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NATIONAL REPORT FOR SWITZERLAND

R.Stratton et al

1. General Situation.

The five nuclear plants on four sites in Switzerland continue to operate well, with high
availability. In 1996 the electricity consumption rose by 1.7% compared to 2.1% in 1995 and
negative values the two previous years. The five units produced a record 24 billion kWh. The
nuclear production share reached a record value of 43% thanks to the excellent operation of
the nuclear plants and the one of the lowest outputs (53.9 %) of the hydro plants in this
century.

2. Energy debate

The energy debate on how to replace the nuclear plants and import contracts with France,
sometime in the second decade of the next century, is starting to heat up again. The current
moratorium for new nuclear plants, restricting activities to the operation of the existing plants,
power uprating and work on facilities for intermediate and/or final storage of wastes, comes to
an end in the year 2000. A dialogue on the various options thereafter has been started by the
utility industry. Plant life extension beyond the current 40 year life (shutdowns otherwise
beginning in 2009 with Beznau 1) is one option being considered. Other more extreme
variations such as a decentralised co-generation scenario are also being aired. Deregulation of
the utility industry in line with the market liberalisation and changes in the European Union
supply system is another topic of debate. New is also the likely restructuring of the Swiss
electrical industry with the intended break up and part sale to Swiss and foreign interests of
the Motor Columbus and Electrowatt companies.

In 1995 two initiatives were filed aimed at promoting renewable energy sources and limiting
further nuclear development. The so-called "Energy-Environment" initiative would oblige the
federal government to stabilise and reduce the use of non-renewable energy sources while the
"Solar" Initiative demands a tax on non-renewable energy. In view of a new energy law, now
in planning, the Federal Executive Council (Cabinet) has urged the parliament to reject these
initiatives and declared its willingness to advance some of the initiatives' goals, e.g. reduction
of carbon dioxide emissions, improvement of efficiencies and support of renewable energy
sources. A vote on the initiatives is expected to take place in 1998.

3. Reactor Operation

In spite of occurrences of defect fuel in the Goesgen (PWR) and Leibstadt (BWR) NPPs, all
five plants are running well without major incidents. The Leibstadt plant has applied to uprate
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its operating power by about 15%. A decision is expected within the coming months. Of the
five only the two Beznau plants (PWR) are moving from annual to 18 month cycle operation
with a cycle length of around 500 days. Both plants are licensed for operation with up to 40%
MOX in the core whereby currently only the Beznau 1 core contains MOX fuel. In later years
both plants will receive MOX assemblies and there are also plans to recycle reprocessed
uranium fuel (REPU).The Goesgen plant will load the first of a series of MOX fuel
assemblies later in 1997. Beznau 1 along with Leibstadt operate currently with mixed cores of
fuel from different vendors. The Beznau 2 plant, following Beznau-1, will replace its steam
generators in 1999 in an extended shutdown.

4. Licensing Questions

With regard to the recent concerns in some quarters on the safe operation of fuel with high
burn ups the Swiss licensing authorities, while not fundamentally opposed to increasing bum
up limits, has urged caution on the utilities when requesting a general increase in fuel burn up
and they wish to see concrete evidence from and experience of the burnup levels requested in
lead assemblies before acceding to the request. Currently burnups between 50 and 60
MWd/kgU (assembly average) are allowed, depending on the plant, but requests to raise these
by some 10% have been made by some of the utilities.

The more detailed international studies recently made on the Reactivity Insertion Accident
(RIA) experiments (CABRI tests) and the questions raised on their relevance to LWR fuel
behaviour following a rod ejection, has caused the Swiss authorities to relax their position on
limiting enthalpy increases at high burn up, while still maintaining the so-called "Swiss
Curve" as a general guide-line, until more evidence becomes available.

5. Construction of a Swiss Interim Storage Facility (ZWILAG)

On January 7, 1997, the cornerstone ceremony for ZWILAG (Zwischenlager Wurenlingen
AG) took place. The foundation work has now been completed for all buildings of the
ZWILAG complex which is planned to be finished by the end of 1999. A full construction
license along with an initial operating permit for the storage function has been given by the
Federal Executive Council.
The first project phase concentrates on storage of wastes from the Swiss NPPs and of vitrified
high-level residues from reprocessing. In a second phase, and on the basis of a final safety
report, an operating license for incineration and conditioning of low-level wastes will be
approved.
The project, of approx 500 million Swiss francs is expected to stay within budget.

6. Final Repository for low and intermediate level wastes

In June 1995 the residents of the Canton of Nidwalden voted narrowly against the planned
LLW/ILW repository, although the local community was in favour. Recently the federal
minister for transport and energy has written to the government of Nidwalden proposing a
new step by step licensing procedure to overcome the deadlock. The Cantonal government
signalled its readiness to for a "constructive collaboration" to this proposal.



7. Fuel Research

Studies of uranium and MOX fuel behaviour using fuel from Beznau 1 continues under the
Ariane, Figaro, and GEMINI-MI09 programmes led by Belgonucleaire and centred on the
Paul Scherrer Institute (PSI). A new MOX programme using Beznau fuel manufactured by
British Nuclear Fuels (BNFL) is being planned and PIE should start in 1998.

The high burnup behaviour of ABB-SVEA fuel assemblies from the Leibstadt plant is also
being studied at PSI.

Embedded in the Advanced Fuels Project of PSI the main effort has been devoted to
preparation and characterisation of new innovative materials for the destruction of actinides in
LWRs and FBRs, in collaboration with Japanese and French research groups. A workshop on
21-22 November 1996 at PSI showed large international interest in the subject of "Inert
Matrices for Plutonium Incineration in LWRs".

Studies on the characterisation of nuclear materials included a dissertation on a new method
for determination of burnup in irradiated fuel using high pressure liquid chromatography,
analysis of boron isotopes in reactor coolants, and hydrogen determination in irradiated
Zircalloy-4 cladding used for tensile testing (NFIR project III).

In the area of fuel behaviour modelling, the PINTEMP code continued its development in PSI
for the thermal and mechanical behaviour of sphere-pac fuel rods. Further development of the
code SPHERE began again with similar objectives, and the incorporation of sub-routines from
the TRANSURANUS code of the Transuranium Institute in Karlsruhe. TRANSURANUS
performed well in the international code comparison exercise FUMEX organised by the IAEA
with the help of Halden which was completed in April 1996.

Alongside PIE work on the Ariane and Figaro programmes, fuel behaviour under transient
testing was studied in the framework of the Halden programme. Test segments of sphere-pac
and pellet fuel were tested in the Halden HBWR and results compared to model calculations.

Arising out of earlier work on cladding corrosion studies for fuel vendors and in the NFIR
programme further work was done on clad corrosion samples to determine the distribution of
inter metallic precipitates and the influence of temperature on their dissolution or growth,
hydrogen determinations and more detailed metalographic measurements. Corrosion studies
also continued on DUPLEX cladding samples from the Goesgen PWR.

For determination of the influence of high burnup on cladding properties studies were begun
on the ductility of cladding at burnups of 50 MWd/kg or greater under the NFIR Project
XI03-01 using burst tests and tensile testing of clad tube sections.

KNWstd 13/05/97
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Low power demand

Coast down

Loss of energy production
(planned)

Loss of energy production
(unplanned)

SWISS NUCLEAR POWER PLANTS

Power station
-

Beznau (KKB)

Muhleberg (KKM)
Gosgen(KKG)
Leibstadt (KKL)

Type
of
reactor

PWR

BWR
PWR
BWR

Net
output
(MWe)

365'
357'
355
970

1030

Commercial
operation

Unit 1: Dec. 24,1969
Unit 2: March 15,1972
November 6,1972
November 19,1979
December 15,1984

as of October 1,1996

DEFINITIONS

(Corresponding to the UNIPEDE classification
"Statistical Terminology Employed in the Electrical
Supply Industry")

Energy availability factor - Etg/En
(UNIPEDE definition 4.6.03 .f)
Energy utilization factor - Ed/En
(UNIPEDE definition 4.5.01)

En (Production Potential)
- energy producible assuming maximum capacity

continuously available throughout a specific period

Ed (Energy Utilization)
- energy actually produced within a specific period

Etg (Energy Availability)
- energy producible assuming available capacity

during a specific period



In 1996, Switzerland's five nuclear power units produced their highest-ever combined annual net output: 23.79 TWh. The
nuclear share in total electricity production also reached a record level of 43%.

Three main factors were responsible for these excellent annual results:
- once again, there were virtually no interruptions to plant operation
- various measures have been taken to improve plant performance
- maintenance outages were short.
With regard to the last point, Gosgen's 1996 shut-down lasted just 24 days - a plant record. The outage periods for the
other four units were: Beznau-1,43 days; Beznau-2,37 days; Leibstadt, 41 days; Muhleberg, 38 days.

The 1993 steam generator exchange at Beznau-1 and subsequent improvements in turbine efficiency at the station have
resulted in better overall performance of both units, without the need to improve reactor performance. The new net in-
stalled capacity figures, as of October 1, 1996, are: Beznau-1, 365 MW (15 MW increase); Beznau-2, 357 MW
(7 MW increase).

Non-electrical energy production at Beznau and G6sgen continued to function flawlessly. Beznau delivered 141 GWh of
thermal energy to the Refuna district heating system, while Gosgen supplied 142 GWh of process heat to the nearby
Niedergosgen cardboard factory.

Ultrasonic testing of Muhleberg's core shroud revealed only a negligible increase in the size of the previously-detected
cracks. Four tie rods were installed during the outage as a preventive and permanent measure, to fix the core shroud in the
axial and lateral directions even under severe accident conditions.

An application for power uprating of the Leibstadt reactor is still pending.

Swiss Association for Atomic Energy (SVA)

~ht
Dr Hans Jorg Huber, President Dr Peter Hahlen, Secretary General
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KKBl
KKB2
KKM
KKG
KKL

Gross
production
MWh

2 874 090
2 874451
2 758 220
8 384 835
8 134 756

Net
production
MWh

2 753 183
2 754 095
2 649 032
7 928 342
7 705 133

Total operating time
(power production)
h

7 751
7 912
7 847
8 204.5
7 790

Total gross production
since start of operation
MWh

69 088 740
69 123 942
61 940 847

130 503 066
94 909 764

Total net production
since start of operation
MWh

66 054 600
66 210 605
59 087 059

123 037 373
89 768 666

Energy Availability

60

40

20

87 88

Beznau 1

Gosgen

89 90 91 92

Beznau 2

Leibstadt

93 94 95 96

— Miihleberg



Collective Exposure
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Operating Experience 1996

I MW
400

300

200

100

0
Jan Feb Mar Apr May June July Sept Oct Nov Dec

Important to Safety
Scrams:

W March 22: During a test of the reactor trip breakers one
breaker opened inadvertently, causing a scram.

W August 14: The same failure on another new trip breaker
occurred at the 90% power level, after the refueling outage.
The two recently-installed breakers have been replaced and are
undergoing special tests at the factory.

Other:

During the refueling outage, an inspection programme on dif-
ferent parts and components of the primary system was carried
out. After the replacement of the first part of the relay-based
electrical protection system in 1995, the remaining part was
now replaced and an integral test program performed to en-
sure that everything functioned as designed.

Important to Availability
June 7: Due to a drop in reactor core reactivity, a continuing
power reduction was initiated. When the plant was shut down
for the refuelling on June 28, the power level had decreased to

Refueling outage, June 28 - August 9:

The outage lasted 43 days. This was mainly due to changes in
the electrical station load distribution system and in the turbine
systems.

Main outage activities:

- Replacement of 36 fuel elements.

- Improvements on a high pressure turbine.

- Replacement of the high pressure preheaters.

Feb. 4: Replacement of a relay in the turbine test system.
March 31: Repair of a leaking tube on turbine No. 11.

Sept. 10: A failure on a 220 kV high voltage line activated the
protection system in the electrical distribution station close to
the Beznau NPP. Turbine generator TG No. 12 (Beznau 1) and
TG No; 21 (Beznau 2) were disconnected from the grid. Load
rejection to auxiliary power was successful for TG No. 21, but
TG No. 12 was shut down due to interference by the relevant
turbine control devices.

The replacement of the steam generators in 1993 and addi-
tional improvements in the efficiency of the turbines resulted
in an increased power output of 4 %. As of October 1,1996, the
nominal values were changed to:
Gross output 380 MWe
Net output 365 MWe
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Operating Experience 1996

Important to Safety
Scrams:

• May 5: One of the four redundant instrument power buses
was shut off by a failure in an instrument device. Because one
steam generator level controller was switched to manual, the
manual controller was affected by the power shut-off. The
feedwater control valve closed and a scram was initiated at low
level in steam generator B.

W June 25: During a periodic test on one of the four tempera-
ture protection channels of the reactor protection system, a sig-
nal spike (duration 70 msec) on another channel activated a
protection condition two (out of four) and a scram. Transient
recorders on the instrument channels could not detect any spu-
rious signals during the following months.

• September 20: During load reduction for the refueling
outage a scram occurred at a power level of 40 %. Because the
feedwater control valves did not close according to the control
signal, a scram was initiated by steam generator high level.
The feedwater control valves were refurbished before the plant
restarted.

Other:
During the refueling outage, an inspection programme invol-
ving different parts and components of the primary system was
carried out.

July Aug

Important to Availability
Aug. 30: Due to a drop in reactor core reactivity, a continuing
power reduction was initiated. When the plant was shut down
for the refueling on September 20, the power level had de-
creased to 83%.

Refueling outage, September 20 - October 25:

The outage lasted 37 days.

Main outage activities:

- Replacement of 48 fuel elements.

- Replacement of the high pressure preheaters.

- Maintenance work on the steam generators.

January 14, May 5: Repair of leaking tubes in the high pres-
sure preheaters.
March 3: Repair of oil system on turbine No. 21 after detec-
tion of leak.

September 10: A failure on a 220 kV high voltage line acti-
vated the protection system in the electrical distribution station
close to the Beznau NPP. Turbine generator TG No. 12
(Beznau 1) and TG No. 21 (Beznau 2) were disconnected
from the grid. Load rejection to auxiliary power was successful
for TG No. 21.
December 9: Load reduction on TG No. 21 for measurements
on the rotor protection system.

The replacement of the high pressure turbines and the high
pressure preheaters, as well as other improvements on the
secondary side, resulted in an increased power output of about
2%. As of October 1, 1996, the nominal power values were
changed to:
Gross output 372 MWe
Net output 357 MWe
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Operating Experience 1996

MW
400
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200

100

0
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

Important to Safety
Scrams:
W March 17: An inadvertent increase of feedwater flow at
reduced power during surveillance testing resulted in a high
water level in the reactor vessel initiating a simultaneous trip
of both turbines. These trips caused a pressure spike, followed
by a high neutron flux scram. A defective temperature sensor
had caused the failure of the feedwater controller.

Other:
September 5: A manual turbine trip causing simultaneous
actuation of selected rod insertion and runbac.k of the reactor
recirculation pumps was initiated to check the plant response
to this transient.

The ultrasonic testing of the core shroud revealed only negli-
gible growth of the previously detected cracks. As a preventive
and permanent measure to fix the core shroud even under
severe accident conditions in axial and lateral direction, four
tie rods were installed during the outage.

The tracking overpower protection system (TOPPS) was
installed to protect the fuel during slow power transients.

Important to Availability
April 25: The planned coast-down operation began. The
power level at the end of the cycle was 72 %.

Refueling outage, July 22 - August 28:
The outage lasted 38 days. The tracking overpower protection
system was installed and tested (see others). The four conden-
sation pots in the reactor level instrumentation were replaced
by a new design. The two low pressure stages and the genera-
tor of one turbine-generator-set were completely overhauled.
Two low pressure preheaters were replaced.

40 of the 240 fuel elements were replaced by new ones.

Load reductions:
A total of 7 load reductions (> one full power hour) were neces-
sary. Spurious signals from the temperature monitoring system
of one MG-set caused 3 trips of the recirculation pump A. An-
other trip of a recirculation pump occurred due to a failure of
the speed controller. 3 load reductions to 50 % were required
for surveillance testing.

10
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Operating Experience 1996

MW
1000

Jan Feb June July Aug

Important to Safety
1996 was the sixth successive year of operation without
unplanned scrams.

Sept Oct Nov Dec

Important to Availability
January 1: Adjustment of the rated capacity (Net output) to
970 MWe as a result of replacement of the third and last low
pressure turbine.
February 27: Planned load reduction to 50 % for reactor phy-
sics measurements.
May 7: Start of coast-down operation. The power at the end of
the cycle was 85%.

Refueling outage, June 8 - July 2:
The refueling outage was carried out according to schedule.
This was the shortest outage in the history of the unit and
lasted 24 days.
In addition to general preventive maintenance and inspection,
the following major work was performed:
- Extensive inspection of the main generator.
- 100% eddy current testing of two steam generators. One

tube had to be plugged.
- Shaft replacement of all three main feedwater pumps.
- Sipping of all unloaded fuel elements. Two leaks were

detected.
- Loading of 60 new fuel elements with U-235 enrichment of

4.1 or 4 3 % with regard to the planned 4-region core.

July 17: Operation to bypass the low pressure preheaters for
repair work on a condensate-pump.

12
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Operating Experience 1996

MW
1000
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250

0
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

Important to Safety
Scrams:
There were no automatic scrams during power operation.

Other:
3 new damped feedwater check valves were installed in each
of the two feedwater lines to reduce containment penetration
and support structure stresses in the hypothetical event of a
feedwater line break outside the containment.
No significant findings resulted from the numerous main-
tenance, inspection, and testing programmes which were per-
formed during the year, including during the refueling outage.

Several special tests were successfully conducted during
Cycle 13 power ascension in conjunction with the power
uprate programme.

Important to Availability
January 13: Planned load reduction for control rod pattern
adjustment
March 2: planned load reduction for main steam isolation
valve (MSIV) full/fast closure quarterly surveillance

April 13: planned load reduction for MSIV full/fast closure
quarterly surveillance and for control rod pattern adjustment
May 19: expected end-of-cycle coast-down operation began.

Refueling outage, July 26 - September 5:

The 12* refueling outage lasted 41 days, as scheduled. 112 of
648 fuel bundles were replaced. A new high pressure turbine
was installed to support power operation up to 112% uprated
power. New combined turbine control and stop valves and
new turbine-bypass valves were also installed.

September 9: Turbine trip test from 65 % reactor power
September 10: Single recirculation pump trip test from 100 %
reactor power
September 11: Single feedwater pump trip test from 100 %
reactor power

September 13: Generator load rejection test to house load
from 100% reactor power
September 16: Reactor stability test between 55 % and 80 %
reactor power
October 5: Planned load reduction for control rod pattern
adjustment
November 2: Planned load reduction for MSIV full/fast clo-
sure quarterly surveillance and for control rod pattern adjust-
ment
December 26: Generator load rejection to house load due to a
damaged current transformer in the 420 kV-switchyard

14
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The first two Swiss nuclear power plants, Beznau and Miihleberg, each belong to a
single large public electric utility, whereas the two later plants, Gosgen and Leib-
stadt, are partner plants of several electric utilities and public service companies. The
concept of partner nuclear power plants made it possible, when they were set up in
the seventies, for medium-sized and smaller organisations to share in economically
attractive, large-scale power generation plants and to gain access to the latest techno-
logy. In each case one of the partners has responsibility for the business management
on behalf of the others.

The Beznau nuclear power plant is fully owned by its operator,
Nordostschweizerische Kraftwerke AG.

weizerische
Kraftwerke AG
Parkstrasse 23
CH-5401 Baden

Phone +41-56-200 3111

Likewise, the Miihleberg nuclear power plant belongs fully to
BKW FMB Energie AG.

The partners of Kernkraftwerk Gosgen-Daniken AG (KKG) are:
- Aare-Tessin AG fur Elektrizitat (ATEL, 35 %, managing partner)
- Nordostschweizerische Kraftwerke AG (NOK, 25 %)
- the City of Zurich (15 %)
- Centralschweizerische Kraftwerke (CKW, 12.5%)
- the City of Berne (7.5 %)
- Swiss Federal Railways (SBB, 5 %)

Kernkraftwerk Leibstadt AG (KKL) is owned by the following partners:
- Elektrizitats-Gesellschaft Laufenburg AG (EGL, 15%, managing partner)
- Aare-Tessin AG fur Elektrizitat (ATEL, 21.5 %)
- Aargauisches Elektrizitatswerk (AEW, 5 %)
- Badenwerk AG (BW, 7.5 %)
- BKW FMB Energie AG Beteiligungsgesellschaft (BKW/BG, 7.5 %)
-Centralschweizerische Kraftwerke (CKW, 12.5%)
- Kraftubertragungswerke Rheinfelden (KWR, 5 %)
- Kraftwerk Laufenburg (KWL, 7.5 %)
- Nordostschweizerische Kraftwerke AG (NOK, 8.5 %)
- S.A. l'Energie de l'Ouest-Suisse (EOS, 5%)
- Swiss Federal Railways (SBB, 5%)

BKWFMBEriergieAG
Viktoriaplatz 2

CH-3000 Berne 25
Phone +41-31-330 5111

Kernkraftwerk
Gosgen-Daniken AG

CH-4658 Daniken
Phone +41-62-288 20 00

Copies of this report are available from:
Swiss Association for Atomic Energy (SVA)
P.O.Box 5032
CH-3001 Berne
Phone +41-31-31158 82
Telefax+41-31-320 68 31
E-mail: sva@to.aey.ch
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Kernkraftwerk Leibstadt AG
CH-5325 Leibstadt

Phone+41-56-267 7111


