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Abstract
Swedish safety legislation and convention clearly stipulate that the licensee's
responsibility is not solely limited to maintaining safety standards in accordance with
requirements imposed when the license is granted. The licensee must also strive to
improve safety for the duraäon of the service life of the installation. Modifications
implemented at plants to fulfil the above-mentioned responsibilities are referred to as
backfitting.

Sweden's current situation is such that there has been an intensified effort on the pan
of the authorities to initiate new programmes, enabling improvement to plant safety
systems. An example of this is that the design bases of the plants are reviewed to
ascertain if there are safety improvements to implement This programme was
instigated as a result of the incident involving clogged strainers at Barsebäck. At
Oskarshamn Unit 1, an extensive programme is being carried out to upgrade the plant.

It is essential for SKI, as the licensing authority, to evaluate the various programmes
and activities. One method, which is to be used, is to compare die different backfitting
programmes from both domestic and overseas plants. By assessing the inconsistencies
and by making a quantitative and qualitative safety assessment, SKI will be able to
build a suitable basis on which to enable efficient evaluation of the backfitting
programmes already carried out

Work was initiated by making a study of backfitting and modification at Ringhals
Nuclear Power Plant, Units 1 (BWR), 3 and 4 (PWRs). The results of this study have
been documented in SKI Report 95:3. The task was continued at Forsmark Nuclear
Power Plant, Units 1 and 2 (BWRs), and this has been documented in SKI Report
95:8.

Backfitting and m r'jication at Barsebäck Nuclear Power Plant, Units 1 and 2
(BWRs) are doc s /ted in the following report. Studies covering Oskarshamn
Nuclear Power I , Jnit 2 (BWR) are presently ongoing. These documents are to
contribute to a st t ."be carried out in conjunction with German and US plants.

Lennart Carlsso h .a s Eriksson

Dept. of Plant Sa! ;• Assessment
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1 INTRODUCTION

1.1 Purpose

This report is intended for use by the Swedish Nuclear Power Inspectorate (SKI). It
has been published to enable comparison of modifications and backfining
implemented at Barsebäck NPP, with those implemented at other plants, both
domestic and overseas. Such comparisons enable SKI to verify that safety-related
issues are dealt with equally and uniformly at all Swedish NPP's.

1.2 Scope

The report summarizes the more notable modifications and backfitting carried out on
safety-related equipment, or software, at Barsebäck 1 and 2, and covers the decade
from 1984 to 1994. Although modifications to hardware and, to some extent,
software are catalogued, (an example of this is the Emergency Operating Procedure,
EOP), these are not described in any great detail. No general procedures, such as
operational or maintenance, are dealt with at all.

BACKGROUND TO MODIFICATIONS AT BARSEBÄCK NPP. Unit 1
and 2

From a safety stand-point, backfitting is carried out in order to increase overall
protection to public health and safety, or to national defense and security. A backfit
consists of modification of, or additions to, systems, structures and components, or
modifications to procedures and organization required to design, construct or operate
an NPP.

Changes are ongoing during the design and construction phase of a plant and this is a
continuous process during operation. Moreover, backfitting must be considered
initiated from the moment the plant has been granted its license to operate. For the
first Barsebäck Unit commercial operation commenced in 1975, and for Unit 2, it
commenced in 1977. However, the backfining and modifications catalogued in this
report only take into account backfitting implemented in the last decade, 1984 to
1994.

Swedish safety legislation and convention clearly stipulate that the licensee's
responsibility is not solely limited to maintaining safety standards in accordance to
requirements imposed when the license was granted. The licensee must also strive to
improve safety for the duration of the service life of the NPP.

The license for a Swedish NPP is granted based on certain design criteria, of which
the American 10CFR50 is the most important. A number of additions and
interpretations have, however, been included. This above mentioned design is itself
based on a set of design operation situations, that include transients, and "accidents"
involving a complete break in the main reactor coolant system pipeline. These
operation situations determine that certain general design criteria can be fulfilled. The
plant is required to remain operational without undue risk to the health and safety of
the general public. This means that for the duration of abnormal operating conditions,
fuel damage rc.ust remain at a level of less than one percent. After the TMI accident in



1979, supplementary design criteria were added to those mentioned above, in which a
situation involving fuel damage larger than one percent was taken into consideration.
Criteria for the effects on a plant other than those mentioned above had then to be
established. These are catalogued below. In a Bill submitted to the Swedish
Parliament in 1980/81 following the TMI accident, the government proposed
guidelines for nuclear safety work within the framework of the Swedish nuclear
power programme. It was emphasized that, although the risk of uncontrolled releases
of large quantities of radioactive material was indeed small, measures should be taken
to reduce the risk further, even if the cost would not be inconsiderable in relation to
the mitigation achieved in the event of an accident

The following basic requirements and objectives for the mitigation of radioactive
releases were established in a government resolution passed in 1986, on the basis of
recommendations made by the Swedish Nuclear Power Inspectorate (SKI) and the
Swedish Radiation Protection Institute (SSI):

• Land contamination, which prevents the use of large areas of land for a long
period, shall be avoided.

• Fatalities due to imminent radiation disease shall not occur.

• Incidents of extremely low probability need not be considered.

• The same basic requirement regarding the upper limit of the quantity of released
radioactive substances should apply to all reactors, irrespective of site and power.

• Measures taken to meet these requirements should not contribute to a reduction of
overall reactor safety.

The requirements may be considered to be fulfilled if a release is mitigated to no more
than 0.1 % of the core inventory of the Cesium isotopes 134 and 137 contained in a
reactor with a 1,800 MWt power output, provided that the other nuclides of
significance in terms of land contamination are removed in a corresponding
proportion to Cesium.

Modifications at Barsebäck NPP unit 1 and 2 have been done because of several
reasons. The safety-related modifications have been carried out on the basis of one or
several of the reasons listed below:

• A fault has been detected in the plant and reported on a fault notification form.
Subsequent analysis reveals that a backfit is required to rectify the primary cause
of the fault

• New technology or information warrants a backfit

• A design/component is so outdated that spare or replacement parts are no longer
stocked by the supplier. This often gives rise to new design and technology.

• A backfit has been effected to increase availability.

• Previous experience and feedback from another unit or plant, or completed
safety analyses, indicate deficiencies in the existing design. This reason is often
closely interlinked with one of the others mentioned.

• The authorities require a particular modification at Barsebäck. Generally this
reason is also associated with one of the others mentioned.



Regardless of reason for backfining, all such backfitting has been effected according
to cuncnt existing requirements and norms.

All modifications to procedure, method and liability-related issues have been reviewed
and approved in accordance with die internal routines of Barsebäck NPP.

1 AND 2

3.1 Reactor Coolant Makeup

3.1.1 Emergency Core Cooling

To prevent closure of the bypass valves in the emergency core cooling (323) when the
refilling valves are opened, during which time the lowflow alarm cuts out briefly, the
closing signal to the bypass valves has been interlocked. The interlock is only initialed
if die pump is not in operation. The charging line mus: be filled at all times to prevent
water hammering, forming on pump start-up, and this is effected by automatic refilling
of water. On automatic start-up of 323, if the bypass valves are not opened, pump
start-up is blocked. The delay to pump start-up is approximately 20 sec, i.e. the time it
takes for the valve to open.

Monitoring of the differential pressure on the the suction strainers in the condensation
pool for the emergency core cooling system (323) has been improved.

The valve actuators to the outer isolation valves in the 323 have been replaced with
new ones, because the previous actuators were unable to supply sufficient torque.
Furthermore, the torque necessary has been reduced by employing springed spindle
nuts.

Venting pipes have been installed on the seal water lines to the pumps in the 323. Air
bubbles had previously been retained in the pump as it was insufficiently vented.

3.1.2 Auxiliary Feedwater System

Central monitoring of the oil temperature in the auxiliary feedwater pumps (327) has
been introduced. Alarms and temperature gauges have been installed in the
temperature control system.

3.1.3 Feedwater System

The control logic for the closing speed of the isolation valves in the feedwater system
(312) has been redesigned. Following the redesign, high closure speeds are only used
in cases of high reactor level, or isolation of the feedwater system. The valves
incurred heavy wear due to these high speeds, which, in addition, caused the
breakdown of the gear between the motor actuator and the valve.

Venting of the control oil in the feedwater pump hydraulic coupling has been
introduced. In previous cases, unstable speed control had been the result of air
bubbles in the oil.



3.2 Power Supply

3.2.1 Modification of the Size of the Fuses

After analysis of the selectivity in the power distribution, it was revealed that in
certain cases of excess current, the main power fuses would have blown before the
miniature switches. The fuses have now been changed to 10A and 4A. In addition,
the fuses for power supply to the equipment for detecting earth fault have been
modified. The selectivity in the fusing for the objects supplied from the inverter
supplied buses was also found to be defective. The fuses have now been modified
from 6Ato 10A, and from 4 A to 1.6 A

Introduction of individual breakers to the earth fault detecting equipment has been
implemented to minimize the consequences if there is a defect in the earth fault
detecting equipment

3.2.2 Automatic Switching Mechanism on the 6 kV Busbars

A manual-start automatic switching system has been introduced to the 6 kV busbars
fed from the start-up transformer. This switching option occurs between the start-up
transformer and the busbars fed from the gas turbine transformer. The reason for the
redesign is that it was not previously possible to execute switching without
deenergizing the busbars

3.2.3 Replacement of 400V Breakers

The breakers to the pumps in the reactor containment spray system (322), the
auxiliary feedwater system (327) and the salt water coolant system as well as the
compressor for the compressed air system have all been replaced with new and
improved breakers. Existing breakers in the uninterruptible power busbars have been
modified to the same design as the new breakers These have been furnished with an
interlock called the "inoperational breaker function". It works as follows:

If the breaker switches off and a reconnection occurs momentarily, the mechanism of
the breakers can jam. This means that the breaker functions continuously, but that the
main contacts and auxiliary contacts remain unaffected. This sequence of events
continues for the duration of the breaker being under command. Since the connecting
magnet only tolerates a maximum of 5 seconds contact time, these conditions greatly
increase the possibility that the magnet will burn out. Consequently, an interlock that
breaks up the onswitch command for a certain period of time after disconnection, has
been introduced to the system.

3.2.4 Automatic Switching Circuit for the 6 kV Busbars

The switching circuit to the 6KV busbars has been modified to prevent defects in the
relays making conditions incompatible to switching

To prevent the gas turbine transformer from being energized from the station grid, a
redesign of the switching mechanism has been carried out. This entailed an interlock



being introduced that prevents the energizing of the gas tuibine transformer supply
busbars from the station grid.

3~L5 Diesel Generator and Diesel-Backed Busbars

A redesign of the filling mechanism for the diesel generator start-up air tanks has been
implemented to ensure that the mechanism functions after the compressors have been
de-energized. The filling mechanism resets with a key interlock.

To improve monitoring of the diesel generator, their exhaust systems have been fitted
with temperature gauges, so that eventual defects in the diesel generator can be
detected at an early stage.

In conjunction with the replacement of equipment for set point alignment of the
voltage regulator for the diesel generator, an automatic set point alignment system has
been introduced for shutdown function of the diesels. As a result, the risk that the
diesel generator voltage set point might be incorrectly aligned is avoided. If the
voltage set point is, in fact, incorrectly aligned, this can lead to diesel generator
shutdown during power loading.

Time relays that control the start-up sequence have been replaced with new relays of
increased accuracy. On testing, the previous relays exhibited considerable deviation
from their alignment points.

New titanium pipes, tube bundles and end fittings were fitted to the fresh water
coolant system for the diesel generator. The previous piping was made of copper and
nickel which had previously caused problems with corrosion.

The logic that gives start-up and operational priority to one of two systems, either the
emergency core cooling system (323) or the auxiliary feedwater system (327) in the
event of power being supplied from the diesel generators, has been redesigned. With
the previous system there was always a risk of the diesel generator overloading, if the
auxiliary feedwater pumps were in operation, and isolation of the reactor containment,
I -isolation, or extremely low reactor level, Y20, were activated at the same time.
Both these signals initiated automatic start-up of 323 without automatic shutdown of
327. Furthermore, an earlier attempted start-up of 323, during which both I-isolaäon
and Y20 were not activated, resulted in a disconnection of all objects on the busbar
and an initiating of the start-up sequence and restart of 327, which in tum created a
needless transient to the diesel generators and the plant The redesign means that the
pump in operation automatically blocks start-up of the second pump, if I-isolation or
Y20 is not activated. Low suction pressure alarms have been fitted to the switchboard
to inform operators of the blocked start-up.

3.2.6 Replacement of Contactors

Contactors have been replaced by relays for voltage monitoring of the miniature
switches. This was implemented because the contactors jammed on set point as a
result of extended periods in an energized state. Consequently, no alarm signal was
actuated in the control room, if one or more of the miniature switches became de-
energized.

During maintenance of the uninterruptible busbars, a defective contactor was replaced
with one of a new and improved design.



Replacement of the contactors to the motor valves in safety-related systems and the
fine motion control rod drive system have been carried out after binding was detected
on disconnection. Humidity-sensitive plastic components and low tolerance were the
causes of die binding.

Motor Generator and Motor Generator Supplied Busbars/Inverter Grid

A redesign of the logic to the breakers in the uninterruptible 400V busbars has been
effected, so that die alarm display for voltage failure of die switch-spring in die
control room is identical for every breaker.

Speed gauges for die rotating inverters that feed die uninterruptible AC power grid
have been replaced by induction gauges, as a result of an increasing frequency of
defects in die previous type. The old equipment for one of die inverters consisted of a
tachometer.

Since several valve control actuators supplied from die inverter grid (664) have been
replaced by larger ones of the same brand, die start-up current for die busbars has
increased. For this reason, die motor actuators for die outer steam isolation valves
and appurtenant bypass valves have been provided with a time delay of 2-5 seconds,
to prevent overload on die busbars.

3.2.8 The Motor Generators for the Reactor Redrculatkw Pumps

A tachometer on die inverter unit to die reactor recirculation pumps has been replaced
by an induction gauge. The previous speed gauge had malfunctioned on numerous
occasions.

3.2.9 Fuses for the Power Supply for Manoeuvring Circuits

The power supply to die control cards for manoeuvring circuits in reactor systems has
been equipped with fuses on die secondary side, after a fault on die control card
caused overloading of die power supply, which resulted in a small fire in a component
box.

3.2.10 Synchronizing of 130 kV Supply Breakers

To enable a disruption-free change-over to normal supply, after a disturbance has
caused the outer grid to be disconnected and the unit being supplied by die gas turbine
generator, a modification has been implemented. The reason for this was to make it
possible to synchronize die supply breakers from die outer 130 kV grid from die
control room.

3.2.11 DC Current Busbars

The rotating inverters supplying the uninterruptible busbars have been furnished with
improved monitoring. Previously there was no voltage monitor alarm warning, prior
to the rotating inverter ceasing to function. This was initially discovered when the
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inverter shut off due to low voltage, less than 90 %. Further alarms have been placed
in the control ioom.

All safety-related battery housing has been replaced with earthquake-proof versions of
the same brand.

The rectifiers that regulate voltage during interruption of the appurtenant battery
supply have been replaced. The previous rectifier type was inadequate, and equipment
was exposed to unauthorized high levels of voltage during interruptions.

In cooperation with the manufacturers, a maximum life span of twelve years has been
agreed upon for the various battery types.

33.12 Differential Protection 400 k V Transformer

A safeguard has been installed to protect the turbine and generator during severe loss
of grid or grid disruption. During earlier disturbances, the station failed to divert to
house load operation.

3.2.13 Switchgears

Current and voltage pedestals in the 6 kV switchgears have been separated using end
supports. A switchgear fire in TVO, involving a short-circuit, was the background to
this modification. In TVO, the external power supply was knocked out and the station
was supplied with power from the diesel generators for almost 24 hours.

Electric arc guards have been installed in the high voltage switch control room to
detect electric arcs. On detection of impending electric arcs, voltage is shut down
within 2 ms. This modification was carried out on the stipulation of the authorities,
following an accident in which electric arcs occurred during normal working
procedures such as testing and breaker replacement.

A further auxiliary contact has been installed, parallel to the one previously installed in
the control circuit for the fine motion control rod drives. This was to avoid
simultaneous out-and-in motion of the control rod drives.

3.2.14 Valve Logic

During rapid switching of the inverters on the uninterruptible 400kV busbars (664) to
transformer power supply, a minor power cut of 260 ms occurred. This was sufficient
for the pulse signai to the valves to cut out. The problem was caused by the main
contactors falling which meant that the holding circuit was broken. The defect
affected all valves signalled from a system called Combimatic. The logic was modified
in such a way, that the valves now receive renewed commands after switching to
transformer power supply has been effected. A time delay function of 500 ms was
implemented in the holding circuit for the outer feedwater isolation valves because
these are of a different design.
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3.2.15 Positional Display for Breakers

Local display of breaker position has been implemented to ensure that I ikers are
correctly installed after maintenance. This modification applies to the pumps in the
residual heat removal system (321), the secondary coolant system for operational
requirements and the generator coolant system.

3.3 Reactor Protection System

3.3.1 The Scram System

To compensate for the increase, from 85 to 87 bar, of the pressure needed to open the
safety relief valves in the reactor pressure relief system (314), the gas pressure in the
scram tanks was increased from 104 to 106,5 bar. This was done in compliance with
requirements that all control rods must be inserted to a minimum of 90 %, if the
pressure is 87 bar in the reactor vessel.

Improved subdivision of the power supply to reactor protection system has been
implemented. It was previously possible for a defect in the voltage supply on A-sub to
actuate level conditions in the reactor vessel, in B-sub. Power supply to the scram
condition in B-sub was modified so that the supply comes from B-sub.

Replacement of check valves in the lines from the scram system to the respective
control rods has been carried out. The previous check valves displayed binding on a
number of occasions, and also caused prolonged insertion times at Oskarshamn 2. A
new design for the check valves has been produced.

Relays for monitoring of the neutron flux measurement equipment in the low and
intermediate range (SIRM) and for testing and loss of voltage have been switched
from working current distribution to resting current distribution. They were modified
to ensure function during loss of voltage. The signals for testing and loss of voltage
involve an interlock on withdrawal of the control rods.

3.3.2 Partial Scram System

New partial scram conditions have been applied to increase the limit to scram, in the
event of turbine trip or turbine load disconnection. The conditions of partial scram are
turbine load disconnection or turbine trip with a reactor power level greater than
30%.

Automatic partial scram, the insertion of a scram group consisting of 5-7 control rods,
has been introduced for operation within the range where power oscillations can
occur. The function is 2/3 connected, and has been implemented in programmable
electronics. The partial scram is actuated when the operating point reaches the
unstable power range, and in the event of some other condition for automatic speed
reduction of the reactor recirculation pumps being simultaneously fulfilled.
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3.3.3 Isolation Logic

Because of several cases of isolation due to leakage in the air coolers and room
degassing, the level transducers in the turbine containment were transferred to a new
isolation logic, called M. If two level transducers are actuated they actuate partial
conditions in the M-isolation. However, if low levels in the reactor pressure vessel or
in the turbine condenser occur simultaneously, this actuates M-isolation. In addition,
the signal shuts down the feedwater pumps and the condensate pumps. The logic for
A-isolation, isolating reactor from the turbine, has been modified so that the
feedwater system does not shut down on an A-isolation.

3.3.4 Process Room Monitoring

Improved level transducers to the reactor isolations logic have been installed. The
previous type exhibited an increasing defect-frequency, and ceased to be
manufactured.

Temperatvxe switches for room monitoring, integrated in the reactor containment
isolation function, were replaced with thermocouple transmitters with built-in
measurement transducers. Separate limit actuators monitor the limits and give a direct
signal to the logic in the reactor protection system (516). Should requirements
demand that the measurement transducers withstand an accident scenario, they are
fitted outside the containment. Central display and alarms are included for all
temperature switches, and in addition, faulty transducers are displayed.

Improved subdivision of the power supply to the temperature switches in the reactor
protection system has been implemented. The temperature switches in the A and C
subs, and the B and D subs respectively, were previously supplied from the same
busbar. If one of these fails, then two conditions are fulfilled with the resulting
isolation and scram. The voltage supply has been modified so that the temperature
switches are now supplied from different busbars.

All pressure transducers to the reactor containment isolation have been modified and
now fulfil environmental stipulations. Replacement of the internal cables and
installation of contact actuators with bayonet sockets have also been effected.

The four level transducers, installed under the condenser that trips the main cooling
water pumps during conditions of high water level, were replaced with more reliable
transducers. This was implemented to avoid unwarranted trips of the main cooling
water pumps.

3.3.5 Improved Plant Supervision of Voltage Supply to Control Rods

To monitor power supply to the control rod drive motors, an alarm was placed in the
control room to warn of low voltage on the respective supply busbars.

3.3.6 Limits in the Reactor Protection System

Filtered limits for APRM have been implemented to increase the limits before scram
and speed reduction, during temporary power spikes. Moreover, new conditions have
been introduced which consist of unfiltered limits that are greater than the filtered
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ones, and that are immediately actuated if exceeded. Scram and speed control
conditions for the filtered limits will be 102 and 109 % respectively, and for the
unfiltered 115 and 125 % respectively.

3.3.7 Runback Logic for the Reactor Recirculation Pumps

The logic to the reactor recirculation pumps has been modified, so that pumps in
manual function will decrease speed on automatic runback signal.

The 60 % condition for the power control system has been modified so that it uses the
same signals as the reactor pressure relief system (314), i.e. a 2/3-coupled signal,
instead of the mean value from the APRM. The runback limit for a 100 % reactor
power has been completely removed. The runback on filtered and unfiltered signals
for high power, 102 % and 115 % respectively, was retained.

To increase the limit to scram in the event of turbine trip, an automatic trip signal to
one of the reactor recirculation pumps has been introduced for runback signal on high
reactor power or turbine trip. This was implemented to reduce reactor power rapidly,
and to avoid a scram on high reactor power.

3.3.8 Reserve Monitoring Panel

On the stipulations of the Swedish Nuclear Power Inspectorate (SKI), a reserve
monitoring panel was set up, so that vital safety parameters can then be supervised if,
for any reason, the main control room becomes inaccessible. Monitoring of reactor
pressure, reactor level, containment pressure, containment level and temperature, as
well as the level in the containment pool, can all be supervised from this area.
However, no control manoeuvres will be possible from the reserve panel, and it is
only to be used if, and when, the plant becomes disconnected from the main control
room.

3.3.9 Test and Monitoring Equipment

Individual measuring of the opening and closing times for the 2/3-connected solenoid
valves for control of safety objects, for example, the steam isolation valves and the
scram valves, have been introduced. If one of the three magnetic valves shifts
position, low differential pressure will be indicated. The time, from the moment the
command is actuated, to the moment low differential pressure is indicated, is
registered. This modification was installed after swollen rubber seals in the solenoid
valves had prolonged manoeuvre times.

Power measurement has been installed on all control rod drives. The power
consumption on the drives in a scram group is registered on the process computer
during control tests. The condition of the drives can then be estimated more easily.
The control rod drive power in the event of actuation of the torque protection can
also be monitored.

Measurement of torque during opening and closing manoeuvres has been modified, so
that it is now carried out directly on the valve. This means that the valve actuator no
longer requires dismantling during measurement of torque. A mobile measuring
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device has been connected to the motor control centre. During valve manoeuvres, the
valve's end position and set points are also checked. By this means, not only the valve
actuator's condition is measured, but also the complete valve function.

Testing of the reactor pressure transducers was previously carried out using nitrogen,
but is now implemented using degassed water. This was done to avoid non-
condensable gases collecting in the level leg. As the pressure lines are integrated with
the reference legs for level indication in the reactor, and due to the installation system
of the supply lines, a small gas cushion remained in the level transducers after testing.
This gas cushion could be released in the reference leg, with, for instance, extreme
pressure decrease, causing major inaccuracies in the reactor level indication.

3.3.10 New Boron Tank

The existing Boron water tank of 7,3 m3 has been replaced with a tank of greater
capacity, 12,3 m3. Due to modifications in the fuel design, the previous Boron system
provided an insufficient shut down margin.

3.3.11 Neutron Flux Measurement

All electronic systems in the neutron flux measurement system, LPRM, have been
replaced with programmable measurement systems. Normal adjustment and control
are affected via computer link from a keyboard. As a backup to the programmable
measurement systems, there is a analog neutron flux measurement system that
provides signals the reactor protection system.

3.3.12 Activity Monitoring in Steam Lines

To avoid a scram when hydrogen dosage to the feedwater system is started, the scram
actuation on high activity in the steam lines has been supplemented with a delay
function of 30 seconds. Supply of hydrogen means that the release of N16 from the
reactor water increases, thereby leading to increased activity. The scram actuation
level for high radiation has been reduced so that the consequences of a coolant flow
blockage in a fuel bundle do not increase.

3.3.13 Fine Motion Rod Insertion Shutdown

Power supply equipment for the control rod drive displays has been physically
separated. The separation between every power supply device was increased, from 1
cm to 10 cm. The power supply has been rearranged, so that there is a detachable
pedestal for every power supply device. The reason for the redesign was a fire in a
power supply device in 1991 which damaged adjacent devices.

The torque breaker function for actuation of the control rod drive torque protection
was modified, with a delay function of 5 minutes on actuated fine motion control rod
insertion, i.e. insertion of all control rods. This modification was implemented to
prevent unwarranted actuation of control rod drive torque protection on control rod
insertion, which had occurred on previous occasions.
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3.3.14 Trip Signals for Feedwater Pumps

On introduction of a flow limit actuator to trip the feedwater pumps, the signal was
gathered from the mean value in the main control room. This was found to be
inaccurate when the signal was subsequently sent out to respective trains. To maintain
separation between the trains, the signal path has been modified, so that initially the
signals go to the limit actuator, and subsequendy, to the instruments in die control
room.

3.4 Residual Heat Removal System

3.4.1 Residual Heat Removal System

To improve monitoring and to facilitate analysis of disturbances, the pumps have been
fitted with permanent equipment for monitoring, vibrations, thermalcouple
temperature and motor current. The results are recorded by print-out in the control
room.

To facilitate maintenance of die residual heat removal system (321) and to improve
redundancy for residual heat removal during shutdown, modifications have been
introduced, to enable the containment spray system (322) to be connected as
replacement for 321. Furthermore, 322 can also cool the fuel pool via coolant system
324. Alone, 322 is capable of cooling all residual heat after shutdown.

Flow indicators in the residual heat removal system (321) have been supplemented
with temperature compensators to enable correct flow indications, regardless of
temperature. Correct flow is assumed in many operating conditions where normal
operational temperature is not at hand, for example, controlling the cooldown of the
reactor pressure vessel.

Monitoring of residual heat removal during shutdown has been improved with the
installation of an alarm. This determines if die temperature in die main circulation
pumps has exceeded 60 °C, widi the reactor shut down and all control rods inserted,
or during fuel change. The low flow alarm from the residual heat removal system
(321) was modified so that low flow in 321 actuates die alarm, regardless of reason.
Prior to this, die logic was such that the alarm was only actuated if both pumps were
in operation.

3.4.2 Coolant System for Start-up and Shutdown

The sea water coolant system for start-up and shutdown has been redesigned, after a
power increase to 106 %. In addition, a heat exchanger in die secondary coolant
system for start-up and shutdown has been removed and supplemented with two new
heat exchangers. It is now possible to disconnect one heat exchanger for cleaning
during operation conditions and this enables back flushing of the heat exchangers by
valve realignment.
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3.5 Pressure Relief

3.5.1 Pressure Control

The pressure signals from the reactor vessel are connected to the feedwater regulator
in the feedwater control system (537) as well as to the pressure control in the reactor
pressure relief system (314). In certain circumstances, the Zener diode in 537 might
have caused signal malfunction to 314. For this reason, the Zener diode in 537 has
been removed.

On the stipulations of SKI, the solenoid valves that function as control valves in the
reactor pressure relief system (314) have been replaced with a type that fulfil
environmental qualifications. Furthermore, the rectifiers for power supply to the
valves have also been replaced with new rectifiers that fulfil the requirements of SKI.
In addition, power supply was modified so that each control valve is supplied by a
single slave relay. Finally, power supply to the valves in the same sub was separated,
so that supply is taken from slave relays fed from differing busbars in the DC voltage
switch gear.

3.6 Pressure Limitation of the Reactor Pressure Vessel

3.6.1 Pressure Relief System

To reduce thermal stress during blowdown from the reactor pressure relief system
(314) a steam distributor was fitted to the blowdown pipe. The steam distributor
consists of a pipe containing a large number of holes that distribute the steam jets
evenly in all directions, during blowoff by the reactor relief valves. A blowdown pipe
had previously cracked from the thermal stress that occurs during blowoff.

3.6.2 ReUef Valves

An increase of the pressure needed to open the direct discharge relief valves in the
reactor pressure relief system (314) has been implemented, to retain existing limits for
opening of the valves in conjunction with the power increase to 1800 MW. The
required pressure was raised from 85 bar to 87 bar. The analyzed disturbance is an
unwarranted isolation that will close the main steam isolation valves. Opening of the
direct discharge relief valves should be avoided.

Position indicators for the rapid opening valves in the control line to the reactor
pressure relief system (314) have been replaced by an induction indicator. The
previous equipment had exhibited serious inadequacies during indication function, and
also required major maintenance input. The equipment also required adjustment to
temperature changes. Earlier, it only displayed "closed" and "not closed".

All valves in the reactor pressure relief system (314) have been furnished with an
improved monitoring of the drainage pipe for rupture disc drainage, pack box leakage
and control valve leakage. Temperature measurement systems were installed in all
pipes to determine the leakage source. Temperature is displayed in the control room
and actuates the alarm in the event of high temperature.
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3.6.3 Overpressurization of the Reactor Pressure Vessel

The drainage valves from the drainage vessels in the steam lines, a motor valve and an
air-operated valve in sequence, receive automatic open signal with the same
conditions that actuate injection by the emergency core cooling system (323). The air-
operated valve opens on a signal from the containment isolation and is therefore
unaffected. The motor actuator has been modified to fulfil environmental stipulations,
and can withstand a post accident scenario and thereby ensure drainage of the
steamlines, so that the reactor pressure vessel does not get top-filled and over-
pressurised. In the event of an open signal to the valves, the valve low tank-level
closure signal is blocked

3.7 Component Cooling System

3.7.1 Salt Water Coolant System

Isolation valves between the salt water coolant system for start-up and shutdown
(712) operational requirements (713) and the diesel generator (714) have been
installed in system (713). This was to enable maintenance of system components
without affecting other systems. Among other things, the operation of the diesel
generators during shutdown had been affected previously.

To alleviate the consequences of a pipe break in the sea water coolant system for
start-up and shutdown (712) and for operational requirements (713) several discharge
channels from these two systems were modified This was done to prevent
components becoming submerged in water in the event of leakage. The sea water
channels intended for use during servicing have also been modified

3.8 Level Measurements

3.8.1 Cooled Level Measurement Lines

All level reference legs have been provided with cooling to prevent boiling in the level
reference legs to the reactor pressure vessel, in the event of rapid pressure drops and
high temperatures in the containment. Lines leave from each sprinkler line in the
reactor containment spray system (322) to the jacketed pipe that cools the reference
legs. While 322 sprays the containment, the jacketed pipe will continually be supplied
with water that cools the reference leg and prevents boiling. If boiling in the level
reference leg occurs, this causes incorrect reactor pressure vessel levels. This, in turn,
means that the automatic reactor level control system will not receive the correct
input signals, with subsequent absence of core coolant as a result

3.8.2 Density Compensator for Level Measurement

The density compensators for reactor level measurement have been replaced with
compensators with digital function instead of with analogue function. This has only
been implemented in the reserve safety train.
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3.9 Backflushing of Suction Strainers

3.9.1 Backflushing of Suction Strainers in the Condensation Pool

The ihree trains in the reactor containment spray system (322) have been integrated,
so that all three suction strainers can be backflushed using the system's own pumps in
the event of clogging. Control of objects during backflushing takes place from the
control room.

3.9.2 Suction Strainers in the Condensation Pool

The strainers in the emergency core cooling system (323) can be backflushing from
the reactor containment spray system (322). In normal operation, system 323 takes
water from the condensation pool. Primarily, emergencies will be dealt with inside the
containment without external water support. The new suction strainers in the
condensation pool have been designed in such a way that, in theory, only two
strainers, one in 322 and one in 323, become covered if all mineral isolation in the
drywell area blows down into the condensation pool. Consequently, no backflushing
should be required to maintain functional systems. Differential pressure measurement
systems for actuation of the respective pumps have also been fitted. An automatic
shutdown function of the pumps in the event of high differential pressure has been
delayed by ten minutes so that manual measures can be taken.

New suction strainers with a considerably greater area, 15-20 times larger than the
originals, were installed in the condensation pool. Every strainer package consists of
one smaller strainer placed below five or six larger vertical strainer rods that connect
to a collection tube. Only the smaller strainer can be backflushed. The area of the
strainers is between 15,7 m2 and 18,8 m2 and the hole in the strainers has a diameter
of 3 rum. The flush able strainers have an area of 1,4 m2. To achieve remixing of the
water in the condensation pool, 10 % of the flow in the containment spray system
(322) is brought back to the upper level of the condensation pool.

Improved differential pressure measurement systems have been fitted to all five
suction strainers in the condensation pool. These are required for the differential
pressure measurement that initiates backflushing, and also for measurement of
cavitation levels. After ten minutes, high differential pressure actuates the alarm and
shutdown of the pumps in the containment spray system (322).

3.10 Containment System

3.10.1 Seals

Replacement of sealing material in all penetrations of the containment system has been
implemented.

3.10.2 Isolation Valves

Position indicators on the check valves, that act as isolation valves in the residual heat
removal system (321), the feedwater system (312) and the emergency core cooling
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system (323), have been replaced. The previous position indicators malfunctioned due
to the high temperatures in the valves.

3.10.3 Environmentally Qualified Equipment in the Reactor Containment

Instead of replacing the emergency dose rate measurement equipment in the reactor
containment with environmentally-approved equipment, the old equipment has merely
been removed from the containment. The detectors are inserted into pipes that are
fitted through the containment wall. This facilitates maintenance of the equipment and
improved subdivision is attained.

Temperature and pressure measurement devices in the reactor containment were
replaced with ones that fulfilled environmental standards.

3.10.4 Differential Pressure Measurement Over the Beamwork in Containment

A new differential pressure measurement system has been installed over the
beamwork in the reactor containment to verify that the beamwork is tight during
operations, and for monitoring in case of an accident.

3.10.5 Insulation Replacement

The majority of the mineral wool insulation on the steam lines in the containment has
been replaced with insulation consisting of a mat made of aluminium sheeting.

85 % of the mineral wool insulation on the pipes in the containment has been replaced
with metal mirror insulation. The change has been implemented to pipes with a
diameter greater than 100 mm. Where use of metal mirror insulation was not possible,
lines were insulated with mattress-shaped glass fibre insulation. The mattresses were
then protected with thin steel plating. The reactor pressure vessel insulation,
CAPOSIL, above the biological protection has also been replaced. Replacement of
insulation in the containment has been implemented in such a way that a maximum of
50 kg of fibre glass insulation can be dislodged in the event of a pipe rupture.

To prevent the reactor vessel insulation being flushed away in the event of a break in
the feedwater pipe line between the vessel connection piece and the biological
protection, a spool-shaped pipe was fitted as a flow limiter for the water. This was
implemented when it was revealed that a combination of CAPOSIL and mineral wool
insulation resulted in considerable clogging on the strainers in the condensation pool.

3.10.6 TV Cameras in the Containment

Colour TV cameras have been installed in the containment, and the monitored area
was increased. The cameras are controlled from the control room and include an
option to record selected sequences on a video tape recorder. The new video
switching equipment has been placed outside the containment.
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3.10.7 Position Indicator on Vacuum Breakers

The position indicators for the vacuum breakers in the blowdown pipes in the reactor
pressure relief system (314) have been removed. The indicators were dismantled
because of serious problems with earth faults in the equipment. The same equipment
impeded closure of the vacuum valves, when, on several occasions, the indicators got
loose and jammed between the cone and the seat

3.10.8 Containment Spray System

Switching for close-off of suction valves in containment spray system (322) has been
introduced. Closure of the valves is carried out during outage and testing of the
system. Prior to this modification, when the valves were closed, they were manually
blocked in the signal cabinet, which might have caused faulty connections. The system
is used for residual heat removal during outage.

3.11 Components

3.11.1 Isolation Valves

The isolation valves in the steam system drainage lines have been replaced, due to
considerable and recurring problems containing the leakage during testing. The valves
were replaced with others of a different design.

Pressure sockets were installed in the closedown control line between the outer steam
isolation valves and the two parallel control valves. This was implemented to aid
detection of leakage and condensation, and to enable repairs to be carried out on the
appropriate component Problems of condensation in the control i:nes occurred
because the control valves leaked. Condensation leads to prolonged closedown times
for the steam isolation valves.

3.11.2 Scram Valves

Because ageing in the scram valve membranes caused the valves to cease functioning
satisfactorily, these have been replaced with an alternative sort, made of rubber.

3.11.3 Venturi Tube in Feedwater System

Replacement has been effected of the venturi tube from the feedwater pumps, to tubes
made of stainless steel. The previous venturi tube had been substantially worn down
through erosion and cavitation.

3.11.4 Position Indicators for Valves

Redesign of the valve indicators and shutdown signals for control of the valves in the
main circulation system have been implemented. The previous equipment
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malfunctioned on a number of occasions, causing the valves to stop prior to attaining
fully opened position, or to exceed fully open position and continue to reseating.

To minimi7f! the risk of earth faults in the event of a post-emergency scenario in the
reactor containment, position indicators for the valves in the steam system (311) and
the pressure relief system (314) were equipped with environmentally qualified contact
actuators.

3.11.5 Core Shroud Head

Due to cracks in the core sprinkler which were caused by inter-crystalline stress
corrosion cracking, the core shroud head, the Boron sprinkler and the core sprinkler
have all been substituted with newly-manufactured replacements of the same.

3.11.6 Core Grid

The core grid has been replaced with one manufactured from a material that is less
sensitive to radiation-induced stress corrosion cracking, IASCC. In addition, the guide
rails have been fitted in such a way that they can not break loose and tumble into the
core if the locking mechanism breaks. On die old model, both the lock pins and the
guide rails fell into the core if the pins broke.

3.11.7 Valve Actuator

Plastic components in motor operated valve actuator torque switches were replaced
with components made of brass. The plastic components broke after a while, which
made it difficult to actuate the torque switch, and the function became unreliable. The
valve actuator is mounted on the valves in the residual heat removal (321), the
containment spray system (322) and the steam system (311).

A power measurement system has been installed on a number of valves in the
containment spray system (322) and the emergency core cooling system (323) in
order to verify function and condition. Torque is measured during opening and closing
manoeuvres. The valves end limits are also checked during manoeuvring.

Replacement of the motor actuator from a standard industrial model to a safety-
approved model was carried out in the containment spray system (322). Standard
industrial model actuators were originally fitted due to the prolonged delivery times of
the safety-approved models.

A total of 177 valve control actuators have been furnished with contact actuators for
power supply connections. This was to prevent cable damage and faulty connection
during dismantling.

3.11.8 Traversing Incore Probe Control

Replacement of the control equipment for the Traversing Incore Probe, TIP, was
implemented due to a marked frequency of malfunction on the previous equipment
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3.11.9 Boron System

The previous flow meters in the Boron system have been replaced with ultra-sound
meters. Incorrect measurements had been displayed due to substantial wear and tear
from the pulsating flow from the piston pumps. As a result, it had become impossible
to verify the operational capacity of the system. The ultra-sound meter has been
fastened to the outside of the pipe.

Material damage to the suction line and the valves in the Boron system caused these
to be replaced with components of higher quality.

3.11.10 Cable Replacement

Environmental qualifications for the control rod drive motors, the drive-nut displays,
the micro breaker for torque protection and the contact actuator were supplemented
by the additional replacement of the cables to the control rod drives with
environmentally-approved cables. In the project are also the reinforcements in wetwell
to guarantee that the equipment can withstand the stress that occurs in the event of
containment pipe break (DBA).

3.11.11 Solenoid Valves

Replacement of solenoid valves has been implemented, after a jammed valve was
detected. Excessive grease had been applied to the pistons from a delivery of valves,
and this led to the excess grease gasifying during warm up, which caused the
jamming. A new valve type with a modified armature and encased sealing has been
fitted. Presently only at Barsebäck 2.

3.12 Non Isolable LOCA Outside the Containment

3.12.1 Valves in the Residual Heat Removal System

To ensure isolation function in the event of a pipe break in the residual heat removal
system (321) the service valves, in sequence with the inner isolation valves, were
equipped with a motor actuator that shut automatically during extremely low level in
the reactor vessel, or during high pressure in the room that surrounds the reactor
containment. The signal is 2/3-connected and is pulsed. A closed valve in the suction
line also interlocks start-up of the pumps in 321.

The suction valves in the residual heat removal system (321) failed to fulfil the
function requirements during analysed operating conditions. The valve yokes would
therefore have been subjected to unauthorised bending stress with probable damage to
the yokes as a result. The old yokes were replaced with new ones with a more stable
design.

The actuators for five isolation valves in the residual heat removal system (321) were
replaced with larger models of the same. The valves have been equipped with
springed spindle nuts to minimize the risk of jammed valve cones. The control
manoeuvre for these valves is now interrupted on position instead of high torque.
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The valves in the residual heat removal system (321) have been replaced after
weaknesses were revealed in the valve yokes. The yokes were inadequate in analysed
conditions with maximum differential pressure on the valve. The inner air-operated
isolation valves in the suction lines to the pumps in RHR (321) were only able to
tolerate 40 % of the requested torque, with maximum differential pressure on the
valve. To increase the closing force, a socket from the compressed nitrogen system
has been connected to the spring side of the vaivc.

3.12.2 Steam Isolation Valves

The actuators for the outer isolation valves in the main steam system were replaced
with environmentally-approved actuators to ensure isolation.

3.13 Fire Protection

3.13.1 Water Sprinkling System

Due to low water density during sprinkling of fires, all sprinkler nozzles have been
replaced.

New computers for control of the sprinkler function in the fire protection system were
installed. This enables, for example, manual control of the valves with the computers
disconnected, but with retained monitoring.

Additional section valves have been installed between the demineralised water system
(736) and the fire sprinkler system (765). This was implemented to avoid unwarranted
extensive shutdown, with the resulting long periods of inaccessibility to the fire
protection system.

Section valves were installed in the fire water system to minhwf. shutdown times
during maintenance work in the system and also the extent of shutdown system
components.

Two new fire water tanks and four new electrically-powered fire water pumps have
been installed in the plant, as standards for the fire sprinkler system have been raised
since the plant was built The pumps have been installed in a new building, with one
room for each pump, and they are supplied with power from two independent
busbars. Modifications were implemented in accordance with NFPA, in 1993, among
others. Connections between both blocks are possible.

3.13.2 Fire Separation

Improved fire separation in the turbine hall has been implemented by improving the
walls between the condensate pump and the auxiliary condensate pump.

Fire doors have been fitted with magnets to enable closure of the doors in the event of
fire. This is especially relevant during outage, when the doors may be required to
open for short periods. If the fire alarm is actuated, the magnets release their hold and
the doors close.
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3.133 Fire Detectors

Ultrasound, UV, detectors in the lubricant room were replaced with ER detectors, as
the oil smoke in the event of an oil fire would have dimmed the UV detectors, and, as
a result, die water sprinkling system would not have been released.

3.13.4 New Fire Alarm Surveillance System

Complete replacement of die fire alarm surveillance system in the control room has
been implemented. The new system has a brand new control and presentation system.
Furthermore, all areas have been fined with new fire detectors, smoke detectors for
the most pan. Shutdown of die detectors takes place from die control room. The new
system enables analogue measurement of die detector status. Sprinkling is initiated
automatically. The four central cabinets for die fire alarm are supplied from separate
rectifiers and their appurtenant batteries. The presentation system in die control room
includes printouts for alarms and events. Moreover, fire dampers, ventilator fans and
magnetically-suspended doom's have been added to die system. Presently only at
Barsebäck 2.

3.14 Control Room Improvements

3.14.1 Improved Monitoring

To obtain improved signal display during actuation of die valve position actuator, die
control valves in die reactor pressure relief system (314), die feedwater system (312)
and die residual heat removal system (321) have all been fitted widi a red indicator
light, diat is released in die control unit in die event of valve actuator release The
reason for die redesign was die difficulty detecting actuated valves, revealed during an
isolation at Barsebäck 1.

To facilitate analysis of disturbances, die partial conditions for automatic runback on
the reactor recirculation pumps were connected to die signal sequence printout. The
system was modified because a number of extremely rapid speed reductions occurred
where die signal actuator had insufficient time to register which particular conditions
had released die reduction.

The power supply to die reactor level instruments was modified so that die display of
die A and C subs was supplied from their respective subs.

To improve monitoring of initiated conditions in die reactor safety system (516), die
logic that lights up an alarm bulb on die desk was modified. Previously, when a partial
condition was initiated, only a collective alarm was actuated. To ascertain which
partial condition had been initiated, die operator is forced to inspect a number of
displays on panels situated directly behind the main panels. Display on the reactor
desk was only actuated for initiation of partial conditions, 2/3-connected. Following
the redesign, die alarm is actuated for initiation of partial conditions, 1/3-connected.
The display even indicates from which room the alarm is actuated. This modification
applies to all of die reactor safety systems.
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The signal for "all control rods in" and "all drive nuts in" has been inserted in the
control room safety panel, and in the permanent control room core panel, to simplify
checks that the reactor remains below critical level after scram.

3.14.2 Temperature Monitoring System

To improve monitoring, a new and improved temperature monitoring system has been
fitted in the control room.

3.14.3 Safety Panels in the Control Room

Three panels in the control room have been made available for use as safety panels
and EOP-panels. In the safety panels, display, instrumentation and logic signals have
been assembled to monitor the station during emergency situations. Initial intentions
are that they should form a support system when the EOPs are in operation. The
majority of, and the most essential parameters existing in the EOPs, are to be found
on the panels. They are designed with analogue instrumentation and display the
reactor vessel, the core and its control rods, as well as the containment. Pump status
is monitored with a logic display, so that alarms are actuated if some essential
function parameter is not complied with.

Logic signals in the EOP-panel have been assembled to present a logical display that
corresponds with the criteria for design and facilities in the EOPs. Function
parameters exist for supervision of reactivity, reactor level, reactor pressure,
containment temperature, temperature in the condensation pool, water level in the
condensation pool, activity level and the status of the mitigation systems. Presenting
the logic signals as a logic display simplifies the task of the operators on duty during a
serious disturbance.

Modifications were implemented simultaneously on the full-scale simulator at KSU.
Training was given prior to, during and after the implementation. The following
reports were used during design NUREG D737 "Clarification of TMI Action Plan
Requirements", NUREG 0696 "Functional Criteria for Emergency Response
Facilities", NUREG 0660, EPRINP-5510 SR, and E C 960.

3.15 Improvements to Operating Procedures

3.15.1 Extended Emergency Operating Procedures for BWRs

Within the framework of the severe accidents mitigation programme, the utilities have
developed the Emergency Operating Procedure (EOP), in the severe accidents
management programme (AM). For the BWRs (of ABB Atom design), the
procedures were developed by plant staff on the four different sites. Consequently,
they are not uniform but show considerable similarities.

From an operating standpoint, there are four separate levels in the operations
management system:
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• The three lower levels consist of procedures for acting on events within the
design that existed prior to the implementation of the severe accident
management programme.

• The upper level is the EOP intended for the shift supervisor, that were added
following the AM programme.

The two lower levels apply to normal operating conditions and the two upper levels
to plant disturbances or emergency situations.

Procedures intended for the operators, Level 3, are event-oriented procedures for
verification that automatic functions have proceeded as normal. This set of procedures
originates from the plant design basis, but have been approved, and to some extent
supplemented, within the severe accident mitigation programme.

The shift supervisor EOP is a symptom-based flow chart procedure. This differs in
principal from ordinary event-oriented procedures. The division of procedures for
safety functions also enables the operator to work on the cause of the symptoms, i.e.
on deviations from normal values of key parameter characteristics for safety functions.

For the units in Barsebäck, the following symptoms have been defined:

• Reactivity disturbance

• Level in the reactor pressure vessel

• Pressure in the reactor pressure vessel

• Level in the containment pool

• Temperature in the containment pool

• Containment pressure

• Containment leakage

In the event of operational disturbance, operators act in accordance with their
appropriate Plant Procedures. The shift supervisor uses Emergency Operating
Procedures, and verifies that all critical safety functions are operating according to the
procedures. Use of the EOP is initiated by a reactor scram, or an event which would
cause a scram. The EOPs instruct the shift supervisor to check the main safety
functions, i.e. those outlined above. For each function, a few key parameters have
been defined for use in control related situations.

The main benefit of the EOPs is that, using systematic but fully independent
approaches, there will be two redundant controls, on the outcome of a disturbance.
This reduces the risk of misinterpreting complicated situations in the plant, and
increases the probability of appropriate actions being carried out in the event of
emergencies.

The level of detail in the EOPs is limited. Taking into account their knowledge and
experience, shift supervisors remain unpreoccupied with detail, concentrating instead
on functions. The EOPs are integrated into the plant operating procedures for specific
actions. These specific actions are carried out by the plant operators or plant
technicians.

The shift supervisor is authorized to act independently, even far into an accident
sequence. However, assistance will be required from the plant management and from
a Technical Support Center. The plant management and Technical Support Center
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3.16

have greater access to detailed data from all background material compiled during
severe accident research.

Reactivity monitoring

3.16.1 Neutron Flux Monitoring

The neutron flux monitoring in the low and intermediate power range, SRM/IRM, has
been replaced with a new system (SIRM). The new equipment fulfils environmental
requirements. The drive equipment for the detectors consists of a small nitrogen-
driven turbine. The interior positioning of the detectors has been raised by
approximately 0,9 meters in the core, 1 m above the core centre, which increases
sensitivity during start-up. The four detectors take measurements in both the low and
the intermediate power areas. Double nitrogen supply systems have been installed,
partly a permanent system, partly a reserve one supplied from cylinders. This change
initiated extensive modifications to the logic in the reactor safety system.

3.16.2 Core Stability

To improve monitoring of the reactor core, a core stability monitor was installed. This
monitor measures decay ratio from LPRM signals. A new value is calculated every 5
seconds. Decay ratio is registered in the in-plant computer.

A stability monitor was installed to supervise the limit to core instability. The monitor
measures decay ratio. LPRM and core coolant flow are used as input signals. The
alarm for unauthorized decay ratio is displayed in the control room.

3.17 Severe Accidents

3.17.1 Mitigation System Design

The Swedish Regulatory Position

In a Bill to the Swedish Parliament in 1980/81, after the TMI accident, the
Government proposed i.a. guidelines for nuclear safety work within the framework of
the Swedish Nuclear Power Programme. It was emphasized that, although the risk of
uncontrolled release of large quantities of radioactive material was indeed small,
measures to further reduce the risk should be taken, even if the cost would not be
inconsiderable in relation to the mitigation achieved in the event of an accident.

In a Government decree in 1986, the basic requirements and objectives for mitigation
of radioactive releases were laid down, following the recommendations of the
Swedish Nuclear Power Inspectorate (SKI) and the National Radiation Protection
Institute (SSI):

• Land contamination, which excludes use of large areas of land for a long period,
should be avoided.

• Fatalities due to imminent radiation poisoning should not occur.

• Incidents of extremely low probability need not be considered.
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The same basic requirement regarding the upper limit of the quantity of released
radioactive substances should apply to all reactors, irrespective of site and power.

Measures taken to meet these requirements should not contribute to a reduction of
overall reactor safety.

The requirements are considered fulfilled if a release is mitigated to no more than
0,1 % of the core inventory of Cesium isotopes 134 and 137, from a reactor core
rated at 1800 MW thermal power. Other nuclides of significance, from a land
contamination standpoint, must also be separated from/in the corresponding
proportion of Cesium.

General Strategy

The Swedish severe accident management work has been preformed in very close co-
operation between utilities and authorities. The general strategy has been to meet the
lack of detail information and phenomenological uncertainties, by allowing the
ultimate strength of barriers, and the ultimate capacity of emergency systems, to
remain unchallenged. This strategy has governed the choice of options, and has also,
to a great extent, reduced the requisite wait for more detailed data regarding complex
phenomena.

Although requirements have been raised since accident mitigation devices were
installed in the plants, efforts have mainly been focused on prevention of severe
accidents. This defines the latter part of general strategy.

After earlier consideration, it was finally decided that the accident management plan
should follow accident scenarios all the way through to a safe ultimate state, defined
as a safely cooled core in a containment of ambient pressure and temperature.

Prevention and Mitigation Strategy

The strategy employed by the Swedish utilities to meet the severe accident challenge,
is an open "defence in depth" strategy. The strategy includes the following steps:

• Preset emergency operating procedures; ranging from procedure employed in
coping with severe transients and LOCAs, to those needed in situations of severe
core damage.

• Protection of the containments by means of a water supply for safety injection of
high reliability, water pools with sufficient depth to catch the core melt, and
containment spray for the condensation of the steam generated.

• Ultimate protection of the containment against overpressurization, by means of
filtered venting (i.e. obtaining great risk reduction at the expense of releasing the
noble gases).

• Ultimate flooding of the containment to the reactor pressure vessel bottom head
level, thus ensuring a stable final state, with containment at low pressure and all
core material adequately cooled.
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Severe Accident Management Design Events

Research only pertains to reactor types operated in Sweden, and to the initiating event
and accident scenarios which were judged, by a systematic risk and safety assessment
(PSA), to be risk dominant. Clearly, for any considered initiating event to develop
into a severe accident scenario, a combination of multiple failures of the safety
systems is a prerequisite. The following design event has been selected:

• Total station blackout: loss of off-site power and failed activation of on-site AC
power sources.

Although the selected event has an extremely low probability, it was chosen because
sequences subsequent to this event cover most other conceivable sequences that lead
to core damage. The event is, moreover, easily understood and well-defined.

An additional design event has been defined for BWR plants, to increase the scope of
initiating events leading to core damage.

• Large steam-lined LOCA, combined with degraded pressure suppression function.

Mitigating Systems Design

The mitigating systems for all Swedish BWRs and PWRs are essentially similar, with
the exception of the Barsebäck Filtra system, which is based on somewhat different
technology.

Water Pool Beneath the Core

The adopted principle that the melt should always fall into a water pool is aimed at
attaining coolability of the melt, and to avoiding the interaction of the melt with
concrete, which leads to emission of gases and radioactive aerosols, and ultimately to
the penetration of the containment barrier.

FILTRA System

A third principle is to provide for filtered venting. For the BWRs, the main aim is to
release non-condensable gas produced during an accident into the atmosphere. The
gas has been compressed by flooding of the containment. For both BWRs and PWRs,
the venting is necessary to fulfil the requirements of returning the containment to
ambient pressure, following all scenarios that include non-condensable gas generation.

For the Barsebäck unit the containment filtered venting is carried out by a stone
condenser that contains 10,000 m3 of small stones. The stone condenser functions in
two ways, firstly as a filter and secondly, for a period of approximately 24 hours, as a
decay heat sink without any requisite action from the operators. The steam and gas
pass through the filter, where steam condenses on the stones and the condensate
collects at the bottom of the stone condenser. Any fission product, such as Cesium, is
absorbed in the surface of the stones. The gas eventually reaches the top of the stone
condenser where it is slowly released into the atmosphere.
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Containment Pressure Relief System

A containment pressure relief valve has been installed in the Barsebäck plant that is
connected to the FILTRA system. This was implemented in order to control various
scenarios, including malfunction of the pressure suppression system while the normal
Emergency Core Cooling System (ECCS ) remains operable. In these cases, the lack
of relief valve can lead to containment failure, subsequent failure of the ECCS
systems, and, ultimately, to core melt. By installing a relief system, the r sk is avoided.

3.17.2 Filtered Ventilation

The logic for the filtered ventilation has been redesigned, thus allowing the operators
to select the building in which the filtered ventilation is to be actuated. This is
achieved by pulsing the signals for containment isolation to the valves that control
actuation of the filtered ventilation. It was previously only possible to actuate the
filtered ventilation in the turbine building, if there was no containment isolation signal
present.

3.18 Others

3.18.1 Vibration Measurement in Reactor Recirculation Pump Circuits

In 1988, SKI observed inconsistencies in the vibration-aided voltage measurement in
the pipe systems. To obtain reliable data for the vibrations in the reactor recirculation
pump circuits, circuit 1 at Barsebäck 2 was equipped with 21 strain gauges. These
measure vibrations in the entire variable speed range from 950-1350 RPM. Presently
only installed at Barsebäck 2.

Eight vibration gauges were installed in four different locations in one of the reactor
recirculation pump circuits. These are complementary to the strain gauges. The
vibration gauges give a basic monitoring capacity for vibrations, but can not be used
for more accurate evaluations of the tensions in the pipes. Presently only installed at
Barsebäck 2.

3.18.2 Motor Generator for the Reactor Recirculation Pumps

An automatic shutdown function for the frequency inverter unit has been implemented
for an event involving loss of oil pressure while the unit is in operation. This was done
to maximize monitoring of the hydraulic coupling to the frequency inverter unit for
the reactor recirculation pumps. The modification is complementary to the improved
temperature monitoring.

The gauges to improve monitoring of the oil temperature in the hydraulic coupling to
the inverter unit for the reactor recirculation pumps have been removed and
repositioned in the oil sump. The earlier monitoring malfunctioned and was difficult to
maintain. Moreover, it failed to actuate the alarm on complete loss of the coolant due
to pump breakdown because of its incorrect positioning.
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3.18.3 Seismic Instrumentation

Two seismic transmitters have been installed to enable confirmation that the two
blocks have not been subjected to unauthorized loads following an earthquake.

3.18.4 Modified Piping Layout

All pipe traction on the suction side of the containment spray system (322) has been
modified to stabilize the pumps.

3.18.5 Level Measurement in the Intake Building

New differential level meters in the intake building have been installed to protect the
equipment in the event of clogging. The signals arc employed in 2/3-connected for
shutdown of the main coolant water pumps. H2-level shuts down two pumps, H3-
level shuts down all four. An alarm has also been installed in the control room.

MODIFICATIONS AND BACKFITTING AT BARSEBÄCK-SUMMARY

Chapter 2 provides a background to Swedish strategy regarding accident prevention
and mitigation. This strategy, together with "the Swedish model" is the basis of all
modifications carried out at Swedish nuclear power plants. In some cases, however,
financial considerations must be taken into account, for example, with increased
availability, though a high level of availability often goes hand in hand with safety
levels. This is also partly reflected in Swedish strategy, and in the "Swedish model".

The modifications described in this report are merely a small fraction of all the
modifications implemented. However, those contained in this report have been
selected because of their importance to safety.
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6 ABBREVIATIONS

311

312

314

321

322

323

327

516

537

664

712

713

714

AM

APRM

ASME

CFR

ECCS

EOP

EPR1

FILTRA

IRM

LPRM

LOCA

NRC

NUREG

PSA

SIRM

SKI

SRM

SSI

RG

Steam System

Feedwater System

Reactor Pressure Relief System

Residual Heat Removal

Containment Spray System

Emergency Core Cooling System

Auxiliary Feedwater System

Reactor Protection System

Feedwater Control System

Motor Generator Supplied Grid

Salt Water Coolant System for Start-up and Shutdown

Salt Water Coolant System for Operational Requirements

Salt Water Coolant System for die Diesel Generator

Accident Management

Average Power Range Monitor

American Society for Mechanical Engineers

Code of Federal Regulation

Emergency Core Cooling System

Emergency Operating Procedure

Electric Power Research Institute

Filtered Pressure Relief System for Reactor Containment

Intermediate Range Monitor

Local Power Range Monitor

Loos of Coolant Accident

Nuclear Regulatory Commission

NRC Guideline

Probabilistic Safety Analysis

Source and Intermediate Range Monitor

Swedish Nuclear Power Inspectorate

Source Range Monitor

Swedish Radiation Protection Institute

NRC, Regulatory Guide
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TMI

TVO

Three Mile Island

Industrial Power Company, Finland (ABB BWR)

34



STATENS KARNKRAFTINSPEKTION

Swedish Nuclear Power Inspectorate

Postadress/Postal address Telefon/Telephone

SKI
S-106 58 STOCKHOLM

Nat 08-698 84 00
Int +46 8 698 84 00

Telefax

Nat 08-661 90 86
Int +46 8 661 90 86

Telex

11961 SWEATOMS


