have been temporarily shielded to improve the drywell radiological conditions. 

Due to the 4 defective fuel elements, an increased concentration of Np-239 was determined in the reactor 

coolant. The contamination, with a-irradiating nuclides, on the inside surfaces of diverse circuits, lead, on 

the one hand, to increased contamination and ambient air measurements, and, on the other hand, to 

increased protective measures (gas masks) for the personnel in some working areas. Experience has 

shown, that in the future, a continual a-surveillance of the ambient air in the region of exposed working 

places, must be implemented. The corresponding measuring instruments will be installed during the 1994 

shutdown. 

At the end of the year yet another defect fuel element was discovered. The increased protective measures 

planned for the 1994 shutdown, 1or the personnel and also the contamination and ambient air 

measurements, in particular the a-irradiating nuclides, will increase in significance. 



- 2 7 -

4.3.2 Releases to the environment 

KKL releases to the environment remained within the frame of those of previous years. For the most 

exposed group of people in the vicinity of the plant, the maximum dose of approximately 5 uSv/year, was 

calculated from the releases. Detailed information can be taken from Table 4. 

The balanced releases of KKL aerosols lay below the significance limit (newly determined value 3-106 

Bq/year, see Footnote in Table 10) of the measuring instrument. 

4.3.3 Radiation protection instrumentation 

The radiation protection measurement instruments used for surveillance of releases to the environment and 

the activity or radiation level in the plant as well as personal monitors and personnel dosimetry system, 

fulfilled their tasks. 

In the reporting year, the TLD personnel dosimetry in KKL was replaced by a new system. This system was 

tested by an expert under contract to the HSK. Subsequent to this, the personnel dosimetry of the KKL 

received an attestation of acceptance according to the dosimetry regulations. 

4.4 Personnel and organization 

4.4.1 Personnel 

No new licensing took place in the reporting year. The total number of licensed people is given in Table 2. 

The total work personnel was, at the end of 1993,388 people (1992:393). 

The building of the training and information centre was finished at the end of the reporting year. The large 

plant-specific simulator, which is ordered, will be housed here. 

4.4.2 Organization 

There were no changes to the plant's organization. Emergency documentation was controlled, via an audit 

from the HSK, and found to be in order. 

4.4.3 Emergency exercises 

There was planned, for 1993, a safety and total emergency exercise, which would have included the police 

from the canton of Aargau. This had to be postponed until 1994 on organizational grounds. 
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4.5 Overall judgement by HSK 

The installation condition and management at KKL, with respect to nuclear safety and radiological 

protection, can be rated as good. The incidents which did occur had a minimal nuclear safety significance. 

The plant modifications carried out contribute to improving the safety, reliability and radiation protection in 

KKL. With a view to the radiological situation in the plant, the fuel element damages require increased 

attention with aim to avoid contamination of the installation. 

The dose rate in the drywell has only diminished slightly compared to the previous year. The year's 

collective dose lay significantly below the HSK guideline. No person accumulated a dose higher than 20 

mSv. 

The quantity of released radioactivity to the environent was far below tha* allowed. 
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5. Research installations 

5.1 Paul Scherrer Institute (PSI), Villigen/Wurenlingen 

Only particular facilities at the PSI site are nuclear installations in the legal sense. However, based on its 

complex radiological aspects, PSI is considered as a whole in this report. 

The supervisory activities of HSK were, in this year, influenced by the preparation of an expertise for the 

PSI application for the total disposal of the shutdown reactor DIORIT. Furthermore, the reactors SAPHIR 

and PROTEUS, the accelerator installation, the spallation neutron source SINQ (being built), the sectors hot 

laboratory, medical uses (together with BAG), radiopharmacy and radioactive wastes were also subject to 

HSK supervision. The processing and judgement of registrable incidents, in comparison to the previous 

year, also considerably increased the work-load. 

5.1.1 SAPHIR 

The research reactor SAPHIR, for the reporting period, was available for neutron scattering experiments, 

neutron radiography and quality assurance for the manufacture of neutron guides. At the same time, 

irradiations for the production of radioisotopes, material tests and activation analysis were carried out in the 

reactor core. Power production was approximately 6000 working hours with an average thermal power of 7 

MW. Additionally, the installation was used, in the low power operating mode, primarily for training (reactor 

practice). Three registrable incidents of the type B, according to HSK guideline R-25, occurred in SAPHIR; 

they are described in detail under section 5.1.10. 

Various preparations for the implementation of a new reactor protection concept in the existing building 

were undertaken in 1993. In order to realize this project the reactor was shut down at the end of 1993. 

An installation-specific collective dose of 25 Person-mSv was recorded for 1993. 

5.1.2 PROTEUS 

The research reactor PROTEUS was able to celebrate its 25th year anivers-ry in the reporting yean the 

NRE, as it was then called, went critical for the first time on 26 January 1968. The work, particularly that 

concerning the water flooding of an HTR pebble bed reactor having a hexagonal densely packed ball 

configuration, was continued in 1993. During a total of 541 working hours, 61 so-called flux-hours, with <J>> 

110s cnr2s-\ were achieved. Three core configurations were examined whereby the reactor was once fully 

unloaded and then reloaded. The transport and sorting machines performed well and were partly 

responsible for the small collective dose measured of 10 Person-mSv. The installation ran without abnormal 

occurrences and without registrable incidents according to HSK guideline R-25. 
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5.1.3 DIORIT 

The licensing process for the disposal of the shut down reactor "DIORIT" (phase 2) was started on 25.08.92. 

HSK has worked out an expertise for this aspect. There were no compulsory registrable incidents according 

to HSK guideline R-25 

HSK is the authority for granting permission for the simultaneous dismantling of the reactor and the 

foreseen installation work to operate the place as an inactive laboratory with clean conditions technology. A 

large part of the corresponding building work has been done already by the end of 1993. Phase 1 of the 

DIORIT break-up was practically finirhed at the start of 1993 but the disposal of active components was 

hardly started. Therefore, an installation-specific collective dose is not significant. 

5.1.4 Hot laboratory 

Compared to the previous year, the research themes, and therefore the nuclide-types and quantities thereof 

used, have hardly changed. Mainly, there were contributions to the following programmes: 

• Disposal: 

Colloid chemistry, organic ligands, interactions between nuclides/rocks and cement examinations. 

• Preparative actinide chemistry: 

Work on actinide transmutation. 

• EDEN (development, performing and evaluation of post-irradiation examinations): 

fuel rod cladding corrosion, (U,Pu)02 characterization and explaining the cause of damage. 

Different experimental installations are being constructed and they should be given over for active work in 

1994; they are: 

• Two conditioning devices, one each for liquid a-active wastes and for solid a-p and ^active hotcell 

wastes 

• Test stand for cladding burst experiments after they have been in service in a reactor 

• Gas mass spectrometry and solid thermionic mass spectrometry 

The running of the installations went without abnormal occurrences and also without compulsory registrable 

incidents according to HSK R-25 guideline. The collective dose for the hot laboratory workers was 61 

Person-mSvin 1993. 
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5.1.5 Radioactive wastes 

Due to lack of personnel at PSI, the schedule for the large volume of necessary updating of documentation 

concerning waste containers could not be kept. In the report year there was no single proposal related to this 

problem. The necessity for, and the urgency for improving the situation, is clearly shown. 

The preparations for conditioning alpha-containing fluids from the hot laboratory could be almost entirely 

accomplished. The trials for manufacturing FixBox-1-packages may begin in the spring of 1994. A 

precondition for the definitive release of the process is the specification of the container to be used, which 

depends in tum on the demands for the final storage of this package in the BZL (see below). Also, the 

manufacture of packages with compressible Pu-wastes depends on the specifications of the container which 

are not yet available. With this insight, the waste laboratory will be optimized from the aspect of radiation 

protection. The ways to characterize the waste-types arising from running of the accelerator are being 

investigated. 

The BZL is, in its terms of reference, a storage plant. The necessary prescriptions for the storage of waste 

packaging types and packages are given by HSK. Following an inspection, errors in the way of working with, 

and also documentation of, the stored packages were found. An improved quality assurance was indicated 

as being necessary in this respect. The packages of Pu-containing wastes, arising from the conditioning of 

hot laboratory wastes, were not taken into consideration in the original design of the BZL. The package 

related alpha-activity of these wastes exceeds, by a factor of 200-500, the limits assumed in the safety 

analysis done at the time. Accordingly, an update of the safety analysis for the storage of Pu-wastes in the 

BZL must be carried out. Out of the results of this analysis, the requirements for the containers to be used 

will also be given. 

Considerable quantities of old materials have been generated due to the building modifications (DIORIT 

demolition, rebuilding of the surface treatment and isotope laboratories). Approximately 160 t of such 

materials could be released as inactive in the reporting period. 

There were three registrable incidents of the type B, according to HSK guideline R-25, which occurred in 

conditioning plants (active surface treatment laboratory, waste sorting box and experimental incineration 

plant); they are detailed in section 5.1.10. Due to the function of the various disposal plants, there was, for 

1993, a collective dose of 62 PersorvmSv. 

5.1.6 Installations for medical applications (PET, OPTIS, PIOTRON) and radiopharmacy 

HSK and BAG are co-ordinating their tasks as supervisory authorities in this sector. BAG is responsible for 

the area of the use of radionuclides and methods for human and veterinary application; HSK is working on 

problems concerned with the operation of installations (organization into zones, rebuilding projects etc.) and 

also aspects of the operational radiation protection of the PSI employees involveo. 
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Within the framework of the PET (Positron Emission Tomography) programme, there was, in comparison to 

the previous year an increased number of applications particularly in the inorganic tracers (organic tracer 

305; inorganic tracer 170 - in 1992 it was 254 and 64 respectively). For human application 1sO is also now 

allowed. The preparation facility for H2
1sO production was released in 1993 after a long test phase. The 

corresponding use on humans will first take place in 1994. 

In the reporting year, 211 patients suffering from eye melanomas, were treated with protons in the OPTIS 

installation. The project for pion therapy for selected cancer patients was ended in 1993 and the PIOTRON 

facility was shut down. 

The infrastructure and furnishings to be used for the 200 MeV therapy facility are well advanced in the 

framework of the PSI main project Treating deep-seated tumors with protons". 

The redimensioning of the laboratory for radiopharmacy (LRP) was virtually finished in 1993. In the future, 

there will only be radioisotopes made for in-house research and for quasi on-line use (PET). 

Correspondingly, in the reporting year, there was again significantly less turnover in radionuclides (59 TBq 

compared to 100 TBq in the previous year). The dominant isotope was 1-131 with around 60 % and 1-123 

with 14 %. In 1993 a collective dose, for the personnel of the various installations of the LRP and medical 

uses, of 94 Person-mSv was measured. In the laboratory for radiopharmacy there were two compulsory 

registrable incidents of the type B, in according to HSK guidline R-25; they will be reported more thoroughly 

in section 5.1.10. 

5.1.7 Accelerators, proton beam lines and experimental areas 

1993 was the twentieth working year of the 600 MeV accelerator. HSK allowed the use of maximum 1mA in 

the middle of the year; a beam current of 0.8 mA was routinely reached. The modifications for a continual 

running mode, with up to 1.1 mA, have been performed so that in the spring of 1994 the release application 

for another portion of current (peak current 1.5 mA) can follow. Both low-energy cyclotrons were used, as in 

the previous years, with comparable working times. 

As well as small repairs and maintenance and changes to the installations in the experimental and NA hall, 

there can be mentioned for 1993 the removal of the BMA radiation guides and the BMA targets after the 

shutdown of the installation. 

Running of the installations and the experiments, with a very large number of external research groups as in 

previous years, proceeded without registrable incidents falling under HSK guideline R-25. A collective dose, 

without LRP and medical uses, of 102 Person-mSv for PSI employees and 44 Person-mSv for extemal 

experimentors was noted for 1993 for the various installations of PSI-West. 
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5.1.8 Spallation neutron source (SINQ) 

Since there were no objections raised within the public hearing period, HSK could give the building and 

running permission, for SINQ, in March 1993. The first HSK permissions, particularly for target manufacture 

and target holders, had been already granted, and at the end of 1993 a significant part of the early stages 

(target shielding and installation buildings) was finished. The detailed planning of the total installation has 

led to only small delays so that startup can be reckoned with at the end of 1995, as previously planned. 

5.1.9 Radiation protection 

In the reporting period, a radiation dose of 0.52 Person-mSv (1992: 0.75 Person-mSv) was accumulated in 

all of PSI. The highest single dose was 16.2 mSv (1992:17.4 mSv). The lower collective dose compared to 

the previous year was to be expected, since in 1993 there was no great dose-intensive work undertaken and 

isotope production was significantly reduced. 

A collective dose of 25 Person-mSv was noted for the radiation hygiene section itself in 1993. Actually, 134 

Person-mSv could be ascribed primarily to maintenance work in the whole of PSI and was therefore not 

installation-specific. More information about dose values is given in the sections 5.1.1 -5.1.7, see also 

Tables 5 and 10 and Figure 7. 

Air and ground releases of PSI lay always below the long-time limiting values of the release rules and led, in 

1993, only to low doses to the population in the vicinity. Twice the short-time (weekly) release limits for 

tritium oxide were exceeded; for details see section 5.1.10. This did not led to significant doses. 

In the campaign, planned for the end of 1993, for the switch-over of all stationary and mobile irradiation and 

contamination measuring instruments to the SI units, there were delays due to the large number of different 

instruments. The switch-over should, however, be finished in all PSI divisions by the middle of 1994. The 

concept phase for the revision of the inactive and active waste water systems of PSI was completed in 

1993. The concepts were released by HSK, for further detaining of the work. 

5.1.10 Particular incidents 

Eight compulsory registrable incidents, of the type B of the HSK guideline R-25, occurred in the PSI in the 

reporting year. 

Five B-incidents occurred, caused by manipulation errors as well as construction weaknesses: 

• Part of the contents of a leaking acid bath in the provisional active surface treatment (etching) 

laboratory, could penetrate, via an unexpected way, in the cellars and, to a lesser extent, get outside. A 

radioactive contamination outside a controlled zone was found, but it was not a significant dose. 
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• On a SAPHIR fuel element there was found, in the top fuel-free section, a relatively large mechanical 

damage which must have been present for a long time. That this was not reported upon, by the person 

who had caused it, is surprising. A release of fuel or fission products could be excluded. 

• An inaease of the local dose rate in the SAPHIR building, once massive (about 100 mSv/h in the 

distance of 1 meter for 5 minutes) and another time, less intensive (about 0.3 mSv/h by open radiation 

channels), but over days, was placed into the compulsory registrable incident class. In the first case, a 

radiation capsule floated due to a build-up of radiolysis gases and could only be found and shielded first 

after a few minutes. In the second case, a training collimator, only suitable for low power running, was 

not exchanged at the start of normal operations. This led to an increased local dose raie which lasted for 

days. In both cases, however, person dose, quartal limit was not exceeded. 

• A sodium iodide target for producing 1-123 melted through due to insufficient cooling. Although the 

resulting release of Xe-123/1-123 did not lead to exceeding short time release limits, HSK categorized the 

incident as a technical B-incident. This was because HSK, on the basis of the current safety 

considerations for the release of the proton beam, had not taken into consideration that a transient by a 

cooling water pump failure could lead to a late reaction of the interlock (shutdown) system. 

Three radiological B-incidents occurred. The first case was due to a disregard of working rules. In the two 

other cases PSI is the "victim" of errors caused by external deliveries of radioactive wastes within the 

framework of the BAG collection action: 

• An employee's hand became contaminated during revision work; as a result, various laboratory sections, 

within the controlled zone, were also contaminated with 1-123. The incident had to be classed as a 

compulsory registrable incident because it was not possible to reduce the skin contamination to the 

guideline value on the same day. Incorporation values and the resulting doses were not significant. 

• During the sorting of burnable and unbumable wastes, which originated from the so-called BAG 

collection campaign and later, by the burning of such wastes in the experimental burning plant, the short-

time release limit (KAL) for tritium oxide, HTO, was exceeded by a factor less than 10. The resulting 

dose of a maximum a few uSv is not significant. It can be proven that the two incidents are related. 

Since the effective declared tritium quantity in the wastes was an order of magnitude too small to cause 

the KAL to be exceeded, it had to be assumed that the declaration of the delivery was false. The 

declaration and delivery procedures will be, controlled by HSK and BAG again in order to avoid such 

problems in the future. 

The increase in the compulsory registrable incidents at PSI raises questions about safety culture. 
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5.1.11 Personnel and organization 

At the year's end there were 7 reactor operators, 9 reactor chiefs, and 4 shift chiefs licensed for SAPHIR. In 

1993 one reactor chief, one shift leader and 5 reactor operators were newly licensed. 

For PROTEUS, the licensed personnel were two reactor physicists, two reactor technicians and a reactor 

operator. The reactor operator was newly licensed in i 993. 

The organization of PSI was not significantly altered in the reporting year. 

5.1.12 PSI schools 

In April 1993,19 candidates - five from NPP Beznau, two from NPP Muhleberg, six from NPP GOsgen, 

three from NPP Leibstadt and three from PSI, completed their training and successfully passed an exam for 

nuclear power plant technicans TS. 

In January 1993, the fourth course for nuclear power plant technicians started at the reactor school. This 

class will last until April 1994 and it is being attended by 13 participants from all Swiss nuclear power plants 

and from PSi. They will be further trained later on, in the plants, before being admitted to the exam for 

obtaining the reactor operator license. A reactor engineer course was started with four HTL (technical 

college) graduates in the middle of the year. The special aim is to give basic professional knowledge to 

future shift chiefs and special duty engineers; this course lasts also until April 1994. 

The school for radiation protection taught, in the reporting year, about 3000 course participants about the 

subject of radiation protection. Approximately 200 of these came from nuclear power plants. The last group 

consisted of assemblers, plant surveyors, leaders of visitors, staff personnel and people learning about 

radiation protection control. Eight people successfully completed the verbal and written radiation control 

test. In addition, about 80 people from nuclear power plants, including PSI, took courses about the general 

theme of radiation protection. 

5.1.13 Emergency exercises 

The <i!arm exercise on 10. November 1993, had the aim to test the alarm methods in PSI, the audibility of 

the sirens, the amount of and working regulations of the various emergency teams and also the personnel 

behaviour during alarm level 1. The complete emergency organization and the teams were included in the 

exercise. Serious deficiencies became apparent in the Institute's alarm sirens. HSK judged the failure of all 

sirens in the West section and the failure of the alarm horns in a building with a controlled zone in the East 

section, as particularly grave. After the exercise, technical deficiencies, which had led to these failures, were 

corrected. Further, there were some signs of organizational deficiencies that should be corrected through 

better instruction of the emergency teams. HSK considers the aim of the exercise as not achieved, and 

requested a repeat of the exercise. This was not, however, carried out in 1993. 
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5.1.14 Overall judgement by HSK 

The condition of the PSI installations was, in the reporting year, good. However, in judging the place, the 

significant increase in compulsory registrable incidents of the class B cannot be overseen. The increase, 

based on a preliminary analysis, has hardly to do with the condition of the installations (e.g. ageing), but 

rather more to do with human factors (low motivation among other factors). In a dynamic research institute 

there are sections which, unavoidably, must be redefined or their middle-term cancellation is already 

decided on or notified. The people responsible for these installations at PSI must make special efforts, to 

ensure a safer working environment during the changeover time. The same goes for the radwastes and 

preparedness for emergency. 

5.2 Swiss Federal Institute of Technology Lausanne (EPFL) 

From the three divisions of the nuclear installations of the "Institut de Genie Atomique", the "CAROUSEL" 

serves only as a practice neutron source (moderation and shielding measurements) for third year students. 

The si'bcritical LOTUS plant which had a renewed neutron source in 1992, was used significantly less than 

the previous years. It was used for nearly 20 hours within the framework of activation experiments of 

structural materials. 

The CROCUS zero power reactor was operated for practical lessons (3rd. study year EPFL and 4th year of 

the engineers school for 560 hours in 1993 (1992: 308 hours)). The integrated power was 165 Wh. The 

detailed yearly control of all fuel rods showed again that no more swelling had occurred since rods with new 

cladding were used. Spectrometry (a and 7) and wipe-tests showed that all fuel rods were leak-tight. 

The operation of the plant was trouble-free and no compulsory registrable incidents, according to HSK 

guideline R-25, occurred. The accumulated year's dose for only two employees of the Institute, lay above 

the detection limit (maximum value 0.2 mSv). The collective dose of the institute is therefore insignificant. 

The releases over the air and waste water ways, inclusive of tritium, were insignificant and just at the 

detection limits. 

5.3 University of Basel 

The small swimming pool reactor (type AGN-211-P), situated in the basement of the physics institute of the 

university of Basel, was used for 40.5 hours - 1 kW standard hour - for teaching purposes in 1993 and 

virtually to the same extent as in the previous year. The total energy produced (40.5 kWh) per year, lay, like 

the previous year, far below the permitted limit of 30 kWh per week. Correspondingly insignificant were also 

the year's doses of the five members of the institute involved (maximum single dose 0.2 mSv) and the 

collective dose of 0.2 Person-mSv. The operation of the installation was free from abnormal occurrences 

and it was without compulsory registrable events, according to HSK R-25 guideline. 
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5.4 Experimental reactor at Lucens (VAKL) 

The national society for promoting industrial nuclear technology (NGA), which is the sole owner c f the 

location, has received the task to carry out the decommissioning of the experimental nuclear power plant at 

Lucens (VAKL). This is due to a governmental decision taken on 10. September 1990. The permitted work 

(filling of 2 of the 3 caves, draining system of the caves to remove water, building the water removal pipes 

to the river Broye), which started in June 1991, was finished in the spring of 1992. The new drainage system 

for the water around the caves and the water removal piping to the Broye was taken into commission in 

April 1992. The completion work could be taken up in December 1992 corresponding to the foreseen 

temperature of the filling cement. This work had mostly to do with plaster injection to fill the shrinkage, 

temperature cracks and cavities and was finished in January 1993. 

At the start of the year, HSK gave permission for carrying out the one year observation program. The 

quantity and the radiological and chemical properties of the drainage water will be subject to surveillance. 

As a consequence of filling up the caves with concrete in 1991, the old controlled zones of the underground 

construction do not exist any more. Outside of this construction, there is a controlled zone which is the 

storage place of the container that holds some components of the old reactor. This container should be 

transferred to an appropriate temporary or final storage. The installation, as long as it is subjected to the 

atomic energy laws, will not change until the one year observation period has been reached. This is valid for 

the small place where the container is temporary stored, even after the container is removed. 

No radiological or safety technical incidents were noted. There is now one person in the surveillance group 

who is exposed to radiation in the course of work. The person received a total body dose of 1.25 mSv due 

primarily to the periodic control of the waste container. The water let into the Broye showed no man-made 

nuclides in it. 

Although the location of the VAKL is under the jurisdiction of the atomic power law, the future owner, the 

canton of Valis/Waadt, could take control of the locality, with the exception of the container storage place. It 

wants to put into place, primarily, a storage and protection room for cultural artefacts. An important part of 

the Roman discoveries, which came to light during the building of national road N1, are already stored in the 

lowest floor of the entry to VAKL. 
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6. Radwaste disposal 

6.1. Wastes from reprocessing 

The assessment, for the reprocessing of wastes, by COGEMA, in relation with the preliminary application of 

the nuclear power plant owners to re-import these wastes, could not be completed, as foreseen, in the 

reporting year. It is concerned with all wastes to be taken back, with the exception of the vitrified (in glass) 

highly active wastes. Answers, from COGEMA to the questions posed by HSK concerning the various 

waste-types took more time than expected. A newly specified container by COGEMA will also be included in 

the current assessment procedure. The conclusions of the assessment should follow in the spring of 1994. 

6.2 interim storage 

The conditioning and temporary storage of the radwastes from the nuclear installations and PSI are reported 

in the corresponding sections. 

The Federal Council has, at the end of June, decided in a positive sense to the request from "Zwischeniager 

Wurenlingen AG" (ZWILAG) for a centralized intermediate storage. This Federal Council decision has yet to 

be approved by the Federal governmental assembly. The ZWILAG presented in July the application for a 

nuclear construction and production licence. Assessment of the project has started at HSK. The project 

documentation, which was made available for public scrutiny and comment until November, has generated 

a lot of comments which HSK has to take a position on. The process will probably extend into the summer 

of 1994. An agreement on the licencing process between the involved parties (government, canton and 

local communities) will be reached through a co-ordination committee. 

6.3 Final disposal 

6.3.1 Preparatory measures for an SMA repository 

NAGRA has completed in spring the exploratory work for the first phase, with a view for a final repository, 

for short-lived low and intermediate level of activity wastes (SMA), at the sites of Bois de la Glaive (VD) and 

Wellenberg (NW). A geophysical examination (ground or natural gas measurements, engineer geophysics 

and reflexion seismics), was done at Bois de la Glaive. At the Wellenberg location, the fifth test boring 

(SB2), at a final depth of 1870 m, was finished. Different hydraulic tests were carried out in the SB2 and 

SB6. An additional piezometer boring (130 m) was sunk next to the deep bore hole SB2. 

Based on evaluations of the test results also for the earlier locations examined, (Oberbauenstock (UR) and 

Piz Pian Grand (GR)) NAGRA has identified, at the end of June, the locality Wellenberg for further work for 

the SMA final repository. The detailed NAGRA report about this choice of locality followed in autumn. HSK 

and the geological commission for nuclear disposal (KNE) were asked to take a position on this document. 



- 3 9 -

The corresponding reports will appear in January 1994. It was confirmed that the choice of Wellenberg will 

satisfy the requirements. The choice of NAGRA can be accepted. This follows from a comparative 

evaluation of the four localities using appropriate criteria and on the basis of sufficient knowledge on the 

purpose of the installation. 

The last meeting (probably) of the controling commission for the Bois de la Glaive locality was held in 

December. In the reporting year there were three meetings of the controlling commission for Wellenberg. 

The situation at the Wellenberg locality and the knowledge obtained about it will allow the start of the overall 

licencing process. A corresponding application was announced for the middle of 1994. With a view to the 

later application for building permission, the knowledge about the locality at present is, however, to be 

consolidated using extended examinations. 

6.3.2 Preparatory activities for a HAA/LMA final storage 

Kristalin 

The long-term observations in the seven deep boreholes in the crystalline basis rocks of northern 

Switzerland are continuing with a view to a final storage for high active (HAA) and long-lived middle active 

wastes (LMA). The full evaluation of all data obtained (geosynthetic crystalline) and the safety analysis 

which arises from this (Kristalin-1) could not be completed as foreseen in the report year by NAGRA. 

The annual meeting of the controlling commission for the deep bore activities in northern Switzerland took 

place in June. NAGRA reported about the state of the synthesis and about the possible continuation of the 

"Kristalin" probes at this meeting. The corresponding final reports of the controlling commission for the three 

deep bore holes at Kaisten, Schafisheim and Weiach were provided to the controlling commission. 

Sediments 

NAGRA has not carried out any fieldwork on sedimentary rocks in the reporting year. It has, however, 

evaluated the existing data and also that which had been obtained in the 1991-92 seismic campaign. 

Accordingly, a judgement about the state of the sediment project can be reached at the start of 1994 by 

KNE in concomitance with HSK. 

The sediment examinations by the NAGRA to date are, according to the ordnance about preparatory 

negotiations and activities, not subject to granting of special permission. There is, therefore, no controlling 

commission work relative to this activity. 
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7. Emergency planning for the vicinity of the nuclear power plants 

None of the emergency organizations, apart from emergency exercises, were needed in 1993. 

7.1 Alarm systems 

The alarm systems in the zones 1 and 2 of the Swiss nuclear power stations are operational. The 

functionality of the sirens was tested in the annual nationwide sirentest and alarm propagation plans. 

The mobilization system, using telephone (SMT) in the zones 1 of the nuclear power plants, is tested once 

annually at the local community level and the necessary changes implemented. 

7.2 Emergency preparedness of the cantons 

The level of emergency preparedness of the cantons was again improved. In some cantons, the revision of 

the cantonal concept is in progress. 

In the canton of Bern, the new concept is still in revision and acceptance stage. 

In the canton of Basel-Landschaft, a new brochure for public information is in preparation. 

In the canton of Solothum, the concept is being revised and examined. 

In the canton of Zurich, the new concept is still in the examination stage. 

In addition, there was determined, in collaboration with the Swiss Medical Directors Conference (SDK), the 

number of highly irradiated patients to be expected after a severe accident. This work shall serve as the 

planning document for the necessary number of treatment places to be provided. 

7.3 Training in emergency planning 

In 1993, there could be nc courses held for the local communities staff leaders. Instead, a general repetition 

of courses for the years 1994 and 1995 could be agreed upon and, in some cases, given a definite date of 

commencement. 
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8. Transport of radioactive wastes 

8.1 Training and information 

Course for radiation protection supervisors responsible for dispatch and transport of radioactive materials. 

The course took place, for the third time, in October 1993. It was aimed at persons responsible for the 

dispatch of radioactive materials in their organizations. The course, which lasts five days, is being offered at 

least once per year in the German and French languages. 

Radiation protection for control personnel of the transport of radioactive materials 

A course has been started in 1993 aimed at the police, the railway, the post, the corresponding airport 

offices, the cantons, and other authorities who are responsible for ensuring that the regulations for 

transporting radioactive materials are obeyed. This course has taken place twice in 1993 in the German 

language. The course will be introduced in the French language in 1994. 

Information exchange between federal offices of the administration 

The fifth information exchange between those federal offices which have something to do with the transport 

of radioactive materials took place on the 3 December 1993 in Luzem. 

8.2 Transport certificates and inspections 

The Swiss regulations for the transport of radioactive materials rely, in part, on the international legislation 

governing the transport of hazardous goods. Except for inland navigation, which is foreseen for 1994, all 

modes of transport lie under the IAEA recommendations of 1985 for the safe transport of radioactive 

materials. 

The main responsibility for keeping to the transport regulations and radiological safety lies with the 

expediter, in certain cases, namely with transports of nuclear fuel or other radioactive materials with higher 

activity, the regulations require that the expeditor obtains, in advance, a permit or certificate from the 

authorities in charge. Depending on the case in hand, the permits or certificates cover the objects to be 

transported or details on the transport itself. 

The Swiss authority in charge of issuing the certificates, as mentioned above, is HSK, independently 

whether it concerns the transport of radioactive materials from nuclear power plants or from other 

installations or establishments. Concerning permits 1or radioactive items, HSK bases its decision mainly on 

documents issued by the corresponding authorities of the country of origin. In all cases, HSK controls them 

in advance for compliance with the regulations. 
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ln 1993, the HSK had to assess 105 applications concerned with shipment of packages or expedited goods. 

The 51 issued certificates could be split up as follows: 

• 1 package approval type AF 

- 41 package approvals type B (U) 

- 7 package approvals type B(U)F 

- 1 shipment approval for spent fuel elements 

- 1 special arrangement concerning the transport of a large cobalt-60 source. 

8.3 Quality assurance of the transport of radioactive materials 

Concerning the transport of radioactive materials the corresponding regulations must be respected for the 

safety of the transport workers and population. 

Quality assurance programs are intended to ensure compliance with the regulations. Quality assurance 

embodies plans and measures for compliance of designers and manufacturers of packages, the sender and 

carrier and the relevant authority in charge. 

The quality assurance programs, required by law, are in the last phase of development. It is foreseen that in 

1994 all Swiss nuclear installations will put their transport quality assurance programmes in place. The 

implementation of the programmes will be examined, in 1994, by HSK. 
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9. General matters concerning safety and radiation protection 

9.1 Official guidelines 

The valid Swiss guidelines for the end of the reporting period are listed in Table 12 of this report. They were 

drawn up by HSK, partly in collaboration with the KSA and other federal offices. All the guidelines and 

recommendations in new, unifomi appearance, were issued in January. The following guidelines were either 

revised or put into power in 1993: 

HSK-R-21 Protection goals for the final repository for radioactive wastes (German, French, English) -

revised 

HSK-R-23 Revision, testing, replacement, repairing and changes on electrical equipment in nuclear 

installations (German) - revised 

HSK-R-32 Guideline for the meteorological measurements at localities of nuclear installations (German) -

new 

HSK-R-35 Supervisory process by construction of nuclear power plants, system engineering (German) -

new 

HSK-R-40 Filtered pressure release for the containments of light water reactors. Requirements for the 

design (German) • revised 

HSK-R-42 Responibilities for the decisions about particular measures for a severe accident in a nuclear 

power plant (German, English) - new 

Guidelines explain how the safety authorities want to consolidate their lawful duties in various areas. They 

should provide clear legal assurance in that they show after which criteria the authorities intend to judge 

applications and cany out their supervision. 

Design guidelines such as HSK-R-101 ?pply, as a matter of principle, to new light water nuclear power 

reactors yet to be built. In the assessment of existing installations, these guidelines are also being consulted 

to identify deviations. Following these guidelines eases demonstration of plant safety, whereas deviations 

have to be judged on a case-by-case basis. 

9.2 Measures against severe accidents 

The safety measures in the Swiss nuclear power plants are based on the use of the concept of "defense in 

depth", whereafter several layers of safety are foreseen for the avoidance of incidents and control of the 

consequences of the abnormal occurrences. 
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On the first safety level are measures against the start of abnormal occurrences are taken. To these belong, 

among other things, the special design and layout of systems and components, the care with servicing with 

comprehensive non-destructive testing and how the running of the plant is done to avoid abnormal 

occurrences. This includes the comprehensive quality assurance measures as well. 

On the second safety level, measures are met which restrict the development and spread of technical 

abnormal occurrences, which can never be excluded, into actual incidents. To these measures belong, 

among other things, limiting devices e.g. for reducing the power of the reactor, the use of fail-safe principles 

by the design of important components (by the occurrence of a deficiency in a component, a safe system 

condition remains), as well as the presence of redundant systems and active components through which, by 

failure of a system or component, the safety function is satisfied further. 

On the third safety level, measures are met which can control and limit the consequences for personnel and 

environment to within allowable limiting values in the case of a failure of the first two mentioned safety 

levels. To this aim serve special safety systems such as the reactor protection system, the core emergency 

cooling and decay heat removal systems and the emergency systems which are designed to control 

automatically even very unlikely abnormal occurrences in the system This means the assurance of the 

shutdown, cooling of the fuel and the containment of radioactive materials. 

In addition *o this protection concept, the HSK has, at the end of 1986, a catalogue of technical measures to 

be taken for reducing the consequences of postulated beyond design basis accidents. Important parts of this 

catalogue are the installation of a system for filtered containment pressure relief and the creation of 

reasonable radiological conditions for the personnel in the control room and in the emergency control room 

of the nuclear power plant so that plant internal measures may be carried out in the case of a severe 

accident. 

The system for the filtered pressure relief (so called Filtered Containment Venting System) creates a 

protection of the containment in the case of a core meltdown accident with continual containment pressure 

build-up. Through the filtered pressure release, it is certain that the containment pressure is lowered before 

a containment failure occurs. In addition, the release of radioactivity to the environment is significantly 

reduced so that enough time is available for the protection of the population in the vicinity, using the 

emergency planning facilities. In 1993, the system for filtered pressure release (DES) was install :d in the 

nuclear power plants Gttsgen, Leibstadt (FCVS) and Beznau I (SIDRENT) and made ready for use. The 

nuclear power plants Miihleberg and Beznau II were already provided with such a system so that now all 

Swiss nuclear power plants have a system for filtered pressure release. 

For the creation of reasonable radiological conditions for the service personnel in the case of a severe 

accident, a special air conditioning system, is foreseen with overpressure in the working places of the 

personnel (control room and emergency control places) which possesses a qualified filter. In the year 1993 

such a system will be installed and made ready for use in the control room of the nuclear power plant 

Beznau II. A technical concept for these systems for the nuclear power plants Miihleberg and Leibstadt will 
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oe made. The realization is planned in 1994 for Beznau I. The nuclear power plant Gosgen already has the 

corresponding system. 

In the HSK-1986 catalogue of measures to be taken, there were also demands for more profound 

examinations into the progression of severe accidents. Important parts of these examinations are the 

working out of plant-specific risk studies (probabilistic safety analysis-PSA), which encompasses level 1 

(determination of the core meltdown probability), level 2 (determination of source terms and release 

frequency) and the shutdown phase. The review of the risk study for KKB, was virtually completed in 1993 

by the HSK and its American experts. The final report by the HSK, on the review of the risk study for the 

nuclear power plant Muhleberg, was finished in 1993. The work on the study for KKG (levels 1, 2 and 

shutdown) was completed by the owners. The KKL has continued with a plant-specific PSA. Parallel to this, 

the HSK has started, its own analysis for the KKL which will be the basis for the judgement of the PSA. With 

this, ail Swiss NPP will be in possession of a plant-specific risk study. 

9.3 Monitoring network in the nuclear power plant's vicinity and plant parameter 
transmission (MADUK1-ANPA?) 

The system MADUK-ANPA has to fulfil two tasks: 

- Measurement, evaluation and processing the radioactive local irradiations on the 4 nuclear power plant 

locations and also at PSI. 

• Transmitting and processing of plant data out of the nuclear power plants in abnormal conditions. 

MADUK handles the first task, while the second is handled by ANPA. The system was put into service in the 

reporting year. 

MADUK 

For several years, a network for automatic monitoring of the radioactivity (NADAM-network), has been in 

operation in Switzerland. This comprises of 58 stations spread over the whole country which measure and 

report, every 10 minutes, their dose rate values, to the national alarm centre (NAZ) in Zurich. 

The NADAM network is made denser, with an additional 12 to 17 stations near to each KKW, through 

MADUK. The measured doserate values of the individual measurement stations are transmitted 

automatically, every 10 minutes, to the HSK in Wurenfingen, where they are evaluated. The measurement 

range is chosen so that also natural background radiation, as well as that expected by severe accidents, can 

be measured. They can also be called up from the national alarm centre (NAZ) in Zurich and in Fribourg, 

from the section for surveillance of the radioactivity of the governmental office for health (SUER/BAG). 

1 MADUK: Monitoring network for automatic doeerate surveillance in NPP vicinity 

2 ANPA: Syitem for relaying the data from NPP to HSK 
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ANPA 

The task of ANPA is to supply the HSK, every 2 minutes, with necessary information about the condition of 

any of the NPP-plants in emergency via automatic transmission of important data (plant parameters). The 

plant parameters obtained are those which serve to judge the extent of core cooling, the containment of 

radioactive materials and the surveillance of radioactivity. 

State of the project 

During 1993 the system was completed and installed. The measurement probes were taken in the vicinity of 

the nuclear power stations. 

The provisional acceptance was prepared for the start of 1994 after an extensive test run in the second half 

of 1993 and internal schooling about the system. During the test trials it could be determined that the 

measurement probes fulfilled their tasks well. 

9.4 Collaboration with other countries 

The German-Swiss commission for the safety of nuclear installations (DSK) has issued the following 

reports: 

- Emergency measures in the vicinity of the nuclear power plants Beznau and Leibstadt (DSK 92/1) 

- Report on the planned centralized temporary storage for radwastes (ZZL) in Wurenlingen (DSK 93/1) 

The French-Sv !ss commission for nuclear safety visited the reprocessing plant in the Hague on the 

occasion of their annual meeting. 

A mixed working group, USNRC-HSK, is occupied with relevant questions to do with installation of 

advanced information systems in nuclear power plants. 

In the framework of the action to promote the safety of nuclear power plants in the middle and east Europe, 

the HSK is in programmes of the IAEA and the G-24. A member of the Ukranian safety authority has 

completed a training period in Switzerland. 

9.5 Safety research 

To ensure that the safety of the Swiss nuclear installations corresponds to the actual state of science and 

technology, the HSK supports and promotes various projects concerned with important areas of nuclear 

safety research. 
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The work was carried out in: 

• Research projects at the Paul Scherrer Institute (PSI) and at the Swiss Federal Institutes of Technology 

• Individual projects by national and foreign engineering companies 

• Contributions to various international research projects 

The following research projects were continued: 

• Simulation model transient analysis of light water reactors (STARS) 

• LWR contamination control 

- Stress corrosion cracking of reactor pressure vessels 

- Stress corrosion cracking of steels for reactor components in hot water 

- Experiments on the reactor pressure vessel failure mode by core melt (CORVIS) 

• Hydrogen ingnition limits 

- Dosimetry 

- Aero-radiometric measurements in the vicinity of the Swiss nuclear installations 

- Structure relationship in the north and east of Switzerland (geological) 

• Behaviour of radionuclides released in the rivers Aare and Rhein from nuclear power plants 

- RADAU: Irradiation dose rate through the atmospheric dispersion of radioactivity in complex terrain 

- Calculation of the kinetic parameter of light water reactors 

• Thermal hydraulics, severe accidents and risk assessment 

• Development of a basis for the Beznau living PSA (Probabilistic Safety Assessment) using the SPSA 

computer code 

• Characterizing the spectrometry and the neutron dosimetry in complex radiation fields 

- Radioanalytic 

- Research activity in the fast breeder reactor field 

Two scientists from Switzerland are working in the framework of the OECD research programme, at Halden 

in Norway, for further training in the field Man-Machine interaction. 

The OECD-Halden research programme has been extended for a further three years (1994-1996). 

Switzerland is continuing with further training of scientists due to the good experience to date. 

The collaboration with the U.S. Nuclear Regulatory Commission (USNRC), for researching severe accidents 

has made it possible for Switzerland to use the advanced and comprehensively validated computer codes 

for assessing the behaviour of the Swiss nuclear power plants in a severe accident. 

The joining up to the international related research programme, International Piping Integrity Research 

Group (IPIRG) has the aim to research and study the fracture behaviour of pipelines in the nuclear 

installations under load from earthquakes. 
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9.6 Incidents in foreign nuclear installations 
having impact on the Swiss installations. 

In the year 1993, there were no foreign incidents which were of significance for the Swiss installations. 

As before, the incidents which occurred last year still require internal clearing up and work done (see last 

year's HSK annual report). The position is described in what follows: 

9.6.1 Blockage of suction strainers 

On 28th July 1992, there occurred in the Swedish nuclear power plant Barseback 2 (BWR), a stripping off of 

the thermal insulation of piping lines due to a defect actuation of a safety valve. This caused the suction 

strainers, for the emergency cooling system, to be blocked up with isolation material as well as the building 

sprinkler system. 

As a consequence of this incident, the HSK has, already in 1992, commenced a control of the situation in all 

of the Swiss nuclear power plants. It can be shown that the incident in Barseback can be excluded for the 

Swiss nuclear power plants on the grounds of plant-specific technical differences. To ensure that the 

removal of decay heat by a loss of coolant accident, under consideration of possible damage to thermal 

isolation, would be present, the HSK has requested, however, short and middle term measures. Based on 

this request, the nuclear power plants of MQhleberg and Leibstadt have, in 1993, installed new, significantly 

larger suction strainers for the emergency core cooling and decay heat removal systems in the torus (KKM) 

and in the condensation pool (KKL). 

With this, an unacceptably high loss in pressure, via the suction strainers caused by deposition of insulation 

material, can be excluded. 

The evaluation of the incident in Barseback has lead to the decision to improve the external feed possibility 

from the cold condensate tank in the reactor. The corresponding concept for these measures will be 

released by the HSK in 1993. The realization is foreseen for 1994. 

The installation-specific investigations for KKB l/lI, due to the Barseback incident, could be completed in 

1993. Also for KKG, the work could be largely completed. For KKB l/ll and KKG there are no installation-

specific changes necessary because of the incident at Barseback. 

9.6.2 Cracks in penetrations of the reactor pressure vessel 

Based on the cracks discovered in 1991 in the French installation Bugey 3, there was testing carried out in 

the almost identically built blocks of KKB I and KKB II in 1992. In block I, very small indications, due to two 

cracks, were discovered. 
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ln 1993, all penetration tubes were tested with a very sensitive eddy current testing technique. Hereby the 

unchanged size of the cracks in Block I were noted; block II was free from crack indication. 

The penetration tub s will be routinely tested in future. Repairs, in view of the test findings, are at the 

present time, not necessary. 

The penetrations in the lower plenums of the boiling water reactor pressure vessels were randomly tested in 

1993. In KKM there were 10 from 70 and in KKL 17 from 196 available; they were tested with ultrasonic and 

eddy current methods. There was no sign of possible cracks. The random testing will be extended in the 

coming years. 

9.6.3 Cracks in austenitic pipelines 

Cracks in the weid seams of the austenitic pipelines of the German boiling water reactor "Brunsbuttel" have 

been found in 1992. 

Following this other German boiling water reactors have been found to have the same type of damage. 

Tests on German pressurized water reactors have, until now, shown no sign of such cracks. 

The question about the cause cannot yet be fully answered. The belief is strong though, that the titanium 

stabilized material and the conditions in the cooling circuit of boiling water reactors are responsible. 

The KKG installation, which has titanium stabilized pipelines, has in 1993, made random tests on weld 

seams. No sign of cracking has been found. To be certain though, the extent of testing will be increased for 

the coming year and also expanded to other Swiss installations. 

9.7 Evaluation of incidents in the Swiss nuclear installations 

The owners of the Swiss nuclear power plants are obliged to report to the HSK incidents which occur, 

according to the following classification (see Table 3): 

Class B 

incidents of slight safety relevance. They are registered and evaluated to allow for an early detection 

of potential weaknesses. 

Class A 

Safety relevant incidents, bearing no or small radiological impact on the environment. 

Class S 

Incidents which represent a threat to the plant, personnel or environment. 
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Instructions for and examples of incidents subject to registration are given in guidelines R-15 and R-25. The 

reporting thresholds have been set low in order to allow the suprervisory authority to be informed in detail of 

occurrences in the installations. The HSK can set its classification limits either higher or lower than the ones 

proposed by the owner. 

Not only in Switzerland, but also in other countries, the reports about incidents in nuclear installations are 

taken up by the public with increasing interest. An evaluation of these incidents is, for outsiders, difficult. 

Facing up to this problem, the International Atomic Energy Agency (IAEA) has introduced the International 

Nuclear Event Scale (JNES), a severity scale for nuclear power plant incidents. This is intended to express 

the safety relevance of events in a number, similar to the way in which earthquake magnitude or severity is 

treated. This scale does not replace the obligation to notify the authorities, but rather complements it. 

Switzerland has adopted IAEA's INES scale (see Table 12). A comparison with this scale shows that the 

lowest notification class B generally, in the rule, corresponds to the INES scale 0; i.e. to events of no safety 

relevance. 
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A P P E N D I X 

Table 1a: Basic characteristics of the Swiss nuclear power plants 

Thermal capacity 
Electrical capacity 
Net electrical capacity 
Reactor type 
Reactor supplier 
Turbine supplier 
Generator rating 
Cooling 
Start of commercial operation 

KKB l+ll 
Beznau 

2x1130 MW 
2x364MW 
2x 350 MW 

PWR 
Westinghouse 

BBC 
4x228 MVA 
river water 
1969/1971 

KKM 
Miihleberg 

1097 MW* 
372 MW* 
355 M W 

BWR 
GE 
BBC 

2x190 MVA 
river water 

1972 

KKG 
Gosgen 

3002 MW 
990 MW 
940 MW 

PWR 
KWU 
KWU 

1140 MVA 
cooling tower 

1979 

KKL 
Leibstadt 

3138 MW 
1045 MW 
990 MW 

BWR 
GE 

BBC 
1180 MVA 

cooling tower 
1984 

* after November 12,1993 

Table 1b: 1993 performance of the Swiss nuclear power plants 

Thermal energy 
produced (GWh) 

Net electrical energy 
supplied (GWh) 

Thermal energy 
supplied (GWh) 

Availability factor (%) 
Non-availability due 
to annual revision (%) 

Load factor (%) 

Number of unplanned scrams 
Other unplanned 

shutdowns 
Load reductions due to 

faults or failures (>10%PN) 

KKBI/ll 

6880 / 8382 

2156/2651 

86.5/33.26 

72.1/86.5 
27.4/13.4 

70.7/86.8 

0 / 1 
2 / 0 

2 / 1 

KKM 

7928.4 

2568.5 

2.2 

90.4 
9.0 

90.2 

2 
0 

10 

KKG 

23790.55 

7348.90 

155.8 

92.2 
7.8 

90.5 

0 
0 

0 

KKL 

23564.9 

7338 

0 

90.8 
8.9 

84.7 

0 
1 

1 
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Table 2: Numbers for the licensed personnel of the Swiss nuclear power plants as of end 1993. 
In parentheses: 1992 values. 

Job title 

B operator 

A operator 

Shift supervisor and deputy 

Emergency & operating engineers 

Radiation protection supervisor 

Radiation protection chief supervisor 

KKB Ml 

22(19) 

16 (16) 

21 (21) 

8 (9) 

6 (6) 

6 (6) 

KKM 

10 (11) 

7 (8) 

11 (10) 

7 (6) 

8 (5) 

3 (3) 

KKG 

6 (4) 

16 (17) 

17 (15) 

11 (12) 

5 (5) 

4 (4) 

KKL 

9(10) 

8 (8) 

17 (17) 

10 (10) 

10 (10) 

5 (5) 

Table 3: Reports of plant operators on particular incidents in 1993 
according to HSK guidelines R-151' and R-25. 
In parentheses: 1992 values. 

Plant 

KKB I 

KKB II 

KKM 

KKG 

KKL 

PSI 

EPFL 

UNIBS 

Lucens 

Number of reports on 

technical incidents 

class S2> 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

class A3> 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

class B4> 

1(4) 

3(4) 

4(2) 

2(3) 

3(2) 

5(0) 

0(0) 

0(0) 

0(0) 

radiological incidents 

class S2) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

class A ' 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0t0) 

0(0) 

0(0) 

class B4) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

3(3) 

0(0) 

0(0) 

0(0) 

INES5> 
level 

-

-

-

-

-

-

-

-

-

1) Not included are faults with plant components discovered and cleared during the regular outages 
(cf. text). 

2) Incidents representing a threat to the plant, its personnel or environment. 
3) Safety-relevant incidents with no or only minor off-site radiological impact. 
4) Incidents of slight safety relevance. They are being registered and analyzed to allow for an early 

detection of possible weaknesses. 
5) Event classification according to INES scale (levels 1 to 7). 
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Table 4: Radioactive material released to the environment in 1993, 
with resulting equivalent doses. (See footnotes at the end of the tables). 

Plant 

KKB1 

und 
KKB2 

KKM 

KKG 

KKL 

Medium 

Wastewater 

(38000 m3) 

Waste air 

Wastewater 

(8199 m3) 

Waste air 

Wastewater 

(7973 m3) 

Waste air 

Wastewater 

(17611 m3) 

Waste air 

Type of discharges 

Nuclide mixture (without tritium)3' 

Tritium 

Noble gases4' 

Aerosols9 

(without 1-131. half life >8 days) 

lodine-131/13300000006> 

Carbon-H71 

Nuclide mixture (without tritium)3' 

Tritium 

Noble gases4' 

Aerosols51 

(without 1-131. half life>8 days) 

lodine-1316> 

Carbon-147) 

Nuclide mixture (without tritium)3' 

Tritium 

Noble gases4' 

Aerosols5' 

(without 1-131. half life>8 days) 

todine-1318> 

Carbon-147> 

Nuclide mixture (without tritium)3) 

Tritium 

Noble gases4' 

Aerosols5' 

(without 1-131, half life>8 days) 

lodine-ISI6* 

Carbon-147' 

Emission limits 

(according to reg.)1' 

Bq/year 

3.7E+11 

7.4E+13 

1.1E+15 

5.6E+09 

3.7E+09 (1-131 only) 

-

3.7E+11 

1.9E+13 

2.0E+15* 

1.9E+10 

1.9E+10 

--

1.9E+11 

7.4E+13 

1.1E+15 

9.3E+09 

7.4E+09 

--

3.7E+11 

1.9E+13 

2.2E+15 

1.9E+10 

1.9E+10 

--

Actual emissions1' 

Bq/year 

8.5E+09 

1.2E+13 

1.9E+13 

8,7E-»05 

1.5E+07 

4.0E+10 

3.7E+09 

3.0E+11 

3.8E+12 

(<8E+13)10> 

1.0E+O7 

1.2E+07 

2.0E+11 

<1,3E+08,0> 

1.3E+13 

<1,1E+1311> 

<6E+061" 

<4E+O610> 

1.0E+11 

1.8E+08 

6.2E+11 

2.9E+13 

<3E+O610> 

1.2E+09 

1.9E+11 

Calculated effective equiva

lent doses2* 

Adult 

Sv/year 

I 
f 2.5E-07 

J 
1.7E-07 

1.4E-08 

<1E-08 

1.1E-06 

[• 4.8E-07 

> 

<1E-06 

1.1E-05 

<1E-08 

6.8E-07 

f 1.5E-08 

<2,5E-06 

<1E-08 

<1E-08 

6.8E-07 

'<1E-C8 

J 
3.8E-06 

<1E-08 

7.4E-08 

9.6E-07 

Child 

Sv/year 

I 
f4,1E-08 

J 
1.7E-07 

1.3E-08 

2.9E-08 

5.3E-06 

f 1.5E-07 

J 
<1E-08 

9.SE-06 

<1E-06 

3.2E-06 

f 1.9E-08 

<2,5E-06 

<1E-08 

<1E-08 

3.2E-06 

'<1E-08 

J 

3.8E-08 

<1E-08 

4.9E-07 

4.5E-06 



Table 4 (cont.): Radioactive material released to the environment at PSI in 1993, with resulting equivalent doses 
(See footnotes at the end of the tables). 

Plant 

PSI-
EAST 

PSI-
WEST 

Medium 

Waste water 
(14311 m3) 

Waste air 

Wastewater 
(58 m3) 

Waste air 

Type ol discharges 

Nuclide mixture (without tritium)3' 

Tritium 

Noble gases/gases (Ar-41-equ.)4) 

p/faerosote5' 
(without iodine, half life>8 days) 
B/T aerosols5' 
( 8 hrs.<half life<8 days) 
ct-aerosols 

Iodine (l-131-equ.)B> 

Tritium8' 

Nuclide mixture (without tritium)3' 

Tritium 

Noble gases/gases (Ar-41-equ.)4' 

pV-p-aerosols5' 

(w/o iodine and Be-7, T1ff)>8 days) 
pVf aerosols5' 

( 8 hrs.<half lifexS days) 
a-aerosols 

Iodine (l-131-aeq.)8> 

Tritium8' 

Emission limits1' 

Bo/year 

2.0E+11 

2.0E+13 

Main 
stack 

1.0E+10 

3.0E+08 

3.0E+10 

Waste 
burning 

4.0E+12 

1.0E+09 

5.0E+07 

2.0E+09 

4.0E+12 

Rest East 

5.0E+11 

1.0E+08 

2.0E+06 

2.0E+O8 

2.0E+12 

.. 

Main 
stack 

2.0E+14 

2.0E+08 

1.0E+11 

5.0E+09 

6.0E+13 

Double 
stack 

5.0E+12 

5.0E+07 

Rest 
West 

2.0E+12 

2.0E+08 

1.0E+08 

2.0E+12 

Actual emissions11 

Bq/year 

1.6E+08 

2.6E+10 

Main 
stack 

1.4E+09 

1.1E+07 

1.1E+07 

3.4E+09 

Waste 
burning 

4.1E+08 

9.2E+05 

4.5E+07 

1.5E+12 

Rest East 

3.6E+03 

5.7E+11 

2.0E+05 

4.0E+07 

Main 
stack 

1.2E+13 

6.9E+05 

1.4E+08 

1.5E+09 

1.0E+10 

Double 
stack 

3.6E+1I 

3.4E+05 

4.3E+06 

8.6E+07 

4.3E+07 

hest 
West 

3.1E+10 

3.3E+06 

1.1E+06 

5.9E+10 

Calculated effective equivalent doses2' 
Adult Child 
Sv/year SWyear 

I 
f <1E-08 

Main 
stack 

<1E08 

<1E08 

J 

1.2E-07 

Waste 
burning 

• 2.9E-06 

6.7E-08 

4.0EO7 

Rest East 

' <1E-08 

2.3E-07 

" <1E-08 

Main 
stack 

6.6E-07 

f <1E-08 

1.7E-07 

<1E-08 

Double 
stack 

3.1E-07 

<1E08 

7.8E-08 

<1E08 

Rest 
West 

8.5E-08 

<1E-08 

<1E-08 

1,1 E07 

f <1E-08 

Main 
stack 

<1E08 

'<1E-08 

6.9E-07 

Waste 
burning 

' 6.6E06 

2.0E-07 

1.2E-06 

Rest East 

' 1.0E-08 

69E-07 

<1E-08 

Main 
stack 

6.6E-07 

n,7E-oe 

7.2E07 

<1E08 

Double 
stack 

3.1E-07 

<1E-08 

3.6E-07 

<1E-08 

Rest 
West 

8.5E08 

<1E-08 

<1E-08 

3.3E07 
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Footnotes for table 4 

1) "Regulation on the release of radioactive materials from nuclear power plants... and on off-site monitoring* or 'Regulation 

on the release of radioactive materials and the surveillance in the environment of the Paul Scherrer Institute (PSI)* 

respectively. Emission limits have been fixed to keep off-site exposure of the critical population group below 200 uSv/year. 

Radioactive emissions are monitored according to HSK regulations and instructions. The accuracy of the measurement is 

approximately ± 50 %. 

For some substances and points of release the HSK abstained from fixing annual limits due to their insignificant 

contribution to the dose. 

2) Calculated effective equivalent doses for persons living at the cntk^pc*t ureter the adcitior^ assumption that these 
persons eat food only which is grown at this point and drink water from the river directly below the plant (mean water-
carriage of the river Aare at MuhJeberg 3.8 10s m3/year, at Gosgen 9.0 109 m3/year,at WurenMngen (PSI) and at Beznau 
1,8 101« mtyear and of the river Rhein at Leibstadt 3,3 10'° ms/year). 

Doses smaller than 1 .OE-08 Sv - equivalent to a dose accumulated by natural radioactivity in a few minutes - are not 
reported. 

3) Liquid discharges of radtoac&vityin Bq/year normalized to a C w oM0~* Cirm3 = 3,7106 Bo/m3 according to the SSVO. 

4) CA=3.7E+05 Bq/m3-equrvalents or Argon-41 -equivalents for PSI respectively, calculated as a pondered summation of the 
emission of all the nuclides. For the calculation of the immersion dose the shielding of house wans has been taken into 
account. The shielding factor for a house has been assumed to be 0.2. the mean duration of stay in free air 40 hrs. 

5) For the calculation of the doses a homogeneous release during the year has been assumed.. 

The contribute of lorio/^ednuclicte to the dira on the sol during previous years has 

been taken into account. 

The contributtar. of short-lived nuclides wtth half llfes shorter than 8 days Is negligible for the NPPs. For the PSl-West, the 

extremely shortlived Aerosotes may eventueBy corrtricnite to the ĉ >se due to inhalafjon and immersion and to the dose 

resulting from irradiation from radioactivity deposited on the soil. With very conservative assumption one obtains a 

maximum contribution of 50% of the entire dose due to aerosols. 

For the KKM, the main contribution to the dose stems from soil-deposited aersols which have been unintentionally released 

in 1986, whereas the dose originating from the release of aerosols in 1993 is negligible. Its magnitude is comparable to the 

dose of the other Swiss NPPs. 

6) locSne-131-equfvaJent calculated by a pondered summation of the release of all iodine nuclides. The pondering factor is the 

ratio between theingestion-dosefac^ofthenuditea/Kitheinps^ 

The dose contribution due to ingestion of kxSne with vegetables and meat has been taken into account. This results in an 

increase of the dose compared to ingestion with milk of a factorof 1.5 for children and 3 for adults. 

7) The releases of C-14 are based -with the exeptkxiof the KKL (measured data) - on estimations of the HSK funded on 

measurements made temporarily in the plants during previous years. 

8) It Is assumed that the tritium has been emitted in the form of tritiated water (KTO). 

9) Limit for noble gases according to the new approval for operation of KKM (Oecember 1992). 

10) Discharge betow the mreshcW of significance. HSK assumes that measured discharges below the threshold of 

significance are not meaningful. For single nuclides (Iodine, Tritium), the threshold of significance Is equal to the detection 

Hmlt of the measurment device. For groups of nuclides It Is defined as the sum of the detection limits of some leading 

nuclides (e.g. Co-60 and Cs-137 for Aerosols, or Cc-60, Sr-90 and Cs-137 for waste water). If a power plant reports a 

discharge below the threshold of significance, the numerical value of this threshold Is indicated with an additional v-sign, 

In such cases, the dose calculations are based on the detecticm Smite of trie respective leading nuclides. 

11) The calculations of the dose and of the equivalent of discharge has been based on a mixture of 80% Xe-133,10% Xe-135 

and 10% Kr-86 since there are no nuclide-specific measurements available. The measurement of the total P-activity 

resulted 1993 in 4.3E+12 Bq. 
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Tabie 5a: Whole-body doses from external Irradation In 1993. Number of persons and average 
annual dose (E = plant internal. F = externa1 personnel; TL dosimeters used in all plants) 

Dose distribution 

(mSv) 

0.00- 1.00 
1.01 - 2.00 
2.01 - 5.00 
5.01 -10.00 

10.01 -15.00 
15.01 - 20.00 
20.01-25.00 
25.01-30.00 
30.01 - 35.00 
35.01-40.00 
40.01-45.00 
45.01 - 50.00 
over 50.00 

Total persons 

Average per 
person (mSv) 

E 

183 
43 
64 
75 
14 
6 
1 

386 

3.02 

KKBWI 

F 

836 
179 
202 
144 
19 
10 

1390 

1.87 

E+F 

1019 
222 
266 
219 
33 
16 
1 

1776 

2.12 

E 

204 
27 
31 
28 
2 

292 

1.42 

KKG 

F 

363 
23 
50 
30 
6 

472 

1.08 

E+F 

567 
50 
81 
58 
8 

764 

1.21 

E 

225 
32 
55 
21 
4 

337 

1.40 

KKL 

F 

761 
108 
131 
55 
5 
1 

1061 

1.10 

E+F 

986 
140 
186 
76 
9 
1 

1398 

1.16 

E 

132 
14 
67 
29 
14 
2 

258 

2.68 

KKrV 

F 

584 
83 
83 
45 
16 
2 
2 

815 

1.33 

E+F 

716 
97 

150 
74 
30 
4 
2 

1073 

1.65 

Total NPP 

E F*) E+F*) 

") 
744 2189 2891 
116 375 490 
217 412 629 
153 276 429 
34 57 91 
8 19 27 
1 2 3 

1273 3330 4560 

2.16 1.61 1.78 

Table 5 b : Whole-body doses from external radiation in 1993. Number of persons and average 
annual dose (E = plant internal, F = external personnel; TL dosimeters used in all plants) 

Dose 
distribution 

(mSv) 

0.00- 1.00 
1.01 - 2.00 
2.01 - 5.00 
5.01 -10.00 

10.01 -15.00 
15.01 - 20.00 
20.01 - 25.00 
25.01 - 30.00 
30.01 - 35.00 
35.01-40.00 
40.01 - 45.00 
45.01 - 50.00 
over 50.00 

Total persons 

Average per 
person (mSv) 

PSI 

981 
71 
42 
15 
1 
2 

1112 

0.47 

EPFL LUCENS Basel 

(+) 

2 

2 

0.20 1 

Univers. 

5 
1 

1 5 

.25 0.04 

Total 
Research 

988 
72 
42 
15 
1 
2 

1120 

0.47 

Total 
NPP 

E")+F*) 

2891 
490 
629 
429 

91 
27 
3 

4560 

1.78 

Total 
NPP + 

Research 
—) 

3813 
562 
671 
444 
92 
29 

3 

5614 

1.53 

(+) no detectable dose for other personnel 
*) external personnel wtlh a rocfafon dose from several nuclear power plants appears only 

once In these columns, with the sum of the doses from an the plants (408 persons). 
") Internal person net with o radtotlon dose from several nuclear power ptants appears only 

once In these columns. wHh the sum of the doses from an the plants (43 person*; 
'" ) PSI personnel with a rocfcrrton dose from several nuclear power plan*, or r>PP personnel wrrh a radiation dose 

received at PS, appear only once In these columns, with the sum of the doses from all the Instalotions (66 persons) 
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Tabte 6a: Whole-body doses from external Irradiation in 1993. Annual colective doses in man-mSv 
(E = plant internal personnel. F = external personneD 

Dose 
distribution 

(mSv) 

0.00- 1.00 

1.01 - 2.00 

2.01 - 5.00 

5.01 - 10.00 

10.01 -15 .00 

15.01 -20.00 

20.01 -25 .00 

25.01 - 30.00 
30.01 - 35.00 

35.01 - 40.00 
40.01 - 45.00 

45.01 - 50.00 

over 50.00 

rot.(man-mSv) 

Highest 

individual 
dose (mSv) 

E 

53.10 
64 JO 

218.60 
538 JO 

157.70 
110.50 

21.40 

KKB1 + U 

F E+F 

25120 304.30 

265.10 329.40 

671.50 890.10 

999.70 1537.90 

231.90 389.60 
176.80 287.30 

21.40 

1163.80 2596.20 376am 

21.43 19.80 21.40 

KKG 

E F E+F E 

35.00 48.00 83.00 53.15 

40.00 31.00 71.00 45.95 

105.00 161.00 266.00 186.64 

212a) 200.00 412.00 142.75 

24.00 70.00 94.00 4454 

KKl 

F 

162.02 

148.73 

395.40 

38422 

66.09 
15.67 

E+F 

215.17 

194.68 
582.04 

526.97 

110.93 
15.67 

416X30 510.00 926.00 47333 1172.13 1645.46 

12.47 12.74 12.74 1431 15.67 15.67 

E 

31.14 

19.46 

23320 
206.04 

16626 
34.75 

KKM 

F 

118.00 

119.42 
28024 

304,31 

182.17 

3631 
42.69 

Total NPP 

E+F E F*) E+F*) 

" )+) 

149.14 17239 514.97 684.56 

13838 169.71 53921 70724 

513.44 743.44 1319.42 206'' 36 

51036 1098.99 1929.32 3028.32 

348.43 39230 664.62 1077.42 

71.06 14525 33124 476.48 
42.69 21.40 42.69 64.09 

69034 1083.15 1773.99 2743.97 5361.48 8100.97 

17.43 22.06 22.06 21.40 22.06 22.06 

Table 6b: Whole-body doses from external Irradiation In 1993. Annual collective doses in man-mSv 
(E = plant Internal personnel, F = external personnel) 

Dose 
distribution 

(mSv) 

0.00- 1.00 
1.01- 2.00 
2.01 - 5.00 
ir\ - io00 

' 001 -1500 
:? m • 2000 
"0.01 - 2500 
?S 01-3000 
30.01 • 3500 
35.01 - 4000 
40.01 - 4500 
45.01 - 50.00 
over 50.00 

Total (man-mSv) 

Highest 
individual 
dose (mSv) 

PSI 

139.80 
103.90 
129.70 
107.50 
10.10 
3230 

523.30 

16.22 

EPFL 

0.40 

0.40 

0.20 

LUCENS 

1.25 

1.25 

1.25 

Basel 

Univers. 

0.20 

0.20 

0.20 

Total 

research 

140.40 

105.15 

129.70 

107.50 

10.10 

32.30 

525.15 

16.22 

Total 

NPP 
E+F*) 

" ) 

684.56 
707.24 

2062.86 
3028.32 
1077.42 
47648 
64.09 

8100.97 

22.06 

Total 
NPP + 

research 

") • " ) " » 

812.88 
812.12 

2193.40 
3136.23 
1087.52 
508.78 
64.09 

8615.02 

2206 

+) djBtoroLndrqgras.scrrBvrlloc1a<Jhgtto"<d sun ebnoroObLpwafy 
') ExIi^pascrrdWftaraJeftmcbjeframae'drtJtarAw 

frond fneoa* (409 pasors). 
" ) Intend pasartf Wlhareddlancbierrcmsa^d ruder POMS d a * cppeos a-^atBinlhaeadi/rni.vMthlhssLfTicrtedxa 

fromd Iheda* (43 p n a i ) . SincslhBfclBddaa totsintond peiord my oenWnoanlriturwPi frcmaflvWa ddhe imMldlcn 
( a ertBTxl poicrti ffwe),4>48 rrfivhaiebeviSLUriTledfraTilhsvduti inlht adum 

' " ) PSI ptnarrtv<^arcddkrc&eframei«Jr»jdejpo*€rdcr*.CT Wperjar^ 
IntrweackiTTi.WlhlresLrTidlhadaa frandl twintdldlai (66p9iai). StnoefwiWBrktsa tolheineTdpncmd rra/oortdn 
ccnMbJIcni frcmaJMIta ddha intdldkn ( a ertond psscrtf twe). 11.10 rr6vha*bB8-i»J*a*dfron1hBvduei dveiinffls odu-m 
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T « M e 7 : Whole-body doses from external irradiation in 1993. Number ot persons grouped according 
to age and sex. *) All NPP and PSI personnel, internal and external, considered 
(M - male. F - female) 

Dose 
dtstrib. 
(mSv) 

0.00- 1.00 
1.01 - 2.00 
2.01 5.00 
5.01 -10.00 

10.01 -15.00 
15.01 - 20.00 
20.01 - 25.00 
25.01 - 30.00 
30.01 - 35.00 

35.01 - 40.00 

40.01 - 45.00 

45.01 50.00 

over 50.00 

Total persons 

Average 
per person 

(mSv) 

Collect, dose 
(man-mSv) 

16-18 
years 

M F 

13 1 
1 

1 

15 1 

0.4 0.0 

6.0 0.0 

19-20 
years 

M F 

37 

2 

5 

3 

1 

48 0 

1.3 0.0 

61.8 0.0 

21-30 
years 

M F 

909 S3 

165 3 

182 2 

132 

IS 

4 

1410 56 

1.6 02 

31-40 
years 

M F 

985 26 

156 7 

206 

131 

34 

14 

2 

1528 33 

1.8 0.4 

41-50 
years 

M F 

963 35 

138 2 

170 2 

130 1 

28 

7 

1 

1437 40 

1.6 0.4 

51-60 
years 

M F 

613 27 

75 

97 

42 

10 

3 

840 27 

1.2 0.1 

22893 143 27223 12.5 23483 17.5 1014.3 3.4 

61-70 
years 

M F 

136 4 

11 1 

5 

S 

1 

1 

1S9 5 

0.8 0 3 

1195 1.4 

Age not 
specif. Total 
M F +) 

2 2 3806 

561 

670 

444 

92 

29 

3 

2 2 5605 

02 0.0 1.5 

0 3 0.0 8613.2 

*] CIIWIIII triune* ind PSi pesonnil wWi i ied*s#flndos# lOfeiwiwi ftowi swrenj nudMr power pews eppur 

only one* In M M columns, am tra sum of tra OOMC from el DM plans. (518 pmons) (-15.58 mSn) 

+) cuetorctrvJiije70B.su i UMiRuJ<jKjliLilftj*J$UTB.cfcnetcctiupetccly 

Table 8: H a n d doses f rom external irradiation in 1993: 
Number of persons (E = ptant internal, F = external personnel) 

Dose 
dSstrbu»on 

(mSv) 

0.00-15.00 
15.01 - 30.00 
30.01 - 75.00 
75.01-150.00 

150.01-225.00 
225.01-300.00 
300.01-375.00 
375.01-450.00 
450.01-525.00 
525.01-600.00 
600.01 - 675 00 
675.01-750.00 
over 750.00 

Total Persons 

E 

15 
1 
1 

17 

KKBMI 

FE+F 

12 27 
1 2 
1 2 

14 31 

E 

3 
3 
1 

7 

KKG 

FE+F 

6 9 
2 5 
6 7 
1 1 

15 22 

E 

2 

1 

3 

KKL 

FE+F 

9 
4 
2 

15 

11 
4 
3 

18 

KKM 

E FE+F 

13 22 35 
1 3 4 

1 1 

14 26 40 

NPP total 

E 

33 
5 
3 

41 

F*) E+F#) 

49 82 
10 15 
10 13 
1 1 

70 111 

PSI 

123 
9 
4 
1 

137 

NPP tot. 
and PSI 

E+F*) 

205 
24 
17 
2 

248 

*} External personnel with radiation dote contribution from several nuclear power plants appears only once in these columns. 

http://cuetorctrvJiije70B.su


-A9-

Tablefc Incorporaflon 1993: Number of persons **) 
(E = plant eternal, F = external personnel) 

Percent 

1 • " ) 

0 - 2 
2 - 4 
4 - 10 

10- 20 
20- 30 
30- 40 
40- 50 
50- 60 
60- 70 
70- 80 
80- 90 
90-100 
over 100 

Total Pers. 

Nucfides 
with fc>2% 

Med. exam. 

E 

152 

152 

+ 
481 

KKBI+I KKG KKL KKM Total NPP 

F E+F E F E+F E F E+F E F E+F E F') E+F*) 

546 698 298 472 764 343 1019 1362 253 815 1068 1040 2852 3892 

546 698 292 472 764 343 1019 1362 253 815 1068 1040 2852 3892 

481 288 288 330 330 254 55 309 1353 55 1408 

PSI Total 
NPP+PSI 

E+F') 

497 4389 

497 4389 

804 2212 

*} External personnel with a radiation dose constrfbutton from several nuclear power plants appears only once 

**) of multiple check* of the some person during one calendar year, only one check has been entered 

***) percent f ii the annual incorporation expreued as a fraction (in percent) of the highest value permissible under SSVO, annex 7 

( Radiation Protection Regulation ) 

• ) Including people non- profeBionolry exposed to radiation 
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Table 1 Oa: Number of persons (plant internal personnel )*) with Ife doses, accumulated at work, 
falling, at the end of 1993. into the following dose ranges: 

Dose distribution 
(mSv) 

0.00- 50.00 
50.01 -100.00 

100.01 -150.00 
150.O1-2OO.00 
200.01-250.00 
250.01-300.00 
300.01-350.00 
350.01-400.00 
400.01-450.00 
450.01-500.00 
500.01-550.00 
550.01-600.00 
over 600.00 

Total persons 

KKB1 + II 

.69 
55 
35 
34 
30 
24 
16 
6 
9 
4 
3 

1 

386 

KKG 

233 
29 
14 
11 
4 
1 

292 

KKL 

297 
28 
9 
1 

2 

337 

KKM 

148 
20 
26 
27 
14 
7 
2 
5 
4 
5 

258 

Plants 
Total 

847 
132 
84 
73 
48 
34 
18 
11 
13 
9 
3 

1 

1273 

PSI 

1014 
52 
19 
17 
6 
1 
2 
1 

1112 

Plants 
and PSI 

1861 
184 
103 
90 
54 
35 
20 
12 
13 
9 
3 

1 

2385 

*) Including persons leaving the covered group In Ihecourse of the calendar year 

Table 10b: Number of persons (total NPP and PSI, internal personnel) in categories of age, 
with life doses, accumulated at work, falling, at the end of 1993, into the following 
dose ranges >200 mSv *): 

Dose distribution 
(mSv) 

200.01-250.00 
250.01-300.00 
300.01-350.00 
350.01-400.00 
400.01-450.00 
450.01 - 500.00 
500.01 - 550.00 
550.01-600.00 
over 600.00 

Total persons 

21-30 31-40 
years years 

1 
1 
1 

1 

4 

41-50 
years 

24 
14 
6 
2 
6 
4 
1 

57 

51-60 
years 

25 
13 
11 
9 
5 
4 
2 

1 

70 

61-70 
years 

4 
7 
2 
1 
2 

16 

> 70 
years 

Total 

54 
35 
20 
12 
13 
9 
3 

1 

147 

*) Including persons leaving the covered group in the course of the calendar year 
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Table 11: List of the HSK guidelines and recommendations 

Guideline 

R-004* 

R-004 

RO05* 

R-005 

R-006' 

R-006 

R-007* 

R-007 

R-007 

R-008* 

R-008 

R-011* 

R-011 

R-011 

R-012* 

R-012 

R-014 

R-014 

R-015* 

R-015 

Title of Guideline 

Supervisory procedures governing the construction of nuclear power 
plants: Design of buildings 

Aufsichtsverfahren beim Bau von Kernkraftwerken. 
Projektierung von Bauwerken 

Supervisory procedures governing the construction of nuclear power 
plants: Mechanical equipment 

Aufsichtsverfahren beim Bau von Kernkraftwerken; 
mechanische Ausrustungen 

Safety classification and construction regulations concerning 
equipment of light water reactor based nuclear power plants 

Sicherheitstechnische Klassierung und Bauvorschriften fur 
Ausrustungen in Kernkraftwerken mit Leichtwasserreaktoren 

Guideline for radiation protection zones in nuclear installations 

Richtlinie fur Strahlenschutzzonen in Kemanlagen 

Directives concemant la zone de radioprotection dans les 
installations nucleases 

Safety of buildings for nuclear installations: Federal testing 
procedures for the construction 

Sicherheit der Bauwerke fur Kemanlagen, Prufverfahren des 
Bundes fur die Bauausfuhrung 

Targets of the protection of persons from ionising radiations in the 
area of nuclear power plants 

Ziele fur den Schutz von Personen vor ionisierender Strahlung im 
Bereich von Kernkraftwerken 

Objectifs de la protection des personnes contre les radiations 
ionisantes dans la zone d'influence des centrales nucleases 

Dosimetry for the occupationally radiation exposed personnel of 
nuclear installations 

Erfassung der Dosen des berufltch strahlenexponierten Personals 
von Kemanlagen 

Konditionierung, Verpackung und Zwischenlagerung radioaktiver 
Abfalle 

Conditioning and Interim Storage of Radioactive Waste 

Reporting guideline and modification thereof (20.12.1990) 

Richtlinie zur Berichterstattung und Anpassung dazu (20.12.1990) 

Date of 
current issue 

December 1990 

December 1990 

October 1990 

October 1990 

May 1985 

May 1985 

July 1977 

July 1977 

July 1977 

May 1976 

May 1976 

May 1980 

May 1980 

July 1978 

December 1979 

December 1979 

December 1988 

December 1988 

August 1987 

August 1987 
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Guideline 

R-016* 

R-016 

R-017* 

R-017 

R-019* 

R-019 

R-019 

R-020* 

R-020 

R-021* 

R-021 

R-021 

R-023* 

R-023 

R-025* 

R-025 

R-025 

R-027* 

R-027 

R-030* 

R-030 

Title of Guideline 

Seismic plant instrumentation 

Seismische Anlageninstrumentierung 

Organization and personnel of nuclear power plants 

Organisation und Personal von Kernkraftwerken 

Planning and realization of the siren networks of zone 2 for the 
alarm system in the vicinity of the nuclear power plants 

Planung und Ausfuhrung der Sirenennetze in der Zone 2 fur das 
Alarmsystem in der Umgebung der Kemkraftwerke 

La pianification et la realisation du reseau des sirenesdans la zone 2 
pour le systeme d'alarm aux environs des centrales nucleaires 

Technical guideline for the sirens of the alarm system in the vicinity 
of the nuclear power plants 

Technische Richtlinie fur die Alarmsirenen des Alarmsystems in der 
Umgebung der Kemkraftwerke 

Protection targets for the ultimate radwaste storage 

Schutzziele fur die Endlagerung radioaktiver Abfalle 

Objectifs de protection pour le stockage ultime des dechets 
radioactifs 

Revisions, testing, replacement, repair and modKication of electrical 
equipment in nucelar installations 

Revisionen, Prufungen, Ersatz, Reparaturen und Anderungen an 
elektrischen AusrOstungen in Kemanlagen 

Reporting of the nuclear installations of the Swiss Confederation, of 
the Cantons, of PSI and the closed-down experimental reactor of 
Lucens 

Berichterstattung der Kemanlagen des Bundes, der Kantone, des 
PSI sowie des stillgelegten Versuchsatomkraftwerks Lucens 

Notification relative aux installations nucleaires de la Confederation 
et des Cantons, a rinstitut Paul Scherrer ainsi qu'a la centrale 
nucleaire experimentale desaffectee de Lucens. 

Selection, training and testing of NPP staff needing a license 

Auswahl, Ausbildung und Priifung des iizenzpfltchtigen 
Betriebspersonals von Kemkraftwerken 

Supervisory procedures for construction and operation of nuclear 
installations 

Aufsichtsverfahren beim Bau und Betrieb von Kemanlagen 

Date of 
current issue 

February 1980 

February 1980 

August 1986 

August 1986 

October 1979 

October 1979 

October 1979 

October 1979 

October 1979 

October 1980 

October 1980 

October 1980 

March 1985 

March 1985 

May 1990 

May 1990 

April 1989 

May 1992 

May 1992 

July 1992 

July 1992 
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Guideline 

R-037* 

R-037 

R-038* 

R-038 

R-039* 

R-039 

R-040* 

R-040 

R-042 

R-042 

R-100* 

R-100 

R-101 

R-101 

R-102 

R-102 

R-103* 

R-103 

E-003 

E-003 

Title of Guideline 

Recognition of courses for radiation protection supervisors and chief 
supervisors; examination regulations 

Anerkennung von Kursen fur Strahlenschutz- Kontrolleure und -
Chefkontrolleure; Prufungsordnung 

Interpretation of the term "derived standard value for surface 
contamination" 

Interpretation des Begriffs "abgeleiteter Richtwert fur 
Oberflachenkontamination" 

Registration of radiation sources and material testers on a nuclear 
site 

Erfassung der Strahlenquellen und Werkstoffprufer im 
Kemanlagenareal 

Rltered containment venting for light water reactors: design 
requirements 

Gefilterte Druckentlastung fur den Sicherneitsbehalter von 
Leichtwasserreaktoren, Anforderungen fur die Auslegung 

Zustandigkeiten fur die Entscheide Ober besondere Massnahmen 
bei einem schweren Unfall in einer Kemanlage 

Responsibility for decisions to implement certain measures to 
mitigate the consequences of a severe accident at a Nuclear Power 
Plant 

Nuclear power plant conditions 

Anlagezustdnde eines Kernkraftwerks 

Auslegungskriterien fur Sicherheitssysteme von Kernkraftwerken mit 
Leichtwasser-Reaktoren 

Design Criteria for Safety Systems of Nuclear Power Plants with 
Light Water Reactors 

Auslegungskriterien fur den Schutz von sicherheitsrelevanten 
Ausrustungen in Kemkraftwerken gegen die Fokjen von 
Flugzeugabsturz 

Design Criteria for the Protection of Safety Equipment in NPP 
against the Consequences of Airplane Crash 

Plant internal measures against severe accidents 

Anlageinteme Massnahmen gegen schwere Unfalle 

Empfehlungen fur die Planung und Durchfuhrung von 
Notfallubungen in den schweizerischen Kemkraftwerken 

Recommendations for the Planning and Execution of Emergency 
Exercises in Swiss Nuclear Power Plants 

Date of 
current issue 

May 1990 

May 1990 

July 1987 

July 1987 

January 1990 

January 1990 

March 1993 

March 1993 

February 1993 

March 1993 

June 1987 

June 1987 

May 1987 

May 1987 

October 1986 

December 1986 

November 1989 

November 1989 

May 1990 

October 1991 
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Guideline 

E-004* 

E-004 

Title of Guideline 

Control centers and shelters of NPP: Requirements on realization 
and equipment for accident management 

Steuerstellen und Notfallraume von KKW: Anforderungen betr. 
Ausfuhrunqen und Ausrustungen fur Accident Management 

Date of 
current issue 

December 1989 

December 1989 

for guidelines denoted with an asterisk, only the title has been translated into English 
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Table 12: International Nuclear Event Scale (INES) 

A new international scale for the expression of incident severity in nuclear installations is internationally in 
tentative use since early 1990. Based on their relevance to plant safety, it distinguishes the following 
seven levels of incidents: 

Level 

7 

6 

5 

4 

Descriptor 

Major 
accident 

Serious 
accident 

Accident 
with off-site 
risks 

Accident 
without 
significant 
off-site 
risks 

Criteria 

External release of a large fraction of the reactor core inventory 
typically involving a mixture of short- and long-lived fission 
products (in quantities radioiogically equivalent to more than tens 
of thousands of terabecquerels of iodine-131). 

Possibility of acute health effects. Delayed health effects over a 
wide area, possibly involving more than one country. Long term 
environmental consequences. 

External release of fission products (in quantities radologically 
equivalent to the order of thousands to tens of thousands of 
terabecquerels of iodine-131). Full implementation of local 
emergency plans probably needed to limit serious health effects. 

External release of fission products (in quantities radioiogically 
equivalent to the order of hundreds to thousands of 
terabecquerels of RxJine-131). Partial implementation of 
emergency plans (e.g. local sheltering and/or evacuation) 
required in some cases to lessen the likelihood of health effects. 

Severe damage to a large fraction of the core and major plant 
contamination. 

External release of radioactivity resulting in a dose to the most 
exposed individual off-site of the order of a few millisieverts. 
Need for off-site protective actions generally unlikely except 
possibly for local food control. 

Some damage to reactor core as a result of mechanical effects 
and/or melting. 

Worker doses likely to have acute fatal consequences. 

Examples 

Chernobyl, 
USSR (1986) 

Windscale, UK 
(1957) 

Three Mile 
Island, 
USA (1979) 

Saint Laurent, 
France 
(1980) 

table continued on next page 
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continuation from previous page 

Level 

3 

2 

1 

0 

Descriptor 

Serious 
incident 

Incident 

Anomaly 

No safety 
significance 

Criteria 

External release of radioactivity above authorised limits, resulting 
in a dose to the most exposed individual off-site of the order of 
tenths of a miliisievert. 

High radiation levels and/or contamination on-site as a result of 
equipment failures or operational incidents. Overexposure of 
workers likely to lead to acute health effects. 

Incidents in which a further failure of safety systems could lead to 
accident conditions, or a situation in which safety systems would 
be unable to prevent an accident if certain initiators were to 
occur. 

Incidents with major failure of safety provisions, but still leaving 
sufficient safety margins to cope with additional faults. 

Radiological incident with members of the personnel receiving 
doses in excess of the annual limit. 

Significant contamination of the installation which was not to be 
expected on the design basis. 

Functional or operational anomalies which do not pose a risk but 
which indicate a lack of safety provisions. This may be due to 
equipment failure, human error or procedural inadequacies. 

Situations where operational limits and conditions are not 
exceeded and which are property managed in accordance with 
adequate procedures. 

Examples: 
Individual failure in a redundant system. Single operational 
mistake without consequences. Faults (no multiple simultaneous 
failure) detected in periodic inspections or tests. Automatic 
reactor scram with normal plant behaviour. Reaching of limiting 
operation conditions, while adhering to the proper regulations. 

Examples 

Vandellos, 
Spain 
(1989) 

Sosnowy Bor, 
Russia 
(1992) 
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Figure 1a: Function diagram of a pressurized water reactor 

Legend 1 Reactor 
2 Steam Generator 
3 Pressurizer 
4 Reactor coolant pump 
5 High-pressure turbine 
6 Water separator and 

reheater 
7 Low-pressure turbine 

8 
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10 

11 
12 
13 
14 

Generator 
Condenser 
Cooling water pump from 
river or cooling tower 
Condensate pump 
Low-pressure feedheater 
Feedwater pump 
High-pressure feedheater 
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Figure 1 b: Function diagram of a boiling water reactor 

Legend 1 
2 
3 
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5 
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Reactor 
Recirculating pump 
High-pressure turbine 
Water separator and 
reheat er 
Low-pressure turbine 
Generator 
Condenser 
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11 
12 
13 

Cooling water pump from 
river or cooling tower 
Condensate pump 
Condensate polishing system 
Low-pressure feedheater 
Feedwater pump 
High-pressure feedheater 



Figure 2: Availability factors and load factors 1984 - 1993 (in %) 
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Figure 3: Classified incidents, subject to registration, 1980 -1993 
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Figure 4: Reactor scrams (unplanned) 1980 -1993 
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Figur 6: Annual collective doses (man.Sv / a ) in the nuclear power plants 1980 -1993 
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Fig. 7: Annual collective doses (man.Sv/a) In Swiss nuclear installations, 
from 1969 to 1993 (plant internal and external personnel) 
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Fig. 8: Number of persons with an Individual annual whole body dose over 20 mSv in the nuclear power plants from 1982 -1993 
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Fig. 9: Average annual individual dose (mSv) of the Internal end external personnel of the nuclear power plants from 1980 -1993 
Left bar - own personnel Right bar - external personnel 
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Fig. 10: Number of persons (Internal personnel) of the nuclear power plants, who at the end of the year, 
have accumulated integrated doses (life dose) of more than 200 mSv from 1980 -1993 
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List of abbreviations used 

ANIS 

ANPA 

BAG 

BKW 

BMA 

BOTA 

Bq 

BZL 

CVRS 

DSK 

FSK 

DWR 

EPFL 

GE 

GR 

GWh 

HAA 

HSK 

HTR 

IAEA 

INES 

KAL 

KKB 

KKG 

KKL 

KKM 

KNE 

KSA 

KUeR 

LMA 

LRP 

LWR 

MADUK 

man-Sv 

man-mSv 

MGy 

MW 

MWe 

MWth 

u.Sv 

Plant information system 
4 

Plant parameter 

Swiss Federal Office of Public Health 

Bemische Kraftwerke AG 

Biomedical plant 

Borate water tank KKB 

Bequerel = activity unit (1 Bq = 2.710-11 ci) 

Swiss federal interim storage facility 

Cement Volume Reduction System 

Germano-Swiss Nuclear Safety Commission 

French-Swiss Nuclear Safety Commission 

Pressurized water reactor 

Swiss Federal Institute of Technology of Lausanne 

General Electric 

Canton Graubunden 

Gigawatthours = 109 Watthours 

High-level waste 

Swiss Federal Nuclear Safety Inspectorate 

High-temperature reactor 

International Atomic Energy Agency 

The International Nuclear Event Scale 

Short-time release limit 

Nuclear Power Plant Beznau 

Nuclear Power Plant Gdsgen 

Nuclear Power Plant Leibstadt 

Nuclear Power Plant Miihleberg 

Commision for Nuclear Waste Disposal 

Swiss Federal Commission for Safety in Nuclear Installations 

Swiss Federal Commission for Radioactivity Surveillance 

Long-lived medium-level waste 

Laboratory for radiopharmacy 

Light water reactor 

Monitoring network for the automatic dose rate measurement in the NPPs' vicinity 

man-Sievert * collective dose unit (1 man-Sv = 100 man-rem) 

1/1000 of 1 man-Sievert 

Mega-Gray * 106 Gray (1 Gray = 100 rad) 

Megawatt * 10 Watt, power unit 

Megawatt electrical power 

Megawatt thermal power 

Micro-Sievert * 10"® Sievert 
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NADAM 

NAGRA 

NANO 

NAZ 

NGA 

NOK 

NPP 

NW 

OECD 

OPTIS 

PET 

PSI 

QS 

RCIC 

RABAK 

REFUNA 

RDB 

SAA 

SINQ 

SMA 

SMT 

Sv 

SWR 

TLD 

USNRC 

UR 

VD 

ZWIBEZ 

ZWILAG 

ZZL 

Network for automatic dose alarm and monitoring 

National Cooperative for the Storage of Radioactive Waste 

Emergency standby system and improved power supply at KKB 

National emergency operation center 

National Society for promoting atomic technology 

Nordostschweizerische Kraftwerke AG 

Nuclear Power Plant 

Canton Nidwalden 

Organization of Economic Cooperation and Development 

Opthalmic proton therapy device 

Positron emission tomography 

Paul Scherrer Institute 

Quality assurance 

Reactor Core Isolation Cooling System 

Radwastes from NPP 

Regional heat supply system of the lower Aare valley 

Reactor pressure vessel 

Low-level waste 

Swiss intense nertron source 

Swiss Meteorological Institute 

Mobilisation system by telephone 

Sieved = equivalent dose unit (1 Sv = 100 rem) 

Boiling water reactor 

Thermal-luminescent dosemeter 

United States Nuclear Regulatory Commission 

Canton Uri 

Canton Waadt 

Interim radwaste storage facility, KKB 

Interim Storage Facility Wurenlingen 

Central interim storage facility, Wurenlingen 


