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Definitions of energy capacityavailability and losses, how to read the
characteristics of the units and INES, the scale to classify nuclear events are
given on page 38.

Electric power in Sweden 1996
The overall electric power produc-
tion from nuclear power in Sweden
was 71.4 TWh during 1996. This is
the second highest production figu-
re ever, only exceeded by the year
1991. Subsequently, no nuclear unit
was operated in load following mode
during 1996.

The production of electric power
during 1996 was influenced by very
dry weather conditions in Scandina-
via. This situation resulted in a sub-
stantial lower electric power pro-
duction from hydropower. In turn,
this resulted in higher demand for
electric power production from
nuclear power. In fact, all produc-
tion capacity from the nuclear
power plants was used during 1996.

In the graph "Electric Power Pro-
duction 1996" has been included a
line showing the electric power con-
sumption. The gap corresponds to
the net import of electricity from
abroad.

Traditionally, the export of elec-
tricity from Sweden has exceeded
the import from the neighbouring
countries. During 1996, however,
14.5 TWh of electricity was impor-
ted compared to an export of 9.5
TWh. The net import was 5.0 TWh,
which is the largest ever.

A more comprehensive summary
of the production and consumption
of electricity in Sweden is given in
the Annual report 1996 from the
Swedish Power Association. This
report is expected to be released in
April 1997.



T H E NUCLEAR POWER PLANTS in Sweden achieved
in 1996 as good production result as the results reached in the
second half of the decade of 1980 and at the beginning of the
decade of 1990. This fact can be explained by several reasons. The
three PWRs, Ringhals 2, 3, and 4, showed energy availability factors
that were higher than ever, considerably exceeding international
mean values. Most of the BWRs showed high energy availability
factors.

Oskarshamn 1 made a very good reappearance after the three
year outage. During the operational season testing and verification
progammes proceeded similar to the operational proceedings for
start-up of a new nuclear power plant. During the prolonged annual
refuelling outage, in progress at the turn of the year 1996/97, the
first phase in the modernization project was executed.

During the year five events of significant importance to safety
were reported. Four events were classified as 1 on the International
Nuclear Event Scale (INES) and one at Oskarshamn 2 was classified
as 2.

The modernization programmes in progress on some of the
nuclear power plants prolonged the refuelling outages. As a result
the average of the BWR collective radiation exposure increased.
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Nuclear Power Plant History
COMPARISON OF REACTOR TYPES (BWR, PWR)

Energy Availability (%/yearof operation)

Comparison data
75.6 % = Average result for BWRs in the
world, WANO 1993 to 1995.
78.0 % = Average result for PWRs in the
world, WANO 1993 to 1995.

76 77 78 79 81 82 83 84 85 86 87 90 91 92 93 94 95 96

20 r

15

10

Reactor Scrams [Number/yearof operation)

Comparison data
0.8 = Average result for BWRs in the
world, WANO 1995.
1.0 = Average result for PWRs in the
world, WANO 1995.
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Collective RadiationExposure(ManSie\ert/>earof operation

Comparison data
2.69 manSv = Average result for BWRs
in the world, WANO 1993 to 1995.
1.66 manSv = Average result for PWRs
in the world. WANO 1993 to 1995.
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COMPARISON OF REACTOR GENERATIONS

Classification
Each curve represents a specific
reactor design or "family" which
group by group corresponds to a
stage in reactor technology
development and safety concept.
See table on page 2.
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Oskarshamn 3

PWR
Generation
Ringhals 2
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Comparison data
75.6 % = Average result for BWRs in the
world, 1993 to 1995 according to WANO.

76 77 78 79 80 81 82 83 84 85 86 87 89 90 91 92 93 94 95 96

The Swedish BWR generations are all well over the
international average, particularly BWR generatbn 3, where
Forsmark 1 had the best results ever Oskarshamn 1,
belonging to generation 1, had good results after the long
outage, in spite of extensK'e testing and adjustments.

U PWR generation 2, where Ringhals 3 and 4 belong,
had the best results since commercial operation
started.

I

100

90

80

70

60

50

Energy Availability PWR (%/year)

Generation 2

Generation 1

,91.9

85.4

Comparison data
78.0 % = Average result for PWRs in the
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COMPARISON OF REACTOR GENERATIONS
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Generation 3

Comparison data
0.8 = Average result for BWRs in the
world, WANO 1995.
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The number of reactor scrams at Swedish nuclear power plants has been near
or well below the international average for the reactor typethroughout the
1990s. Since the early yearsof nuclear power the numbers have decreased
dramatically. Both in Sweden and elsewhere the number of scrams is no
longer an indiaitor of safety but merely of importance for energy availability.
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COMPARISON OF REACTOR GENERATIONS

BWR Collective Radiation Exposure(Mansieve-t/year)

Generation 1

Comparison data
-0- 2.69 manSv = Average result for

BWRs in the world, 1993 to 1995.

Generation 2
Generation 3 Generation 4
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The collective radiation exposure at all but one of the
Swedish BWR units was below the WANO average for
the reactor type. Oskarshamn 2 is noted for the highest
radiation exposure as a result of the three-month
refuelling outage when extensive work was done.

The Swedish PWR units had an extremely low
collective radiation exposure, which was below the
W\NO average for the reactor type.

PWRCollectrre Radiation Exposure (Manaevert/year)

Comparison data
-0- 1.66 manSv = Awrage result for

PWRs in the world, 1993 to 1995.
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Barseback 1
OPERATIONAL EXPERIENCE 1996

Events of Importance to Safety

Scrams
No scrams occurred during the year.

Events
• During the 1995 refuelling outage,
cracks were detected in the residual
heat removal system. Extensive testing
was therefore carried out at both units
during the annual refuelling outages.
At unit 1 four of the detected cracks
were located between inboard and
outboard valves and the other six were
located in system components outside
the outboard valves. The cracks were
caused by intergranual stress corrosion
cracking (IGSCC). A few of the cracks
were initiated by grinding abrasions.
All of the pipe sections containing
cracks were replaced. During the last
five-year period, all of the joints in
system components inside the outboard
isolation valve were tested. A half of all
joints were tested during the annual
refuelling outage.

• Leaking gas extraction valves resulted
in leakage from the hydraulic scram
tanks on several occasions. During re-
start after the annual refuelling outage,
leakage was detected from seven of
these gas extraction valves. The leakage
was repaired by closing one group at a
time and by grinding the valve discs
and stems. In connection with this
work, control rod movability testing in
one group was not carried out before
work was initiated on the next group.
For this reason, two groups were not
ready for operation at the same time.
Corresponding mistakes occurred pre-
viously during the year. Later in the
operating cycle, leakage was once again
observed in a scram group. In connec-
tion with this, it was found that the
associated gas letdown valve had been
turned the wrong way.

Daily Average Power Level (%)
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Energy Utilization 80.1 %
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Events of Importance to Availability and Utilization

March 2: The reactor power was re-
duced for valve tests, leak tests and
stability measurements performed every
three months.
March 31: Coast down operation started
Refuelling outage, May 2 - July 3
The refuelling outage was planned for
35 days but was extended to 63 days,
mainly due to the fact that cracks were
detected in the residual heat removal
system. This meant that extensive pipe
replacements had to be carried out.
The following major work was carried
out:
• Replacement of steam isolation

valve's pilot valves.

• Demounting of drain pipes and blind-
ing of the drain noz/.les in the reactor
pressure vessel.

• Reactor pressure relief system
improvements through replacement
of valve assemblies, improved
temperature monitoring and new
position indicators.

• Replacement of the outboard
feedwater isolation valves.

• Replacement of fire detectors.
The collective dose for the refuelling
and maintainence outage was 1.8 manSv
compared with the 1.2 manSv budget.
August 3-4: Partial reactor scram was
obtained when the close indication for a

steam dump valve failed during valve
tests.
October 19: The reactor power was re-
duced for valve tests, leak tests and
stability measurements performed every
three months.
November 16: Power reduction due to
testing of the Baltic cable to Germany.

During the year
- No load following operation occurred
during the year.
- Coast down operation corresponded
to a production loss of just over two
days.



HISTORY CHARACTERISTICS
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Barseback 2
OPERATIONAL EXPERIENCE 1996

Events of Importance to to Safety

Scrams
No scrams occurred during the year.

Events
• During re-start after an outage, the
expected differential pressure between
the drywell and wetwell could not be
established. During TV camera inspec-
tions, it was found that a valve between
the drywell and wetwell had been left
open after containment leak testing.
The atmospheric conditions between
the drywell and the wetwell meant that
the depressurization of the reactor
containment would not have performed
as intended. The event was classified as
1 on INES. See "Special Reports".

• At the end of 1995, the drainage
pump for measurement and surveil-
lance of system leakage in the contain-
ment failed. The auxiliary pump did

not start because the leak flow escaped
into the condensation pool instead of
reaching the pump and flow measure-
ment could not be carried out. During
the subsequent shutdown in June 1996,
the pump was repaired. No fault could
be detected in the auxiliary pump.
Shortly afterwards, pump failure was
repeated. The unit was therefore shut
down for corrective action. A drainage
pipe, aimed at handling excessive
drainage in case of flooding, was found
to be deformed, causing the drainage to
flow directly to the supression pool and
hence bypassing the drainage measuring
equipment.

• On account of the cracks which were
previously detected in the residual heat
removal system, an extensive test of
the pipe joints was carried out during
the annual refuelling outage. During

this test, cracks were detected in eight
weld joints around the system pumps.
Four of the fracture indications were
due to IGSCC while the others were
minor welding faults. Pipe joints with
IGSCC were replaced. A materials
strength analysis carried out for the
other cracks showed that operation can
continue till the next refuelling outage
without corrective actions.
• A forgotten weld seal was discovered
when work was carried out on the fire
protection system. During the 1997
refuelling outage, forgotten weld seals
were also detected resulting in exten-
sive inspection and testing. It is possib-
le that this seal was not detected at
that time, since it made a relatively
small contribution to flow reduction.

Daily Ayerage Power Level (%)
IOC)

Energy Availability 73.2 %
Energy Utilization 72.2 %

January february March April June July August September October November December

Events of Importance to Availability and Utilization

May 30 - June 12: Due to cracks detec-
ted in the residual heat removal system
at Barseback 1, Barseback 2 was shut
down for inspection of the correspon-
ding system.
June 27: The unit was shut down to
repair the system for the measurement
of unidentified leakage in the contain-
ment.
Refuelling outage, July 25-October 10
The refuelling outage was scheduled
for 38 days but was extended to 78
days on account of the plugging of
drainage perforations in the reactor
plenum. The following major work was
carried out:
• Replacement of pilot valves for

outboard main steam isolation valves.

• Replacement of reactor pressure re-
lief valve internals.

• Plugging of drainage perforations in
the reactor plenum as well as removal
of drainage lines.

• Replacement of activity measure-
ment equipment.

• Replacement of existing low pressure
preheaters by stainless steel pre-
heaters.

The collective dose was 2.2 manSv com-
pared with the 1.3 manSv budget on
account of the additional work.

During the year
- No load following operation occurred
during the year.
— No coast down operation occurred.

10



HISTORY CHARACTERISTICS
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Forsmark 1
OPERATIONAL EXPERIENCE 1996

Events of Importance to Safety

Scrams
No scrams occurred during the year.

Events
• During start-up after the refuelling
outage, two valves in the reactor
containment safety relief system were
found to be closed. The valves had been
closed in connection with a test which
was carried out after the start-up
procedures. The valves were not re-set
after testing. Prior to start-up, the
operating status of the valves was
checked but the incorrectly set valves
were not discovered due to deficiencies
in the operating status control proce-

dure. Since the valves open automa-
tically during reactor containment
isolation, the pressure relief system
would not have been jeopardized in the
event of an accident. The event was
classified as 1 on INES (International
Nuclear Event Scale). See "Special
Reports'. Contributing to this classi-
fication was a similar event 1995 at
another unit in Forsmark.
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Events of Importance to Availability and Utilization

March 5: Coast down operation started.
Refuelling outage, June 30 - July 17
The refuelling outage was scheduled
for 16 days and was extended by 10
hours. This refuelling outage was the
shortest in Forsmark's history.
The following major work was carried
out:
• Replacement of four low pressure

preheaters on one of the turbine sets.
• Replacement of seventy control rod

drive seals.
• Replacement of one of the two main

steam generators.
• Preparations for replacement of the

process computer.
• Preparations for the installation of

diversified reactor vessel pressure
relief systems.

The collective dose was 1.1 manSv com-
pared with the 0.9 manSv budget.

During the year
- No load following operation occurred

during the year. All available electri-
city was in demand due to the cold
winter (95/96} and insufficient pre-
cipitation.

- Coast down operation corresponded
to a production loss of 30 equivalent
full power days.

12
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Forsmark 2
OPERATIONAL EXPERIENCE 1996

Events of Importance to Safety

Scrams
February 24: During full power opera-
tion, an alarm was given for low oil
pressure in the turbine hydraulic gover-
ning system. After about a minute, the
governor valves to both turbines start-
ed to close, rapidly increasing the reac-
tor pressure and, thereby, the reactor
power. Scram was actuated due to the
high reactor power. The valve closure
was caused by an electrical fault in the
turbine hydraulic governing system.
February 25: During start-up, the
coolant level was adjusted by pumping
cold feedwater into the reactor. The
cold water caused a rapid power in-
crease and scram was actuated.
September 1: Towards the end of the
refuelling outage, the reactor was star-
ted in preparation for hot control rod

drive tests. The temperature increase
resulted in an increased water volume
and scram was actuated.

Events
• The reactor pressure relief function
was tested during the refuelling outage
when the reactor vessel head was
removed. During the test, the level in
the pool above the reactor unexpected-
ly dropped due to the opening of two
main valves in the reactor pressure re-
lief system causing water to drain from
the reactor pool into the condensation
pool. The pilot valves - whose function
is to keep the main valves closed -
opened as a result of leakage from the
pressurized nitrogen system for pilot
valve manoeuvering. The water pres-
sure in the lines caused the main valves
to open and a drainage route from the

reactor pool to the condensation pool
was established. The test was stopped
and the valves closed.
• One of the four diesel generators was
test operated after routine maintenan-
ce. Abrasions were detected in the wall
of one of the cylinders during control
after test operation. The damage prob-
ably occurred through a combination of
the design of the generator tuning
programme, the use of low sulphur con-
tent fuel oil and narrow tolerances of
moving parts. No damage could be
observed on the other cylinders.

Daily Average Power Le,
100

80 -

60 -

40 -

2(1 -

0

'ower Level

Energy Availability 91.4 '
Energy Utilization 86.3 %

January February March April May June July August September October November December

Events of Importance to Availability and Utilization

April 26: Coast down operation started.
July 10: One reactor recirculation
pump tripped due to a fault in the
electronic control system.
July 12: Load rejection occurred in one
of the main generators due to gas
formation in the generator coolant.
Refuelling outage, August 4 - August 30
The refuelling outage was scheduled
for 21 days but was extended to 27.5
days. During the refuelling outage,
about sixty plant modifications were
carried out. Major work included:
• Replacement of all control drive

mechanism seals.
• Replacement of four low pressure

preheaters.
• Transfer of Turbine 2 condensate

cleaning equipment to another
location.

• Replacement of the Generator 2 rotor
• Replacement of Turbine 1 blades by

blades of a modified design.
• Replacement of rotating converters

by static generators.
The collective dose was 1.6 manSv com-
pared with the 1.3 manSv budget.
September 3: Power reduction for the
re-balancing of Turbine 1.
September 13: Power reduction for the
adjustment of a shaft seal on Turbine 2.
September 17: Power reduction for the
manoeuvring of a sticking control rod
that had separated from its drive
mechanism.
September 22: One reactor recircula-
tion pump tripped due to a breaker
failure.

During the year
- No load following operation occurred

during the year. All available electri-
city was in demand due to the cold
winter (95/96) and insufficient preci-
pitation.

- Coast down operation corresponded
to a production loss of about 17
equivalent full power days.
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HISTORY CHARACTERISTICS
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Forsmark 3
OPERATIONAL EXPERIENCE 1996

Events of Importance to Safety

Scrams
No scrams occurred during the year.

Events
• An error in input data for an in-core
fuel management code resulted in a
limit being calculated at 1.30 instead of
1.33. To prevent dryout, with a good
margin, values may not fall below this
limit. When the operating data were
checked, it was found that values had
fallen below the correct limit on a few
occasions during the 1995/96 operating
year. The lowest value was 1.31 during
a power increase following a valve test.

• After regular valve testing, the out-
board steam isolation valve could not
be manoeuvred because the end posi-
tion indications for "open" and "closed"
were activated at the same time. The

subsequent inspection showed that a
pin which transfers the valve position
to a micro switch was stuck. This
caused the closed indication to be acti-
vated even when the valve was open.
The reactor power was temporarily re-
duced to 65% while the valve was
repaired and valve performance tested.
• During in-service testing of a pilot
valve of one of the reactor's pressure
relief valves, the pilot valve became
stuck in an open position. The pilot
valve failure was caused by a broken-off
part of a locking pin which impaired
valve movement. The pilot valve was
replaced but the malfunctions reoccur-
red. The root cause of the latter mal-
functions was that a rod which had
been installed in the back-up valve in
connection with previous renovation

work was intended for an older type of
valve. Another pilot valve was installed
and a performance test was carried out.
• During start-up after the above-
mentioned valve test was carried out,
the electrical pilot valves of the pres-
sure relief valves were tested. It was
then detected that a pilot valve of
another pressure relief valve was stuck
and that its fuse had tripped. During
repair, it was found that the dimen-
sions of the indication cylinder had
changed. Reactor start-up was interrup-
ted and the valve replaced. During
trouble-shooting, it was found that the
valve failure was caused by a short
circuit in a connector. The changes in
the indication cylinder, which did not
affect valve performance, were probab-
ly caused by a hydrogen gas explosion.
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Events of Importance to Availability and Utilization

May 2: Incorrect drainage of the closed
cooling system resulted in a power re-
duction.
Refuelling outage, May 16 - June 19
The refuelling outage was scheduled
for 32 days but was extended by one
day. During the refuelling outage the
following major work was performed:
• Turbine erosion damage was correc-

ted, thereby eliminating previously
unidentified production losses.

• The reactor pressure vessel was chec-
ked and the pressure relief system
was diversified and modified by the
installation of valves designed for
water.

• The capacity of the boron system was
increased by replacement of the natu-
ral boron with enriched boron.

The collective dose for the refuelling
outage was as the budget of 1.1 man Sv.

July 10: One reactor recirculation
pump tripped spuriously and was shut
down for four days.
July 20: The reactor was shut down to
repair the pilot valves of the reactor
pressure relief valves.
August 10: One steam isolation valve
closed spuriously in connection with
valve testing.
August 23: Two reactor recirculation
pumps tripped - one due to a micro
switch malfunction and the other due
to an electronic control system failure.
During the subsequent power increase,
one of the turbine condenser steam
dump valves failed. The valve was bloc-
ked in a closed position.
September 1: Power reduction to 65%
for repair of the blocked steam dump
valve oil line.
September 13: Power reduction to 75%

for repair of a pilot valve of a steam
isolation valve.

During the year
- No load following operation occurred

during the year. All available electri-
city was in demand due to the cold
winter (95/96) and insufficient preci-
pitation.

- Coast down operation corresponded
to a production loss of five
equivalent full power days.
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HISTORY CHARACTERISTICS
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Oskarshamn 1
OPERATIONAL EXPERIENCE 1996

Events of Importance to Safety

Scrams
January 20: During start-up at about 1%
reactor power, the steam extraction line
for the high pressure preheaters opened
spuriously, leading to a reactor pressure
decrease and a reactor scram.
January 21: During power reduction for
turbine balancing at 20% reactor power,
feedwater flow oscillations resulted in
reactor scram.
April 1: Neutron flux detectors were
calibrated at 99% reactor power. One
condition in a scram chain channel was
activated. At the same time, correspon-
ding partial conditions were activated in
another channel, due to a loose contact
in a reactor recirculation flow indicator,
and scram was actuated.
April 29: At 99% reactor power, the
turbine tripped as a result of an over-
heating in a main transformer change-
over switch. A temporary loss of power
occurred in subordinated busbars during
changeover to the start-up transformer.
This resulted in a loss of power to the

lubrication oil pumps and a vacuum leak
in the turbine condenser. The condenser
pressure increased, resulting in a steam
dump block and reactor scram. During
the scram one of the reactor pressure
relief valves opened spuriously due to
incorrect calibration.
July 22: During switching of oil coolers
in the generator sealing oil system at
99% reactor power, a turbine trip with
steam dump block occurred, resulting in
reactor scram. The valves for cooler
changeover failed, which led to low
sealing oil pressure when the cooler was
connected. During the scram, one of the
reactor pressure relief valves failed to
open due to a locking pin broken during
the installation of the valve internals.
September 28: At 78% reactor power,
the power supply to a 220 V busbar was
lost when a breaker spuriously opened.
The loss of power caused a turbine trip
with steam dump block. Normally, reac-
tor scram is actuated if the reactor
power exceeds 5%. However, an incor-
rect reactor power indication of less

than 5% was obtained due to the loss of
power and scram was actuated on high
reactor pressure.

Events
• During isolation valve testing in a core
spray loop, the valve changed direction
midway, returning to "open". Operation
proceeded and the valve was operable in
30 hours. According to the Technical
Specifications (STF) reactor power must
be reduced to cold shutdown within 24
hours in case of isolation valve failure.
The event was classified as 1 on INES.
See "Special Reports".

• When the reactor scrammed on
January 21, the stop valves in the isola-
tion condenser system closed. As a re-
sult, the isolation condenser was un-
available for residual heat removal. The
event was classified as 1 on INES. See
"Special Reports".
• During the refuelling outage the emer-
gency ventilation was unavailable for 24
hours as one sub was being overhauled
and power was accidently switched off
to the other.
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Events of Importance to Availability and Utilization

January 29: Reactor shut down due to
oil leakage in the turbine condenser.
March 1, May 28 and June 7: Reactor
shut down for turbine re-balancing.
March 22-28: Reactor shut down due to
water leak in the reactor containment.
April 29- May 22: The reactor was shut
down for repair of the station transfor-
mer. This resulted in a production loss
corresponding to about 25 equivalent
full power days.
July 31 - August 4: The reactor was shut
down due to leakage in a sampling nozz-
le in the reactor clean-up system.
August - September: During August and

September, the vibrations of the radial
turbine continued to be high. This limi-
ted the reactor power.
Refuelling outage, November 2 -
The refuelling outage was scheduled for
38 days but was extended beyond year-
end. Reactor re-start was postponed due
to additional work on the reactor re-
circulation loops, involving the grinding
of surface cracks which had been
detected in a pump house in one of the
loops at the beginning of the refuelling
outage. The other three loops require
the same corrective action.
The follow-up work to the Fenix Project

(first part of the extensive moderniza-
tion of Oskarshamn 1] is a part of the
regular refuelling outage. This follow-up
work is included in the Swedish Nuclear
Power Inspectorate's stipulations for
reactor re-start subsequent to the Fenix
Project.

The collective dose for the refuelling
outage was 1.5 manSv up to the turn of
the year.

During the year
- No load following operation occurred

during the year.
- No coast down operation occurred.
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HISTORY CHARACTERISTICS
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Oskarshamn 2
OPERATIONAL EXPERIENCE 1996

Events of Importance to Safety

Scrams
April 28: At 106 % reactor power, a
rotating converter tripped due to a
short circuit in an underlying busbar.
This resulted in a loss of power to two
other underlying busbars. Circuit-
switching with a loss of power compli-
cated the indication in the the control
room as all A train conditions were
activated. Manual scram was actuated
20 minutes after the initiating event.

Events
• During testing, one of the reactor
pressure relief valves failed to open.
The cause has not yet been determined.
After the test, power was increased,
violating the Technical Specifications.

• Prior to the 1995-96 operating cycle,
fuel from a new supplier was used. The
in-core fuel management programme
was updated with new fuel data prior
to the power increase after the 1995
refuelling outage. During updating, an
error was introduced into the pro-
gramme. However, the core load did
not exceed the permitted limit.

• During the refuelling outage, welds in
the reactor recirculation system were
checked. Crack indications were found
in five of the 23 weld joints which were
checked. An investigation is in progress
to establish the root cause of the
cracking.

• The test interval for the radioactivity
monitoring in the reactor containment
was exceeded by two months due to
replacement of the follow-up system.
The monitoring system is used to de-
tect core damage. The test showed the
monitoring equipment to be operable.

• The start-up after the refuelling
outage was begun with the reactor core
spray system in an inoperable state.
The failure was detected after six days
when the regular surveillance test was
to be performed. The event was classi-
fied as 2 on INES - the International
Nuclear Rvent Scale. See "Special
Reports".
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Events of Importance to Availability and Utilization

February 17-21: A pressure relief valve
failure resulted in a power reduction.
June 17: Coast down operation started.
Refuelling outage, August 9-
November 8

The refuelling outage was scheduled
for 65 days but was extended to 91
days. On November 14 full power was
reached. Major work included:
• Replacement of pipes and installation

of mussel screens in the seawater cool-
ing system for the diesel generators.

• Replacement of a rotating converter
for the 400V converter-backed A/C
grid.

• Sealing of bottom no/./.les to the resi-
dual heat removal system.

• Valve manoeuvring:
In the residual heat removal system
- Replacement of four isolation val-
ves, penetrations and connecting
pipes to the reactor recirculation
system.

- Installation of a permanent connec-
tion for decontamination equipment.
- Removal of connections for the
cooling and clean-up system for the
fuel storage area and the reactor
coolant clean-up system.
In the auxiliary feedwater system
- Replacement of two isolation
valves, penetrations and connecting
pipes to the residual heat removal
system.

• Environmental qualification of elec-
trical components:

- Corrective action on cables, cable
routes, clutch housings as well as
level swell protection.
- Replacement of containment pene-
trations for electrical cabling and
electrical components.
- Environmental qualification of con-
trol rod drive mechanism.

The refuelling outage was extended
primarily due to delays in the project

for the environmental qualification of
electrical components.
The collective dose for the refuelling
outage was 5.3 manSv compared with
the 4.8 manSv budget.
November 10: Power was reduced to
cold shut down reactor to replace an
isolation valve in the containment spray
system and to repair a residual heat
removal pump.
November-December: Power was re-
duced on several occasions due to vib-
rations in a reactor recirculation pump.

During the year
- No load following operation occurred

during the year.
- Coast down operation corresponded

to about four equivalent full power
clays
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Oskarshamn 3
OPERATIONAL EXPERIENCE 1996

Events of Importance to Safety

Scrams
No scrams occurred during the year.

Events
• During surveillance testing of the A
diesel generator, the overvoltage pro-
tection tripped. In spite of repeated
tests, the cause of the malfunction
could not be detected. A control pulse
circuit board was replaced. On Febru-
ary 1, the overvoltage protection trip-
ped again during diesel generator tes-
ting. The cause was a screw in a cable
connection which had become loose
due to vibrations. During testing on
February 15, the diesel generator once
again tripped due to a dry joint in a

circuit board. The overvoltage was
caused by the dry joint and the loose
cable.
• During testing of the D diesel gene-
rator, the overvoltage protection trip-
ped. A loose screw was found in a cable
connection for the inductor current
measuring device, as was the case with
diesel generator A (see above). Diesel
generator D was checked for dry joints
but none was found. Diesel generator
C was also checked and no dry joints
were found.
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Events of Importance to Availability and Utilization

January 27: During valve testing, a
drainage valve was repaired in the re-
heater system, resulting in a correspon-
ding increase in turbine performance of
4 MWe.
June 11: Coast down operation started.
August: Power reduction to 65% for
condenser tube plugging after seawater
leakage.
Refuelling outage, June 29 - August 16
The outage was planned for 39 days but
was extended by about nine days. Full
power was reached on August 20.
Major work included:

• Complete core unloading and exten-
sive reactor pressure vessel testing.

• Replacement of isolation valves, pipes
and other components in the feed-
water system and in the residual heat
removal system.

• The backflushing equipment for the
low-pressure core spray system was
installed in the two remaining loops.

• During the installation of reactor
pressure vessel internals, the steam
drier was found to be leaning at an
angle. This was caused by an incor-
rectly installed core spray connec-
tion. It took about one week to re-
store the core spray connection.

The collective dose for the refuelling
outage was 1.6 manSv, which was slight-
ly over the budget.
September 4: Reactor recirculation
pump runback and partial scram occur-
red on account of a faulty temperature
measurement sensor in the feedwater
system.
September 30: Reactor recirculation
pump runhack and partial scram
occurred when the condensate system
drainage pumps tripped due to a faulty
circuit board.
October 30: During the testing of main
steam isolation valves in the scram sys-
tem, the manoeuvring test was carried
out in the wrong sequence. This resul-

ted in the insertion of the control rods
in one scram group. The low reactor
coolant level resulted in reactor recir-
culation pump runback to minimum
speed. This resulted in a power reduc-
tion to 45% for a short period of time.
November 15: Power decrease to cold
shutdown reactor to repair a main
steam isolation valve which failed to
open during testing.
December 7: Power reduction for a
steam leak in a flange.

During the year
- The production loss, which was noted

in the autumn of 1995 was false as the
gross power measurement unit failed.
A too high gross power was measured
while the net power remained un-
changed. The error resulted in a chan-
ge in the maximum gross generator
power from 1205 MW to 1198MW.

- Coast down operation corresponded
to a production loss of 0.5 equivalent
full power days.
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HISTORY CHARACTERISTICS
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Ringhals 1
OPERATIONAL EXPERIENCE 1996

Events of Importance to Safety

Scrams
No scrams occurred during the year.

Events
• During the testing of pipes in the
reactor head spray system, a 20 mm-
long and 2 mm deep crack was detec-
ted. The origin of the crack was inter-
granular stress corrosion cracking
(IGSCC). A materials strength analysis
showed that the reactor can continue in
operation for one year. Replacement of
the entire system is planned for the
next refuelling outage.

• During manoeuvre testing of two
valves in the containment pressure
relief system, one valve could not be re-
opened after closure. Since the valve
was closed, containment depressuriza-

tion via the rupture disc was not
possible. Depressurization via the rup-
ture disc is used in the event of large
LOCAs with reduced containment de-
pressurization. The valve could not be
opened because the guidance key be-
tween the valve stem nut and the valve
actuator stem had fallen off. The guid-
ance key locking screw had been loose-
ned by vibrations.

• When the C channel tripped in
connection with tests of the reactor
pressure and excessive void sensors, the
coil in one of three solenoid valves of a
scram valve was burnt out. This was not
detected since the alarm from the relay
room cancels out after three seconds.
Subsequently, since the B channel also
tripped, 2 of 3 conditions were fulfilled

for the scram valve and the control rods
in the scram group were inserted. The
faulty solenoid valve was replaced.
• Prior to the refuelling outage, perfor-
mance testing of the reactor safety
valves was carried out at hot shutdown
reactor. One valve could not be tested
because of a solenoid valve failure. The
only function of the solenoid valve is to
cause the pilot valve of the main valve
to open during testing. The reactor
pressure relief system is designed so
that the vessel pressure does not ex-
ceed 110% of its design basis pressure,
even in the event of a valve failure.
During re-start after the refuelling
outage, a performance test was success-
fully carried out on the valve.
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Events of Importance to Availability and Utilization

February 11 - 12: Power reduction due
to a leaking safety valve.
March 2: Coast down operation started.
May 8: One turbine was shut down for
maintenance and repair.
May 9: Power reduction for the refuel-
ling outage.
Refuelling outage, May 10 - June 8
The outage was completed in 30 days,
which was five clays longer than
scheduled. The extension was primarily
due to difficulties in the handling of
the fuel loading machine on account of
the renovation work. Work included:
• Replacement of power regulator
• Inspection of three reactor coolant

loops
• Replacement of station batteries
• Inspection of cracked erosion protec-

tion on all low pressure turbine rotors

The collective dose for the refuelling
outage was 2.2 manSv which was 10 per
cent under the budget.
July 6-7: One generator was taken out
of operation for exciter set repair.
September 28: Spurious closure of a
high pressure turbine stop valve caused
steam dump to the condenser.

During the year
- No load following operation occurred

during the year.
- Coast down operation corresponded

to a production loss of 3.8 equivalent
full power days.
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HISTORY CHARACTERISTICS
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Ringhals 2
OPERATIONAL EXPERIENCE 1996

Events of Importance to Safety

Scrams
June 30: The power supply was inadver-
tently switched off during preparations
for modification work. This initiated
control rod insertion, resulting in an ex-
tremely low reactor coolant tempera-
ture. This was followed by safety injec-
tion and scram.
August 26: During testing in connection
with the turbine modernization project,
the turbine speed was excessively in-
creased. This resulted in a turbine trip
due to overspeed and reactor scram sin-
ce the rapid increase in speed had simu-
lated a reactor power greater than 20%.
September 5: During turbine valve tes-
ting, low governing oil pressure resulted
in a turbine trip. In connection with

this, a feedwater valve became stuck in
an open position, causing the steam
generator level to rapidly increase. The
high steam generator level automatically
stopped the feedwater flow which, in
turn, tripped the second turbine. A
reactor scram occurred since both tur-
bines were unavailable and the reactor
power was greater than 10%.

Events
• During power operation, monthly tes-
ting of the reactor protection system
was carried out. During system restora-
tion after the test, incorrect indications
were obtained on the control room
alarm indications for activated scram
conditions. The event was caused by a
faulty circuit board which was replaced.

• During power operation, an alarm was
obtained from a diesel generator and a
ground fault alarm was obtained from
two rectifiers in the same train. A fire
started in one of the generator control
cubicles and was immediately exting-
uished by operating personnel. As a re-
sult of the fire, a loss of power to a 6kV
diesel-backed busbar occurred on two
occasions. The mobile diesel generator
was temporarily connected. The fire was
caused by high temperature and elec-
trical arcing in an instrument coil. The
entire cubicle was replaced.
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Events of Importance to Availability and Utilization

April 1: Coast down operation started.
Refuelling outage and replacement of
reactor vessel head, July 15 - August 29
The refuelling outage was completed in
44 days, which was six days longer than
scheduled. The delay was due to the re-
placement of the turbine control sys-
tem. The reactor vessel head was re-
placed on account of cracks detected in
the control rod penetrations in 1992.
The replacement went very well and
was completed two days earlier than
scheduled. In addition to the replace-
ment of the head, the following major
work was carried out:

• Renovation of the fuel handling,
machine inside the containment.

• Modernization of the turbine monito-
ring system and governing and safety
oil systems.

• Replacement of generator and trans-
former protection.

• Overhaul of seals and bearings on
reactor coolant pump 3.

• Replacement of batteries installed in
1982-1983.

The collective dose for the refuelling
outage was 0.8 manSv.

During the year
- No load following operation occurred

during the year.
— Coast down operation corresponded

to a production loss of about 36
equivalent lull power days.
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HISTORY CHARACTERISTICS
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Ringhals 3
OPERATIONAL EXPERIENCE 1996

Events of Importance to Safety

Scrams
July 6: After the annual refuelling out-
age, measurements were carried out to
verify the reactor safety parameters,
such as the shutdown margin. During
the measurements, the scram condition
for high neutron flux was not blocked in
accordance with the test procedure and
the limit was reached, resulting in
reactor scram.
August 1: During full power operation,
a main steam isolation valve suddenly
closed. The loads on the remaining two
steam generators increased and reactor
scram occurred due to overpower. The
steam isolation valve closure was caused
by a burst diaphragm in the pilot valve.

Events
• During surveillance testing of the four
isolation valves around the boron injec-
tion tank, a valve stopped in an inter-
mediate position when the torque
limiter tripped. The cause has not been
established. During subsequent testing,
the valve performed as intended.
• During shutdown of the halogen fire
extinguishing equipment, no alarm was
obtained from one of the fire alarm
cubicles. This was caused by a switch-
ed-off miniature circuit breaker. The
procedure for re-setting the system
after connection was clarified.

• In connection with the analysis of
stuck control rods caused by bowed
fuel assemblies, water columns were
detected which were larger than the 3
mm postulated in the safety analyses.
Model calculations showed that the
water column between a straight and a
bowed assembly may not exceed 7.2
mm. Analyses showed that the thermal
margins in Ringhals 3 were adequate
during all transients, even with a water
column of 7.2 mm. However, the mar-
gins would not have been adequate in
the event of a large main steam line
break after shut down and control rod
ejection.
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Events of Importance to Availability and Utilization

March 22: Coast down operation started
April 27: Power reduction to hot
shutdown for control rod drop tests.
March 30: One turbine was taken out
of operation to enhance performance.
Refuelling outage, June 13 - July 7
The refuelling outage was completed in
23 days and 14 hours which was just
over one day longer than scheduled. In
spite of the delay, the outage was the
shortest ever carried out on a 9(X) MW
Westinghouse unit with three steam
generators. The following major work
was carried out:
• Seismic assurance of the auxiliary

feedwater system.
• Sub-separation of the fuel pool

cooling systems.
• Testing of valve actuators.
• Capacity testing of all station

batteries.
• 3-year testing of reactor vessel

internals.

• Eddy current testing of all steam
generators.

• Secondary side sludge removal for all
steam generators.

The collective dose for the refuelling
outage was about 0.3 manSv which was
14% less than the budget.
The steam generator close was lower
than expected due to the new steam
generators.
July 16: The flow transmitters in the
fcedvvater line were calibrated, resul-
ting in an extra output of 6 MW.

During the year
- No load following operation occurred

during the year.
- Coast down operation corresponded

to a production loss of about 24
equivalent lull power days.
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HISTORY CHARACTERISTICS
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Ringhals 4
OPERATIONAL EXPERIENCE 1996

Events of Importance to Safety

Scrams
April 16: An omission was made in
connection with reactor protection sys-
tem testing. Two measures were miss-
ing from the test procedure, which was
incorrectly copied. Scram occurred
when these two measures were not
carried out.
September 23: During start-up after
the refuelling outage, measurements
were carried out to verify the reactor
safety parameters when the scram limit
was reached. During previous trouble-
shooting, two cables in the neutron
flux monitoring system were incorrect-
ly re-installed, resulting in an incorrect
limit and this caused a reactor scram.

November 27: A ground fault occurred
in a change-over switch during reactor
protection system testing at power
operation. This activated the scram
breaker, resulting in a reactor scram.
The ground fault was caused by wear.

Events
• During the annual overhaul of the
steam generator safety valves, four val-
ves indicated an opening pressure just
over the permitted value in the
Technical Specifications. The safety
valves protect steam lines and steam
generators during transients. This was
caused by sticking valve stems. The
preventive maintenance programme
during the operating cycle was changed.

During new tests carried out after the
refuelling outage, the opening pressure
of all of the safety valves was correct.
• After maintenance work on a couple
of level gauges at power operation, the
gauges failed and a drainage system
tank started to leak. Two of the con-
tainment spray pumps were drenched
by the leakage.

Daily Average Power Le\el (%)

100 •

60-

40-

20-

0

Energy Availability 91.0 %
Energy Utilization 78.8%

January February March April May June July August September October November December

Events of Importance to Availability and Utilization
fire alarm caused aApril 5: A false

turbine trip.
May 3: Coast down operation started.
July 12: One turbine was taken out of
operation to enhance performance.

Refuelling outage, August 26 -
September 24
The refuelling outage was completed in
just over 28 days, which was about 12
hours shorter than scheduled. The out-
age was longer than usual due to the
replacement of central control equip-
ment (REPAC Project]. The project will
be completed during the 1997 refuel-
ling outage.
The following major work was carried
out:
• Replacement of central control

equipment.
• Replacement of steam generator

plugs.
• Sub-separation of fuel pool cooling

systems.

• Capacity testing of batteries installed
in 1993.

• Personnel safety enhancement
measures in the plant.

The collective dose for the refuelling
outage was 0.28 manSv, which was
aobut 24% less than the budget. Well-
planned work and a high awareness of
the importance of radiation protection
contributed to the low collective dose.
November 16: Planned power reduc-
tion for steam generator leaching.

During the year
- No load following operation occurred

during the year.
- Coast down operation corresponded

to a production loss of about 42
equivalent full power days.

30



HISTORY CHARACTERISTICS
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Special Reports
Reactor core spray system inoperable - Oskarshamn 2

Description of the Event
At the end of the annual refuelling outage
at Oskarshamn 2, surveillance testing of
different safety systems was performed.
On October 26, the low pressure core
spray system (LPCS) was aligned for ope-
ration and the capacity of the core spray
pumps was tested. After that, the system
was declared operable for the forth-
coming period of operation.

During the period October 27-30, a
leak rate test of the containment was
performed - a test that must be carried
out once every three years. In accordance
writh the prerequisites for the test, both
LPCS pumps were isolated electrically, in
order to avoid a spurious pump start,
which could jeopardize the containment
leak rate test.

On October 30, after the containment
leak rate test was finished, a number of
safety systems were restored. Some modi-
fication work remained to be done in the
containment wetwell in the lower region
where the LPCS pumps take suction. The
operators hesitated to restore the pumps
due to industrial safety considerations -
considerations that were well justified.

The control room operator and the
shift supervisor decided to leave the iso-
lation breakers to the pumps open, which
made the pumps inoperable.

Subsequently, the control room operator
crossed out the word "...closed.." and
wrote instead "...tags removed.." in the
control room copy of the procedure and
signed off that this step had been
performed. Furthermore, the deviation
from the procedures was not entered in
the control room log. Hence, two mistakes
were made.

On November 5, power operation after
the refuelling outage was resumed. This
requires the LPCS system to be standby
and ready to start automatically in case of
a large "Loss of coolant" event. During the
period November 5-13, operators made
the routine control room rounds not
noticing that the LPCS pump isolation
breakers were open. The position indi-
cating device of the breakers has a
diameter about one inch and lacks visual
or acoustic alarms for announcing an in-
correct state. See figure below.

On November 13, monthly surveillance
tests of the LPCS pumps were performed.
When the first pumps did not start, a
line-up check of the electrical cabinets
revealed the mispositioned isolation
breakers. The breakers were immediately
closed. Only fifteen minutes elapsed from
the time of discovery until the LPCS
system was operable again.

System restoration after the
refuelling outage
At the end of the refuelling outage, all
systems including the safety systems are
lined up to be operable for the forth-
coming operational period. Many func-
tional verifications and surveillance
testing are carried out in order to ensure
that the systems are operable. These acti-
vities typically require several days.
Occasionally situations occur where a
particular test requires that a system
which has been aligned and verified for
operation has to be taken out of service
again.

This situation occurred during this
event. The LPCS had already been veri-
fied as operable when the leak rate test of
the containment required that the LPCS
should be taken out of service. The return
of the LPCS to sen/ice was then
obstructed by some remaining modifica-
tion work.

The event illustrates the compexity of
the process of preparing a nuclear power
plant for operation after the refuelling
outage. In order to be successful this pro-
cess requires meticulous planning.

Power supply to the low
pressure core spray system

NORMAL W R O N G
POSITION POSITION

ISOLATION
BREAKER

Control and indicating device for the
low pressure core spray system
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Analysis of the cause of event
The event was investigated by the utili-
ty, OKG. The investigation concluded
that the decision by the control room
personnel not to restore the LPCS sys-
tem was based on industrial safety con-
siderations, and that it was a correct
decision. However, as a consequence of
the desision the last barrier, aimed at
preventing the LPCS system from being
inoperable, failed. The fact that the
procedure steps in question were signed
off was motivated by the wish to finish
the work with the specific procedure.
The investigation concluded that it can
never be justified to sign off procedure
steps that have not been executed.

In addition the investigation noted:
• The personnel involved anticipated

that the closing of the isolation
breakers for the LPCS pumps was
included in the start-up procedures,
but they actually never checked
whether this assumption was correct.

• The operational procedures at the unit
do not include the usual notation field
on the front page where experienced
procedure deviations are noted.

MTO- The Evaluation Method
In order to identify the proper root cause
of the event, the utility used the specific
"MTO method'. The MTO technique is a
type of human performance evaluation
technique and has been developed
specifically for analysing events where
personnel are believed to have caused the
event. The acronym MTO stands for
Man, Technology and Organization and
refers to the interaction between the
technical environment, personnel and the
surrounding administrative organiza-
tion. MTO analyses carried out by the
Swedish utilities use two different
approaches, "event-cause" analyses and
"barrier" analyses. In an event-cause
analysis the sequence of events is examin-
ed in order to find the root cause of the
event. In the barrier analysis the differ-
ent barriers that are set up to prevent a
safety related event from occurring are
identified as well as those decisions and
causes that caused those barriers to fail.

The MTO analysis method is based on
the belief that personnel always strive to
do their best and that there is always
something to learn from an event caused
by inadequate human performance.

During these analyses openness is en-
couraged. This improves the possibility of
revealing the true root cause and hence it
facilitates correct measures to be taken in
order to prevent a recurrence.

3FWP

2LPCSP

Emergency core cooling systems
The emergency core cooling systems at
Oskarshamn differ a great deal from those of
a typical General Electric BWR. The ECCS
function consists mainly of three different
systems, i.e:
• Feedwater system (3)
• Auxiliary feedwater system (4)
• Low pressure core spray system (1)

Each of these three systems consists of two
independent trains, each train containing one
pump, separate piping, valves and so on. The
auxiliary feedwater system (AFW) is electri-
cally backed up by the emergency diesel
generator sets, while the feedwater system
(FW) is backed up by gas turbines.

The core spray system (LPCS) is a low
pressure system. The LPCS is required in
case of a large pipe rupture in a system
connected directly to the reactor vessel, i.e. a
recirculation loop. In this design basis acci-
dent neither the FW nor the AFW has the
capacity to keep the core covered with water.
However, the probability of such an event is
extremely small. Such a large loss of coolant
accident has never occurred within the nuc-
lear industry.
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Containment pressure relief system incorrectly closed - Forsmark 1

System to minimize consequences
All Swedish nuclear power plants are
equipped with facilities for filtered
pressure relief of the reactor contain-
ment. These facilities are expected to
protect the containment from overpres-
sure during an emergency, which is not
foreseen in the design basis of the plant.
The filtered pressure relief system
consists of two parallel trains, one fully
automatic and one manually operated.

In the relief pipe of the automatic
train, there is a rupture disc which
breaks when the containment pressure
exceeds 0.55 MPa. Downstream, in
series with the rupture disc, there are
two stop valves. These are pneumati-
cally closed and open by spring force (cf
figure). These valves are to be open
during power operation. In case of a
containment isolation these valves are
automatically opened. This automatic
opening of the valve is aimed at elimi-
nating any possible incorrect valve clos-
ures. If the automatic valve control
equipment is in order, the pressure
relief of the containment is not jeopar-
dized. The manual relief train constitu-
tes an additional backup relief capacity.

Checkup routine unsatisfactory
During power operation at 80% power,
one of the operators revealed that these
stop valves were closed. Having discus-
sed these matters with the shift super-
visor, he then opened the valves. During
the refuelling outage this summer, the
alignment of this system was carefully
checked and the system function was
verified. After this check the system was
subject to a test. As part of this test
these valves were closed and they were
not reset when the test was finished.
Before start-up the alignment of the
system was checked, but the incorrect
valve positions were not found. The
written procedure for the alignment
check does not specify that the position
of each valve should be checked, only
that the valves should be checked.

Identical event at Unit 2
During power ascension after the annual
refuelling 1995, an almost identical
event occurred at Forsmark 2, the twin
plant. After that event, the applicable
procedures at Forsmark 2 were revised
and a requirement added that these
particular valves are to be in an open
position when the functional test has
been completed. In addition, the check
procedure of system alignment to be
performed as a prerequisite before heat-
ing up the plant, was extended with
particular requirements regarding these
valves. A similar updating of the corre-
sponding Forsmark 1 procedures has
been implemented after this year's
event. Both these events were classified
as level 1 events according to INES.

Containment pressure relief
The reactor containment is the most impor-
tant barrier for protecting the rest of the
plant and the surroundings in case of an
emergency. The containment is designed to
withstand the force from high pressuriza-
tion. Continuous efforts are given the con-
tainment tightness and the isolation func-
tion that close all pipes passing through the
containment wall.

At the end of the 80s filtered pressure relief
systems were installed in the containments

at all Swedish nuclear power plants. There-
by is a containment leak deriving from
overpressurization prevented, that could not
be reclosed.

The system in Forsmark 1 has an automatic
(1) and one manually operated (2) relief
line to the filter unit (3) - known as a
scrubber. The filter unit can reduce a radio-
active release up to three orders of magni-
tude. Further there is s system for pressure
relief directly to the atmosphere (4).
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Isolation condenser blocked for residual heat - Oskarshamn 1

Initial event
On January 21 the plant was shut down
for balancing of the turbine. During
power decrease, reactor water level was
controlled with the feedwater governor
in automatic mode and the steam line
to the high pressure preheaters was still
open. Unstable operation caused pres-
sure oscillations in preheater 4. As con-
trol rod insertion continued turbine
trip and dump block trigged reactor
scram.

At reactor scram with steam dump
block reactor pressure is controlled by
an isolation condenser system which,
along with the reactor pressure relief
system, handles the steam produced
from the residual heat. Stop valves in
the isolation condenser lines normally
open on scram signal and the two
control valves adopt reactor pressure
control.

On this occasion the high flow signal
from the isolation condenser was
obtained after six seconds and shortly
afterwards the closure valves unexpec-
tedly closed. Reactor pressure control
automatically switched over to the
pressure relief system and steam was
blown down to the condensation pool.

When a high flow signal occurred in
the isolation condenser system the
logics automatically switched to stand-
by. When the alarm was cleared in the
central control room the closure valves
opened again and reactor pressure
control was rerouted to the isolation
condenser.

Isolation Condenser System. Design
The system consists of a condenser (1) with
cooling loops placed beneath the main steam
lines near the reactor pressure vessel. From
the main steam lines, two steam lines connect
to the condenser. On the outlet side, pipes with
one control valve and one closure valve in
each line, lead the condensate back to the
reactor pressure vessel, via the recirculation
loops.

On this occasion steam was blown via the
reactor pressure relief system (3) to the
condensation pool (2) to control the reactor
pressure when the isolation condenser stop
valves closed.

Cause of failure
The tendency to oscillations in the
feedwater control system at low
reactor power has been present since
commercial operation of Oskarshamn 1
started. Since the long shut down from
1992 to 1995, when the condensate
cleanup plant was redesigned, this
tendency has increased. Measures to
eliminate the unstable feedwater flow
were taken for future redesign of the
system.

The direct cause of the failure in the
isolation condenser system was two
temperature switches that were set to
actuate when energized instead of de-
energized. Thereby the logics were
supplied with false signals. In 1995
OKG put much efforts in designing
test programmes to avoid this sort of
failure. There was, however, no possibi-
lity of performing practical tests in this
system.

The importance to safety
The possible heat sinks to handle the
residual heat from the reactor were
reduced as both the turbines conden-
ser and the isolation condenser system
were unavailable. The condensing sys-
tem adds capacity and diversity to the
reactor pressure relief system. In this
case, the redundance was lost.

2 LPCSP
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Continued operation with defective isolation valve - Oskarshamn 1

Sequence of events
On March 4, when the monthly sur-
veillance test of the core spray loops
was carried out, an isolation valve on
the suction side of the pump did not
function properly. When the valve was
closed, it changed direction midway
and returned to its open position.

The valve is situated between the
pump and the suppression pool. To
secure the function of the core spray
system the valve should return to open
after a closure. The reopening of the
valve is activated by the close position
switch or high torque. The valve was
left in open position and it was decided
that the valve should be maneuvred
with surveillance personnel in place. It
was discovered that the valve did not
move smoothly, nearly reaching the
torque limit.

When dust and dried grease was
cleaned and the stem lubricated, the
valve was maneuvred properly. Later
tests showed however that the im-
proper function was caused by the
valve actuator and that the dust was
probably of minor importance to the
event.

Isolation valve regulations
The suction valves of the core spray sys-
tem, as well as valves of the contain-
ment spray system, are regarded as
isolation valves in the Technical Speci-
fications. The valves have no automatic
functions and do not close when the
reactor containment is isolated.

However, when containment isola-
tion occurs, it is possible to close the
valves from the central control room. In
case of a pipe break outside the con-
tainment there is the possibility of
draining the suppression pool.

The malfunctioning of the valve did
not have any effect on the core spray
system. Both core spray lines fulfilled
the demands given in the Technical
Specifications. The failed closure of the
valve however affected the function of
the valve as an isolation valve. Accor-
ding to Technical Specifications all the
isolation valves should be able to close
automatically or manually. If not, the
reactor should be shut down within 24
hours. In this event, the reactor was not
shut down according to the rules of the
Technical Specifications. The valve was
declared operable 30 hours after the
discovery of the valve malfunction.

On this occasion there were doubts
whether these suction valves were to be
regarded as isolation valves. The ope-
rators declared the core spray system
operable and the regulation in the
Technical Specifications regarding the
isolation function was not observed.

There are different regulations in
the Technical Specifications concerning
the core spray and the isolation func-
tions of the valves. The regulation con-
cerning the isolation function is highly
valued in the Technical Specifications
in accordance with the "defence in
depth principle". It must be possible to
close isolation valves during operation.
This event was rated 1 on INES.

Recommended measures
After the investigation and the MTO
analysis (see page 33) the following pro-
gramme was recommended:
• Improved background descriptions in

the testing procedures.
• Improved notations relating to the

Technical Specifications.
• Responsibility and attitude issues in

addition to the Technical Specifica-
tion training programme.

LPCSP

In case of an outboard pipe rupture,
water in the condensation pool (2) might
drain through the broken pipe, if the
isolation valves (1) in the containment
spray system failed.
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Degraded pressure suppression function of the containment - Barsebdclc 2

Background
In Swedish BWR reactors, as for the
most foreign BWR's, pressure reduction
of the containment atmosphere in case
of an extensive pipe break, is fulfilled
with the pressure suppression function.
To achieve this function in such a case,
the diaphragm floor, which separates
the drywell from the wetwell, has to be
leaktight, in order to force the steam to
condense in the pressure suppression
pool.

Description of the event
On June 12, during startup following a
planned outage, it was discovered that
a valve connecting drywell with wet-
well, was unintendedly left open. The
mispositioning of the valve was reveal-
ed since expected pressure difference
over the diaphragm floor could not be
monitored during atmosphere change
in the containment. Subsequent control
by ITV camera confirmed the improper
valve positioning, resulting in a degrad-
ed pressure suppression function due
to unintended atmospheric connection
between drywell and wetwell. The
plant was immediately brought to cold
shutdown.

^^Z- ? 5it - ? . ,Ji

Cause of failure
The valve was opened during the
outage in order to change the atmos-
phere in the wetwell, which was necess-
ary to allow access to this compart-
ment. The need to access the wetwell
was not predicted in the job planning
and was consequently not included in
the work order. When the need to
access was identified and determined,
the valve was opened without any
notification of the action taken.

Consequently, the valve was not reset
after the work was completed. During
start-up the valve positioning check
performance was limited, since wetwell
access was originally unpredicted. The
mispositioned valve was consequently
undetected until the primary system
reached full pressure.

The event was rated 1 on INES.

The containment
depressurization function
During pressure transients in the
containment, steam in the upper drywell
(1) is forced through the blowdown pipes
(3) to condense in the condensation pool
(supression pool) in the lower wetwell (2).
To force the steam through the blowdown
pipes the diaphragm floor (4) must be
leaktight so that a pressure difference
between drywell and wetwell occurs. This
function is also vital to control the
containment temperature.

37



Reader's Help
ENERGY PRODUCTION - DEFINITIONS CHARACTERISTICS

Low power demand

Coast down

\ Loss of energy
v oroduetionproduction

y Loss of energy production
^ unplanned

Corresponding to the UNIPEDE classification "Statistical Terminology Employed in the
Electrical Supply Industry"
Eta/En Energy availability factor (UNIPEDE definition 4.6.03.f)
Ed/En Energy utilization factor (UNIPEDE definition nr 4.5.01)

Maximum producable energy with maximum capacity during total time
in a specific period.
Actual produced energy within a certain period.
Maximum producable energy with available capacity within a certain
period.

En

Ed
Etg

INTERNATIONAL NUCLEAR EVENT SCALE - INES
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 In-

spectorate to IAEA and foreign events are

reported in the other direction. The levels 1

to 3 are events and level 4 to 7 are emer-

gencies with environmental impact.

Example: The Tjernobyl accident 1986 was

rated as 7. Harrisburg 1979 was rated as 5.

Level Off-Site Impact On-Site Impact Degraded Defence

7
Major Accident

6
Serious Accident

5
Accident with
Off-Site Risk

4
Accident without
signif. off-site risk

3
Serious Incident

2
Incident

1
Anomaly

0
Deviation

Major Release.
Widespread h e a * and
environmental effects

Significant Release.
CourrtermeasunM fufiy

wnpMmonma
UtnOed Release.
GountMiMcHurat
partidly implemented

Minor Refease.
Public exposure up to
prescribodlirnih

Very Small Release.
Public exposure at frac-
tion of prescribed limits

con one! roetotofljOfll
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oignincan! oamage to
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IflUUUt UUIB/mJ"W"5/ mnJw
exposure of workers

Severe spread of
contamination/acute
health effects to workers

Significant spread of
contamination/over-
exposure of workers

N o s a f e t y s i g n i f i c a n c e

Near accident.
No safely layers
remaining

Incident with
significant failures in
safety provisions

Anomaly beyond the
authorised operating
regime

Safety systems have a bold typeface and
operational systems have an italic typeface

Reactor Containment

N2

T /!=•• ^ r - /WvN

/wv\
/wv\A/vV\

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

Reactor cooling systems

(8 RRP) 1111111 2 AFWP
Operation: FWP - Feedwater pumps

RRP - Reactor mcirculation pumps
RCP = Reactor coolant pump (PWR)

Safety FWP = Feedwater pumps
systems: 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|

Turbine Systems

HPRT ' H i g h 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

130kV

2- or 4-subcWisions
External power supply: • • Ext. power grid 130-400ltV

- Ext. aux. power grid 70-130kV
Internal backup supply^ - Dieselbacked busbars 6-1 OkV
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The Safety department of Nuclear Training and Safety

Center (KSU] works with experience feedback of operational and

safety issues, both nationally and internationally. Operational

experience in the nuclear power plants is constantly selected,

analysed, assessed and reported. Since the beginning of the

1980s operational experience from the Swedish nuclear power

plants is saved in a common database where all reports on reactor

scrams and safety related events can be processed. The computer

system is useful to identify generic events and analyse trends.

The experience feedback process contains numerous

national and international contacts. In addition to the day to day

work with the Swedish nuclear power plants, the safety depart-

ment exchanges information with the international organizations

INPO (Institute of Nuclear Power Operations) and WANO

(World Association of Nuclear Operators], where KSU is the

representative of the Swedish nuclear power plants.

KSU assists the nuclear power plants in their continuous

efforts to improve nuclear safety and energy availability. KSU

educates and trains the power plants' personnel in full scope

simulators. The simulators are also used to verify process dyna-

mics, modifications and procedures. KSU is jointly owned by the

nuclear power plant operators Vattenfall AB, Barseback Kraft AB

and OKG Aktiebolag.

Postal address Visits Telephone Telefax
P.O.Box 1039 Studsvik +46 155 263500 +46 155 263191
S-61129 NYKOPING
Sweden E-mail: safety.dept@ksu.se


