
•US K -AM- "
CH0000035

Annual report 1999
concerning the nuclear safety and radiological protection
in the Swiss nuclear installations

&

3 1 / 3

Hauptabteilung fur die Sicherheit
der Kernanlagen

Division principale de la Securite
des Installations Nucleates

Divisione principale della Sicurezza
degli Impianti IMucleari

Swiss Federal Nuclear Safety Inspectorate



Impressum
HSK Annual Report 1999

Publisher
Swiss Federal Nuclear Safety Inspectorate (HSK)
CH-5232Villigen-HSK, Switzerland
Telephone: ++41(0)56 310 38 11
Telefax: ++41 (0)56 310 39 95
and ++41(0)56 310 39 07

Obtainable from:
Swiss Federal Nuclear Safety Inspectorate (HSK)
Information Service
CH-5232Villigen-HSK, Switzerland
or per E-mail

lnfodienst@hsk.psi.ch

Translations
Also available in German and French
The contents of the German version are binding

This document can be also obtained via
www.hsk.psi.ch

In addition to this annual report, the HSK provides
information about further tasks in its areas of responsibil-
ity and supervision in a separate publication

© HSK, March 2000

HSK-AN-3714
KSA-AN-2105

Frontispiece
A transport cask for depleted fuel assem-
blies is being charged.The approximately
4 metre long assembly is being carefully
lowered into the remaining free place.



Content

Preface 4 and 5

Summary to the annual report 7

Organisation Chart 10

1. Beznau Nuclear Power Plant 11

1.1 Operational data and results 11
1.2 Plant safety 11
1.3 Radiation protection 14
1.4 Personnel and organisation 16
1.5 Emergency preparedness 16
1.6 Radioactive waste 16
1.7 Overall judgement by the Inspectorate 17

2. Miihleberg Nuclear Power Plant 19

2.1 Operational data and results 19
2.2 Plant safety 19
2.3 Radiation protection 21
2.4 Personnel and organisation 23
2.5 Emergency preparedness 23
2.6 Radioactive waste 23
2.7 Overall judgement by the Inspectorate 24

3. Gosgen Nuclear Power Plant 25

3.1 Operational data and results 25
3.2 Plant safety 25
3.3 Radiation protection 28
3.4 Personnel and organisation 29
3.5 Emergency preparedness 29
3.6 Radioactive waste 29
3.7 Overall judgement by the Inspectorate 30

4. Leibstadt Nuclear Power Plant 31

4.1 Operational data and results 31
4.2 Plant safety 31
4.3 Radiation protection 34
4.4 Personnel and organisation 35
4.5 Emergency preparedness 36
4.6 Radioactive waste 36
4.7 Overall judgement by the Inspectorate 36

5. Central Interim Storage, Wurenlingen 37

5.1 Supervision of construction 37
5.2 Review for operational licensing of the waste treatment plants 37
5.3 Waste from reprocessing 38
5.4 Procurement of transport and storage casks 38

Content

HSK Annual report 1999



6. Paul Scherrer Institute (PSI) 39

6.1 The PSI in Villigen and Wurenlingen 39
6.2 Research reactors 39
6.3 Hot Laboratory 40
6.4 Accelerator, proton-beam channels and experimental areas 40
6.5 Treatment of radioactive waste 42
6.6 Storage of radioactive waste 43
6.7 Emergency preparedness 44
6.8 Particular events 44
6.9 Radiation protection 45
6.10 Personnel and organisation 45
6.11 Overall judgement 45

7. Other Nuclear Installations 47

7.1 Ecole Polytechnique Federale de Lausanne (EPFL) 47
7.2 University of Basle 47
73 Experimental reactor at Lucens (VAKL) 47

8.Transport of Radioactive Materials 49

8.1 Approvals according to legislation for the transport of hazardous materials 49
8.2 Authorisations according to radiation protection legislation 49
8.3 Authorisations according to atomic legislation 49
8.4Transport of spent fuel 50
8.5 Inspections and audits 52
8.6 Training and information 52

9. Disposal of radioactive waste 53

9.1 Wellenberg repository 53
9.2 Repository for high-level waste: preparatory measures 53

10. Instructive events in foreign nuclear installations 55

10.1 Accident in the nuclear-fuel factory atTokai Mura, Japan 55
10.2 Leak in the turbine condenser of a boiling water reactor with unavailability of the

main-steam isolation 55
10.3 Leak in the recuperative heat exchanger of the volume-control system at a

pressurised water reactor 56
10.4 Cleaning process for steam generators causes erosion attack on the U-tubes in a •

presurised water reactor 56

11. Assessment of Events in Nuclear Installations 57

11.1 The Inspectorate s guidelines for the notification of events 57
11.2 International Nuclear Event Scale, INES 57

Appendix A 59

Appendix B 89

List of Abbreviations 97

Content |

HSK Annual report 1999



Preface

Once again in 1999, the Swiss
nuclear power plants were op-
erated safely. The Inspectorate
was able to confirm this satis-
factory result on the basis of
its intensive and independent su-
pervisory work. In contrast, two
events, which took place abroad,
were very disturbing:

- Falsification of quality-assurance documentation
in a nuclear-fuel factory at Sellafield (Great Britain,
September 1999).

- Accident involving criticality in a nuclear-fuel factory
atTokai Mura (Japan, October 1999).

Both events demonstrate that safety culture can suf-
fer, or disappear, even in highly-developed countries.
This warning must be taken seriously, in particular
at a time when pressure to cut costs may weaken
safety motivation.

To date, at an international level, the most impor-
tant instrument to remind those countries with a nu-
clear programme of their extensive responsibilities is
completion of an agreement on the safety of nuclear
installations ("Convention on Nuclear Safety"). In
April 1999, the International Atomic Energy Organisa-
tion (IAEO) organised a first meeting of those coun-
tries, which have signed and ratified this convention,
in Vienna. In the course of this, the reports from each
country were examined by six other countries. Nu-
clear safety in Switzerland made a good, serious, and
solid impression. Nevertheless, improvements are
also possible in Switzerland. This had already been
made clear to us in December 1998, when the In-
spectorate was checked by an International Regula-
tory Review Team (IRRT), who showed us where ef-
ficiency and effectiveness could be further increased,

particularly in the area of inspections and quality
management. Important progress has been made in
1999 in this respect. The Inspectorate has become
more aware that it is not just a scientific reviewer,
but also a regulatory authority. This conversion has
involved much growth, in a qualitative sense, and an
increase in the awareness of responsibility.

Particular highpoints in 1999 were finalisation of
the Inspectorate's expertise on approval for commis-
sioning of the ZWILAG waste-conditioning installa-
tions, and completion of the periodic safety review
for the Gosgen nuclear power plant (KKG). A further
milestone involved resumption, after various improve-
ments, of the shipment of spent fuel assemblies,
which had been suspended for approximately 18
months. Countless intermediate steps and, in total,
several man-years of intensive work are necessary
before such decisions can be reached. It is also wor-
thy of mention that the date change from 1999 to
2000 was mastered without difficulty, thanks to in-
tensive preparation by the nuclear installations and
by the Inspectorate.

Looking back at almost five years spent as Direc-
tor of the Inspectorate, I am proud to be able to
hand over to my successor, Wolfgang Jeschki, an
organisation which has become noticeably stronger,
more independent, more efficient and effective, and
also more transparent. This growth was necessary in
order to deal with the considerable challenges pre-
sented by de-regulation of the electricity-supply mar-
ket. I wish Director Woifang Jeschki much success
and as few problems as possible.

S. Pretre
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Preface

As the new Director, ! have
to ask myself how safe the
Swiss nuclear power plants
are. I regard the Inspector-
ate as a custodian for the
public: we check whether the
nuclear installations are oper-
ated according to the official
regulations, and according to
the valid status of safety tech-
nology.

In looking back over the last few operating years of
the Swiss nuclear power plants, it becomes clear
that the safety record is very good. Operation of
Beznau 1 and 2, Gosgen, Muhleberg and Leibstadt
was carried out without any disruptions, which would
have called into question the safety of the plants.
Investment in the plants occurs on a continuous ba-
sis, both to raise operational availability and to in-
crease safety. Some examples for this, worthy of
particular mention, are the replacement of the steam
generators at Beznau 2, the installation of a third,
pool-cooling system in Gosgen, and the replacement
of the instrumentation and control equipment at Bez-
nau by a modern, digital system. The operating per-
sonnel in the plants is well-qualified, continuously
undergoes further training, and is strongly motivated
to operate the installations safely. Three plants (Bez-
nau, Gosgen and Leibstadt) were each examined
in detail by an international team (OSART - Opera-
tional Safety Review Team) under the auspices of
the International Atomic Energy Agency (IAEA). In
each case, the teams were impressed with the high
safety standards at the plant. Nevertheless, they also
provided recommendations for ways in which the
operational management can be further improved
with regard to safety. These recommendations have
been, and continue to be, put into practice.

Can I therefore approach my present job in a com-
placent way? The answer here is clearly no. Why is
this? The first reason involves de-regulation of the
electricity-supply market. This means that the pro-
ducer will receive less money for each kilowatt-hour
he produces. He will attempt to compensate for the
loss in earnings by cutting costs. However, cost-cut-
ting measures must not be allowed to result in a

loss of safety margins for operation of the nuclear
power plants. Thus each cost-cutting measure must
be examined by the plant operator for possible nega-
tive effects on safety. The Inspectorate will monitor
the results of these examinations very closely and
will take care to ensure that the present, high safety
standards are retained.

"We are committed to the goal of ensuring that the nu-
clear power plants do not represent any danger to the
public, the environment, and their operating personnel,
and to making sure that all official regulations are ob-
served".

The accident in the Japanese nuclear facility of Tokai
Mura, and the incidents in connection with the pro-
duction of MOX nuclear-fuel assemblies at Sellafield,
England, also caused me much concern. In particular,
human error was involved in two countries which
are recognised to have high industrial standards. Pro-
cedural specifications were altered without permis-
sion, required inspections were not carried out, and
inadequately trained personnel were used for tasks
involving heavy responsibilities. Are we immune to
such failings in Switzerland? Certainly not! The man-
agement of the nuclear power plants, and we at the
Inspectorate, must be continually vigilant, in order
to detect any signs of operational negligence at the
earliest opportunity, and to ensure that it does not
occur.

I am fully aware of the challenging and responsible
tasks, with which I and my staff have been entrusted.
We are committed to the goal of ensuring that the
nuclear power plants do not represent any danger
to the public, the environment, and their operating
personnel, and to making sure that all official regula-
tions are observed.

W. Jeschki

NEXT PAGE(S)
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Summary to the annual
report

General aspects of the Inspectorate's
work
The Swiss Federal Nuclear Safety Inspectorate (HSK),
hereafter called the Inspectorate, appraises and regu-
lates the Swiss nuclear installations. It assesses the
nuclear safety and the radiation protection in these
plants. Through inspections, and through reports re-
ceived from the operators, the Inspectorate obtains
a comprehensive picture of their technical condition
with regard to safety, as well as of their adherence
to prescribed procedures and of their operational
management.

The Inspectorate prepares guidelines, which are of
a directional nature for the plant operators. Together
with other federal agencies, further regulatory docu-
ments concerning the use of nuclear power, nuclear
installations, nuclear safety and radiation protection
are prepared or updated, as necessary.
The Inspectorate writes expert reports for the atten-
tion of the Federal Council, which is the official body
responsible for licensing approvals, on applications
from the operators of nuclear installations. These
reports are used by the licensing body as a basis for
reaching its decisions.

The Inspectorate maintains its own emergency or-
ganisation, which goes into action in the case of dis-
ruptions in the Swiss nuclear installations. It is a part
of a nation-wide emergency organisation.
The Inspectorate provides information, both during
normal operation and also in the case of incidents
in Swiss nuclear installations, on aspects of nuclear
safety and radiation protection, as well as on its own
activities. It aims to inform the media and the public
competently, rapidly, transparently and in an expert
manner.

Regulatory activity
Regulation of the Swiss nuclear power plants of Bez-
nau, Gosgen, Leibstadt and Muhleberg, as well as
the nuclear installations of the Paul Scherrer Institute
(PS1), was once again in the forefront of the Inspec-
torate's activity in 1999. In addition, the transporta-
tion of radioactive materials (spent fuel assemblies,
in particular) was intensively supervised.
The main regulatory pronouncements, explanations
and appraisals regarding the nuclear power plants
are to be found in Chapters 1 to 4 of the present an-
nual report. Chapter 5 deals with the central interim
storage facility (ZWILAG), which will go into opera-
tion in 2000. Chapters 6 and 7 report on regulatory
supervision of the Paul Scherrer Institute (PSI) and

the research reactors at the universities. Chapter 8
deals with the transportation of radioactive materi-
als, in particular with shipments of spent fuel assem-
blies.
How do human beings behave, who operate machin-
ery and plant over many months and years? How do
they think, feel and act? These aspects, collectively
known by the term "the human factor',' are also in-
cluded by the Inspectorate in its regulatory activities
and assessments. Such factors, and the training of
specialist personnel, are dealt with in Sections 1.4
to 4.4 ("Personnel and organisation").

Overall judgement on the nuclear power
plants
The Inspectorate describes its overall judgement on
the state and operation of the nuclear power plants
(Beznau, Muhleberg Gosgen and Leibstadt) at the
end of Chapters 1 to 4, and of PSI at the end of
Chapter 6. In general, the Inspectorate concludes
that the condition and operational management of
all Swiss nuclear power plants, and of PSI, is good
with regard to nuclear safety and radiation protection.
The values for yearly collective doses are low in all
nuclear power plants, and at PSI.This is due to care-
ful planing of work in radiation fields, as well as to
the adoption of radiological shielding measures.

Expert reports
The plant operators must submit applications, with
accompanying safety documentation, for planned
projects, such as, e.g., commissioning of an incinera-
tion furnace at the central interim storage facility for
radioactive waste inWurenlingen (ZZL).The Inspec-
torate examines these applications, and prepares ex-
pert reports of a technical/scientific nature on them.
In this work, the Inspectorate adheres to national
codes and to the established status of science and
technology. These expert reports of the Inspector-
ate serve the Federal Council as the basis for its de-
cisions upon the granting of licences according to
Swiss Atomic Law.
During the year under review, the Inspectorate com-
pleted its expert report on operation of the condi-
tioning plant, as well as the incineration and melting
plant, at the central interim storage facility (see Chap-
ter 5). This expertise was submitted to the Swiss
Federal Office of Energy (SFOE) in August 1999 and
later made available for public inspection (from Sep-
tember 21 to November 20, 1999), together with
the assessment of the Swiss Federal Nuclear Safety

Summary

HSK Annual report 1999



Commission (KSA) and the documents relating to
the original licence application. The Federal Council
granted approval for operation of the plants at the
beginning of March 2000.

Periodic safety inspections
An overall assessment of safety is carried out peri-
odically for the Swiss nuclear power plants. Such
safety inspections are an addition to the permanent
supervisory activities of the Inspectorate.The main
points of the inspection are to provide comparisons
with the established, international status of science
and technology, to perform a systematic assessment
of operational experience and plant condition, and to
examine and incorporate the results from the proba-
bilistic safety analysis, which is regularly updated.
The Inspectorate completed its report on the periodic
safety inspection for the Gosgen nuclear plant (KKG)
at the end of 1999. The inspection confirmed that
the technical precautions with regard to safety are at
a high level in the Gosgen plant. Nevertheless, the
Inspectorate determined that some deviations from
the current status of science and technology exist.
KKG took the initiative in introducing improvements.
In some cases, the Inspectorate required that further
measures be taken. Chapter 3 (KKG) contains a re-
port on this.

Codes and assessment criteria
The Inspectorate's guidelines are the criteria used
to assess the activities and projects of the operators
of Swiss nuclear installations. They lay down what is
required from the operators, and what the Inspector-
ate expects of them. The guidelines are intended to
provide a sound basis in law.
During the year under review, the Inspectorate re-
vised several of its guidelines, in order to adapt them
to the latest conditions and requirements. In addition,
it prepared new guidelines, or is in the process of
doing so.

Convention on nuclear safety
As a member state of the International Atomic En-
ergy Agency (IAEA), Switzerland signed the so-called

"Convention on Nuclear Safety" in 1995 and ratified
it in 1996. The signatory states undertook to provide
to the IAEA by Autumn 1998, for distribution to
the countries involved, a country-specific, status re-
port on the situation with regard to nuclear safety
and on the extent to which internationally required
standards had been adopted. The individual reports
were studied, clarified and reviewed within working
groups of countries. In April 1999, a final conference
was held in Vienna, at which representatives of the in-
dividual countries commented on their reports. Swit-
zerland was represented by staff from the SFOE and
the Inspectorate. It became clear that the interna-
tionally standardised requirements with regard to
nuclear safety have already been adopted, to a large
extent, within Switzerland.

Transportation of radioactive materials
Transportation of radioactive materials within Swit-
zerland, and to and from other countries, is based on
international legislation for the transport of hazard-
ous materials (ADR/RID). In general, the recommen-
dations of the International Atomic Energy Agency
(IAEA) apply.
In its expertise of March 1999, the Inspectorate con-
cluded that the measures it had required would lead
to a clear reduction, in future, in the frequency and ex-
tent of contamination during transportation of spent
fuel assemblies. Based on the Inspectorate's exper-
tise, the SFOE again issued an approval, after a sus-
pension of over one year, for the shipment of spent
fuel assemblies from the Gosgen nuclear power
plant. In the course of a press conference held at
Gosgen, the media were given the opportunity to
obtain comprehensive information on the measures
concerned, the preparatory work, and the execution
of this transport shipment.

In all, four such shipments were carried out from
Swiss nuclear power plants up to the end of 1999:
three from Gosgen and one from Beznau. All four
transport shipments were executed without the oc-
currence of contamination. The Inspectorate super-
vised intensively the handling, loading and cleaning
of the containers, as well as the way in which trans-
portation was carried out and adherence to the pre-
scribed measures.
The Inspectorate reports in detail on the transporta-
tion of radioactive materials in Chapter 8 of this an-
nual report.

Preparatory measures for final storage
The project for disposal of low and intermediate
level radioactive wastes at Wellenberg in the can-
ton of Nidwalden was revised by the project appli-
cant ("Genossenschaft fur die Nukleare Entsorgung
Wellenberg'; GNW), who presented details for the
modified repository to the general public. In June
1999, the expert working group on concepts for
the disposal of radioactive waste (EKRA) was es-
tablished by the Federal Ministry for Environment,
Transport, Energy and Communication (UVEK), with
the goal of comparing different disposal concepts
and providing recommendations to the UVEK. It pre-
sented its report in February 2000 and came to the
conclusion that, on the basis of existing knowledge,
the Wellenberg site fulfils the requirements both for
a final repository, and for the concept, proposed by
the group, of monitored, long-term, geological stor-
age

Work was continued on proof of the feasibility for
disposal of high-level and long-lived, intermediate
level waste. The main focus of activity concerned
exploration of the host rock formation of opalinus
clay, whereby NAGRA sunk an exploratory borehole
at Benken in the Zurich Weinland area (see Chapter
9).The results from this are currently being evaluated.
The Inspectorate is following this geological work.

Summary
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Personnel and training activities
The qualifications and further training of personnel
represent an area of special importance to the In-
spectorate. In this context, the Inspectorate also su-
pervises the training of specialist personnel from the
nuclear installations. Members of the Inspectorate's
staff act as experts and examiners in carrying out
specialist examinations at the reactor and radiation
protection schools.

Summary
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1. Beznau Nuclear Power Plant

1.1 Operational data and results
The Beznau Nuclear Power Plant (KKB), belonging to
Nordostschweizerische Kraftwerke (NOK), consists
of two virtually identical, dual-loop, pressurised water
reactor units (KKB 1 and KKB 2) which went into
operation in 1969 and 1971 respectively. As a result
of different backfitting measures with corresponding
improvements to the efficiency of both units, the
net electrical outputs were as follows: Unit 1 with
365 MW and Unit 2 with 357 MW. Since October 25,
1999, following replacement of the steam genera-
tors, Unit 2 also has a net electrical output of 365
MW.This power output will be regarded as the 100 %
reference value with effect from January 1, 2000.
Additional data are summarised in Tables A1 and B3
of the Appendix. Figure B1 shows the functional dia-
gram of a pressurised water reactor plant.

Units KKB 1 and KKB 2 performed in 1999 with a
load factor1 of 89.1 % and 71.1 % respectively and
availability factors2 of 92.2 % and 72.3 % respectively,
whereby the proportion of unproductive time for
Unit 2 is due primarily to the revision outage.

The revision outage for refuelling and maintenance
in Unit 1 lasted 29 days. In Unit 2, however, the revi-
sion outage lasted 89 days because of the above-
mentioned steam generator replacement and other
backfitting measures. The corresponding replace-
ment in Unit 1 took place in 1993.

The thermal energy fed into the district heating
supply system (REFUNA) amounted in 1999 to a to-
tal of 143.7 GWhth for both units.

During the year under review, Unit 1 had one un-
planned reactor scram as a consequence of a turbine
trip. Both this turbine trip, and a second one, which
led to a reduction in power, were caused by a high
level of suspended matter in the river water. As a
result, the coarse screens in the cooling water inlet
became partially blocked, which led to a reduction in
the extent to which the turbine oil was cooled.

Unit 2 had no unplanned reactor scram during the
year under review. However, the unit was shut down
briefly on two occasions. The first, brief shutdown
took place at the beginning of January for inspec-
tion and repair of the tubing in one steam generator.

1 Load factor (in %): energy actually produced as a percentage
of rated power at 100 % availability.

2 Availability (in %): time that the plant is operating or is avail-
able for power generation.

The second occurred in April in order to repair the
seal on a main coolant pump. In July, reactor power
was reduced by about 20 % in order to deal with a
cooling water leakage in the main condenser of one
turbine unit.Two turbine trips took place in November.
One was caused by a faulty signal from a monitor-
ing device on the turbine shaft bearing, the other
by a blockage of the condensate return from a low-
pressure preheater.

1.2 Plant safety

1.2.1 Particular events
The year 2000 date change caused no problems in
safety-relevant systems. The storms at the end of
December had no effect on safe operation of the
plant.

The following notifiable events were reported by
the operator, according to the Inspectorate's Guide-
line R-15.

In Unit 1, three events were allocated to class B
according to the Inspectorate's Guideline R-15 and
to level 0 on the international nuclear event scale,
INES (see Section 11 and Appendix, Table B2).These
events can be briefly summarised as follows:

- During periodic testing of the valves in the emer-
gency cooling system, one valve could not be
opened remotely via the control panel in the main
control room. The cause was found to be a wiring
defect (loose wire) in the valve control system. Af-
ter dealing with the defect, a repeat test was car-
ried out successfully on the affected valve. Open-
ing of the valve directly via a switch at its location
(emergency control possibility) was not affected
by the wiring defect.

- The second event relates to the reactor scram al-
ready mentioned in Section 1.1. This was initiated
by too high a water level on the secondary side of
a steam generator following the turbine trip and
was caused by a manual intervention to the control
system of the feedwater supply having been car-
ried out too early.

- The third event occurred during functionality test-
ing of the short-circuit protection unit of the 50 kV
supply system. This test was carried out for the
first time during operation of the emergency diesel
unit. As a result of the test, the diesel generator
did not supply any current. The cause of the prob-

Beznau Nuclear Power Plant
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lem was traced back to a previously undiscovered
fault in the design of the protection circuit for the
emergency electricity supply. The plant modifica-
tion necessary to eliminate this fault will be carried
out during 2000.

In Unit 2, two events were allocated to class B ac-
cording to the Inspectorate's Guideline R-15 and
to level 0 on the international nuclear event scale,
INES.

- In the course of periodic functionality testing, an
emergency diesel unit failed to start. This diesel
generator was successfully started without prob-
lems during subsequent attempts. After extensive
investigation, it was found that the fault lay with
the main starting valve of the unit. The main start-
ing valve was then replaced.

- Another fault, identified in the course of periodic
functionality testing, was the failure to start of a
safety-related, emergency injection pump on the
primary system. The power breaker of the pump
motor was determined to be the component caus-
ing the problem and was replaced.

Three of the above-mentioned events are related to
technical defects; in two of them, human error was
the decisive factor.

1.2.2 Work during the refuelling outages
Routine tasks, such as refuelling, electrical and me-
chanical tests, non-destructive material examinations,
periodic inspections and functionality testing of com-
ponents and systems, as well as maintenance and
modification work, were carried out during the shut-

down outage of Unit 1 from March 19 till April 16.
In addition to in-service inspections and extensive,

periodic maintenance work, the main emphasis of
the shutdown was on replacement of the neutron-
flux instrumentation for the source and intermediate
ranges by wide range systems and the installation of
piping and valves for the new, additional, emergency
feedwater supply system for the steam generators.
This system corresponds to a regulatory requirement
from December 1994 relating to licence extension for
KKB 2 and increases safety for residual heat removal
in the case of an operational disturbance. The feed-
water lines for this system were installed within the
containment during the shutdown and are ready to be
commissioned in 2000 during the refuelling outage.

The main feature of the shutdown outage from
July 22 to October 19 in Unit 2 was the replacement
of the steam generators, which had been in opera-
tion for 28 years, by new ones manufactured accord-
ing to the latest state of technology. After installation
work had been completed, extensive, final, baseline
inspections were carried out on the welds. Following
final completion of the steam generator replacement,
which lasted 42 days, the whole primary circuit was
subjected to hydrostatic pressure testing at 214 bar,
the secondary side of the steam generators to test-
ing at 74 bar, and the primary containment to an inte-
gral, leak-rate check. In this way, the integrity of the
components and the required leak-tightness of the
containment were demonstrated before restarting
the whole plant.

Of particular note in the framework of the in-serv-
ice inspections were ultrasonic examination of the
reactor pressure vessel, visual inspection of the reac-

A staff membei of HSK
inspects the newly com-
missioned (1999) emergency
feedwater supply system in
Unit 2 of Beznau NPP

" n o l c M-T be.7i,;n
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One of the two, old steam generators being removed from the
reactor building in Unit 2 of Beznau NPP

Photo: NPP Beznau

tor internals using video cameras, ultrasonic and dye-
penetrant examination of parts of the main reactor
coolant piping, inspection of the pressuriser, and
ultrasonic and dye-penetrant examinations of further
piping belonging to the primary circuit and the safety
injection systems. No changes or defects were de-
tected which could impair the safe operation of these
components.

During checks on the head of the reactor pressure
vessel (RPV), three cracks immediately adjacent to
the seal weld were detected in the welded closure
caps of two reserve penetrations for control rods.
Following this, the closure caps were replaced on
all four reserve penetrations for control rods by new
caps made of more corrosion-resistant material.The
cracks had been caused by stress corrosion cracking.
More details will be available following metallurgical
investigations.The Inspectorate will decide upon the
possible necessity for further measures in both units
after the results become available in March 2000.

1.2.3 Plant modifications
During the year under review, the complete core
instrumentation for the source and intermediate
ranges was replaced by wide range instruments, as
already mentioned in Section 1.2.2. This backfitting,
which was carried out according to the current status

of science and technology, necessitated extensive in-
stallation work and careful testing, which was closely
observed by the Inspectorate. Commissioning was
carried out according to plan.

During the year under review, the following impor-
tant plant modifications were made in Unit 2, in ad-
dition to replacement of the steam generators:

- Replacement of the steam generator blowdown
lines and the associated ion-exchange filter sys-
tem (in connection with steam generator replace-
ment).

- Backfitting of an additional feedwater supply sys-
tem for the steam generators in the case of opera-
tional disturbances (emergency feedwater system).
Hereby, a third line is available for feeding water
into the steam generators in the case of an opera-
tional disturbance, in addition to the existing lines
for auxiliary feedwater and emergency feedwater.
In this way, a regulatory requirement from Decem-
ber 1994 relating to licence extension for KKB 2
has been satisfied.

- Replacement of the system for detecting leakages
on the secondary side of the steam generator tub-
ing. Monitoring for leakage is carried out by deter-
mining the gamma radiation at the external surface
of the main steam piping. The new measuring in-
struments allow the high-energy gamma radiation
from nitrogen-16 to be detected spectroscopically.
This system permits more sensitive and more reli-
able information to be obtained on the leak-tight-
ness of the steam generator tubing than was pos-
sible with the earlier instrumentation.

- During the shutdown, two of the four rotating in-
verters for the uninterruptible power supply were
replaced by static inverters. In addition to the exist-
ing, three, 120V batteries, a fourth, extra battery
was installed in order to complete extension of
this power supply to a full, four-line system. Re-
placement of the two remaining, rotating inverters
will be carried out during the refuelling outage in
2000.

- Conversion of the turbine condenser of the second
turbo-generator unit to titanium tubing. This tub-
ing is more corrosion-resistant than the existing
brass tubing and permits the water chemistry in
the secondary circuit to be improved.

1.2.4 Fuel elements and control rods
During refuelling in Unit 1, 28 new uranium oxide
fuel assemblies were loaded into the core, which
contains 121 fuel assemblies. The 12 uranium-pluto-
nium mixed oxide (MOX) fuel assemblies, which had
been removed temporarily in 1997, were re-inserted
into the core after replacing defective elements in
three of these fuel assemblies by steel rods. Investi-
gation of the three defective elements showed that,
in one case, oxidation of a weld seam had been the
cause of the problem.This led BNFL to improve the
welding procedure. No clear cause could be found
for the failure of the other two elements. The core in
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Unit 1 contains a total of 16 MOX fuel assemblies.
Since start-up of the plant following refuelling, the
specific nuclide concentrations in the primary water
indicate slight fuel-assembly damage.

In Unit 2, 20 fuel assemblies were replaced by
new ones during the refuelling outage. Among these
are 8 MOX fuel assemblies, manufactured in a plant
belonging to the Belgian firm Belgonucleaire. The
reactor core contains 4 further MOX fuel assemblies,
which were manufactured by the British company
BNFL and have been in use without problems since
1998. A change was made from long fuel cycles (ap-
proximately 1.5 years) to annual refuelling.

According to current knowledge, the MOX fuel as-
semblies, manufactured by BNFL, which are in use
(12 in Unit 1 and 4 in Unit 2), are unaffected by the
falsification of quality-control documentation at BNFL,
which became known in September 1999. This has
been confirmed both by the plant operator (NOK) and
by the British regulatory authority. The statements
made by the British regulatory authority and the In-
spectorate's own analysis indicate that there would
be no danger to the safety of these assemblies, even
if documentation relating to final checks on them had
also been falsified. Thus the safety of personnel and
the general public is not compromised.

All fuel assemblies of both units are now equipped
with filters against the ingress of debris. Testing of
prototype fuel assemblies with more corrosion-re-
sistant, duplex cladding was begun in both units.

All of the control rods in both units were subjected
to eddy-current inspection. After being in use for pe-
riods of between seven and eleven years, all control
rods were found to be in good condition and were
therefore re-inserted.

One shipment of 12 spent fuel assemblies was
sent for reprocessing during the year under review
(see Chapter 8).

1.2.5 Probabilistic safety analysis (PSA)
and Accident Management (AM)

The earthquake risk is influenced predominantly by
the probability of an earthquake occurring at the site
concerned. The method used to determine this dan-
ger has undergone further development in recent
years, in particular as a result of studies carried out in
the USA.The Inspectorate has thus issued a require-
ment to the plants that the site-specific risk from
earthquakes be re-determined and has prepared cor-
responding instructions for how this is to be done.
In 1999, the plant operators started work on a joint
project to prepare a new study on earthquake risk.

At the end of the year, KKB submitted a com-
pletely revised and updated PSA study for level 1
(internal incidents, affecting more than one part of
the plant, and incidents with external causes) to the
Inspectorate, in part to fulfil the Inspectorate's re-
quirements arising from the 1994 expertise. Accord-
ing to KKB, this new study provides an even more
realistic description of plant behaviour in the case of

serious accidents and, furthermore, corresponds to
the current status of science and technology with
regard to PSA methodology. The Inspectorate will
examine the documentation submitted during 2000.
In 1998, KKB submitted the PSA for the plant states
of low-load and shutdown (BESRA); these have been
subjected to preliminary, qualitative assessment by
the Inspectorate.

1.2.6 Ageing surveillance programme
The ageing surveillance programme (ASP) was con-
tinued as a permanent task in the areas of me-
chanical, civil and electrical engineering and the
associated documentation was submitted to the In-
spectorate. In the framework of ageing surveillance
programmes, safety-relevant areas of the nuclear
plant are checked for mechanisms of ageing and
for possible gaps in maintenance programmes. The
countermeasures resulting from this are then intro-
duced. The ASP documentation examined to date
by the Inspectorate has indicated that no unaccept-
able reduction in safety-related properties is to be
expected in the near future.

1.3 Radiation Protection

1.3.1 Protection of personnel
For the calendar year 1999 (1998 values in brackets)
the following values of collective dose were deter-
mined for KKB:

KKB1

Category

Revision shutdown

Power operation

Total annual collective dose

Collective dose
Person-Sv

0.25

0.06

0.31

(0.00)

(0.07)

(0.07)

KKB 2

Category

Revision shutdown and steam
generator replacement

Repair shutdown

Power operation

Total annual collective dose

Collective dose
Person-Sv

1.10

0.03

0.06

1.19

(0.41)

(0.07)

(0.48)

KKB 1 and 2

Category

Revision shutdown

Repair shutdown

Power operation

Total annual collective dose

Collective dose
Person-Sv Total

1.35

0.03

0.12

1.50

(0.41)

(0.14)

(0.55)
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The collective dose is very low, given the extent of
the work carried out. The highest individual dose ac-
cumulated in KKB amounts to 11.8 mSv (10.6 mSv)
and is below the limiting dose value of 20 mSv per
year set by the Radiation Protection Ordinance for
persons subject to occupational exposure to radia-
tion. Further information can be found inTables A5to
A10 and Figures A5 to A9. No contamination of per-
sonnel which could not be eliminated immediately
using the normal methods (washing and showering)
occurred during the whole period of reporting. Incor-
poration monitoring, using "Quickcounter" person-
nel monitors, gave no indications for any incorpora-
tion.

Revision shutdowns took place in both units in
1999. In comparison with previous years, for both
units, the dose rates at components in the primary
circuit were lower, which had a favourable influence
on the extent to which personnel were exposed to
radiation.

The established, standard, temporary shielding
using lead sheets (in all, around 65 tonnes in Unit
1 and around 100 tonnes in Unit 2) was used to
further reduce the degree of radiation exposure
during revision work in both units and was supple-
mented by new, temporary shielding on the RPV
head. The standard, temporary shielding in Unit 2
was increased and continually adapted to the work
requirements in connection with replacement of the
steam generators and parts of the main reactor cool-
ant lines.

There was no significant occurrence of contamina-
tion in either unit of the plant, as was confirmed by
continuous measurement of the air and checks on
surfaces.

During the revision outage in Unit 1, the usual, rou-
tine work was carried out, whereby the tasks were
planned according to radiation protection require-
ments and accompanied by continuous, task-specific
dosimetry. Intensive, careful, radiation protection
planning was involved for the steam generator re-
placement in Unit 2, and this took account of the
experience gained during the same work at Unit 1
in 1993. Critical steps in the work were practised
on inactive models and these also took into account
measures to ensure conventional safety at work. The
planned dose of 703 Person-mSv was not reached
during the steam generator replacement, since the
actual value was only 640 Person-mSv. The unex-
pected repair work on the reserve penetrations of
the RPV head was planned at short notice, prepared
in terms of radiation protection, and monitored. A
dose of 92 Person-mSv was attained during this
work.

During the year under review, there were no notifi-
able radiological incidents according to the Inspec-
torate's Guideline R-15.

In the course of twenty-five inspections dedicated
to this purpose, the Inspectorate confirmed that
good and effective radiation protection is carried out

at KKB, both for routine work and also for very com-
plicated tasks.

1.3.2 Release to the environment and di-
rect radiation

The limiting values for the release of radioactive ma-
terials from KKB, the yearly release in 1999, and
the doses calculated according to the Inspectorate's
guideline R-41 for individual persons in the vicinity
are all listed in Table A4a. The radioactive releases
via the exhaust stack system in the form of aerosols,
iodine and noble gases were well below the limits
set. This also applied to the waste-water releases
apart from tritium, where the tritium release, typi-
cal of pressurised water reactors, amounted to ap-
proximately 15 % of the limiting value. Table A4b
shows the releases of noble gases and iodine via the
exhaust stack system and for tritium and remaining
radioactive substances via the waste water during
the last five years. Release values less than 0.1 %
of the release limits are not shown.

The calculated yearly dose for individual members
of the population in the vicinity of KKB is approxi-
mately 0.001 mSv for adults and 0.002 mSv for in-
fants.These values lie well below the guideline dose
of 0.2 mSv per year according to the Inspectorate's
guideline R-11. Articles 5 and 6 of the Radiation Pro-
tection Ordinance state that activities which result in
an effective dose of less than 0.01 mSv per year for
the persons concerned are deemed justified and op-
timised.This means that no further efforts are neces-
sary to reduce radioactive release and the resulting
doses for the population.

The quarterly measurements carried out by the
Inspectorate as a check, and the half-yearly com-
parison measurements of the Section for Radiation
Monitoring, Freiburg (SUeR) on aerosol and iodine
filters, as well as on waste-water samples, showed
good agreement between the results and the KKB
values.

The dose rate monitoring network (MADUK) in the
vicinity of the plant showed no increased values as
a result of reactor operation. The quarterly measure-
ments carried out by the Inspectorate at the perim-
eter of KKB, detected no significant increase above
the level of the background radiation. With the ex-
ception of a brief period during steam generator re-
placement in Unit 2, this was also confirmed by the
KKB evaluation of the thermoluminescent dosimetry
(TLD) carried out to measure the dose at several loca-
tions on the perimeter of the plant site. In the area
of access, steam generator replacement in Unit 2
led, briefly to a dose of 0.028 mSv. Thus the limiting
emission values for direct radiation outside the plant
site (1 mSv per year for living, recreation and work
rooms, and 5 mSv per year in other areas), given
in Article 102, Clause 3 of the Radiation Protection
Ordinance, were again adhered to during the year
under review.

Beznau Nuclear Power Plant

HSK Annual report 1999
15



1.3.3 Radiation protection instrumenta-
tion

All measuring instruments to monitor the activity
and radiation level in the plant, as well as radiation re-
leases to the environment, personnel monitors and
personnel dosimetry systems, worked satisfactorily
in the year under review. New detectors to deter-
mine N-16 radiation have been fitted to the leakage-
monitoring system on the steam generators in Unit 2.
KKB participated in the annual comparison measure-
ments for personnel dosimetry departments organ-
ised by the Federal Commission for Radiation Protec-
tion (EKS). There was a deviation of the measured
dose at the reference point (Cs-137) of-11.5 % from
the required value. The Inspectorate ensured that
a recalibration was performed, so that the required
measurement accuracy of ±10 % can be adhered
to.

1.4 Personnel and organisation

1.4.1 Organisation and operational man-
agement

NOK is undergoing a process of restructuring in order
to adapt to the changing requirements of the electric-
ity supply market. Care was taken to ensure that
important support functions for KKB remain opera-
tive. For example, a new civil engineering depart-
ment was established at KKB and personnel from
the NOK main office were transferred to this.

At the end of 1999, the workforce at the plant was
461 (1998:459) (seeTable A2).

The program to enhance safety culture at KKB
was developed further, in co-operation with Leibstadt
NPP(KKL).

1.4.2 Personnel and training
In 1999, two shift supervisors and seven reactor
operators, stage A , passed their licence examina-
tions. Three reactor-operator trainees successfully
completed the final examination of the technicians'
course at the reactor school.The large number of ac-
quired licences represent an important contribution
to long-term retention of sufficient numbers of quali-
fied operating personnel. Table A2 lists the present
numbers of licensed personnel.

Licensing of shift personnel takes place under the
supervision of the Inspectorate and is specified in
the Inspectorate's Guideline R-27 and the Inspector-
ate's Directive W-18. Recognition of radiation protec-
tion personnel is governed by the Radiation Protec-
tion Training Ordinance (SR 814.501.261) and by the
Inspectorate's Guideline R-37.

Simulator training for licensed personnel con-
sisted of five-day training as a team at the large simu-
lator in Pittsburgh, USA and individual training on
the compact simulator at KKB.The new emergency
feedwater supply system was backfitted to both sim-

ulators. In addition, the operating console of the
emergency control room was installed at the com-
pact simulator. Four-day courses on thermodynam-
ics were carried out at the PSI reactor school in the
context of theoretical refresher training for licensed
operating personnel, which was restructured in 1999
and is based on an eight-year cycle.

Employees of all departments refreshed their tech-
nical knowledge, trained their practical skills, and
underwent personal development in a large variety
of further courses. Of particular note is the keynote
topic of communication, which is a central part of
management training for shift supervisors.

1.5 Emergency preparedness

The plant emergency safety exercise BUMM took
place at KKB in November under the observation
of the technical department of the Federal Office
of Energy responsible for security.The Inspectorate
was also represented by an observer.

The exercise scenario involved a bomb threat, as a
consequence of which the emergency team and the
security staff had to leave their intended, prepared,
emergency quarters and establish themselves at an
alternative location.

The emergency team dealt well with the technical
situation during the exercise, in which representa-
tives of the Aargau Cantonal Police Department also
participated. All participants were exposed, in part,
to new and unexpected situations in dealing with
safety requirements, in particular with regard to co-
operation between the emergency team and the po-
lice.The well-practised teamwork of the emergency
team proved its worth in the chosen exercise situa-
tion and, in the opinion of the regulatory observers,
the goals of the exercise were reached.

In the course of an inspection, the Inspectorate
confirmed that the emergency communication sys-
tems to the Inspectorate and to other external bod-
ies were ready for action and in accordance with the
documentation.

1.6 Radioactive waste

During the year under review, the quantity of raw,
radioactive waste was slightly higher than in previ-
ous years (seeTable A11) as a result of the longer
shutdown and the steam generator replacement in
KKB 2. However, the average, daily generation of
radioactive waste during shutdown continues to de-
crease as a result of the focussed efforts to avoid un-
necessary radioactive waste. The steam generators
removed from Unit 2 during the year under review
will be kept initially in the storage area for high-level
waste at the ZWIBEZ interim storage site, to permit
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the level of radioactivity to decline. Later, they will
be dismantled, decontaminated and, as far as possi-
ble, released as inactive material.Those parts which
cannot be decontaminated will then be conditioned,
together with the radioactive waste arising from the
decontamination process.

Two conditioning campaigns took place during the
year under review: sludge from the waste-water
treatment plant was cemented in the solidification
plant and exhausted resins were solidified in polysty-
rol. No wastes were sent for treatment to PSI, but
conditioned incineration residues from the PSI incin-
eration campaign of the previous year were returned
to the interim storage facility at KKB.

KKB is in possession of updated approvals ac-
cording to the Inspectorate's Guideline R-14 for all
types of waste packages currently produced. Addi-
tional documentation, for a waste package which is
no longer produced, was prepared by KKB and ac-
cepted by the Inspectorate. Scheduling up to 2001
was agreed upon for the further, additional documen-
tation which is still required.The data needed for this
are stored in such a way that no loss of information
will occur later when the amended documentation
is produced.

Pending processing at a later date, various raw
wastes were stored under appropriate conditions in
designated areas in the controlled zone. Conditioned
waste packages were routinely brought to and kept
in the temporary storage building and the low-level
waste-storage hall (SAA hall) of the ZWIBEZ interim
storage facility.

1.7 Overall judgement by the In-
spectorate

The Beznau plant condition and the operational man-
agement can be rated as good with regard to nuclear
safety and radiation protection. The notifiable inci-
dents which occurred were of minor relevance to
nuclear safety. Once again, the importance of regular
functionality testing of safety-relevant components
was demonstrated by the discovery of hidden faults.
It is therefore important that the operator makes
every effort to recognise problems in his own and
in other plants in a timely manner, and to close any
gaps, which may still be present, by means of the
systematic determination of causes and the transfer
of operational experience to working practices.

In the course of performing its supervisory du-
ties, the Inspectorate carried out approximately 120
inspections during the year under review. The main
emphasis here lay on operation, replacement of the
steam generators in KKB 2, and on the first shipment
of spent fuel assemblies, which was resumed in De-
cember following revocation of the shipment ban.
The plant operator was informed about the results
of the inspections and took action on the measures
for improvement which were identified.

The radiation protection department carried out
their duties in an excellent manner. Despite the ex-
tensive work carried out in KKB 2 in connection with
replacement of the steam generators, a low collec-
tive dose was registered, both for internal and exter-
nal personnel. The amount of radioactive material
released to the environment lay well below the limits
set by the authorities. Thus, the radiation doses for
the population were insignificant.
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One of the old steam gen-
erators, weighing about 180
tonnes, is brought into the in-
terim storage facility ZWIBEZ
at the Beznau site.

Photo NPP Beznau

Beznau Nuclear Power Plant |

HSK Annual report 1999 I
17



2. Miihleberg Nuclear
Power Plant

2.1 Operational data and results

The MQhleberg Nuclear Power Plant (KKM), belong-
ing to the Bernische Kraftwerke BKW FMB Energy
AG, started commercial operation in 1972 and is a
boiling water reactor with a net electrical output of
355 MW. Additional data are summarised in Tables
A1 and B3 of the Appendix; Figure B2 gives a func-
tional diagram of a boiling water reactor plant.

In 1999, the Muhleberg power plant reached a
load factor of 86.6 % and an availability factor of
92.1 %.The revision shutdown with refuelling lasted
27 days and was of significant importance for the
non-availability of the plant. In the course of improve-
ments to the plant, one turbine unit was shutdown
already 28 days before the maintenance outage, and
the reactor power reduced to 50 %, in order to re-
place the tubing of the turbine condenser.

The plant itself, and the "Steinriesel" residential
district, received 2.1 GWh of thermal energy for plant
and domestic heating.

As well as planned power reductions in order to
carry out periodic inspections, an unplanned reactor
scram from 50 % power occurred. In addition, load
rejection to the plant house load of both turbine units
occurred as a result of triggering of the protection
devices for the common busbar in the substation
220 kV-West and this led to a brief, unplanned reduc-
tion in reactor power.

2.2 Plant safety

2.2.1 Particular events
The year 2000 date change caused no problems in
safety-relevant systems. The storms at the end of
December had no effect on safe operation of the
plant.

According to the Inspectorate's Guideline R-15
("Reporting on the operation of nuclear power
plants"), three notifiable events were allocated to
class B and to level 0 on the international nuclear
event scale, INES (see Chapter 11 and Table B2 of
the Appendix).

- The first event related to a deviation from the clo-
sure time given in the plant technical specifications
for the containment isolation valves. This deviation
was noted with several isolation valves upon com-
paring the measured and specified closure times.

The event resulted from incomplete procedural
specifications, but was of minor safety importance.
The Inspectorate required that measures be taken
to eliminate such deficiencies and these measures
have been initiated or implemented by the plant.
The second event was an automatic reactor scram
from 50 % power. The cause involved a chain of
several, individual malfunctions, each of which had
its own separate causes.The intention was to shut
down turbine unit B in order to deal with an oil
leakage at a bearing. As usual, the safety functions
of the turbine were checked with the test equip-
ment before shutting it down. During resetting of
the test equipment, an unexpected turbine trip oc-
curred, with simultaneous loss of the condenser
vacuum. As a result, this turbine unit was no longer
available as a heat-sink and the reactor power was
automatically reduced to 50 %. Independently of
this, a steam leak occurred at a preheater valve
of the turbine unit A, which was still in operation,
and led to closure of the fire-protection valve on
turbine A, although this function was not required.
The resulting loss of the heat-sink capacity of tur-
bine unit A, together with the loss of turbine unit B
as a heat-sink, caused a rapid increase in both pres-
sure and neutron flux within the reactor, where-
upon a reactor scram was initiated as a result
of the reactor pressure being too high. The plant
behaved according to design expectations. The
Inspectorate defined measures to prevent a re-
occurrence of this event and these have been im-
plemented by the plant.
In accordance with design intentions, two relief

A view of the turbine building of NPP Muhleberg. The steam
produced in the reactor at NPP Muhleberg is distributed
between two turbines and turbo-generator units. The generator
is in the foreground and behind it are the low-pressure turbines
with the steam supply piping.
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valves opened briefly to limit the reactor pressure
and the steam was fed into the water-filled torus.
One relief vafve then failed to close in a leak-tight
manner. A small amount of steam entered the dry-
well via a vacuum-breaking gate valve in the relief
line, since this valve had not reached its end posi-
tion because of the pressure conditions in the pip-
ing. It was not possible to eliminate completely
this leakage, which amounted subsequently to 1 %
of the value permitted by the plant technical speci-
fications. Investigations have shown that possible
effects on radiation protection of plant personnel
during the next revision shutdown are expected
to be minor.

- The third event occurred because of reconstruction
work on the tiled roof of the switchgear building at
the Muhleberg hydroelectric power station. Water
ingress occurred via an opened expansion seam
of a sub-roof, made of reinforced concrete, dur-
ing a heavy rain-storm accompanied by gusting
winds.The water entering resulted in a short-circuit
in the common busbar system.This, in turn, led to
a 90 minute interruption of the emergency power
supply from the hydroelectric power station to the
nuclear power plant.This source is part of the emer-
gency power supply system for the nuclear station,
but safety of the plant was not endangered since
all other supplies, and the diese! generators, were
available during the disruption

All three events are due, in the main, to organisa-
tional factors (unprofessional work methods, impre-
cise procedural specifications, incomplete testing
procedures).

2.2.2 Work during the refuelling outage
The planned tasks undertaken during the outage
from July 26 until August 22, 1999, such as refuel-
ling, testing, non-destructive material examinations,
periodic inspections, functional tests on components
and systems, maintenance work and plant modifica-
tions, were carried out. Activities and results worthy
of special mention were as follows:

On the reactor pressure vessel, a suction nozzle of
the recirculation system and two feedwater nozzles
were ultrasonically examined. Further inspections
involved ultrasonic and magnetic-particle examina-
tions of the structural weld of a nozzle in the reactor
head, as well as ultrasonic and eddy-current examina-
tions of seven control-rod penetrations.

No indications were found requiring measures
beyond the normal programme for periodic inspec-
tion.

Extensive inspections were carried out on the
core shroud and other reactor internal components.
All accessible areas of the circumferential welds on
the core shroud were ultrasonically examined. The
regions, which can be inspected on the two circum-
ferential welds most strongly affected by cracking,
were extended by means of examination from the

inside using ultrasonic and eddy-current techniques.
A previously undetected crack of 22 cm length was
discovered in a region of the central, circumferential
weld which had not been capable of inspection previ-
ously. The growth of the known core-shroud cracks,
with regard to both length and depth, was within
the trend expected from previous years. To date, no
cracks have been found which penetrate through the
wall thickness. The safety assessment prepared for
the core shroud continues to remain valid as a result
of these inspection data. The core shroud is able to
fulfil its operational and safety-related functions in a
complete manner.

Visual inspection of further RPV internals, using
an underwater video camera, showed them to be in
good condition.

Four circumferential welds were ultrasonically ex-
amined in the reactor recirculation piping, as were
thirty casing bolts from the recirculation pumps.
There were no indications of defects.

The 10th integral leak-rate test of the primary con-
tainment was carried out during this year's revision.
At a test pressure of 2.73 bar, the measured leak-rate
amounted to 16 % of the permissible value.

The planned work and functionality testing on the
electrical equipment was carried out according to
the test programme for maintenance and periodic
inspections. There were no relevant defect indica-
tions. Tasks worthy of mention were discharge experi-
ments, carried out on all batteries in the operation
and emergency buildings, as well as inspections and
checks on the unit transformers, the start-up trans-
former, and the emergency and special emergency
power supply equipment. Routine, periodic inspec-
tions were also performed in the area of the reactor-
protection system. All tests and inspections were
carried out satisfactorily and confirm that the condi-
tion of the systems and components is excellent.
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2.2.3 Plant modifications
During the year under review, diverse modifications
were carried out. The following are worthy of particu-
lar mention:

- The end-position switches of the turbine and by-
pass valves of both turbine units were replaced
by tested, linear-position indicators in order to re-
duce, in future, the time required for periodic ad-
justment of the valves, and thus keep short the
time in which operational personnel are exposed
to the radiation field during start-up.

- Part of the turbine operational control system on
turbine unit B was replaced by modern, program-
mable, instrumentation and control equipment.

- Replacement of the generator control system, con-
sisting of excitation transformer, current converter
and voltage controller, in both generators by equip-
ment corresponding to the latest status of technol-
ogy offers an improvement to operational safety as
a result of the redundancy of the controllers and
current converter.

- In the area of the emergency ventilation system,
replacement of instrumentation and control equip-
ment resulted in an improvement to safety via the
resulting, redundant separation of both emergency,
ventilation trains.

- The tubing in the main condenser of turbine unit
B was replaced by new tubing, consisting, in the
main, of titanium tubes, with stainless steel tubes
at the edges of the condenser bundle. This altera-
tion had been carried out to turbine unit A in 1998.
The aim of retubing is to increase the corrosion
resistance and improve the water chemistry by
avoiding ingress of copper, as occurred previously
with the brass tubing.

2.2.4 Fuel elements and control rods
It can be concluded from the low concentration of
activity in the reactor water and exhaust gas from
the turbine condensers throughout the year that no
fuel element cladding defects occurred. Of a total of
240 fuel assemblies in the core, 40 were replaced for
the 27th fuel cycle (1999/2000). 4 of these new fuel
assemblies have a 9x9 fuel element configuration
and 36 have a 10x10 fuel element configuration.

12 fuel elements, which had been in service for
different lengths of time, were inspected with an
underwater camera during the revision outage in
order to check the operational behaviour of the fuel
assemblies with higher burn-up; dimensional checks
were carried out on 2 fuel assemblies. The fuel as-
semblies inspected were in good condition.

During the 1999 refuelling shutdown, 4 depleted
control rods were removed and replaced with new
ones.

No shipment of spent fuel assemblies for repro-
cessing took place during the year under review.

2.2.5 Probabilistic safety analysis (PSA)
and accident management (AM)

The earthquake risk is influenced predominantly by
the probability of an earthquake occurring at the site
concerned. The method used to determine this dan-
ger has undergone further development in recent
years, in particular as a result of studies carried out in
the USA.The Inspectorate has thus issued a require-
ment to the plants that the site-specific risk from
earthquakes be re-determined and has prepared cor-
responding instructions for how this is to be done.
In 1999, the plant operators started work on a joint
project to prepare a new study on earthquake risk.

The Inspectorate is currently examining the PSA
for the plant conditions: "low-load" and "shutdown"
(SMUSA), which was originally submitted in 1996
and has subsequently been improved.

2.2.6 Ageing surveillance programme
The ageing surveillance programmes (ASP) were
continued, as a permanent task, in the areas of
mechanical, civil and electrical engineering and the
appropriate documentation was submitted to the In-
spectorate. In the framework of ageing surveillance
programmes, safety-relevant areas of the nuclear
plant are checked for mechanisms of ageing and
for possible gaps in maintenance programmes. The
countermeasures resulting from this are then intro-
duced. The ASP documentation examined to date
by the Inspectorate has indicated that no unaccept-
able reduction in safety-related properties is to be
expected in the near future.

2.3 Radiation protection

2.3.1 Protection of personnel
For the calendar year 1999 (1998 values in brackets)
the following values of collective dose were deter-
mined for KKM:

Category

Revision shutdown

Power operation

Total annual collective dose

Collective dose
Person-Sv

0.61

0.42

1.03

(0.83)

(0.46)

(1.29)

The annual collective dose is the lowest since KKM
started operation. The highest individual dose accu-
mulated in KKM amounted to 12.3 mSv (14.6 mSv)
and is below the limiting dose value of 20 mSv per
year set by the Radiation Protection Ordinance for
persons subject to occupational exposure to radia-
tion. Further information can be found inTables A5 to
A10 and Figures A5 to A9. No contamination of per-
sonnel, which could not be eliminated immediately
using the normal methods (washing and showering),
occurred during the whole period of reporting. Incor-
poration monitoring, using "Quickcounter" person-

Miihleberg Nuclear Power Plant

HSK Annual report 1999
21



nel monitors, gave no indications for any incorpora-
tion.

The average dose rate at the recirculation lines
was again lower than in the previous year and
amounted to 4.35 mSv/h during shutdown, as com-
pared with 4.64 mSv/h in 1998. Low dose rates in
this area are favourable with regard to the radiation
exposure of plant employees during revision work.
The reduction is due to the replacement of materi-
als containing cobalt, and to modified water chemis-
try. In the drywell, the established, temporary shield-
ing made of lead sheets (a total of approximately
70 tonnes) was again used for further reduction in
the radiation exposure of operating personnel. Ad-
ditional shielding, which was installed permanently
around the reactor-water clean-up system during the
last revision, has proved its worth.

There was no significant occurrence of contami-
nation in the plant, as was confirmed by continu-
ous measurement of the air and checks on surfaces.
KKM has benefited, in particular, from the fact that
the fuel assemblies have been free from defects for
many years. This means that the turbine area exhibits
low values of contamination.

The second condenser was retubed during the re-
vision. A dose of 84 Person-mSv had been calculated
for this work and the radiation protection plans had
been presented to the Inspectorate, according to its
Guideline R-15. Improvements in the organisation
and performance of this work were possible as a
result of the experience gained during the similar
replacement at the first turbine unit in 1998. Conse-
quently, the tasks were able to be completed with
a dose of approximately 56 Person-mSv (electronic
dosimetry).

All areas of work involved continuous, task-spe-
cific dosimetry. During the year under review, there
were no radiological events notifiable under the In-
spectorate's Guideline R-15.

The Inspectorate confirmed that good and effec-
tive radiation protection, which is continually being
further improved, is carried out at KKM in the course
of four inspections dedicated to this purpose.

2.3.2 Releases to the environment and
direct radiation

Table A4a shows the prescribed limits for the release
of radioactive materials from KKM, the annual re-
leases for 1999 and the doses calculated for individu-
als in the vicinity on the basis of the Inspectorate's
Guideline R-41. The radioactive releases via the ex-
haust stack system, in the form of aerosols, iodine
and noble gases, were well below the limits set.
This also applied to the waste-water releases for tri-
tium and for other radioactive substances.Table A4b
shows the release of noble gases and iodine via the
exhaust system and, for tritium and remaining radio-
active materials, via the waste-water system during
the last five years. No further details are given for
releases of less than 0.1 % of the release limits.

The calculated yearly dose for individual members
of the population in the vicinity of KKM is approxi-
mately 0.007 mSv for adults and 0.006 mSv for
infants, even taking into account deposition from
previous years. These values lie well below the guide-
line dose of 0.2 mSv per year according to the In-
spectorate's Guideline R-11.The portion of the calcu-
lated doses due to the release in 1999 amounts to
0.001 mSv for adults and infants. Articles 5 and 6 of
the Radiation Protection Ordinance state that activi-
ties involving an effective dose of less than 0.01 mSv
per year for the persons concerned are deemed justi-
fied and optimised.This means that no further efforts
are necessary to reduce radioactive releases and the
resulting doses for the population.

The quarterly checks carried out by the Inspector-
ate, and the half-yearly comparison measurements
of the Section for Radiation Monitoring, Freiburg
(SUeR) on aerosol and iodine filters, as well as on ex-
haust gas and waste-water samples, showed good
agreement between the results and the KKM values.
The dose rate monitoring network (MADUK) showed
no significant increase as a result of plant operation
in the vicinity of KKM. In close proximity to the nu-
clear power plant, the ambient dose rate is higher
due to direct and indirect radiation from the turbine
building and the waste storage facility. The values
measured quarterly by the Inspectorate at the perim-
eter fence were at normal levels, as in previous years.
The measured dose rates lay between 0.08|iSv/h
(natural background radiation) and 0.38 uSv/h. Calcu-
lated over one year, taking into account the duration
of plant operation, the latter value results in a dose
of 2.4 mSv per year. The background radiation level
has already been subtracted in calculating this value.
KKM evaluation of the thermoluminescent dosimetry
(TLD) carried out at several locations on the perim-
eter of the plant site showed a maximum value of
1.5 mSv. Thus the limiting emission values for direct
radiation outside the plant site (1 mSv per year for
living, recreation and work rooms, and 5 mSv per
year in other areas), given in Article 102, Clause 3
of the Radiation Protection Ordinance, were again
adhered to during the year under review.

2.3.3 Radiation protection instrumentation
All measuring instruments to monitor the activity
and radiation level in the plant, as well as radiation
releases to the environment, personnel monitors
and personnel dosimetry systems, worked satisfac-
torily in the year under review.

On behalf of the Inspectorate, PSI checked the
calibration of the two, new, measuring cabinets for
release of inactive material from the controlled zone.
A small, measuring cabinet is routinely in use. The
larger cabinet will be improved with regard to meas-
urement accuracy and re-checked during 2000.

KKM participated successfully in the annual com-
parison measurements for personnel dosimetry serv-
ices organised by the Federal Committee for Radia-
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tion Protection (EKS) and was able to provide proof
of the required measurement accuracy.

2.4 Personnel and organisation

2.4.1 Organisation and operational
management

There were no changes in the organisation at KKM
during the year under review. The plant personnel
amounted to 289 people (1998: 291) at the end of
1999 (see Table A2).

The KKM quality management system was put
into operation during the year under review and has
proved satisfactory, to date. Acceptance of the sys-
tem by the plant employees has been very good,
which demonstrates that it was introduced carefully,
with participation of the operating personnel.

2.4.2 Personnel and training
One employee carried out his training to become a
shift technical advisor and was initially licensed as a
reactor operator at level A. Two trainee reactor opera-
tors successfully completed the final examination
of the technicians' course at the PSI reactor school.
One trainee reactor operator passed the final exami-
nation of the course on "fundamentals of nuclear
physics" at theTechnical University of Ulm. A mem-
ber of the radiation protection team was given of-
ficial recognition by the Inspectorate as a radiation
protection expert, after completing a course at the
Karlsruhe research centre together with an oral ex-
aminationThe number of licensed personnel is given
in Table A2.

Licensing of shift personnel takes place under the
supervision of the Inspectorate and is specified in
the Inspectorate's Guideline R-27 and the Inspector-
ate's Directive W-18. Recognition of radiation protec-
tion personnel is governed by the Radiation Protec-
tion Training Ordinance (SR 814.501.261) and by the
Inspectorate's Guideline R-37.

All shift groups completed two training sessions,
each lasting one week, on the KKM simulator. The
shift technical advisors were also involved in this
simulator training. Four-day courses on electrical en-
gineering were carried out at the PSI reactor school
in the context of theoretical refresher training for li-
censed operating personnel, which was restructured
in 1999 and is based on an eight-year cycle.

Employees of all departments refreshed their tech-
nical knowledge, increase their practical skills, and
underwent personal development in a variety of fur-
ther courses. The topic of stress management is of
special mention here.This was introduced into simu-
lator training in one course for test purposes, in co-
operation with the University of Berne.

2.5 Emergency preparedness

During the year under review, an emergency team
exercise should have been carried out, under the
observation of the Inspectorate, according to the
Inspectorate's Guideline R-45. A revised, emergency
training exercise programme for the years 2000 and
2001 was agreed upon with KKM, in connection with
the postponement by a year, at the request of the
Berne Cantonal Authorities, of the overall emergency
exercise HERMES planned for 2000. According to
the agreement, one emergency team training ex-
ercise is to be carried out in 2000 and, in 2001,
one plant emergency exercise and one overall emer-
gency exercise will take place.

In 1999, KKM carried out an internal team exercise
for training of the emergency team, but this was not
recognised as an emergency training exercise in the
sense of the Inspectorate's Guideline R-45.

Inspection of the measures for emergency com-
munication with external bodies confirmed their ba-
sic readiness for action. KKM recognised and dealt
with a disturbance in the rented communication net-
work. Furthermore, action was initiated to bring the
documentation up to the current status.

2.6 Radioactive waste

During the year under review, the quantity of raw
radioactive waste (see Table A11) was as expected
from the experience of previous years. The new
amounts of ion-exchanger resins arising from opera-
tion were conditioned routinely to the final storage
state in the Cement Volume Reduction and Solidifica-
tion plant (CVRS). In addition, old resins from the
interim storage facility underwent final conditioning
in this plant. 2000 drums with old, unconditioned
resins and sludge remain in the interim storage facil-
ity; these will be cemented in the next few years.

Mixed wastes were transferred to PSI, where the
combustible wastes were incinerated in the course
of the campaign started in November and the incin-
eration residues cemented. The packages of condi-
tioned waste resulting from the previous year's incin-
eration campaign at PSI were returned to the interim
storage facility at KKM.

In April, the Inspectorate approved the waste pack-
age type "sump deposits and other sludges'.'follow-
ing positive assessment. KKM has now obtained
updated approvals according to the Inspectorate's
Guideline R-14 for all types of waste package which
are currently produced in the plant. In 2000, the miss-
ing specification for a waste package type produced
for KKM at PSI will be prepared. As intended, KKM
prepared the subsequent, additional documentation
for waste packages which are no longer produced,
during the year under review. This amended docu-
mentation will be examined by the Inspectorate and
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by NAGRA in 2000.
Different raw wastes, awaiting later treatment, are

stored under appropriate conditions in an uncondi-
tioned form in premises in the controlled zone, es-
pecially in the interim storage facility. All conditioned
waste packages are routinely brought to and held in
the interim storage building.

2.7 Overall judgement by the
Inspectorate

The condition of the Muhleberg plant and the opera-
tional management can be rated as good with regard
to nuclear safety and radiation protection. The noti-
fied events were of minor relevance to nuclear safety,
but show, once again, the importance of comprehen-
sive test specifications.

The checks carried out on the core shroud have
shown that the cracks which are present do not rep-
resent any reduction in safety.

In the course of performing its supervisory du-
ties, the Inspectorate carried out approximately 80
inspections during the year under review. About half
of these took place during the annual revision. The
plant operator was informed about the results of the
inspections and took action on the measures for im-
provement which were identified.

In the area of radiation protection, the measures
taken to reduce doses showed further success.
The collective dose (internal and external personnel)
again reached only a very low value for a boiling wa-
ter reactor. The amount of radioactive material re-
leased to the environment lay well below the limits
set by the authorities. The radiation doses for the
population are thus insignificant.
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3. Gosgen Nuclear Power Plant

3.1 Operational data and results 3.2 Plant safety

The Gosgen nuclear power plant (KKG) is a 3-loop
pressurised water reactor with a net electrical output
of 970 MW. It went into operation in 1979. Additional
technical data are summarised in Tables A1 and B3
of the Appendix; Figure B1 shows the functional dia-
gram of a pressurised water reactor plant.

In 1999, KKG achieved a load factor of 89.3 % and
an availability factor of 90 %. The planned annual
outage lasted 32 days and was the main cause of
non-availability of the plant. During the year, under
review, the plant delivered 169 GWh process heat
to the local cardboard factory.

Plant operation was interrupted at the end of Au-
gust by a reactor shutdown, which was scheduled at
short notice in order to deal with damage to a seal-
ing ring on the turbo-generator. After four days, the
plant was restarted and synchronised with the grid,
following replacement of the sealing ring.The failure
involved the secondary side of the pressurised water
reactor, which is inactive. It had no effect on plant
safety and caused no radiation dose for operating
personnel or the environment. No unplanned reactor
scram took place during the year under review.

3.2.1 Particular events
The year 2000 date change caused no problems in
safety-relevant systems. The storms at the end of
December had no effect on safe operation of the
plant.

Based on the Inspectorate's Guideline R-15, "Re-
porting on the operation of nuclear power plants','
one notifiable event was assigned to class B and
to level 0 of the international nuclear event scale
INES (see Section 11 and AppendixTable B2). During
periodic functionality testing of an emergency-power
diesel generator, the generator breaker did not close
following correct start-up of the diesel unit. The distur-
bance was caused by a faulty auxiliary switch. After
this had been replaced, testing was repeated suc-
cessfully.

3.2.2 Work during the refuelling outage
During the shutdown from June 26 to July 28, 1999
all the planned activities such as refuelling, testing,
non-destructive material examinations, periodic in-
spection of mechanical and electrical components,
functionality testing, maintenance and modification
work were carried out.

Some of the more important activities were as
follows:

- All the U-tubes in steam generators (SG) 10 and
30, as well as 45% of the U-tubes in SG 20, were
subjected to eddy-current inspection. Only insig-

View into the opened reactor
pressure vessel showing the
177 fuel assemblies of the re-
actor core

Gosgen Nuclear Power Plant j

HSK Annual report 1999 ! 25



nificant changes in the indications of wall-thin-
ning were registered in comparison with the re-
sults of previous inspections. As a result of the
cavitation damage observed in foreign plants to
have been caused during high-pressure cleaning
of the tubesheet, focussed eddy-current inspec-
tions were performed in potentially endangered
regions. No indications of cavitation damage were
observed, which is in agreement with the results
of visual inspections of the U-tubes on the second-
ary side.
Several weld seams of the outer shell of SG 20
were examined both ultrasonically and with tech-
niques for detecting surface cracks. The latter gave
no significant indications and the ultrasonic find-
ings showed only insignificant differences in com-
parison with earlier inspections.

- In 1995, an indication was found within the primary
circuit in the weld in the transition region between
the volume-control surge line and the main coolant
line, whereby the possibility of it being caused by
a crack could not be excluded . In 1997, the region
of the indication was instrumented with potential
probes. This measuring technique is based on the
change in electrical voltage in an area carrying cur-
rent as a result of crack formation or crack growth.
No change in signal has been shown to date by
this monitoring equipment.The fracture mechanics
evaluation of the indication, carried out earlier us-
ing conservative assumptions, also remains valid.
Thus, there is no influence on safe operation of the
plant during the 1999/2000 operational cycle.

- Several weld seams of the pressuriser, which were
examined ultrasonically and inspected for surface
cracks using the magnetic particle technique, were
found to be in order.

- Ultrasonic examinations and surface-crack inspec-
tions were performed on stainless steel piping of
the volume control system and the nuclear residual
heat removal system: there were no significant
findings.

- With regard to the main reactor coolant pumps, an
inspection of the axial bearing was carried out on
pump 10, together with a major overhaul of the mo-
tor, and a seal was routinely replaced on pump 20.

- Major overhauls were carried out on a high-pres-
sure charging pump of the volume control system
and on a main feedwater pump: in both cases
there were no significant findings.

- Testing of the instrumentation and control systems,
including the reactor protection system, revealed
no significant findings.

- During maintenance work on the generator, it was
observed that the hot spots previously noticed on
the stator had become bigger. Detailed investiga-
tion of the laminated core showed that a repair is
not yet necessary. Additional temperature probes
were installed in order to follow the behaviour of
the stator in a better manner.The other inspections
and tests gave no cause for concern.

3.2.3 Plant modifications
During the year under review, the main changes

were as follows:
- Backfitting of the third, independent, fuel-pool cool-

ing circuit was completed upon commissioning
before the annual shutdown. During the shutdown,
the system was operated successfully for the first
time. It represents an improvement with regard
to operational requirements and also increases
safety with regard to residual-heat removal from
the fuel assemblies stored in the pool. This backfit-
ting measure originated from the findings of the
probabilistic safety analysis for shutdown.

- One main-steam relief control valve was replaced
owing to wear in one of the three relief stations.
During commissioning tests, the newly inserted
valve blocked as a result of too small assembly
tolerances of the internal components. After at-
tending to this, the valve was successfully com-
missioned. The main-steam, relief control valves of
the remaining two relief stations will be overhauled
during the next shutdown.

- A sensor probe of a local power range monitor was
replaced as a precautionary measure owing to the
failure of several detectors for measuring the local
neutron flux in the core. During insertion of the
instrumentation probes, it was discovered that the
probe shaft deviated from its intended position to
an unacceptable extent at another measurement
position.The complete instrumentation probe was
replaced by a new one as a precautionary meas-
ure.

- Operation of the fuel-assembly exchange mech-
anism in the refuelling pool was automated by
means of a coordinate-drive attached to the sup-
port structure.This resulted in an improvement in
safety with regard to the handling of fuel assem-
blies.

- A sieve drum in the cooling water-intake system
was replaced by one which is stronger and more
corrosion-resistant in order to be able to deal better
with increases in the amount of suspended matter
arriving at the inlet.

3.2.4 Fuel elements and control rods
The low level of activity in the reactor coolant in-
dicates that no damage to fuel cladding occurred
during the year under review. For the 21st operat-
ing cycle (1999/2000), 44 of the total of 177 fuel
assemblies were replaced by new ones during the
revision outage. Among the latter were 20 uranium/
plutonium, mixed oxide fuel assemblies (MOX); with
this, 48 MOX fuel assemblies are present in the core.
The fuel elements of the new fuel assemblies have
a cladding whose surface has been provided with a
protective layer to retard corrosion.

Test fuel rods with different cladding materials con-
tinue to be exposed in order to investigate the be-
haviour of fuel rods at higher burn-up. In addition,
dimensional measurements and determinations of
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Fuel assemblies in dry storage facility of NPP Gosgen.
Photo: NPP Gosgen

the thickness of the oxide layer were carried out on
spent fuel assemblies. All fuel cladding has shown
good operational behaviour to date.

During the revision outage, the cladding of all 48
control rods was examined for damage using dia-
metrical measurement and eddy-current procedures.
As a result of these measurements, seven control
rods were replaced by control rods which had been
used previously and which testing had shown to be
still suitable for use.

During the year under review, 3 shipments, each
containing 12 spent fuel assemblies, were sent away
for reprocessing.

3.2.5 Periodic safety review
An overall assessment of safety is carried out periodi-
cally for all nuclear power plants which are in opera-
tion. Such safety reviews provide a necessary addi-
tion to the permanent supervisory activities of the
Inspectorate. The main points of the review are to
provide comparisons with the continually developing
status in science and technology, to perform a sys-
tematic assessment of operational experience and
plant condition, and to examine and incorporate the
results from the probabilistic safety analysis, which
is regularly updated.

The Inspectorate carried out such a safety review
for the Gosgen nuclear plant between 1994 and 1999
and completed its report on this at the end of 1999.
The review confirmed that the technical precautions
with regard to safety are at a high level in the Gosgen

plant. Nevertheless, the Inspectorate determined
that some deviations from the current status of sci-
ence and technology exist. The plant operator took
the initiative in introducing improvements in various
areas. In some cases, the Inspectorate required that
further measures be taken. In January 2000, KKG
submitted a complaint to the Federal Department
for Environment, Transport, Energy and Communica-
tion in connection with the Inspectorate's require-
ments.

3.2.6 Probabilistic safety analysis (PSA) &
accident management (AM)

The earthquake risk is influenced predominantly by
the probability of an earthquake occurring at the site
concerned. The method used to determine this dan-
ger has undergone further development in recent
years, in particular as a result of studies carried out in
the USA. The Inspectorate has thus issued a require-
ment to the plants that the site-specific risk from
earthquakes be re-determined and has prepared cor-
responding instructions for how this is to be done.
In 1999, the plant operators started work on a joint
project to prepare a new study on earthquake risk.

The Inspectorate has prepared a series of recom-
mendations for measures to be taken in the context
of the probabilistic safety analysis. The suggested
measures are intended to bring the plant up to the
current status of science and technology in those
areas where this is deemed to be necessary and
reasonable. The PSA was used to determine the ef-
fect of the measures proposed by the Inspectorate
(influence on the frequency of core damage and on
the risk of radioactive releases) in the context of risk-
oriented supervision.

3.2.7 Ageing surveillance programme
The ageing surveillance programme (ASP) was con-
tinued in the areas of mechanical, civil and electri-
cal engineering and the appropriate documentation
was submitted, in part, to the Inspectorate. Further
procedures for introduction of the ASP were agreed
upon with the plant operator in the course of discus-
sions on the periodic safety review. In the framework
of ageing surveillance programmes, safety-relevant
areas of the nuclear plant are checked for mecha-
nisms of ageing and for possible gaps in mainte-
nance programmes. The countermeasures resulting
from this are then introduced. The ASP documen-
tation examined to date by the Inspectorate has
indicated that no unacceptable reduction in safety-
related properties is to be expected in the near fu-
ture.
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3.3 Radiation protection

3.3.1 Protection of personnel
For the calendar year 1999 (1998 values in brackets),
the following values of collective dose were deter-
mined for KKG:

Category

Revision shutdown

Power operation

Total annual collective dose

Collective dose
Person-Sv

0.63

0.17

0.80

(0.61)

(0.21)

(0.82)

The annual collective dose corresponded to the val-
ues from recent years.The highest individual dose ac-
cumulated in KKG amounted to 14.9 mSv (16.0mSv)
and is below the limiting dose value of 20 mSv per
year set by the Radiation Protection Ordinance for
persons subject to occupational exposure to radia-
tion. Further information can be found inTables A5 to
A10 and Figures A5 to A9. No contamination of per-
sonnel which could not be eliminated immediately
using the normal methods (washing and showering)
occurred during the whole period of reporting. Incor-
poration monitoring, using "Quickcounter" person-
nel monitors, gave no indications for any incorpora-
tion.

The dose rate at components in the primary circuit
was unchanged in comparison with the previous year,
or had increased slightly in isolated cases.

Temporary lead shielding (in total, ca. 15t) was
used to reduce radiation exposure during the revision
shutdown, particularly at valves and vessels in the
primary circuit. Permanent support hooks for shield-
ing were installed at certain places in the plant so as
to reduce the time required to install shielding, and
thus the radiation exposure involved.

There was no significant occurrence of contamina-
tion in the plant, as was confirmed by continuous
measurement of the air and checks on surfaces.The
concentration of radioactive iodine 131 in the pool
water while refuelling during the annual revision was
lower by a factor of 10 than in the previous year as a
consequence of the absence of fuel defects.

During the revision, repeat inspections were car-
ried out on all three steam generators, in addition to
the usual routine work. Doses of 191 Person-mSv
and 114 Person-mSv respectively were accumulated
during work on the steam generators and while refu-
elling, including opening and shutting the reactor.The
radiation protection plans required by the Inspector-
ate's Guideline R-15 were submitted to the Inspec-
torate. Both of the above-mentioned areas of work
involved continuous, task-specific dosimetry.

During the year under review, there were no notifi-
able radiological incidents according to the Inspec-
torate's Guideline R-15.

The Inspectorate confirmed that good and effective
radiation protection is carried out at KKG in the course
of three inspections dedicated to this purpose.

3.3.2 Releases to the environment and di-
rect radiation

Table A4a presents the admissible limits for the re-
lease of radioactive materials from KKG, the 1999
annual releases, and the dose values calculated on
the basis of the Inspectorate's Guideline R-41 for
individuals in the vicinity of the plant. Radioactive
releases via the exhaust stack system , in the form of
aerosols, iodine and noble gases, lay well below the
limiting values. This was also true for radioactive re-
leases in waste water, excluding tritium. Releases of
tritium, typical for a pressurised water reactor, were
about 20 % of the limiting values. Table A4b shows
the releases of noble gases and iodine via the ex-
haust stack system, and for tritium and remaining
radioactive substances via the waste water, during
the last five years. Release values less than 0.1 %
of the release limits are not shown.

The calculated yearly dose for individual members
of the population in the vicinity of KKG is approxi-
mately 0.001 mSv for adults and infants. This val-
ues lies well below the guideline dose of 0.2 mSv
per year according to the Inspectorate's Guideline
R-11. Articles 5 and 6 of the Radiation Protection Or-
dinance state that activities which result in an effec-
tive dose of less than 0.01 mSv per year for the per-
sons concerned are deemed justified and optimised.
This means that no further efforts are necessary to
reduce radioactive releases and the resulting doses
for the population.

The quarterly measurements carried out by the
Inspectorate as a check, and the half-yearly compari-
son measurements of the Section for Radiation Moni-
toring, Freiburg (SUeR) on aerosol and iodine filters,
as well as on waste-water samples, showed good
agreement between the results and the KKG val-
ues.

The dose-rate measuring probes of the dose moni-
toring network (MADUK) in the vicinity of the plant
showed no increased values as a result of reactor
operation. The quarterly measurements, carried out
by the Inspectorate at the perimeter of KKG, showed
no significant increase above the level of the back-
ground radiation. This was also confirmed by the
KKG evaluation of the thermoluminescent dosimetry
(TLD) carried out at several locations on the perim-
eter of the plant site. Thus the limiting emission val-
ues for direct radiation outside the plant site (1 mSv
per year for living, recreation and work rooms, and
5 mSv per year in other areas), given in Article 102,
Clause 3 of the Radiation Protection Ordinance, were
again adhered to during the year under review.

3.3.3 Radiation protection instrumentation
All measuring instruments to monitor the activity
and radiation level in the plant, as well as radiation
releases to the environment, personnel monitors
and personnel dosimetry systems, worked satisfac-
torily in the year under review. KKG participated suc-
cessfully in the annual comparison measurements
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for personnel dosimetry departments organised by
the Federal Committee for Radiation Protection (EKS)
and was able to provide proof of the required meas-
urement accuracy.

3.4 Personnel and organisation

3.4.1 Organisation and operational
management

There were no changes in the KKG organisation dur-
ing the year under review. The workforce of the plant
at the end of 1999 was 381 persons (1998: 377); see
Table A2. In the near future, several employees who
were present during the building and commission-
ing of KKG will retire. In order to ensure success-
ful training for their replacements, these jobs will
be carried out in tandem for a limited period. As a
consequence, the level of personnel at KKG will be
temporarily higher during the next few years.

KKG has submitted the quality assurance (QA)
handbook to the Inspectorate for review and is cur-
rently working to integrate the existing regulations
into the QA system, supplementing them as and
where necessary. The first steps towards introduc-
ing the QA system have been taken. It is intended
that the QA system will be in operation by the end
of 2000.

An international team of 11 experts visited the
Gosgen nuclear power plant from November 8 to
25, 1999 for an OSART mission of the IAEA. Over
this three-week period, the experts checked all as-
pects of operational safety, the organisation and op-
erational management by studying documentation,
interviewing plant staff and making observations
during plant walk-downs. The team assessed the
plant as good with regard to operational safety and
provided several recommendations as to where im-
provements are still possible. The Inspectorate ex-
pects to receive the final report in March 2000.

3.4.2 Personnel and training
One reactor operator was licensed at level B. A radia-
tion protection specialist completed his three-month
training a the PSI radiation protection school and was
successful in the final examination. A member of the
radiation protection team was given official recogni-
tion as a radiation protection expert after completing
a course at the Karlsruhe research centre together
with an oral examination. The number of licensed
personnel is given in Table A2.

Licensing of shift personnel takes place under the
supervision of the Inspectorate and is specified in
the Inspectorate's Guideline R-27 and the Inspector-
ate's Directive W-18. Recognition of radiation protec-
tion personnel is governed by the Radiation Protec-
tion Training Ordinance (SR 814.501.261) and by the
Inspectorate's Guideline R-37.

The licensed members of the shift groups took

part in simulator revision training during one-week
courses on the GFS simulator in Essen, Germany.
They were supervised by a GFS instructor and by
KKG shift technical advisors. Special courses were
carried out to prepare the shift technical advisors for
their role as supervisors.The new KKG simulator has
been installed in the training building on the KKG site
and is undergoing acceptance testing. It is intended
to start training on KKG's own simulator in April 2000.
Four-day courses on reactor physics were carried out
at the PSI reactor school in the context of theoretical
refresher training for licensed operating personnel,
which was restructured in 1999 and is based on an
eight-year cycle. Some of the licensed personnel
participated in a three-day thermohydraulic course
in Biblis using a glass model, which reveals flow pat-
terns.

Employees of all departments refreshed their tech-
nical knowledge, trained their practical skills, and
underwent personal development in a large variety
of further courses. Of particular note is the large-
scale participation of members from technical depart-
ments in the basic operational course for plant opera-
tors.

3.5 Emergency preparedness

A plant emergency exercise was carried out in De-
cember in KKG under the observation of the Inspec-
torate. Its theme was a major fire in the turbine hall
including the danger caused to a group of visitors.

The goal of the exercise was to check the suitabil-
ity for purpose of the emergency organisation and
the relevant emergency regulations, as well as to
train individual emergency teams with regard to their
own behaviour in an emergency and their interaction
with other teams. The requirement placed on the
emergency management team was to deal with the
tasks arising in an efficient and correct way using
good management practices. Overall, the Inspector-
ate established that the goals of the exercise had
been met. Possibilities for improvement in some ar-
eas were discussed with those concerned.

In the course of an inspection, the Inspectorate
confirmed that the emergency communication sys-
tems to the Inspectorate and to other external bod-
ies were ready for action in the appropriate rooms.

3.6 Radioactive waste

During the year under review, the quantity of raw
radioactive waste (see Table A l l ) was as expected
from the experience of previous years. Resins were
conditioned with bitumen during a campaign in this
period and mixed wastes were sent to PSI for sort-
ing and treatment. There, the combustible wastes
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were incinerated in the course of a campaign started
in November and the ashes and non-combustible
wastes were cemented. The packages of condi-
tioned wastes produced earlier at PSI were returned
to the interim storage facility at KKG.

In January, the Inspectorate approved, according
to the Inspectorate's Guideline R-14, the type of
waste package produced for KKG at PSI (low-pres-
sure compressed wastes, PSI Type 3). The specifi-
cations previously prepared by KKG for the two re-
maining types of waste package, which are being
produced in small quantities at PSI for KKG, will be
assessed during 2000 by NAGRA and by the Inspec-
torate. With the exception of these two waste pack-
age types, KKG has now obtained updated approvals,
according to Guideline R-14, for all types of waste
package which are currently produced.The additional
documentation on three further types of waste pack-
age, submitted by KKG, was examined by the Inspec-
torate and approved in June. With this, all KKG waste
packages produced according to older procedures
have now been subsequently documented.

The raw waste collected with a view to later
treatment was kept under appropriate conditions in
premises in the controlled zone. Conditioned wastes
were routinely brought to, and kept in, the interim
storage facility.

3.7 Overall judgement by the
Inspectorate

The condition of the Gosgen plant and the opera-
tional management can be rated as good with regard
to nuclear safety and radiation protection.There was
one notifiable incident in this year, which was of mi-
nor influence to the safety of the plant.

Additionally, the Inspectorate carried out its super-
visory duties throughout the whole year by means
of extensive inspections in connection with plant
modifications, maintenance and periodic examina-
tions. The main emphasis, of the approximately 60
inspections which were carried out, was on the revi-
sion shutdown and the resumption of fuel assembly
shipments. The plant operator was informed about
the results of the inspections and took action on the
measures for improvement which were identified.

The periodic safety review also confirmed that the
technical precautions with regard to safety are at a
high level in KKG. In some cases, where there are
deviations from the current status of science and
technology, the operator has already introduced im-
provements, or these have been required by the In-
spectorate.

The annual collective dose for internal and external
personnel again reached only a very low value. The
amount of radioactive material released to the envi-
ronment lay well below the limits set by the authori-
ties. The radiation doses for the population are thus
insignificant.
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4. Leibstadt Nuclear
Power Plant

4.1 Operational data and results

The Leibstadt nuclear power plant (KKL) is equipped
with a boiling water reactor and started commercial
operation in 1984. In 1999, it originally had a net elec-
trical output of 1080 MW. On September 16, 1999,
KKL increased thermal power from 3327 MW to
3420 MW, on the basis of the license for this power
uprating from the Federal Council and approval by
the Inspectorate. Before doing this, an extensive
test programme was carried out to confirm safe be-
haviour of the plant. The net electrical power now
amounts to 1115 MW. Additional data concerning
the plant are summarised inTables A1 and B3 of the
Appendix; Figure B2 shows the functional diagram
of a boiling water reactor plant.

In its 15th year of operation, the Leibstadt nuclear
power plant reached a load factor of 88 % and an
availability factor of 92.8 %. This year, the revision
outage lasted 26 days. During power operation, there
was no unplanned reactor scram. An unplanned re-
duction in power took place in order to replace a
valve drive in the core-isolation cooling system.

4.2 Plant safety

4.2.1 Particular events
The year 2000 date change caused no problems in
safety-relevant systems. The storms at the end of

December had no effect on safe operation of the
plant.

According to the Inspectorate's Guideline R-15
("Reporting on the operation of nuclear power
plants"), four notifiable events were allocated to
class B and to level 0 on the international nuclear
event scale, INES (see Chapter 11 and Table B2 of
the Appendix).

- The first event involved an emergency diesel power-
supply unit, which cou!d not be synchronised with
the grid during test operation because the signal

"generator voltage >80%" which is required in
order to close the generator switch, was not ob-
tained.The cause was suspected to be a minimum-
voltage relay, which was replaced. The test was
then successful. A change in the control logic is
planned so as to permit the alternative signal "mo-
tor speed > 1350 rpm" which is available redun-
dantly, to be used for synchronisation of the genera-
tor.

- In the second event, an injection valve of the core-
isolation cooling system failed to open during a
functionality test. A defective electronic compo-
nent was found in the control system, together
with damage to the drive motor of the valve. Both
of the faulty components were replaced.

- The third event also involved a test. In this case,
the groundwater pump of the emergency supply
system failed to start, although the faulty behav-
iour could not be reproduced.The control unit was
replaced as a precautionary measure.

Aerial view of NPP Leibstadt Photo: NPP L_e;hs;acr;
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- The fourth event took place during the revision out-
age: it was found that the pressure in the accumu-
lators for insertion of the control rods had dropped
to 10 to 16 bar, rather than the mandatory pres-
sure of 20 bar during shutdown. This represented
a deviation from the plant technical specifications.
The procedural instructions for setting the pressure
level were then revised and made more precise

All four events were of minor, safety-related impor-
tance. Three of the events were due to faulty com-
ponents, the fourth to inadequacies in a procedural
specification.

4.2.2 Work during the refuelling outage
During the outage from August 7 to September 2,
the usual tasks were performed, such as refuelling,
maintenance work, non-destructive material exami-
nations, periodic inspections of components, plant
modifications, examinations and functionality tests
of systems and components. All revision work pro-
ceeded according to plan.

Ultrasonic examinations were carried out on one
of the four main-steam lines and wall-thickness
checks were performed on the relief lines of the
main-steam piping. Ultrasonic examinations were
also carried out on the reactor pressure vessel, par-
ticularly at the nozzles.There were no significant find-
ings in any of the examined areas.

The core shroud and other reactor internals were
inspected using an underwater video camera. No
indications were found, which would relate to cracks
or other defects. There have been no findings over
the whole circumference of the core shroud in the
inspections carried out during the last four years.

Wall thickness measurements of piping in the sec-

ondary area of the piant were continued as part of
the programme to analyse for weak spots due to ero-
sion corrosion.The previous programme of visual in-
spections, together with ultrasonic and radiographic
examinations, was continued for numerous compo-
nents. Significant reductions in wall thickness were
found on the shell of one low-pressure preheater.
The necessary repair work was carried out during
the shutdown. It will be decided during the 2000
shutdown whether this preheater should undergo
further repair, or be replaced.

The required leak-tightness of the valves at vari-
ous containment penetrations was demonstrated
by means of localised, leak-rate tests. The integral,
leak-rate test, in which the whole containment is
subjected to an overpressure, was carried out dur-
ing shutdown in the year under review. The meas-
ured containment leak-rate amounted to 29% of the
permissible value.This test was last earned out five
years previously.

Leakage at the flange of a flow-control valve in the
recirculation line of the primary circuit was cured by
re-machining the flange sealing surface and replac-
ing the seal.

During the maintenance work, examinations and
inspections, no defects were found which would im-
pair the safety of the plant.

4.2.3 Plant modifications
During the year under review, further backfitting of
safety-relevant, motor-driven valves was carried out
as an important plant modification. This was nec-
essary since recent findings had shown that loads
on the valves in the case of an accident could be

The fuel assembly charging machine (middle! facilitates movement of the fuel assemblies Several metres of wa
personnel against exposure to radiation. The closure head o' the reactor pressure vessel and the o'ryvvel! closure
and right of the picture, respectively

'e: crowd the
are on the left
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higher than originally assumed. The required meas-
ures were carried out on a further 17 valves as part
of the revision programme, which has been in place
since 1997. Among other things, these involved the
replacement of shafts, shaft locking nuts, gears or
drives, as well as new drive settings or higher clo-
sure torques for the casing bolts. The work will be
completed in 2000.

A further plant modification was carried out on the
automatic depressurisation system of the RPV By
means of an interlocking system, it is now ensured
that manual operation of the system is only possible
if the emergency core-cooling system exhibits suf-
ficient supply pressure.

The measurement sensors used to date for meas-
urement of the water level in the fuel-assembly trans-
fer pipe to the fuel-assembly storage pool, which
reported the signals "pipe full" and "pipe empty','
were replaced with new pressure sensors.

In 1998, an isolation valve failed to shut during
functionality testing of the reactor-water sampling
system. After KKL had identified ageing processes in
the grease as the cause, three magnetic valves were
replaced by ones of a different type, which operate
without oil lubrication.

Parts of the extraction lines from the low-pressure
turbine had been badly affected by erosion-corrosion.
The sections of piping concerned were replaced by
new sections made of stainless steel.

4.2.4 Fuel elements and control rods
Towards the end of the 15th fuel cycle (1998/99), the
activity of the reactor water and exhaust gas gave
indications of fuel-assembly damage. One defective
assembly was identified during shutdown for the
annual revision and subsequent leak-tightness test-
ing of all fuel assemblies. This assembly was at the
end of its life of 5 cycles (operating years).The exact
cause of the damage could not be determined.

In the spring of 1998, the Inspectorate laid down
criteria for renewed insertion of the SVEA96 fuel
assemblies, which had shown increased, localised,
cladding corrosion (see 1998 annual report). As in
1998, adherence to these criteria was demonstrated
by means of extensive eddy-current measurement
of the oxide layer thickness in the spacer regions.
These also provided confirmation of the further, posi-
tive effect of the modification to the water chemistry
carried out in 1997. Today, the corrosion rate in the
spacer regions is once again comparable with that
found in other plants. On the basis of the improved
corrosion behaviour, the Inspectorate approved the
trial of 6 SVEA96 fuel assemblies for a sixth cycle
and higher burnup.

During refuelling, 136 assemblies were replaced
with new SVEA96 fuel assemblies. The majority of
these fuel assemblies have material with improved
resistance to cladding corrosion. Test elements of
this type have been tested in KKL up to the end of
the fifth cycle and have shown a clearly reduced ten-

dency to undergo corrosion in the spacer region.
To avoid fuel assembly damage arising from debris,

approximately 35% of all assemblies are presently
fitted with filters against debris. The 20 prototype,
test fuel assemblies from three different fuel sup-
pliers have performed satisfactorily, as was demon-
strated by investigations performed during the shut-
down.

During the present, 16th cycle, fuel-assembly dam-
age has been registered since October 1999 on the
basis of the increasing concentrations of radioac-
tive inert gases in the waste-gas system and of io-
dine-131 in the reactor water. The specified, permit-
ted concentrations for iodine-131 and the limiting
values for release of radioactive species to the envi-
ronment are far from being reached.

During the year under review, no shipments of
spent fuel assemblies were sent for reprocessing.

4.2.5 Probabilistic safety analysis (PSA) &
accident management (AM)

The earthquake risk is influenced predominantly by
the probability of an earthquake occurring at the site
concerned. The method used to determine this dan-
ger has undergone further development in recent
years, in particular as a result of studies carried out in
the USA.The Inspectorate has thus issued a require-
ment to the plants that the site-specific risk from
earthquakes be re-determined and has prepared cor-
responding instructions for how this is to be done.
In 1999, the plant operators started work on a joint
project to prepare a new study on earthquake risk.

4.2.6 Ageing surveillance programme
The ageing surveillance programme (ASP) was con-
tinued in the areas of mechanical, civil and electrical
engineering and the appropriate documentation was
submitted to the Inspectorate. In the framework of
ageing surveillance programmes, safety-relevant ar-
eas of the nuclear plant are checked for mechanisms
of ageing and for possible gaps in maintenance pro-
grammes. The countermeasures resulting from this
are then introduced. The ASP documentation exam-
ined to date by the Inspectorate has indicated that
no unacceptable reduction in safety-related proper-
ties is to be expected in the near future.

A recently started pilot project is concerned with
the possibility of using PSA analyses for ageing sur-
veillance of those mechanical engineering compo-
nents (safety classes 2 to 4), which do not belong to
the primary system. The goal of this study is to ex-
tend ASP to those components, belonging to safety
classes 2 to 4, whose failure would provide a sig-
nificant contribution to increasing the risk of core
damage. On the basis of this risk assessment, such
components would then be investigated intensively
for ageing effects.
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4.3 Radiation protection

4.3.1 Protection of personnel
For the calendar year 1999 (1998 values in brackets),
the following values of collective dose were deter-
mined for KKL:

Category

Revision shutdown

Power operation

Total annual collective dose

Collective dose
Person-Sv

0.79

0.38

1.17

(0.72)

(0.37)

(1.09)

The annual collective dose is at a similar, low level as
in the past two years. The highest individual dose ac-
cumulated in KKL amounted to 13.7 mSv (12.7 mSv)
and is below the limiting dose value of 20 mSv per
year set by the Radiation Protection Ordinance for
persons subject to occupational exposure to radia-
tion. Further information can be found inTables A5to
A10 and Figures A5 to A9. No contamination of per-
sonnel, which could not be eliminated immediately
using the normal methods (washing and showering),
occurred during the whole period of reporting. Incor-
poration monitoring, using "Quickcounter" person-
nel monitors, gave no indications for any incorpora-
tion.

Two persons were examined for incorporation of al-
pha nuclides at the Paul Scherrer Institute.The evalu-
ation is not yet complete. Traces of alpha nuclides
were found in one person, whereby the ensuing
dose is less than 1 mSv.

The mean value of the dose rate, during shut-
down, at the recirculation loops of 2.19 mSv/h (1998:
2.23mSv/h) is slightly reduced compared with the
previous year. It lies slightly above the guideline value
of 2.0 mSv/h in the operating licence.The dose rate
at the recirculating loops must be exactly monitored
in connection with the water chemistry. If necessary,
further measures must be introduced in order to con-
tinue to keep the personnel doses at the present,
low level. The dose rates at those reactor compo-
nents, which have been monitored over many years,
have hardly changed. To date, operation of the plant
at the higher power level has shown no negative ef-
fect on the radiological situation.

During the revision, the usual, temporary shield-
ing, consisting of water sacks, lead mats and a lead
wall (48 tonnes of lead and 11 tonnes of water) was
installed, particularly around valves, piping and ves-
sels, in order to reduce radiation exposure to the
personnel.

There was no significant occurrence of contamina-
tion in the plant, as was confirmed by continuous
measurement of the air and checks on surfaces. The
measurement programmes, which were started in
connection with earlier fuel-assembly defects to de-
termine contamination by alpha-emitting nuclides,
were continued. Instruments for direct determina-
tion of alpha nuclides in the air were installed at lo-

cations where possible contamination by alpha nu-
clides could occur.

In addition to the usual, routine work during the
revision, extensive, periodic inspections were car-
ried out on the reactor pressure vessel and two isola-
tion valves were reconstructed. Doses of 60 Person-
mSv and 58 Person-mSv had been calculated for this
work and the radiation protection plans had been pre-
sented to the Inspectorate.The actual, accumulated
dose for the first task corresponded to the expecta-
tions. For the second task, additional optimisation
measures permitted it to be carried out with a dose
of 8 Person-mSv.The flange repair to the flow-control
valve in the recirculation line was planned and carried
out at short notice during the shutdown. This task,
which was carried out, in part, under difficult radiolog-
ical conditions, resulted in a dose of 39 Person-mSv.
All areas of work involved continuous, task-specific
dosimetry. During the year under review, there were
no radiological events notifiable under the Inspector-
ate's Guideline R-15.

The Inspectorate confirmed that good and effec-
tive radiation protection is carried out at KKL in the
course of three inspections dedicated to this pur-
pose.

4.3.2 Releases to the environment and
direct radiation

Table A4a shows the limiting values for the release
of radioactive materials from KKL, the total amount
released in 1999 and the resulting dose values for
individuals in the vicinity of the plant, calculated ac-
cording to the Inspectorate's guideline R-41. Radioac-
tive releases via the exhaust stack system, in the
form of aerosols, iodine and noble gases, lay well
below the limiting values. This was also true for tri-
tium and other radioactive releases in waste water.
Table A4b shows the releases of noble gases and
iodine via the exhaust stack system and for tritium
and remaining radioactive substances via the waste
water during the last five years. Release values less
than 0.1 % of the release limits are not shown.

The calculated yearly dose for individual members
of the population in the vicinity of KKL is approxi-
mately 0.004 mSv for adults and 0.006 mSv for in-
fants. These values lie well below the guideline dose
of 0.2 mSv per year according to the Inspectorate's
Guideline R-11.They result primarily from the release
of C-14. Articles 5 and 6 of the Radiation Protection
Ordinance state that activities which result in an ef-
fective dose of less than 0.01 mSv per year for the
persons concerned are deemed justified and opti-
mised. This means that no further efforts are neces-
sary to reduce radioactive releases and the resulting
doses for the population.

The quarterly measurements carried out by the
Inspectorate as a check, and the half-yearly com-
parison measurements of the Section for Radiation
Monitoring, Freiburg (SUeR) on aerosol and iodine
filters, as well as on waste-water samples, showed
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The turbine aggregate in the turbine hall at NPP Leibstadt. The
high-pressure turbine is in the foreground and behind it is the
three-stage, low-pressure turbine.

Photo. NPP Leibstaot

good agreement between the results and the KKL
values.

The dose-rate measuring probes of the dose
monitoring network (MADUK) in the vicinity of KKL
showed no significant increase as a result of plant
operation. In close proximity to the nuclear power
plant, the ambient dose rate is higher due to direct
and indirect radiation from the turbine building. The
values measured quarterly by the Inspectorate at
the perimeter fence were at normal levels, as in
previous years. The measured dose rates lay be-
tween 0.08jiSv/h (natural background radiation) and
0.25|iSv/h. Calculated over one year, taking into ac-
count the duration of plant operation, the latter value
results in a dose of 1.4 mSv per year. The background
radiation level has already been subtracted in calcu-
lating this value. KKL evaluation of the thermolumi-
nescent dosimetry (TLD) carried out at several loca-
tions on the perimeter of the plant site showed a
maximum value of 2.5 mSv. Thus the limiting emis-
sion values for direct radiation outside the plant
site (1 mSv per year for living, recreation and work
rooms, and 5 mSv per year in other areas), given
in Article 102, Clause 3 of the Radiation Protection
Ordinance, were again adhered to during the year
under review.

4.3.3 Radiation protection instrumentation
All measuring instruments to monitor the activity
and radiation level in the plant, as well as radiation
releases to the environment, personnel monitors
and personnel dosimetry systems were subjected
to periodic, functionality testing and worked satisfac-
torily in the year under review. KKL participated suc-
cessfully in the annual comparison measurements
for personnel dosimetry departments organised by
the Federal Committee for Radiation Protection (EKS)
and was able to provide proof of the required meas-
urement accuracy.

The performance of the electronic dosimeters, in-
stalled by the Institute of Radiophysical Applications

(IRA) in Lausanne as a second system at the recom-
mendation of the Inspectorate, was investigated at
the end of the year under review.The IRA results will
become available at the beginning of 2000.

4.4 Personnel and organisation

4.4.1 Organisation and operational
management

In the course of restructuring in order to adapt to
the changing requirements of the electricity supply
market, KKL has transferred certain activities, not
involving nuclear safety, to external firms. As a result,
the KKL workforce will be reduced over the next few
years.The intended procedure was presented to the
Inspectorate. During the year under review, KKL also
carried out a re-organisation.The project department
was wound up and its functions integrated into the
departments of mechanical engineering, supervision
and administration. This restructuring will result in
a reduction of interfaces, with a corresponding im-
provement in communication, since no large projects
are pending.

The Inspectorate is following the possible effects
of cost-cutting measures on safety. To accompany
these measures, it has required that KKL introduce
methodology which will permit negative effects on
safety to be identified in good time.

At the end of the year under review, the KKL work-
force was 401 persons (1998: 418); see alsoTable A2.
The program to enhance safety culture at KKL was
developed further, in co-operation with KKB.

4.4.2 Personnel and training
Four engineers passed their licence examinations
as shift supervisors in the course of their training
to become shift technical advisors. Two participants
successfully completed the final examination of the
technicians' course at the PSI reactor school, thus
providing proof of adequate, basic, theoretical train-
ing up to the level of shift technical advisor. A mem-
ber of the radiation protection team was given of-
ficial recognition by the Inspectorate as a radiation
protection expert, after completing a course at the
Karlsruhe research centre together with an oral ex-
amination.The number of licensed personnel is given
in Table A2.

Licensing of shift personnel takes place under the
supervision of the Inspectorate and is specified in
the Inspectorate's Guideline R-27 and the Inspector-
ate's Directive W-18. Recognition of radiation protec-
tion personnel is governed by the Radiation Protec-
tion Training Ordinance (SR 814.501.261) and by the
Inspectorate's Guideline R-37.

The licensed shift personnel completed, as a team,
a four-day, training course on operational incidents
and disturbances, as well as a two-day training
course to prepare for the 1999 revision shutdown, at

Leibstadt Nuclear Power Plant

HSK Annual report 1999
35



the KKL simulator. The shift technical advisors were
also involved in this. Communication and teamwork
outside the normal working environment were prac-
tised in external courses under the heading of "ex-
perience safety culture'.' Four-day courses on reac-
tor chemistry were carried out for KKL at the PSI
reactor school in the context of theoretical refresher
training for licensed operating personnel, which was
restructured in 1999 and is based on an eight-year
cycle.

Employees of all departments refreshed their tech-
nical knowledge, trained their practical skills, and
underwent personal development in a variety of fur-
ther courses. Of particular note was the course for
nuclear engineers held at General Electric.

4.5 Emergency preparedness

In November, KKL carried out the works emergency
exercise "MILLENIUM'.' Its aim was to practice co-
operation between the emergency team and the
emergency groups, under conditions which were
as realistic as possible, whilst involving all available
organisational, technical and human resources.

The scenario involved an act of sabotage on a
450 kV unit, with various effects on operation of the
nuclear power plant. A number of technical distur-
bances, radiological situations requiring action, and in-
juries to persons were postulated as a consequence
of the sabotage.The Inspectorate was satisfied that
the numerous actions required of the personnel con-
cerned had been carried out correctly. Communica-
tion between the participants was good.The goals of
the emergency exercise were attained and possibili-
ties for further improvement were discussed with
those participating.

are stored appropriately in an unconditioned form in
premises within the control zone. Conditioned waste
packages are routinely brought to and held in the
interim storage facility.

4.7 Overall judgement by the
Inspectorate

The Leibstadt plant condition and the operational
management can be rated as good with regard to nu-
clear safety and radiation protection.The power uprat-
ing from 106 to 109 % of the original thermal power
rating (3138 MW) was carefully planned and then
carried out without problems. An extensive test pro-
gramme at the increased power level of 3420 MW
demonstrated safe operation of the plant. The four
notified events were of minor relevance to nuclear
safety and led to no operational restrictions.

In the year under review, the Inspectorate car-
ried out approximately 90 inspections. Among other
things, the main emphasis here lay on inspection of
the fuel assemblies during the revision shutdown
and on the test programme related to power uprat-
ing. The plant operator was informed about the re-
sults of the inspections and took action on the meas-
ures for improvement which were identified.

The collective dose (internal and external person-
nel) reached only a low value for a boiling water reac-
tor of this type, as a result of dose-reducing meas-
ures. The amount of radioactive material released to
the environment lay well below the limits set by the
authorities. The radiation doses for the population
are thus insignificant.

4.6 Radioactive waste

During the year under review, the quantity of raw ra-
dioactive waste produced (seeTable A11) was in the
same range as in previous years. In three campaigns,
ion-exchange resins were cemented with concen-
trates, according to the corresponding approval of
the Inspectorate. For the campaign beginning in No-
vember, combustible wastes were taken for incin-
eration to PSI and the ash residue cemented. The
conditioned waste packages produced during earlier
treatment at PSI were returned to the interim stor-
age facility at KKL.

KKL is in possession of updated approvals for all
types of waste packages currently produced. Three
types of waste package produced earlier still require
subsequent, additional documentation. This will be
prepared in 2000.

Different raw wastes, awaiting later treatment,
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5. Central Interim Storage,
Wiirenlingen

5.1 Supervision of construction

On August 21, 1996, the Federal Council issued
a licence to the "Zwischenlager Wureniingen AG
(ZWILAG)" for the construction and operation of in-
terim storage facilities for radioactive waste, includ-
ing the associated auxiliary installations, as well as
for the construction of a conditioning plant and of an
incineration and melting plant in Wureniingen. Con-
struction of all these plants, together known as the
central interim storage facility (ZZL), is subject to the
supervision of the Inspectorate.

Construction work on the interim storage facili-
ties, the associated auxiliary installations and the
conditioning plant continued, in the main, accord-
ing to plan during the year under review. A delay of
several months occurred in the manufacture and as-
sembly of individual systems and components of the
incineration and melting plant. All parts of the facility
should go into operation during 2000.

In the course of its supervisory activity, the Inspec-
torate has examined numerous documents (plans,
proofs and calculations, design specifications for sys-
tems and for individual pieces of equipment, etc.).
The Inspectorate has approved these documents for
use, in some cases after demanding and obtaining
supplements, changes and corrections. Regular site
inspections have been carried out by the Inspector-
ate, or by structural engineering experts acting upon
its behalf, since the beginning of construction work
at the ZZL. Furthermore, assembly work on systems,
equipment and components has been inspected.

During the year under review, one employee of
ZWILAG successfully completed the course for radi-
ation-protection workers. A further employee was
given official recognition by the Inspectorate as a
radiation-protection expert, after completing a course
at the Karlsruhe research centre and passing an oral
examination.

5.2 Review for operational
licensing of the waste treat-
ment plants

The operating licence for the conditioning piant and
for the incineration and melting plant has not yet
been granted by the Federal Council, during the
year under review.The relevant application, together
with the associated safety report, were submitted

by ZWILAG on December 15, 1997.
The Inspectorate's review work was completed

in August 1999 with the submission of its expertise
to the SFOE.The Inspectorate reached the conclu-
sion that the pre-requisites for safe operation of the
conditioning plant, and of the incineration and melt-
ing plant, have been satisfied, provided the remarks
and recommendations in the expertise are followed,
and the eleven requirements, which were formu-
lated, are fulfilled.

The Inspectorate's expertise was made available
for public consultation between September 21 and
November 20, 1999, together with the assessment
of the Swiss Federal Nuclear Safety Commission
(KSA) and the documents relating to the original li-
cence application. The licensing procedure for opera-
tion of the plants has now been completed with the
approval granted by the Federal Council on March
6, 2000.

\.
The ZWILAG incineration plant is fitted out with a plasma oven
The heat produced can treat both combustible and incombusti-
ble (concrete, metals! radioactive wastes. The picture shows
installation of the oven.
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5.3 Waste from reprocessing

Spent fuel from the Swiss nuclear power plants is
routinely reprocessed in La Hague (France) by the
COGEMA company. Once again in 1999, production
reports from COGEMA show that the amount of
waste produced was smaller than had been antici-
pated from the earlier specifications.The correspond-
ing reprocessing plant in Sellafield (United Kingdom),
belonging to the BNFL company, has been in opera-
tion since 1995; however no fuel from Swiss nuclear
power plants has yet been reprocessed there.

The waste arising at COGEMA and BNFL from
reprocessing of fuel assemblies from the Swiss nu-
clear power plants has to be returned to Switzer-
land. Vitrified high-level waste from reprocessing at
COGEMA is ready for return. The Swiss customers
of COGEMA submitted preliminary applications for
the later import of this waste already in 1986. In
the relevant decrees from 1988, the SFOE estab-
lished pre-requisites for waste import; these related
to the availability of a suitable, interim storage fa-
cility in Switzerland, regulatory approval of the re-
quired transport and storage casks, and amend-
ments to the waste specifications. In the meantime,
the cask storage buildings at ZZL in Wurenlingen and
at ZWIBEZ, on the site of the Beznau NPR have been
constructed. ZWILAG will apply to the Inspectorate
in 2000 for permission to operate the storage build-
ings at ZZL. The procurement of suitable transport
and storage casks was begun in 1996 (see Section
5.4, below). During the year under review, the inspec-
torate was finally able to conclude that the require-
ments with regard to the amendments to the waste
specifications, as well as additional requirements
of the Inspectorate, arising from the latest state of
knowledge, had been completely satisfied. The first
shipment of vitrified high-level waste from COGEMA
is expected to take place during the second half of
2000.

BNFL has proposed that the low-level and interme-
diate-level wastes from reprocessing be retained in

the United Kingdom, because of their large volume,
and that this should be compensated for by return-
ing a small, additional amount of vitrified high-level
waste to the customers. The Swiss customers of
BNFL would like to take advantage of this offer and
have submitted a corresponding application, which
has to be assessed by the authorities with regard to
various technical, legal and political questions. The
Inspectorate's investigations of the technical aspects
of this BNFL proposal show that the substitution of
all low-level and intermediate-level wastes by vitrified
high-level waste has advantages not only with regard
to reducing the number of transport shipments, but
also in terms of the safety aspects of further waste
management. The legal and technical implications
are currently being examined by the SFOE.

5.4 Procurement of transport
and storage casks

The concept which has been approved for the interim
storage of spent fuel assemblies, and of vitrified high-
level waste from reprocessing, foresees that these
wastes will be contained within massive transport
and storage casks, which will be brought to the ZZL
from the nuclear power plants, or from the reproc-
essing plants, and stored there in the cask storage
building. In accordance with the licence of the Fed-
eral Council dated August 21, 1996, these transport
and storage casks must satisfy the safety require-
ments, which were defined by the Inspectorate in
its relevant expertise.

The owners of ZWILAG started procurement of
suitable transport and storage casks already in 1996.
To date, the Inspectorate has approved the choice
of three types of cask for spent fuel assemblies and
two types of cask for vitrified high-level waste from
reprocessing. In 1999, the Inspectorate supervised
the design and manufacture of the transport and stor-
age casks, which had been ordered. At the Inspector-
ate's request, the Swiss Association forTechnical In-
spections (SVTI) has followed important acceptance
tests in detail. To date, three casks for spent fuel
assemblies have been supplied. It is anticipated that
the first transport and storage casks will be loaded
and brought to ZZL from about the middle of 2000,
following completion of the required final acceptance
checks by the Inspectorate and by SVTI.

A staff member of ZWILAG is shown cutting up an inactive
component in a special cell, using remote control. Inactive ma-
terials are used during test operation and for training purposes.
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6. Paul Scherrer Institute (PSI)

6.1 The PSI in Villigen and
Wurenlingen

The Paul Scherrer Institute is a multi-disciplinary re-
search institute for natural sciences and engineering.
Together with universities, other research institutes,
and industrial organisations, it works in the areas of
solid-state research, materials science, elementary
particle physics, biological sciences, energy research,
and environmental research related to the produc-
tion and use of energy. It consists of the East sec-
tor (located in Wurenlingen) and the West sector (lo-
cated in Villigen), which are connected together by
a bridge over the river Aare. In 1999, supervision
by the Inspectorate covered nuclear installations, as
designated by Federal Atomic Law, in the East sector
and all other installations in both sectors, insofar as
they are relevant to the Radiation Protection Law.

In addition to numerous laboratories, including
those for radiopharmacy and the proton-accelerator
installations with the spallation neutron source SINQ,
the Inspectorate's supervision, during 1999, also cov-
ered the PROTEUS research reactor, the hot labora-
tory, the decommissioned DIORIT research reactor
and the SAPHIR research reactor (no longer in opera-
tion), the disposal of radioactive waste, and the Fed-
eral Interim Storage Facility (BZL). During the year
under review, PSI continued work, according to plan,
on the major project for a Swiss synchrotron light
source (SLS), which was approved by the Inspector-
ate in May 1998. Commissioning of high-frequency
systems took place in November, under the obser-
vation of the Inspectorate. In the facilities for medi-
cal radiation applications, surveillance was carried
out jointly with the Federal Office for Public Health
(BAG).

In June 1999, the directors of the Federal Office
for Public Health (BAG) and the SFOE approved a
change, suggested by the Council of the Swiss Fed-
eralTechnical Universities, relating to the supervision
of PSI. Installations, which require certification under
Federal Atomic Law, remain under the supervision
of the Inspectorate. BAG will take over supervision
of the other research installations, as is already the
case today, for example, with CERN.The Radiation
Protection Ordinance was modified accordingly. The
change in the supervision of PSI will be put into ef-
fect on July 1, 2000.

6.2 Research reactors

6.2.1 PROTEUS
The PROTEUS research installation, with a maximum,
thermal, reactor power of approximately 1 kW, was
used in 1999 for the experimental determination of
the neutron-physical properties of light-water-reactor
(LWR) fuel assemblies. In the main, distributions of
decay rates in the fuel were assessed, which ne-
cessitated the development of a special piece of
measuring equipment (gamma scanner). During the
year under review, the reactor was operational for
832 hours, of which 12 hours were spent at approxi-
mately 1 kWth reactor power.

In the second quarter of 1999, a defective, mini-
ature relay was discovered during testing of the reac-
tor protection system.This finding was assessed as
a notifiable event and was allocated by the Inspector-
ate to class B, according to the Inspectorate's Guide-
line R-15 (see also Section 6.8).

In the third quarter of 1999, a brief loss of the elec-
tric power supply from the grid (for approximately
400 ms ) led to the reactor being shut down by the
control rods intended for this purpose, which func-
tioned correctly. The additional control rods, which
are present for safety purposes, remained hanging
in an undefined way in the middle position, owing
to the brief duration of the power outage.This event
was not classified by the Inspectorate, since it is
not necessary for the safety-related control rods of
PROTEUS to be activated through loss of the electric
power supply.

At the end of the reporting period, the licensed
personnel amounted to two reactor physicists, one
reactor technician and an operator. In spring 1999,
training of a reactor physicist was finalised with suc-
cessful completion of the final licence examination.

The collective dose for the five licensed operators
and a further five people for 1999 was determined
to be 2.4 Person-mSv.

PSI plans to include irradiated fuel-element seg-
ments in the current experimental program of inves-
tigations into light-water-reactor fuel. The Inspector-
ate has examined the submitted documentation and
has approved the concept. These experiments will
be carried out in 2001.

6.2.2 SAPHIR
The SAPHIR research reactor has not been in op-
eration since the beginning of 1994. One group of
rooms in the plant is used by PSI as a storage facility
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for fissile material.
In December 1998, PSI submitted an application

for approval of decommissioning of the SAPHIR in-
stallation. During the year under review, the Inspec-
torate prepared an expertise on the PSI decommis-
sioning report accompanying the application. The
approval procedure, which includes making available
for public inspection the application documentation
and the Inspectorate's expertise, will be carried out
at the beginning of 2000.

Looking after the installation (shut-down reactor
and nuclear fuel storage) and supervision of the pre-
paratory work for decommissioning (see, e.g., Sec-
tion 6.5.3) require an adequate number of trained
personnel. Licensed personnel continue to be avail-
able for this as long as the plant remains within the
jurisdiction of the nuclear operating licence.

The collective dose in 1999, for two people in
SAPHIR, was 0.2 Person-mSv. Once again, no no-
tifiable events occurred during the period under re-
view.

6.2.3 DIORIT
The DIORIT research reactor ceased operation in
1977. During the year under review, important steps
were taken towards the decommissioning approved
in 1994: a dismantling plant in the second under-
ground floor of the DIORIT building was used to
cut up heavy, inhomogeneous reactor components,
such as a tank and various shields made of steel
(total weight 56.4 tonnes), using a saw specially de-
signed for this purpose. In the second half of 1999,
the tools and constructional preparations for further
dismantling of the reactor structure, which has al-
ready been approved, were completed.

The collective dose accumulated by the disman-
tling squad (eight employees) was 18.4 Person-mSv
during the year under review.The highest, individual
dose was 5.3 mSv. Once again, no notifiable inci-
dents occurred in 1999.

Parallel to decommissioning work, the DIORIT
building is being used by approximately 50 employ-
ees of various research groups, both as office space
and as a laboratory for non-nuclear experiments.

6.3 Hot Laboratory

For forty years, the hot laboratory has been used by
PSI both for basic research and for applied research
in the field of material technology of nuclear power
plants and accelerators. Furthermore, this PSI instal-
lation is available for service activities, in particular in
the area of safety-relevant investigations of materials
and fuel assemblies from nuclear power plants, as
well as for work on industrial and medical radiation
sources. The hot laboratory is equipped to handle
all types of radioactive materials (nuclear fuels and
activated materials).

Manipulators and lead-glass windows in the PSI Hotlab ensure
safe manipulation of radioactive materials.

Photo: PSI, Wurenlingen

In addition to routine operation, preparations for
a backfitting project, which has now received finan-
cial approval, were a further focus of activities dur-
ing the year under review. This project is a conse-
quence of the backfitting of safety equipment in the
hot-laboratory building complex, required by the In-
spectorate.

In December 1999, the Inspectorate was able to
give its operational approval to the improved pro-
gramme which it had required for the bookkeeping
of fissile materials.

Radioactive laboratory waste from the laboratory
itself was dealt with in several waste-conditioning
campaigns (see Sections 6.5.2 and 6.5.3).

Two notifiable events of category B occurred in the
hot laboratory in 1999, as described in Section 6.8.
During the year under review, the collective dose for
the 60 employees of the hot laboratory subjected
to dosimetry was 49.8 Person-mSv; the highest in-
dividual dose was 4.1 mSv.

6.4 Accelerator, proton-beam
channels and experimental
areas

The operating licence, approved in 1998, for the PSI
accelerator permits short operational periods of the
ring cyclotron at higher beam intensity, in addition
to the beam intensity of 1.5 mA approved for routine
operation.This was subject to a condition set by the
Inspectorate, namely that operational instructions
be made available, and these were prepared by PSI
and submitted to the Inspectorate.

In 1999, stable operation of the PSI accelerator
installation was possible, with the exception of a few
interruptions for technical reasons. Operation was
characterised by experiments at high beam intensi-
ties, whereby, for the first time, more than 1 MW
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Spallation neutrons from the spallation neutron source (SINQ) arrive for experiments via evacuated, hollow ducts, which have been
specially coated on the inside.

Pnoto PSi. I'

of proton beam power was produced at beam cur-
rents of 1.7 mA in the ring cyclotron.The Philips cyclo-
tron (variable energy up to 70 MeV) operated without
disruptions over about 5500 hours for experiments
(nuclear physics, medical research, radiochemistry,
materials research, low-energy physics, detector de-
velopment, astrophysics), as well as serving as an
injector for high-energy experiments with polarised
protons. Injector II (72 MeV) was in operation for
5790 hours and fed mainly into the ring cyclotron, but
was also used, to a smaller extent, for radioisotope
production.The 590 MeV ring cyclotron operated for
5750 hours in 1999 without significant disruptions.

Operation of the accelerator installations with the
associated experiments, involving many internal and
external research groups, was carried out without
any events notifiable according to the Inspectorate's
Guideline R25.

At the accelerator installations (excluding radiop-
harmacy and medical applications, and also exclud-
ing service personnel who are now allocated to the
division of logistics and marketing), the collective
dose for 139 PSI employees was 40.3 Person-mSv
in 1999. Some of these people were also occupied
in other fields of radiological work at the Institute,
in addition to their work with the accelerator. The
highest individual dose within this group of people
amounted to 5.5 mSv. The collective dose for the ap-
proximately 250 national and foreign experimenters
during the same period was 3.5 Person-mSv.

6.4.1 Spallation Neutron Source (SINQ)
During the year under review, the Mark II target,
which was first used in 1998 and consists primarily of
zircaloy rods, continued to operate successfully. Up
to shutdown in December, the time integral of the
proton beam current amounted to 6.7 Ah, whereby,
for the first time, the proton beam current on the
target was able to be raised to values above 1.1 mA

over longer periods of operation. The target was in-
strumented with thermocouples and evaluation of
the signals from these showed that it had behaved
as expected.The operational history is shown in the
following figure.
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Numerous experiments were carried out using the
PSI spallation neutron source and further details of
these are given in the PSI annual report.

During the year under review, there were no notifi-
able events relevant to safety at SINQ. A false alarm
from a fire detector in the beam-line cellar led, on one
occasion, to large-scale deployment of the fire bri-
gade during the night.The grouping of fire detectors
will be altered so that false alarms can be more easily
recognised in future. The equipment to protect per-
sonnel in the cooling plant room, the neutron-conduit
bunker and the tank room, which is designed to pre-
vent unintentional entry into areas exposed to radia-
tion, fulfilled its intended, safety-related purpose.
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In 1999, the measured, collective dose for the 35
employees involved in operating the SINQ installa-
tion was 2.3 Person-mSv.The 56 experimenters from
the neutron-scattering laboratory accumulated 0.6
Person-mSv.

6.4.2 Installations for medical applica-
tions (PET, OPTIS, proton therapy)
and radiopharmacy (CRP)

The Federal Office for Public Health (BAG) and the In-
spectorate co-ordinate their supervisory activities for
medical radiation applications at PSI.The BAG checks
activities involving irradiation of persons, while the
Inspectorate is the responsible supervisory authority
for other aspects of radiation protection, especially
for the radiation protection of operating personnel.

The research programme of the installations for
medical applications is described in the PSI annual
reports.

The collective dose for employees in radiophar-
macological production and medical applications
(105persons) was 17 Person-mSv in 1999, with the
highest individual dose being 4.4 mSv. During the
year under review, no notifiable events, according
to the Inspectorate's guideline R25, were reported
from the PET (Positive Emission Tomography), CRP
(Centre for Radiopharmacy), OPTIS (therapy of eye
melanomas), IMR (medical radiobiology) and proton-
therapy installations.

6.5 Treatment of radioactive
waste

PSI has a wide variety of waste types to treat.These
include radioactive waste from federal and cantonal
research installations, from medicine and industry,
and also some from the Swiss nuclear power plants.
In this context, the waste is conditioned to a state
which is suitable for interim and final storage.

6.5.1 Approval procedures
During the year under review, the Inspectorate ap-
proved production of two, new types of waste pack-
age on the basis of the specifications prepared by
PSI and positive assessment of their suitability for
final storage by NAGRA. These packages involve so-
lidification of liquefied wastes, containing plutonium,
with a high proportion of beta and gamma nuclides,
originating from the hot laboratory (FIXBOX2), and
conditioning of the wastes arising from dismantling
of the thermal and biological shields from the DIORIT
reactor. In addition, PSI revised the specifications
of four types of waste package, which had been pre-
viously approved, and these revised specifications
were examined and approved by the Inspectorate.
Furthermore, PSI prepared specifications for two fur-
ther, current types of waste package and the retro-
spective documentation for one earlier type of waste

package. NAGRA has not yet completed its assess-
ment of the suitability of these waste packages for
final storage.

Updated approvals are still outstanding for three
types of waste package, which were produced ear-
lier, and are to be produced again in the future.These
include the two types mentioned above, whose suit-
ability for final storage is currently being examined by
NAGRA, and a type of waste package from the hot
laboratory, which is not being produced at present.
Retrospective documentation of the only remaining,
old type of waste package, which is no longer pro-
duced, will be prepared during 2000. In future, the
specifications for further types of waste package,
intended to be used for the treatment of waste as it
arises, will be prepared on a continuous basis by PSI,
assessed by NAGRA with regard to the suitability
for final storage, and examined and approved by the
Inspectorate.

6.5.2 Incineration plant and waste-treat-
ment laboratory

In the PSI incineration plant, during the year under
review, radioactive waste from the Swiss nuclear
power plants, PSI and the domain of the Federal Of-
fice of Public Health (BAG) were incinerated in two
incineration campaigns, no. 39 and no. 40. The incin-
eration waste residues (ash) and the ceramic filter
cartridges, arising during flue-gas cleaning, from in-
cineration campaign no. 39 were conditioned with ce-
ment mortar in the waste-treatment laboratory and
returned, proportionally, to the nuclear power plants.
The residues from campaign no. 40 were packed into
200 litre drums. They will undergo final conditioning
after reconstruction work on the waste-treatment
laboratory in 2000.

In the operation box of the waste-treatment labo-
ratory, radioactive waste falling within the Federal
domain (waste from the BAG collection campaigns
and from PSI itself) was sorted, compressed and
cemented. Furthermore, waste containing plutonium,
from the hot laboratory, was compressed and so-
lidified in 200 litre drums using cement mortar. An
inspection, carried out by the Inspectorate in the
course of this activity, revealed no deficiencies.

During the year under review, a collective dose of
9.1 Person-mSv was accumulated by 11 persons dur-
ing waste treatment in the incineration plant and the
waste-treatment laboratory; the highest individual
dose was 2.2 mSv.

6.5.3 Further conditioning of waste in the
sector PSI-East

From 1994 up to the end of 1999, liquid waste, con-
taining plutonium, was solidified with cement mor-
tar and filled into packages of one litre each in the
hot laboratory, according to the so-called FIXBOX
procedure. Final conditioning of these one-litre pack-
ages will be carried out together with corresponding
packages containing a high proportion of beta and
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gamma nuclides (FIXB0X2). PSI is currently evaluat-
ing a new method for this to replace the intended
procedure, which proved to be too complex. Solidifi-
cation according to the FIXBOX2 procedure and final
conditioning of the one-litre packages will only take
place after backfitting of the hot laboratory (see Sec-
tion 6.3) has been carried out.

The hot laboratory continued the campaign, begun
in 1997, for the compression of fuel wastes having
high alpha, beta and gamma activities. All wastes ac-
cumulated up to the end of 1999 were compressed.
The compressed packages were filled into steel cans,
which are being stored in one cell of the hot labora-
tory. Some of these steel cans were packed into a
small container (type "KC-T12") and transported to
the BZL (see Section 6.6.1). Final conditioning will
take place at a later date.

Packaging of the Be and BeO reflector elements
from the shutdown SAPHIR reactor (see Section
6.2.2) into leak-tight, welded containers was also
carried out in the hot laboratory. Before backfitting
work on the hot laboratory, these containers will be
transferred to a MOSAIK container, which will be
stored initially in building C (see Section 6.6.2). Final
conditioning will be carried out at a later date.

The radioactive waste (steel, cast iron, concrete,
graphite), arising from dismantling of the thermal
and biological shields of the DIORIT reactor, was cut
up, according to plan, and filled into small containers.
In 1999, PSI started with the cementation of these
small containers, in accordance with the specifica-
tions.

The three inspections, carried out by the Inspector-
ate in the FIXBOX installation, the hot laboratory and
the DIORIT plant, revealed no deficiencies.

6.5.4 Sector PSI-West
During the year under review, various radioactive
parts, arising from reconstruction work at the PSI-
West installations, were dismantled using remote
manipulation equipment and placed into small con-
tainers (KC-T12).The dismantling work on beam-con-
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View of the interim storage facility for radioactive waste, oper-
ated since 1992 by the Swiss Confederation. Storage is facili-
tated by stacking crates, which each have room for 9 standard
drums of 200 litre capacity.

Photo PSI, Wurenlingen

duit components, removed during the target-E re-
construction, was completed.The KC-T12 containers
were brought to the temporary stockyard at PSI-
West; final conditioning will take place as soon as the
specification for the waste package type has been
prepared and approved.

6.5.5 Materials clearance
In 1999, inactive and uncontaminated materials with
a weight of 201.6 tonnes (including 46.8 tonnes of
steel and 134.6 tonnes of concrete), arising from
controlled zones at PSI, were cleared for uncondi-
tional further use. The Inspectorate carried out its
own measurement checks for this purpose.

6.6 Storage of radioactive waste

6.6.1 Federal Interim Storage Facility
The Federal Interim Storage Facility (BZL) has been
in regular use for storage since 1992. The available
storage capacity is divided up between the storage
of standard drums (of 200 litres each), containing
conditioned waste, packed into stacking crates in
lots of 9 apiece, and small containers (of 4.5 cubic
metres each), which presently hold unconditioned
components. In addition, space is reserved for the
storage of those concrete drums currently held at
the stockyard in PSI-East (see also Section 6.6.2). Up
to about two thirds of the space allocated for storage
of the crates with standard drums is now occupied.
To date, the space reserved for storage of the con-
tainers holding unconditioned components (primarily
from the DIORIT reactor and from PSI-West) has
hardly been used. The total amount by volume of
radioactive waste stored in PSI-East at the end of
the year under review is given in Table A11.

During the year under review, measurements of
the radon concentration in the BZL were carried out
in fulfilment of a pending requirement of the Inspec-
torate. The measured concentrations lay within the
range of average values for Switzerland.

PSI has decided to incorporate more detailed anal-
yses of possible disruptions in the revised safety
report for the BZL. A new edition of the safety report
will be submitted to the Inspectorate for assessment
at the beginning of 2000 and is intended to form the
basis for renewed certification of the federal interim
storage facility under atomic law.

6.6.2 Further storage facilities at PSI-East
Storage buildings AB and C, the stockyard and the
transfer point are used for short-term and medium-
term storage of either treated or untreated, low and
medium-level active wastes. The inventory in these
storage areas fluctuates greatly.

The untreated, radioactive, medical, industrial and
research wastes are kept in the storage building AB
until they are treated. All remaining residues from
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the BAG collection campaigns, carried out up to 1998,
were conditioned in the year under review.

Storage building C contains ashes and filter car-
tridges from the incineration plant, as well as FIXBOX
waste packages, which are awaiting final condition-
ing.

The stockyard contains waste, packed in concrete
casks, which is awaiting planned shipment to the
BZL. The items concerned are old packages, which
were originally conditioned for disposal at sea, and
conditioned waste from the hot laboratory in 200
litre drums, which have been placed into concrete
casks for reasons of shielding. Various types of un-
conditioned waste are also stored temporarily in the
stockyard.

The Swiss nuclear power plants' raw waste, in-
tended for incineration, is delivered in batch ship-
ments and remains at the transfer point for short
periods of time.

6.6.3 Stockyard PSI-West
The temporary stockyard in the West sector, in which
accelerator installation waste in small and large con-
tainers is stored, went into operation in 1996. Dur-
ing the year under review, 2 large containers were
taken out of storage and their contents were broken
down and packed into small containers. A total of
13 small containers with unconditioned components
were put into storage. Furthermore, the Inspectorate
approved for storage two, finally conditioned, small
containers, which had been filled and cast early on
during the treatment of waste from PSI-West, accord-
ing to the specifications valid at the time. At the end
of 1999, this stockyard contained 1 large container
and 38 small containers. An inspection carried out
by the Inspectorate revealed no deficiencies.

6.7 Emergency preparedness

In August of the year under review, the Institute's
emergency exercise "KABRA" was carried out, un-
der the observation of the Inspectorate. The goals of
the exercise were to check the suitability for purpose
of the personnel and material preparations of the
participating teams from the PSI emergency organi-
sation, and to practise use of the prepared meas-
ures for "evacuation alarm" in the buildings of the
accelerator installation. Furthermore, KABRA served
to train both co-operation between PSI staff and ex-
ternal, fire-brigade personnel, and the provision of
information in the case of an emergency.

The assumed scenario was that a short-circuit
in the transformer cabinets had occurred during revi-
sion work in the experimental building at PSI-West.
The resulting fire propagated extensively and ex-
tended into the experimental areas in the basement,
resulting in the experimental building being filled
with dense smoke. During the subsequent evacua-

tion, it was assumed, for the purposes of the exer-
cise, that a spread of contamination occurred, and
that people were injured during fire-fighting. Since
there were too few members of PSI's own fire bri-
gade equipped to work under respiratory protection,
external help was required.

The alarm procedures functioned in a timely man-
ner, and both the emergency team and the other spe-
cialists involved worked in a correct and enthusiastic
way. The goals of the exercise were attained and
possibilities for further improvement in some areas
were discussed with those involved. The Inspector-
ate judged the work of the PSI personnel involved
in the exercise to have been good.

6.8 Particular events

In the year under review, three notifiable events at
PSI were allocated to class B, according to the In-
spectorate's guideline R-25, and to level 0 on the
international nuclear event scale, INES (see Section
11.2 andTable B2 of the Appendix).
- One event occurred in the hot laboratory, where

radioactive materials were released in the form of
dust upon opening a hot cell and led to contamina-
tion of people and equipment, as well as to incor-
poration in two persons. However, the resulting
doses were below the permissible limiting value.

- One case relates to the existence of a dose, which
could not be explained, on an official, personal
dosimeter. A dose value of 21.4 mSv was found
during evaluation of the thermoluminescent dosim-
eter belonging to a member of the hot-laboratory
staff. Since this represents a dose in excess of
the permissible, annual value of 20 mSv, PSI pre-
pared an event report. This showed that the dosim-
eter had clearly been exposed to 21.4 mSv of radia-
tion. However, the occupational radiation exposure
of the affected member of staff, as reconstructed
with the aid of the dose rates at the locality, and the
accounts of time spent on various activities, could
not have amounted to more than 1 mSv.The origin
of the dose of approximately 20 mSv remains un-
clear. The Inspectorate examined this event report
and is in agreement that the occupational dose of
the affected person should be recorded as 1 mSv.
It has required PSI to take measures to prevent a
re-occurrence of similar situations.

- During a functionality test of the reactor protection
system at the PROTEUS research reactor, one of
three excitation signals was absent, as the result of
a mechanical defect in a miniature relay. According
to the Inspectorate's Guideline R-25, disruptions in
the functioning of shutdown systems are notifiable
events of category B.
The three notified events were of minor impor-

tance with regard to safety and led to only insignifi
cant operational restrictions.
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6.9 Radiation protection

The collective dose at PSI has been decreasing since
1996 and this trend was continued during the year
under review. Throughout the whole of PSI, in the
year under review, a radiation dose of 195.9 Person-
mSv (1998: 239.5 Person-mSv) was accumulated:
97.6 Person-mSv at PSI-West and 98.3 Person-mSv
at PSI-East.The highest individual dose was 5.5 mSv
(1998: 8.3 mSv) and thus lies below the permissible
limit of 20 mSv for persons with occupational expo-
sure to radiation.

During their work, the radiation protection teams
of the department for radiation protection and dis-
posal (ASE) themselves received a collective dose
of 15.7 Person-mSv in 1999 (1998: 10.3 Person-mSv).
Further information about dose values can be found
in Tables A5 to A10 and in Figures A6 and A7

Table A4 shows the release of radioactive sub-
stances for the PSI installations and the dose, calcu-
lated according to the methods of the Inspectorate's
Guideline R-41, for the most exposed person in the
vicinity. For 1999, the calculation for the whole site
results in a dose of 0.005 mSv for infants and 0.004
mSv for adults. PSI is required by its certification,
covering the release of radioactive substances and
direct radiation, to calculate the dose rates resulting
in the vicinity from the releases, both for individual
parts of the installation and for the site as a whole.
The calculations carried out independently by PSI
and by the Inspectorate show that, even assuming
a worst-case situation, the yearly dose for individual
members of the population in the vicinity of the PSI
site lies well below the guideline dose of 0.2 mSv
per year according to the Inspectorate's Guideline
R-11. Articles 5 and 6 of the Radiation Protection Ordi-
nance state that activities which result in an effective
dose of less than 0.01 mSv per year for the persons
concerned are deemed justified and optimised. This
means that, according to the Inspectorate's dose
calculations, no further efforts are necessary to re-
duce radioactive releases and the resulting doses
for the population.

At the beginning of 1999, PSI was granted an ex-
tension for five years of its recognition as a person-
nel dosimetry centre, according to Article 46 of the
Radiation Protection Ordinance.This certification ap-
plies to the dosimetry of external x-ray, beta and
gamma radiation, as well as to neutron irradiation.

6.10 Personnel and organisation

The number of licensed personnel at PROTEUS, the
only PSI research reactor still in operation, was still
at the lower limit in the year under review. At the
end of 1999, it amounted to two reactor physicists,
one reactor technician and one reactor operator. Dur-
ing the same period, the PSI hot laboratory lost a

number of staff. PSI must replace those persons
with responsibility for safe operation of the installa-
tion with experienced personnel at the earliest op-
portunity.

Incorporation of the department of radiation pro-
tection and disposal ASE as an organisational unit
into the division of "Logistics and Marketing','which
was carried out without the agreement of the Inspec-
torate, could lead to a demotion, in organisational
terms, of the importance attached to the operational
requirements of radiation protection. One radiation-
protection specialist completed his three-month train-
ing period at the PSI radiation protection school and
was successful in the final examination. Licensing of
shift personnel (see Section 6.2.1) takes place under
the supervision of the Inspectorate and is specified
in the Inspectorate's Guideline R-27 and the Inspec-
torate's Directive W-18. Recognition of radiation-pro-
tection personnel is governed by the Radiation Pro-
tection Training Ordinance (SR 814.501.261) and by
the Inspectorate's Guideline R-37.

In the Inspectorate's opinion, the personnel situa-
tion within the radiation-protection department is still
unsatisfactory with regard to the number of radiation-
protection specialists. As a consequence, the Inspec-
torate has increasingly attached requirements for
effective radiation-protection planning to its certifica-
tions andapprovals.The personnel bottleneck in the
area of disposal activities has not yet become notice-
able, since it has been possible to fall back on person-
nel contractually committed to ZWILAG, as a result
of commissioning delays (see Chapter 5). PSI must
demonstrate that satisfactory cover will still be avail-
able to the necessary extent after the ZZL goes into
operation. The Inspectorate will act here according
to the basic principle that work, which involves the
creation of radioactive waste, may only be begun if
the treatment, conditioning and interim storage of
this waste is guaranteed, both in terms of material
and personnel resources.

6.11 Overall judgement

The condition of the PSI installations and the opera-
tional management can be rated as good with re-
gard to radiation protection and nuclear safety. In
the evaluation of the operation of those installations
supervised by the Inspectorate, there were three
notifiable events, which were of minor importance
for both nuclear and radiological safety. The nuclear
installations operated at PSI, and the other laborato-
ries and equipment subject to supervision, demand
a high standard of safety awareness from those re-
sponsible and from the operational staff.The Inspec-
torate will continue to require this.

The staff and financial shortages already perceived
earlier in those organisational units important to
safety, and the allocation of the department for radia-
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tion protection and disposal to the division of" Logis-
tics and Marketing','are a cause of some concern for
the Inspectorate. The Inspectorate thus prescribed
relevant requirements, such as the preparation of de-
tailed radiation-protection plans, in connection with
some approvals and project approvals.
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7. Other Nuclear Installations

7.1 Ecole Polytechnique Fede-
rale de Lausanne (EPFL)

The Institute de Genie Atomique {IGA) operates three
nuclear installations at the Swiss Federal Technical
University (EPFL) in Ecublens, near Lausanne: the
research reactor CROCUS, and the neutron sources
LOTUS and CARROUSEL.

The research reactor CROCUS was in operation for
248 hours during 1999 for practical training (reactor
physics) for students of the EPFL and of the engineer-
ing school of Geneva (EIG). During the year under
review, 163Wh of thermal energy were produced.

The arrangement with a neutron source surrounded
by a light-water moderator (CARROUSEL) is used by
students for the preparation of practical work on reac-
tor physics. The LOTUS plant, a subcritical 14 MeV
neutron source powered by an accelerator, was not
operated in 1999.The LOTUS chamber was prepared
for experiments with PuBe neutron sources.

Operation of the installations, and the workplaces
type B, took place without disruptions and without
notifiable events according to the Inspectorate's
Guideline R-25.The collective dose for the 10 per-
sons working on the nuclear installations at the In-
stitute was 0.1 Person-mSv in the year under review.
Releases, including tritium, via the atmosphere and
waste water were insignificant during 1999.

7.2 University of Basle

In 1999, the small research reactor of type AGN-211-P
in the basement of the physics faculty at the Univer-
sity of Basle was used, as intended, for teaching
purposes (nuclear physics training). In addition to the
tasks carried out internally for the university, irradia-
tion work was performed for the cantonal laboratory
Basle-Stadt. In Switzerland, there are only two small
facilities, (this one and CROCUS) presently available
for training, and, in 1999, the reactor school at PSI

did not carry out practical training. The Basle facility
was used for one reactor training course by the HTL
technical college in Brugg-Windisch. During the year
under review, the reactor was in operation for 30
hours.

Operation of the Basle nuclear installation was
carried out without notifiable events according to the
Inspectorate's Guideline R-25.The collective dose
for the four reactor staff members was assessed to
be 0.0 Person-mSv in 1999.

7.3 Experimental reactor at
Lucens (VAKL)

Six steel containers with radioactive waste from
the decommissioned Lucens experimental reactor
(VAKL) are still stored in a small area of the installa-
tion, which belongs to the national association for
the industrial promotion of nuclear technology (NGA).
The remainder of the site, with its underground and
above-ground buildings, belongs to the canton of
Waadt; it has been converted and is no longer sub-
ject to atomic law since the formal decision by the
Federal Council on 12 April 1995. The Section for Ra-
diation Monitoring, Freiburg (SUeR) of the Federal
Office of Public Health (BAG) has been instructed
to carry out radiological monitoring of the site over
the next 30 years.The results of this surveillance are
published annually in the BAG report on environmen-
tal radioactivity and radiation doses in Switzerland.

During 2000, it is intended that the VAKL waste
containers be transferred to the central interim stor-
age facility (ZZL) of ZWILAG in Wurenlingen (see
also Chapter 5), as soon as this facility is ready to
accept them. In the year under review, NGA made ar-
rangements for transport of the containers. In 1999,
the only remaining member of the VAKL surveil-
lance group still registered as being occupational^ ex-
posed to radiation accumulated a whole-body dose
of 1 mSv. No events of a radiological or safety-related
nature occurred.
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8. Transport of Radioactive
Materials

8.1 Approvals according to leg-
islation for the transport of
hazardous materials

The Swiss regulations governing the transport of ra-
dioactive materials are based, inter alia, on interna-
tional legislation for the transport of hazardous ma-
terials (ADR/RID).The IAEA recommendations (SS6)1

for the safe transport of radioactive materials apply
to all modes of transportation. The SS6, together
with further international codes, was brought up to
date with regard to the current state of scientific and
technical knowledge and has been published, in the
meantime, by the IAEA as ST-12. The legislation for
the national and international transport of hazardous
materials of class 7 will be modified on the basis of
ST-1 and should go into force in the middle of 2001.
At present, a transition period of 18 months is fore-
seen for compliance.

The main responsibility for complying with the
transport regulations, and for radiological safety, lies
with the consignor. In the case of the transport of
nuclear fuel, or other highly radioactive materials,
regulations demand that the consignor obtain, in ad-
vance, an approval certificate from the competent
authority. The approval certificates refer, according
to the case concerned, to the package and/or to the
shipment. The consignor is required to satisfy him-
self that all firms involved in the transport are in pos-
session of the necessary official permits from the
authorities.

The Inspectorate is the competent Swiss author-
ity in charge of issuing such approval certificates ac-
cording to legislation for the transport of hazardous
materials, irrespective of whether they concern the
transport of radioactive materials from nuclear power
plants or from other installations. In the case of ap-
proval for a package used in Switzerland, the Inspec-
torate is concerned with validation of the certificate,
issued by the competent authority of the country of
origin, for the package design. In this context, the In-
spectorate checks the completeness of the safety re-
port on the package design, in particular with regard
to proof of complete compliance with the require-
ments of ADR/RID and SS6. Shipment approvals are

1 lAEA-Safety-Series 6: Regulations for the Safe Transport of
Radioactive Material, 1985 Edition (As Amended 1990)

2 IAEA Safety Standards Series ST-1: Regulations for the Safe
Transport of Radioactive Material, 1996

always required when the package used requires
multilateral approval and when the shipment is car-
ried out on the basis of a special arrangement. In
both cases, special measures, laid down by the In-
spectorate, have to be adhered to. In addition, the
Inspectorate verifies, on the basis of the documenta-
tion submitted, that package and contents comply
with the specifications.

During the year under review, the Inspectorate
assessed 35 applications concerning shipment or
package approvals.

8.2 Authorisations according to
radiation protection legisla-
tion

According to Article 2 of the radiation protection law
of March 22, 1991, the transportation of radioactive
materials is an activity subject to authorisation. The
conditions for granting such an authorisation are laid
down in the radiation protection law and in the ra-
diation protection ordinance of June 22, 1994. The
Inspectorate is responsible for issuing such authori-
sations related to nuclear installations. No such au-
thorisations were issued in 1999.

8.3 Authorisations according to
atomic legislation

According to Article 4 of the atomic law of Decem-
ber 23, 1959, transport, delivery, procurement, any
other form of possession, import, transit, and export
of radioactive nuclear fuels and residues require a
Federal authorisation. Furthermore, an authorisation
is required according to Article 11 of the atomic ordi-
nance for the import, export and transit of radioac-
tive waste from nuclear installations. The SFOE is
responsible for issuing such authorisations. In con-
nection with such authorisations for shipments requir-
ing packages subject to approval, the Inspectorate
checks, in each case, that nuclear and radiological
safety is guaranteed, and that the requirements con-
cerning the transportation of hazardous materials are
fulfilled. The SFOE only issues its authorisation if a
positive assessment has been given by the Inspector-
ate.

Transport of Radioactive Materials

HSK Annual report 1999
49



During the year under review, the Inspectorate
provided 13 assessments to the SFOE in the context
of transport authorisation according to atomic law.
Two of these related to the export of spent fuel as-
semblies for reprocessing (see Section 8.4, below).
Five assessments concerned the import of new fuel
assemblies for the nuclear power plants. The remain-
ing six assessments were prepared in connection
with the transport of samples of nuclear fuel to and
from PSI.

8.4 Transport of spent fuel

In April 1998, the French nuclear safety authority in-
formed the Inspectorate that contamination of trans-
port casks and railway wagons had been detected
in earlier years in the course of delivery of spent
fuel assemblies for reprocessing to COGEMA in La
Hague (F). Shipments of spent fuel from French nu-
clear power plants were mainly affected, but ship-
ments from German and Swiss nuclear power plants
had also been involved. It subsequently became ap-
parent that occasional contamination had also been
detected with shipments of spent fuel assemblies
to the BNFL reprocessing facilities in Sellafield (GB),
and upon the delivery of empty transport casks to

the Swiss nuclear power plants. As an immediate
measure, the Federal Office of Energy suspended all
existing authorisations for the transport and export of
spent fuel assemblies. First investigations showed
that the contamination did not represent a radiologi-
cal threat, either to railway personnel, or to the gen-
eral public. The operators of the nuclear power plants
were required to investigate the causes of the con-
tamination and introduce measures to prevent it. Par-
allel to this, the Inspectorate also worked on clarifica-
tion of the problem, together with the responsible
regulatory authorities in France, the United Kingdom
and Germany.

The results of the investigations into contamina-
tion during the transportation of spent fuel assem-
blies are contained in the Inspectorate's expertise
(HSK-AN-3504) dated March, 1999. The technical
causes of the contamination relate to fouling result-
ing from immersion of the containers in the fuel
pools at the nuclear power plants and at the reproc-
essing installations. Such fouling can occur, in particu-
lar, if insufficient care is taken in covering, or cleaning,
the containers.The fact that contamination occurred
over a period of more than ten years is also due
to deficiencies in the mutual exchange of informa-
tion between the firms involved in transportation
(consignor, shipping agent, carrier, consignee), to
inadequate specifications in the quality assurance

Rail transport of s cask foi' depleted !ue! assemblies.
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systems, to the absence of a requirement to notify
the responsible authorities, and to inadequate super-
vision by the authorities. In Switzerland, it was con-
firmed, in part by measurement, that there were no
consequences for the health of either railway work-
ers or the general public from the contamination.

As a result of these findings, technical, organisa-
tional and radiological measures were laid down and
required in order to improve the situation; these
measures are described in the Inspectorate's exper-
tise mentioned above. The technical measures re-
quire regular cleaning, with high-pressure water, of
the containers used, improved covering of the con-
tainers during their immersion in the fuel-assembly
pools, and increased checks on contamination of
the loaded containers before dispatching them for
shipment. In an organisational sense, improvements
were demanded in the quality-assurance systems
of the firms involved in transportation. Furthermore,
a requirement to notify the Inspectorate upon find-
ing contamination was introduced and the contacts
between the regulatory authorities of the individual
countries were intensified. In the context of radio-
logical measures, exposure of the railway workers
involved will be monitored, for at least one year, by
means of dosimeters and checks for incorporation. In
addition, the railway wagons with empty containers
arriving in Switzerland are examined for contamina-
tion at the border railway station, or upon crossing
the border by road, and the transportation of loaded
containers is accompanied by a radiation-protection
specialist up to the border railway station.

The Inspectorate concludes that the frequency
and extent of contamination will be much reduced,
in future, by adherence to the required measures,
but that it cannot be avoided absolutely. Since future
contamination, which may occur, will be detected
quickly, appropriate counter-measures can be intro-
duced without delay. Thus no consequences for the
health of railway personnel and the general public are
to be expected in the future, either. Under these
prerequisites, the Inspectorate considers it justifi-
able to resume shipments of spent fuel assemblies.
Based on the Inspectorate's expertise, and after con-
sultation with the Federal Department for Environ-
ment, Transport, Energy and Communication, the
SFOE decided that authorisations for the transporta-
tion of spent fuel assemblies could once again be
issued from the second half of 1999.

In June 1999, the Gosgen nuclear power plant
submitted an application for four shipments, of 12
fuel assemblies each, to La Hague for reprocessing
and this was authorised by SFOE on August 13.The
authorisation, which is directed at all firms involved
in this transportation, contains a number of regu-
latory requirements, upon the recommendation of
the Inspectorate. The first shipment took place be-
tween August 18 (delivery of the empty container
to the plant) and September 1, 1999 (shipment of
the loaded container).The nuclear power plant opera-

tors took the opportunity provided by this transporta-
tion to organise a press conference at the Gosgen
nuclear power plant on August 23, in order to provide
the general public with detailed information. No con-
tamination was detected in any of the checks carried
out during the shipment. In September/October, and
in December, 1999, two further shipments of spent
fuel assemblies from the Gosgen plant were carried
out correctly. The fourth, intended shipment was no
longer possible during the year under review.

On October 20, 1999, the SFOE also issued an au-
thorisation to the Nordostschweizerische Kraftwerke
Company (NOK), based on its application of August 5,
1999, for the export of 48 spent fuel assemblies from
the Beznau nuclear power plant to La Hague. The
first shipment of 12 fuel assemblies took place be-
tween November 18 and December 13, 1999. Again,
no contamination was detected in any of the checks
carried out during this shipment.

Prior to the authorisation of these shipments by
SFOE, the Inspectorate satisfied itself that the meas-
ures required, in particular with regard to quality as-
surance, had been carried out at the Gosgen and Bez-
nau nuclear plants. Handling of the containers in both
plants, loading of the spent fuel into these, clean-
ing of the containers, and execution of the four ship-
ments were supervised intensively by the Inspector-

HSK staff members check the records of radiation and contami-
nation measurements during loading of a transport cask onto
a railway wagon.

Transport of Radioactive Materials j

HSK Annual report 1999 I
51



ate. The initial deficiencies, observed during these
inspections, were corrected. The Inspectorate also
supervised the checks for contamination, carried out
by PSI radiation-protection specialists, upon delivery
of the empty containers to the plants, and the meas-
urement of the radiation doses received by railway
personnel upon shipment of the loaded containers.
The doses received by railway personnel all lay in the
region of the detection limit of the personal dosim-
eters, i.e. around 1 ^Sv. (For comparison purposes,
the average dose for the population in Switzerland
from natural, medical and industrial sources amounts
to approximately 4000 |uSv per year and the personal
dose limit for the general public is 1000 JJSV per
year).

In 2000, it is intended to resume the shipment of
spent fuel assemblies from the Leibstadt and Muh-
leberg nuclear power plants. One year after resum-
ing shipments, i.e. in August 2000, the Inspectorate
will analyse and assess the experience gained from
the shipments which have been carried out, and will
present its findings in a report to the SFOE.

concerned, a small amount of radioactive material
was present in a closed area within the equipment.
This did not represent any radiological danger, either
to people or to the environment. The Inspectorate
informed the media about the incident.

8.6 Training and information

In September 1999, the 9th course was held for
workers responsible for the dispatch of radioactive
materials in their facilities. The five-day course was
held at the PSI school for radiation protection,
whereby the Inspectorate participated by the provi-
sion of instructors.

8.5 Inspections and audits

To ensure the safety of transport workers and of the
general public, any shipment of radioactive materi-
als must comply with the relevant regulations for
transportation and radiation protection. The quality
assurance programmes of package designers and
manufacturers, as well as those of carriers, consign-
ors and consignees, are intended to ensure compli-
ance with the regulations.

The quality assurance programmes of all Swiss
nuclear power plants, and of PSI, for the transport
of radioactive materials have been approved by the
Inspectorate. In order to maintain and/or renew this
approval, audits are carried out at regular intervals
in these nuclear installations. In September 1999,
such an audit took place in the Beznau nuclear power
plant. The results from this enabled the Inspector-
ate to renew its approval of the quality assurance
programme for a further three years.

In addition to supervising the transportation of
spent fuel, the Inspectorate also inspected several
deliveries of fresh fuel to the nuclear power plants
during the year under review, as well as the ship-
ment of waste and other radioactive materials to
and from the Swiss nuclear installations. No limiting
values were exceeded with regard to contamination
and dose rates. Only minor deficiencies, mostly of
a formal nature, were detected.

In September 1999, the Beznau nuclear power
plant informed the Inspectorate that radioactivity had
been detected in part of a piece of mobile equipment
delivered from abroad. This equipment is normally
shipped as conventional freight, and is thus not per-
mitted to contain radioactivity. With the shipment
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9. Disposal of radioactive
waste

9.1 Wellenberg repository
Realisation of the project for a repository for low and
intermediate level wastes {SMA} at Wellenberg, in
the canton of Nidwalden, has been blocked since
the refusal, in 1995, by the canton of Nidwalden
to provide the necessary concession to the project
applicant, the "Genossenschaft fur die Nukleare
Entsorgung Wellenberg" (GNW). In June 1997, the
Federal Ministry for Environment, Transport, Energy
and Communication (UVEK) suspended the approval
procedure for a general license, which had been initi-
ated in June 1994.

In June 1996, in the course of its review of the
documents submitted in the application for a general
licence, the Inspectorate came to the conclusion
that, according to the investigations carried out up
to that date, the chances were good that the Wellen-
berg site would be suitable for constructing such a
repository, taking into account the need to protect
the population and the environment. The review re-
port emphasised that an underground exploration
tunnel is necessary to confirm the investigation re-
sults. The working groups of the Swiss Federation
and the cantons of Nidwalden and Obwalden (Techni-
cal Working Group Wellenberg and Economic Work-
ing Group Wellenberg), established at the request
of the UVEK, also came to positive conclusions with
regard to the suitability of the site, and the economic
consequences of a repository, in their final reports,
published in September 1998.The technical working
group recommended that further work on the project
be carried out in various stages; in the first stage, an
exploratory tunnel should be built. The working group
acknowledged positively the changes to the project
proposed by the GNW, which provide for monitoring
and retrieval of the waste over a longer period of
time. These project modifications are described in
the NAGRA technical report NTB 98-04, which was
issued in October 1998.

In 1999, GNW presented its modified repository
project to various political bodies and to the general
public, in the course of public meetings in the can-
ton of Nidwalden. In June 1999, the expert working
group on concepts for the disposal of radioactive
waste (EKRA) was established by the UVEK, with
the task of comparing different disposal concepts
and providing recommendations to the UVEK. It pre-
sented its report in February 2000 and came to the
conclusion, that, on the basis of existing knowledge,
the Wellenberg site fulfils the requirements both for

a final repository, and for the concept, proposed by
the group, of monitored, long-term, geological stor-
age. The group recommended that steps should be
taken to construct an exploratory tunnel, since this
is required to confirm the existing data.

In September 1997, NAGRA documented the re-
sults of those phases I and II of the geological in-
vestigations, which have been carried out to date
at Wellenberg, in its geosynthesis report NTB 96-01.
Analysis and assessment of this comprehensive doc-
umentation by the Inspectorate and its external ex-
perts is still in progress. In 1999, long-term observa-
tions, such as the monitoring of ground-water and
springs, determination of meteorological data, and
registration of seismic activity, were continued ac-
cording to plan.

9.2 Repository for high-level
waste: preparatory
measures

In accordance with the 1987 decision of the Federal
Council on the "Gewahr" project, work to demon-
strate the feasibility for disposal of high-level and
long-lived, intermediate-level waste was continued
by NAGRA during the year under review. Field work
concentrated on the host rock formation of opalinus
clay.

The central focus of work was the Benken explora-
tory borehole in the Zurich Weinland area. Drilling
was completed on May 12, 1999 at a final depth of
1007 m. Subsequently, a long-term observation sys-
tem was installed in the borehole in order to moni-
tor the development of pressure conditions over the
next few years. NAGRA compiled the results from
investigations carried out during the drilling phase in
two interim reports, and these results will now be
evaluated.

The co-ordination commission followed drilling ac-
tivities and met five times to discuss the results
obtained. It was able to establish that NAGRA had
worked carefully and had observed all requirements
and procedural specifications. The commission docu-
mented this in its short report to the UVEK. This re-
port, which was written in the last quarter of 1999,
was distributed to the responsible authorities at the
beginning of 2000.

Results of the investigations during drilling avail-
able to date are encouraging with regard to proof
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of the suitability of the site for disposal purposes. A
substantial, clay-rich rock sequence of around 300 m
thickness was found in which the opalinus clay is
embedded.This rock sequence has a very low water
permeability and contains stagnant water within its
pores. High pressures, which had not been released
over geological time-scales, confirm the low perme-
ability of the host rock formation. The mechanical
properties of the opalinus clay rock are such, that
tunnelling to the intended depth would appear to be
possible without undue difficulty.

Evaluation of the seismic reflection recordings
was continued in 1999, in parallel to work on the

i - t e ^ j . .N«;EJ«S«! -r.*™?m

exploratory borehole.The rock properties revealed by
the drilling data could be transferred to the remaining
areas on the basis of the seismic results. NAGRA
presented the first results of the structural-geological
interpretation to expert groups in the form of an in-
ternal report. As with the drilling data, these results
confirm that the investigated Zurich Weinland area
exhibits a very stable geological structure. In addition
to the geological investigations, work was continued
on the preparation of a safety analysis for a reposi-
tory in the opalinus clay.

Long-term observations were continued at the
remaining crystalline boreholes,The annual meeting
of the relevant supervisory commission took place
on September 30, 1999.

The experimental programmes at the rock labo-
ratories were continued according to plan. In the
Grimsel rock laboratory, where work is concentrated
on the behaviour of crystalline rock, experiments are
currently being performed by 17 organisations from
9 countries. These experiments ielate, for example,
to gas migration in the excavation-disturbed zone and
the shear zones, to the dispersion of alkaline watet
arising from concrete degradation, oi to the leten-
tion of radionuclides and colloids in the crystalline
rock. Furthermore, a long-term experiment is being
earned out in which the bentonite barrier is heated by
electrically-heated containers simulating waste pack-
ages. In this experiment, the system for the techni-
cal safety barriers in a repository for high-level waste
are being tested in a realistic environment on a 1:1
scale.

At the Mont Tern rock iaboiatoiy in the cantor" ol
Jura, opalinus clay is being investigated. In June 1999,
the results obtained to date were piesented to an
international forum of experts during a scientific con
ference. Important experiments ;nclude obseivation
of the way in which an undersaturated zone Develops
around an excavated tunnei. and the investigation of
deformation mechanisms in disturbed zones.!he In-
spectorate followed the work at both iaboratones.

54
Disposal of radioactive waste

HSK Annua* lepon 1999



10. Instructive events in
foreign nuclear
installations

Of the events reported in 1999 in foreign nuclear
installations, none were of such significance as to re-
quire the immediate implementation of measures to
improve the safety provisions in Swiss plants. Never-
theless, some events are described below because
they are instructive, and because the lessons learned
from them can contribute to improving the safety of
Swiss installations.

10.1 Accident in the nuclear-fuel
factory atTokai Mura, Japan

On September 30,1999, an accident involving critical-
ity took place in theTokai Mura nuclear-fuel factory.
During fuel manufacture, uranium hexafluoride is
dissolved in nitric acid, resulting in a solution of ura-
nyl nitrate. The process takes place in a special con-
tainer, which, according to official regulations, must
be filled with a pump via 2 inlet containers. This ar-
rangement of the containers provides a sufficient
margin of safety for the uranium, which is usually
processed in the plant, since this is enriched to 5 %
with U-235. In this way, a nuclear chain reaction can
be avoided with certainty. However, this is not the
case for 18 % enrichment of U-235, as was being
processed at the time of the accident. As a result of
non-adherence to the specifications for processing
of uranium with 18 % U-235, the critical mass was
exceeded. This led to a chain reaction and to very
high neutron and gamma radiation fields.

Several people were exposed to very high radia-
tion doses in the course of the accident. Radioactive
materials were also released to the environment.The
chain reaction could only be stopped several hours
later, after the cooling water surrounding the con-
tainer was drained off. The accident was allocated to
level 4 on the international nuclear event scale, INES
(see Table B2) because of the high radiation doses
for the personnel, which have led, to date, to one
fatality, and because of the release of radioactivity
into the environment.

The main causes of the accident were non-adher-
ence to official specifications, inadequately trained
personnel, and pressure on the staff to work quickly
because of financial restraints and delays in fulfill-
ing the order. It became apparent that insufficient

regulatory checks had led the plant operator to alter
the prescribed specifications at the cost of safety.
Together with the inadequately trained personnel
and the deadline pressure, a dangerous situation re-
sulted.

Although this accident did not take place in a
nuclear power plant, it still enables lessons to be
learnt for the Swiss nuclear installations. The deregu-
lation of the electricity-supply market, presently tak-
ing place in Switzerland, will lead to pressure for the
reduction of costs. The selection and training of per-
sonnel must still remain at the present, high level, de-
spite the financial constraints, which will then arise.
All changes to procedures, e.g. in the maintenance
of systems and components, must be examined
for their importance to the safety of the plant be-
fore they are introduced.The Inspectorate will check
possible cost-cutting measures of the nuclear-power-
plant operators for their relevance to safety.

10.2 Leak in the turbine con-
denser of a boiling water
reactor with unavailability
of the main-steam isolation

In a European nuclear power plant, the operational
pressure in the turbine condenser increased to an un-
allowable extent. Initially, the reactor and the turbine
were automatically shut down due to rising pressure
in the condenser, in accordance with the plant speci-
fications. Since the pressure continued to increase,
the trigger value for automatic isolation of the main-
steam lines was reached, but this process did not
occur.The reactor operator noticed the fault and initi-
ated the isolation manually, according to the specifi-
cations. Automatic functioning of the process failed
because three of the four triggering circuits did not
operate, and this indicated the existence of a funda-
mental problem.

Failure analysis showed that the lines leading to
the pressure transducers for the triggering circuits
were very long. They had been installed, in some
cases, with only shallow gradients, and exhibited
loops. The slow rise in pressure in the turbine con-
denser led to excessive condensation in the meas-
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urement lines, and this was unable to drain off ad-
equately. As a result, a false value for the measured
pressure was obtained and triggering of the isola-
tion process failed to occur. Extensive improvements
were carried out at the affected plant.

The above protective function also exists at the
Swiss boiling water reactor plants. The Inspector-
ate required the plant operators to examine the cor-
responding measuring equipment. The checks on
the measuring systems showed that short lines, in-
stalled with adequate gradients, were present, so
that similar disruptions can be excluded.

10.3 Leak in the recuperative
heat exchanger of the vol-
ume-control system at a
pressurised water reactor

A steam leakage was discovered in the volume-con-
trol system of an overseas, pressurised water reactor,
during full-power operation. Inspection of the plant,
after it was shut down, revealed several cracks at the
outlet nozzle of a recuperative heat exchanger.

The failure analysis showed that a hydrodynamic
situation involving cyclic, thermal stratification within
the cooling water had arisen at the outlet nozzle.This
resulted in thermomechanical, alternating stress in
the piping and led to premature material fatigue, with
the occurrence of cracking and leakage during opera-
tion.

The Swiss nuclear power plants also have recuper-
ative heat exchangers, but these are of different con-
struction and are arranged differently. Direct transfer
of the situation involving the above failure to the cor-
responding group of components is thus not possi-
ble for the plants in Switzerland.The event enhances
knowledge concerning the complex phenomenon of
stratified flow. In the early Nineties, the Inspectorate
had already required the plant operators to carry out
specific measurements on component fatigue in the
context of the programmes for periodic inspections
and the ageing surveillance programmes, in order
to counteract this well-known type of damage in a
timely manner.

10.4 Cleaning process for steam
generators causes erosion
attack on the U-tubes in a
pressurised water reactor

During revision outages at nuclear power plants with
pressurised water reactors, the secondary side of
the steam generator is periodically cleaned, in the
region of the tubesheet and the tube-support-plate
penetrations, in order to remove salt deposits aris-
ing during operation. A high-pressure, water-jet tech-
nique, with enhanced cleaning effect, is used for this
purpose. The supplier of the cleaning equipment had
used a modified procedure for the first time at a Euro-
pean pressurised water reactor in 1998. Shortly after
the revision outage, leakages occurred at several
U-tubes of the cleaned steam generator. Radioactiv-
ity is transferred from the primary to the secondary
side in the course of such leakages.The permissible
amounts of leakage are laid down in the specifica-
tions. Visual inspection of individual U-tubes revealed
a series of small pits, whose occurrence was attrib-
uted to erosion attack as a result of the modified
cleaning procedure. The regulatory authorities of the
county affected have required the plant operator and
the manufacturer of the cleaning equipment to qual-
ify the procedure, and to develop process monitoring,
so that such damage can be excluded in the future.

A Swiss nuclear power plant of the PWR type also
uses high-pressure, water-jet cleaning. However, the
operator confirmed to the Inspectorate that the new,
intensified procedure has not been used in the plant.
Extensive, periodic inspection of steam-generator
tubing, carried out in 1999, under observation of
the Inspectorate and the SVTI, did not reveal either
unexpected wall thinning, or other types of pitting
damage. As a result of the above-mentioned event,
the Inspectorate will only approve use of the newer
cleaning procedure after it has been successfully
qualified and demonstrated to be free from such con-
cerns.
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11. Assessment of Events in
Nuclear Installations

11.1 The Inspectorate's guide-
lines for the notification of
events

In accordance with the Inspectorate's Guidelines
R-15 and R-25, the operators of Swiss nuclear instal-
lations are obliged to notify the Inspectorate of any
events that occur. The purpose of this notification
requirement is threefold:

- notification of events to allow early recognition of
weak-points and checks on the counter-measures
introduced;

- notification of accident conditions to alert, in a
timely manner, the Inspectorate's emergency or-
ganisation and other authorities;

- notification of events of public interest to allow the
Inspectorate to make an independent assessment
and to provide the public with official information
in a rapid manner.

For practical reasons, and to achieve these objec-
tives, the established classification system has been
retained. On the one hand, it takes into account the
significance of events with regard to safety using
the following categories: U (unclassified), B (of minor
relevance to safety), A (of relevance to safety) and
S (events which endanger the plant or its personnel,
or which could have considerable radiological effects
on the environment). On the other hand, it takes ac-
count of events which are of public interest.

11.2 International Nuclear Event
Scale, INES

The International Nuclear Event Scale (INES) was de-
veloped by the International Atomic Energy Agency
(IAEA) on the basis of the experience gained in sev-
eral member countries, put into test operation in
1990, and adopted definitively in 1992. With INES,
events are assigned to levels with numbers between
0 and 7, according to their importance, whereby level
0 represents "normal events',' such as, e.g., an auto-
matic reactor scram without further complications

The scale aims to inform the media, and the public,
of events at nuclear plants by putting them into their
correct perspective with regard to safety.The INES
User Manual was produced as the yardstick, with
evaluation principles valid for all countries. The IAEA

plays a central co-ordinating role in the exchange of
event notifications. Each member state has under-
taken to report all events from level 2 upwards to
the IAEA for distribution of information to the other
member states. The IAEA also organises exchanges
of experience between member states in order to
promote uniformity in the use of the scale.

At the lower end of the scale (level 0 to level 1,
and sometimes even level 2), the criteria cannot be
specified precisely enough to prevent, completely,
differences in the engineering evaluations. With the
large number of different plant types in the participat-
ing countries, and the differing safety provisions, it is
almost impossible to achieve complete standardisa-
tion of the safety relevance of events, even from a
technical viewpoint.

Switzerland, as a member of the INES organisa-
tion, has co-operated in the development of the INES
system from the beginning and uses the INES scale.
This does not exempt the Swiss operators from no-
tifying events in accordance with the Inspectorate's
Guideline R-15, but is intended to provide additional
information for the public.

In principle, each INES level differs from the next
by a factor of 10 to 100 in safety significance. Three
aspects are taken into consideration: "degradation
of safety measures" (applies from level 1 to level 3),

"consequences within the plant" (level 2 to 5), and
"radiological consequences outside the plant" (level
3 to 7). The individual criteria are given in a simplified
form in Table B2. Genuine accidents start at level 4.

The INES system serves to enhance objective un-
derstanding of the consequences of events abroad
as a result of uniform evaluation procedures. It helps
effectively to avoid misunderstandings in reporting
events in nuclear installations across country borders.
In nearly all countries complying with the INES report-
ing system, their safety authorities notify the IAEA,
or at least check the appropriate report, before it is
sent. This is intended to ensure an open policy of
public information world-wide, and independence
from the affected plant operator.
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Table A1
Performance of the Swiss nuclear power plants (1999)

Thermal energy produced [GWh]

Net electrical energy supplied [GWh]

Thermal energy supplied [GWh]

Availability factor1 [%]

Non-availability due to annual revision [%]

Load factor2 [%]

Number of unplanned scrams

Other unplanned shutdowns

Load reductions due to events or failures (>10% PN)

KKB 1

8841

2841

131.1

92.2

7.8

89.1

1

1

KKB 2

7024

2217

12.6

72.3

24.9

71.1

0

2

3

KKM

8411

2703

2.1

92.1

7.2

86.6

1

0

1

KKG

23406

7470

169

90.0

8.9

89.3

0

0

1

KKL

25845

8320

-

92.8

7.2

88.0

0

0

1

1 Availability (in %):Time which the nuclear power plant was in operation or in a usable condition.
2 Load factor (in %): Energy produced relative to the nominal power and a hundred percent availability.

Table A2
Numbers of licensed personnel and grand total of personnel in the Swiss nuclear power plants
as of end 1999.

Job title

Year

KKB

1999

1+2

1998

Kl*

1999

CM

1998

B operator : 16 j 23 j 10 i 11

A operator 22 16 13 13

Shift chief and deputy ; 24 i 21 : 10 11

Picket & operations engineers

Radiation protection expert1

Radiation protection technician1

11

4

5

11

4

5

8 r 8

LO
 

• 
C

D

Total personnel 461 : 459 289

5

6

291

Kf

1999

10

19

20

12

4

6

381

CG

1998

9

20

20

12

5

4

377

K

1999

KL

1998

1 2 '• 1 2

10 I 11

22 18

10

9

6

401

11

9

6

418

New titles for radiation protection controller and chief controller

Appendix A

HSK Annual report 1999
61



Table A3
Classified events 1999

Date

29.01.1999

15.02.1999

31.03.1999

29.04.1999

02.05.1999

03.05.1999

Installation/
NPP Event

po. Incorporation of radioactive aerosols in a metallography cell of the
i Hotlab

KKL Failure to close of the generator breaker of an emergency diesel
during a functionality test

po, : Inexplicably high quarterly dosis registered on the personal
i dosimeter of a PSl worker

KKL Failure to open of the injection valve of the high pressure
emergency feed system during a functionality test

KKM : Loss of emergency power supply from a hydro-electric plant

KKB 1
Failure to open of a valve of the emergency core cooling system
during a functionality test

1QQQ .,,,„ „ Failure to start of an emergency diesel generator during a monthly
iu.Ub.iyyy ; KM z functionality test

08.06.1999 KKG
Failure of the generator breaker of an emergency diesel generator
during a functionality test

k,k,.. ; Deviation from the technical specification concerning the closing
: time of containment isolation valves

25.06.1999 PSl

06.07.1999 ' KKB 1

12.08.1999 KKL

1708.1999 ; KKB 1

07.09.1999

21.10.1999

10.11.1999

KKM

KKL

KKB 2

Irregularity on a shutdown system in the research reactor
PROTEUS during a functionality test

Reactor scram caused by excessive water level in a steam
generator

Deviation from the technical specification concerning the
accumulators of the control rod drives

Loss of the emergency diesel supply during testing of the short-
circuit protection of the 50 kV external supply

Reactor scram due to high pressure caused by trip of both
turbines (loss of heat sink)

Failure to start of a ground water pump of the emergency system
during a functionality test

Failure to start of the emergency safety-injection pump during a
functionality test

Classification
according to

INES

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Note:
All of the above events are, according to the Inspectorate's Guidelines R-15 and R-25, in Class B.
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Table A4a
Summary of the releases of radioactive materials to the environment in 1999 and the
resulting calculated individual doses. (See footnotes at the end of the tables)

NPP

KKB 1
and

KKB 2

KKM

KKG

KKL

Medium

Waste
Water

(25000m3)

Exhaust
air

Waste
Water

(6644m3)

Exhaust
air

Waste
Water

(7738m3)

Exhaust
air

Waste
Water

(14440m3)

Exhaust
air

Types of releases4

Nuclide mixture
(without tritium)

Tritium

Noble gases

Aerosols
(without 1-131, half life >8 days)

lodine-131

Carbon-14

Nuclide mixture
(without tritium)

Tritium

Noble gases

Aerosols
(without 1-131, half life >8 daysl

lodine-131

Carbon-14

Nuclide mixture
(without tritium)

Tritium

Noble gases
total measurement beta

Aerosols
(without [-131. half life >8 days)

lodine-131

Carbon-14

Nuclide mixture
(without tritium)

Tritium

Noble gases

Aerosols

(without 1-131, half life >8 days)

lodine-131

Carbon-14

Release limits'

Bq/year

4-10"

7-10'3

1-10'6

6-109

4-109

4-10"

2-1013

2-1016

2-10'°

2.10'°

2-10"

7-1013

1-10'5

1-10'°

7-109

4-10"

2-10'3

2-10'5

2-10'°

2-10'°

i

Actual

Bq/year
(±50%)

1.1-109

8.8-10'2

3.3-1012

1.6-107

4.0-10'°

3.7-109

1.7-10"

8-10"

2-10"

1.4-10'3

(<5.3-1012)

1.0-10"

7.0-10"

3.MO'2

2.3-107

2.6-108

6.5-10"

releases2

Percent
of limit

0.3%

12.6%

0.3%

0.4%

0.9%

0.9%

20.0%

0.6%

<0.1 %

<0.1 %

3.5%

0.2%

0.1%

1.3%

Calculatec
equivale

Adult
mSv/year

<0.001

<0.001

<0.001

<0.001

<0.001

0.0011

<0.001

<0.001

<0.001

0.0065

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.0034

I effective
it doses3

Child
mSv/year

<0.001

<0.001

<0.001

<0.001

<0.001

0.0018

<0.001

<0.001

<0.001

0.0051

<0.001

0.0011

<0.001

<0.001

<0.001

<0.001

<0.001

0.0011

<0.001

<0.001

<0.001

<0.001

<0.001

0.0055
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> Table A4a (Continued)
Summary of the releases from the Paul Scherrer Institute in 1999 and the calculated individual dosis of the population.
(See footnotes at the end of the tables)

Releases in waste water24 [Bq]

Nuclide mixture (without tritium)

Tritium

Releases to exhaust air2-4 [Bq]

Noble gases and other gases

Beta/Gamma-Aerosols (without
iodine, half-life >8 hrs.)

Alpha-Aerosols

Iodine (l-131-equ.)

Tritium (tritiated Water)

Annual dose3 [mSv/year] for:

Adults

Infants

Part of source-related
dosis guideline'

Main stack
East

-

1.5-10'°

3.7-109

1.1-109

6.4-10'°

0.0002

0.0006

0.3%

Incinerator

-

8.0-107

3.9-105

4.1-105

8.2-109

<0.0002

<0.0002

<0.1%

Saphir

-

3.2-10'°

<0.0002

<0.0002

< 0 , %

Radioactive
waste
treatment
building

-

1.4-1010

<0.0002

<0.0002

<0.1%

BZL

-

5.6-108

<0.0002

<0.0002

<0,%

Central stack
West

-

1.2-10"

1.3-10'°

1.4-108

6.2-10"

0.0035

0.0036

1.8 %

Injector 1

-

7.1-10"

<0.0002

<0.0002

< 0 , %

Injector II

-

1.2-10"

4.6-106

<0.0002

<0.0002

< 0 , %

Shed
containing
Tritium
equipment

-

4.2-10'°

<0.0002

<0.0002

<0,o/o

Waste
water

4.2-103

7.0-109

-

<0.0002

<0.0002

<0,o/o

Total PSI

4.2-108

7.0-109

1.3-10"

1.7-10™

3.9-105

1.2-109

7.8-10"

<0.004

<0.005

<3%



Table A4a (Footnotes)

1 Release limits according to the operating licence effective for the respective nuclear installation.The release
limits have been laid down to keep the off-site exposure of the critical population group in the vicinity below
0.2 mSv/year. For the Paul Scherrer Institute (PSI) the releases are directly limited to 0.2 mSv/year via the
source-related dosis approximate value according to a permission 6/97.

2 The measurement of the releases is carried out according to the requirements. "For the release of radioac-
tive materials and the surveillance of radioactivity and direct irradiation in the environment of the ..." (given
NPP) and the PSI.The accuracy of the measurements is about ±50%. Releases below 0.1 % of the annual
release limits are regarded by the Inspectorate as not being relevant.

3 Annual dose is calculated for persons who live permanently at the critical location and take their total
food produced at the location and all water requirements at a location downstream from the NPP The
calculations are done according to the Inspectorate's Guideline HSK-R-41; this contains a model and the
defined parameters to use. Doses less than 0.001 mSv - equivalent to the dose accumulated in 10h due
to natural radioactivity - are, as a rule, not recorded. At PSI, the annual dose of the complete installation
is shown as a total over all the release points although the critical locations of the single release points
do not in general, come together.

* By the type of release, the following is noted:
Waste water: Releases in Bq/year are normalised to a reference exemption limit (LE) of 200 Bq/kg.The LE
values for the individual nuclides are taken from Appendix 3 of the radiological protection ordinance (StSV).
A LE value of 200Bq/kg corresponds to a reference nuclide with an ingestion dosis-factor of 5-10"8Sv/Bq
Noble gases: Radioactive releases in Bq/year, normalised to a reference CA value of 2-105 Bq/m3, are given.
The CA values for the noble gas nuclides are taken from Appendix 3 of the radiological protection ordinance
(StSV). A CA value of 2-105 Bq/m3 corresponds to a reference nuclide with an immersion dosis-factor of
4.4-10-7(Sv/year)/(Bq/m3).
For NPP Gosgen (KKG), a (3-total measurement was carried out for balancing the noble gases (see the
values in brackets); for the equivalent-exchange calculation, for this case, a mixture of 80% Xe-133, 10%
Xe-135 and 10% Kr-88 was taken. This mixture was also taken for calculating the dose.
Gases: At the PSI it is mainly the nuclides C-11, N-13, 0-15 and Ar-41 whose half-life times are less than
two hours. For the releases here, it is the sum of the radioactivity, without standardising to a reference
value, which are given.
Aerosols: The releases given correspond to the total of aerosol activity without standardising to a reference
value.
The dose contribution of aerosols with a half-life time less than 8 days is negligible for the nuclear power
plants.
For NPP Beznau (KKB), a mixture of 50% Co-60 and 50% Cs-137 is taken for the dose calculation from
aerosols.
In the case of NPP Muhleberg (KKM), the main contribution to the dose stems from soil-deposited aerosols
which were unintentionally released in 1986.The dose contribution through aerosol releases in 1998 is small
compared to this and lies within the order of magnitude of other Swiss nuclear power plants.
Iodine: At PSI, the release as l-131-equivalent through a weighted total of the activity of the released iodine
nuclides is given. Here the weighting factor is derived from the relationship between the ingestion-factor
of the particular nuclide to that of the ingestion-factor from 1-131. The ingestion-dosis factors are taken
from the StSV.
Carbon-14:The C-14 releases given are based at NPP Leibstadt (KKL) on real measurements; by KKB, KKM
and KKG they are based on measurements from previous years.
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Table A4b
Releases of the Swiss nuclear power plants in the last 5 years, compared to the release limits

Exhaust air
Noble gases

Exhaust air
Iodine

cr
m

95 96 97 98 99 ' 95 96 97 98 99 95 96 97 98 99 95 96 97 98

KKB KKG KKL KKM

NPP

cr
CD

95 96 97 98 99 95 96 97

KKB KKG
95 96 97

KKL
97 96 99

KKM

10

NPP

, Limit 1 Limit

Waste water
Tritium in waste water

ma>
>•

cr

95 96 97 98 99 95 96 97 98 99 95 96 97 98 99 95 96 97 98 99

KKB KKG KKL KKM

NPP

Waste water
Other liquid-type releases

cr
CD

a>
cc

97 98 99 ' 95 96 97 98 99 95 96 97 98 99 ' 95 96 97 98 99

KKB KKG KKL

NPP

KKM

66
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Table A5a
Nuclear power plants: Whole-body doses from external irradiation in 1999. Number of persons and average annual dose

Dose distribution
[mSv]

0.0-1.0

>1.0-2.0

>2.0-5.0

>5.0-10.0

>10.0- 15.0

>15.0-20.0

>20.0-50.0

>50.0

Total persons

Average per person
[mSv]

E

235

59

56

8

4

362

1.2

KKB 1 + 2

F

646

112

121

53

1

933

1.2

E + F

881

171

177

61

5

1295

1.2

E

218

31

38

17

3

307

1.2

KKG

F

403

50

45

19

1

518

0.9

E + F

621

81

83

36

4

825

1.0

E

235

50

52

15

3

355

1.2

KKL

F

608

77

90

26

4

805

0.9

E + F

843

127

142

41

7

1160

1.0

E

159

43

44

24

270

1.5

KKM

F

544

100

69

17

2

732

0.9

E + F

703

143

113

41

2

1002

1.0

E

845

183

190

64

10

1292

1.2

Total NPP1

F

1785

299

326

128

10

2548

1.1

E + F

2630

482

516

192

20

3840

1.2

1 Individuals from external external personnel having worked successively in several installations are counted here only once. Two persons of the NPP's own personnel have exchanged the unit where
they worked in 1999.

E = plant own personnel, F = external personnel; TL-dosimeters used in all plants.
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Table A5b
Research installations and nuclear power plants: Whole body doses from external irradiation in 1999.
Number of persons and average annual dose

Dose distribution
[mSv]

0.0-1.0

>1.0-2.0

>2.0-5.0

>5.0-10.0

>10.0-15.0

>15.0-20.0

>20.0-50.0

>50.0

Total persons

Average per person
[mSv]

PSI

1186

31

26

2

1245

0.2

EPFL

10

10

0.0

University of
Basel

4

4

0.0

Total Research1

1201

31

26

2

1260

0.2

Total NPP1

E + F

2630

482

516

192

20

3840

1.2

Total NPP and
Research2

3773

508

540

194

20

5035

0.9

' This column contains the value for one person (1.0 mSv annual dose) working at the decommissioned experimental installation at Lucens.
7 individuals from external external personnel having worked successively in several installations are counted here only once.

E = piant own personnel, F = external personnel; TL-dosimeters used in all plants.



Table A6a
Nuclear power plants: Whole-body doses from external irradiation in 1999. Annual collective doses in Person-millisievert (Person-mSv)

Dose distribution
[mSv]

0.0-1.0

>1.0-2.0

>2.0-5.0

>5.0-10.0

>10.0- 15.0

>15.0-20.0

>20.0-50.0

>50.0

Total [person-mSv]

Highest individual
dose [mSv]

E

67.4

90.0

162.8

54.4

44.6

419.2

11.8

KKB 1 + 2

F

135.8

168.2

396.1

365.8

10.1

1076.0

10.1

E + F

203.2

258.2

558.9

420.2

54.7

1495.2

11.8

E

36.6

44.6

122.3

112.2

39.6

355.3

14.9

KKG

F

74.6

76.6

155.6

130.3

13.8

450.9

13.8

E + F

111.2

121.2

277.9

242.5

53.4

806.2

14.9

E

39.8

71.7

175.7

101.9

32.6

421.7

11.3

KKL

F

115.0

112.9

294.9

168.7

49.3

740.8

13.7

E + F

154.8

184.6

470.6

270.6

81.9

1162.5

13.7

E

31.6

66.5

134.9

169.1

402.1

9.5

KKM

F

115.9

147.9

224.3

113.7

22.6

624.4

12.3

E + F

147.5

214.4

359.2

282.8

22.6

1026.5

12.3

E

174.6

272.8

595.7

437.6

116.8

1597.5

14.9

Total NPP1

F

389.8

446.4

1073.0

860.8

117.0

2887.0

13.8

E + F

564.4

719.2

1668.7

1298.4

233.8

4484.5

14.9

External personnel that work in more than one installation are only counted once. Through the addition of the various doses collected in different NPPs, or the elimination of individualdoses that have
been reported on more than once, the collective doses change only slightly.

E = plant own personnel, F = external personnel
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Table A6b
Research institutions and nuclear power plants: Whole-body doses from external irradiation in 1999.
Annual collective doses in Person-mSv

Dose distribution
[mSv]

0.0-1.0

>1.0-2.0

>2.0-5.0

>5.0-10.0

>10.0- 15.0

>15.0-20.0

>20.0-50.0

>50.0

Total [person-mSv]

Highest individual
dose [mSv]

PSI

62.4

43.1

79.6

10.8

EPFL

0.1

University of
Basel

0

195.9

5.5

Total Research1

63.5

43.1

79.6

10.8

0.1 i 0.0 I 1970

0.1 0.0 5.5

Total NPP1

E + F

564.4

719.2

1668.7

1298.4

233.8

4484.5

14.9

Total NPP and
Research2

633.4

758.2

1742.3

1309.1

233.8

4676.8

14.9

1 This column contains the value for one person (1.0 mSv annual dose), working at the decommissioned Lucens nuclear power plant.
2 External personnel that work in more than one installation are only counted once. Through the addition of the various doses collected in different

NPPs, or the elimination of individual doses that have been reported on more than once, the collective doses change only slightly.

E = plant own personnel, F = external personnel
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Table A7
Whole body doses from external irradiation in 1999. Number of individuals grouped according to age and sex. All NPP and research personnel, own
and external considered.

Dose
distribution
[mSv]

0.0-1.0

>1.0-2.0

>2.0-5.0

>5.0-10.0

>10.0 - 15.0

>15.0-20.0

>20.0-50.0

>50.0

Total person

Average per
person [mSv]

Collective dose
iperson-mSv]

1 6 -

M

16

1

17

0.49

8.4

18 years

F

1

1

0.00

0.0

1 9 -

M

42

4

2

48

0.39

18.5

20 years

F

2

2

0.15

0.3

21 -

M

516

76

95

34

1

722

1.02

735.3

30 years

F

42

3

45

0.14

6.4

31 - 4 0

M

959

164

164

64

7

1358

1.09

1474.1

years

F

53

1

1

55

0.15

8.4

41 - 5 0

M

1007

150

169

60

7

1393

1.05

1463.9

years

F

44

2

2

1

49

0.37

18.3

51 -

M

838

94

94

33

5

1064

0.81

857.0

60 years

F

21

21

0.10

2.0

>60

M

215

14

13

1

243

0.35

84.2

years

F

17

17

0.00

0.0

Total

3773

508

540

194

20

5035

0.93

4676.8

= male, F = female



Table A8
Hand and foot doses, 1999: NPPs and research

CD
CO
CO

Dose
distribution
[mSv]

0-25

>25 - 50

>50-75

>75-100

>100-150

>150-200

>200-250

>250 - 300

>300 - 350

>350 - 400

>400 - 450

>450 - 500

>500

Total persons

KKB 1 + 2

E F E + F

7 4 11

7 4 11

E

4

2

6

KKG

F

10

2

12

E + F

14

4

18

E

2

2

KKL

F E + F

9 11

9 11

E

9

9

KKM

F E + F

3 12

3 12

E

22

2

24

Total NPP

F

26

2

28

E + F

48

4

52

PSI

117

2

1

1

121

Total
NPP + PSI

E + F

165

6

1

1

173

E = plant own personnel, F = external personnel
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Table A9
Committed effective dose E50, resulting from incorporation in 1999: NPPs and research

Committed
effective dose E50

Dose distribution
[mSv]

< = 1.0

>1.0-2.0

>2.0-5.0

>5.0-10.0

>10.0- 15.0

>15.0-20.0

>20.0-50.0

>50.0

Total persons

E

331

331

KKB 1 +

F

978

978

2

E + F

1309

1309

E

285

285

KKG

F

480

480

E + F

765

765

E

360

360

KKL

F

790

790

E + F

1150

1150

E

270

270

KKM

F

732

732

E + F

1002

1002

E

1246

1246

Total NPP

F

2980

2980

E + F

4226

4226

PSI

374

1

375

Total
NPP + PSI

E + F

4600

1

4601

Persons by which in the screening mesurement did not exceeded the predetermined threshold are noted in this Table in the Eso dose distribution between 0-1.0 mSv.

CO



Table AlOa
Number of persons (plant own personnel in NPPs and research) whose accumulated total dose
(life-dose) due to occupational exposure up to the end of 1999, exceeded 100 mSv. Totals and
distribution according to dose interval and installations.

Dose
distribution
[mSv]

>100-150

>150-200

>200 - 250

>250 - 300

>300 - 350

>350 - 400

>400 - 450

>450 - 500

>500 - 550

>550 - 600

>600

Total persons

KKB 1 + 2

32

26

26

15

14

5

5

4

2

1

1

131

KKG

18

14

5

4

KKL

15

6

1

KKM

30

21

18

7

4

2

4

42 22 94

Total NPP

95

67

49

27

19

8

7

9

6

1

1

289

PSI

17

6

4

1

1

29

Total
NPP + PSI

112

73

53

28

20

8

7

9

6

1

1

318

including individuals who left during the course of 1999

Table AlOb
Number of persons (plant own personnel) whose accumulated total dose (life-dose) due to oc-
cupational exposure up to the end of 1999, exceeded 100 mSv (NPP and PSI).Totals and distribution
according to age and dose interval.

Dose
distribution
[mSv]

>100- 150

>150-200

>200-250

>250 - 300

>300-350

>350 - 400

>400 - 450

>450 - 500

>500-550

>550 - 600

21-30
years

31-40
years

11

2

1

1

>600 |

Total persons 15

41-50
years

46

26

8

6

6

1

1

1

95

51-60
years

42

36

31

18

11

6

6

8

5

1

164

>60 years

13

9

13

3

3

2

1

44

Total
NPP + PSI

112

73

53

28

20

8

7

9

6

1

1

318

including individuals who left during the course of 1999
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Table A l l
Radioactive waste at the NPP's and PSI. (For PSI are also included here waste from medicine,
industry and research); volume in m3

PSI

KKB

KKM

KKG

KKL

Total

unconditioned

Amount arising2

121

137

120

50

104

532

Total3

3164

218

462

100

180

1276

conditioned1

Production2

61

21

105

21

38

246

Total3

875

938

498

283

1199

3793

1 A reduction in volume occurs during conditioning burnable and compressible wastes.
2 Volumes in reporting period, 1999.
3 Volumes in storage facilities of the NPP's and PSI at the end of 1999.
4 Including waste from NPPs processed at PSI.
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Figure A1

Availability and load factor, 1990-1999
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Figure A2

Notifiable, classified events 1990-1999
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Figure A3
Number of reactor scrams (unplanned), 1990-1999
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Figure A3a
Causes for classified events in the Swiss NPPs per year 1990-1999
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Figure A3b
Causes of unplanned reactor scrams per year 1990-1999
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Figure A4
Fuel element defects (number of elements), 1989-1999
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Figure A5
Annual collective doses (Person-Sv/year) in the IMPPs, 1980-1999
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Figure A7
Number of persons with an individual annual whole-body dose over 20 mSv in the NPPs: 1984-1999
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Figure A8
Average annual dose (mSv) of own and external personnel of the nuclear power plants: 1980-1999
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Figure A9
Number of individuals (own personnel) of the nuclear power plants who at the end of each of the
years between 1980 and 1999 have accumulated integrated doses (life-dose) exceeding 200 mSv.
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Figure A10
Calculated dose for the most affected person1 (adult) in the vicinity of the nuclear power plants: 1979 -1999

03
CD

en
c

H5
c
o
Q.
05
<D

v -

o
O
cu

>
CO

E

0.1 --

0.01 -1

0.001

0.0001

1979 1981 1999

1 Fictitious person, permanently located at the critical place, obtaining all food from the area and all drinking water from the river downstream of the nuclear power plant in question.
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Figure A11
Local dose rate in 1999, as measured by the MADUK probes
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Figure A11 (cont.)
Local dose rate in 1999, as measured by the MADUK probes
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Table B1
List of the Swiss Guidelines (R) and Recommendations (E) presently in force
Languages: All guidelines originally written in German; guidelines noted /e, /f or /r translated into and
available in English, French or Russian.

Guideline

R-04/d

R-05/d

R-06/d

R-07/d
R-07/r

Title of Guideline Date of current
issue

Aufsichtsverfahren beim Bau von Kernkraftwerken; Projektierung von Bauwerken
(Supervisory procedures governing the construction of nuclear power plants: : December 1990
Design of buildings)

Aufsichtsverfahren beim Bau von Kernkraftwerken; mechanische Ausrustungen
(Supervisory procedures governing the construction of nuclear power plants:
Mechanical equipment)

October 1990

Sicherheitstechnische Klassierung, Klassengrenzen und Bauvorschriften fur
Ausrustungen in Kernkraftwerken mit Leichtwasserreaktoren M

(Safety classification, interface between classes and construction regulations
concerning equipment of light water reactor nuclear power plants)

Richtlinie fur den uberwachten Bereich der Kernanlagen und des Paul Scherrer
Institutes
(Guideline for radiation protection zones in nuclear installations and in the Paul
Scherrer Institute)

] Sicherheit der Bauwerke fur Kernanlagen, Prufverfahren des Bundes fur die
R-08/d Bauausfiihrung

: (Safety of buildings for nuclear installations: Federal supervisory procedures for
the construction

R-11/d

R-11/f

R-12/d

R-14/d
R-14/r

R-14/e

Ziele fur den Schutz von Personen vor ionisierender Strahlung im Bereich von
Kernkraftwerken
(Objectives of the protection of persons from ionising radiation in the vicinity of
nuclear power plants)

Objectifs de la protection des personnes contre les radiations ionisantes dans la
zone d'influence des centrales nucl6aires

Erfassung und Meldung der Dosen des strahlenexponierten Personals der
Kernanlagen und des Paul Scherrer Instituts
(Determining and Reporting the doses of occupational^/ radiation exposed
personnel in nuclear installations and the Paul Scherrer Institut)

Konditionierung und Zwischenlagerung radioaktiver Abfalle

Conditioning and Interim Storage of Radioactive Wastes

June 1995

May 1976

May 1980

July 1978

October 1997

December 1988

December 1988

R-15/d Berichterstattung uber den Betrieb von Kernkraftwerken : n .
R-15/r j (Reporting guideline concerning the operation of nuclear power plants) '•

R-16/d

R-17/d
R-17/r

R-21/d

R-21/e

R-21/f

R-23/d

Seismische Anlageninstrumentierung
(Seismic plant instrumentation)

Organisation und Personal von Kernkraftwerken
(Organisation and personnel of nuclear power plants)

Schutzziele fur die Endlagerung radioaktiver Abfalle

Protection Objectives for the Disposal of Radioactive Waste

Objectifs de protection pour le stockage final des dechets radioactifs

Revisionen, Prufungen, Ersatz, Reparaturen und Anderungen an elektrischen
Ausrustungen in Kernanlagen
(Revisions, testing, replacement, repair and modification of electrical equipment
in nuclear installations)

February 1980

August 1986

November 1993

November 1993

November 1993

December 1993
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Table B1 (cont.)
List of the Swiss Guidelines (R) and Recommendations (E) presently in force

Guideline

R-25/d

R-27/d

R-30/d

R-31/d

R-32/d

R-35/d

R-37/d

R-38/d

R-39/d

R-40/d

R-41/d

R-42/d

R-42/e

R-45/d

R-45/e

R-47/d

Title of Guideline
Date of current
issue

Berichterstattung des Paul Scherrer Instituts sowie der Kernanlagen des Bundes :
und der Kantone j . , . „ „ „
(Reporting guideline concerning the Paul Scherrer Institut and the nuclear
installations of the Federation and the cantons)

Auswahl, Ausbildung und Prufung des lizenzpflichtigen Betriebspersonals von
Kernkraftwerken
(Selection, training and examination of NPP staff requiring a licene)

May 1992

Aufsichtsverfahren beim Bau und Betrieb von Kernanlagen . . i q q ?

(Supervisory procedures for construction and operation of nuclear installations)

Aufsichtsverfahren beim Bau von Kernkraftwerken, 1E klassierte elektrische
Ausrustungen
(Supervisory procedures governing the construction of nuclear power plants: 1E
classified electrical equipment)

January 1994

Richtlinie fur die meteorologischen Messungen an Standorten von Kemanlagen : c t k -inqo
(Guideline for meteorological measurement on sites of nuclear installation)

Aufsichtsverfahren beim Bau und Anderungen von Kernkraftwerken,
Systemtechnik
(Supervisory procedures governing the construction of nuclear power plants:
System engineering)

Anerkennung von Kursen fur Strahlenschutz-Kontrolleure und -Chefkontrolleure;
Prufungsordnung
(Recognition of courses for radiation protection controllers and chief controllers;
examination regulations)

Interpretation des Begriffs «abgeleiteter Richtwert fur
Oberflachenkontamination»
(Interpretation of the term "derived guideline value for surface contamination")

Erfassung der Strahlenquellen und Werkstoffprufer im Kernanlagenareal
(Registration of radiation sources and material testers on a nuclear installation
site)

Gefilterte Druckentlastung fur den Sicherheitsbehalter von
Leichtwasserreaktoren, Anforderungen fur die Auslegung
(Filtered containment venting for light water reactors: design requirement)

Berechnung der Strahlenexposition in der Umgebung aufgrund von Emissionen
radioaktiver Stoffe aus Kernanlagen
(Calculation of the radiation exposure in the vicinity of nuclear installations due
to emissions of radioactive materials)

Zustandigkeiten fur die Entscheide uber besondere Massnahmen bei einem
schweren Unfall in einer Kernanlage

Responsibility for decisions to implement particular measures to mitigate the
consequences of a severe accident at a nuclear installation

Planung und Durchfuhrung von Notfallubungen in den schweizerischen
Kernanlagen

Planning and Execution of Emergency Exercises in Swiss Nuclear Power Plants

Prufung von Strahlenmessgeraten
(Testing of radiation measuring instruments)

May 1996 '

May 1990

July 1987

January 1990

March 1993

July 1997

February 2000

March 1993

July 1997

February 1998

October 1999

D ,nnu • Anlagezustande eines Kemkraftwerks . . „ „ - ,R-100/d ... f , „ ,. . . June 1987Nuclear power plant conditions
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Table B1 (cont.)
List of the Swiss Guidelines (R) and Recommendations (E) presently in force

Guideline

R-101/d

R-101/e

R-102/d

R-102/e

R-103/d

Title of Guideline

Auslegungskriterien fur Sicherheitssysteme von Kernkraftwerken mit
Leichtwasser-Reaktoren

Design Criteria for Safety Systems of Nuclear Power Plants with Light Water
Reactors

Auslegungskriterien fur den Schutz von sicherheitsrelevanten Ausrustungen in
Kernkraftwerken gegen die Folgen von Flugzeugabsturz

Design Criteria for the Protection of Safety Equipment in NPP against the
Consequences of Airplane Crash

Anlageinterne Massnahmen gegen die Folgen schwerer Unfalle
(Plant internal measures against severe accidents)

Date of current
issue

May 1987

May 1987

December 1986

December 1986

November 1989

Recom-
mendation

E-04/d

Title of Recommendation Date of current
issue

Steuerstellen und Notfallraume von KKW: Anforderungen betr. Ausfuhrungen
und AusriJstungen fur Accident Management „ , i n o _
ir- *. i * _i i Mnn • -J • _. December 1989
(Control centers and emergency rooms of NPP: requirements on design and j
equipment for accident management) i
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Table B2
International Nuclear Event Scale (INES)
The international scale used to indicate accident severity in nuclear installations (International Nuclear Event
Scale INES jointly prepared by IAEA and NEA) was tested in a pilot scheme from the beginning of 1990 and
has been in definitive use since 1992. The scale differentiates between the following seven levels of events
depending on their relevance to safety.

Level

7

6

5

4

Descriptor

Major accident

Serious accident

Accident with
off-site risk

Accident without
significant off-site risk

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).

Remark: 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
radiologically equivalent to the order of thousands to tens
of thousands of terabecquerels of iodine-131).

Remark: Full implementation of local emergency plans
probably needed to limit serious health effects.

Examples

Chernobyl,
USSR, 1986

• External release of fission products (in quantities Windscale,
radiologically equivalent to the order of hundreds to UK, 1957
thousands of terabecquerels of iodine-131).

Remark: 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 ; Three Mile Island,
plant contamination. ; USA, 1979

• External release of radioactivity resulting in a dose to the
most exposed individual off-site of the order of a few
millisieverts.

Remark: 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

Saint Laurent,
France, 1980

Tokaimura,
Japan, 1999
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Table B2 (cont.)
International Nuclear Event Scale (INES)

Level Descriptor

3 Serious incident

2

1

0

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.

• Exposure of personnel sufficient to cause acute health
effects. Severe spread of contamination inside the plant.

• 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.

• An event resulting in a dose to personnel exceeding the
statutory annual dose limit, significant contamination inside
the plant which was not expected by design.

Examples

Vandellos,
Spain, 1989

Blayais,
France, 1999

• Anomalies beyond the authorised operating regime. This I
may be due to equipment failure, human error or ;
procedural inadequacies.

• Events where operational limits and conditions are not
exceeded and which are properly managed in accordance
with adequate procedures.

Examples: Single failure in a redundant system. Human
error with consequences like a single failure. Failures,
detected in periodic inspections or tests (no multiple
failure). Automatic Reactor Scram with normal plant
behaviour. Events where operational limits and conditions
are respected in accordance with adequate procedures.
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Table B3
Basic characteristics of the Swiss nuclear power plants

Thermal power [MW]

Electrical power [MW]

Net electrical power [MW]

Reactor type

Reactor supplier

Turbine supplier

Generator rating [MVA]

Cooling

Start of commercial operation

KKB1

1130

380

365

PWR

Westing-
house

BBC

2-228

river water

1969

KKB2

1130

374

357

PWR

Westing-
house

BBC

2-228

river water

1971

KKM KKG KKL

3327
1097 ' 3002 : from 16.09.1999

: 3420

372 1020
1135

from 16.09.1999
1175

| 1080
355 ; 970 i from 16.09.1999

; 1115

BWR PWR BWR

GE ! KWU GE

BBC KWU BBC

2-214 | 1140 ; 1318

river water

1972

cooling
tower

1979

cooling
tower

1984
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Figure B1
Functional diagram of a nuclear power plant with a pressurised water reactor
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Figure B2
Functional diagram of a nuclear power plant with a boiling water reactor
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List of Abbreviations

AC Atomic and Chemical
ADR European Agreement concerning the International Carriage of Dangerous Goods by Road
AM Accident Management
ASE Department for Radiation Protection and Disposal
ASP Ageing Surveillance Programme

BAG Swiss Federal Office of Public Health
BESRA Beznau Shutdown and Low Power Probabilistic Risk Assessment
BKW BKW FMB Energy AG
BNFL British Nuclear Fuels Ltd.
Bq Becquerel = radioactivity (1 Bq = 2.7-10"11 Ci)
BWR (SWR) Boiling Water Reactor
BZL Swiss Federal Interim Storage Facility

CERN European Organization for Nuclear Research
CNS Convention on Nuclear Safety
Co-60 Cobalt 60 (isotope)
COGEMA Compagnie Generale des Matieres Nucleates, La Hague
COMPRO Computerised Emergency Procedures
CSNI Committee for the Safety of Nuclear Installations
CVRS Cement Volume Reduction and Solidification

EKRA Expert Group on Disposal Concepts for Radioactive Waste
EKS Federal Commission for Radiation Protection
EPFL Swiss Federal Institute of Technology, Lausanne
EU European Union

F France

GB Great Britain
GE General Electric Company
GFS Reactor Simulator School (Essen, Germany)
GNW Co-operative for Nuclear Disposal Wellenberg
GWh Gigawatthours = 109Watthours

HSK Swiss Federal Nuclear Safety Inspectorate
HTL HigherTechnical School

IAEA International Atomic Energy Agency
IAEO International Atomic Energy Organisation
INES International Nuclear Event Scale
IRA Institut de Radiophysique Appliquee, Lausanne
IRRT International Regulatory Review Team

KKB Nuclear Power Plant Beznau (2 units)
KKG Nuclear Power Plant Gosgen
KKL Nuclear Power Plant Leibstadt
KKM Nuclear Power Plant Muhleberg
Kr Krypton
KSA Swiss Federal Nuclear Safety Commission

LWR Light Water Reactor

MADUK Monitoring network for the automatic dose rate measurement in the NPPs' vicinity
MOX Mixed oxide (uranium-plutonium)
[iSv Micro-Sievert = 10"6 Sievert
mSv Milli-Sievert = 10"3 Sievert
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List of Abbreviations

MW Megawatt = 106 Watt (power unit)
MWe Megawatt electrical power
MWth Megawatt thermal power

NAGRA National Cooperative for the Disposal of Radioactive Waste
NOK Nordostschweizerische Kraftwerke AG
NPP (KKW) Nuclear Power Plant

OSART Operational Safety Review Team (IAEA)

Person-Sv collective radiation dose (1 person-Sv = 100 person-rem)
PSA Probabilistic Safety Analysis
PSI Paul Scherrer Institute, Wurenlingen and Villigen (East and West)
PWR (DWR) Pressurised Water Reactor

QA (QS) Quality assurance

REFUNA Regional heat supply system of the lower Aare valley
RID Regulations concerning the International Carriage of Dangerous Goods by Rail
RPV Reactor Pressure Vessel

SAA Low-level wastes
SFOE Swiss Federal Office of Energy
SLS Swiss Synchrotron Light Source
SMA Low- and Intermediate-level Active Wastes
SMUSA Shutdown Muhleberg Safety Assessment
Sr-90 Strontium (isotope)
STA Shift Technical Advisor
StSG Radiation protection law
StSV Radiation protection Ordinance
SUeR Section for radiation monitoring, Freiburg
Sv Sievert = equivalent dose unit (1 Sv = 100 rem)
SVTI Swiss Association forTechnical Inspections

TBq Terabequerel (1TBq = 1012 Bq)
TLD Thermal-Luminescent Dosimeter
TS Storage Cask Type

USA United States of America
US-NRC American Nuclear Regulatory Commission
UVEK (DETEC) Department of Environment, Transport, Energy and Communication

VAKL Experimental nuclear power plant, Lucens

Xe Xenon

ZWIBEZ Interim Radwaste Storage Facility, KKB
ZWILAG Interim Storage Facility, Wurenlingen
ZZL Central Interim Storage Facility, Wurenlingen
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HSK, Wurenlingen (Switzerland)

Postal address:
HSK
CH-5232Villigen-HSK

Telephone: ++41 (0)56 310 38 11
Telefax: ++41(0)56 310 39 95 and

++41(0)56 310 39 07

Internet: www.hsk.psi.ch


