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Introduction and Summary 

This report concerns the safety of the Swiss nuclear installations in the pentt of 1992. Surveillance of 

these installations with regard to nuclear safety, including radtation protection is arnong the tasks of 

the Swiss Federal Nuclear Safety Inspectorate (HSK). 

In Switzerland five nuclear power plants are operational: the three units Beznau I and II and 

MQhleberg with electrical capacities in the range 300 to 400 MWe, and the two units Gosgen and 

Leibstadt with capacities between 900 and 1200 MWe. These are light water reactors, at Beznau and 

Gosgen of the pressurized water reactor type, at Muhteberg and Leibstadt of the boiling water type. 

Research reactors of thermal capacities below 10 MWth are operational at the Paul Scherrer Institute 

(PSI), at the Swiss Federal Institute of Technology Lausanne and at the University of Basle. Further 

subject to HSICs supervision are an activities at PSI invcfving nudear fuel o ionizing radiation, the 

shut down experimental reactor of Lucens, the exploration in Switzerland of final disposal facilities for 

radwaste and the interim radwaste storage facilities. 

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 waste treatment, 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' vicinity 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, and in particular 

covers important events in nuclear installations abroad. 

In the reporting period a total of 15 safety relevant incidents, subject to registration, were recorded in 

the Swiss nuclear power plants. Among these incidents were two scrams from power operation. Three 

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

population in the plants' vicinity. 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 operation of the Swiss nuclear installations in the period of 1992 is rated safe 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 MWe, that became operational in 1969 and 1971, respectively. Additional data are 

summarized in the apperxfx in Table 1. Figure 1 shows the functioning diagram of a pressurized 

water reactor. 

Units KKB I and KKB II performed with load factors of 80.9% and 77.6%, respectively, with availability 

factors of 83.1 % and 77.8%, respectively, while the percentage of unproduced energy is due 

essentially to fuel exchange and the annual revision. The planned outages for fuel exchange and 

maintenance lasted 62 days for KKB I and 81 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 II the finishing work on, and taking into operation of, the emergency standby system 

NANO caused an exceptionally long downtime. 

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

amounted to 113.6 GWh for both units in 1992. 

The operation of unit KKB I was interrupted by an unplanned outage and one reactor scram. Two load 

reductions to 50% were necessary to enable fault clearance in the sealing steam system and in a 

generator transformer. 

KKB It's operation was interrupted by one scram. Exceptionally high water temperatures at the cooling 

water intake from the Aare river during the summer months July and August 1992 required a minimal 

load reduction for a short period to maintain compliance with the water protection regulations. 

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 9.9). 

For unit I, a total of four incidents were classified 'B': 
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- Serious injury in the reactor containment building 

On Jury 17,1992, during the revision phase, there was a serious accident in the recirculation sump 

of the containment. Two employees from outside companies lost their lives due to lack of oxygen. 

The investigations on this tragic incident have not been completed yet Although the accident was 

non-nuclear, it will nevertheless affect the organization and coorcSnation of future maintenance 

work during outages. 

- Reactor scram 

On October 24,1992, a scram was triggered by a functional test of reactor coolant circuit 

temperature measur ment channels. A second channel was set off by an independent fault, traced 

back later to a defective transmitter power supply, which was exchanged. 

- Defect in a main-steam isolation vafve 

In a routine valve inspection one valve was found not to react to manual partial closure actuation. 

The cause was with a defective pilot valve. The tests were blocked by this defect, and the facility 

had to be shut down for repair. 

- Failure of the residual heat removal system 

On August 20th, at the end of the outage, the reactor cavity was to be emptied and the water level 

lowered to mid-loop. In the critical phase the pumping off was not paid adequate attention so that 

the level could fall to the point of the suction nozzle. Because of air suction, the residual heat 

removal pumps' capacity dropped. After refilling of the reactor system the residual heat removal 

became operational again. Shortcomings of the operating instructions and the level detection 

mechanism were diagnosed, and appropriate improvements were initiated. 

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

- Total failure of the external AC power supply 

During the exchange of fuel assemblies, with the reactor unloaded, recurrent tests were being per

formed on the switches of the electrical emergency bus branch 24. Through a mistake of the 

technician, a complete isolation (all switches opened) of the emergency bus was introduced. Since 

at that moment, the electrical supply of emergency bus 23 was neither available and the 

emergency standby system NANO on branch 29 was in its start-up phase, unit KKBII was 

disconnected for four minutes from external supply. The incident had no consequences because 

the problem was instantly understood, and electricity supply re-established within these four 

minutes. The internal AC power supply was guaranteed by the emergency diesel generator sets in 

standby, which did not need to be activated, however. 
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- Failure of the external 50-kV supply for the emergency standby system NANO and failure of one 

NANO bus. 

On June 24,1992, NANO of unit II was disconnected from the external rxnver supply by a 

transformer protection circuit being activated in unit I. The failure was caused by wiring work in the 

NANO system of KKBI and inter itSionofthetwosysternsviathecoinmon5(VkVline.The 

emergency diesel station started up as designed, and supplied the emergency bus branch 29 

(NANO). At the attempt to resynchronize to the net, a bus shutoff occurred. 

This incident had no consequences on the facility's operation. 

- Failure of a protected AC supply system 

According to regulations the automatic switching mechanism of the protected AC power supply's 

motor-generator sets has to be tested quarterly. On that occasion problems with converter set 3 

were recognized which had their cause in a blown fuse and a loose wire contact in the converter 

control module. 

The faults were cleared, and the tests were repeated successfully. 

- Reactor scram while testing the reactor protection system 

During periodic tests of the reactor scram logic, carried out on July 21 st 1992 for the first time after 

connection of NANO, an automatic scram was triggered by signal crosstalk with NANO. Facility 

performance during the transients was as designed. The inspection procedure was modified. 

Judgement in summary: these incidents had no or only minor impact on the nuclear safety. In some 

cases organizational shortcomings showed up that could be put down to the high work load on the 

personnel. 

12.2 Work During the Yearly Outage 

The summer outage of unit I lasted 62 days and was mainly characterized by extensive preparation 

for the emergency standby system NANO to be connected next year. The main activities here were 

both in the mechanical sector and with modifications of control room equipment. Parallel to this work, 

besides the exchange of fuel assemblies on a routine basis, the following parts were exchanged: the 

entire condenser of turbine 11, the control rod control and display system and the core neutron flux 

monitoring system. In addition structural preparations were made for the steam generator exchange, 

also to take place next year. 

The final steps in the installation of the emergency standby system NANO and its subsequent ptart-up 

caused an exceptionally long summer outage of 81 days for unit II. At the same time, in addition to 

routine fuel reloading, the periodical reactor pressure vessel inspection, the installation of generator 
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breakers and the putting into operation of the first Swiss filtered containment venting system were 

completed. 

During the outages a considerable number of reactor pressure vessel head penetrations were 

examined for signs of cracking. Defects of this type had first been found in French installations. While 

no defects were found in unit II, very limited indications of cracking were noted with two penetrations 

of unit I. This finding is in no way detrimental to plant safety. HSK has ordered an augmented 

inspection for 1993 (see also chapter 9.6.1). 

Again, the steam generators were paid special attention during the inspections. The crack indications 

in the cladding of unit l"s steam generator A channel head were re-examined. Good reproducibility of 

the defect signatures was found compared to last year's measurement. No crack growth was noticed. 

The extent of damage in the steam generator tubing remained at the preceding year's low level. 

Again, most tubes needing repair showed defects in the tube sheet area. Thanks to successful 

sleeving of 24 tubes in both units only one tube had to be plugged. 

1.2.3 Modifications to the Plant 

In addition to section 1.2.2 the reorganization of the main control room of KKBII is worth mentioning. 

Its main aspects were: 

- I retaliation of a new ceiling with seismic qualification 

- Expansion of the control room ventilation 

- Preparative installation of the new facility information system (AN IS) hardware. 

1.2.4 Fuel and Control Rods 

No increase in primary circuit coolant activity was detected in either of the two KKB units in the 

reporting period; hence, it can be assumed that no fuel rod defects have occurred. 

During fuel exchange the number of uranium / plutonium mixed oxide fuel assemblies was increased 

from 36 to 41 in KKB I and decreased from 28 to 20 in KKB II. Tor the first time at Beznau NPP, fuel 

assemblies with foreign material retaining grids in their bottom end pieces and other design im

provements were inserted, namely 12 assemblies in KKB I and 4 in KKB II. 
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The exchange of control rods, initiated in 1968, was now completed with the exchange of the last eight 

old control rods in both units. According to the HSK approved control rod inspection program, all rods 

inserted in KKB II were tested by eody current measurements during the outage and were found to be 

in good condition. KKB I had been subject to the same inspection program in 1991. 

In the reporting period no spent fuel assemblies were transported for reprocessing. 

1.2.5 Radioactive Waste 

Thanks to regular operation and since no special maintenance in the active circuits was required, the 

amount of radwaste produced was comparable to figures based on the experience of previous years. 

Within the framework of the RABAK (Radioactive Waste from the Operation of Nuclear Installations) 

working group, a new schedule for the post-documentation of previously approved waste packages 

(AGT) and the introduction of approving procedures for new AGT according to guideline R-14 were 

agreed upon. According to this agenda, the post-documentation of KKB waste will be completed by 

1995. In the reporting period, two AGT (cemented fitter cartridges large and small, respectively) were 

post-documented by KKB and approved for production in updated form by HSK. Two additional AGT 

(AURA sludge and resins in polystyrene) are curently being evaluated. KKB did not apply for approval 

of new AGT. 

The replacement of the condenser tubing yielded large amounts of materials (50 tons of steel, 73 tons 

of other metals, 20 tons of rubble) that were approved by HSK as inactive for recycling or disposal, 

respectively. 

1.3 Radiation Protection 

1.3.1 Protection of the Personnel 

The following collective doses were determined for operation and maintenance of the units KKB I and 

KKB II in 1992 (1991): 

total in the reporting period 3.62 (3.68) man-Sv 

internal personnel 1.09 (1.03) man-Sv 

external personnel 2.53 (2.65) man-Sv 

total for the planned outage 3.52 (3.59) man-Sv 
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The realized annual collective dose of 3.62 man-Sv for two units is well below the HSK guideline of 

8.00 man-Sv. 

No limits were exceeded with the individual doses. The highest individual dose (external personnel) 

amounted to 31 (36) mSv in 1992 (1991). Nine persons received doses higher than 20 mSv. 

Additional details are given in Tables 5 through 10 and in Figures 6 and 7. 

The radiological conditions have remained practically constant as compared to the previous year. The 

six-year trend is a slightly decreasing local dose rate in the channel heads and at the f"he bundles of 

the steam generators and at the main coolant pipes. 

Aiming to improve the installations1 radiological conditions, a large number of radiation sources were 

temporarily shielded with a total of 60 tons of lead sheets during the planned outages. Radiation ex

posure of the workforce could thus be considerably reduced. 

A lot of mainte. ance operations were performed during the relatively long outages and often 

simultaneously. Supervision of the radiological protection measures for these operations was coor

dinated in daily briefings with the persons in chc-rge of radiation protection in the various areas. 

The accident mentioned above involving serious injury affects the conventional safety at work and not 

radiological protection. HSK still urged the plant operator to pay special attention to the conventional 

safety at work, particularly since a number of maintenance operations have to be carried out again in 

1993 and because a conventional accident at work might still involve increased radiation exposure. 

1.3.2 Releases to the Environment 

All releases of radioactivity were well below the established limits. The actual releases in gaseous and 

liquid form are listed in Table 4. They are comparable to the values achieved in the previous year and 

lead to a calculated annual dose of about 6 JISV to single members of the public. 

With regard to the revision of the Decree on Radiation Protection, the radioactivity release regulations 

are also being revised. 
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1.3.3 Radiation Protection Instrumentation 

The radiation detectors for monitoring of the additional cooling circuits and of the ventilated and 

exhaust air were put into operation in both NANO buildings. Correct functioning of the other radiation 

detectors was verified in elaborate tests and calibrations. 

1.4 Personnel and Organization 

1.4.1 Personnel 

Four B operators, five shift supervisors and two emergency engineers were licensed during the repor

ting period. Four B operators were promoted to A operators. A summary on the licensed employees 

on the pay-roll is given in Table 2. Plant personnel included 482 (440) persons at the end of 1992 

(1991). 

1.4.2 Organization 

Plant organization remained unchanged. On January 1,1992, the revised plant regulations came into 

effect. 

1.4.3 Emergency Exercise 

For technical and organizational reasons the planned emergency exercise on the plant level had to be 

postponed to 1993. 

1.5 HSK Safety Evaluation Report on the Application for an Unlimited 
Operational License for KKB II 

Unlike KKB I, KKB II had only limited operational licenses that had been prolonged several times. The 

current license is valid until end of 1993. In Switzerland operational licenses for nuclear installations 

do not usually specify an expiration date. A shutdown can be ordered by the authorities anytime 

though, or conditions may be attached to the operating license if such measures are justified on the 

grounds of safety. A license valid for unlimited time is therefore not necessarily an unrestricted 

license. 
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Construction and operation of KKB II had been examined by the Federal Commission for Safety in 

Nuclear Installations (KSA). During the 21 years of plant operation the demands made on the safety 

report as to the level of detail and depth of coverage have grown considerably. The HSK expert report 

begun in 1992 is intended to yield an overall safety assessment. 

Today's technological state-of-the-art serves as the examination criterion. Deviations have to be 

judged on a case-by-case basis. Probabilistic safety assessment (PSA) is used to complete the 

picture. 

Although substantial plant weaknesses have been eliminated by the installation of the NANO system, 

a number of recommendations for new requirements and additional conditions imposed are to be 

expected as a result of the examination. 

1.6 Overall Judgement by HSK 

With regard to both nuclear safety and radiation protection the condition of the KKB installation can be 

rated good. Plant safety was improved by the installation of the emergency standby system NANO in 

unit II and by additional refits in both units. 

The annual collective dose to the personnel is below the HSK guideline for radiological protection. The 

limits for individual doses were adhered to. Individual doses in excess of 20 mSv were recorded for 

nine persons. The discharges of radioactivity to the environment were well below the official limits. 

The incidents registered were of only minor significance to nuclear safety. 
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2. Nuclear Power Plant Muhleberg 

2.1 Operational Data and Results 

The Nuclear Power Plant MOhleberg (KKM) is owned by the BerniscneKraftwerkeAG(BKW) and 

operates a boiling water reactor of 322 MWe net capacity. Commercial operation started in 1972. 

Further details are presented in Table 1 in the appendix; Figure 2 shows the functioning dtegram of a 

boiling water reactor plant. 

On December 14,1992, the Swiss Federal Council prolonged the operating license until December 

31,2002, and approved the 10% capacity increase to 1097 MWth applied for. 

The Nuclear Power Plant MOhleberg performed with a load factor of 85.1% and an availability factor of 

88.3%. Annual tension and fuel exchange lasted 42 days as in the previous year. 

2.22 GWh of thermal energy were fed into the public heat supply system of the "Steinrieser housing 

estate. 

No unplanned scrams occurred in the reporting period. During power operation five scheduled load 

reductions were required by physical measuements and recurrent tests. Trouble with a turbo set led 

to five unplanned load reductions. In addition there was one load reduction necessitated by reduced 

demand. 

2.2 Installation Safety 

2.2.1 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 9.9). 

Thfc following two incidents were classified 'B' based on their impact: 

- Setting off of overspeed protection with SUSAN diesel A during testing. In an emergency case the 

standby diesel generator would have been operational. 

- Individual scram of control rod 26-15 during weekly APRM inspections, caused by faulty wiring. 

The causes to these problems could be immediately determined and eliminated. The incidents had 

only minor impact on plant safety. 



- 1 1 -

2.Z2 Work During the Yearly Outage 

All operations involved in the revision, like exchange of fuel assemblies, inspections, recurrent testing, 

functional tests with systems and components, maintenance etc., were performed as scheduled. 

Particularly worth mentioning are: 

- RPV circumferential welds 

In their expert report of October 1991 HSK ordered the inclusion into the inspection program of the 

as yet untestabie circumferential RPV welds at the core level; the base inspections were to be 

performed during the 1993 revision outage at the latest. These examinations could already be 

completed during the 1992 outage. For the first time in the installation's operational life the 

circumferential welds V2 and V3 at the core level were examined; in addition the circumferential 

weir's V4, V5 and V6 in the upper part of the RPV were tested recurrently. The inspections did not 

reveal any safety relevant indications. 

- Visual inspection of RPV internals 

During this outage elaborate visual inspections using a remote controlled underwater video camera 

were carried out again. Particular attention was paid to the four feedwater spargers, to the moisture 

separator, the steam dryer and its supports at the pressure vessel, to the jet pump mountings and 

to the two former assembly apertures in the annular downcomer between core shroud and 

pressure vessel wall. No anomalies were found in these inspections. 

- RPV closure head circumferential weld 

During the 1991 revision outage the welding bead of RPV closure head circumferential weld W2 

had been ground to improve its inspectability. In the 1992 revision this weld was now examined by 

manual ultrasonic testing. No safety relevant indications were found. 

- Core shroud specimen 

In the 1990 outage, indications of cracking were diagnosed in the core shroud circumferential weld. 

This time a specimen of the weld was removed by electrical discharge machining. The resulting 

void was closed again by a bolt and a special nut. The specimen is being analyzed metallurgical^. 

- RPV bolt inspection 

According to the inspection program twelve reactor pressure vessel bolts were examined by 

ultrasonic testing. No safety relevant indications were found. 
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- RPV safe-end weld 

The feedwater nozzle N4D safe-end weld with the reactor pressure vessel was examined by 

ultrasonic and magnetic particle inspection. The core spray nozzle weld was tested ultrasonically. 

No safety relevant indications were detected. 

- Main steam, feedwater and core spray pipes 

Some welds both of the main steam and feedwater pipes and of the core spray pipes were tested 

by ultrasonic and/or magnetic particle inspection. No significant changes relative to the baseline 

measurements and, hence, no operationally induced defects were found. 

Other tests did not give cause to fault finding neither. 

2.2.3 Particular Experiments and Installation Modifications 

A normal cooling rate of 30 degrees C/h (15 degrees C/h in the previous year) was applied in shutting 

the installation down, and the purification loop was in operation for 112 hours (14 hours longer than in 

1991). Based on these measures the amount of cobalt-60 mobilized in the reactor water was smaller 

than in the previous year. 

For experimental purposes a load rejection was performed with turbine B before and after the 

shutdown; in the experiment carried out after the outage, the rejection occurred from operation at an 

increased turbine load of 110 percent. 

The most important modifications to the plant were: 

- Modification of the reactor protection system 

Modifications were applied to the scram system to shorten the control rod insertion times. In 

particular the dual-ASCO pilot valves were replaced by T-ASCO valves. As an integral test a 

scram was scheduled and performed during start-up. 

After realization of the first stage of the project "Replacement of the Reactor Protection System in 

Relay Technology by a Reactor Protection System in EDM Technology" during the 1991 outage, in 

the second stage the installations of the turbine building (turbine instrumentation) were replaced 

this time. The project is now completed. 

HSK requirements were fulfilled by the installation of the new logic for protection against "Rupture 

of Feedwater Pipe in the Reactor Building" and of the new scram triggers "Scram Control Air 

Pressure Low" and "Pressure Turbine Building High". 
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- 125-V DC supply 

In order to guarantee continuous 125-V DC supply during and after an earthquake, the 125-V 

rectifier and the corresponding switchboard were replaced by earthquake-proof components. In 

addition the motor-generator set for the supply of the secure bus S1 was replaced by a static 

invertor fed by the 125-V DC bus. 

- Containment venting system (CDS) 

The installation of the containment venting system (CDS) was completed, and the system was 

made ready for service. An important measure f a the prevention of severe accidents has thus 

been taken. 

- Containment spray and flood system (DSFS) 

The containment spray system (DSFS), another measure against severe accidents, was also 

realized and made operational. 

- Additional modifications: 

To improve the pipe rupture prevention concept, the recirculation loops A and B were each refitted 

with two pipe whip restraints. 

In each of the two discharge pipes of the RCIC system a check valve was installed close to the 

pump. This was done to prevent a pressurization, even assuming a single failure, of tne RCIC 

suction lines unaccounted for in the design. 

The filter compartments of the standby gas treatment system were refitted with additional lead 

shields. 

In the context of seismic requalification, various system mountings in the drywell and in the reactor 

building were refitted. The same steps were taken with the entire standby gas treatment system. 

To improve the availability of the fire fighting water supply in the reactor building, two emergency 

injection facilities were created. 

Turbine B was upgraded in view of the capacity increase. For testing, the turbine was mostly 

operated at increased power while the output of the other turbine was reduced correspondingly. 
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2J2.A Fuel and Control Rods 

Since the activity of the reactor water and the rxhaust gas was low throughout the year, it is justified 

to assume that no fuel rod leakages have occurred. 

52 of the total of 240 fuel assemolies were replaced for the 1992/93 operating cycle. 

Two spent control rods were unloaded during downtime and replaced by control rods with jockey 

rollers of low cobalt content. Thus the core now contains five of these control rocs out of a total of 57. 

A decrease in cobalt content is expected to have a positive effect on the dose rates at the recirculation 

iooos. 

2.2.5 Radioactive Waste 

Thanks to regular operation and since no special maintenance in the active circuits was required, the 

amount of radwaste produced was comparable to figures based on the experience of previous years. 

Within the framework of the RABAK (Radioactive Waste from the Operation of Nuclear Installations) 

working group, a new schedule for the post-documentation of previously approved waste packages 

(AGT) and the introduction of approving procedures for new AGT according to guideline R-14 were 

agreed upon. According to this agenda, the post-documentation of KKM waste will be completed by 

1995. A second provisional approval was granted to the cutting up and cementing of fuel channels; 

the homologation of this AGT will be completed on the occasion of the conditioning campaign. Two 

additional AGT (cemented filtering elements of the underwater shears and filter elements of a mobile 

underwater vacuum cleaner used in the reactor cavity) were provisionally approved for homologation. 

A report on the new KKM waste disposal concept was delivered and commented on by HSK regarding 

unit operations and radiation protection. Based on the results of this study, KKM has started a pilot 

project for resin solidification with the aim of having an appropriate procedure operational by the end 

of 1994. 

In the course of the year HSK approved 6 tons of steel and 7 tons of asbestos waste as inactive for 

recycling or disposal, respectively. 
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2.3 Radiation Protection 

2.3.1 Protection of the Personnel 

The following collective doses were determined for operation and maintenance of the KKM plant in 

1992(1991): 

total in the reporting period 2.19 (1.83) man-Sv 

internal personnel 0.66 (0.67) man-Sv 

external personnel 1.53 (1.16) man-Sv 

total tor the planned outage 1.60 (1.29) man-Sv 

The realized annual collective dose of 2.19 man-Sv is higher than that of the previous year because of 

additional work performed in the drywell, but still well below the HSK guideline of 4.00 man-Sv. 

No limits were exceeded with the individual doses. The highest individual dose (internal personnel) 

amounted to 21.8 (17.2) mSvin 1992 (1991). Additional details are given in Tables 5 through 10 and 

in Figures 6 and 7. Five persons received doses in excess of 20 mSv. 

The radiological conditions have remained practically unchanged as compared to the previous year. 

An increase of the mean dose rate (8 samples) of +3% to 4.9 mSv/h was recorded at the recirculation 

pipes in the drywell. This increase is due to additional deposits of activated corrosion products. The 

iron (Fe-lll) injection into the feedwater, initiated in January 1991, has thus far shown little effect. 

To improve the radiological conditions in the drywell, an even larger number of radiation sources were 

shielded with a total of 40 tons of lead sheets during the planned 1992 outage. Based on these 

measures the radiation exposure of the maintenance crew could be considerably reduced compared 

to a drywell without shielding. 

In order to lower the dose rates significantly in the case of extensive maintenance or repair missions in 

area of the recirculation pipes, plans for the decontamination of these pipes were made out. If 

necessary such a decontamination is now feasible at short notice, i.e. with a lead time cf about six 

months. 

A calibration room was equipped in which radiation detectors may be calibrated on-site. The 

calibration accuracy is being controlled by periodically checking a collection of instruments against 

specifications of the official testing laboratory, the Paul Scherrer Institute (PSI). 
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Still of relevance is the excha -je of cobalt containing materials (stelite) wk*i the control rods already 

in use in the reactor. Related experiments with old, irradiated control rods have been carried out by 

the reactor supplier in spring 1993. 

The electronic personal dosimetry system .in use since 1991, has proved to be a very good 

investment and, among other features, allows for the generation of a daily updated list of tnfvidual 

daily, quarterly and annua' doses during the planned outage. 

2.3.2 Releases to the Environment 

All releases of radioactivity were well below the established limits. The calculated annual dose caused 

by the releases of the reporting period is about 3 pSv for single members of the public. If account is 

taken of the deposition of radioactive aerosols during the previous years, a dose of about 14 pSv 

results. Table 4 contains further details. 

In view of the revision of the Decree on RaoTation Protection, the radioactivity release regulations 

were revised and are available as a draft. 

23.3 Radiation Protection Instrumentation 

All radiation detectors employed for radiological protection worked well, i.e. the detectors used for 

monitoring the radioactive releases to the environment, the detectors for monitoring the activity or 

radiation levels in the installation and those for the surveillance of personnel for contamination and 

doses received. 

During the reporting period a computer based chemical information system was put to operation 

which also processes the radiological data. 

2.4 Personnel and Organization 

24.1 Personnel 

One B operator was licensed, and one B operator was promoted to A operator. Two candidates 

successfully completed the basic course f a emergency engineers at the Fachhochschule Ulm. One 

licensed radiation protection supervisor was employed (SU qualified employee). A summary on the 
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licensed personnel is given in Table 2. By the end of the reporting period, plant personnel totalled 259 

persons (1991:237). 

2.4.2 Organization 

Plant organization remained unchanged. 

2.4.3 Emergency Exercise* 

The part of the planned general emergency exercise concerning the National Emergency Operations 

Center was conducted on October 1,1992. For technical and organizational reasons the part of the 

exercise involving KKM and various external bodies was postponed to the first week of February 

1993. 

2.5 Overall Judgement by HSK 

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

protection may be rated good. The safety level of the plant could again be raised by realizing a 

r umber of installation modifications. Among these are the two new systems for the mitigation of 

severe accident consequences: the containment venting system (COS) and the drywell spray and 

flood system (DSFS). 

The dose rate at the recirculation loop has slightly increased, although less than in the previous years. 

The Fe-ll! injection therefore still has to become totally effective. 

The annual collective dose to the personnel was below the HSK guideline for radiation protection. The 

radioactive releases to the environment were well below the official limits. 

The incidents registered were only of minor significance to nuclear safety. 
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3. Nuclear Power Plant Gosgen 

3.1 Operational Data and Results 

The Nuclear Power Plant Gosgen (KXG) is a 3-loop pressurized water installation of 940 MWe net ca

pacity. Productive operation started in 1979. Further details are collected in Table 1 in the appendix; 

Figure 1 shows the functioning diagram of a pressurized water reactor based plant. 

In the operating period of 1992 KKG performed with a load factor of 91.2% and an availability factor of 

92.3%. The scheduled annual outage lasted 28 days. Thereafter KKG reached, on July 13th, its new 

maximum thermal reactor capacity of 3002 MWth as approved by HSK. The installation delivered 

154.5 GWh of process heat to the heat supply system of the nearby cardboard mill during the 

reporting period. 

Plant operation was not interrupted by any unplanned scrams. During power operation one 

unexpected load reduction was caused by the faiiure of a reactor coolant pump. 

3.2 Installation Safety 

3.2.1 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 9.9). 

Three incidents of B class were subject to registration-

- The concentration of boric acid fell slightly below the prescribed value for fuel assembly exchange. 

Due to an analytical error in the determination of the boron concentration, boric acid addition was 

stopped when a content of 2040 ppm instead of the required 2200 pom had been reached. The 

mistake was recognized when flooding the reactor pool and corrected by boron addition. 

Subcriticality was guaranteed at all times, since only 1600 ppm are necessary to meet that 

condition. 

- On the occasion of a periodic test of the reactor protection system, an emergency diesel did not 

start up. A subsequent investigation showed that a damaged felt washer in the start-up air 

distributor had moved between the distributor cap and the hydraulic head and had thus disturbed 

the compressed air distribution to the cylinders. After exchanging the felt ring the diesel could be 

started without problems, and the functional check could be completed. 
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- In the perkxfic check of the containment isolation valves, a axtainment isolation damper could not 

be closed. The problem was caused by a logic card controlling this damper. Exchange of the card 

allowed for the successful repetition of the check. 

These incidents had only minor impact on plant safety. The sequence involving boric acid analysis 

revealed shortcomings of the quality assurance system. Improvements were applied. 

3JZJ2 Work During the Yearly Outage 

All operations involved in the revision, like exchange of fuel assemblies, inspections, recurrent testing 

of mechanical and electrical components, functional checks of systems and components, main

tenance etc., were performed as scheduled. 

Particularly worth mentioning are: 

- Steam generator tubes in all three generators were subject to wall thickness analysis by eddy cur

rent testing. The substance reductions found are mostly located directly above the tubesheet. 

Deviations relative to the 1990 measurements were slight This finding was confirmed by cross 

examinations with ultrasonic and eddy current probes. As a preventive measure five tubes were 

plugged. 

- Extensive inspections of the reactor pressure vessel head welds were carried out. Here, the 

mechanized inspection of the circumferential weld by ultrasonic scanning was most extensive. 

Three harmless defects were reconfirmed that had already been found earlier. All other closure 

head areas tested were in perfect condition, too. 

- 50% of the reactor pressure vessel bolts were examined for surface cracks by eddy current testing 

and were found to be free of defects. 

- The stems of all three reactor coolant pumps were recurrently tested by ultrasound from their 

central bores. The test result was negative. 

- A high-pressure charging pump and a main condensate pump including motor were given a com

plete overhaul. 
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- None of the calibration, function and interlock checks of trie instrumentation and control equipment 

yielded any noteworthy results. 

- The second branch of the electrical switchboard was subject to a major revision. 

The results of any other inspections and tests did not give cause to fault finding either. 

3.2.3 Installation Modifications 

The following modifications have been carried out in the reporting year: 

- One of the two connections to the leakage detection channel of the reactor pressure vessel gasket 

had developed a leak. It was closed down and sealed. 

- The reactor protection system was modified in the following way: 

Based on the operating experience, logic cards for the control of the pneumatically actuated dam

pers were replaced by an improved version. In addition electrolytic capacitors were replaced. 

3.2.4 Fuel and Control Ro^s 

The primary water activity measurements did not indicate any fuel rod leakages during the reporting 

period. 

56 out of the total of 177 fuel assemblies were replaced for the 14th operating cycle (1992/93). 

Amongst them are 4 fuel assemblies with cladding tubes, the surface of which has been coated with 

an anticorrosion protective layer. 

In collaboration with the fuel supplier an extensive measurement program was completed on a number 

of test fuel rods of varying composition and cladding tube manufacturing history. In this program an 

unexpectedly high oxide growth was discovered on test rods of three fuel assemblies after having 

been in service for two operating cycles. This phenomenon was caused by an inappropriate heat 

treatment in the manufacturing process of the base material. The fuel rods affected were not 

reinserted into the core. The supplier of the fuel assemblies has taken measures to avoid such a 

reduction in manufacturing quality in the future. 
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During the revision outage, as in the previous year, all 48 control rods were examined by eddy current 

measurements for cladding tube damage. There was no evidence against continued use of all control 

rods. 

3.2.5 Radioactive Waste 

Thanks to regular operation and since no special maintenance in the active circuits was required, the 

amount of radwaste produced was comparable to figures based on the experience of previous years. 

Within the framework of the RABAK (Radioactive Waste from the Operation of Nuclear Installations) 

working group, a new schedule for the post-documentation of previously approved waste packages 

(AGT) and the introduction of approving procedures for new AGT according to guideline R- I -i were 

agreed upon. According to this agenda, the post-documentation of KKG waste will be completed by 

1994. In the reporting period KKG completed post-Documentations for the AGT 'Concentrates and 

Bead Resins in Bitumen'. 

In the reporting period, as in the three previous years, KKG did not apply for approval of the disposal 

of inactive material. 

3.3 Radiation Protection 

3.3.1 Protection of the Personnel 

The following collective doses were determined for operation and maintenance of the KKG plant in 

1992(1991): 

total in the reporting period 0,96 (1.15) man-Sv 

internal personnel 0.49 (0.57) man-Sv 

external personnel 0.47 (0.58) man-Sv 

total for the planned outage 0.78 (0.88) man-Sv 

The realized annual collective dose of 0.96 man-Sv is thus far below the HSK guideline of 4.00 

man-Sv. 

No limits were exceeded with the individual doses. The highest individual dose (internal personnel) 

amounted to 16 (22) mSv in 1992 (1991). Additional details are given in Tables 5 through 10 and in 

Figures 6 and 7. 
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The radiological conditions have remained practically unchanged for years. 

As far as radiation doses are concerned, the inspection and maintenance operations at the steam 

generators (SG) wdre of central interest The dose rates in the SG channel heads are relatively high 

and are in the range of 0.19 to 0.35 Sv/h. While realizing the potential disadvantages of such a 

procedure, HSK takes the view that measures should be considered for the dose rate reduction at the 

workplaces affected. Therefore HSK suggests further study of the causes of the high dose rates to 

find ways and means of intervention. 

3.3.2 Releases to the Environment 

All releases of radioactivity were well below the established limits. Table 4 lists the actual releases and 

the annual dose, calculated on this basis, to single members of the public living in the vicinity (about 3 

nSv). In view of the revision of the Decree on Radiation Protection, the radioactivity release regula

tions are also being revised. 

3.3.3 Radiation Protection Instrumentation 

The tests and calibrations carried out on the radiation detection systems confirmed that the devices 

are fully operational. 

3.4 Personnel and Organization 

3.4.1 Personnel 

In 1992 two shift supervisors and two emergency engineers were licensed. Two B operators were 

promoted to A operators. A summary on the licensed personnel is given in Table 2. By the end of the 

reporting period plant personnel totalled 372 persons (1991:352). 

3.4.2 Organization 

Plant organization remained unchanged. 
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3.4.3 Emergency Exercises 

In a security-related emergency exercise, the forced entry into the plant area of an armed terrorist 

group was hypothesized. The exercise revealed some aspects of the security regulations worth 

improving. 

3.5 Overall Judgement by HSK 

Condition and management of the installation at KKG with respect to nuclear safety and radiological 

protection may be rated good. The incidents registered were only of minor significance to nuclear 

safety. 

The annual collective dose to the personnel was far below the HSK guideline for radiation protection. 

Nobody received an individual dose in excess of 20 mSv. The radioactive releases to the environment 

were well below the official limits. 
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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 ca

pacity. Further plant data are collected in Table 1 in the appendix; Figure 2 shows the functioning 

diagram of a boiling water reactor based plant. 

In its eighth operating year KKL performed with a load factor of 86.8% and an availability factor of 

90.9%. A non-availability of 8.9% was due to the annual outage lasting 32 days. The stretch-out 

operation following the month of May also influenced the toad factor. 

In November power operation was interrupted for the repair of a recirculation flow control valve. On 

that occasion a spindle seal and a positioner unit were exchanged. During the preceding investigation 

of an automatic control problem, eventually leading to the mentioned repair, a short, unintentional load 

reduction by about 25% occured because a control valve closed. No unplanned scrams occurred in 

the reporting period. 

4.2 Installation Safety 

4.2.1 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 9.9). 

The following two incidents were classified 'B' based on their safety relevance: 

- I n June only 60% of the required power was obtained in the periodic functional check of an 

emergency diesel. A defective couf. ing part of the automatic motor control needed replacement; 

the part is required for the diesel's start-up, until full oil pressure of the hydraulic control has built 

up. 

- On the occasion of a functional check of the emergency standby system in November, one of the 

two emergency standby diesds had to be turned off after about 6 minutes of operation because of 

a lubricating oil leakage. After the rupture of a sealing ring in the piping of the piston cooling oil 

circuit, there was a considerable oil spill in the diesel room. The loss of lubricant damaged the 

motor and necessitated a relatively long repair. 
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- Thanks to the installation's high degree of redundancy, the relatively long downtime of the 

emergency standby diesel was tolerable. 

4.£2 Work During the Yearly Outage 

During the annual outage from August 7 to September 8,1992, the usual operations involved in the 

revision were performed, such as exchange of fuel assemblies, maintenance, recurent testing of 

mechanical and electrical components, plant modifications, inspections and functional checks of 

systems and components. 

No safety relevant failings were noted in the course of maintenance, testing and inspection operations. 

The following items were covered by recurent tests: nozzis and connected pipe welds at the reactor 

pressure vessel, the welds of its closure head, vessel and oipe welds of emergency core cooling 

systems, of the residual heat removal and emergency standby system, of feedwater pipes and main 

steam pipes. The tests did not give cause to complaints. Furthermore the results of the function and 

leakage tests of isolation valves and containment wall penetrations were satisfactory. The examination 

of various components of the installation's secondary part yielded a similarly positive picture. 

Within the framework of the program analyzing weakening due to erosion and corrosion, the wall 

thickness measurements were continued, again for the most part on the secondary side of the 

installation, with predominantly satisfying results. In rare cases pipe elbows, baffle grids and 

extraction lines of the secondary circuit needed an overhaul. 

4.2.3 Installation Modifications 

In the reporting year a number of plant modifications have been carried out, initiated or completed. 

Some significant changes were: 

- In view of the planne ' mstallation of the containment venting system as a measure to mitigate the 

consequences of a severe accident, a pipe sleeve was installed for the feeding a relief line through 

the reactor building wall. 

- During the 1990 outage, the upgrade of the pilot valve units of the safety and relief valves at the 

steam mains had been initiated to meet increased demands; it was now completed. 

- High-density storage racks for fuel assemblies were installed in the containment's storage pool to 

allow storage of the entire core within the containment if unloading the reactor pressure vessel 
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shouJd become necessary. The required expansion of the residual neat removal system was 

partially realized and will be completed during the next annual outages. 

- After a failure involving a short circuit, modifications were carried out to breakers to improve their 

reliability; affected were breakers of a particular type that is being used on a larger scale in the 

380-V internal supply system. 

These modifications contribute to an improvement of the installation's safety and reliability standard. 

4.2.4 Fuel and Control Rods 

The relatively high background activity of the reactor water may be traced back to a 1989 fuel 

assembly defect. Today it compficates the detection of new fuel defects. Based on the activity trend of 

various nuclides during stretch-out operation of cycle 8, relatively small fuel rod defects could not be 

excluded. Therefore, to be on the safe side, all 648 fuel assemblies were examined for cladding tube 

leakage by sipping during downtime. No fuel rod damage was found. 

During the outage, 120 fuel assemblies were exchanged for the 9th fuel cycle (1992793). All fuel 

assemblies newly inserted have a 10x10 fuel rod matrix. Among them are also 4 fuel assemblies of 

higher level of enrichment expected to reach a mean cluster burn-up of 60 MWd/kgU. 

Cracks were discovered during an inspection in 2 out of 4 control rods of the ASEA-CR-85 type, in 

use for testing purposes since 1987. The cracks were caused by stress corrosion cracking on the 

outer diameter of the absorber blades. All 4 test rods were replaced by new ones of the 

GE-DURAUFEtype. 

4.2.5 Radioactive Waste 

Thanks to regular operation and since no special maintenance in the active circuits was required, the 

amount of radwaste produced was comparable to figures based on the experience of previous years. 

Within the framework of the RABAK (Radioactive Waste from the Operation of Nuclear Installations) 

working group, a new schedule for the post-documentation of previously approved waste packages 

(ACT) and the introduction of approving procedures for new AQT according to guideline R-14 were 

agreed upon. According to this agenda, the pom-documentation of KKL waste will be completed by 

1994. In the reporting period KKL submitted post-documentations for powdered resins and compacted 

waste which are still being worked on by HSK. Based on the homologation of the corresponding 
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packages carried out for KKM, KKL applied for the final approval of the conditioning procedure for the 

fuel channels and the underwater shears' filtering elements. Nagra has certified the ultimate storage 

feasibility for these AGT; HSK approval is to be granted in January 1993. 

In the reporting period 47 tons of steel and 4 tons of aluminum were approved as inactive for 

recycling; they stemmed from the 1985 dismantling of the reheater water separating sheets and had 

been decontaminated. 

4.3 Radiation Protection 

4.3.1 Protection of the Personnel 

The following collective doses were determined for operation and maintenance of the KKL plant in 

1992 (1991): 

totai in the reporting period 1.74 (2.40) man-Sv 

internal personnel 0.52 (0.57) man-Sv 

external personnel 1.22 (1.83) man-Sv 

total for the planned outage 1.31 (1.93) man-Sv 

The realized annual collective dose of 1.74 man-Sv is thus, like in the previous year, far below the 

HSK guideline of 4.00 man-Sv. No limits were exceeded with the individual doses. The highest 

individual dose through external irradiation (internal personnel) amounted to 15 (22) mSv in 1992 

(1991). An incorporation of Co-60 was detected with one person. The consequent effective dose was 

21.6 mSv. Together with the external dose of 11.6 mSv, a total annual dose of 33.2 mSv resulted for 

that particular person. Additional details are given in Tables 5 through 10 and in Figures 6 and 7. 

The radiological conditions have remained practically unchanged as compared to the previous year -

except for the drywell. 

HSK was pleased to note that the mean dose rate at the recirculation lines in the drywell was tower by 

30% than in the previous year. This continued decrease is attributed to the zinc injection into the 

feedwater practiced since 1990. During power operation, however, part of the injected zinc is being 

activated so that during the outage, a significant Zn-65 contamination of the reactor water had to be 

noted. To reduce the local dose rate contribution of Zn-65, only zinc depleted in Zn-64 is being 

injected into the feedwater at KKL since the 1992 outage. 
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In view of reduced dose rates at the workplaces, many radiation sources were temporarily shielded 

during the revision. Two systems were decontaminated prior to doing maintenance work. The 

radiological protection oriented operations planning and the intensified workplace monitoring with dose 

relevant operations have proven their efficiency. 

Feedwater Zn injection is a measure for the reduction of the drywetl dose rates. Other measures are 

still being planned, such as the replacement of stellite materials with the control rods and the 

preparation of a potentially required decontamination of the recirculation lines. 

4.3.2 Releases to the Environment 

Consequent upon the circuit contamination by fuel due to a 1989 rod defect, the iodine releases 

amounted to 3.5% of the release limit in the reporting year (5% in 1991,7% in 1990 and 11% back in 

1989) (see also Table 4). The annual dose to members of the public calculated from the releases of 

radioactivity, is around 6 nSv. Limits were not exceeded. 

In view of the revision of the Decree on Radiation Protection, the radioactivity release regulations are 

also being revised as with the other nuclear power plants. 

4.3.3 Radiation Protection Instrumentation 

All radiation detectors employed for radiological protection worked well, i.e. V1^ detectors used for 

monitoring the radioactive releases to the environment, the detectors for monitoring the activity or 

radiation levels in the installation and those for the surveillance of personnel for contamination and 

doses received. 

4.4 Personnel and Organization 

4.4.1 Personnel 

In the reporting year two B operators, four shift supervisors and one emergency engineer were 

licensed. Three B operators were promoted to A operators. A summary on the licensed personnel is 

given in Table 2. One radiation protection supervisor successfully passed the chief supervisor exam. 

By the end of the reporting period plant personnel totalled 393 persons (1991:391). 
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4.4.2 Organization 

Piant organization was slightly changed on the department level. Work on the quality assurance 

handbook continued; some regulations were revised for that purpose. 

4.4.3 Emergency Exercises 

I n the plant emergency exercise 'LEGO1 an accident with chemicals within the containment was 

hypothesized. Escaping aggressive vapours would damage electrical connections and thus lead to 

problems with the reactor instrumentation and to disruptions. This unusual scenario was a challenge 

to the entire emergency organization, coming off well in the exercise though. 

4.5 Overall Judgement by HSK 

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

tection may be rated good. The frequency of incidents subject to registration has markedly decreased 

in the reporting year. The plant modifications carried out or initiated did their share in raising the 

safety, reliability and radiological protection standards at KKL. 

The drywell dose rate decreased again relative to the previous year. The annual collective dose to the 

personnel was far below the HSK guideline for radiation protection. Onfy one person received an 

individual dose in excess of 20 mSv. 

The radioactive releases to the environment were very low and well below the official limits. 
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5. Research Installations 

5.1 Paul Scherrer Institute (PSI), Villigen/Wurenlingen 

Only particular facilities in the PSI area are nuclear installations in the legal sense. However, based 

on its complex radiological siti-ation, PSI is considered as a whole in this report. 

In the reporting year HSICs supervisory activity was characterized by an expert report on PSI's 

application for the construction and operating license of the spallation neutron source SINQ. Also 

subject to HSK's supervision were the SAPHIR and PROTEUS reactors, the closed-down reactor 

DIORIT, the accelerator installations, the sectors Hot Laboratory, Medical Applications (together with 

BAG), RarJopharmacy and Radioactive Wastes. 

5.1.1 SAPHIR 

In 1992, low power operation of PSI's SAPHIR research reactor primarily served neutron scattering 

experiments, neutron radiography, irradiation for radioisotope production, activation analyses and 

educational purposes. During the 4707 hours of power operation at an average thermal power of 7.5 

MWth, 1480 MWd of energy were produced. Research activities and reactor operation were 

uninterrupted by safety relevant incidents. 

The HSK requirement of an update of the reactor protection system and the process control system 

was already mentioned in previous reports. Planning continued, but the realization could not start yet, 

not least of all because of conceptual and budget problems. In order to increase the safety margins, 

SAPHIR reactor management decided to reduce reactor power temporarily to 5.3 MW halfway 

through the year. 

By the end of the year, 7 chiefs of reactor staff (emergency engineers), 5 shift supervisors and 3 

operators were licensed, while 8 candidates for a license were being trained. 

5.1.2 PROTEUS 

Modifications for the experiments on the HTR pebble-bed reactor were completed on the PROTEUS 

zero-power reactor in the first quarter of the reporting year. In June 1992 the reactor went critical for 

the first time with 22 fuel ball layers. The planned investigations on the first core (hexagonal 

close-packed; ratio moderator ball to fuel ball = 2) started after assessment of the safety parameters 

and the reactivity of various reactor components. As the last condition to be met for the operating 
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license, an extensive neutron and gamma measurement campaign at maximum neutron flux, within 

and around the reactor building, yielded results that were in agreement with measurements on earlier 

core configurations. No new aspects regarding radiation protection became evident. 

One candidate started his operator training in 1992. The licensed personnel consisted of three reactor 

physicists and two reactor technicians by the end of 1992. 

5.1.3 DIORIT 

The program for partial disposal, approved already in 1983, has been practically completed in 1992. 

Thanks to sorting out and decontamination, a significant share of the accumulated material (more than 

250 tons; see chapter 5.1.5) could be disposed of a recycled as inactive waste as in the previous 

year. The DIORIT building is being reused already today by the laser and the cement laboratories 

(Nagra), among other users. After preparations during the reporting period, extended reuse is 

scheduled for 1993 through the installation of clean room laboratories. 

As of August 25,1992, PSI applied to BEW for the complete disposal and the cancellation of the 

DIORIT nuclear license. The technical documents submitted to HSK for that purpose were still being 

worked on at the end of 1992. 

5.1.4 Hot Laboratory 

The research targets and hence the aspects of operational radiation protection to be investigated have 

hardly changed relative to the previous year. Areas of main emphasis resulted from contributions to 

the three following programs: 

- Disposal: 

Colloidal Chemistry, Organic Ligands, Nuclide/Rock Interaction, Cement Studies 

- Fuel Development / Actinide Transmutation: 

Preparative Actinide Chemistry, Fuel Production 

- EDEN (Development, Performance and Evaluation of Post-Irradiation Examinations): 

Cladding Tube Corrosion, (U.Pu^-Characterization, Determination of Damage 

The decision-making process regarding the disposal of wastes of significant plutonium content was 

terminated in that, on the one hand, the provisional homologation of the liquid waste solidification 

procedure was achieved, and on the other hand it was decided not to put the wet incinerator for solid 

wastes to operation, but to compact and solidify the Pu containing wastes. 
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5.1.5 Radioactive Wastes 

During the 26th and 27th operating phase, a total of about 55,300 kg of weakly active wastes were 

incinerated in the pilot incinerator. 11.5% of the wastes had originated under federal responsibility, and 

88.5% were produced by the nuclear power plants. This treatment yielded about 4000 kg of ashes that 

were solidified with cement. The incineration campaigns were trouble-free and all emissions adhered 

to the official limits. No iodine was released. 

PSI's radwaste collection campaign with the producers in medicine, industry and research, carried out 

according to the new procedures, still proved efficient in its third year. A total volume of 13.8 m3 of 

raw radwaste was collected from 59 producers. This was a reduction in volume by about 60% relative 

to the previous year. The reduction in volume may be explained by two facts: on the one hand the 

collection of waste from the past, included in the 1991 program, did not have to be repeated. On the 

other hand, the fees for collection - specified per volume - had been considerably raised; therefore the 

producers kept a dose eye on the sorting out (active/inactive) of their waste, on ways to avoid waste 

production altogether and on possbilities to increase the packaging density of their wastes. 

Decommissioning of the DIORIT facility yielded 28 casks (200-I capacity) of conditioned steel wastes 

and 3 containers (16-tons capacity) of unconditioned steel components. In addition considerable 

amounts of waste (more than 200 tons of nibble, about 50 tons of steel and 5 tons of other metals) 

were approved as inactive for recycling or disposal. 

Within the framework of the RABAK (Radioactive Waste from the Operation of Nuclear Installations) 

working group, a new schedule tor the post-documentation of previously approved waste packages 

(AGT) and the introduction of approving procedures for new AQT according to guideline R-14 were 

agreed upon. According to this agenda, the post-documentation of PSI waste will be completed by 

1996. This schedule could be established after the large number of waste types treated at PSI (PSI's 

own waste and wastes from medicine, industry and research (MIF)) had been coarsely grouped into 

categories. In this respect, a new concept, to be implemented in 1993, for the sorting out of the MIF 

wastes was agreed upon. The conditioning procedure for gravel of KKB origin was post-documented 

by PSI; the later HSK approval of this AGT, which is not produced any more, is expected to be 

granted in early 1993. The conditioning procedure Fixbox-1 for liquid actinide wastes was provisionally 

approved; the waste packages produced will be subject to the planned homologation program. 

The federal interim storage facility (BZL) was completed and put to operation (see also chapter 6.2). 
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5.1.6 Installations for Medical Applications (PET, OPUS, PIOTRON) and Radiopharmacy 

HSK and BAG are coordinating their tasks as supervisory authorities in this sector. While BAG is 

responsible for the area of human and veterinary application of isotopes and methods, HSK is working 

on questions related to the operation of installations (organization into zones, rebuilding projects, etc.) 

and to aspects of the operational radiation protection of the PSI employees involved. 

Within the framework of the PET (Positron Emission Tomography) program, 254 applications of 

organic tracers and 64 applications of inorganic tracers are to be reported. 18F-Fluorodopa and Fe 

with the inorganic tracers were newly approved for human application. In spite of the ongoing 

rebuilding activity (i.e. enlargement of the type C laboratory), HSK and BAG were able to grant a 

temporary special authorization to the continuation of PET applications. Expansion of the laboratory 

space has primarily served to house the equipment for the on-line processing of1 sO, the installation 

of which started in the reporting year. Begin of operation is intended in 1993. 

In the reporting year nearly 200 patients suffering from a melanoma of the eye were successfully 

treated with protons in the OPTIS setup. 

Pions were used in the PIOTRON for therapy of selected cancer patients. The mail, idea is to control 

tumours locally, which are inaccessible to other techniques. At the same time the development of 

therapy planning and patient preparation is another aim in view of the PSI project emphasizing 

Treatment of Deep-Seated Tumours with Protons'. 

Almost 100 TBq (1991:120 TBq) of various isotopes were processed by the Radiopharmaceutical 

Laboratory (former Isotope Production). The dominant nuclides were iodine-131 (67%) and iodine-123 

(13%). 

5.1.7 Accelerators, Proton Beam Lines and Experimental Areas 

The two low-energy cyclotrons were operated without any major problems in the reporting year. The 

beam current in the 600-MeV ring and on the target could be stabilized for several days at 0.53 mA. 

The authorized limit was almost reached for the stepwise increase in beam current (currently 0.6 mA). 

This is an important achievement on the way towards the envisaged beam current of 1.5 mA. 

In the reporting period the new beam lines to the NA-3 area (future 200 MeV therapy facility) and the 

so-called PIF (Proton Irradiation Facility) in the NA-2 area were completely put up and tested. 

Although two shutdowns occurred lor the first time in 1992, the integrated beam times both for the 
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injectors and for the 600-MeV accelerator, too, were practically identical with the figures of the 

previous year. 

One of the major operational problems in 1992 was the downtime due to lack of pei sonnel of the 

waste conditioning in the PSI-West area Work in the PSI-West area is hindered by weakly activated 

components lying around. 

One case of activity spreading out of the low energy area into uncontrolled areas led to a classification 

of the incident as subject to registration and as of the 'B' type according to HSK guideline R-25; the 

incident is covered in greater detail in section 5.1.9. 

5.1.8 Intense Neutron Source SINQ 

In May 1992, the formal application for a SINQ construction and operating license was submitted to 

BEW. HSK completed its favourable assessment of the application with an expert report in December 

1992. One aspect of HSK's work was the assessment of the potential consequences of a SINQ 

accident for the population. Detailed project planning continued intensely at PSi. The first target will 

definitely be zirconium in the form of zircaloy rods. The neutron source is expected to become 

operational in the first half of 1995. 

5.1.9 Particular Incidents 

Three incidents of the B' type, subject to registration according to HSK guideline R-25, occurred at 

PSI during the reporting year. 

1. After handling of a leaking target in the low energy area of PSI-West's accelerator, on March 11, 

1992, an iridium-190 (t, _=12 d) contamination was spread from the controlled zone in shelter NE-B 

into uncontrolled areas. In some spots decontamination was not feasible; these places (activity 

lower than 100 times the standard value) have had to be shielded until complete decay of the 

iridium-190. 

2. Sodium iodide is routinely used in the proton beam as a target for the production of kxJine-123. 

Due to a leaking reaction vessel and an exhaust air valve not closing completely, the mother 

nuclide xenon-123 (t1/2=2.1 h) in the production batch of May 12,1992, was almost entirely (300 

GBq Xe-123) set free from the boxes of the IP-II installation (PSI-West) via the hot lab exhaust air 

system, lodine-123 could be detected in samples of the vegetation taken immediately in PSI's 
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vicinity. The measured contamination of about 100 Bq/m2 of iodine-123 (t1/2=13.1 h) did not result 

in any significant contribution to the individual dose to members of the public. 

As a side-effect of the incident, an almost complete inventory map could be drawn of the deposited 

activity based on model calculations of atmospheric dispersion done right away. The lesson learnt 

from this comparison supports the interpretation of the dispersion models for a topography as 

complicated as that of the PSI area. 

3. Through inappropriate handling of a flask containing iodine-123, a PS! employee seriously 

contaminated his hands on December 14th. Since the contamination was not readily recognized 

(no wipe test), manipulators (1000 standard values), transport vessel and clothes were 

contaminated immediately, one after the other; outside the controlled zone primarily door handles 

were affected by activities up to 20 standard values. The contamination was discovered when the 

PSI employee tried to leave the area through the arch of the entrainment monitor newly installed in 

1992. The alarm went off, and the employee was taken care of by PSI's radiation protection 

specialists for decontamination and an incorporation check. An incorporation assessment (thyroid 

gland measurement) showed 860 Bq of iodine-123 and 130 Bq of iodine-125; hence the measured 

data were below the permitted dose limits. 

5.1.10 Radiation Protection 

In the reporting year, a collective dose of 0.75 man-Sv (1991:0.84 man-Sv) accumulated. The highest 

individual dose was 17.4 mSv (1991:12.4 mSvV A lower collective dose than in the previous year was 

to be expected, since no major dose-intense operations had to be carried out in 1992. Details of the 

doses received ars given in Tables 5 through 10 and in Figure 7. 

The central exhaust air system of PSI-West, the new instrumentation for the exhaust air monitoring of 

PSI-East and the entrainment monitor at the exit of PSI-West went into operation during the reporting 

period. They had already been mentioned in last year's report. The federal interim storage facility 

(BZL) was included in the supervisory program when it became operational at the end of 1992. 

On November 1,1992, the new 'Regulations on the Release of Radioactive Matters and Their 

Monitoring in the Vicinity of PSI' came into effect. PSI's emissions both in gaseous and liquid form 

were below the release limits of the new regulations in 1992, and caused only insignificant doses to 

the population in the vicinity (see Table 4). 
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The sewage installations need reconstruction to comply with the new water protection regulations. In 

the course of this overhaul, the situation regarding the treatment of radioactive waste water, mainly 

produced in PSI-East, will be improved. The project is in its conceptual phase. 

5.1.11 Personnel and Organization 

On April 1,1992, a new director assumed office at PSI and, hence, also top responsibility for the 

safety of PSI's nuclear installations. 

No new licenses were issued for the reactor staff at PSI in the reporting year. Two raolation protection 

supervisors successfully passed the chief supervisor exam. 

The level of training and the ̂ ibiiities of individual emergency teams were tested in an emergency 

exercise (see section 5.1.13). 

5.1.12 PSI Schools 

In April 1992, eight candidates - five from the NPP Beznau, two from the NPP Gosgen and one 

candidate from PSI (SAPHIR) - completed their basic training and successfully passed the exam for 

nuclear power plant technicians TS. 

In January 1992, the fourth course for nuclear power plant technicians started at the reactor school. 

The class will last until April 1993, and is being attended by participants from all Swiss nuclear power 

plants and from PSI. Later on they will receive further training before being admitted to the exam for 

obtaining the reactor operator license. 

In addition a class in reactor engineering started in the reporting period with three HTL graduates. The 

class is intended to impart the necessary basic professional knowledge to the future shift supervisors 

and emergency engineers. This course will last until April 1993, too. 

For the second time the nuclear engineering class was held, tailored to the management personnel of 

nuclear installations and to members of the supervisory authorities. Five persons from KKG attended 

the class which lasted 13 weeks. 

The school of radiation protection taught around 2700 participants in the reporting year. About 200 of 

them worked in the nuclear installations. This group included prospective radiation protection chief 

supervisors (4 of them successfully passed the oral and written chief supervisor exam), mechanics, 
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plant guardians, visitor gukies and management personnel. Some additional 50 people from the 

nuclear installations and PSI attended classes in general radiation protection subjects. In collaboration 

with HSK, several courses in emergency planning were held for command members at the level of 

canton and community and for civil protection instructors. 

5.1.13 Emergency Exercises 

The main emphasis in this year's emergency exercise CIS-GIS' was in testing the emergency teams' 

being on the alert and the workforce's discipline in the case of an emergency alarm. The emergency 

teams were ready for action in the places they were ordered to be within the expected times; the 

discipline of the other personnel, however, left something to be desired, and is intended to be 

improved by specific instructions. 

5.1.14 Overall Judgement by HSK 

The condition and management of the PSI nuclear installations were good in the reporting year. As an 

interesting innovation the taking into operation of the PROTEUS zero-power reactor with its 

pebble-bed core is worth mentioning. In 1992, foundations for other particular developments, to take 

place in the years to come, were also laid: 

- Submission of the application for a construction and operating license for the spallation neutron 

source SINQ. 

- Application for the complete dismantling of the DIORIT research reactor closed down in 1983 and 

for the cancellation of its nuclear license. 

PSI's emissions both in gaseous and liquid form were below the release limits of the new regulations 

in 1992, and caused only insignificant doses to the population in the surroundings. 

Doses to the personnel were low. The two contamination incidents at PSI-West call for increased 

efforts, in the future, to prevent the spreading of contamination. 

5.2 Swiss Federal Institute of Technology Lausanne (EPFL) 

The subcritical LOTUS plant, one of the three nuclear installations of the 'Institut de Genie Atomique', 

was refitted with a new neutron tube in 1992. In quasi-continuous operation a flux of 3-1012 rvs can 
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now be achieved. During 120 hours of operation LOTUS was primarily used for activation experiments 

on structural materials. 

The CROCUS zero-power reactor was operated for 308 hours for educational purposes in 1992. The 

integrated power amounted to 137 Wh. The installation of two experimental control rods (BABS 

system) in the uranium metal rods' center required a slight modrfication of the core configuration that 

was still subject to approval, however. The detailed annual inspection of all fuel rods showed that no 

swelling could be detected since rods with new cladding tubes started to be used. Alpha and gamma 

spectrometric measurements on wipe tests proved the rods' tightness. 

Plant operation was trouble-free, and no incidents subject to registration according to guideline R-25 

occurred. The detection threshold for the accumulated annual dose was exceeded (maximum of 0.2 

mSv) only in the case of two employees of the institute. The institute's collective dose is therefore 

insignificant. The gaseous and liquid releases were also insignificant and very dose to the detection 

threshold. 

5.3 University of Basle 

The pool reactor of the AGN-211-P type in the basement of the Physics Institute of the University of 

Basle was in service for 57.5 hours in 1992. Operation was trouble-free and primarily served 

educational purposes. The total energy of 57.5 kWh generated per year is far below the 30 kWh per 

week threshold where a license starts to be required. The am< -al doses to the five members of the 

institute's staff involved in reactor operation (maximum individual dose of 0.7 mSv) and the collective 

dose of 2 man-mSv were correspondingly insignificant. 

The visual inspection of all fuel assemblies and control rods, required to take place every three years 

irrespective of operating time, provided no particular findings. Due to the short operating period in the 

reporting year and the consequently small build-up of fission products in the fuel assemblies, the 

inspection caused only an insignificant radiation exposure of the persons involved from the University 

of Basle, from HSK and PSI. 

With the resignation of the head of the institute in 1992, an extended period of continuity in reactor 

management came to an end. His successor as head of the institute has agreed to also assume 

responsibility or reactor management. 



- 3 9 -

5.4 Experimental Reactor of Lucens (VAKL) 

The Federal Council, in its decision of September 10,1990, has approved the decommissioning 

project for the experimental reactor of Lucens (VAKL). The current owner of the site, the Societe 

nationale pour I'encouragement de la technique atomique industrieUe (SNA), subsequently placed an 

order for project realization. The authorized operations p ing of two of the three caverns, cavern 

drainage system for the draining of molasse water, construction of a draining line to the Broye river), 

began in June 1991 and were finished in spring 1992. In April 1992 the new drainage system, 

collecting molasse water around the caverns, and the draining line to the Broye river were put to 

operation. The completing work was tackled in December 1992, considering predictions of the 

temperature trend in the filling concrete. These operations essentially consist of mortar injections for 

the filling of cracks due to shrinkage and temperature variation and of voids. During the reporting 

period, a one-year surveillance program was prepared and discussed with HSK. The program is 

intended to be realized, in its final form, starting in early 1993 and taking account of practical 

experiences. The idea is to monitor the volume and the radiological and chemical composition of the 

drained water. 

By filling the caverns, the former controlled zones of the underground installations have been covered 

by concrete in 1991; the zones have formally ceased to exist. Outside these installations the only 

controlled zone remaining is the storage area for containers of certain components of the old reactor. 

These containers are supposed to be transferred to an appropriate interim or ultimate storage facility. 

The site will remain a nuclear installation until it can be formally freed from subordination to the 

nuclear legislation after one year of surveillance. The small parcel of land, however, used for interim 

container storage, may only be freed after clearing away the containers. 

No radiological or safety relevant incidents have to be reported. The two members of the surveillance 

team, registered as radiation exposed professionals, have accumulated a collective dose of 3.93 

man-mSvin 1992. 

The three workers of the companies entrusted with the plant's decommissioning were not registered 

as professionally radiation exposed persons, but remained 'single members of the public'. They 

accumulated a collective dose of 2.91 man-mSv. The highest individual dose was 1.07 mSv. 

No synthetic nuclides were detected in the water drained to the Broye river. 

Although the VAKL site has not been dismissed from the scope of nuclear legislation yet, its future 

owner, the Canton of Vaud, may already dispose of the estate. 
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6. Radwaste Disposal 

6.1 Wastes from Reprocessing 

l n a 1990 application, submitted to HSK, the operators of the Swiss nuclear power plants aimed to 

establish procedures for the re-import into Switzerland of radwaste produced in the reprocessing of 

spent nuclear fuel by British Nuclear Fuels (BNFL). HSK completed their expert report on the 

application in July. The waste specification and the waste transport, interim storage and ultimate 

storage feasibilities received a favourable judgement A number of supplements to the 

characterization of the waste package models, requirements for the later import, are still outstanding. 

In 1991 the NPP operators similarly applied to HSK regarding the re-import of radwaste from 

reprocessing with the French company COGEMA. As agreed by the Nuclear Energy Subcommittee 

(UAK) of the largest producing utilities and Nagra, in the course of 1992, supplemental reports on the 

transport, interim and ultimate storage feasibility of the COGEMA specified waste types were 

supplied. This additional information was needed by HSK for their assessment of the application. The 

corresponding HSK expert report is expected for July 1993. 

6.2 Interim Storage 

Construction of the federal interim storage facility (BZL) has been completed, and the accompanying 

systems (in particular the crane) were installed. The official opening took place on November 25th. 

Finding that the conditions attached to the license issued by the Swiss Federal Council were fulfilled, 

HSK approved facility operation on December 22nd. 

After HSK had approved the construction and corresponding systems, the so-called SAA hall fSAA' 

stands for weakly active waste1) of the ZWIBEZ interim storage facility at the nuclear power plant 

Beznau was largely completed. Putting to operation is planned for the first half of 1993. 

In March HSK delivered their expert report on the ZWILAG application for a general license 

concerning the central interim radwaste storage facility at Wurenlingen (ZZL). No objections were 

raised by HSK against granting the general license. HSK recommends the attachment to the license 

of a condition regarding the conditioning of waste stored in containers on the site of the experimental 

reactor of Lucens. HSK is watching project realization, particularly the transport concept of the ZZL 

site for heavy goods transportation and the novel plasma oven for the radwaste incineration. At the 

same time HSK is participating in the ZWILAG coordination committee, a forum serving the exchange 
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of information on project progress among representatives of the federal government, of the canton 

and communities involved in the licensing procedure. 

6.3 Final Disposal 

6.3.1 Preparatory Measures for the Establishment of a SMA Repository 

Nagra carried out exploratory work concerning the establishment of a final repository for short-lived 

low- to intermediate-level radwaste (SMA) at the sites of Bois de la Glaive (VD) and Wellenberg (NW). 

Bois de la Glaive 

The third boring (ON9) was brought to a final deepness of 306 m at the beginning of the year. First 

results of the borings and results of the other investigations carried out at that site are collected in 

Nagra's intermediate report BDG 92-1 dated April 1992. The drilling cores are still being examined in 

the laboratory. Although expropriation has not been settled yet, the Valuation Commission has 

granted Nagra early access for part of the planned follow-up operations. Geophysical investigations 

(gravimetric and seismic measurements, etc.) were tackled in December; they will probably carry on 

until March 1993. 

The status quo with the drillings at the Bois de la Glaive site as of end 1992 is as follows: 

Borehole 

ON6 

AN13 

ON9 

Start 

08.10.91 

15.10.91 

15.10.91 

Deepness 

26m 

129 m 

306m 

Status 

done 

done 

done 

The activities of the Bois de la Glaive supervisory commission comprised one visit to the drilling core 

storage facility at Wurenlingen and one meeting at Ollon. 

Wellenberg 

At the Wellenberg exploratory site the main activities were to press forward with the fifth and last 

boring (SB2) and to carry out tests. The planned final deepness was inaeased to 1850 m to reach the 

base reflector if possible. It is expected to be reached at the end of January 1993. Nagra is currently 

analyzing the results and deriving parameter values for a detailed safety analysis. 
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The status quo with the drillings at the Wellenberg site as of end 1992 is as follows: 

Borehole 

SB4 

SB3 

SB1 

SB6 

SB2 

Start 

15.05.90 

22.09.90 

12.11.90 

02.09.91 

25.03.92 

Deepness 

758 m 

1547 m 

1670m 

431 m 

1703 m 

Status 

done 

done 

done 

done 

almost done 

Since Nagra was very active at the Wellenberg exploratory site, eight meetings of the supervisory 

commission took place over the year. 

6.3.2 Preparatory Measures for the Establishment of a HAA/LMA Repository 

According to the decision of the Swiss Federal Council on the 'Prqjekt Gewahr 1985', proof has to be 

furnished of the ultimate storage feasibility within Switzerland of high-level (HAA) and long-lived 

intermediate-level radwaste (LMA). Appropriate rock formations have to exist and be found in 

sufficient number and extension (demonstration of siting feasibility). In this respect the investigations' 

scope is to be widened to include sedimentary rocks. 

Crystalline Basement 

The long-term observation of the deep boreholes in the northern part of Switzerland continues. 

Nagra's work focused on the documentation of the data gathered and on the geological synthesis on 

the crystalline basement. Reports are at hand on the tectonics and on the hydrochemistry. The 

analyzed data form the basis of the comprehensive safety analyus study Crystalline I to be finished in 

1993. 

On May 20th, a joint meeting of all supervisory commissions of the explorations in northern 

Switzerland took place. Their final reports on the exploratory activities are not expected to appear 

before 1993. 
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Sedimentary Rocks 

At the beginning of the year, Nagra carried out seismic reflection measurements in the northeastern 

part of the country to explore sedimentary host rocks, particularly the opaiinus clay. The line segments 

involved on German ground could not be covered because of political opposition. The measurements 

on the partial segments on Swiss ground were made in fall. The data acquired are currently being 

analyzed. 

The past Nagra exploration of sedimentary rocks was not subject to approval according to the Decree 

on preparatory measures. Therefore, there are no supervisory commissions devoted to this. Nagra's 

activities were followed, however, by HSK and their experts. 
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7. Emergency Planning for the Vicinity of the Nuclear Power 
Plants 

None of the emergency protection plans actually needed to be implemented in 1992, apart from 

emergency exercises. 

7.1 Alarms 

The alarms in zones 1 and 2 of the Swiss nuclear power stations are operational. In the annual 

nationwide siren test, the alarm propagation plans and the sirens are checked. 

The realization of the planned backfirting of the siren networks of zones 1 and 2 at the NPP sites 

Beznau, Leibstadt and Gosgen were continued in the reporting period. The backfitting campaign was 

completed in the Cantons of Basle-Landschaft, Berne, Soiothurn and Zurich. In the Canton of Aargau 

h-xkfitting is 70% complete. 

Backfitting has been necessitated primarily by the growth of residential areas. 

7.2 Emergency Preparedness of the Cantons 

The level of emergency preparedness of the cantons was again improved. Based on the 1991 revision 

of the federal emergency control concept, certain cantons tackled the revision of their own concepts. 

In the Canton of Berne, the new concept is now receiving comments from interested parties and from 

the public. 

In the Canton of Basle-Landschaft, a new pamphlet for public information is in preparation. 

In the Canton of Soiothurn, a new concept has been developed that is intended to undergo publication 

for commenting in early 1993. 

The new concept of the Canton of Zurich is still open for comment. 
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7.3 Training in Emergency Planning 

In 1992 various training courses were offered: 

- for the command staff of all civil protection organizations in the Canton of Aargau, including zone 3; 

- for the emergency control branches of thePTT in the area of Zurich/BadervBrugg; 

- various lectures to interested authorities of the cantons and the Confederation. 
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8. Transport of Radioactive Materials 

8.1 Training and Information 

Course for Radiation Protection Supervisors Responsible for Dispatch and Transport of 

Radioactive Materials 

This class was held for the second time in October 1992, and is aimed at persons responsible for 

dispatch in their firms or organizations. It lasts five days, and is being offered at least once a year in 

German and in French. 

Ceminar for Supervisory Authorities on Quality Control in Transports of Radioactive Materials 

Depending on the organizations involved, either BAG, SUVA or HSK are responsible for the 

supervision of the quality assurance measures required by law regarding radiation protection in the 

transport of radioactive materials. In December 1992, HSK arranged a seminar on this subject for 

radiation protection supervisors of BAG and SUVA. 

Information Exchange between Offices of the Administration 

On November 11,1992, the fourth in a series of meetings for the exchange of information between 

those federal authorities took place that are concerned in some way or other with the transport of 

radioactive matters. 

8.2 Transport Certificates and inspections 

The Swiss regulations on the transport of radioactive materials rely, in part, on the international 

legislation governing the transport of hazardous goods. Except for inland navigation, the 1985 IAEA 

recommendations for the safe transport of radioactive materials are now binding for all means of 

transport. 

It is the sender that is mainly responsible for respecting the transport regulations and for the 

radiological safety. In certain cases, particularly with transports of nuclear fuel or of other high-level 

materials, the regulations require that the sender obtain from the authorities in charge, prior to the 

transport, a permit or a certificate of approval. Depending on the case, the permits or certificates 

cover the objects to be transported or the details of transportation. 
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The Swiss authority in charge of issuing the certificates mentioned above, is HSK, irrespective of 

whether the goods to be transported are radioactive materials originating in nuclear installations or in 

other establishments. Concerning permits for shipped items, HSK bases its decision mostly on 

documents issued by the authority of the originating country. In any case HSK checks packing and 

contents for compliance with the regulations. 

In 1992 HSK had to judge 40 applications for transport certificates. The 9 certificates issued are 

grouped as follows: 

- 5 certificates (objects) for new fuel/fuel assemblies 

- 3 certificates (objects) for spent fuel assemblies 

- 1 certificate for the transport of spent fuel assemblies 

In 1992 four inspections of transports from Swiss nuclear installations took place. HSK stated that all 

transport regulations were met. 

8.3 Quality Assurance in the Transport of Radioactive Materials 

In the transport of radioactive materials, the appropriate regulations must be respected to guarantee 

the safety of workers and public. 

Quality assurance programs are intended to ensure compliance with regulations. Quality assurance 

comprises plans and measures for compliance of designers and manufacturers of packaging material, 

of the sender, the carrier and of the authorities in charge. 

The quality assurance programs required by law are still being developed. KKB has developed such a 

program, the implementation of which in 1993 is to be reviewed by HSK. 
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9. General Matters of Safety and Radiation Protection 

9.1 Official Guidelines 

The Swiss guidelines currently in effect are listed in Table 12 of this report. They were drawn up by 

HSK, partially in collaboration with KSA and other federal offices. In 1992 two new guidelines came 

into force: R-27, 'Auswahl, Ausbildung und Prufung des lizenzpflichtigen Betriebspersonats von 

Kernkraftwerken' (Selection, training and testing of NPP staff needing a license), and R-30, 

'Aufsichtsverfahren beim Bau und Betrieb von Kernanlagen' (Supervisory procedures for construction 

and operation of nuclear installations). 

The guidelines expound the safety authorities' ideas on putting into practice their task defined by law; 

they are intended to provide clear legal principles by explaining the criteria the authorities apply in 

deciding on applications and in supervising installations and activities. 

Guidelines concerning the installations' design, such as R-101, are, as a matter of principle, applicable 

to new light-water reactor based nuclear power stations yet to be built. In the assessment of existing 

installations, these guidelines are 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 

At the end of 1986, HSK catalogued measures to be taken, first of all, to further quantify current NPP 

safety in certain aspects and, second, to improve the safety in certain areas. Opportunities for 

improvement are to be evaluated considering both the present design basis and plant conditions 

beyond the design basis, up to severe accidents. 

Plant-specific risk assessments and the installation of filtered containment ventings are important 

parts of these measures. The risk assessments are to include level 1 (core meltdown probability) and 

level 2 (source terms). External hazards simultaneously affecting many different pieces of equipment 

(e.g. earthquakes, fires etc.) shall also be covered. In their circular of December 17,1990, HSK 

ordered a broadening of these assessments to also take account of the downtime and the start-up 

and shutdown operations. There are no results yet of this additional requirement. 

KKM's risk assessment study, submitted in 1990, was reviewed in detail by HSK with consultation of 

US experts. Agreement at level 1 is quite good. Within the framework of an IPERS mission 

(International Peer Review Service) IAEA experts reviewed the methodology applied in the study for 

the assessment of the fire risk. 
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KKB's risk assessment study is also under consideration, and HSK is working on it. Older 

assessments are available for KKG and KKL Since they do not meet today's requirements, however, 

new assessments were ordered; as of the time of writing, they have already made good progress. 

The equipment for the filtered containment venting at KKBII and KKM has been installed, and it is 

operational. At KKB I it is partially installed. Installation at KKB I, KKG and KKL is intended to be 

completed by the end of 1993, and the systems should then be operational. 

9.3 Monitoring Network in the Nuclear Power Plants1 Vicinity and Plant 

Parameter Transmission (MADUK-ANPA) 

For several years a 'Network for Automatic Dose Alarm and Monitoring' (NADAM) has been in 

operation in Switzerland, comprising 58 stations scattered across the whole country and serving the 

detection of increased levels of radioactivity. The NADAM sites, each of them relying on one probe, 

include among others NPP Muhleberg, Beznau, Gosgen and Leibstadt and PSI. At the same time 

outskirts and environs of the NPP sites are continuously monitored radidogically within the framework 

of several comprehensive measurement programs. For the early assessment of radioactivity in the 

immediate vicinity of the NPPs, the new automatic MADUK/ANPA monitoring network is being set up. 

MAOUK/ANPA has two tasks: 

- Acquisition, transmission and processing of dose rate data in the vicinity of the 4 NPP sites and at 

PSI. A total of 57 detectors are installed; 

Transmission and processing of NPP parameter values. 

The first task is handled by MADUK, the second one by ANPA. 

Every 10 minutes the MADUK system transmits dose rate readings taken in the NPPs' surroundings 

to HSK's monitoring center at Wurenlingen. This organization facilitates the continuous monitoring of 

the radioactive releases and allows for a quick assessment of the current radiological situation at any 

time. The dynamic measurement range is large enough to monitor the natural background radiation 

but also the high levels of radiation potentially accompanying severe accidents. The ANPA system 

transmits important plant parameters to HSK's monitoring center at a 2-min interval. 

The MADUK/ANPA computer programs provide plant overviews including the current parameter 

values and representations of the safety goals, for instance informal on on the condition of the coolant 

inventory. In addition the program allows for a quick estimate as to whether or not a particular level of 

radioactivity measured in the vicinity is caused by the power plant. Furthermore early forecasts may 
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be readily given of the expected radiation exposure of persons at close Distance (up to about 20 km). 

For these calculations meteorological data of the NPP sites are required among other information. The 

data are supplied by the Swiss Meteorological Institute (SMA) at a 10-min interval. 

Within the frame of their tasks, the Section 'Monitoring of Radtoactivrty' (SUeF., with the Federal Office 

of Public Health) and the National Emergency Operations Center (NAZ) are also connected to the 

MADUK/ANPA network. 

In addition to the installation of the immission detection stations, the leased telephone lines and the 

conecponding network nodes were set up during the reporting year. A major part of the software 

development was completed, and the training of the operating staff started. Network start-up is 

planned for summer 1993. 

9.4 International Collaboration 

The Deutsch-Schweizerische Kommissionfur die Sicherheit kerntechnischer Anlagen (DSK, 

Germano-Swiss Nuclear Safety Commission) and the various working groups met regularly. A DSK 

report on the central interim storage facility at Wurenlingen was prepared. 

An exchange of information was agreed upon with the supervisory authority of the Land of 

Baden-Wurttemberg. In 1992 three officials from Baden-Wurttemberg visited HSK, who explained 

their supervisory activities, particularly in the area of radiation protection. Part of the program was a 

visit to the Nuclear Power Plant Gosgen. In 1993 HSK representatives will in turn visit Stuttgart to 

continue the mutual exchange of information. 

The Franzosisch-Schweizerische Kommission fur die Sicherheit kerntechnischer Anlagen 

(Franco-Swiss Nuclear Safety Commission) met once. In addition to general safety issues, the cracks 

in the RPV closure head penetrations were discussed; that discussion was triggered by the Bugey 3 

incident. 

The Agreement on collaboration with the American safety authority USNRC was prolonged. Within the 

framework of the 'contacts to eastern countries', an exchange of information with the Russian and 

Ukrainian safety authorities took place. On that occasion collaboration with these authorities was 

agreed upon. 
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9.5 Safety Research 

HSK's regulatory safety research activities are devoted to the establishment of a state-of-the-art basis 

for decision-making in nuclear safety issues; topical questions relating to nuclear safety and radiation 

protection are therefore studied by HSK. To have a competent coverage of the broad field of research 

activities, projects were commissioned with miscellaneous institutions: 

- Paul Scherrer Institute (PSI) 

• units of the Swiss Federal Institutes of Technology 

- Swiss and foreign engineering companies 

• institutions responsible for international research programs 

The research programs forming a point of main emphasis in Switzerland are: 

- Simulation Models for the Transient Analysis of the (LWR) Reactors in Switzerland (STARS) 

- Corium Reactor Vessel I nteraction Studies 

- Stress Corrosion Cracking of Steels for Reactor Components in Hot Water 

• Experimental Determination of the Hydrogen I nflammability Threshold in Air-Carbon 

Dioxide-Hydrogen Mixtures Containing Water Vapour 

- LWR Contamination Control: i.e. Transport and Deposition of Activated Corrosion Products in 

Reactor Circuits 

The participation in international research programs concerned: 

- OECD Halden Reactor Project 

- OECD TMI-Reactor Pressure Vessel Investigation Program 

- USNRC Research Program on Severe Nuclear Power Plant Accidents 

- OECD Program for the Inspection of Steel Components (PISC III) 

- USNRC Second International Piping Integrity Research Group (IPIRG-2) 

9.6 Incidents in Foreign Nuclear Installations Bearing Impact on the Swiss 
Installations 

9.6.1 Bugey: Cracks in the RPV Closure Head Penetrations 

The reactor pressure vessel closure head of pressurized water reactors has penetrations for the 

control rod drive mechanisms and thermocouples. These penetrations are welded to the closure head 
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on its inside. Owing to the closure head's curvature, the outer penetrations have an oblique angle 

relative to the surface. Most penetrations contain a thermal sleeve tube that lowers the accessibility. 

In September 1991 the reactor pressure vessel of the French plant Bugey 3 was subject to a periodic 

pressure test that led to the discovery of a leakage in one of the penetrations. During repair it became 

evident that a through-wall axial crack had developed. Since the penetration tubes are shrink-fitted to 

the closure head, the leakage was likely to be detected only in the pressure test when the shrunk-on 

fit became loosened. In the inspection campaign subsequently started in France, incipient cracks, but 

no through-wall cracks, were found in several plants. 

Of the Swiss pressurized water reactors only the two units of Beznau I and II have penetrations of the 

same design as the French installations. In particular, Inconel 600, known to be susceptible to stress 

corrosion cracking, was used in that design. Parts of the inspection equipment had to be developed 

for the inspection of Beznau, ordered by HSK in 1992. For unit II, the first one to undergo the revision, 

a rotating eddy current probe was available, matching the diameter of the 7 penetrations without a 

thermally protecting tube (sensitivity: 1 mm crack depth). A representative number of the other 

penetrations were examined with a similar probe, but here the measurement occurred through the 

protective tube and across the air gap (sensitivity: 3 mm crack depth). No indications of cracking were 

found. All in all about 75% of the penetrations were tested. 

Another probe (gap scanner) was available for the inspection in unit I, that could be inserted into the 

annular gap between protective tube and penetration tube. Its sensitivity was identical to that of the 

rotating probe (1 mm crack depth). Two indications of cracking were found in the penetrations without 

protecting tube; one of them was of 3 mm length, the other one of 28 mm. The depth extension was 

judged to be 1 -2 mm. Considering the small depth of the defects (compared to a wall thickness of 

16 mm), no urgent measures needed be taken. A total of about 60% of the penetrations were 

examined. 

The assessment of these cracks is based, on the one hand, on the experience that the growth rate of 

the cracks • if they grow at all - is very low, and on the other hand, that all cracks observed run on the 

inner diameter, in axial direction. This preference of direction may be explained by the empirical 

ellipticity of the tubes, causing tensile stresses in certain regions. The tubes' elliDticrry is related to 

their leaving the closure head under an oblique angle. 

The consequences of a penetration tube being potentially completely broken off are considered in the 

design of pressurized water reactors. On top of that the rectors of Beznau have protective 

installations preventing missiles from damaging the containment from the inside. There is also a 

sampling system which is able to detect and localize leakages during operation. 
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HSK has ordered a repeated examination of the indications in KKBI for 1993, and an inspection of all 

penetrations in both units that were not tested- or tested but not by the most sensitive method - in 

1992. 

Similar penetrations exist with boiling water reacors, but in the vessel bottom head there Although no 

recent cases of cracking are known for this reactor type worldwide, HSK has instructed the operators 

of the Swiss boiling water reactors Muhleberg and Leibstadt to check randomly some bottom head 

penetrations during the next outage. 

9.6.2 Barseback: Clogging of Suction Strainers 

The incident at the Swedish boiling water reactor Barseback of July 28th went as follows. A safety 

valve, opened inadvertently, caused the tearing off of thermal insulation material due to the steam 

discharge into the containment. This material was swept away into the suppressor poo) and was 

partially retained by the inlet strainers of the emergency core cooling pumps. The clogging of the 

suction strainers was faster than the 10 hours assumed up to then in analyses. A shutdown was 

ordered for 5 Swedish reactors of the same design on September 17th, and they were not to be 

allowed to start up again before that problem had been solved. 

Compared to the Swiss boiling water reactors, the Swedish reactors are more prone to failure in three 

respects: 

• Installations of the Barseback design have safety valves which do not discharge into the 

suppression pool via pipes, but rather discharge into the air, and in some cases their output is 

directed at other pipes. Therefore the tearing off of thermal insulation material is more probable. In 

Swiss BWRs the only scenario for the setting free of insulation material is the very unlikely rupture 

of a major pipe. 

- After a rupture of the recirculation line, reactors of the Barseback design cannot be flooded at all. 

Emergency core ceding relies entirely on spray systems. An interruption in the operation of the 

core spray system - necessitated by the inlet strainer cleaning through backwashing - would 

necessarily lead to the fuel assemblies immediately heating up. 

- The automatic start-up of the containment spray system accelerates the washing up of torn off 

insulation material. 

In view of these differences in design, HSK refrained from ordering short-term plant modifications. 

Nevertheless they required countermeasures to be developed and drilled within the framework of 
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accident management, involving an alternative core cooling and the backwashing of particular suction 

strainers. 

These measures of accident management will not be accepted as a permanent solution, however. In 

the medium term, the risk of clogging is to be excluded by technical solutions or is to be rendered 

manageable. 

in principle the Swiss BWRs have always considered the possible clogging of the suction strainers. 

The Barseback incident triggered a review though that called the original design into question. The 

rate of a possible clogging is independent of the reactor load; it is only determined by the flow rate of 

the emergency core cooling systems. 

The Swiss pressurized water reactors gave no cause for immediate measures. The following reasons 

are to be mentioned: 

- The reactor core may be flooded again after a loss of coolant accident. 

- In the critical phase, emergency core cooling is independent of suction strainers, because borated 

water is being taken in from storage tanks. 

- In general the inlet strainers are larger than with boiling water reactors; therefore the flow rate to 

the strainers is lower. 

However, HSK has still ordered a review for these reactors. 

9.6.3 Brunsbuttel: Craeks in Austenitic Pipes 

In view of defects found in the WGrgassen plant, inspections were called for in German installations. 

In the X-ray re-examination of welds in austenitic pipelines of the German boiling water reactor of 

Brunsbutte), a considerable number of defect indications were found. The presence of cracks was 

confirmed metallographically on weld samples cut out of the pipes. So far inspections in other German 

plants have not brought to light any such systematic symptoms. 

The cracks were judged, for the most part, to be manufacturing defects. There were also opinions 

expressed, claiming that cracks due to continuous operation (stress corrosion cracking) could not be 

excluded. At the time of writing, the investigations have not been completed yet. 
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The pipes affected are of medium dameter (DN100 up to DN 250) and are, in part, under reactor 

coolant pressure. Even a pipe's sudden cross rupture would be a design-basis accident and would not 

lead to any consequences for the environment. 

The Swiss BWRs do not make use of stabilized austenitic steels as does Brunsbuttel. Whether this 

kind of defect is specific to stabilized austenitic steel or Beery to be found in all austenitic steels, is 

debatable. Lacking reliable evidence, the later has to be assumed. Also unclear is the role of the 

operating environment, which is different for BWR and PWR. 

All Swiss NPPs have subsystems with austenitic pipes. With the Swiss BWRs the recirculation lines 

are particularly worth mentioning. They are regularly inspected for operationally induced cracks by 

ultrasonic testing though. Other austenitic welds have only been recurrently tested on a small scale. 

No indications of cracking have been found in these inspections so far. HSK therefore does not 

recognize the need for immediate action. However, HSK is critically reviewing the scope of the 

inspection programs and the methods applied. 

9.7 Requirements of the New Decree on Radiation Protection 

In 1990 the International Commission on Radiological Protection (ICRP) issued new recommendations 

on radiological protection (ICRP publication 60). In these recommendations small doses are given an 

about three times higher weight in the radiological risk evaluation. Lower dose limits for the 

occupationaily radiation exposed personnel are one consequence. The recent ICRP recommendations 

are planned to be taken into account in the new Decree (STRAVO). 

Correspondingly, the dose limit for occupationaily radiation exposed persons is intended to be lowered 

from the current 50 mSv/a to 20 mSv/a The specified limit is an average taken over five years. Thus 

the dose received in five years has to be smaller than 100 mSv, and the actual annual dose should 

never exceed 50 mSv in any one year. The nuclear power plant operators have already taken 

account of that fact. The measures taken were reported on in the previous annual reports on the 

Swiss nuclear installations, in the sections on radiation protection. In the past years the collective 

doses could thus be kept low. Furthermore the number of persons accumulating doses in excess of 

20 mSv/a was small (1990:13 persons; 1991 and 1992:14 persons in each year). 

When the STRAVO decree comes into effect, probably in early 1994, the nuclear power plant 

operators are therefore not expected to encounter particular problems in complying with the 

regulations on dose limits. 
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9.8 Earthquake Hazard to the Swiss Nuclear Power Plants 

In Switzerland all nuclear power plants are fitted with a seismic instrumentation. It consists of a 

free-field instrument, around 3 instruments placed inside the reactor containment building and an 

additional instrument located in another building. 

In 1992 a national strong-motion network (free-field network), comprising around 35 instruments, and 

a barrage network with 29 instruments were set up. 

On December 30,1992, an earthquake could be perceived, both acoustically and through tremors, 

mainly in the Cantons of Basle, Aargau, Zurich and Schaffhausen. This earthquake, with its epicenter 

at Wutdschingen, Germany, was a' magnitude Ml=4.2 and had an unusual focal depth of 22 km. It 

was recorded by 7 stations of the new national strong-motion network. The highest horizontal 

acceleration of 15 cnVs2 was registered by the Schaffhausen-Tauscherhalde station. 

Of the nuclear power plants, Leibstadt and Beznau are closest to the epicenter, at a horizontal 

distance of 15 km. In the nuclear power plants Beznau, Leibstadt and Gosgen the earthquake was 

just above the instruments' detection threshold. Since this threshold is one tenth or less of the 

operating basis earthquake (OBE), i.e. about one twentieth of the safe shutdown earthquake which 

serves as design basis for the safety relevant parts of an NPP, the Wutdschingen quake was 

negligibly weak for the nuclear power plants. Consequently no damage to the plants could be 

detected. 

9.9 Incident Assessment in Nuclear Installations 

The operators of the Swiss nuclear installations are required to report incidents to HSK according to 

the following classification (see also Table 3): 

Class B 

Incidents of slight safety relevance. They are being registered and evaluated to allow for an 

early detection of potential weaknesses. 

Class A 

Safety relevant incidents, bearing no or only small radiological impact on the environment. 

CI8MS 

Incidents representing a threat to plant, personnel or environment. 
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Instructjons for, and examples of incidents subject to registration are given in guidelines R-15 and 

R-25. The reporting threshold has been set very low intentionally to allow the supervisory authority to 

be informed in detail of occurrences in the installations. 

Reports of incidents in nuclear installations are witnessing increasing public interest and attention. For 

outsiders, however, an assessment of such incidents is difficult. Facing this problem, the International 

Atomic Energy Agency (IAEA) has introduced the International Nuclear Evert Scale (INES), a severity 

scale for nuclear power plant incidents, intended to express the safety relevance of events as a figure, 

similar to the magnitude or intensity of an earthquake. This scale does not replace the obligation to 

notify the authorities, but rather complements it. Switzerland has adopted IAEA's INES scale. In 

reference to this scale, the lowest notification class B generally corresponds to the INES level 0, i.e. to 

events of no safety relevance. 
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A P P E N D I X 

Table la: 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 
2X350MW 

PWR 
Westinghouse 

BBC 
4x228 MVA 
river water 
1969/1971 

KKM 
Muhleberg 

997 MW 
336 MW 
322 MW 

BWR 
GE 
BBC 

2x190 MVA 
river water 

1972 

KKG 
Gosgen 

3002 MW* 
990 MW 
940 MW 

PWR 
KWU 
KWU 

1140MVA 
cooling tower 

1979 

KKL 
Letbstadt 

3138 MW 
1045 MW 
990 MW 

BWR 
GE 

BBC 
1180 MVA 

cooling tower 
1984 

* after Jury 13,1992 

Table 1 b: 1992 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%PM) 

KKBI/II 

7916/7589 

2475/2374 

106.3/7.2 

83.1 / 77.8 
17/22.8 

80.9/77.6 

1 /1 
1 / 0 

2 / 0 

KKM 

7473.3 

2410 

2.22 

88.3 
11.4 

85.1 

0 
0 

5 

KKG 

23916.9 

7348.2 

154.5 

92.3 
7.8 

91.2 

0 
0 

1 

KKL 

24282.2 

7537.6 

0 

90.9 
8.9 

86.8 

0 
1 

1 
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Table2: Numbers for the licensed personnel of the Swiss nuclear power plants as ofendl992. 
In parentheses: 1991 values. 

Job title 

B operator 

A operator 

Shift supervisor and deputy 

Emergency & operating engineers 

Radation protection supervisor 

Radiation protection chief supervisor 

KKB l+ll 

19 (19) 

16(17) 

21 (20 

9 (8) 

6 (7) 

6 (5) 

KKM 

11 (11) 

8 (9) 

10(10) 

6 (6) 

5 (3) 

3 (3) 

KKG 

4 (3) 

17(17) 

15(16) 

12 (12) 

5 (5) 

4 (4) 

KKL 

10(11) 

8 (9) 

17 (14) 

10 (9) 

10(10) 

5 (4) 

Table 3: Reports of plant operators on particular incidents in 1992 
according to HSK guidelines R-15') and R-25. 
In parentheses: 1991 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 A35 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

class B4' 

4(3) 

4(4) 

2(3) 

3(1) 

2(6) 

0(0) 

0(0) 

0(0) 

0(0) 

radiological incidents 

class S25 

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) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

3(1) 

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) I ncidents representing a threat to the plant, its personnel or environment. 
3) Safety-relevant incidents with no or only minor off-site radiological impact. 
4) l ncidents 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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Table4: Overview of the radioactivity releases to the environment in 1992 
and calculated doses to single members of the public, 
(footnotes are given at the end of the table) 

Plant 

KKB1 

uod 

KKB2 

KKM 

KKG 

KKL 

Medium 

Wastewater 

(52000 m3) 

Waste air 

Wastewater 
(8178 m3) 

Waste air 

Wastewater 

(8294 m3) 

Waste air 

Wastewater 

(20164 m3) 

Waste air 

Type of discharges 

Nuclide mixture (without tritium)3) 

Tritium 

Noble gases4' 

Aerosols9 

(without 1-131. half lite >8 days) 

locJne-131* 

Carbon-M71 

Nuclide mixture (without tritium)3' 

Tritium 

Noble gases4' 

Aerosols4 

(without 1-131, half «te>* days) 

lodine-131* 

Carbon-H71 

Nuclide mixture (without tritium)3' 

Tritium 

Noble gases4' 

Aerosols" 

(without 1-131, half life>8 days) 

todine-131* 

Carbon-147) 

Nuclide mixture (without tritium)3' 

Tritium 

Noble gases4' 

Aerosols9' 

(without 1-131, halt tite>8 days) 
lodine-131" 

Carbon-147) 

Emission limits 
(according to reg.)1' 

Bo/year 

3.7E+11 

7.4E*13 

1,1E*15 

5.6E+09 

3.7E+09 

-

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 

1.2E+10 

7.2E+12 

3.0E+13 

4,1E-t06 

1.6E+07 

4.0E+10 

1.8E+09 

2.0E+11 

3.6E+12 

1.3E-t07 

2.1E+07 

2.0E+11 

3.4E+06 

1.2E+13 

4.5E+12 

6,7E+06 

<4,0E+O6 

1.0E+11 

1.7E+06 

9.5E+11 

1.9E+13 

19E+06 

6,8E-f06 

2.3E+11 

Calculated eHective equiva
lent doses21 

Adult 
Sv^ear 

2.8E-07 

<1E-06 

2.7E-07 

1.8E-06 

<1E-08 

1.1E-06 

3.3E-07 

1E-06 

<iE-oe 

1.2E-05 

<IEOB 

6.8E-07 

<1E-06 

1.2E-0B 

<iE-oe 

<iE-oe 

<1E-06 

6.8E-07 

<iE-oe 

<1E-OS 

2.7E-08 

<iE-oe 

4.1E-06 

1.2E-06 

Child 
Sv/year 

9.1E-08 

<iE-oe 

2.7E-07 

1.8E-08 

3.8E-08 

5.3E-06 

6.3E-08 

<1E-06 

<1E-06 

1.1E-05 

<iE-oe 

3.2E-06 

<IE-OB 

1,7E-08 

<iE-oe 

<iE-oe 

<1E-06 

3.2E-06 

<iE-oe 

<1E-08 

2.7E-0B 

<1E-0B 

2.8E-07 

5,6E-06 



continuation of Table 4: 

Plant 

PSI-

EAST 

PSI-
WEST 

Medium 

Waste water 

(13660 m3) 

Waste air 

Wastewater 

(37 m3) 

Waste ah 

Type ot discharges 

Nuclide mixture (without tritium)31 

Tritium 

NoMe gases/gases (Ar-41-equ.)4> 

0/f aerosols5' 

(without iodine, hail llle>8 days) 

a aerosols 

Iodine (l-131-equ.)*> 

TrWum" Nuclide mixture (without tritium)3' 

Tritium 

Noble gases/gases (Ar-41-equ.)4' 

fVy aerosols5' 

(w/o Iodine and Be-7. T,„>8 days) 

l>r aerosols5' 

( 8 hrs <ha« lite<8 days) 

kx*ne(l-131-aeq.)61 

TrHium8> 

Emission limits1' 

Bq/year 

2.0E+11 

2.0E+13 

Main 
stack 

I.OE+10 

3.0E+O8 

3.0E+10 

Waste 
burning 

4.0E+12 

1.0E+09 

5.0E+O7 

2.0E+O9 

4.0E+12 

Rest East I
!!!! 

.. 

Main 

stack 

2.0E+14 

2.0E+O8 

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 emtsstons1' 

Bq/year 

6.7E+08 

2.1E+11 

Main 
stack 

6.2E+09 

7.7E+10 

Waste 
burning 

1.6E+08 

8.9E+05 

1.1E+06 

5.3E+10 

Rest East 

1.4E+06 

2.0E+07 

7.0E+11 

2.3E+05 

2.6E+0B 

Main 

stack 

1.2E+13 

6.9E+05 

1.4E+08 

1.5E+09 

1.0E+10 

Double 

stack 

3.6E+11 

3.4E+05 

4,36+06 

B.6E+07 

4.3E+07 

Rest 

West 

3.1E+10 

3.3E+06 

1.1E+06 

5.9E+10 

Calculated effective equivalent doses21 

Adult CnlW 

Sv/year Sv/year 

<1E-08 

<1E-08 

Main 
slack 

2.0E-07 

<1E08 

Waste 
burning 

1.3E-06 

1.2E-07 

<1E-0B 

1.4E-08 

Rest East 

<1E0B 

1.3E-07 

2.9E-07 

<1E-08 

<1E-08 

Main 

stack 

6.6E-07 

r <1E08 

1.7E-07 

<1E-08 

Double 

stack 

3.1E-07 

<1E-08 

7.BE-08 

<1E-08 

Rest 

West 

8.5E-08 

<1E-08 

<1E-0B 

1.1E-07 

<1E08 

<1E-08 

Main 

stack 

1.3E-06 

<1E-0B 

Waste 
burning 

2.0E-06 

3.0E-07 

<1E-08 

4.2E-08 

Rest East 

<1E0B 

8.1E-07 

8,56-07 

<1E-08 

<1E-0B 

Main 

stack 

6.6E-07 

fl,7E-06 

7.2E-07 

<1E-08 

Double 

slack 

3.1E-07 

<1E-08 

3.6E-07 

<IE-08 

Rest 

West 

B.5E-06 

<1E-08 

<1E-08 

3.3E-07 
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Footnotes to table 4 

1) "Regulation on the release of radioactive materials torn nuclear pow«r plants. arxJ on oB-sitemontoring" or "Regulation 

on the release of radioactive materials and the surveillance in the environment of the Paul Soherrer Institute (PSI)" 

respectively. Emission limits have been fixed to keep off-site exposure of the critical populabcxi group below 200 •Sv/year. 

Radioactive emissions are monitored according to HSK regulaticfisandinstnjclions. Tf» accuracy of lite measurainent is 

approximately ± 50 %. 

For some substances and points of release tf» HSK abstained from fixing annual imiK due to their insignificant 

contribution to the dose. 

2) Calculated effective equivalent doses for persons living at the critical point under 1r» additional assumption tfra these 

persons eat food cxiry which rsg/own at the point are! dririkw 

carriage of the river Aare at Muhteberg 3,8-10* m3/year, at Gosgen 9,0 -10» m3/yoar, at WurenKngen (PSI) and at Beznau 

1,8 10'° m3/year and of the river Rhein at Leibstadt 3,3 -10«> m3/year). 

Doses smaller than 1,0E-OBSv- equivalent toa dose accumutated by natural radioactivity in a few minutes - are not 

repotted. 

3) UqukJolscharges of raJic«ctMtymF3oAear normalized to a ^ of 1 

4) CA«3.7E+05 Bq/m3-equivatents or Argon-41-equivalents for PSI respectively, calculated as a pondered summation of the 

emission of all the nuclides. For the calculation of the inKTX*siOT dose the shielding of house wals has rjeentaten into 

account The shielding (actor for a house has been assumed to be 0.2, the mean duration of stay in free air 40 firs. 

5) For te calculation c40» doses a httrrogeneou^ 

TTw contribution of tor^rvednudite to the Axe due to on the sod during previous years has 

been taken into account 

The contribution of short-lived nuclides with half Irte shorter ttian 8 days is negliojbte kx the NPPs For the PSI-VVest the 

extremely short-lived aerosotes may eventueHy contribute to the dose due to inhalation and immersion and to the dose 

resulting from irradiation from radioactivity deposited on the soil. With very ocnservatheasswnpltonorw 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-deposriBdaersois which have been unitorttona^ 

in 1966, whereas the dose originating from the release of aerosols in 1992 is negligible. Its magnitude is comparable to the 

dose of the other Swiss NPPs. 

6) lodine-131-equivalent calculated by a pondered summation of the release of all iodine nuclides. The pondering factor is the 

ratio between the ingeston-dose factor of the nuclide and the ingestton-dose factor of theiodine-131. 

The dose contribulion due to ingestion of iodine with vegetables and meat has been taken into account This results in an 

inaeasert the o ^ compared to irtgestkxiwrth mi* of a facto 

7) The releases of C-14 are based - with the exeption of theKKL (measured data) -c«i estimations of the HSK funded on 

measurements made temporarily in the plants during previous years. 

8) It is assumed that the tritum has been emitted in the form of trtrjaed water (HTO). 
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Table5a: Whole-body doses from external irradiation in 1992. Number of persons and average 
annual dose. (E = plant internal, F = external personnel; TL dosimeters used in all plants) 

OoMdotfltutiwi 

(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 
Ober 50.00 

Total persons 

Average per 
person (mSv) 

E 

188 
45 
81 
47 
1G 
4 
2 
2 

385 

2.80 

KKB M l 

F 

775 
114 
160 
104 
52 
5 
2 
2 
1 

1215 

2.10 

E+F 

963 
159 
241 
151 
68 
9 
4 
4 
1 

1600 

2.30 

E 

190 
20 
36 
34 
3 
1 

284 

1.70 

KKG 

F 

335 
44 
46 
28 
2 

455 

1.04 

E+F 

525 
64 
62 
62 

5 
1 

739 

1.29 

E 

212 
34 
59 
28 
3 
1 

337 

1.55 

KKL 

F 

803 
100 
137 
56 
6 

1102 

1.11 

E+F 

1015 
134 
196 
84 

9 
1 

1439 

1.21 

E 

125 
24 
52 
35 
4 
5 
2 

247 

2.68 

KKM 

F 

758 
92 

117 
60 
16 
13 
3 

1059 

1.45 

E+F 

883 
116 
169 
95 
20 
18 
5 

1306 

1.68 

Total NPP 

E F-) E+F') 

") 
715 2316 2978 
123 311 429 
228 436 664 
144 257 401 
26 78 104 
11 22 33 
4 5 9 
2 2 4 

1 1 

1253 3428 4623 

2.21 1.68 1.84 

Table 5b: Whole-body doses from external irradiation in1992. 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 
Uber 50.00 

Total persons 

Average per 
person (mSv) 

PSI 

998 
81 
57 
22 
3 
3 

1164 

0.64 

E P a 

(+) 

3 

3 

0.13 

LUCENS 

2 
2 
1 

5 

1.37 

Basel 
Univers. 

5 

5 

0.40 

Total 
Research 

1008 
83 
58 
22 
3 
3 

1177 

0.64 

Total 
NPP 

E->n 

2978 
429 
664 
401 
104 
33 
9 
4 
1 

4623 

1.84 

Total 
NPP + 

Research 

3925 
510 
720 
423 
107 
36 

9 
4 
1 

5735 

1.61 

(+) no delectable dose for the other personnel 

*) external personnel with a radiation dose from several nuclear power plants appears only once in these columns, with the sum of 

the doses from all the plants (403 parsons) 

**) internal personnel with a radiation dose from several nuclear power plants appears only once in these columns, with the sum of 

the doses from all the plant* (56 persons) 

***) PSI personnel with a radiation dose from several nuclear power plants, or NPP personnel with a radiation dose received at PSI, 

apfie^r arty once in these columns, with the sum of the doses from all the installations (56 persons) 

/ 
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Table 6a: Whole-body doses from external irradiation in 1992. 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 
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 
Ober 50.00 

TM.(maD-DiSv) 

Highest 

individual 

dose (mSv) 

E 

S5.7t, 

66.50 

279.00 

328.90 

200.70 

6720 

4450 

S2.70 

KKB 1 + II 

F E+F 

234.40 2S0.10 

16920 235.70 

527.00 806.00 

740.90 1069 JO 

637.00 837.70 

8820 155.40 

43.00 8750 

5650 10920 

3130 3120 

109520 252750 3622.70 

2720 3130 3130 

E 

43.00 

29.00 

125.00 

235.00 

36.00 

16.00 

464.00 

1620 

KKG 

F E+F E 

47.00 90.00 4431 

6600 95.00 4825 

151.00 276.00 19128 

188.00 423.00 186.40 

20.00 56.00 3638 

16.00 15.17 

KKL 

F 

161.43 

147.45 

44939 

388.14 

72.08 

E+F 

205.74 

195.70 

640.67 

57454 

108.46 

15.17 

472.00 956.00 521.79 1218.49 174028 

1012 1620 15.17 14.49 15.17 

E 

25 .83 

34.03 

183.96 

239.93 

4857 

8750 

42.65 

KKM 

F 

102.73 

129.86 

388.71 

428.44 

198.81 

219.61 

6235 

E+F 

12856 

163.89 

572.67 

66837 

24739 

307.11 

10559 

Total NPP 

E F*) E+P) 

") 
168.84 49S.17 66230 

177.78 460.49 63128 

77924 142654 2205.78 

99023 1830.78 2821.01 

321.65 958.17 127933 

185.87 38020 566.07 

87.15 10535 193.09 

52.70 5650 10920 

3130 3130 

662.47 1531.11 219358 276346 5749.10 850036 

21.79 2153 21.79 2720 3130 3130 

Table 6b: Whole-body doses from external irradiation in 1992. Annual collective doses in man-mSv 
(E = plant internal personnel, F - external personnel) 

Dose 
distribution 

(mSv) 

0.00- 1.00 
1.01 - 2.00 
Z01 - 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 
Ober 50.00 

Total (man-mSv) 

Highest 
individual 
dose (mSv) 

PS 

212.70 

116.40 

172.50 

156.90 

35.00 

51.50 

745.00 

17.36 

EPR 

(+) 

0.40 

0.40 

0.20 

tUCENS 

1.84 

224 
i76 

684 

2.76 

Basel 

Unrvers. 

2.00 

2.00 

0.70 

Total 

research 

216.94 

11864 

17526 

156.90 

35.00 

51.50 

754.24 

17.36 

Total 

NPP 
E+F-) 

662.80 

631.28 

2205.78 

2821.01 

1279.83 

566.07 

133.09 

10920 

31.30 

8500.36 

31.30 

Total 

NPP + 

research 

86624 

746.36 

2374.55 

2979.62 

1315.09 

61757 

193.09 

10920 

31 JO 

9233.02 

31.30 

(+) no detectable dose for the other personnel 
*) external personnel with a radiation dose from several nuclear power plants appears only once in these columns, with the sum of 

the doses Tom all the plants (403 persons) 
**) internal personnel with a radiaDon dose from several r.udear power plants appears only once in these columns, with the sum of 

the doses from all the plants (58 persons). Since the kited doses to the internal personnel may contain contributions from activi
ties at other installations (as external personnel there). 12.2 mSv have been subtracted from the values given in this column. 

"* ) PSI personnel with a radiation dose from several nuclear power plants, or NPP personnel with a radiation doee received at PSI, 
appear only once in these columns, with the sum of the doses from all the installations (56 persons). Since the listed doses to the 
internal personnel may contain contributions from activities at other installations (as external personnel there), 21 58 mSv have 
been subtracted from the values given in this column. 
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Tabte 7: Whole-body doses from external irradiation in 1992. Number of persons, grouped 
according to age and sex *). Ail NPP and PSI personnel, internal and external, 
considered (M = male, F = female) 

Dose 
distrib. 
(mSv) 

0.00- 1.00 
1.01 - 2.00 
2.01 - S.OO 
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 
Uber 50.00 

Total persons 

Average 
per person 

(mSv) 

Collect, dose 
(man-mSv) 

16-18 
years 

M F 

19 
1 
1 
0 
0 
0 
1 

22 0 

1.3 0.0 

29.1 0.0 

19-20 
years 

M F 

57 
4 
9 
4 
2 
1 

77 0 

1.5 0.0 

21-30 
years 

M F 

979 48 
138 1 
218 4 
100 
37 
8 
1 

1481 53 

1.7 0.5 

31-40 
years 

M f 

1058 32 
138 7 
194 3 
150 
29 
9 
2 
2 

1582 42 

1.7 0.6 

41-50 
years 

M F 

944 33 
123 2 
181 1 
121 
27 
13 
5 
2 
1 

1417 36 

1.8 0.3 

51-60 
years 

M F 

590 23 
83 2 
98 
44 
10 
5 

830 25 

1.3 0.3 

1129 0.0 2479.6 24.3 2757.7 26.1 2587.8 10.0 1073.9 6.5 

61-70 
years 

M F 

125 3 
9 

10 
4 
2 

150 3 

0.8 0.1 

116.2 0.2 

Age not 
specif. Total 
M F 

3 1 3915 
508 
719 
423 
107 
36 
9 
4 
1 

3 1 5722 

0.1 0.3 1.6 

0.2 0.3 9224.8 

*) external, internal am PSI personnel with a radiation dose oontributnn from several rwdear power plants appear only once in 
these columns, with the sum of the doses from an the plants (526 persons) (-33.78 mSv) 

Table 8: Hand doses from external irradiation in 1992: 
Number of persons (E-plant internal. F= external personnel) 

Dose 
distribution 

(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 

Uber 750.00 

Total Persons 

E 

19 

3 
1 

23 

KKB l+ll 

F E + F 

10 29 
1 4 

1 2 

12 35 

KKG 

E F E + F 

5 5 10 

1 2 3 
1 1 

6 B 14 

KKL 

E F E+F 

7 7 

1 1 

1 1 

9 9 

KKM 

E F E + F 

15 20 35 

1 5 6 
1 1 2 

17 26 43 

NPP total 

E F#) E+F*) 

39 42 81 

5 9 14 

2 4 6 

46 55 101 

PSI NPP tot. 
and PSI 

E+F-) 

115 196 

11 25 

10 16 

136 237 

*) external personnel with a radiation dose contribution from several nuclear power plants appears only once in these columns 
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Table 9: I ncorporations 1992: Number of persons **) 

(E = plant internal, F = external personnel) 

Percent 

i •") 

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. 

Nuclides 
with i>2% 

Med. exam. 

E 

124 

124 

456 

KKB l+ll 

F E+F 

420 544 

420 544 

456 

E 

1 

1 

280 

KKG+) KKL KKM Total NPP PSI 

F E+F E F E+F E F E+F E F*) E+F*) 

1 2 343 980 1323 247 1059 1306 715 2460 3175 526 

1 

1 

1 1 1 1 

1 2 343 981 1324 247 1059 1306 715 2461 3176 836 

Cr>60 M31 
1-125 
Pu-239 

280 295 295 247 83 130 1278 83 1361 812 

Total 
NPP+PSI 

E+F-) 

3701 

1 

1 

1 

3704 

1-131 
1-125 

Pu-239 

2173 

*) external personnel with a radiation dose contribution from several nuclear power plants appears only once 

**) of multiple check* of the same person during one calender year, only one check has been entered 

***) percent; is the annual incorporation expressed as a fraction (in percent) of the highest vaJue permissible under SSVO, annex 7 
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Table 10a: Number of persons (plant internal personnel)*) with life doses, accumulated at work, 
falling, at the end of 1992, into the follwing dose ranges: 

Dose distribution 
(mSv) 

0.00- 50.00 
50.01 -100.00 

100.01-150.00 
150.01 -200.00 
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 

KKB I + II 

163 
56 
38 
32 
31 
26 
15 
7 
9 
3 
4 

1 

385 

KKG 

226 
28 
17 
9 
3 
1 

284 

KKL 

302 
26 
6 
1 

2 

337 

KKM 

139 
20 
25 
26 
14 
8 
1 
6 
6 
2 

247 

Plants 
Total 

830 
130 
86 
68 
48 
37 
16 
13 
15 
5 
4 

1 

1253 

PSI 

1060 
57 
18 
18 
6 
2 
2 
1 

1164 

Plants 
and PSI 

1890 
187 
104 
86 
54 
39 
18 
14 
15 
5 
4 

1 

2417 

*) including persons parting with the covered group in the course 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 1992, into the follwing dose ranges 
>200mSv*): 

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 

2 
2 

1 

5 

41-50 
years 

25 
16 
7 
4 
10 
2 
2 

66 

51-60 
years 

23 
12 
9 
10 
3 
2 
2 

1 

62 

61-70 > ' 70 Total 
years years 

4 
9 
2 

2 

17 

54 
39 
18 
14 
15 
5 
4 

1 

150 

*) including persons parting with the covered group in the course of the calendar year 
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Tablell: Nagra's exploratory drillings: status quo as of endl 992 

Exploration of SMA repository 

Site 

Bois de la Glaive (VD) 

Oberbauenstock (UR) 

Piz Pian Grand (GR) 

Weflenberg (NW) 

State of work 

exploratory borings completed; 
geophysical investigations ongoing 

operations of the first phase 
(without gallery) completed 

operations of the first phase 
(without gallery) completed 

last exploratory boring dose to be completed; other 
operations of the first phase (without gallery) completed 

Exploration of HAA/LMA repository 

Site 

drillings into crystalline basement: 

Bottstein (AG) 

Weiach (ZH) 

Riniken (AG) 

Schafisheim (AG) 

Kaisten (AG) 

Leuggern (AG) 

SiWingen (SH) 

State of work 

\ 

1 
| all work completed; 

> long-term observations ongoing; 

| drilling sites recurtivated 

1 
/ 

i \ «. « 
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Table12: List of the HSK guidelines and recommendations (as of end 1992) 

Guideline 

R-004* 

R-004 

R-005* 

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 

Aufsichtsverfanren beim Bau von Kemkraftwerken. 
Projektierung von Bauwerken 

Supervisory procedures governing the construction of nuclear power 
plants: Mechanical equipment 

Aufsichtsverfahren beim Bau von Kemkraftwerken; 
mechantsche Ausrustungen 

Safety classification and construction regulations concerning 
equipment of fight water reactor based nuclear power plants 

SicherheHstechnische Klassierung und Bauvorschriften fur 
Ausrustungen in Kemkraftwerken mit Leichtwasserreaktoren 

Guideline for radiation protection zones in nuclear installations 

Richtlinie fur Strahlenschutzzonen in Kemanlagen 

Directives concemant la zone de radioprotection dans les 
installations nucleates 

Safer; of buildings for nuclear installations: Federal supervisory 
proceo jres for the construction 

Sicherheit der Bauwerke fur Kemanlagen, PrQfveriahren des 
Bundes fur die Bauausfuhrung 

Targets of the protection of persons from ionising radiations in the 
area of nuclear power plants 

Zele fur den Schutz von Personen vor ionisierender Strahlung im 
Bereich von Kemkraftwerken 

Objectifs de la protection des personnes contre tes radiations 
ionisantes dans la zone dlnfluence des centrales nucleases 

Dosimetry for the occupationally radiation exposed personnel of 
nuclear installations 

Erfassung der Dosen des beruflich strahlenexponierten Personals 
von Kemanlagen 

Konditionierung, Verpackung und Zwischenlagerung radioaktiver 
Abfaile 

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 

Jury 1977 

July 1977 

May 1976 

May 1976 

May 1980 

May 1980 

Jury 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 Kemkraftwerken 

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 Sirenermetze in der Zone 2 fur das 
Alarmsystem in der Umgebung der Kernkraftwerke 

La planification 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 Kernkraftwerke 

Safety targets for the ultimate radwaste disposal 

Schutzziele fur die Endlagerung radioaktiver Abfalle 

Objectifs de protection pour le stockage ultime des dechets 
radioactifs 

Revisions, testing, replacement, repair and modification of electrical 
equipment in nuclear installations 

Revisionen, Prufungen, Ersatz, Reparaturen und Anderungen an 
elektr ischen Ausrustungen in Kernanlagen 

Reporting of the nuclear installations of the Swiss Confederation, of 
the Cantons, of PSI and the closed-down experimental reactor of 
Lucens 

Berichterstattung der Kernanlagen des Bundes, der Kantone, des 
PSI sowie des stillgelegten Versuchsatomkraftwerks Lucens 

Notification relative aux installations nucleaires de la Confederation 
et des Cantons, a I'lnstitut Paul Scherrer ainsi qu'a la centrale 
nucleaire experimentale desaffectee de Lucens. 

Selection, training and examination of NPP staff needing a license 

Auswahl, Ausbildung und Prufung des lizenzpflichtigen 
Setriebspersonals von Kemkraftwer ken 

Supervisory procedures for construction and operation of nuclear 
installations 

Aufsichtsverfahren beim Bau und Betrieb von Kernanlagen 

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-',03* 

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- KbntroUeure und -
Chefkontrolleure; Prufungsordnung 

Interpretation of the term 'derived standard value for surface 
contamination" 

Interpretation des Begriffs "abgeteiteter Richtwert fur 
Oberflachenkontamination" 

Registration of radiation sources and material testers on a nuclear 
site 

Erfassung der Strahlenquellen und Werkstoffprufer im 
Kernanlagenareal 

Filtered containment venting for light water reactors: design 
requirements 

Gefilterte Druckentlastung fur den Sicherheitsbehalter von 
Leichtwasserreaktoren, Anforderungen fur die Auslegung 

Zustandigkeiten fur die Entscheide uber besondere Massnahmen 
bei einem schweren Unfall in einer Kernanlage 

Responsibility for decisions to implement certain measures to 
mitigate the consequences of a severe accident at a Nuclear Power 
Plant 

Nuclear power plant conditions 

Anlagezustande 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 sicherheitsrefevanten 
Ausrustungen in Kernkraftwerken gegen die Folgen von 
Flugzeugabsturz 

Design Criteria for the Protection of Safety Equipment in NPP 
against the Consequences of Airplane Crash 

Plant internal measures against severe accidents 

Anlageinterne Massnahmen gegen schwere Unfalle 

Empfehlungen fur die Planung und Durchf uhrung von 
NotfaJlubungen in den schweizerischen Kernkraftwerken 

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 



-A15-

Guideline 

E-004* 

E-004 

Title of Guideline 

Control centers and emergency centers of NPP: Requirements on 
design and equipment for accident management 

Steuersteilen und Notfallraume von KKW: Anforderungen betr. 
Ausfuhrungen 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 13: International Nuclear Event Scale (INES) 

A new international scale tor 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 tdllowing 
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 radiologically 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 radiologicaffy 
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 radiologically 
equivalent to the order of hundreds to thousands of 
terabecquerels of iodine-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 



-A17-

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 millisievert. 

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 properly 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 1: Functioning Diagram of a pressurized water reactor 
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Figure2: Functioning diagram of a boiling water reactor 
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Figure 3: Classified incidents, subject to registration, 1980 - 1992 
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Figure 4: Reactor scrams 1980 - 1992 
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Figure 5: Fuel rod defects (number of rods) 1979 - 1992 
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Flgur 6: Annual collective doses (man.Sv / a ) In the nuclear power plants 1980 - 1992 
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Fig. 7: Annual collective doses (man.Sv/a) in Swiss nuclear installations, 
from 1969 to 1992 (plant internal and external personnel) 
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List of abbreviations used 

AGT Abfaltgebindetyp (waste package type) 

ANIS Anlage-lnformationssystem (plant information system) 

ANPA Anlageparameter (plant parameter) 

APRM Average Power Range Monitor 

AURA AnJage zur Aufbereitung radioakt. Abwasser im KKB (NPP radioactive waste water 

treatment facility) 

BAG Bundesamt fur Gesundheit (Swiss Federal Office of Public Health) 

BKW Bernische Kraftwt. ke AG 

Bq Bequerel = activity unit (1 Bq = 2.7-10"11 Ci) 

BZL Bundeszwischeniager (Swiss federal interim storage facility) 

CDS Containment Druckentlastungssystem (containment venting system) 

DSFS Drywell-Spruh- und Flutsystem (containment spray and flood system) 

DSK Deutsch-Schweizerische Kommission fur die Sicherheit kemtechnischer Anlagen 

(Germane-Swiss Nuclear Safety Commission) 

DWR DruckwasserreaktOf (pressurized water reactor) 

EDM-Technik Erweitertes Dynamisches Magnetkernsystem (extended dynamic magnetic core 

system) 

EPFL Ecole polytechnique federate de Lausanne (Swiss Federal Institute of Technology of 

Lausanne) 

HAA Hochaktive Abfalle (high-level waste) 

HSK Hauptabteilung fur die Sicherheit der Kernaniagen, Wurenlingen (Swiss Federal 

Nuclear Safety Inspectorate, Wurenlingen) 

HTL Hohere Technische Lehranstalt (Institute of Technology) 

HTR Hochtemperaturreaktor (high-temperature reactor) 

IAEA International Atomic Energy Agency 

ICRP International Commission for Radiological Protection 

IGA Institut de genie atomique, EPFL 

INES The International Nuclear Event Scale 

IP Isotopenproduktion (isotope production) 

KKB Kernkraftwerk Beznau (Nuclear Power Plant Beznau) 

KKG Kernkraftwerk Gosgen (Nuclear Power Plant Gosgen) 

KKL Kernkraftwerk Leibstadt (Nuclear Power Plant Leibstadt) 

KKM Kernkraftwerk Muhleberg (Nuclear Power Plant Muhleberg) 

KNE Kommission Nukleare Entsorgung (Commision for Nuclear Waste Disposal) 

KSA Eidg. Kommission fur die Sicherheit von Kernaniagen (Swiss Federal Commission for 

Safety 01 Nuclear Installations) 

KUeR Eidg. Kommission zur Uberwachung der Radioaktivitat (Swiss Federal Commission 

for Radioactivity Surveillance) 

LMA Langlebige mittelaktrve Abfalle (long-lived medium-level waste) 

LWR Leichtwasser reaktor (light water reactor) 
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MADUK Messnetz zur autom. Dosisleistungsmessung in der Umgebung der KKW (Monitoring 

network for the automatic dose rate measurement in the NPPs' vicinitiy) 

man-Sv man-Sievert = collective dose unit (1 man-Sv = 100 man-rem) 

manmSv 1/1000 of 1 man-Sievert 

MG-Set motor generator set 

MIF-Abfalle Abfalle aus Medizin, Industrie und Forschung (radwaste originating in medicine, 

industry or research) 

MW Megawatt = 106 Watt, power unit 

MWe Megawatt electrical power 

MWth Megawatt thermal power 

NADAM Netz fur automatischen Dosis-Alarm und Messung (network tor automatic dose alarm 

and monitoring) 

NAGRA Nationale Genossenschaft fur die Lagerung radioaktiver Abfalle (National Cooperative 

for the Storage of Radioactive Waste) 

NANO Notstandsystem und verbesserte Stromversorgung, KKB (emergency standby system 

and improved power supply) 

N AZ Nationale Alarmzentrale (national emergency operations center) 

NOK Nordostschweizerische Kraftwerke AG 

NW Nidwalden (Canton) 

OECD Organization of Economic Cooperation and Development 

PET Positronen Emissions Tomographic (positron emission tomography) 

PSI Paul Scherrer Institut, Wurenlingen und vllligen 

QS Qualitatssicherung (quality assurance) 

RCIC Reactor Core Isolation Cooling System 

REFUNA Regionales Fernwarmenetz (regional heat supply system of the lower Aare valley) 

RDB Reaktordruckbeharter (reactor pressure vessel) 

SAA Schwachaktive Abfalle (low-level waste) 

SINQ Schweizerische Intensiv-Neutronenquelle (PSI, Villigen) (Swiss intense neutron 

source) 

SMA Schweizerische Meteologische Anstatt (Swiss Meteorological Institute) 

STRAVO Strahlenschutzverordnunc, (Decree on radiation protection) 

SUSAN Spezielles unabnangiges System zur Abfuhr der Nachzerfallswarme, KKM (special 

independent system for the decay heat removal) 

SUVA Schweizerische Unfall-Versicherungsanstalt (Swiss National Accident Insurance 

Fund) 

Sv Sievert = equivalent dose unit (1 Sv = 100 rem) 

SWR Siedewasserreaktor (boiling water reactor) 

USNRC United States Nuclear Regulatory Commission 

VD Waadt (Canton) 

ZWIBEZ ZwischerJager fur radioaktive Abfalle im KKB (interim radwaste storage facility, KKB) 

ZWI LAG Zwischenlager Wurenlingen AG (Interim Storage Facility Wurenlingen) 

ZZL Zentrales Zwischenlager Wurenlingen (central interim storage facility, Wurenlingen) 


