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ELECTRIC POWER IN SWEDEN 1997

The total production of electricity from
Swedish nuclear power plants was 67.0
TWh during 1997. This was somewhat
lower than the previous year. Nuclear
power production losses due to load
following operation were very small.
Extended annual refuelling outages at
some nuclear power plants were perfor-
med to implement extensive moderniza-
tions.

Electric power production from hydro
power was increased from 51 TWh in
1996 to 68.2 TWh in 1997. Hence, the
electric power production exceeded the
64 TWh expected from hydropower
during a normal year, i.e. a year with an
average supply of water to the hydro-
power system.

The total electric power production
during 1997 was 142.3 TWh, transmis-
sion losses included. The net result of
the electric power trade preliminary-
shows an export of 2.6 TWh.

The figures above are calculated from
the preliminary production results. A
comprehensive report on electric power
supply and consumption in Sweden is
given in the 1997 Annual Report from
Swedish Power Association.

On page 39 you will find definitions of energy capacity, availability and losses, how to
read the characteristics of the units an INES, the scale to classify nuclear events.
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The Swedish nuclear power plants continue to achieve very
good results in energy production and unit capability factors.
During 1997 the pressurized water reactors in Ringhals
performed extremely well and high above the international
average for the reactor type. The unit Ringhals 2 reached the
best capability factor since commercial operation started in
1976.

The boiling water reactors made an average of 76% capability
in 1997, which is somewhat less than in 1996 and the
international average for the reactor type. The slightly reduced
capability derives from the ongoing modernization projects at
several units. At the youngest power plants, Forsmark 3 and
Oskarshamn 3, capability and utilization were as impressive as
ever. Since commercial operation started in 1985 90% capability
is normal.

Under the headline "Special Reports" a number of safety-
related events are reported which have occurred at the Swedish
nuclear power plants during 1997. These events were classified
as level 1 or higher on the international nuclear event scale
"INES". With regard to significance, level 1 events represent
"deviations" and level 2 events represent "anomalies". There is no
possibility to compare level 1 events internationally since
reporting of level 1 events is not mandatory.

RolfGullberg ,
i '

Managing Director
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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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The unit capability factors for BWRs in Sweden have
in the past been well over the international average. In
particular the BWR generations 3 and 4 performed at
the 90 per cent level for a decade. Ongoing moderni-
zation programmes at the older plants extended the
refuelling outages and subsequently reduced the unit
capability factors in 1997.

PWR generation 1, which is Ringhals 2, reached the
best result since commercial operation started. Both
generations achieved unit capability factors signifi-
cantly above the international average.
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The number of reactor scrams, both in Sweden and
! abroad, has decreased since the early years of
\ operation. From 1997 Swedish statistics is adapted to
I international data in the sense that manual scrams are
i no longer included. Previous years still count manual
[ scrams but are nevertheless at the same level or below

the international average of the reactor type.
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As a result of the extensive modernization programmes
both at Oskarshamn 1 and Ringhals 1 the BWR genera-

\ tion 1 counts for higher collective radiation exposure
! than usual. Also the generation 3 has an increased level
I due to plant modifications.

The Swedish PWR units continue to have collective
radiation exposure levels well below the WANO
average for the reactor type. Partly due to the steam
generator replacements at Ringhals 2 and 3 collective
radiation exposure is now very well controlled.
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Barseback 1
1

January 2: Power was reduced due to
quarterly isolation valve testing.

February 8: Power was reduced due to
quarterly surveillance testing of isola-
tion valves and repair of a trottle valve
to a high-pressure preheater.

April 23: Power was reduced due to a
high differential pressure across the sea-
water intake screens.

September 5 - 17: The unit was shut
down for leak repair, valve adjustment
and pipe repair in the pressure relief sys-
tem and reactor coolant clean-up system.

Daily Average Power Level (%)
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September 13 - 14: Power was reduced
due to quarterly surveillance testing of
isolation valves.

December 15 - 16: The length of the
quarterly surveillance test led to fuel
power load limitations with the result
that it took a long time to return to full
power.

During the year

- No load-following occurred during the
year.

— No coast down operation occurred.

Unit Capability 72,6 %
Utilization 72,4 %

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

Refuelling outage, April 30 - July 11

The refuelling outage was scheduled for
30 days but was extended to 71 days.
The extension was largely due to defects
detected in a weld in the reactor recircu-
lation system. The following major work
was carried out during the refuelling
outage:

• Improvement of reactor water level
instrumentation.

• Improvements of the bearing lubrica-
tion to the pumps in the containment
spray system and the low pressure core
spray system.

• Introduction of a new partial scram
condition for core instability.

• Replacement of transmitters in the gas
tanks of the hydraulic scram system.

• Installation of new low-pressure
preheaters.

• Further replacement of mineral wool
insulation by refractive metallic insu-
lation in the ttirbine plant.

• Further replacement of old valve
actuators.

• Replacement of the generator rotor.
• Replacement of a converter in one of

two trains.
• Backfitting of the fuel handling

machine.
The total collective dose during the re-
fuelling outage was 1.7 manSv, which was
higher than the 0.9 manSv budget.

SCRAMS

• March 28: When M/S Sigyn, which is
used for shipping spent fuel and radio-
active waste, docked at Barseback har-
bour, bottom sediment was churned up
and entered into the sea water intake
screens. The screens did not have the
capacity to clean all of the bottom sedi-
ment and became clogged. This led to a
high differential level across the screens,
causing two condenser cooling pumps to
trip. The clogging of the screens conti-
nued and also tripped the two remaining
condenser cooling pumps. This led to
turbine trip and a reactor scram due to a
high condenser pressure. Strong winds
contributed to the clogging of the
screens.

• April 30: Turbine low speed cooling
operation was in progress prior to the
1997 refuelling outage. The generator
was disconnected from the grid and
steam dump operation to the condenser
was being established. The vacuum
breakers, which are used to increase the
condenser pressure, opened. However,
when the condenser pressure increased
to 0.2 bar, the vacuum breakers did not
close as was expected. This caused the
condenser pressure to increase to 0.3 bar
which led to reactor scram caused by
high condenser pressure. The cause was a
valve disc or valve stem which had be-
come stuck in one of the vacuum
breakers.



EVENTS

• In connection with the reactor scram which
occurred on March 28, the fire detectors in the
turbine hall alarmed. The cause was steam
blowing from the low-pressure turbine rupture
discs and into the turbine hall. The discs rup-
tured due to overpressure. Furthermore, the
pressure relief hatches in the turbine building
opened. Steam entering the turbine hall, in
combination with strong wind, created a high
differential pressure across the pressure relief
hatches. Investigations were subsequently ini-
tiated to determine why the temperature and
pressure detectors in the turbine hall did not
detect the steam release as expected. See
"Special Reports".

• During the refuelling outage, four defects
were found in a weld in a reactor recirculation
loop. The deepest defect was about half of the
wall thickness. The cause was that the affected
weld had been heat treated several times
during the pipe installation. The recirculation
loop is designed with five different types of
material around the heat-affected zone. The
defects were ground down.

• During start-up after the refuelling outage, an
air leak from the containment emergency exit
was detected. The leak was caused by a not
completely seated locking mechanism.

Barseback I started commercial operation in 1975. It is a
boiling water reactor of the same design as Barseback 2 and
Oskarshamn 2. The thermal power is 1800 MW and elec-
trical output 600 MW net.

REACTOR CONTAINMENT is designed for pressure up to
7 bar. During operation it is filled with nitrogen. To prevent
overpressurization there is a filtered pressure relief system.

REACTOR CORE consists of 444 fuel elements. The total
refuelling cycle is five years. 109 control rods and the flow
from four external reactor recirculation pumps are used to
control reactor power.

TURBINE GENERATOR set consists of one dual axial high
pressure turbine and three dual axial low pressure turbines
and a water cooled generator.

ELECTRICAL POWER SYSTEMS have two subdivisions.
Two diesel generator sets and battery back-up give the in-
ternal emergency power supply. External power is supplied
from 400kV and 130kV grids and in addition two gas turbine
plants.

100
90"
80"
70-
60"
50-

Unit Capability and Utilization

90 91 92 93 94 95 96 97

Loss of Energy
5 0 -
40 i
3 0 -
20
10 -

o - 90 91

Number
1 0 -

92 93 94 95

Scrams

96 97

5-

cza IT"--] r~~
90 91 92 93 94 95 96 97

manSievert Collective Radiation Exposure

3.0-

2 0 -

1 0 "

90 91 92 93 94 95 96
u

97

| Unit
Capability

Energy
Utilization

I Other
(lo\ power demand
and ioast down)

Unplanned

Plant section

[ Other

! j Tuibine

I j Reactor

Cause of fault
"~ j Other

j Component

[31 Operator

• Refuelling
outage

Isl Operation

* 1—•» - i _ "



10
O P E R A T I O N A L E X P E R I E N C E 1 9 9 7

o o

I

January 4: Power was reduced due to
quarterly surveillance testing of isola-
tion valves.

February 16: Power was reduced due to
turbine valve testing.

February 23 - March 12: The reactor was
shut clown clue to water leakage in the
generator rotor.

March 28: Power was reduced in order
to clean an oil leakage from the turbine
governing oil system.

May 17: Power was reduced clue to load
following.

June 22: Power was reduced due to
comprehensive turbine valve testing.

Daily Average Power Level (%)
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July 5 and 12: Power was reduced due to
load following.

September 20: Power was reduced due
to clogging of the seawater intake
screens.

November 29: The unit was shut down
for work on a main steam isolation valve.

December 3: Power was reduced to cold
shutdown to repair a main steam
isolation valve.

During the year

- No coast down operation occurred.
- Load following corresponded to about

2 equivalent full power days.

1 'nn Capability • 6 1 '
I'tih/ation "5 0 '

Jan \L.r Apr \l.n Fune July Aus; O i l

Refuelling outage, July 16- September 7

The refuelling outage was planned for 35
days, but was extended to 52 days due to
additional work including the replace-
ment of a main feeclwater isolation valve.
The new fuel handling machine was used
during refuelling. The following major
work was carried out during the refuel-
ling outage:

• Backfitting of the reactor water level
instrumentation.

• Replacement of pilot valves to the
safety relief valves.

• Replacement of containment electrical
penetrations.

• Replacement of a rotating converter.
• Installation of optical alarms in the

seawater intake screens.
• Replacement of I Ialon by Inergcn as

fire extinguisher.
The total collective dose during the re-
fuelling outage was 1.7 manSv, which was
somewhat above the budget of 1.1
manSv.

SCRAMS

• March 4: During a planned shutdown
of the plant for reactor containment in-
spection, the electrical control rod inser-
tion was manually initiated. This was
followed by automatic pump start-up in
the auxiliary feedwater system. The
pumps were manually stopped to avoid
too high a reactor water level. While
doing so the suction valve in the com-
mon suction line of the pumps was
erroneously closed. Since the stop but-
tons were not kept depressed for long
enough, this resulted in pump re-start
with a closed suction valve. When the
valve was subsequently opened again,
water hammer occurred, resulting in
leakage from the pumps, which caused
the reactor to scram and initiated a
containment isolation.

• September 3: Dtiring plant start-up in
preparation of surveillance testing of
seven safety relief valves the combined
SRM, and IRM detectors were put in a
manual position. During the closure of a
safety relief valve a neutron flux spike
occurred causing a reactor scram.
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EVENTS

• During full power operation, strong wind
caused a very large quantity of sludge and orga-
nic material to accumulate in the seawater
canal, resulting in clogged seawater intake
screens. This caused the differential level across
the screens to increase to such a high level that
the operators manually initiated reactor scram.

• During full power operation, when work was
being carried out on the 400 kV grid, a unit
breaker switched off when a disconnector failed
to open in one phase. This resulted in an uneven
phase current causing the turbine to trip and
the operators to initiate reactor scram.

• At full power operation, a 400 V busbar trip-
ped due to a malfunction in a converter speed
regulator. The loss of power caused two reactor
recirculation pumps to trip and the operators
initiated reactor scram.

• During cold shutdown reactor, an arc occurred
when a pump breaker in the secondary cooling
system for operation was racked into the cu-
bicle. In connection with the flashover, a 400 V
busbar failed. The busbar feeds a containment
spray pump which at the time was used for
reactor pool cooling.

• During start-up, the reactor water level indi-
cations showed half-a-meter lower than the
actual level. The safety implication of the event
was small. The cause was the cross-connection
of two cables of the density compensation
equipment for the level instrumentation.
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Barseback 2 started commercial operation in 1977. It is a
boiling water reactor of the same design as Barseback I and
Oskarshamn 2. The thermal power is 1800 MW and elec-
trical output 600 MW net.

REACTOR CONTAINMENT is designed for pressure up to
7 bar. During operation it is filled with nitrogen. To prevent
overpressurization there is a filtered pressure relief system.

REACTOR CORE consists of 444 fuel elements. The total
refuelling cycle is five years. 109 control rods and the flow
from four external reactor recirculation pumps are used to
control reactor power.

TURBINE GENERATOR set consists of one dual axial high
pressure turbine and three dual axiai low pressure turbines
and a water cooled generator.

ELECTRICAL POWER SYSTEMS have two subdivisions.
Two diesel generator sets and battery back-up give the in-
ternal emergency power supply. External power is supplied
from 400kV and !30kV grids and in addition two gas turbine
plants.
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January 30: A turbine trip was caused by
coolant leakage.

April 27: Coast down operation started.

July 2-3: Reactor power was reduced to
repair a coolant leak in a generator.

July 8: Reactor power was reduced for
fuel sipping.

Daily Average Power Level (%
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June 30 - August 3: A low-pressure
drainage pump was lent to Forsmark 2,
resulting in a production loss.

During the year

— No power reduction due to low power
demand occurred during the year.

- Coast down operation corresponded to
a production loss of about 22 equiva-
lent full power days.

Unit Capability •() 1 "»
Utilization M 0 "<>

V
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Refuelling outage, August 3 -
November 17

The refuelling outage was scheduled for
33 days but was extended to 105 days.
The extension was due to a crack in a
reactor pressure vessel pipe connection
and a leak from the containment.

The following major work was carried
out during the refuelling outage:

• Introduction of a new control rod
manoeuvring and indication system.

• Reactor pressure vessel no/.zle testing.
• Replacement of four low-pressure

preheaters for turbine 2.
• Replacement of the generator rotor on

turbine 2.
The collective dose was 1.3 manSv com-
pared to the 1.5 manSv budget.

SCRAMS

• November 15: During start-up after
the annual refuelling outage, a lower set
point for the source- and intermediate-
range neutron flux monitoring system
was disconnected too late. This resulted
in automatic reactor scram.

EVENTS

• During annual testing of the self-closu-
re function of the fuel pool gates, a gate
failed to close correctly. The cause was
that too high a temperature difference
between the pools caused water to enter
the gate through self-circulation. The
water in one pool was of a higher tem-
perature than normal since the pool con-
tained an unusually large quantity of
spent fuel. During testing with a level
decrease in the pools, the gates closed
correctly.

• During core unloading, fresh fuel was
positioned in the core in a chessboard
configuration to support a single control
rod in a super cell where all four fuel
elements were unloaded. This measure
was carried out in accordance with the
operational order for core unloading.
1 However, internal safety practice at
Forsmark requires that such an operation
is regarded as a plant modification and
should hence be approved before core
loading is initiated. Two new fuel
bundles were positioned in the core
before the deviation was detected.

PG PG DG PG
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• During the testing of reactor pressure vessel
nozzles, a defect was detected in a nozzle con-
necting to the residual heat removal system.
The defect was 17 mm long and 5 mm deep and
the defect was eliminated by grinding and wel-
ding. The damage probably initiated as reheat-
ing cracks, which may have arisen during manu-
facturing. The crack subsequently propagated
due to intergranular stress corrosion.

• During containment leak rate testing, the total
leakage was found to be too large. A leak was
detected in the joint between the containment
steel lining and the flange in the reactor con-
tainment cupola. The leak was repaired and
subsequent leak rate testing was successfully
completed.

Forsmark I started commercial operation in 1980. It is a boil-
ing water reactor of the same design as Forsmark 2. The ther-
mal power is 2928 MW and electrical output 968 MW net.

REACTOR CONTAINMENT is designed for pressure up to
4.6 bar. During operation it is filled with nitrogen. To prevent
overpressurization there is a filtered pressure relief system.

REACTOR CORE consists of 676 fuel elements. The total
refuelling cycle is five years. 161 control rods and the flow
from eight internal reactor recirculation pumps are used to
control reactor power.

TURBINE GENERATOR plant consists of two sets, each with
one dual axial high pressure turbine and three dual axial low
pressure turbines and a water cooled generator.

ELECTRICAL POWER SYSTEMS have four subdivisions. Four
diesel generator sets and battery back-up in each subdivision
give the internal emergency power. External power is supp-
lied from 4001<V and 70kV grids and in addition gas turbine
plants.
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I

April 9: Coast down operation was
initiated.

Daily Average Power Level (%)
COAST DOWN
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During the year

— Power reduction due to low power
demand corresponded to about one
equivalent full power day.

- Coast down operation corresponded to
a production loss of about one equiva-
lent full power day.

Unit Capability 87.8%
Utilization 86".4 %

Jan Mar Apr May June July Aug Sept Ocl N'ov

Refuelling outage, May 15 - Juno 20

The refuelling outage was scheduled for
33 days but was extended to 35 days.
During the refuelling outage, about sixty
modifications were carried out. Major
work included:

• Replacement of the plant process com-
puter and simultaneous introduction
of a completely new computerized
network for the process control
systems.

• Introduction of a new manoeuvring
and indication system for the control
rods.

• Replacement of nine steam separator,
groups in the reactor pressure vessel.

• Installation of a new diversified system
for reactor depressuri/.ation.

• Replacement of four low-pressure pre-
heaters and the generator in turbine 2.

• Installation of a new system for tur-
bine and generator protection and
control.

The collective dose was 2.2 manSv
compared to the 2.3 manSv budget.

Dec

SCRAMS

• June 30: A turbine trip was manually
initiated in one of the two turbines at
50% power in order to verify that activa-
tions of the new turbine protective
equipment resulted in a partial vacuum
reduction. This caused an overload in
the second turbine and a high level in
one of the prcheatcrs which was follow-
ed by vacuum reduction, turbine trip
and steam dump block. Since the first
turbine was out-of-scrvice due to the
test, the load could not be automatically
re-distributed. High pressure occurred
in the reactor vessel and this resulted in
reactor scram.

EVENTS

• During a test at full power operation,
incorrect valve positions were found in
the measurement line for reactor con-
tainment pressure. The consequence was
that the indication of pressure in the
dry well from this measurement point
would have failed upon demand. This
was partially caused by the fact that the
valves were not labelled.

• During exchange of the containment
atmosphere from nitrogen gas to air,
prior to the refuelling outage, valves
were incorrectly opened for contain-
ment weUvell venting which resulted in
reduced tightness of the diaphragm
floor. The containment pressure sup-
pression function was thereby impaired.
See "Special Reports".

DG DG DG DG
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• One of the four pumps in the low pressure
core spray system failed to start when perfor-
ming a surveillance test during power opera-
tion. A latch in the pump motor switch-off
breaker became stuck so that the breaker did
not return to its normal position after switching
off. The reason was sticky surfaces in the
switch-off mechanism.

• One of four pneumatic valves, which are in-
cluded in a circuit for opening a scram valve,
did not change its position when a scram logic
channel was tested. Two pieces of plastic were
discovered inside the valve casing. The plastic
originated from a filter in the instrumentation
and manoeuvring air system. A filter of another
design will be installed.
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Forsmark 2 started commercial operation in !981. It is a boil-
ing water reactor of the same design as Forsmark I. The ther-
mal power is 2928 MW and electrical output 969 MW net.

REACTOR CONTAINMENT is designed for pressure up to
4.6 bar. During operation it is filled with nitrogen. To prevent
overpressurization there is a filtered pressure relief system.

REACTOR CORE consists of 676 fuel elements. The total
refuelling cycle is five years. 161 control rods and the flow
from eight internal reactor recirculation pumps are used to
control reactor power.

TURBINE GENERATOR plant consists of two sets, each with
one dual axial high pressure turbine and three dual axial low
pressure turbines and a water cooled generator.
ELECTRICAL POWER SYSTEMS have four subdivisions. Four
diesel generator sets and battery back-up in each subdivision
give the internal emergency power. External power is supplied
from 400kV and 70kV grids and in addition gas turbine plants.
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January 10: The reactor was shut down
for repair work on a pilot valve for an
outboard steam isolation valve.

May 16 - 19: Power was reduced clue to
low pow;er demand.

June 14: Coast down operation was
initiated.

Daily Average Power Level (%) COAST DOWN
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During the year

— Power reduction due to low power
demand corresponded to about one
equivalent full power day.

- Coast down operation corresponded
a production loss of about one day.

to

Unit Capability 90.1 '
Utilization 88.2 <

Jan Feb Ma Apr May June July Au$> Sept Oct Nov Dec

Refuelling outage, July 5 - August 5

The refuelling outage took 31 days in-
stead of the planned 18 days. The exten-
sion was mainly due to detached control
rod dowels and damage to the feedwater
sparger. The following work was carried
out:

• Replacement of the generator rotor.
8 Modification work on steam lines to

reduce vibrations.

• Repair of damaged connections on two
core spray pipes in the core shroud
head and improvements of the system
logics.

• Modifications to diversify the reactor
pressure relief system were completed.

The collective close was 1.0 manSv com-
pared to the 0.9 manSv budget.

SCRAMS

• January 10: During start-up, reactor
power was kept at 1.4 % to repair a
steam isolation valve pilot valve. Under
these conditions, too much cold water
was pumped into the reactor. Reactor
power increased so rapidly that the in-
core neutron flux monitoring system
switched to a new range more rapidly
than permitted, actuating reactor scram.

EVENTS

• After reactor scram on January 10, the
"control rod in" indication for one of the
rods failed. The "drive nut in" indication
was only obtained after the drive nut
had been manually operated to the "in"
position. During subsequent attempts to
manoeuvre the control rod, an alarm
indicating separation between the con-
trol rod and the drive nut was obtained
and it became clear that the rod was
stuck. Manual attempts to couple the
rod and the rod drive piston failed as did
attempts to dislodge the rod by inserting
the corresponding scram group. The
control rod drive mechanism fuse was
removed and the rod was left inserted in
the core until the refuelling outage
when corrective action was taken.
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• During the refuelling outage, when the stuck
control rod was being lifted out of the core,
only the control rod blade was removed. The
control rod extension remained inside the drive
mechanism guide tube. A TV inspection reveal-
ed that the locking dowel had fallen into the
drive mechanism housing and had become wed-
ged between the guide tube and a surrounding
tube. When the dowel was examined, inter-
granular stress corrosion cracks were detected
in the dowel ends as well as crevice corrosion
and surface wear. A further two control rods
with detached locking dowels were encountered
a few days later. After the event, the dowels on
104 control rods were replaced.
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Forsmark 3 started commercial operation in 1985. It is a boil-
ing water reactor of the same design as Oskarshamn 3. The
thermai power is 3300 MW and electrical output 1158 MW
net.

REACTOR CONTAINMENT is designed for pressure up to
6 bar. During operation it is filled with nitrogen. To prevent
overpressurization there is a filtered pressure relief system.

REACTOR CORE consists of 700 fuel elements. The total
refuelling cycle is five years. 169 control rods and the flow
from eight internal reactor recirculation pumps are used to
control reactor power.

TURBINE GENERATOR set consists of one dual axial high
pressure turbine and three dual axial low pressure turbines
and a generator cooled with water and hydrogen.

ELECTRICAL POWER SYSTEMS have four subdivisions. Four
diesel generator sets and battery back-up in each subdivision
give the internal emergency power. External power is supp-
lied from 400kV and 70kV grids and in addition gas turbine
plants.

:.\ . - *
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April 18 - 22: The reactor was brought to
cold shutdown in order to correct tur-
bine vibrations and to repair a leak in the
flange in the reactor water level instru-
mentation.

June 26 - July 2: The outage in connec-
tion with the reactor scram on June 25
was extended due to a leakage in a low
pressure preheater.

July 3 - 4: Turbine trip was manually ini-
tiated due to oil leakage in the turbine
containment.

Daily Average Power Level (%)

100-1

80-

60-

40-

October 13: Reactor power was reduced
to 26 % and turbine bypass operation
was initiated due to a malfunction in the
control equipment of a valve in the pre-
heater system.

October 29-31: The reactor was
brought to hot shutdown for a safety
system lineup check due to the misposi-
tioncd valve in the filtered venting sys-
tem. See "Special Reports".

During the year

- Power reduction due to low power
demand corresponded to about 0.5
equivalent full power clays.

- No coast down operation occurred.

Unit Capability 75.9%
Utilization 74.9%

20-

Jan Nov Dec

Refuelling outage, November 1, 1996 -
March 6, 1997

The refuelling outage, which was schedu-
led for November 3 to December 9,1996,
was extended until March 6, 1997, there-
by lasting for 124 days. The following
major work was carried out:

• Decontamination of the reactor recir-
culation system and the residual heat
removal system.

• Follow-up testing of valve casings and
pump houses in the reactor recircula-
tion system. Grinding of shallow de-
fects in all pump houses was perfor-
med.

• Replacement of valve actuators to iso-
lation valves in the residual heat remo-
val system, chain feedwater system,
isolation condenser system, boron in-
jection system and the drainage system
for reactor systems.

• Additional testing of the core shroud
head.

• Replacement of the high pressure
turbine.

The total collective radiation dose for
the refuelling outage was 2.2 manSv, of
which 0.6 manSv was on 1997 part.

' i"

SCRAMS

• May 17: At 100 % reactor power, two
reactor water level instruments indica-
ted low level in the reactor vessel.
During a cabling check-up, a reactor
scram was actuated.

• June 25: A converter failure occurred
at 100 % reactor power. This led to a
temporary loss of power in two battery-
backed busbars and this resulted in a
reactor scram.

• August 21: At 99.5 % reactor power
when returning one scram group into
operation, a low level signal was received
in some of the scram tanks, which actu-
ated reactor scram.

• September 17: At 99.8% reactor power
reactor scram was actuated. Although
the exact cause could not be determin-
ed, the probable cause was a momentary
loss of power to parts of the scram logic.

• September 23: During start-up, at a
reactor power of less than 5 %, scram
was actuated due to reactivity feedback
during safety relief valve testing with
simultaneous turbine pressurization.

!301<V [30kV

2AFWP
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EVENTS

• In October, a mispositioned valve in the con-
tainment filtered venting system was detected.
See "Special Reports".

• During the refuelling outage, certain trains in
the reactor protection logic were disconnected.
The disconnection of the redundant reactor
scram chain was overlooked during preparation
for re-start with the result that the system was
not restored before shut-down margin measure-
ments.

° In April, during power increase, an isolation
valve in the feedwater system failed to fully
open. A locking casing in the motor-operated
valve actuator was jammed preventing the valve
stem to move freely.

• Oskarshamn 2, which is responsible for the gas
turbine sets jointly shared by Oskarshamn 1 and
2, did not inform Oskarshamn 1 operators that
one half of a turbine set was inoperable due to
testing.

• During a severe lightning storm, a ground fault
occurred in a 48 V DC busbar. Rainwater leaks
were detected near to the roof drainage pipe
above a relay box in the back panels.

• During the scram on September 17, a safety
relief valve failed to open due to a loose thread-
ed sleeve throttle.

• During re-start after the scram on September
17, all safety relief valves were tested. Three of
the twelve valves failed to open due to sticking
of the disc in the pilot valves. When the pres-
sure was reduced somewhat, two of the valves
managed to open. The preliminary root cause
was sticking due to oxidation between the sur-
faces in the pilot valves.

Oskarshamn 1 started commercial operation in 1972. It is
the oldest boiling water reactor in Sweden. The thermal
power is 137S MW and electrical output 44S MW net.

REACTOR CONTAINMENT is designed for pressure up to
5 bar. During operation it is filled with nitrogen. To prevent
overpressurization there is a filtered pressure relief system.
REACTOR CORE consists of 448 fuel elements. The total
refuelling cycle is five years. 112 control rods and the flow
from four external reactor recirculation pumps are used to
control reactor power.
TURBINE GENERATOR set consists of one radial high
pressure turbine and ten axial low pressure turbines and
two hydrogen cooled generators.
ELECTRICAL POWER SYSTEMS have two subdivisions.
Two diesel generator sets and battery back-up give the in-
ternal emergency power supply. External power is supplied
from the 130kV grids and in addition two gas turbine plants.
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January 21: Power was reduced to replace
converter carbon and slip collectors.

February 15: Reactor power was reduced
for valve testing and core instability
measurements.

April 5 - June 21: Coast clown operation
started earlier than scheduled dtie to
operation with only three reactor recir-
culation pumps.

April 18: Power was reduced to replace
converter carbon and slip collectors.

May 16: Reactor power was reduced for
valve testing.

Daily Average Power Level (%)

100

May 16 - June 19: Power reduction due
to load following operation occurred.

August 3 - September 7: Reactor power
was reduced clue to high seawater tempe-
rature.

Deceniberl4 - 20: The reactor was shut
down to repair a containment leak.

During the year

— Coast down operation corresponded to
about 4 equivalent full power days.

- Load following operation correspon-
ded to 1 equivalent full power day.

Unit Capability 86.3 %
Utilization 83.1 %

Aug Scpi Oci Nov Dec

Refuelling outage, June 22 - July 30

The refuelling outage was scheduled to
23 days. However, it was extended to 38
days due to additional reactor vessel
cleaning. The start-up was delayed due
to steam and oil leakage, pressure tran-
sients and several ground faults caused
by severe lightning storms. The following
major work was carried out:

• Leak rate testing of isolation valves,
the reactor containment and the
diaphragm floor between the drywell
and wetwell.

• Inspection of the reactor vessel and
fuel sipping and inspection of all fuel
assemblies' inlets due to the presence
of foreign objects.

• Replacement of the remaining rotating
converter by a static converter.

• Electrical overhaul of junction boxes
in the turbine containment in order to
reduce the number of grotind faults.

• Five control rods, made of the same
material and manufactured with the
same heat treatment method as in con-
trol rods at Forsmark, were replaced.

The collective close was 1.4 manSv com-
pared which was on the budget. The low
dose was largely due to reduced moder-
nization work.

' . M. i

SCRAMS

• July 27: At 8 % power, during re-start
after the refuelling outage, a leak occur-
red in a feedwatcr preheater drainage
valve. The steam lines were depressuri-
zed and steam dump block was manually
initiated. Reactor scram was actuated
due to the combination reactor power
exceeding 5 % and steam dump block.

• July 27: Power oscillations occurred at
6 % reactor power during start-up after
the refuelling outage. Due to an incor-
rectly calibrated pressure regulator, a
turbine bypass valve opened causing a
reactor scram on high reactor water
level.

EVENTS

• The event at Barseback 1 in March,
where all condenser coolant pumps trip-
ped due to clogging of the seawater in-
take screens, resulted in a review of the
existing setpoints for temperature sen-
sors in the monitoring system for reactor
containment isolation at Oskarshamn 2.
Calculations were performed on the
basis of the current temperature set-
points. (See Barseback 1 and "Special
Reports").

• During the refuelling outage, the
coolant inlets in the fuel assemblies
which were to be removed from the core
were inspected. Loose metal objects,
from a reactor recirculation pump which
had failed during the operating cycle,
were suspected to be the cause of a fuel
failure which was detected in December
1996. Foreign objects, in the form of
pieces of pure iron plate, were found in
several fuel assemblies. The pieces of
iron were about 13 mm wide, 0.1 mm

400kV !30kV

2 LPCSP
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thick and between 50 and 100 mm long. The
initial assessment was that the metal pieces
were remnants from steel gauges. Objects,
which may have originated from broken parts in
the reactor recirculation pump housing, were
also found. A thorough investigation was
started.

• In connection with re-start after the 1996 re-
fuelling outage, preliminary operating limits for
the lowest permissible dryout margin were re-
ported. The dryout ratio stipulated by the
Swedish Nuclear Power Inspectorate (SKI} and
included in the Technical Specifications was
based on the reported limits. Verifications
showed that the preliminary limits were lower
than the limits calculated on the basis of the
final core analyses. This was due to the fact that
it was necessary to modify the fuel configura-
tion before the 1996-97 operating cycle due to a
shorter operating time. Modifications in the
hydraulic scram system were not incorporated
into the computer code. The importance to
safety was considered to be negligible.

• During a severe lightning storm, a ground fault-
occurred in a 110V DC busbar. The cause was
water escaping into the area below the turbine
and into two electrical cubicles from a ruptured
rainwater pipe located inside the turbine hall.
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Oskarshamn 2 started commercial operation in 1975. It is a
boiling water reactor of the same design as Barseback i and
2. The thermal power is 1800 MW and electrical output 605
MW net.

REACTOR CONTAINMENT is designed for pressure up to
5 bar. During operation it is filled with nitrogen. To prevent
overpressurization there is a filtered pressure relief system.

REACTOR CORE consists of 444 fuel elements. The total
refuelling cycle is five years. 109 control rods and the flow
from four external reactor recirculation pumps are used to
control reactor power.

TURBINE GENERATOR set consists of one dual axial high
pressure turbine and three dual axial low pressure turbines
and a water cooled generator.

ELECTRICAL POWER SYSTEMS have two subdivisions.
Two diesel generator sets and batcery back-up give the in-
ternal emergency power supply. External power is supplied
from 400kV and 130kV grids and in addition two gas turbine
plants.
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January 31: Power reduction and partial
reactor scram were caused by a short
circuit in astatic inverter.

May 15 - 20 and July 4 - 14: Load follow-
ing operation occurred.

July 15 •• 31: Reactor power was reduced
due to turbine vibrations caused by a
high seawater temperature.

August 11: Coast down operation started.

September 14-October 10: During start-
up after the refuelling outage, power was
reduced as a reactor recirculation pump
was out of service caused by a transfor-

IU

mer short circuit. The transformer was
replaced. Furthermore, reactor power
was reduced due to the reactor water
level measurement which was influenced
by the new baffles mounted on the steam
drier shell. The rector water level
measurement was recalibrated.
During the year

— Load following operation correspon-
ded to about 3 equivalent full power
days.

— Coast down operation corresponded to
about 0.2 equivalent full power days.

COAST DOWN
Unit Capability CX1 c l '
I'uli/aUon ' WO

Jan Fcb Mar Apr May June July Aus Sept Ocl Nov Dec

Refuelling outage, August 16 -
September 14

The refuelling outage was scheduled for
only 17 days. However, problems caused
by loose control rod dowels, detected at
Forsmark 3, resulted in an extension of
the refuelling outage to 30 days.

The focus of the annual refuelling outage
was work on the ftiel assemblies and
control rods in the reactor hall. In order
to replace the dowels in almost all of the
control rods it was necessary to remove
almost all of the fuel from the core.
Furthermore, fuel sipping was performed
due to a fuel failure which had been
detected in Mav.

Other work included:

• Replacement oi two reactor rccircula-
tion pumps.

• Replacement of pipes in the residual
heat removal system.

° Replacement of all of the pilot valves
and two isolation valve assemblies in
the main steam lines.

The total collective dose during the re-
fuelling outage was about 0.5 manSv, i.e.
somewhat lower than the 0.7 manSv
budget. The low dose was primarily due
to improved work methods.

SCRAMS

No scrams occurred during the year.

EVENTS

• During power operation, the closure
time of an inboard main steam isolation
valve was too long. An analysis clearly
indicated that the long closure time was
caused by a sticking pilot valve. Addi-
tional testing was carried out during the
rest of the operating cycle up to the re-
fuelling outage when the pilot valves
were replaced. No defect was detected
in the affected pilot valve.

• At the beginning of July, during the
Forsmark 3 refuelling outage, loose loc-
king dowels were found in two control
rods. Like Forsmark 3, Oskarshamn 3
decided to replace all of the existing
Inconel X-750 locking dowels. In control
rods of a modern design, such dowels are
used to join the control rod blade and
the rod extension. The control rods can
be taken apart for re-use of the control
rod extensions as well as to limit the
storage space required in a future reposi-
tory. One of the 155 repaired control
rods at Oskarshamn 3 had lost its dowel
and the dowels in two other control rods
were in the process of becoming de-
tached. The damage to the dowels was
assessed as being caused by vibration-
induced wear in the moulded ends and
partly also crevise corrosion. The moul-
ded ends prevent the dowel from be-
coming detached. The new dowels which
were mounted are manufactured of the
same material using a different heat
treatment method.

(3FWP)
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Oskarshamn 3 started commercial operation in 1985. It is a
boiling water reactor of the same design as Forsmark 3. The
thermal power is 3300 MW and electrical output I 160 MW
net.

REACTOR CONTAINMENT is designed for pressure up to
6 bar. During operation it is filled with nitrogen. To prevent
overpressurization there is a filtered pressure relief system.

REACTOR CORE consists of 700 fuel elements. The total
refuelling cycle is five years. 169 control rods and the flow
from eight internal reactor recirculation pumps are used to
control reactor power.

TURBINE GENERATOR set consists of one dual axial high
pressure turbine and three dual axial low pressure turbines
and a generator cooied with water and hydrogen.

ELECTRICAL POWER SYSTEMS have four subdivisions. Four
diesel generator sets and battery back-up in each subdivision
give the internal emergency power. External power is supp-
lied from 400kV and 130kV grids and in addition gas turbine
plants.
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February 1: Power was reduced due to
testing of the turbine power governor.

February 7: Coast down operation started.

December 12: The unit was shut down
due to a fuel failure. The shut down
lasted for the rest of the year.

Daily Average Power Level [%)
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During the year

- No power reduction due to low power
demand occurred during the year.

- Coast down operation corresponded to
a production loss of 7.3 equivalent full
power days.

Unit Capability 32.9%
Utilization 30.6%

Jan Fcb Mar Apr May June July Aug Sept Oet Nov Dec

Refuelling outage, April 24 -
November 23

The refuelling outage was planned for 86
days. However, it was extended to 212
days. A modernization project contain-
ing the following work was carried out.

• Replacement of all nozzles in the recir-
culation loops and bypass lines over
the main valves.

• Replacement of pipes and isolation val-
ves in the residual heat removal system

• Installation of static inverters and
modification to four sub-divisions in
the uninterruptable power supply.

• Modification of the reactor contain-
ment so that water can escape into the
condensation pool in the event of a
large LOCA.

The outage was prolonged as the seal
rings installed in the recirculation loops
could not withstand the hot decontami-
nation fluid. Furthermore, the removal of
the cobalt from the reactor recirculation
valve seals took longer than expected.

The following major work was also
carried out:

• Replacement of the erosion protection
in the low-pressure turbine rotor.

- Installation of new control equipment
for condensate cleaning.

• Installation of new global containment
leak detection system and local leak
detection systems for the reactor re-
circulation loops.

• Installation of equipment for improved
reactor coolant cleaning

• Major testing of welds in the reactor
pressure vessel and of nozzles in the
connecting lines. Furthermore, the
core shroud was tested.

• Replacement of station batteries as a
part of a long-term program.

The total collective dose for the refuel-
ling outage was 13.1 manSv. The total
collective dose in the modernization
project was 8.7 manSv which was lower
than the 9.9 manSv budget.

SCRAMS

January 1: A ground fault in a 400 kV
transformer in the offsite grid caused
severe voltage and power oscillations.
The generator's relay protection tripped
the unit breaker. The control system
could not reduce the generator power
quickly enough which tripped the gene-
rator breaker on overvoltage. This resul-
ted in turbine trip and steam dump
block which actuated reactor scram.

December 3: An inboard main steam
isolation valve, MSIV, closed spuriously,
leading to a rapid increase in the steam
flow in another steam line so that its
MSIV also closed. With two MSIVs
closed scram was actuated caused by
high neutron flux.
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EVENTS

• During testing of the reactor protection sys-
tem during the refuelling outage, two micro-
switches tripped. The microswitches were re-
stored and the test was successfully repeated
three times. During the refuelling outage, the
power supply to the battery-backed busbars was
modified from an impedance-grounded to a
directly-grounded system. In connection with
this, the system voltage was increased from 220
V to 400 V. This caused a number of relays to
be charged with a higher voltage than permis-
sible. Shortages with subsequent microswitch
trips occurred twice following the event descri-
bed above. After trouble-shooting, the voltage
feed was changed back to impedance grounded
electrical net. In the ground fault equipment
settings, an early warning setpoint was added to
the trip setpoints stated in the Technical Speci-
fications. Transients on the uninterruptable
power supply system will continue to be measu-
red.

100
90-
80 -'
70-:

60
50-

50-i
4 0 -
30 -
2 0 -

V

Unit Capability and Utilization

90 91 92 93 94 95 96 97

Loss of Energy

! •., V

Number

10-1

90 91 92 93 94 95 96 97

Scrams

5 -

U Unit

Capability
— Energy

Utilization

30%

B
10-

5 -

7(1";,

n
(low power demand
ami coast down)

I I Unplanned

[ / ] Planned

Plant section

Q ] Other

I J Turbine

I 'j Reactor

Cause of fault

[~] Other

[ _| Component

E 3 Operator
90 91 92 93 94 95 96 97

Ringhals I started commercial operation in 1976. It is a boil-
ing water reactor (BWR). The thermal power is 2500 MW
and electrical output 795 MW net.
REACTOR CONTAINMENT is designed for pressure up to
5 bar. During operation it is filled with nitrogen. To prevent
overpressurization there is a filtered pressure reliefs/stem.

REACTOR CORE consists of 648 fuel elements. The total
refuelling cycle is five years. 157 control rods and the flow
from six external reactor recirculation pumps are used to
control reactor power.

TURBINE GENERATOR plant consists of two sets, each
with one dual axial high pressure turbine and three dual axial
low pressure turbines and a generator cooled with water
and hydrogen.
ELECTRICAL POWER SYSTEMS have four subdivisions.
Four diesel generator sets and battery back-up in each sub-
division give the internal emergency power. External power
is supplied from 400kV and 130kV grids and in addition gas
turbine plants.

manSievert
4 .01

3.0-

2 .0-

1.0 \

Collective Radiation
Exposure

90 91 92 93 94 95
•

96

I- 13.0

[ t Refuelling
outage

liM Operation

97



26
O P E R A T I O N A L E X P E R I E N C E 1 9 9 7

Ml"

January 1: A mains interference and
scram resulted in a production loss.

April 9: Reactor scram due to an
erroneous switching of a converter
resulted in a production loss.
April 30: Coast down operation started.

September 1-4: One generator tripped
due to cooling problems and reactor
coolant pump vibrations occurred. After
power decrease and corrective action,
the increase to full power was delayed
on account of an unfavourable power
distribution in the core.

Daily Average Power Level (%)
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During the year

- Power reduction due to low power
demand corresponded to ten
equivalent full power hours.

- Coast down operation resulted in a
production loss corresponding to just
over 28 equivalent full power days.

Unit Capabihu ll(] 3 "<
I'nli/ation SI 5 "i

SCRAMS

• 1 January: A flashover in a 400 kV
transformer in the offsite grid caused
Ringhals 2's generators to be disconnec-
ted from the offsite grid. The tempera-
ture increase in the primary system led
to a reactivity decrease in the reactor,
resulting in reactor scram.

• April 9: An incorrectly synchronized
rotating inverter, belonging to a busbar
which energizes the scram system,
caused a loss of power to the busbar. The
loss of power to the control rod coils
caused the rods to drop into the core,
thereby resulting in a reactor scram.

P e i

Refuelling outage, July 24 - August 22

The 1997 refuelling outage at Ringhals 2
was a standard outage and was planned
for 22 days but lasted for 28 days. The
delay was caused by problems involving
refuelling equipment, contractors and
new fuel charging control equipment.
The following major work was carried
out:

• Replacement of reactor protection
electronics.

• Replacement of microswitches.
• Replacement of a rapid switching

system between the 130 and 400 kV
systems.

• Replacement of the last remaining
halon fire extinguishers in the unit.

• Remaining modification work on the
turbine governing system, which was
installed the previous year. The modi-
fications were tested in connection
with the re-start of the unit.

• Replacement of the station batteries in
one half of the unit. The other batteri-
es were replaced the previous year.

The new steam generators were not in-
spected during the outage, since opera-
ting experience has been satisfactory.
This resulted in a reduced personnel
dose commitment. However, the budget
was exceeded due to additional work
carried out on valves. The collective dose
was 0.6 manSv.
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EVENTS

• As a rod was being moved for mounting into a
fuel assembly, it became detached from the grip-
ping device and fell to the bottom of the fuel
pool. The event was caused by uncertainty re-
garding the rod design and how the gripping
device should be attached. No radioactivity was
released.

• On the first of July, two of the four standby
diesel generator sets were tested. Both sets
failed due to electrical faults. With two sets out
of order the remaining two were also tested.
Later that day, one set also failed due to electro-
nic faults. As two diesel generators were un-
available at the same time, the events together
were classified as 1 on INES. See "Special
Reports".

• Prior to the annual refuelling outage, the con-
trol rod drop times were measured. Two control
rods which had previously shown a tendency to-
wards longer drop times became stuck in the
lower, narrow part of the control rod guide
tube. The cause of the sticking rods was swelling
of the absorber material and cracks in the clad-
ding in parts of the control rod cluster. In order
to avoid problems during the next fuel cycle,
the 12 control rods were replaced by new rods.
Furthermore, extra control rod drop tests will
be carried out after the first half of the fuel
cycle. Extensive analyses and investigations
following the event resulted in a modification of
the acceptance criteria for the control rod tests.

° During reactor start-up after the refuelling
outage, it was found that parts of the reactor
protection system were inoperable. The conse-
quence was that safety injection and steam and
feedwater isolation were not operable for 16
hours. However, the scram system was operable
and the reactor had not yet become critical. See
"Special Reports".
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Ringhals 2 started commercial operation in 1975. It is a
pressurized water reactor (PWR). The thermal power is
2660 MW and electrical output 895 MW net.

REACTOR CONTAINMENT is designed for pressure up to
5 bar. To prevent overpressurization there is a filtered
pressure relief system.

REACTOR CORE consists of 157 fuel elements. The total
refuelling cycle is five years. 48 control rods and the flow
from three reactor coolant pumps to three steam genera-
tors are used to control reactor power.

TURBINE GENERATOR plant consists of two sets, each
with one dual axial high pressure turbine and three dual axial
low pressure turbines and a generator cooled with water.

ELECTRICAL POWER SYSTEMS have four subdivisions.
Four diesel generator sets and battery back-up in each sub-
division give the internal emergency power. External power
is supplied from 400kV and 130kV grids and in addition gas
turbine plants.

v-—-_
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January 16 - May 1: Power was reduced
to 90% due to steam line vibrations.

February 8: The unit was shut down to
replace bearings on an auxiliary feed-
water pump.

February 22: One generator was taken
out of service due to high moisture con-
tent and coolant leakage.

May 1: Coast down operation started.

May 29: Turbine island operation was
performed during switchyard work in
the offsite grid.

August 17: One turbine tripped during
valve testing.

Daily Average Power Level (%)

October 4: Interference in the offsite
grid resulted in turbine island operation.

October 11: One turbine was shut down
for work on the hydraulic control sys-
tem.

November 21 - 24: Production loss due
to scram and corrective action on re-
heater valves and condenser leakage.

During the year

- No power reduction due to low power
demand occurred during the year.

— Coast down operation resulted in a
production loss corresponding to
about 9 equivalent full power clays.

Unit Capability 85.5 %
Utilization ' 82.9%

Jan Fob Mar Apr May June July Aug Sept Oct Nov Dec

Refuelling outage, June 13 - July 6

The annual refuelling outage started on
July 13 and ended 22 days later as plan-
ned on July 6. This was a highly satisfac-
tory result for a PWR unit.

In addition to regular maintenance work,
the following major work was carried
out:

• Replacement of both main generator
rotors.

• Steam line reinforcement in the
reactor containment and turbine.

• Replacement of auxiliary feedwater
control panels in the control room.

• Replacement of halon fire extinguish-
ers by inert gas extinguishers in the
diesel generator areas.

Furthermore, 18 moderate sized modifi-
cations were carried out.

The collective radiation dose of the
refuelling outage was 0.3 manSv, which
was 13 per cent less than the budget.

: - ; " i - : v c ^ i - 1 1 - !_=• i

SCRAMS

• 21 November: During normal full
power operation, the motor protection
belonging to one of the reactor coolant
pumps tripped. Three seconds later,
reactor scram was actuated due to low
coolant flow in the corresponding reac-
tor coolant loop. The automatic func-
tions performed as intended. The reac-
tor coolant pump trip was caused by a
short circuit in a capacitor in the elec-
tric motor of the pump.

EVENTS

• In January, analyses revealed abnormal
main steam line oscillations. Since the
permissible limit was exceeded at times,
reactor power was reduced to 90%.
Operation at reduced power continued
up to the refuelling outage. During the
refuelling outage, new steam line dam-
pers were installed in the reactor con-
tainment and turbine building and the
vibrations decreased. The vibrations
were caused by an orifice in the steam
line at the outlet from the steam genera-
tor. The orifice is used for measuring the
steam flow as well as flow limiter in the
event of a steam line rupture. During
the 1995 steam generator replacement,
the orifice design was modified from
seven perforations to one large perfora-
tion. However, the former design will
be re-introduced during the 1998 refuel-
ling outage.
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• On February 6, steam-driven auxiliary feed-
water pumping was tested in order to deter-
mine the effect on the steam line oscillations.
The pump produced only half of the expected
flow and, during trouble-shooting, tripped due
to overspeed. The cause was a minimum flow
valve which did not open, thereby causing the
pump to overheat and causing the pump bearing
to seize. Reactor power was reduced to hot
shutdown in order to repair the pump. The
power decrease took longer than the permissible
time stipulated in the Technical Specifications.
See "Special Reports".
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Ringhals 3 started commercial operation in 1981. It is a
pressurized water reactor (PWR) of Westinghouse design as
Ringhals 4. The thermal power is 2783 MW and electricai
output 91S MWnet .

REACTOR CONTAINMENT is designed for pressure up to
4 bar. To prevent overpressurization there is a filtered
pressure relief system.

REACTOR CORE consists of 157 fuel elements. The total
refuelling cycle is five years. 48 control rods and the flow
from three reactor coolant pumps to three steam generators
are used to control reactor power.

TURBINE GENERATOR plant consists of two sets, each with
one dual axial high pressure turbine and three dual axial low
pressure turbines and a generator cooled with water,

ELECTRICAL POWER SYSTEMS have four subdivisions. Four
diesel generator sets and battery back-up in each subdivision
give the internal emergency power. External power is supp-
lied from 400kV and 130kV grids and in addition gas turbine
plants.
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March I I : Reactor scram resulted in a
production loss.

May 19: Power reduction due to low
power demand.

May 28: Coast down operation started.

June 22: Power reduction due to low
power demand.

Daily Average Power Level (%)

1004

October 4: Interference in the offsite
grid resulted in a production loss.

During the year

- Power reduction due to low power
demand corresponded to about two
equivalent full power days.

- Coast down operation resulted in a
production loss corresponding to just

Unit Capability 87.1 °i
Utilization 79.4 "i

Sept Oct Nc Dec

Refuelling outage, August 21 -October2

The refuelling outage was completed in
just over 41 days which was 5 days longer
than planned. The outage was originally
scheduled to take a long time to allow
for an internal inspection of a reactor
coolant pump which had to be carried
out for the first time and clue to exten-
sive containment leak rate testing.
Three of the five extra days were caused
by difficulties in demounting reactor
coolant pump internals. The Swedish
Nuclear Power Inspectorate, SKI, did not
grant start-up permission due to an
event involving an inoperable system and
this caused a further two days delay.

The following major work was carried
out:

• Completion of the final stage of the
replacement of the RHP AC central
control system.

over 26 equivalent full power days.

• Internal inspection of reactor coolant
pump 1 as well as replacement of
impeller.

• Inspection of welds in reactor coolant
loop 1.

• Reactor pressure vessel head testing.
• Industrial safety measures in the

condensers.
• I lelitim leak detection in steam

generator 1.
• Containment leak rate testing.
The collective dose for the refuelling
outage was 0.6 manSv, which was some-
what more than the budget. Problems
with demounting reactor coolant pump
1 and additional work on steam genera-
tor 1 resulted in larger doses than
planned.

SCRAMS

T March 11: Scram was actuated when a
control rod inadvertently fell into the
core. After a power decrease to hot
shutdown, boron leakage was detected
through a degassing valve which had not
been tightened and which was located
next to a control rod. The boric acid had
caused a short circuit in the solenoid
that keeps the control rod in a with-
drawn position.

3RCP)

ft) 3 (ft) 2

HPSIP v t i / LPSIP/RHRP
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EVENTS

• During core unloading, a fuel assembly was
lowered towards the fuel transport container
when this was in a horizontal position. During
the entire process, the fuel assembly was secur-
ed by the loading machine gripping device and
by a rope. The event did not result in any fuel
damage. The fuel transport container, which is
used for transporting fuel through the fuel lock
between the reactor containment and the fuel
building, must be in a vertical position before
fuel handling. The position of the transport
device is indicated by a light. Furthermore, the
position must be visually checked before lower-
ing the fuel assembly. Following this event
interlocking devices, which automatically pre-
vent the fuel from being lowered if the tran-
sport container is not in the correct position,
were considered.

• During start-up after the annual refuelling
outage, two valves in the containment spray
system were found to be mispositioned. The
valves were closed during containment leak rate
testing and were not re-opened after the test.
The reactor was not yet critical when the
mispositioning of the valves was detected. See
"Special Reports".
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Ringhals 4 started commercial operation in 1983. It is a pres-
surized water reactor (PWR) of Westinghouse design as
Ringhals 3. The thermal power is 2783 M W and electrical
output 915 MW net.

REACTOR CONTAINMENT is designed for pressure up to
4 bar. To prevent overpressurization there is a filtered
pressure relief system.

REACTOR CORE consists of 157 fuel elements. The total
refuelling cycle is five years. 48 control rods and the flow
from three reactor coolant pumps to three steam generators
are used to control reactor power.

TURBINE GENERATOR plant consists of two sets, each with
one dual axial high pressure turbine and three dual axial low
pressure turbines and a generator cooled with water.

ELECTRICAL POWER SYSTEMS have four subdivisions. Four
diesel generator sets and battery back-up in each subdivision
give the internal emergency power. External power is supp-
lied from 400kV and I3OI<V grids and in addition gas turbine
plants.
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DESCRIPTION OF THE EVENT

When M/'S Sigyn, which is used for ship-
ping spent fuel and radioactive waste,
docked at Barseback harbour, bottom
sediment was churned up and entered
into the sea water intake screens. Finally,
this led to turbine trip and a reactor
scram due to a high condenser pressure,
see also page 8. In connection to the
scram high pressure occurred in the con-
denser, which in turn caused the low-
pressure turbine rupture discs to burst.
Subsequently, steam was released into
the turbine hall.

The release of steam forced some pres-
sure release hatches in the turbine build-
ing walls to open. There were strong
winds at the time of the event, and these
winds caused a subpressure on the lee-
ward side of the building. This caused
the pressure release hatches to open by a
lower differential pressure than expec-
ted. The release of steam was detected
by the fire detectors placed in the tur-
bine hall, which where triggered and
alarming. Although, the temperature
switches for detecting a I.OCA situation
were not triggered. This fact rose
questions regarding the set points of the
temperature switches.

ANALYSIS AND CORRECTIVE ACTION

An investigation about the pressure and
temperature conditions in the event of a
steam release was initiated in order to
analyse why the temperature and level
switches were not triggered by the steam
release that occurred. The investigation
that the set point for the temperature
switches was originally set to 45 °C. The
set point was after some years of opera-
tion changed to 55 °C. The change was
made when it turned out that the
ambient temperature in the turbine hall
rose during the summer so that the
margin against actuation had decreased
substantially. The consequences of this
adjustment had not been enough
thoroughly analysed.

Subsequent calculations showed that
the "20 ton criterion" could not be met
with certainty over the whole LOCA
flow rates which can occur with the tem-
perature switch set point of 55 °C and
pressure relief hatches open. The conse-
quences of the earlier modifications had
not been analysed enough. As pressure
relief hatches were open the leak flow
was to small to trigger the pressure
switches.

The set point was once again reduced
to 45 °C. This limit will ensure timely
detection with adequate overlapping of
the pressure switches to cover all possib-
le leak flows. To avoid spurious actuation
of the switches in case of a high ambient
temperature in the turbine hall, the set
point will be adjusted manually. The in-
stallation of automatic adjustment
equipment in relation to varying ambient
temperatures is being considered.

The event was classified as 1 on INES.

Barseback 2

In connection with the Barseback 1 event
the set points of the corresponding tem-
perature switches at Barseback 2 were
also reviewed. Since these had also been
adjusted to 55 °C, the same corrective
action was taken.

Oskarshamn 2

As a result of the event at Barseback 1,
the setpoints of corresponding tempera-
ture switches at Oskarshamn 2 were re-
viewed. The operational history of these
switches showed that they had initially
been set at 45 °C. In 1975, the set point
of the temperature switches in the tur-
bine hall was raised to 55 °C since the
ambient temperature by then was close
to 45 °C. At that time, an analysis of the
20-ton criterion was also carried out and
the results were approved.

In 1980, the setpoint was further in-
creased to 65 °C. The underlying reasons
and calculations were not documented.

As a result of the analysis at Oskars-
hamn 2, the set point of the temperature
switches in the turbine hall was reduced
from 65 °C to 55 °C, which was enough
to meet the 20-ton criterion. Further-
more, the set point for another tempera-
ture instrument in the turbine hall,
which provides an early warning, was
changed from 50 °C to 45 °C. A calcula-
tion based on the relevant temperatures
and limits was initiated to determine
whether the 20-ton criterion would have
met with the 65 °C setpoint. Preliminary
calculations carried out within the
design basis review project showed that,
with a setpoint of 65 °C, more than 20
tons would have escaped.

Detection of pipe breaks (LOCAs)

Barsebdck 1 is, like most nuclear power
plants, equipped with instrumentation that
are trigged if a pipe break (LOCA) occurs
in the reactor-, or the turbine building in-
chiding release of water or steam. The
instrumentation should prevent the reactor
vessel from being emptied on water in case
of a LOCA and subsequent overheating of
the fuel. A design criterion for all Swedish
reactors is that a pipe break should be detec-
ted and initiate a containment isolation be-
fore 20 metric tons of water has escaped
from the reactor.

All areas of the reactor-, or the turbine
building containing piping that is directly

connected to the reactor vessel are monito-
red by pressure , temperature-, or level
switches. Pressure switches are located in
areas where large releases of hot steam or
water can occur. Temperature switches are
located in areas where small releases of hot
steam or water can occur. Finally, level
switches are used to detect cold water
releases.
The turbine hall contains both temperature

and level switches. When the trigger level
for the temperature switches was changed
from 45 °C to 55 °C it meant that the pipe
break monitoring system would not be able
to meet the 20 ton criterion if the pressure
relief hatches were open.

LEAK
FLOW (kg/s)

Temperature
sensor limit

TIME!
(min)!
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DESCRIPTION OF THE EVENT

On May 16, 1997, during containment
ventilation prior to the annual refuelling
outage, valves were opened in order to
ventilate the wetwell area before the re-
actor had reached cold shutdown mode.
This was a violation of rules stated in the
Technical Specifications. Valves in a pipe
connecting the drywell with the wetwell
areas were erroneously opened. As a re-
sult, the drywell and wetwell came into
atmospheric contact and the pressure
suppression function was degraded.

When the mispositioned valve was dis-
covered, the unit was being cooled down
to cold shutdown mode which was reach-
ed two hours later. According to the
Technical Specifications the pressure
suppression function should be operable
all the time with a reactor pressure
exceeding 1 bar.

CAUSE OF FAILURE

At Forsmark 2 there exist two procedu-
res governing containment ventilation. In
the "System Line-up Procedures" nothing
was mentioned about the requirements
in the Technical Specifications concer-
ning this case. In the "General Operating
Procedures", wetwell ventilation as well
as the requirements in the Technical spe-
cifications are stated. The valves were
erroneously opened because the "System
Line-up Procedures" were used during
the valve opening. It should be noted that
the containment ventilation was carried
out late at night and that the actual val-
ves were opened early in the morning.

The event has been preliminary rated 1
on INES.

MEASURES

The procedures in question will be modi-
fied so that containment ventilation will
only be treated in one of them. All plant
operating procedures will be revised in
order to prevent that different evolu-
tions of operation are governed in more
than one precedure. Otherwise there is a
risk of errors arising when the procedu-
res are used or updated.

Containment
ventilation lines

BACKGROUND

The containments in Swedish BWRs as well
as other BWRs in the world are designed
according to the pressure suppression prin-
ciple. This allows for a compact containment
design. The containment is divided into two
compartments, the upper drywell and the
lower wetwell. To achieve the pressure sup-
pression function, these two compartments
are separated by a leak tight diaphragm
floor.

Steam emerging from a pipe break in the
reactor primary system is forced through the
blowdown pipes and condenses in the con-
densation pool. If the two compartments
come inte atmospheric connection with each
other, some of the released steam is trans-
ferred directly into the atmospheric part of
the wetwell compartment which can result
in an impermissibly high pressure in the
containment.

During operation the containment is filled
with nitrogen gas in order to minimize the
risk of fire and explosion in case of an acci-
dent. To allow access, the containment is
ventilated, i.e. the nitrogen gas atmosphere
is replaced by air.



34

I

DESCRIPTION OF THE EVENT

On October 27, during normal operation,
it was discovered that an isolation valve
in the containment filtered venting
system was incorrectly closed.

During a short cold shutdown outage in
April 1997 the containment head was
removed as a part of the maintenance
work. On this occasion or at the end of
the refuelling outage early March, the
isolation valve was incorrectly left closed.
The closed valve was not opened on
system line-up, neither on restart after
the refuelling outage, nor on restart
April 22, 1997.

Short Description of the System

During the eighties emergency systems, that
reduce a radioactive release in the event of
a severe accident with core damage, were
introduced at all Swedish nuclear power
plants.

The filtered venting system is a passive
safety system which, during normal opera-
tion, is in a standby mode. The system
consists of a relief pipes with valves and a
rupture disc, connected to the filter, a water
scrubber unit. In the event of a severe
accident with core damage, large amounts
of steam may be released and hydrogen
explosions may occur. The resulting over-
pressure is reduced through steam relief to
the scrubber and then to the atmosphere. In
the scrubber unit radioactivity from the
damaged core is reduced several orders of
magnitude.

Containment overpressurization is there-
by prevented with the possibility to reclose
the containment relief path in order to con-
tain the remaining radioactivity. Contain-
ment pressure relief may also be manually
initiated.

A design basis for the filtered venting
system was the system independence of
manual action during a long time following
an severe accident.

ANALYSIS OF THE CAUSE

At the end of a refuelling outage all sys-
tems, including the safety systems, are
lined up for the upcoming cycle of opera-
tions. Also on occasions when work is
carried out in the systems line-up should
be performed. However, line-up was not
carried out of the containment filtered
venting system after the April outage as
no work had been clone in this system.

The isolation valve was closed in accor-
dance with a maintenance procedure be-
cause the containment cupola was remov-
ed. However, this procedure did not
specify the restoration of the system.

The administrative barriers that pre-
vent incorrect valve positions are the
maintenance procedures and the system
line-up procedures. The documentation
from the short outage showed a discre-
pancy between the these procedures for
the containment filtered venting system.
The discrepancy was bad interaction as
the procedures are used parallel during
mounting of the pressure vessel head and
the containment cupola. The maintenance
procedure states that valve closure must
be checked before mounting a pipe.
Closing the valve at this stage is purely a
matter of industrial safety to prevent
nitrogen gas leakage. However, none of
the procedures do state the reopening of
the valve when the work is finished.

The event was classified as 1 on INES.

CORRECTIVE ACTION

A complete line-up and status check of
selected safety systems was performed
after the event. All passive systems were
checked and no further discrepancies
were found during this inspection.

An MTO analysis was carried out which
revealed certain deficient administrative
routines and some incorrect procedures.
As a result recommendations were made
which aim at strengthening the barriers
against this type of event, including
changes in routines and procedures.

Long-term measures to be taken in-
clude that the "reactor start-up from cold
shutdown" procedure should include the
requirement that remote-manoeuvred
valves in the containment filtered venting
system should be checked to ensure that
they are in the correct position before
reactor re-start.

In parallel with this, work is in progress
in accordance with a new administrative
plan called "Operable Verification after
Changes in Systems" which will improve
the quality of reactor operation manage-
ment. One of the goals of this plan is to
create an "Operation Handbook" which
will serve as support for the control room
personnel in matters concerning system
verification, planning of work, dealing
with procedure discrepancies and control
room work. This handbook will be ready
at the beginning of 1998.

TO THE ATMOSPHERE
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BACKGROUND

The Ringhals units are equipped with
four diesel generator sets each. These
generators provide auxiliary power in
the event of a loss of power from the
unit's generators and a loss of offsite
power. The Technical Specifications
allow full reactor power to be maintain-
ed for a maximum of two days when one
of the diesel generators at each unit is
inoperable. Start-up tests must then be
carried out on the remaining diesel gene-
rators within one hour and, subsequent-
ly, every 24 hours. The scope of the test
is to check generator start-up without
synchronization to the grid.

In addition to this, surveillance testing
of two diesel generator sets is carried
out on a weekly basis. In the event of the
simultaneous failure of two diesel gene-
rators, the reactor must be brought to
cold shutdown by normal procedures.

^ r£ 111? i c . r' *' ".-

DESCRIPTION OF THE EVENT

During power operation on July 1, 1997,
trial operation of diesel generator A and
C was carried out at Ringhals 2. The A set
was tested first but could not be magne-
tized due to a bad electrical junction.

While trouble-shooting of the A set
was being initiated, start-up testing of
the remaining diesel generator sets was
carried out. However, the B set tripped
due to overvoltage. With two sets out of
service, it was decided to bring the reac-
tor to cold shutdown. However, before
the power decrease was initiated, the
fault in diesel generator A was localized.
After trial operation, the generator was
declared operable.

In the case of the B set, a bad electrical
junction was also identified as the root
cause, which probably emanated from
component replacement during a 1994
outage. The junction screws were tighte-
ned and trial operation of the B set
during the afternoon was successful.

Trial operation of the C set was repeat-
ed during the evening on demand of the
operation management. However, due to
considerable voltage instabilities during
testing, the diesel generator was declared
inoperable. The root cause was identified
as a faulty circuit board in the voltage
control system. The circuit board was re-
placed and trial operation was resumed.

Since trial operation of diesel genera-
tors A and B had been carried out a few
hours earlier after corrective action had
been implemented, only generator D was
tested. The trial operation of the D set
was successful. All four diesel generator
sets were declared operable two hours
after midnight.

IMPORTANCE TO SAFETY

During the same day, three of four diesel
generator sets were out of service. Since
two diesel generators were simultaneous-
ly inoperable for just over half-an-hour,
the events were classified as 1 on INES.

In the event of a loss of offsite power,
there was a risk that two of the four sets
would have malfunctioned. Diesel gene-
rators A and B had faults which would
have been triggered sooner or later.
Diesel generator A had been tested 14
days earlier and diesel generator B, one
week previously. The fault in diesel
generator C was not triggered during
trial operation in the morning.

The faults in diesel generators A and B
may therefore have been important to
safety for about a week while the fault in
the C set was triggered during the day.
The various busbars energized by the
diesel generators supply power to diffe-
rent safety-related objects. Different
objects are available, depending on which
diesel generators are available. However,
via cross-connections, it would have been
possible for the available diesel genera-
tors to energize the objects which were
most in demand at the time. Ringhals
nuclear power plant also has emergency
gas turbine generators as well as a mobile
diesel generator.

The reactor can be shut down with only
one diesel generator set available. How-
ever, with this type of reduced redun-
dancy, the effect of additional single
failures would be more difficult to
handle and would have reduced the
possibility of a safe shutdown.

Inoperable
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Operable I I May have been inoperable
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DESCRIPTION OF THE EVENT

During re-start after the refuelling out-
age, a routine check of the main annunci-
ator panel revealed that the power supp-
ly to some output relays of the reactor's
Solide State Protection System, SSPS,
were disconnected. At this moment, the
reactor had reached operational mode 3,
i.e. 177°C and 4 MPa. As normal in
PWRs, reactor heat-up was done with the
reactor coolant pumps. The core was sub-
critical at the time.

The Technical Specifications require
the SSPS to be operational at temperatu-
res exceeding 93°C, if the reactor trip
breakers are activated. On this occasion,
the reactor had been operated with the
SSPS unavailable for 16 hours. When the
deficiency was revealed, the power to the
SSPS output relays was immediately re-
stored. However, the action was not do-
cumented in the control room log book.

The event was not fully reported to the
plant management until two days later.
The management then reported the event
to the authorities on the following day.

Because of this event, SKI demanded the
plant to perform a thorough review of
the operability of all safety systems at
Ringhals 2. No remaining deficiencies
were found. The records of the review
were then submitted to SKI for approval
before permission to continue the start-
up of the unit was granted. Start-up was
delayed by a few days due to the event.

CONSEQUENCES

The safety implications of the event
were that the safety injection function
and the main steam and feedwater
isolation functions were not available
during 16 hours of start-up. However,
the scram system was fully available.
Before entering operational states where
the reactor has reached criticality,
additional verification of the availability
of the safety functions is required by the
procedures.

When the deficiency was detected, the
reactor pressure was about 4 MPa. The
probability for a loss of coolant accident
at these conditions was low.

The event was classified as 1 on INES.

ANALYSIS

As a prerequisite for the re-start of the
plant after the refuelling outage, the
SSPS was subject to an integrated test
which, when finished according to pro-
cedure, left the SSPS in an enabled state.
This correctly terminated test was signed
off in the test procedure. The test pro-
cedure was then filed in a binder for
executed procedures, stored in the con-
trol room.

In order to avoid a cold pressurisation
of the reactor vessel in the event of an
inadvertent activation of the safety in-
jection system, the SSPS output relays
were deactivated. This action was per-
formed and signed off in accordance with
the applicable procedure and recorded in
the control room log book. However, the
signed procedure was not filed in the
binder.

Before reactor start-up, the binder was
consulted to check SSPS status in accor-
dance with start-up procedures. The
most recent information in the binder on
the state of the SSPS was the copy of the
test procedure which showed that the
SSPS system was operable. The annuncia-
tor panel was not checked. Based on this
information and unaware of the disabled
SSPS output relays, start-up continued.

A human factor analysis was perfor-
med. Deficiencies in existing routines
and their adherence were identified and a
number of improvements were or will be
implemented:

- Incorrect handling of control docu-
ments during the refuelling outage.

- Failure to file the signed procedure
used when disabling the SSPS output
relays into the designated control room
binder.

- Failure to double-check the actual state
of the SSPS relays by consulting both
the procedure in the binder and the
applicable annunciators.

- Failure to document the incorrect state
of the SSPS when this was detected.

- Failure to immediately communicate
the event to the plant management,
which meant a delay in the reporting of
the event to the authorities.

Safety system principle

The SSPS logics start and stop

objects such as pumps and valves,

needed in the operational state

as submitted from the process.

If SSPS fails there is also the

possibility to operate the objects

manually.

Power
supply
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EVENT DESCRIPTION

The start-up of Ringhals 4 after the annu-
al refuelling outage was temporarily post-
poned to allow for additional checking of
safety issues. This was caused by a devia-
tion from the plant's Technical Specifica-
tions which was detected on September
28 during the start-up sequence.

The suction valves for the containment
spray system were inadvertently left clos-
ed for 19 hours, during reactor start-up.
The incorrect position of the valves was
detected on routine plant status check.
The valves were immediately opened and
the occurrence was without delay repor-
ted to the plant management. The reactor
had reached mode 3, i.e. the reactor cool-
ant temperature exceeded 177°C, but the
reactor was still subcritical when the clos-
ed containment spray valves were found.

Background

During the refuelling outage, the con-
tainment spray system operability was
verified and the system was left on stand-
by. Later, containment leak rate test was
performed requiring a number of con-
tainment valves to be closed. During test
preparations a check-list was used to
correctly position these valves. A corre-
sponding check-list was used after the
test to restore the valves to the proper
operational position. However, the lists
did not contain information on correct
valve positions. The mispositioned valves
are motor operated valves, remotely con-
trolled from the central control room. In
spite of the check-list and an independent
review, these two valves were not proper-
ly re-aligned after the containment leak
rate test.

CONSEQUENCES

There was no danger of a serious acci-
dent, since the reactor had not reached
criticality and several other barriers were
intact. However, the event revealed weak-
nesses in the applied routines which, if
not corrected, may affect reactor safety.
At component level, the pumps in the
containment spray system would have
been damaged if they were started when
the suction valves were closed.

The event was classified as 2 on INES.

ANALYSIS

The Ringhals management decided to
stop the start-up sequence and deman-
ded a complete review of the unit's safe-
ty systems. The local safety committee
reviewed the event and required addi-
tional checks. SKI, the Swedish nuclear
inspectorate, decided that a corrective
action program should be submitted and
approved by SKI before start-up.

An extensive root cause analysis identi-
fied the following main causes:

- Deficiencies in the line-up procedures
before and after the leak rate test.

- Ambiguities in the procedure for veri-
fying the system operability caused
misinterpretation and verification of
the valve alignment was omitted.

- In the additional independent system
check performed before the transition
to the hot shutdown state only the
documentation on executed tests and
verifications was reviewed.

- Another independent check was per-
formed before the transition from hot
shutdown to hot stand-by. The indica-
tors on the control panel were review-
ed for deviations, but the flow paths
were not verified. The closed valves
were not found.

- During reactor start-up, intensive acti-
vities took place in the main control
room. Several of the surveillance
rounds were interrupted or omitted
because of disturbances from other
concurrent activities.

ACTIONS

The root cause analysis report proposed
the following actions:

- If work is performed on a safety system
that has been checked and declared
operational, the checking and verifica-
tion must be repeated.

- The scope of the independent checks of
the safety system operability must be
changed, focusing more on the real sta-
tus of the plant and less on the docu-
mentation reviews.

- The routines for surveillance rounds in
the plant and control room are to be
reviewed.

- The line-up procedures of safety sys-
tem shall contain information on the
correct positions of the affected valves.

- The feasibility of using the plant pro-
cess computer for checking and verify-
ing the the safety system opeability al-
so during outages will be investigated.

Boron water is supplied to the
containment spray system from a
storage tank. The closed valves in
the suction lines made all four spay
subdivisions inoperable.



38

DESCRIPTION OF THE EVENT

On February 6, the turbine-driven auxi-
liary feedwater pump was started up to
check whether it influenced steam line
vibrations. Instead of the flow of 48 kg/s,
which is expected during normal opera-
tion, the pump only delivered 24 kg/s.
After adjustment, the flow increased to
38 kg/s when the flow control valve star-
ted to close.

Troubleshooting revealed that the set-
point for the flow control valve was set at
24 kg/s, which is the value used for ope-
ration of the pump from the emergency
control room. The values had become
interchanged in connection with testing
during the 1996 refuelling outage.

During this work, the pump overspced
protection tripped due to a failure of a
check valve, which automatically opens
the minimum (low recirculation line. The
blocked line caused the pump to overheat
and the bearings to seize. It was then de-
cided to bring the reactor to cold shut-
down which, according to Technical
Specifications, this must be reached with-
in 12 hours. 1 lowever, this time limit was
exceeded bv almost live hours.

On February /, the minimum flow check
valve was removed, examined and found
to be incorrectly assembled. The valve
was correctly assembled and then re-in-
stalled in the loop.

On February 9, the turbine-driven
pump was repaired and re-installed. On
February 11, the turbine-driven loop was
declared operable.
The event was classified as 1 on INKS.

ANALYSIS

Several deficiencies were found which
had not been detected during routine
rounds and tests. A thorough analysis re-
vealed the following contributing factors:

- During full flow testing at the end of
the 1996 refuelling outage, the
turbine-driven auxiliary (eedwater
loop delivered 38 kg/s instead of the
expected 48 kg/s. 1 lowcver, this infor-
mation was never conveyed to the
operational management.

- The flow setpoints had become inter-
changed during the 1996 outage.

- The minimum How check valve was
probably incorrectly installed since the
1989 outage, when it had been removed
for control.

ACTIONS

The following improvements were
implemented:

- Improvement of the barriers which
ensure correct safety system function.

- Improved routines for documentation
and reporting of deviant test results.

- Improved routines for plant modifica-
tions in software for digital control
equipment.

BACKGROUND

In an emergency, the safety sys-
tems can be manoeuvred from an
emergency control room. During
the 1996 outage, the digital con-
trol equipment for the auxiliary
feedwater system was modified.
This enabled the flow in the
turbine-driven auxiliary feed-
water loop to be limited to 24
kg/s when the loop is manoeuvred
from the emergency control
room. During normal operation,
the sctpoinl is 48 kg/s.

Auxiliary Feedwater System
Ringhals 3 has three reactor coolant loops

CQNDENSP-T:
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be able to supply the corresponding steam
and three auxiliary fcedwater loops. One of generator with sufficient water to cool the
these loops is equipped with a steam
turbine-driven pump which can deliver 48
kg/s. The other two loops are both equip-
ped with electrical pumps, each delivering

reactor from full power to 177 °C, in the
event of a total loss of offsitc power, [f one
pump fails, the other pumps can supply
more than one generator. The systems are

24 kg/s. Each auxiliary feedwater loop must lined up by opening cross-connecting lines.

The loop with the turbine-driven auxiliary
fecdwatcr pump contains one pump, one
check valve and one control valve
downstream of the pump. A minimum flow
line automatically opens if the check valve
doses while the pump is in operation.
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Safety systems have a bold typeface and
operational systems have an italic typeface

Reactor Containment

Low power demand

Coast down

> Loss of energy production
planned

Loss of energy production
unplanned

Corresponding to the UNIPEDE classification "StatisticalTerminology Employed in the
Electrical Supply Industry"
Etg/En Unit capability factor (UNIPEDE definition 4.6.03.f)
Ed/En Energy utilization factor (UNIPEDE definition nr 4.5.01)
En Maximal producable energy with maximal capacity during total time in a

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

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

Reactor coo l ing systems

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 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
Hajor Accident

6
Serious Accident

5
Accident with
Off-Site Risk

4
Accident with-
out signifcant
off-site risk

3
Serious
Incident

2
Incident

[

Anomaly

0
Deviation

Major Release. Widespread
health and environmental
effects

Significant Release.
Countermeasures fully
implemented

Limited Release.
Countermeasures
partially implemented

Minor Release.
Public exposure up to
prescribed limits

Severe damage to reactor
core and radiological
barriers

Significant damage to reactor
core/barriers/fatai exposure
of workers

Very Small Release. j Severe spread of
Public exposure at frac- tion ! contamination/acute health
of prescribed limits 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 safety layers
remaining

Incident with significant
failures in safety
provisions

Anomaly beyond the
authorised operating
regime 1

Operation: FWP = Feedwater pumps

RRP = Reactor recirculation 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 = Residua! heat removal pumps
ACC = Accumulator tank (PWR)

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

2- or 4-subdivisions
External power supply: 0 = Ext. power grid l30-400kV

H = Ext. aux. power grid 70-130kV
Internal backup supply H - Dieselbacked busbars 6-IOkV



OPERATING
EXPERIENCE

FROM SWEDISH
NUCLEAR POWER

PLANTS

The Safety department of Nuclear Training and
Safety Center (KSU) works with experience feed-
back of operational and safety issues, both natio-
nally and internationally. Operational experience
in the nuclear power plants is constantly selected,
analysed, assessed and reported. Since the begin-
ning 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 com-
puter system is useful to identify generic events
and analyse trends.

The experience feedback process contains nume-
rous national and international contacts. In addi-
tion to the day to day work with the Swedish

nuclear power plants, the safety department ex-
changes information with the international organi-
zations INPO (Institute of Nuclear Power Opera-
tions) 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

Nuclear Training and Safety Center
Postal address: P.O.Box 1039

S-61129NYKOPING
Sweden

Visits: Studsvik
Phone: +46 155 263500
Telefax: +46 155 263191
E-mail: safety.dept@ksu.se
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