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THE NUCLEAR TRAINING AND SAFETY CENTER, KSU AB

KSU AB is the general training and simulator training centre for the Swedish nuclear
power industry. A significant part of the competence of Swedish nuclear power
operators is built up and maintained by KSU's training programmes, which provide
about 14 000 pupil-days of training per year. The company also produces and
administers educational material needed for its training activities.

KSU analyses operational experience from nuclear power stations all over the world
and shares the results to all the Swedish nuclear power plant operators. KSU's Analy-
sis Group provides society's decision-makers and the media with information on nuclear
power safety, ionising radiation and risk assessments and comparisons between diffe-
rent energy sources.

Founded in 1972, the company, which is part of the Vattenfall Group, is jointly
owned by Barseback Kraft AB, Forsmarks Kraftgrupp AB, OKG AB and Ringhals AB,
each with 25 % of the company. There are about 170 employees, of whom 40 are at
local centres.

Over SEK 1000 million has been invested in simulators and ancillary equipment
since the company was established. In recent years, the rate of investment has averaged
about SEK 70 million per year.

KSU's headquarters are in Studsvik, with local centres at Ringhals, Forsmark and
Oskarshamn.

WANO

WANO (World Association of Nuclear Operators) is an international organisation for
increasing the safety and reliability of nuclear power by mutual exchange of operational
experience. All utilities having a nuclear power programme are members. KSU holds
the WANO membership for the Swedish nuclear utilities. WANO worldwide is organi-
sed in four regions with regional offices in Atlanta, Moscow, Paris and Tokyo. In addi-
tion there is an administrative office in London. KSU belongs to the WANO Paris
region.
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2001 was an excellent year in safety terms. No serious incidents occurred, and Swe-
dish nuclear power plants continue to maintain a high safety level in an internatio-
nal perspective.

As far as production was concerned, 2001 was something of a record year for
Swedish nuclear power plants. Total electricity production amounted to 69,2 TWh,
which is an increase of over 25 % relative to production in 2000. Production from
the Oskarshamn power station was the best to date, while that from Ringhals was
its third best result.

Coastdown operation, which makes better use of the reactor fuel prior to a
refuelling outage, resulted in unutilised capacity of somewhat less than 5 %. Unutilised
capacity due to output reductions for national power balance reasons amounted to
less than 1 %.

The three Ringhals pressurised water reactors had an average energy availability
of 87,9 %, while that for the eight BWRs was 90,0 %. Forsmark 1 and 2 and Oskars-
hamn 2 and 3 all had average availabilities of over 90 %.

The section entitled Special Reports contains descriptions of some events of
safety-related significance that occurred at the plants during the year. This includes
a description of an interchanged rupture discs event at Barseback.

RolfGullberg (J

Managing Director



MODERNISATION OF OSKARSHAMN 1 (COVER PICTURE)

The modernisation of Oskarshamn 1
represents a very considerable amount
of work: in fact, the largest project
carried out by the owner OKG AB since
the construction of Oskarshamn 3.
OKG's policy is that the plants should,
at any time, have a potential remaining
life of at least 20 years. The technical
knowledge enhancements and experien-
ce from this modernisation will be
applicable to the subsequent moderni-
sations of Oskarshamn 2 and Oskars-
hamn 3. The work during the ten-month
long shutdown, which started on
7th December 2001, can be roughly
divided into the following four areas.

Safety improvements
OKG strives constantly for improve-
ment, particularly in respect of safety. A
safety concept that has been developed
by world-leading expertise in the nuclear
power field, and which enhances and

complements present safety functions,
is being introduced in order to meet
future safety requirements.

Computer-based control system
The use of proven technology is an
important part of OKG's safety policy.
Development of computer-based cont-
rol systems has now reached the stage
where the new technology is capable of
meeting the high requirements of the
nuclear power sector. Oskarshamn 1 will
be the first nuclear power station in
Sweden to be controlled by computer-
based equipment.

Modern control room
New technology offers new opportuni-
ties, such as modern process control
from display screens. This is nothing new
outside the nuclear power sector, but it
is only now that OKG has felt that it
can be regarded as proven technology

and thus suitable for use in the nuclear
power process. After the modernisation,
the control room personnel will moni-
tor and control much of the plant from
computer screens instead of control
panels, as at present. The new equipment
to be used has undergone many diffe-
rent tests in order to prove that it meets
OKG's high requirements. After the
modernisation, Oskarshamn 1 will have
Sweden's most modern nuclear power
station control room.

New turbine
As OKG is looking to the future it in-
tends, in addition to safety improvement
work, also to improve availability by
replacing the turbine by a more efficient
one. One of the benefits of the new
turbine will be a reduction in maintenan-
ce requirements. In addition to higher
availability, output will also be increased
by 15 MWe, to give a unit output of
480 MWe gross or 460 MWe net.



ELECTRICITY PRODUCTION IN SWEDEN 2001

Total electricity production in Sweden
was 157.6 TWh(l TWh is one thousand
million kilowatt-hours], as against the
previous year's 142 TWh, and is the
highest annual production to date. The
previous highest production,
154.6 TWh, was in 1998. As a result of
more normal precipitation in 2001, nuc-
lear power production increased from
the previous year's 54.7 TWh to
69.2 TWh, an increase of 26.4 %. This
can be compared with output in the
record year of 1991 of 73.5 TWh. Sub-
tracting the Barseback 1 output from the

1991 figure to make it comparable with
that for 2001 gives an output of
69.0 TWh.

Hydro power production increased to
78.3 TWh, which is 22 % more than
during a statistically average year, and is
close to the previous year's production.
Wind power production increased some-
what, to 0.5 TWh, with other thermal
power production accounting for
9.6 TWh. Exports amounted to
18.5 TWh, and imports to 11.1 TWh,
giving a net export of 7.4 TWh, as
against the previous year's net import
of 4.8 TWh.

Total electricity use in the country was
150.2 TWh, or 3 % more than in the
previous year. Most of this increase was
due to the continued favourable econo-
my during most of the year and a high
price of oil, which resulted in a change
from oil to electricity for heating.

The above figures are based on preli-
minary production statistics. A detailed
presentation of Sweden's production
and use of electricity can be found in
Svensk Energi's annual report.

TWh
100-

Electric Power Supply in Sweden

1993 1994 1995 1996 1997 1998 1999 2000 2001

H Nuclear Power • Hydro Power £=l Other



Power Plant

Barseback 1
Barseback 2
Forsmark 1
Forsmark 2
Forsmark 3

Oskarshamn 1
Oskarshamn 2
Oskarshamn 3

Ringhals 1
Ringhals 2
Ringhals 3
Ringhals 4

* Closed 1999

SWEDISH

Reactor type

BWR
BWR
BWR
BWR
BWR

BWR
BWR
BWR

BWR
PWR
PWR
PWR

NUCLEAR POWER PLANTS

Electric output
net gross

(MWe)

600
600
968
964

1155

445
602

1160

835
870
920
915

615
615

1006
1002
1197

465
627

1200

865
910
968
966

Power output
(MWt)

1800
1800
2928
2928
3300

1375
1800
3300

2500
2652
2775
2775

Commercial
operation (Year)

1975*
1977
1980
1981
1985

1972
1975
1985

1976
1975
1981
1983

Classification of reactor generations
Each curve on the following pages represents a specific reactor design or "family"
which group by group corresponds to a stage in reactor technology development and safety concept.

BWR
Generation

Oskarshamn
Ringhals 1

1

1

Generation 2

Barseback 1*
Barseback 2
Oskarshamn 2

Generation 3

Forsmark 1
Forsmark 2

Generation

Forsmark 3
Oskarshamn

4

3

PWR
Generation 1

Ringhals 2

Generation 2

Ringhals 3
Ringhals 4

* There are no values for Barseback 1 as from year 2000 on the pages 7-9.



COMPARISION OF REACTOR TYPES A N D REACTOR GENERATIONS

Unit Capability Factor

WANO comparison data 1998-
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Unit capability for Swedish BWRs was
once again high compared to the inter-
national average for the period 1998-
2000. Generation 3 reached 93.6 %.

PWR

Unit capability for Swedish PWRs was
somewhat higher compared to the inter-
national average for the period 1998-
2000. Generation 2 reached 88.4 %.

Note

The WANO values for 2001 were not
available when printing this report.



COMPARISON OF REACTOR TYPES AND REACTOR GENERATIONS

Number
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The 2001 average for Swedish BWRs was
0.9 scrams. An international comparison
for 2000 shows that the Swedish BWRs
- with an average value of 0.8 scrams -
exceeded the WANO average of 0.4.

PWR

Two scrams occurred during the year at
the Swedish PWRs. An international
comparison for 2000 shows that the
Swedish PWRs - with an average value
of 0.7 scrams - exceeded the WANO
average of 0.5.

Note

The scrams shown in the histograms are
unplanned automatic scrams at criticality
according to the WANO definition.

The WANO values for 2001 were not
available when printing this report.



COMPARISON OF REACTOR TYPES AND REACTOR GENERATIONS
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The 2001 average for Swedish BWRs was
0.89 manSv. An international compari-
son for 2000 shows that the Swedish
BWRs - with an average value of
0.85 manSv - were below the
corresponding international WANO
values of 1.88 manSv for 1998-2000.

PWR

The 2001 average for Swedish PWRs was
0.41 manSv i. e. an even lower value as
for 2000, which was 0.43 manSv. The
WANO value was 1.03 manSv for 1998-
2000.

Note

The WANO values for 2001 were not
available when printing this report.
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Barseback 2
EVENTS OF IMPORTANCE TO U N I T CAPABILITY AND SAFETY

Daily Average Power (%)

"rp—:
3 . 0 - 1

Unit Capability 88.4 %
Utilization 85.5 %

Coastdown
100,0

80

60,0 -

40,0 -

20,0-

0,0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

14th January: Quarterly testing of
valves.

8th April: Quarterly testing of valves.

3rd May: Coastdown operation started.

Annual refuelling outage, 27th June-
3rd August

The annual refuelling outage was plan-
ned to take 30 days, but required an
additional six days. The following larger
items of work were carried out, in addi-
tion to the regular annual work of refuel-
ling, preventive maintenance, inspection
and tests:

- The largest single item was work to
improve safety through increasing the
number of electrical power supply
feeds to the auxiliary feed water sys-
tem. Using the feeds that previously
supplied Barseback 1, there are now
four feeds to Barseback 2, instead of
two.

- The internal parts of the reactor pres-
sure vessel were extensively inspected
by remote video inspection. Prepara-
tions were made for next year's re-
placement of the primary systems in-
side the reactor containment.

The collective dose during the outage
was 0.54 manSv, which was 0.10 manSv
more than had been forecast.

12th, 14th August: Leakage in the gene-
rator cooling system.

25th October: Quarterly testing of
valves and work on valves in the main
feed water system.

3rd November: Testing of valves.

DURING THE YEAR

- There were no reductions in output
due to national power balance requi-
rements during the year.

- Coastdown operation resulted in non-
utilisation of a possible output pro-
duction of 66.4 GWh in the interests
of fuel economy. This is equivalent to
about five days' full-power output.

SCRAMS

• 18th April: During testing of the
safety system, two inner and two outer
isolation valves closed spuriously, which
resulted in a reactor scram. The valve
closure was due to high resistances in
relay cards.

• 31st July: A reactor scram occurred
when restarting after the annual outage.
The reactor was in nuclear low power
mode at the time, and the system for
monitoring neutron flux during power
operation had been adjusted in accordan-
ce with current procedures. Increasing
the power above 5 % initiated a scram.
It was found that the system becomes
too sensitive if calibrated in the low
power range. The calibration procedure
will be modified to avoid the problem
in future.

EVENTS

- It was found in February, when tes-
ting the opening pressure of a rupture
disc in the system for filtered pressure
relief of the reactor containment, that
the bursting pressure was outside the
specified tolerance limit. Test bursting
is part of the procedures for inspec-
tion of rupture discs when they are
removed and replaced by new discs
after seven years' service.

- Another bursting test was carried out
during the outage, and it was found
that one disc in the reactor contain-
ment had been mixed up with a disc
intended for the filtered containment
venting system. The mix-up occurred
in connection with the previous year's
outage. The event was classified as a
Level 1 event on the INES scale.
Further details can be found in the
'Special Reports' section.

!30kV
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Energy Capability and Utilization
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Barseback 2 started commercial operation in I977. It is a boiling
water reactor (BWR) manufactured byWestinghouse Atom AB and of
the same generation as Oskarshamn 2. The thermal power output is
1800 MW and the electrical output is 600 MW net.

The Reactor Containment is designed fora pressure up to 0.7 MPa
and during operation it is filled with nitrogen gas.A system for filtered
venting is automatically connected to the containment via a rupture
disc in order to prevent the release of radioactivity in the event of a loss
of coolant accident.

The Reactor Core consists of 444 fuel eiements.The total fuel cycle is
five years on an average. 109 control rods and the water flow from four
external recirculation pumps are used to control the reactor power.

TheTurbine Plant consists of one dual axial flow high-pressure turbine,
three dual axial flow low-pressure turbines and a generator, all mounted
on one shaft. Both the stator and the rotor of the generator are water-
cooled.

The Electric Power System consists of two separate trains.The unit
is connected to the national high voltage grid through separate 400 and
130 kV lines. Emergency power is supplied by four diesel generators and
two gas turbines.
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Forsmark 1
EVENTS OF IMPORTANCE TO U N I T CAPABILITY AND SAFETY

Daily Average Power (%)

Coastdown
100,0 -|

Unit Capability 94.8%
Utilization 86.2 %

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1 st January-31 st March: A main recircu-
lation pump was stopped after a short
circuit in its drive motor, while speed
limits were applied to two others due
to vibration.

17th February: Coastdown operation
started.

27th May: No. 1 turbine was disconnec-
ted from the grid for its annual outage.

Annual refuelling outage, 10th June-
22nd June

The annual refuelling outage was plan-
ned to take somewhat over ten days, due
to work needed on the main recircula-
tion pumps and to damage that had oc-
curred to fuel. A number of unforeseen
items of work had to be dealt with, parti-
cularly on the isolation valves in the
reactor's shutdown cooling system and
on a leaking control rod actuator shaft
seal in connection with start-up. The fi-
nal outage time was 11 days and
15 hours.

During the outage, careful attention
was paid to preventing contamination
and/or foreign materials that could da-
mage the fuel during operation from fin-
ding their way into process systems. The

following larger items of work were car-
ried out, in addition to the regular annual
work of refuelling, preventive mainte-
nance and testing:

The reactor part
- Three cases of damage to fuel occurr-

ed during the past year. The fuel rods
were identified and removed from the
core.

- Valve leakage in the shutdown reactor
cooling system and in the feed water
system has been rectified.

- Four main recirculation pumps have
been serviced. Insulation resistance
was measured on all pump motors.
Two of the motors showed signs of
ageing of the stator insulation, and so
were rewound. It was found that the
upper motor bearing had failed in the
motor that tripped due to a short
circuit shortly after last year's outage.

- Resonance testing was carried out in
order to determine which pumps run
the greatest risk of vibration problems
at high speeds. The results showed
that four pumps are more sensitive
to imbalance and are less rigidly sup-
ported than the other pumps.

(3FWP)

(3 FWP)

- Several circuit-breakers and discon-
nectors have been replaced in the in-
verter system that was installed du-
ring the previous outage.

- The temperature in the enclosure
cupola has been high ever since the
work on the toroid during the 1997
outage. A number of defects in the
insulation were put right during the
1999 outage: after further work, an
acceptable temperature of 59 °C has
now been achieved.

The turbine part
- The LP rotors in turbine no. 1 were

replaced by the renovated rotors re-
moved from turbine no. 2 during the
previous outage. Dismantling turbine
no. 1 revealed unexpectedly severe
damage to flanged joints, sealing strips
and bleeds, while all the rotors that
were removed were suffering from
cracks.

- When the main barring gear motor
for turbine no. 1 was started, the auxi-
liary barring gear motor was in the
wrong operating mode. This resulted
in the auxiliary barring gear drive
being driven by the turbine shaft
when the main barring gear drive
started and, due to the high gear ratio,
being run up to such a high speed that
it failed.

- An electrostatic filter has been fitted
in the ventilation air system to
improve separation of oil. It separates
virtually all the oil and returns it to
the lubrication system.

- The main generator circuit-breaker
for generator no. 2 was replaced.

1400kV
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Miscellaneous
- A minor oil leak was found in one of the

station transformers before the outage. The
lid of the transformer was seal-welded.

The collective dose during the outage was
0.25 manSv, which was 0.08 manSv higher than
forecast. The main reason for this difference
was the elevated radiation level in the contain-
ment.

20-31st July: Output reduction for national
power balance reasons.

14-19th September: Output reduction for na-
tional power balance reasons.

6th July-31st December: Renovation measures
on the turbine plants.

DURING THE YEAR

- There were few reductions in output due
to national power balance requirements du-
ring the year. Those that did occur resulted
in a loss of 107.4 GWh of possible output,
equivalent to about 4.5 days' full-power
output.

- Coastdown operation in the interests of fuel
economy resulted in non-utilisation of a
possible output production of 567.2 GWh.
This is equivalent to about 24 days'
full-power output.

SCRAMS

There were no scrams with a critical reactor
during the year.

EVENTS

No events of importance for safety occurred
during the year.
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Forsmark I started commercial operation in 1980. It is a boiling water
reactor (BWR) manufactured by Westinghouse Atom AB and of the
same generation as Forsmark 2.The thermal power output is 2928 MW
and the electrical output is 968 MW net.

The Reactor Containment is designed for a pressure up to 0.46 MPa
and during operation it is filled with nitrogen gas.A system for filtered
venting is automatically connected to the containment via a rupture
disc in order to prevent the release of radioactivity in the event of a loss
of coolant accident.

The Reactor Core consists of 676 fuel elements.The total fuel cycle is
five years on average. 161 control rods and the water flow from eight
internal recirculation pumps are used to control the reactor power.

TheTurbine Plant consists of two separate trains. Each train consists of
one dual axial flow high-pressure turbine, three dual axial flow low-
pressure turbines and a generator, all mounted on one shaft. Both the
stator and the rotor of the generator are water-cooled.

The Electric Power System consists of four separate trains.The unit
is connected to the national high voltage grid through separate 400 and
70 kV lines. Emergency power is supplied by four diesel generators.
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Forsmark 2
EVENTS OF IMPORTANCE TO U N I T CAPABILITY AND SAFETY

Daily Average Power (%) Unit Capability 92.:
Utilization 87.1

Coastdown

Jan Feb Mar Apr May Jun

23-26th January: Output reduction due
to separation between the rod and nut
of a control rod drive. As the output was
being reduced, an earth fault stopped
one of the main recirculation pumps.
During the subsequent power ascension,
two main recirculation pumps stopped
due to vibration in the pumps' energy
storage equipment.

1-31st March: Power reduction due to a
seized control rod and a fault in a main
circulation pump.

l-20th April: Power reduction due to a
seized control rod and faults in two main
recirculation pumps.

3rd April: Coastdown operation started.

21-28th April: Shutdown to deal with
fuel damage, seized control rods and
earth faults on two main recirculation
pumps.

Annual refuelling outage, 29th June-
13th July

The annual refuelling outage was plan-
ned to take ten days, but actually took
12,5 days. The extra time was taken up
mainly by work on a leaking seal for a
control rod drive, modifications of the

Aug Sep Oct Nov Dec

pilot valves in the residual heat removal
system and an incorrectly operating
inspection camera on the fuel charging
machine.

Particular attention was paid to three
areas during the outage: keeping to time
plans, personal safety/working environ-
ment and cleanliness of process systems.

The following larger items of work,
and other items of work, were carried
out, in addition to the regular annual
work of refuelling, preventive mainte-
nance, inspection and testing:

The reactor part
- The short outage meant that fewer

jobs and activities than normal were
carried out. Inspection of the locking
rings on the diffusers for the main cir-
culation pumps showed that four pin
bolts and a locking tab were missing.
One neutron flux detector was repla-
ced due to high burnout and because
it was generating faulty signals during
power reductions. Seven control rod
drives were replaced.

- The pilot valves for the inner isola-
tion valves in the residual heat rem-
oval cooling system have been modifi-

ed. In addition, remaining work was
carried out for the replacement of
inverters for the main circulation
pumps project, and for equipment for
computerised operational readiness
verification.

The turbine part
- Inspection of two low pressure rotors

found crack indications in a number
of positions on the fourth blade stage.
The cracks were not regarded as being
of such extent or depth that they re-
presented a danger to the turbines in
the short term. Further analysis will
develop a long-term action plan.

- The turbine's hydraulic oil circuits
were flushed and cleaned in response
to a functional problem. Finer mesh
filters have also been fitted for the
electrohydraulic pilot valves. Remain-
ing work from the modernisation of
the control equipment has included
the fitting of larger accumulators for
the governing oil system.

Miscellaneous
- The reactor's safety circuits and the

400 kV connections were tested.

The collective dose during the outage
was 0.24 manSv, which was in accordan-
ce with the forecast.

15- 17th July: Problem with the electro-
hydraulic pilot valves for the turbine
throttle valves.

18-23rd July: Output reduction for na-
tional power balance reasons.

14-19th September: Output reduction
for national power balance reasons.
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14-27th October: Output reduction for natio-
nal power balance reasons, and a fault in an
high pressure intercept valve.

1st January-31st December: Renovation
measures on the turbine plants have prevented
full nominal production outputs from being
achieved.

DURING THE YEAR

- There were few reductions in output due
to national power balance requirements
during the year. The reductions that did
occur resulted in a loss of 31.8 GWh of pos-
sible output, equivalent to about 1.5 days'
full-power output.

- Coastdown operation in the interests of fuel
economy at the end of the operating period
resulted in non-utilisation of a possible out-
put production of 296.2 GWh. This is equi-
valent to about 13 days' full-power output.

SCRAMS

There were no scrams with a critical reactor
during the year.

EVENTS

No events of importance for safety occurred
during the year.

- During shutdown operation prior to the
annual refuelling outage, the closures of the
inner isolation valves in the residual heat
removal system were tested. At higher pres-
sures the valves operated as intended. At low
pressures the valves closed correctly but re-
opened after a short period of time. The root
cause was that the functional verification of
the valves had been too limited after a re-
placement of components. The outer isola-
tion valves operated as intended. The safety
implication was regarded as slight.

Forsmark 2 started commercial operation in 198 i. it is a boiling water
reactor (BWR) manufactured by Westinghouse Atom AB and of the
same generation as Forsmark I .The thermal power output is 2928 MW
and the electrical output is 964 MW net.

The Reactor Containment is designed for a pressure up to 0.46MPa
and during operation it is filled with nitrogen gas.A system for filtered
venting is automatically connected to the containment via a rupture
disc in order to prevent the release of radioactivity in che event of a loss
of coolant accident.

The Reactor Core consists of 676 fuel elements.The total fuel cycle is
five years on average. 161 control rods and the water flow from eight
internal recirculation pumps are used to control the reactor power.

TheTurbine Plant consists of two separate trains. Each train consists of
one dual axial flow high-pressure turbine, three dual axial flow low-
pressure turbines and a generator, all mounted on one shaft. Both the
stator and the rotor of the generator are water-cooled.

The Eiectric Power System consists of four separate trains.The unit
is connected to the national high voltage grid through separate 400 and
70 kV lines. Emergency power is supplied by four diesel generators.
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Forsmark 3
EVENTS OF IMPORTANCE TO U N I T CAPABILITY AND SAFETY

Daily Average Power (%) Unit Capability 86.2%
Utilization 80.9 %
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27th January: Loss of output due to a
seized turbine throttle valve in connec-
tion with isolation valve testing.

4th May: Coastdown operation started.

6th May: Loss of output due to a seized
turbine throttle valve in connection with
periodic testing.

Annual refuelling outage, 21 st July-8th
September

Most of the outage was devoted to ma-
jor modernisation work. The outage las-
ted for over 48 days, which was about
two days longer than planned. Part of
the reason for the extra time was that
the turbine required rebalancing, taking
almost ten kilogrammes of balance
weights. The outage caused a loss of out-
put until 1 lth September, as a number
of tests were performed that required
the turbine to be disconnected from the
grid.

Control equipment for both the reac-
tor and the turbine was replaced, thus
replacing computer systems and power
electronics with standardised modern
technology, with the aim of improving
safety and simplifying maintenance.

The turbine rotors were carefully ins-
pected, confirming crack growth in all
three low pressure rotors. Planning of
extensive remedial work over the next
few years has started.

The outage lasted unusually long, and
involved many persons in the work. Four
accidents were reported, of which one
led to the person concerned being brie-
fly away from work.

The following larger items of work
were carried out, in addition to the regu-
lar annual work of refuelling, tracing and
rectifying leaks and replacing damaged
fuel elements, preventive maintenance
and testing:

The reactor part
- A very successful decontamination

started an extensive programme of re-
placing piping in systems connected
to the reactor, with the dose rates in
the systems concerned being reduced
by 99,5 %. The piping replacement
work was the largest mechanical ope-
ration during the outage, and deter-
mined the time required. It proceeded
well, keeping to the planned times
and generating only low personnel
radiation doses. Systems were extensi-

vely flushed in order to prevent any
contamination or particles from the
pipework from entering the reactor
in the future and damaging the fuel.

- The reactor containment steel liner
was inspected. The condensation pool
was inspected for any corrosion
growth on the sealing platework: the
results were very satisfactory.

- A project for modernisation of the
control rod operation and indication
system was concluded, and 30 drive
rod actuators were serviced.

- More modern equipment has been
installed in the neutron flux measure-
ment system.

- The inverters for the main recircula-
tion pumps were replaced, and four
mechanical energy storages were
installed. Erection and commissioning
went well, but there are still some
problems for the energy storages to
be solved.

- General service work was performed
on two of the main recirculation
pumps, on isolation valves and on
some of the pilot valves for the larger
main valves.

The turbine part
- The high pressure turbine and no. 1

low pressure turbine rotors were re-
moved and thoroughly inspected. The
blading of low pressure turbines nos.
2 and 3 was inspected. The cracks in
the low pressure rotors were assessed
as not presenting a threat to continu-
ed operation, but the turbine must
be carefully monitored, as must
identified cracks.

GAS_
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- All three phases of the generator circuit-
breaker were given a nine-year service.

- The 'Modernisation of the Turbine Safety
and Hydraulic Oil Systems' project was
carried out as planned. This involved repla-
cing the old electrohydraulic turbine safety
system with a multi-channel electronic sys-
tem. Speed and vibration monitoring equip-
ment has been modernised, including seven
new speed sensors to replace the previous
two overspeed switches.

The collective dose during the outage was
1.18 manSv, which was 0.82 manSv lower than
forecast. This was due to the successful decon-
tamination of systems carried out at the start
of the outage.

12-14th September: Loss of production due to
commissioning of the extensive changes to the
plant and rebalancing the turbine.

8-9th December: Extra testing of isolation val-
ves due to a fault in the time measurement of
a main valve.

DURING THE YEAR

- There were no reductions in output due to
national power balance requirements during
the year.

- Coastdown operation in the interests of fuel
economy during the operating period result-
ed in non-utilisation of a possible output
production of 451.3 GWh. This is equiva-
lent to about 16 days' full-power output.

SCRAMS

There were no scrams with a critical reactor
during the year.

EVENTS

No events of importance for safety occurred
during the year.

Forsmark 3 started commercial operation in 1985. It is a boiling water
reactor (BWR) manufactured by Westinghouse Atom AB and of the
same generation as Oskarshamn 3. The thermal power output is
3300 MW and the electrical output is I 155 MW net.

The Reactor Containment is designed for a pressure up to 0.6 MPa
and during operation it is filled with nitrogen gas.A system for filtered
venting is automatically connected to the containment via a rupture
disc in order to prevent the release of radioactivity in the event of a loss
of coolant accident.

The Reactor Core consists of 700 fuel elements.The total fuel cycle
is five years on average. 169 control rods and the water flow from eight
internal recirculation pumps are used to control the reactor power.

TheTurbine Plant consists of one dual axial flow high-pressure turbine,
three dual axial flow low-pressure turbines and a generator, all mounted
on one shaft.The stator of the generator is water-cooled and the rotor
is hydrogen-cooled.

The Electric Power System consists of four separate trains.The unit
is connected to the national high voltage grid through separate 400 and
70 kV lines. Emergency power is supplied by four diesel generators.
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Oskarshamn 1
EVEN^dF IHPOI^NGETO

Daily Average Power (%) Unit Capability
Utilization
Coastdown
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l-5th January: Power reduction due to
a main steam valve not being ready for
operation.

6-13th January: Brief stop to deal with
the main steam valve as above.

19-22nd February: Turbine stop due to
high level in the reheater after a partial
scram had been manually initiated due
to an intercept valve on the high pressu-
re turbine closing spuriously during tes-
ting.

2-15th March: Brief stop to deal with a
fuel leak and refuelling for an extended
operating season.

14-15th April: Fuel leak tracing.

10-15, 19-21, 24-28th May: Power
reductions due to national power balan-
ce requirements.

22-25th June: Power reductions due to
national power balance requirements.

26, 29th June, 1 lth July: Stop of main
recirculation pumps to replace inverter
sliprings.

19-31st July: Power reductions due to
national power balance requirements.

Aug Sep Oct Nov Dec

17-18th August: Power reductions due
to national power balance requirements.

19-29th August: Brief stop for location
and replacement of a fuel element with
a slight leak.

14-19th September: Power reductions
due to national power balance
requirements.

2nd October: Coastdown operation
started.

Annual refuelling outage, 7th Decem-
ber 2001 until October 2002

The third part of the modernisation pro-
gramme that was initiated in the middle
of the 1990s started on 7th December.
The unit will be shut down until the
end of October 2002. The programme
includes installation of a new safety con-
cept that will augment present safety
systems. The modernisation also inclu-
des installation of a new computerised
control system, a new turbine and exten-
sive rebuilding of the control room. This
is the largest project carried out by OKG
since the construction of the Oskars-
hamn 3 unit at the beginning of the

1980s. (See Page 4.) The replacement of
pump casings on the main recirculation
pumps is one of larger jobs to be carried
out.

The collective dose during the period
from 7th to 31st December was
0.35 manSv, which was 0.06 manSv less
than forecast.

DURING THE YEAR

- Reductions in output due to national
power balance requirements during
the year resulted in a loss of
77.3 GWh of possible output, equiva-
lent to about seven days' full-power
output.

- Coastdown operation in the interests
of fuel economy resulted in non-utili-
sation of a possible output production
of 102.9 GWh, equivalent to about
ten days' full-powrer output. A change
in the normal operating season resul-
ted in an increase in coastdown ope-
ration.
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Energy Capability and Utilization

SCRAMS

T 6th January: The plant was operated at
reduced power after 27th December 2000, due
to a steam pipe being closed after testing revea-
led excessive operating time for the inner iso-
lation valve. Reducing output to the cold
shutdown reactor state, in order to deal with
the valve, started as planned on the night of 5/
6th January, with tests being carried out at
intervals as the reduction proceeded. During
testing of the reactor pressure relief system, a
pressure rise occurred that initiated a reactor
scram due to high reactor pressure. This was
caused by unavailability of the turbine bypass
system due to a steam line being unavailable.

V 10th January: High condensate level occurr-
ed in a high pressure feed water preheater
when restarting after the stop. As the feed
water preheater temperature was being raised,
the feed heater filled with condensed drainage
and had to be pumped out manually. The con-
densate was not pumped out sufficiently
quickly, and so the scram was initiated due to
high condensate level.

V 28th March: One of the main steam isola-
tion valves suddenly closed when the reactor
was operating at 100 % output, which was
followed about 20 seconds later by a reactor
scram due to high reactor pressure. Event ana-
lysis showed that a miniature circuit breaker
had tripped, due to a short circuit in a newly
fitted pilot valve.

EVENTS

No events of importance for safety occurred
during the year.
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Oskarshamn I started commercial operation in i 972. It is a boiling
water reactor (BWR) manufactured by Westinghouse Atom AB. The
thermal power output is 1375 MW and the electrical output is
445 MW net.

The Reactor Containment is designed for a pressure up to 0.45 MPa
and during operation it is filled with nitrogen gas.A system for filtered
venting is automatically connected to the containment via a rupture
disc in order to prevent the release of radioactivity in the event of a (oss
of coolant accident.

The Reactor Core consists of 448 fuel elements.The total fuel cycle
is five years on an average. I 12 control rods and the water flow from
four external recirculation pumps are used to control the reactor
power.

TheTurbine Plant consists of one radial flow high-pressure turbine
with two counter rotating shafts. On each shaft there are one single and
two dual axial flow low-pressure turbines.The unit has two generators,
one on each shaft.The stators of the generators are water-cooled and
the rotors are hydrogen-cooied.

The Electric Power System consists of two separate trains.The unit
is connected to the national high voltage grid through separate 130 kV
lines. Emergency power is supplied by two diesel generators and two gas
turbines (shared with Oskarshamn 2).



20

Oskarshamn 2
Daily Average Power (%]

fliiiMliii
Coasttlown

Unit Capability 92.3 %
Utilization 90.2 %
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27th January: Quarterly testing of a
main steam isolation valves and power
stability measurement.

6-31st May: Power reductions due to
national power balance requirements.

8th July: Coastdown operation started.

Annual refuelling outage, 15th July-
8th August

The annual refuelling outage had been
planned to take 25 days, but was finis-
hed about one day early. Testing of the
core spray stays did not reveal any new
damage, which meant that further tes-
ting was not needed.

The following larger items of work
werw carried out, in addition to the
regular annual work of refuelling, pre-
ventive maintenance, inspection and
testing:

The reactor part
- Remaining work in the boron injec-

tion system.

- A separator device has been fitted in
the auxiliary feed water pumps' suc-
tion inlets in the condenser.

The turbine part
- Measurements to check shaft align-

ment of the turbine string.

- Inspection of turbine bearings.

- Modifications to the governing oil sys-
tem to prevent spurious turbine trips.

Miscellaneous
- Remaining work on power supply to

the auxiliary feed water pumps.

- Modification to supply air to the die-
sel generators directly from outdoors.

- Start of work on a gas turbine-backed
supply to Oskarshamn 1 's central
electrical switchboard. The gas turbi-
nes are shared with Oskarshamn 1.

The collective dose during the outage
was 0.66 manSv, which was 0.16 manSv
more than forecast. Most of the additio-
nal dose was due to various problems
with service of a main steam valve and
to a greater number of measurements in
preparation for future outage work.

9, 11th August: External leakage from
two control rod drive flanges.

7-8th September: Partial scram.
Replacement of a relay for the motor-
generator unit resulted in stopping one
of the main recirculation pumps.

14-15th October: Reduction in output
due to national power balance require-
ments.

DURING THE YEAR

- Reductions in output due to national
power balance requirements during
the year were limited, due to a high
demand for power, to a loss of
28.0 GWh of possible output, equiva-
lent to about two days' full-power
output.

- Coastdown operation resulted in a
loss of output production of
I.I GWh, equivalent to about two
hours' full-power output.

SCRAMS

W 9th August: It was decided to shut
down to the cold shutdown reactor state
due to leakage problems with two cont-
rol rod drive seals. However, when the
turbine was disconnected from the grid
and partial vacuum breaking had been
activated to brake the turbine, a fault
occurred in pressure measurement in
the condenser. As a consequence, the
vacuum breaker valves remained open
too long, so that the pressure in the con-
denser rose to the point where a reactor
scram was initiated.

EVENTS

No events of importance for safety
occurred during the year.

2 LPCSP
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Oskarshamn 2 started commercial operation in I97S. It is a boiling
water reactor (BWR) manufactured by Westinghouse Atom AB and of
the same generation as Barseback I and 2.The thermal power output is
1800 MW and the electrical output is 602 MW net.

The Reactor Containment is designed for a pressure up to 0.5 MPa
and during operation it is filled with nitrogen gas.A system for filtered
venting is automatically connected to the containment via a rupture
disc in order to prevent the release of radioactivity in the event of a loss
of coolant accident.

The Reactor Core consists of 444 fuel elements.The total fuel cycle
is five years on average. 109 control rods and the water flow from four
external recirculation pumps are used to control the reactor power.

TheTurbine Plant consists of one dual axial flow high-pressure turbine,
three dual axial flow low-pressure turbines and a generator.all mounted
on one shaft.The stator of the generator is water-cooled and the rotor
is hydrogen-cooled.

The Electric Power System consists of two separate trains.The unit
is connected to the national high voltage grid through separate 400 and
130 kV lines. Emergency power is supplied by two diesel generators and
two gas turbines (shared with Oskarshamn I).
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Oskarshamn 3
EVENTS OF liiiPORtAi^tE TO^
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6-8th January: Power reductions due to
national power balance requirements.

10th March: Measurements to identify
damaged fuel.

4-8th May: Power reductions due to na-
tional power balance requirements.

16th May: Coastdown operation started.

Annual refuelling outage, 2nd Junc-
19th June

The annual refuelling outage was the
shortest in the 16-year history of the
unit, and the first one in which the plan-
ned times were all held completely. The
turbine was synchronised to the grid of
19th June, three hours earlier than the
original planned time. Refuelling work
in the reactor hall was the main deter-
minant of the year's outage. Total outage
duration was 16 days and 8 hours. Only
limited modifications and remedial work
were carried out.

The following larger items of work
were carried out, in addition to the regu-
lar annual work of inspections, preventi-
ve maintenance and testing:

The reactor part
- Replacement of the pilot valves for

the reactor main steam line valves.
Replacement of control equipment
for the mussel filter in the cooling
water system for shutdown reactor
cooling.

The turbine part
- Clearances between fixed and rota-

ting parts along the entire rotor line
were inspected and found satisfactory.
Similarly, satisfactory results of crack
investigation of the low pressure tur-
bine rotor exhaust blades. The 10 kV
motors of all the condensate and feed
water pumps were examined. Bearing
damage was found on the condensate
pumps. Measured values have impro-
ved after replacing the bearings.

Electric power
- The exciter and the voltage control

equipment were overhauled.

The collective dose during the outage
was a record-low 0.19 manSv, which was
0.02 manSv lower than forecast.

14th July: Valve testing.

I9-30th July: Power reductions due to
national power balance requirements.

1 lth August: Valve testing.

ll-13th August: Power reductions due
to national power balance requirements.

7th September: Valve testing.

8-10, 14-19th September: Power reduc-
tions due to national power balance re-
quirements.

12-23rd October: Power reductions due
to national power balance requirements.

23-30th November: Brief stop to replace
damaged fuel and to reload the core.

DURING THE YEAR

- Reductions in output due to national
power balance requirements occurred
during the year, resulting in a loss of
193.4 GWh of possible output, equi-
valent to about seven days' full-power
output.

- Coastdown operation to improve fuel
economics resulted in a loss of out-
put production of 15.1 GWh, equiva-
lent to about 0.6 days' full-power
output.

400kV



SCRAMS

W 1st December: A scram occurred during
testing to verify correct operation of the scram
system. When raising the temperature between
tests, the power increased too rapidly.

EVENTS

No events of importance for safety occurred
during the year.
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Oskarshamn 3 started commercial operation in 1985. It is a boiling
water reactor {BWR) manufactured by WestinghouseAtom AB and of
the same generation as Forsmark 3. The thermal power output is
3300 MW and the electrical output is 1160 MW net.

The Reactor Containment is designed for a pressure up to 0.6 MPa
and during operation it is filled with nitrogen gas.A system for filtered
venting is automatically connected to the containment via a rupture
disc in order to prevent the release of radioactivity in the event of a loss
of coolant accident.

The Reactor Core consists of 700 fuel elements.The total fuel cycle
is five years on average. 169 control rods and the water flow from eight
internal recirculation pumps are used to control the reactor power.

TheTurbine Plant consists of one dual axial flow high-pressure turbine,
three dual axial flow low-pressure turbines and a generator, all mounted
on one shaftThe stator of the generator is water-cooled and the rotor
is hydrogen-cooled.

The Electric Power System consists of four separate crains.The unit
is connected to the national high voltage grid through separate 400
and 130 kV lines. Emergency power is supplied by four diesel generators.

-A
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Daily Average Power (%)
Unit Capability 86.1 %
Utilization 80.6%
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5th January: Return to full output after
the refuelling outage.

1 lth January: A turbine stop was initia-
ted manually when a circuit-breaker on
a 6 kV non-favoured board stopped
without apparent reason.

19th January: Output reduction in or-
der to deal with leaks in the reactor con-
tainment.

17th mars: Quarterly testing of the main
steam valves.

24th mars: Output reduction due to
external leakage from a packbox and
valve in the reactor containment.

30th March: Start of coastdown opera-
tion.

Annual refuelling outage, 27th July-
29th August

The annual refuelling outage was plan-
ned to take 28 days, but in fact took
about 32 days. The number of modifica-
tions and other work items were few.

In addition to regular annual work on
refuelling, preventive maintenance and
testing, the following more important
items of work were also performed:

The reactor part
- Measurements to prepare for repla-

cing the reactor core shroud head
next year.

- Inspection of the core spray.

The turbine part
- Inspection and replacement of turbi-

ne blades with cracked erosion pro-
tection layer on one of the three low
pressure turbine rotors.

- Inspection of the generators, including
leakage testing, flow measurement,
pressure and vacuum testing of the
stator winding, pressure testing of the
rotor, cleaning brush chambers and
turning sliprings.

- An arrangement has been introduced
to enable output to be increased, with
reactor output raised to 110 % and
unaltered steam data. This takes the
form of a bypass round the high pres-
sure turbine, so that some of the
steam can be supplied directly to the
low pressure turbines, thus increasing
the turbine output.

The collective dose during the outage
was 0.80 manSv, which was 0.30 manSv
lower than forecast.

12th October: Generator taken out of
operation for work on a seal.

24th November: Quarterly testing of
main steam valves.

DURING THE YEAR

- There were no output reductions to
meet grid power balance require-
ments during the year.

- Coastdown operation resulted in non-
utilisation of a possible output pro-
duction of 390.0 GWh. This is equi-
valent to about 20 days' full-power
output.

SCRAMS

No scrams with a critical reactor occurr-
ed during the year.

EVENTS

No events of importance for safety
occurred during the year.

2 HPCSP

2 LPCSP

DG DG DG DG
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Ringhats I started commercial operation in 1976. It is a boiling water
reactor (BWR) manufactured by Westinghouse Atom AB.The thermal
power output is 2500 MW and the electrical output is 835 MW net.

The Reactor Containment is designed for a pressure up to 0.5 MPa
and during operation it is filled with nitrogen gas.A system for filtered
venting is automatically connected to the containment via a rupture
disc in order to prevent the release of radioactivity in the event of a loss
of coolant accident.

The Reactor Core consists of 648 fuel elements.The total fuel cycle
is five years on average. 157 control rods and the water flow from six
external recirculation pumps are used to control the reactor power.

TheTurbine Plant consists of two separate trains. Each train consists of
one single axial flow high-pressure turbine, three dual axial flow low-
pressure turbines and a generator, all mounted on one shaft.The stators
of the generator are water-cooled and the rotors are hydrogen-cooled.

The Electric Power System consists of four separate trains.The unit
is connected to the national high voltage grid through separate 400 and
! 30 kV lines. Emergency power is supplied by four diesel generators.
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28th March: Coastdown operation
started.

11th May: Output reduction, with
single-turbine operation, for grid power
balance purposes.

Annual refuelling outage, 16th May-
14th June

The annual refuelling outage was plan-
ned to take 28 days, but actually took
29. One turbine unit was taken out of
operation three days earlier than plan-
ned, due to good availability of hydro
power. The modernisation of the block's
electric power system that was started
in 1988 was concluded. The first stage
of the work of installing a new plant
control system was started.

Modernisation of the plant will conti-
nue in stages over the next annual
outages. In addition to the regular routi-
ne inspections and refuelling operations,
the activity monitoring equipment was
modernised. The top plates of a number
of fuel elements were replaced.

The collective dose during the outage
was 0.33 manSv, which was 0.15 manSv
lower than forecast.

21st August: Stopping a drain pump in
one of the turbine units resulted in high
level in a tank, leading to a turbine stop.
The high level in the tank was caused
by malfunction of a valve.

8th, 14-20th September: Output reduc-
tion for national power balance reasons.

2nd December: One of the turbines
stopped due to a generator failure. The
generator stator was subsequently found
to be so severely damaged that it had to
be replaced.

18-20th December: The second turbine
unit was taken out of operation, and the
reactor shut down to the hot shutdown
state, for replacement of the generator
stator.

20th December: One turbine unit was
restarted.

30th December: The other turbine unit
was restarted after replacement of the
generator stator.

DURING THE YEAR

- Reductions in output due to grid
power balance requirements occurred
during the year, resulting in a loss of
21.8 GWh of possible output, equiva-
lent to about one day's full-power
output.

- Coastdown operation in the interests
of fuel economy resulted in non-utili-
sation of a possible output production
of 194.2 GWh. This is equivalent to
about nine days' full-power output.

SCRAMS

W 17th June: A small oil leak was disco-
vered from one of the main unit trans-
formers. Attempts to tighten a leaking
connector only made the leak worse, and
the unit was taken out of operation.
However, before this was done, the
transformer stopped, disconnecting po-
wer to parts of the electrical system and
a reactor coolant pump stopped. As all
the reactor coolant pumps must be in
operation for full power operation, a
reactor scram was initiated automatical-
ly.
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EVENTS

- An overload relay in the non-favoured part
of the electrical system stopped during the
morning of 20th June. It was found that it
had operated at too low a load. Further
investigation showed that 44 such overload
relays, out of a total of 58, were faulty and
would be likely to stop at too low a load.
The event was classified as a Level 1 event
on the INES scale. See under 'Special Rep-
orts' for a more detailed description.

- On December 2nd, while operating at full
load, one of the turbines stopped after a
generator failure. Parts of the generator sta-
tor core had loosened as a result of excessive
local heating, and had then spun round and
damaged the winding insulation varnishing.
A flashover in a coil then caused damage due
to melting. The stator - which weighs about
200 tonnes - was replaced. The event did not
affect reactor safety.
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Ringhals 2 started commercial operation in 1975. It is a pressurized
water reactor (PWR) manufactured by Westinghouse.The thermal power
output is 2652 MW and the electrical output is 870 MW net.

The Reactor Containment is designed for a pressure up to 0.5 MPa
and during operation it is filled with nitrogen gas.A system for filtered
venting is automatically connected to the containment via a rupture
disc in order to prevent the release of radioactivity in the event of a loss
of coolant accident.

The Reactor Core consists of 157 fuel elements.The total fuel cycle
is five years on average. The reactor power is regulated by 48 control
rods and by adjusting the boron content in the primary system coolant

TheTurbine Plant consists of two separate trains. Each train consists
of one dual axial flow high-pressure turbine, three dual axial flow low-
pressure turbines and a generator.all mounted on one shaft.The stators
and the rotors of the generators are water-cooled.

The Electric Power System consists of four separate trains.The unit
is connected to the national high voltage grid through separate 400 and
130 kV lines. Emergency power is supplied by four diesel generators



28

ials 3
;E !̂i!:̂ ^

Daily Average Power (%)
Unit Capability 88.:
Utilization 79.

Coastdown

100,0 -

80.0 -

60,0-

40,0-

20,0 -

0,0

Jan Feb Mar Apr May Jun Jul Aug Sep Ocl Nov Dec

9 March: Coastdown operation started.

14 May: One turbine set was taken out
of operation as a result of coastdown
operation.

Annual refuelling outage, 15th June—
15th July

The annual refuelling outage was plan-
ned to take 25 days, but in fact took 32
days.The main reason for the extra time
was problems with welds between reac-
tor vessel and the reactor cooling loops
as described in the 'Special Reports'
section of this report (Page 34). Other
additional work that extended the length
of the outage was repair of a valve in
the pressurizer and a valve in the compo-
nent cooling water system.

In addition to regular routine inspec-
tions and refuelling, work during the
outage included inspection of the above
mentioned welds, inspection of the reac-
tor pressure vessel head and of the fil-
ter building for the reactor containment
venting system. Work was also carried

out on the steam generators in accordan-
ce with a special programme, and a recti-
fier in the electrical power system was
replaced.

The collective dose during the outage
was 0.27 manSv, which was 0.05 manSv
lower than forecast.

16-18th July: Return to full output after
the outage.

18th July: One turbine stopped due to
a faulty instrumentation transducer.

19th July: The stopped turbine was re-
started. The other turbine unit was ta-
ken out of operation in order to deal
with a leak in a reheater. When taking
the unit out of operation a faulty bearing
was found.

19-27th July: Inspection and repair of
the low pressure turbine bearings.

16-20th November: The unit was taken
out of operation to replace valves in the
pressurizer.

DURING THE YEAR

- There were no output reductions to
meet grid power balance require-
ments during the year.

- Coastdown operation in the interests
of fuel economy resulted in non-utili-
sation of a possible output production
of 752.9 GWh. This is equivalent to
about 34 days' full-power output.

SCRAMS

No scrams with a critical reactor occurr-
ed during the year.

EVENTS

No events of importance for safety
occurred during the year.

KSU's Annual Report for 2000
describes the defects that were found in
the welds between the reactor pressure
vessel and the reactor cooling loops in
Ringhals 4. Corresponding inspections
in R3 found the problem there, too. A
project has now been started, with the
aim of rectifying the defects during the
2003 outage. See 'Special Reports' for
further details.



29

Energy Capability and Utilization

1994 1995 1996 1997 1998 1999 2000 2001

Production Loss

Planned
Unplanned

E3 Other

1993 1994 1995 1996 1997 1998 1999 2000

Number
4-T

2 -

Scrams
Plant Section

IS Turbine
• Other

1994 1995 1996 1997 1998 1999

2 -

1 1
2000 2001

Cause of Fault
: Wb Human
SS Component
• Other

1994

manSievert
4-1—

—I ' 1
1999 20001995 1996 1997 1998

Collective Radiation Exposure

2001

3 -

2 -

1 -

0

^ Outage
^ Operation
• Steam Gs

1993 1994 1995 1996 1997 1998 1999 2000 2001

Rtnghals 3 started commercial operation in 1981. It is a pressurized
water reactor (PWR) manufactured by Westinghouse and of the same
generation as Ringhals 4. The thermal power output is 277S MW and
the electrical output is 920 MW net.

The Reactor Containment is designed for a pressure up to 0.4 MPa
and during operation it is filled with nitrogen gas.A system for filtered
venting is automatically connected to the containment via a rupture
disc in order to prevent the release of radioactivity in the event of a loss
of coolant accident.

The Reactor Core consists of 157 fuel eiements.The total fuel cycle is
five years on average.The reactor power is regulated by 48 control rods
and by adjusting the boron content in the primary system coolant.

TheTurbine Plant consists of two separate trains. Each train consists of
one dual axial flow high-pressure turbine, three dual axial flow low-
pressure turbines and a generator, all mounted on one shaft.The stators
and the rotors of the generators are water-cooled.

The Electric Power System consists of four separate trains.The unit
is connected to the national high voltage grid through separate 400 and
130 kV lines. Emergency power is supplied by four diesel generators.
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1st January: Maximum output capabil-
ity was calculated as 99,7 % during the
whole operating season as a result of
reduced power in one of the three
reactor cooling loops.

12th June: Coastdown operation started.

29th June: A main cooling water pump
was stopped for two hours due to prob-
lems in the water intake building.

Annual refuelling outage, 23rd August—
1st October

The annual refuelling outage was plan-
ned to take 30 days, but in fact took 39
days. The reason for the extra time was
the problems with welds between reac-
tor vessel and the reactor cooling loops
as described in the 'Special Reports'
section of this report (Page 34].

In addition to regular routine inspec-
tions and refuelling, work during the
outage included inspection of the above

mentioned welds, the reactor pressure
vessel head, the steam generators and
switchgear. A rectifier in the electrical
power system was replaced, and the
reactor containment was leak-tested.

The collective dose during the outage
was 0.30 manSv, which was 0.03 manSv
lower than forecast.

DURING TMK YKAR

- There were no output reductions to
meet grid power balance require-
ments during the year.

- Coastdown operation resulted in non-
utilisation of a possible output pro-
duction of 356.3 GWh.This is equi-
valent to about 16 days' full-power
output. Delaying the normal opera-
ting season also delayed coastdown
operation, which is normally used in
order to improve fuel economy.

SCRAMS

W 17th April: Due to an operator error,
a reactor scram occurred from full load
when testing the reactor protection sys-
tem. When one of the operators who
were performing the testing should have
operated a circuit-breaker, he operated
another, similar circuit-breaker, which
had the result of scramming the plant.
All safety systems operated as intended.

EVENTS

No events of importance for safety
occurred during the year.

KSU's Annual Report for 2000
describes the defects that were found in
the welds between the reactor pressure
vessel and the reactor cooling loops. A
project has now been started, with the
aim of rectifying the defects during the
2002 outage. See 'Special Reports' for
further details.
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Ringhais 4 started commercial operation in 1983. It is a pressurized
water reactor (PWR) manufactured by Westinghouse and of the same
generation as Ringhais 3.The thermal power output is 2775 MW and
the electrical output is 9IS MW net.

The Reactor Containment is designed for a pressure up to 0.4 MPa
and during operation it is filled with nitrogen gas.A system for filtered
venting is automatically connected to the containment via a rupture
disc in order to prevent the release of radioactivity in the event of a loss
of coolant accident.

The Reactor Core consists of 157 fuel elements.The total fuel cycle is
five years on average.The reactor power is regulated by 48 control rods
and by adjusting the boron content in the primary system coolant.

TheTurbine Plant consists of two separate trains. Each train consists of
one dual axial flow high-pressure turbine, three dual axial flow low-
pressure turbines and a generator, all mounted on one shaft.The stators
and the rotors of the generators are water-cooled.

The Electric Power System consists of four separate trains.The unit
is connected to the national high voltage grid through separate 400 and
130 kV lines. Emergency power is supplied by four diesel generators.

MA
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Special Reports
Interchanged Rupture Discs in
the Filtered Containment
Venting System, Barsebdck 2

Summary
When testing rupture discs that had
been mounted in the filtered contain-
ment venting system it was revealed that
two such discs had been interchanged.
The consequence was that the threshold
for activating the path between the
containment and the venting system was
too low and the activating threshold for
an emergency relief pipe, preventing
overpressurisation of the filter vessel,
was too high.

The event was given an INES Level 1
rating.

Background
Barseback 2 is equipped with a filtered
containment venting system. The ven-
ting system is intended to preserve the
integrity of the reactor containment in
case of a severe accident, by releasing
gases and steam before the pressure insi-
de the containment reaches 650 kPa.The
venting system is filtered and contains a
large stone condenser. The released
steam condenses on the stones, and more
than 99.9 percent of the radioactive par-
ticles are collected on the stone surfaces.
Non-condensable gases are released to
the atmosphere through a smokestack.

The system for filtered containment
venting is a fully passive system and no
manoeuvring is required.

A schematic drawing of the venting
system is given below. When the pres-
sure inside the containment exceeds
500 kPa, the rupture disc VI inside the
containment breaks and opens the path

to the venting system. When the pressu-
re inside the stone condenser exceeds
150 kPa the rupture disc V20 in the pipe
to the smokestack opens. Should the
pressure in the stone condenser exceed
300 kPa, challenging the integrity of the
condenser, there is an additional relief
line activated by the rupture disc V44.

Event description
The rupture discs in the containment
venting system are replaced every seven
years. These discs were replaced during
the refuelling outage in the summer of
2000 and in February 2001 when the
removed discs were tested, it was revea-
led that the triggering threshold was
somewhat high for the disc that activates
the venting system. Because of this fin-
ding, the rupture discs that were in-
stalled in the venting system during the
2000 refuelling outage, were tested
during the refuelling outage in July 2001
to verify the correct rupture thresholds.
When the disc from position VI was
tested, it broke at a pressure of 336 kPa,
which was significantly below the accep-
tance limit. It was then found that this
disc was labelled V44, indicating that the
rupture discs in the locations VI and
V44 had been interchanged when instal-
led during the 2000 refuelling outage.
The disc intended for position VI had
been mounted in position V44. The
breaking pressure of this disc was more
than 500 kPa, considerably higher than
permitted for the disc in this position.

Consequences
In case of a loss of coolant accident

within the design limits, the low break-
ing threshold of the disc in position VI
would cause a premature activation of

the venting system. Detailed calculations
showed however, that the resulting
pressure transient inside the contain-
ment will not exceed the design limits.

The rupture disc in position V44 is
designed to protect the stone condenser
for excessive pressures. It is highly
unlikely that the pressure in the stone
condenser will exceed the design limit.

Causes
The two rupture discs were mounted
in two identical adapter rings. The only
identification was a small metal tag near
the disc edge marked with the valve
number. The tag is hidden when the disc
is mounted in its adapter ring. The cont-
ractors that installed the rupture discs
in the plant did not know that the two
discs broke at different pressures.
Previously, these discs were not replaced
during the same outage and hence, it was
not possible to exchange the discs. On
this occasion two almost identical discs
mounted in their adapter rings should
be installed. Previously, the installation
of these discs was supervised by the
maintenance department. Such supervi-
sion is however not required by the
procedures.

Corrective actions
New rupture discs have been mounted
in the venting system and the procedures
used have been revised.

A human performance analysis was
performed, addressing work planning,
procedures and communication Weak-
nesses were found particularly in the
communication between plant personnel
and contractors when post maintenance
testing of safety systems is performed
by contractors.
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Faulty Computation Algorithm,
in Overload Protection Devices,
Ringhals 2

Summary
In the morning of June 20, the plant was
operating at full power. After a load
switchover in the non-prioritised part
of the electrical supply system, a pro-
grammable overload protection device
tripped unexpectedly. A faulty computa-
tion algorithm in the device's software
caused the trip.

Modern programmable overload pro-
tection devices had been installed when
modernising the electric power supply
systems of Ringhals 2. An investigation
of the event revealed that 44 out of
totally 58 overload devices would have
tripped at loads lower than anticipated
because of this faulty software.

The fault was introduced during the
2001 annual refuelling outage when
finishing off a remaining action.

The electric supply system of Ring-
hals 2 is designed with excessive capa-
city. Hence, these overload protection
devices could be disconnected to assure
the operability of the plant, without
sacrificing the safety of the plant.

After an extensive analysis, the event
was finally given an INES level 1 rating.

Event description
A project aimed at modernising the
plant's electrical supply system has been
has been running at Ringhals 2. Within
the project new overload protection
devices were installed. During the 2001

annual refuelling outage some remaining
work on these new overload protection
devices was to be finished off. The pro-
tection devices are located in the relay
protection equipment and are intended
to protect cables and transformer against
thermal overloads.

The Ringhals personnel regarded the
planned action as an adjustment of the
existing equipment. The intention of the
equipment vendor was to replace a
component, a so-called EPROM. This
EPROM is a memory module containing
the software of the protection device.
Due a misinterpretation, the work was
handled according to normal maintenan-
ce routines. The tests that were required
by these routines were not extensive
enough to reveal the software fault.

The modification of the software in
the memory module supplied to and
mounted in Ringhals 2 was regarded by
the equipment vendor as an increase if
the sampling frequency only. It was la-
ter found the modification changed the
sensitivity characteristics of the protec-
tion devices. During the 2001 refuelling
outage the modified software was in-
stalled in 44 out of a total of 58 protec-
tive devices of the new type.

The software fault was found on June
20 when one of the protection devices
in a non-prioritised part of the plant's
electrical supply system tripped when
subject to a load, only 60 % of the expec-
ted tripping level. The tripping occurred
32 minutes after a load switch over. A
group of experts investigated the opera-
bility of the plant. They found that the
sections of the electrical supply system

that contained the 44 modified overload
protection devices not with certainty
could be declared operable. The group
recommended the protection devices to
be disconnected to re-establish the
operability. The disconnection was
carefully planned and performed and the
plant was then declared operable.

After the event, the causes of the oc-
currence and the impact on plant safety
were carefully investigated. It was sett-
led that the plant design is very robust
and that the margins are considerable.
Hence the event's impact on plant safety
was demonstrated to be limited to a
single diesel backed-up 500 V busbar.
After this detailed analysis the event was
given an INES-rating of 1.

Actions
The overload protection devices were
disconnected when it had been demon-
strated that these functions were not
necessary in the short time perspective.
These devices will be reinstated when
the software fault has been corrected.

A detailed technical analysis has been
performed to find out the conceivable
plant consequences when the software
error occurs simultaneously with other
possible disturbances.

Ringhals took the initiative in in-
vestigating the evolution and the causes
of the event. The investigation resulted
in recommendations that will be
incorporated in the Ringhals procedures
in order to avoid future recurrences.



Defects in Welds between the
Reactor Vessel and the Coolant
Loops, Ringhals 3 and 4

Summary
During the autumn of 2000, axial crack
indications were found in the weld
between a reactor vessel nozzle and the
hot leg of a reactor cooling loop in two
different PWR plants. The plants were
V.C. Summer in the U.S. and Ringhals 4
in Sweden. This occurrence was reported
under the "Special reports" heading in
the 2000 issue of KSU's "Operating
Experience from Swedish Nuclear
Power Plants".

When these defects were found at
Ringhals 4, similar indications were
identified at Ringhals 3. These indica-
tions were so small that they at that time
were considered to be negligible. Based
on the experiences from Ringhals 4,
additional investigations were later per-
formed and revealed that the Ringhals
3 defects are of the same kind as those
of Ringhals 4.

Event Description
During the 2000 refuelling outage two
crack indications were identified in
welds between the Ringhals 3 reactor
vessel nozzle and the hot leg of one of
the reactor coolant loops. These indica-
tions were further investigated during
the 2001 refuelling. Three defects were
identified on the internal surface of the
weld. These three defects were removed
by cutting out the surrounding material
in the form of so called boat samples.
The remaining material was checked and
found to be free from further defects.
In addition another three internal defects
were found in this weld. The origin of
the cracks has not been fully explained.
It is however assumed that the cracks
were caused by variations in the mate-
rial structure originating from the manu-
facturing process.

Actions
Careful calculations and investigations
demonstrated that the found crack indi-
cations have a negligible impact on the
strength of the reactor circuit and that
the safety margins neither are nor were
affected.

Since there is a possibility that in the
long run new defects can occur in the
existing material, Ringhals is now pre-
paring to restore the affected welds and
pipe sections to as-new condition. The
plans are that the Ringhals 4 welds will
be repaired during the 2002 refuelling
outage. Ringhals 3 will be repaired
during the 2003 refuelling. These repair
efforts is expected to extend the
refuelling outages with 3 5 - 4 0 days.

The non-destructive measuring meth-
ods that until now have been used for
detecting cracks do not measure the
depth of the cracks correctly. Ringhals
has therefore started a research project
aimed at improving the measurement
equipment and the test methods. When
such improved equipment and methods
are made available, it is expected that
the depth of the defects can be deter-
mined without cutting out samples of
the material surrounding the indications.
Another aim is to have these improved
methods qualified by the regulatory
authorities. Such a qualification would
allow for a return to a previous schedule
when these circuits were tested every
ten years.
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Corresponding to the UNIPEDEs classification
"Statistical Terminology Employed in the Electrical Supply Industry"

Etg/En Unit capability factor (UNIPEDEs definition No. 4.6.03.F)
Ed/En Energy utilization factor (UNIPEDEs definition No. 4.5.01)
En Maximal producablc energy with maximal capacity during total time in a

specific period.
Ed Actual produced energy within a certain period.
Etg Maximal producablc energy with available capacity within a certain period.

The International Nuclear Event Scale has been

developed by IAEA as a format on assessment

and information of nuclear events. Events in

Swedish nuclear power plants are reported via

the Swedish Nuclear Power Inspectorate to

IAEA and foreign events are reported in the

other direction. The levels I to 3 are events

and level 4 to 7 are emergencies with environ-

mental impact. Example; The Chernobyl acci-

dent 1986 was rated as 7. Harrisburg 1979 was

rated as 5.
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Safety systems have a bold typeface and
operational systems have an italic typeface

Reactor Containment

Type of containment, condensation pool and atmosphere.
Pressure relief systems for the reactor and the containment

Reactor Cooling Systems

(8RRP) E|| | [ [ I 2AFWP

Operation: FWP = Feedwater pumps
RRP = Reactor recirculation pumps

Safety RCP = Reactor coolant pump (PWR)
systems: FWP = Feedwater pumps

AFWP = Aux feedwater pumps
HPCSP = High pressure core spray pumps
LPCSP = Low pressure core spray pumps
LPCCP ~ Low pressure core coolant pumps
HPSIP = High pressure injection pumps
LPSIP = Low pressure injection pumps
RHRP = Residual heat removal pumps
ACC = Accumulator tank (PWR.)
CSP = Containment Spray Pumps

Turbine Systems

HPRT= High pressure turbine, single- or double radial
HP - High pressure turbine, single- or double axial
LP = Low pressure turbine, single- or double axial

Electric Supply
400kV

GAS

I3OI<V

2- or 4-subdivisions

External power supply: £3= Ext. power grid 130-400kV

E3 = Ext. aut power grid 70-130kV

nterna! backup supply: E3= Dieselbacked busbars 6-IOkV
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