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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 duration 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 part
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 the 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 modification at Oskarshamn Nuclear Power Plant, Unit 2 (BWR) are
documented in the following report. Studies covering Barsebäck Nuclear Power
Plants, Unit 1 and 2 (BWRs) are presently ongoing. These documents are to
contribute to a study to be carried out in conjunction with German and US plants.

Lennart Carlsson/Hans Eriksson

Dept. of Plant Safety Assessment



I INTRODUCTION.

1.1 PURPOSE 5
12 SCOPE 5

2 BACKGROUND TO MODIFICATIONS AT OSKARSHAMN 2 NPP 5

3. IMPLEMENTED CHANGES AT OSKARSHAMN 2

3.1 COOLANT MAKEUP TO REACTOR 7

3.1 J Auxiliary Feedwater System 7
3.12 Feedwater System 7

32 POWER SUPPLY 7

32.1 Switchgear 7
322 Diesel Generator 8
323 Automatic Switching Circuit 8
32.4 Gas Turbine 8
32 J Motor Generator 9

33 REACTOR SAFETY SYSTEM 9

33.1 Isolation Lc^ic 9
332 Scram Criteria 9
333 Partial Scram 10
33.4 Manoeuvre Blocking 10
335 Turbine Criteria 10
33.6 Reserve Monitoring Panel 11
33.7 Boron System 11
33.8 Fine Motion Rod Insertion Shutdown 11
33.9 Scram System / /

3.4 RESIDUAL HEAT REMOVAL 11

3.4.1 Residual Heat Removal Pumps 11
3.42 Valve Control 12

3.5 PRESSURE RELIEF 12

35.1 Pressure Control 12
3.6 PRESSURE LIMITATION OF THE REACTOR PRESSURE VESSEL 12

3.6.1 Pressure Control 72
3.62 Modification of Direct Discharge Valves in the Pressure-Relief System 13

3.7 COMPONENT COOLING SYSTEM 14

3.7.1 Salt Water Cooling System 14
3.8 LEVEL MEASUREMENT 14

3.8.1 Level Transducers 14
3.82 Reactor Level Limits 14

3.9 BACKFLUSHING OF SUCTION STRAINERS 14

3.9.1 Backflushing of Suction Strainers in the Condensation Pool 14
3.10 CONTAINMENT SYSTEM 15

3.10.1 Removal of Direct Discharge Valves 15
3.102 Monitoring of Containment 15
3.103 Condensation Pool Cooling 16
3.10.4 Containment Wall Penetrations 16
3.105 Environmental Qualification 16
3.10.6 Physical Protection for Containment 16

3.11 COMPONENTS 16

3.11.1 Core Shroud 16
3.112 Position Indicator on Vacuum Breakers 17



3.113 Valves 17
3.11.4 Monitoring Equipment 17
3.115 Piping System 18
3.11.6 Pumps 18

3.12 NON ISOLABLHLOCA OirrsiDETHE CONTAINMENT 19
3.12.1 Valve Modification 19

3.13 FIRE PROTECTION 19

3.13.1 New Fire-Alarm System 19
3.14 CONTROL-ROOM IMPROVEMENTS 19

3 J4.1 Improved Monitoring 19
3.15 INSTRUCTION IMPROVEMENTS 20

3.15.1 Extended Emergency Operating Procedures for BWRs 20
3.16 REACTIVITY MONITORING 21

3.16.1 Neutron-Flux-Density Monitoring 21
3.162 Core Instability 22

3.17 ACCIDENT AND MITIGATING MEASURES 22
3.17.1 Mitigation System Design 22
3.172 Emergency Sampling 25

3.18 OTHERS 25

3.18.1 Logic Circuit Changes 25
3.182 Probe Vibrations 26

4 MODIFICATIONS AND BACKFTTTING AT OSKARSHAMN 2-SUMMARY 27

5 REFERENCES 27

6 ABBREVIATIONS , 28



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 backfitting
implemented at Oskarshamn 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 Oskarshamn 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 OSKARSHAMN 2 NPP

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
Oskarshamn Unit 2 commercial operation commenced in 1974. However, the
backfitting 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 die 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 must 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 immediate radiation disease shall not occur.

• Incidents of extremely low probability need not be considered.

• The same basic requirement regarding the upper bound on the released radioactive
substance shall apply to all reactors, irrespecti /e of site and power.

Measures taken to meet these requirements must not contribute to a reduction in the
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 Oskarshamn unit 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 pans 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 Oskarshamn 2. Generally this
reason is also associated with one of the others mentioned.

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



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

MPLEMENTED CHANGES AT OSKARSHAMN 2

3.1 Coolant Makeup to Reactor

3.1.1 Auxiliary Feedwater System

The rebuilding of the component protection for the pumps in the auxiliary feedwater
system (327) has been carried out. The trip signal for low hydraulic pressure is now
blocked during the commanded pumping input phase.

There are two control valves, V4 and V42, in the auxiliary feedwater system (327).
Normally, the valves V4 and V42 do not open until a low level (LI) is reached in the
reactor. Previously, V42 was open until a high level (HI) was reached in the reactor.
The closing time for the valve was 20 seconds, which meant there was a trip risk at
high level when the water expanded. The closing of V42 has been changed to a
disappearing LI level signal.

The valve on the pressure side of the auxiliary feedwater pumps for recirculation to
the condenser previously opened if an I-isolation occurred (isolation of containment in
the event of a leakage in the containment). The reason for this was to ensure correct
water quality if pumping input was required. This open signal has been removed, since
the isolation function of the valves during A-isoIation (to separate the reactor from
the turbine in the event of a pipe rupture in the turbine section) is more important. In
accordance with an analysis, the absence of a valve closing contributed to 2 to 30 %
of core damage incidents.

3.1.2 Feedwater System

The logic for trip and start of the stand-by pump in the feedwater system (312) has
been rebuilt. The reason for this was an event during which the stand-by pump start-
up did not take place because the signal duration in the logic circuit was too short. In
order to ensure that the start signal lasts long enough, a time relay has been added to
the logic circuit

3.2 Power Supply

3.2.1 Switchgear

A new battery-supplied 48-V busbar has been installed. Previously, a fault in the
batteries or busbars knocked out subs because the 48-V buses earlier had a common
battery and DC power supply for the A and B subs.

The breakers for the pumps in the residual heat removal system (RHR, 321) have
been replaced. After the pump motors were replaced by motors of stainless steel, the
operating current rose close to the power ratings of the old breakers.



The relays in the control equipment for die diesel generator were replaced by new and
better ones. The reason for this was an increase of faults. Ringhals 1 discovered the
problem during an outage in 1992.

The DC operated contacts in safety-related systems have been replaced. The reason
for this is that the old contacts fastened in the closed position a few times. The new
contacts are of another manufacture.

To make possible a change-over to computer control and modern electronics, the
converter supplied busbars have been strengthened. This has ted to increased battery
capacity and a modification of the DC rectifiers to handle the increased load. To
increase selectivity, two new AC inverters have also been installed.

3.2J Diesel Generator

A time relay has been installed to monitor the operating times of the diesel generator.
An alarm will be initiated in the event of excessive running rimes. An alarm means that
the level of lubricant should be checked. The alarm is initiated if the diesel runs for
more than five hours.

3.2J Automatic Switching Circuit

The automatic circuit for the contact breaker from the gas turbine-supplied 6 kV
busbar to the start-up transformer-supplied busbar has been rebuilt. The breaker from
the gas-turbine supplied 6 kV busbar is now opened if there is zero voltage on the
busbar. An open breaker is necessary if the gas turbine is to be able to energize the
busbar.

The non interruptable change-over circuit between the 6 kV busbars has been
redesigned so that certain breakers are checked to have been opened before
energizing takes place. Before the modification, power could be fed backwards,
towards the transformers through the breaker that did not open.

The process communication terminals (PKT) of the process computer have been
provided with redundant voltage supply. Disturbance-free switching takes place in the
event of loss of power.

3.2.4 Gas Turbine

The fuel that has leaked out of the gas tubine is collected in the leakage oil tank and
pumped back into the fuel system. A time relay has been installed to initiate an alarm
if excessive pumping times occur. The alarm has been installed to avoid air from being
pumped into the fuel system if the low-level transducers should malfunction.

To avoid a gas-turbine trip caused by overspeed in the event of the failure of the 130
kV feed, an automatic breaking circuit has been connected to the gas turbine.

A phasing of the input breakers to the gas turbine transformers from the 130-kV
switchgear has been made possible, so as to avoid a loss of power when reverting
from a start-sequence test of the gas turbines.

The alarm monitoring from the gas turbines has been modified, so that an initiated
alarm is always signalled to the control room, regardless of whether the collective
alarm is present from a previous event. The reason for this was that a fault that



blocked the stan of one of the gas turbines was not discovered for some time, when
the other gas turbine was shutdown for maintenance. The reason why die fault was
undetected for a long time was that the collective alarm is used for bom die gas
turbines.

3-L5 Motor Generator

Owing to a large number of faults, die tachometer generators have been replaced by a
contact-free rpm sensor on the motor generators that supply power to die converter-
supplied busbars.

The speed regulator for the motor generators that feed the converter supplied buses
has been modified. The reason for this change was the interferences that occurred in
die system, when die motor generators stopped and a partial scram was initiated. The
modification was done on the control card of die regulators.

3.3 Reactor Safety System

33.1 Isolation Logic

A rebuilding of die logic for the A-isolation to reduce die risk of unwarranted trips
has been carried out. The A-isolation will separate die reactor from die turbine in die
event of a pipe rupture in die turbine section by closing die isolation valves in die
steam and feedwater lines. All die level transducers in die logic for die A-isolation
have been combined with low-level criteria in die reactor vessel or low-level criteria in
die turbine condenser, before an A-isolation occurs. Some transducers that monitor
parts of the feedwater system initiate a partial scram and die closing of the
containment valves in die feedwater system at power levels greater than 30 %.

To improve monitoring and processing in blocking the reactor isolation signals, a
contact device for blocking has been added to die relay cabinet. Alarms have also
been installed locally in die switch gear and remotely in the control room when some
connector is installed or removed. In this way, monitoring has been improved, which
previously only took place during administrative inspection.

The level transducers for the accident-monitoring chains have been replaced by
floating-type transducers. The old level transducer was a pressure transducer type that
depended on all of the connections in the supply circuit being tight. This, it has been
shown, is difficult to do, which is why they have been replaced by a more reliable
design.

3.3.2 Scram Criteria

The test function for scram and the logic for runback of die reactor recirculation
pumps for the criterion of high power in relationship to the recirculation flow has
been changed, so that a channel test cannot be carried out before the channel has been
tripped. The existing test button has been replaced with a lockable switch provided
with an operating position and a test position.

A signal when connecting the test equipment or when blocking a criteria in die reactor
safety system (516) has been added. The alarm is installed in the control room. This
has been added because the criterion for high level in the reactor (SSS) remained



Mocked when restarting after an outage. The criterion is blocked when the reactor
pressure vessel (RPV) is filled up before lifting of the RPV head. The purpose of this
change, together with administrative routines, is to prevent the 516-criterion from
remaining blocked following an outage.

Two lamps, that indicate when ail of the control rods have been inserted and when all
the control rod nuts are fully inserted, have been added to the main panel in the
control room. The reason for mis is that it makes it easier for the operator to quickly
verify if all of the control rods have been inserted after a scram.

333 Partial Scram

See section 3.16.2

3.3.4 Manoeuvre Blocking

Changes in the control room have been carried out to make it possible to block
manoeuvres from the control room in the event of an external threaL The ability to
issue manoeuvres from the control room can be blocked by turning two switches hi
the room. The criterion has been designated SSO, and it blocks manoeuvres in a
number of vital systems. Furthermore, the possibility of manually tripping containment
isolation (I-isolanon) and RHR-isolation (Y-isolation) from the control room is
blocked.

3.3.5 Turbine Criteria

To avoid pressure transients during a turbine trip (TS), when the control valves
immediately close and the dump valves have not yet managed to open, a forced
opening signal to the dump valves in 0.5 seconds has been incorporated. The signal is
taken from the pressure transmitters in the turbine hydraulic trip system and provides
an opening signal in a two out of three connections (2/3 connection).

The scram criterion for high neutron-flux (SS9) has been connected to the reactor
pressure-relief system (314) and initiates pressure relief. High neutron-flux can be the
result of a rapid stop in the steam flow to the turbine plant, in other words, un-
indicated turbine trip with prohibited dumping (TSxD). By adopting this signal
criterion, the dryout margin is reduced and the fuel can thereby be utilized more
effectively.

In order to be able to accept a fault in the pressure control of the turbine, that is to
say, un-indicated turbine trip with prohibited dumping, automatic power reduction has
been added. In the event of low pressure in the hydraulic control system for the
turbine's control valves and a simultaneous power output greater than 90 %, a partial
scram and a runback of the main circulation pumps are initiated At the same time, the
breaker for one of the reactor recirculation pumps (RRP) is opened. This change
means that the dryout margin can be reduced and the fuel can thereby be utilized more
effectively.
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3J.6 Reserve Monitoring Panel

A modification of the reserve operating panel has been earned out following the
installation of a new monitoring system for neutron-flux in the low and intermediate
power ranges, SIRM. Instead of an instrument showing reactor power, a lattice mat
shows rod insertion for all the rods has been installed. Furthermore, the ability to
operate the control valves in die auxiliary feedwater system (327) and flow indication
in the auxiliary feedwater system ha* been added.

33.7 Boron System

Owing to a change in the fuel design, the previous shutdown margin with the boron
system (351) has been reduced. The available volume in the tank was insufficient. The
existing tank with a volume of 6 m3 has been replaced by one with a volume of 10 m\
The tank has been provided with an alarm for both low and high levels.

33J* Fine Motion Rod Insertion Shutdown

The shutdown by fine motion rod insertion has been provided with a new criterion
(V8) that initiates a trip in the event of a low reactor level. This is a redundant system
to the hydraulic scram system.

Micro-switches that initiate torque protection in the control-rod drive have been
replaced by a new and better type. The new type of micro-switches has been
environmentally classified. The old type was difficult to adjust and caused many
unwarranted trips.

33.9 Scram System

The check valves in the water refilling pipes to the scram tanks have been replaced by
a new type with Stellite-frce sealing surfaces. The old valves got stuck once after a
scram and did not open, which resulted in die water tanks not being properly refilled.

3.4 Residual Heat Removal

3.4.1 Residual Heat Removal Pumps

The start control for the pumps in the residual heat removal system (RHR, 321) has
been modified, so that the pumps can start if the valves in the bypass suction lines are
open. These valves are located in a bypass around the ordinary isolation valves in the
suction lines.

In the event of an isolation of the residual heat removal system (Y-isolation), there
was ? risk that the system would be emptied when certain sampling valves did not
shut. A continual sampling flow was necessary. For that reason, the signal for tripping
the sealing water system for the process pumps (734) in the event of I/Y isolation has
been removed. This causes the system to remain water filled after an isolation.
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3.4.2 Valve Control!

To ensure the closing of the inner isolation valve in the RHR system (321), the valve
was provided with a bigger-sized spring assembly. The result was that the valve
proved difficult to open with the nitrogen pressure that had been set for feeding into
the reactor containment. The feed pressure to the reactor containment has thus been
increased by 1 bar to 9.5 bar to enable the valve to overcome the spring force when
opening.

3.5 Pressure Relief

3.5.1 Pressure Control

To improve pressure control, the old motor-driven potentiometer in the wide range
pressure regulator was replaced with an electronic circuit card that controls the speed
of pressure changes. The signal is used to control the speed of pressure
increase/decrease during start-up/shutdown.

3.6 Pressure Limitation of the Reactor Pressure Vessel

3.6.1 Pressure Control

To ensure draining of water when the reactor vessel is top filled with the emergency
core cooling system (323), an automatic opening of the draining valves in the steam
lines during filling with 323 has been installed. This is an addition to manual draining
with the pressure-relief system (314). The draining valves open in the event of
containment isolation (I-isolation) with simultaneous low-water level in the reactor.
The draining valves are placed downstream of a drainage tank, one for each steam
line, and the water is led to the condensation pool. At tte same time, the closing
signal from the low-level transducer in the drainage tanks is blocked.

The time measurement of the control valves for the reactor pressure-relief valves has
been modified, so that it is initiated when the operating relay is activated. Previously,
the start impulse was taken from the control-valve-position signals. This signal was
not reliable, resulting in faulty measurements. Because of that, the operating reliability
of the valves could not be verified.

Drainage lines from the pressure-relief system pilot valves have been installed to
increase the reliability of the valves, so that these open at the correct pressure. The
drainage lines are intended to remove possible condensate from the valves.

To improve the monitoring of the reactor pressure-relief system (314), the pressure
transducers that indicate high pressure in the pressure-relief pipes downstream of the
pressure-relief valves have been moved into the reactor containment. These have
previously shown wide variations in trip times during the testing of the pressure-relief
valves. Most likely, tht»? variations were caused by the lengthy impulse lines when
the transducers were placed outside the reactor containment. The reason for the
change is to obtain the shortest impulse lines possible, which leads to rapid indication.
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The cables to the control valves in the reactor pressure-relief system (314) have been
provided with environmental-qualified contact devices. Wear will furthermore be less
during service, and the risk of incorrect connection during installation is reduced.

To be able to verify the opening times of the safety valves in the reactor pressure-
relief system, the signals from the solenoid valve for opening and open-indication for
the main valve have been routed to the process computer.

To 12 able to register individual solenoid valves that control the safety valves in the
reactor pressure-relief system, open-indication of the solenoid valves has been
connected to the process computer. It was not previously possible to tell which of the
solenoid valves was faulty in the event of excessive opening times during testing.

Temperature measurement in the pipes downstream of the reactor pressure-relief
valves has been incorporated in order to be able to detect possible valve leakage. This
is displayed in the control room.

The valve indicator that was installed on some of the reactor pressure-relief valves
during the refuelling outage in 1990 has been replaced by conventional difference-
pressure measurement. The reason for this was that the design installed in 1990
proved to have considerable reliability problems.

To improve draining of condensate from the piston upper surface, an internal
throttling has been moved in two of the pressure-relief valves in the reactor pressure-
relief system. If condensate is allowed to remain on the upper surface of the pistons,
the opening timeof the valves is lengthened, which may cause valve damage.

In order to be able to predict the service life of the solenoid valves that control the
reactor pressure-relief valves, temperature monitoring of the solenoid coils has been
installed. In this way, it is possible to estimate more exactly the service life of the
solenoid coils of the valves, and the components can be replaced before faults turn up.

To guarantee that the valves in the reactor pressure-relief system (314) open during
pressure release, the control lines to the valves have been replaced by lines of greater
dimension. This results in the difference pressu-e across the main valves being greater
when the control valves open, which reduces the risk of delayed function or
nonfunction.

3.6.2 Modification of Direct Discbarge Valves in the Pressure-Relief System

Previously, there were 13 direct discharge valves of a total of 20 valves in the reactor
pressure-relief system. The direct-relief valves have been connected downstream to
the closest relief valve blowdown pipe leading to the condensation pool. The direct
discharge valves have been connected to the relief valves in groups of three. During
normal operating disturbances that lead to pressure release, this is done by the
pressure-relief valves. In the event of release by more than two valves in each group,
a rupture disk will rupture and pressure is released to the containment. The
modification was implemented to minimize the risk of steam being discharged in
drywell. Steam discharged can dislodge large quantities of insulation and cause the
suction strainers in the condensation pool to become clogged. Position indication on a
pressure-relief valve to each steam pipe has been installed in the form of a difference-
pressure meter.
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3.7 Component Cooling System

3.7.1 Salt Water Coding System

To avoid clogging of the heat exchangers in the salt-water cooling system for start
and shutdown, a high-pressure filter has been installed downstream of each pump in
the system. Previously, there has regularly occurred a need to clear the heat
exchangers. After the installation of these high-pressure filters, this should not be
necessary.

3.8 Level Measurement

3.8.1 Level Transducers

The level transducers for the reactor vessel have been replaced by new transducers of
another manufacture. The old equipment has shown a growing sluggishness,
increasing hysteresis and a greater time constant. Replacement involved installing a
certain amount of new impulse lines.

3.8.2 Reactor Level Limits

The limit for high level in reactor pressure vessel (HI) has been raised from 4.4
metres to 4.5 metres. This was done to avoid faulty alarms at full operating power
with high main recirculation flow.

3.9 Backflushing of Suction Strainers

3.9.1 Backflushing of Suction Strainers in the Condensation Pool

Following the event in Barsebäck with clogged strainers, a proposal was made to
adopt automatic backflushing of die suction strainers in the condensation pool both
for the containment spray system (322) and for the emergency core cooling system
(323). Backflushing could be initiated automatically via the difference-pressure
monitor or initiated manually. Backflushing could also take place manually.
Backflushing is carried out using water from the system for demineralized water
(733). This solution however was not approved by SKI.

A connection between the fuel pool in the reactor building and the suction pipe for the
pumps in the emergency core cooling system (323) has been made. The water from
the fuel pool can be used for backflushing the suction strainers in 323 and as a reserve
water supply for coolant makeup. A cage has been installed above the suction inlet in
the handling pool to prevent loose material from being sucked into the pipe. This
solution was approved by SKI.

The existing mineral-wool insulation has been replaced by metal mirror insulation.
The total amount of mineral-wool insulation that could loosen in the event of a pipe
rupture is not to exceed 50 kg. AU insulation on pipes with a diameter greater than 65
mm has been replaced by metal mirror insulation, which means about 90 % of the
insulation. Vessel insulation (Caposil) that can loosen in the event of a pipe rupture
has also been replaced by metal mirror insulation. Water protectors (two pipe halves)
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have been installed around the feedwater pipes close to the reactor vessel nozzles, so
that the vessel insulation cannot be loosened in the event of a rupture in any of the
feedwater pipes.

The suction strainers in the condensation pool have been replaced by strainers having
a greater area. If all of the insulation that is estimated to loosen in the event of a
possible rupture enters the system, the strainers will still not need to be backflushed.
This is, however, assuming that strainers in the containment spray system (322) and in
the emergency core cooling system (323) are in operation. The strainers consist of a
small strainer that can be backflushed plus five strainers (323 has six) that cannot be
backflushed. All the strainers are cylindrical in shape. The strainer area in the strainers
for the 322 has been increased to 15 sq.nx, and the strainers of the 323, to 20 sq.m.
The strainers can be backflushed manually. Those in the 322 using total-desalinated
water (733), and those in the 323 using water from 322. The suction strainers are
backflushed at a difference pressure greater than 0,02 MPa. The automatic circuitry
for backflushing the strainers has been removed.

To avoid temperature gradients in the condensation pool in the event of steam release
from the reactor pressure-relief system, a flow of 10 % from the containment spray
system (322) is fed back to the upper pan of the pool.

3.10 Containment System

3.10.1 Removal of Direct Discharge Valves

See section 3.6.2

3.10.2 Monitoring of Containment

Level measurement in the condensation pool and in the drywell together with
difference-pressure measurement across the suction strainers in the condensation pool
have been improved in accordance with US Reg. Guide 1.97, which states the degree
of emergency measurement equipment. Two level transducers in the condensation
pool and in drywell, respectively, have been installed to measure levels when the
containment is filled with water. The level signals are registered on a printer in the
control room. The pressure sensors for the pumps in the containment spray system
(322) and the emergency core cooling system (323) have been replaced by difference-
pressure sensors. The difference pressure is shown on an instrument in the control
room.

The old cameras have been replaced. At the same time, their number has been
increased to enlarge the monitored area. The video exchange has been moved out of
the containment. Some cameras, moreover, have been provided with cooling.

An additional dew-point sensor has been installed in the containment. It has been
placed 180 degrees opposite the existing one. It has been installed to detect leakage
earlier. The dew point is registered on a printer in the control room.

To improve the monitoring of the reactor containment humidity, two instruments
having an alarm function have been installed in the control room.

To improve leakage control in the reactor containment as concerns minor leaks, a
sampling system has been installed in the insulated space under the reactor vessel.
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Whereas the large number of penetrations in the vessel bottom previously could not
be monitored in a satisfactory manner, this system provides the means to detect small
leaks. The system consists of three separate sub-systems that measure humidity, with
the values registered on a printer in the control room.

3.103 Condensation Pool Cooling

Connection to the fire-fighting water system (861) for cooling the condensation pool
has been carried out. System 861 is connected to the secondary cooling system for
start-up and shutdown (721). Furthermore, fire-fighting water can be pumped directly
into the condensation pool.

3.10.4 Containment Wall Penetrations

Penetrations in the containment wall to neutron flux monitors in the low and
intermediate flux ranges, SIRM, have been replaced. The equipment has also been
given protection against missiles.

To increase the fastenings of the door in the control rod pit, between the drywell and
wetwell, the door has been complemented with four locking fixtures. The reason for
this is to ensure that no leakage will occur in the intermediate floor structure.

3.10.5 Environmental Qualification

A project, MELK, is underway for the overhaul and upgrading of components and the
protection of equipment in the reactor containment. The goal is that all equipment in
the containment is to be environmentally qualified and that all electrical containment
wall penetrations are to be replaced by environmental-qualified penetrations. 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). The
project is estimated to be completed in 1996.

3.10.6 Physical Protection for Containment

To protect the containment dome in the event of a pipe rupture in the reactor pressure
vessel head spray system (outside the RPV), pipe-rupture attachments have been
installed on the reactor vessel head.

3.11 Components

3.11.1 Core Shroud

A new core shroud head has been installed following the discovery of cracks in the
core-spray assembly. Besides the core spray, the boron-injection assembly was also
replaced. Eight standpipes, four for each line in the emergency core cooling system
(323), and two standpipes in the boron system (351) were replaced. In 1983, cracks in
the core-spray pipes were discovered, which were temporarily fixed with clamps.
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3.11.2 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 irdicators got
loose and jammed between the cone and the seat.

3.113 Valves

In the event of a partial scram, power output drops to 30 %, which means that the
isolation valves in two steam lines close, and the external motor valves begin to close.
If power output thereafter begins to rise above 30 %, the closing command ceases
and the motor valves stop closing. A time delay has been incorporated for the 30 %-
criterion affecting the steam-isolation valves.

The off-gassing valves for the scram tanks have been replaced by a new manufacture.
The existing valves had been suffering from unacceptably large leak-through. In 1992,
furthermore, it was discovered that the valve control shutting force was insufficient,
which is why they have been provided with more powerful valve actuators.

Out of a total of 24 motor valves in reactor systems, the actuators of nine have been
replaced. This was done after measuring the torque of all 24 valves. In addition to the
replacement, torque adjustments were carried out on a number of valves.

The valve actuators of a number of motor-driven isolation valves in the reactor system
will be replaced by environment-class actuators at the same time that the valves are
replaced. The reason is that a guaranteed valve function for the designed pressure
drop could not be verified for these valves. The new valves have been designed to
cope with full difference pressure. The valves have not been designed for disturbances
beyond the original concept.

The nitrogen-operated pneumatic valves for regulating the inner and outer steam-
isolation valves have been replaced by new ones. The replacement was carried out to
prevent erosion/corrosion. The valves are used to force-operate the isolation valves
using nitrogen gas. The old valve seats had been ground too many times, which meant
that they had insufficient closing force.

The control hoses to the pneumatic valves in the reactor systems have been replaced.
Metal hoses have been installed instead of rubber ones, which tend to age.

3.11.4 Monitoring Equipment

The rpm sensors on the reactor recirculation pumps have been replaced by a new
type. Each pump has been provided with two sensors as opposed to the earlier single
one. Frequent disturbances and the lack of spare parts were the reasons for the
replacement

To improve the possibility of registering values during testing and operational
disturbances, a new computerized measuring system has been installed. This means
that substantially more signals can be monitored and collected for evaluation.
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To obtain improved and more accurate flow signals from the feedwater system, the
flow transducers have been replaced w*th new ones of another manufacture.

Many transducers for flow, level and difference pressure measurement have shown
ageing, increased hysteresis and increased time constants. A large number has been
replaced, for instance, in the steam system and the emergency core cooling system
(323).

The level transducers that monitor the space beneath the condenser have been
replaced with another type of sensor. This was done because of problems with leaking
impulse tubes. The level transducers stop the main cooling water pumps in the event
of high level, and they are 2/3 connected.

The monitoring of the hydraulic connections on the converter units as concerns
pressure and temperature has been improved by installing new pressure and
temperature sensors. Also, alarm and displays for the temperature-monitoring system
have been added to the control room.

The limit-value switch for the temperature monitoring of the pumps in the residual
heat removal system (321) has been replaced with new and improved limit-value
switches.

3.11.5 Piping System

The copper cooling water pipes to the diesel generator have been replaced with ones
of titanium to reduce corrosion problems.

The pipes for cooling water to the diesel have been replaced by stainless steel pipes,
and a shutoff valve upstream of the pressure sensor has been installed to facilitate
testing.

All of the pipes in the boron system between the reactor vessel and the service valves
in the reactor containment have been replaced. The reason is to have pipes of better
material, with less carbon content and annealed after bending.

Large parts of the piping system in the reactor containment for the emergency core
cooling system (323) have been replaced by pipes that are annesled after bending. The
reason for this is that cracks had been found in the systems pipe-bends.

3.11.6 Pumps

The thrust bearings on the pump shafts in the containment spray system (322) have
shown extensive wear. Consequently, the bearings have been modified to better
withstand loads during operation.

A pump for pumping out water from the condensation pool has been installed This
thus reduces the operating time of the main pumps in the containment spray system
(322) by about 4,000 hours. The pump is also to be used for cleaning the pool water,
when 10 kg/s is required as opposed to the ordinary pump capacity of 100 kg/s.
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3.12 Non Isolable LOCA Outside the Containment

3.12.1 Valve Modification

The service valve in the common suction line from the reactor vessel to the pumps in
the residual heat removal (321) has been provided with a motor-operated actuator.
This was done in order to be able to close the valve from the control room in the
event of an external rupture of the suction line and, at the same time, a single failure
on the external isolation valve. The suction valve automatically closes in the event of
an extremely low level in the reactor vessel or in the event of a rupture in the suction
line outside the containment.

The springs of the valve control on the suction valve in the RHR (321) did not have
sufficient closing force. The closing force has been increased by connecting nitrogen
gas to the upper part of the piston. The nitrogen system has been connected via a
check valve and a buffer tank. The suction valve support has been replaced by a
stronger one, so that the nitrogen gas pressure can be applied directly without a
reducer valve.

The common shutoff valve that is located inside the inner isolation valves in the RHR
(321) has been replaced by a bigger and stronger one. The reason for this is that the
valve did not manage to close at a maximum difference pressure across the valve.

All the external isolation valves in the RHR (321) have been modified to increase
functional safety.

3.13 Fire Protection

3.13.1 New Fire-Alarm System

A new analogue fire-alarm system has been installed. The reason for this is to improve
fire monitoring and reduce maintenance costs.

3.14 Control-Room Improvements

3.14.1 Improved Monitoring

Previously, the signal for drained trip oil for the turbine was delayed due to lengthy
impulse lines. This made the investigative work following disturbances and
disturbance-handling more difficult Therefore, two relays have been installed in
parallel with the trip valves in the hydraulic system in order to make early indication
of an initiated turbine trip (TS) possible.

Flow sensors for measuring reactor recirculation flow have been recalibrated, so that
they cover the normal operating range with sufficient margin. Previously, the
maximum limit of the flow sensors was reached in the event of increased cooling flow
near the end of the operating season.

An indicator for the temperature downstream of the high-pressure preheaters has been
installed in the control panel in the control room. Previously, the temperature between
the high-pressure preheater and the bypass valves was shown. This meant there was a
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risk of faulty control, since the temperature of the cut-off water volume was measured
when the preheaters were bypassed.

Digital instruments for setting die frequency of the converter-protected 400-V
busbars have been installed. The old analogue ones were not accurate enough.

To improve operational monitoring and facilitate die evaluation of disturbances, the
signals to the process computer have been supplemented.

A new temperature-monitoring system has been installed to improve measurement
accuracy.

To improve die monitoring of the hydraulic connections in the motor generator to the
reactor recirculation pumps, these have been provided with temperature alarms and
displays in the control room.

To make the displays in the control room appear similar no matter what criteria
caused a scram, die display fcr scram due to high reactor power, filtered, has been
rebuilt. The display has been moved forward to the reactor operator's panel. It was
previously mounted in a cabinet that was not visible from the reactor operator's panel.

To avoid an uncalled-for alarm when P2 in the containment spray system (322) is in
operation to cool the condensation pool, a low-flow alarm has been created. The
reason for this is that P2 can be used as a reserve pump for die emergency core
cooling system (323) via cross-over valves. The position signal from these valves is
used to create criteria, so that the automatic circuits register what mode the pump is
operated in and thus give the correct status.

The number of measuring points that can be logged and that also are connected to the
disturbance printer function has been increased. Furthermore, die time intervals of the
measuring points have been lengthened. The measured values are logged for three
days for minute values and for 32 days for hour values. The disturbance printer
registers values 20 minutes prior to a disturbance and 10 minutes after.

To improve the monitoring of operations, a number of modifications and additions to
die alarms have been carried out in die control room.

3.15 Instruction Improvements

3.15.1 Extended Emergency Operating Procedures for BWRs

Within the framework of the severe accident mitigation programme, the utilities have
developed Emergency Operating Procedures (EOP) in the severe accident
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:

• The three lower levels contain procedures for handling events widiin the design that
existed before die severe-accident-management programme had been implemented,

• The upper level of the EOPs for the shift supervisor that was added as a result of the
AM programme.
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l a e 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 has been approved, and to some
extent supplemented within the severe accident mitigation programme.

The shift supervisor's EOPs are symptom-based flow-chart procedures. This is the
principal difference compared with the ordinary event-oriented procedures. The
splitting up of the procedures into different safety functions also enables the operator
to work on the causes of the symptoms, i.e. on deviations from the normal values of
the key parameter characteristics for safety functions.

For Oskarshamn unit 2, the following symptoms have been stated.

• Status in the reactor pressure vessel

• Status in containment

• Status in the reactor building

• Level of radiation

In the event of operational disturbances, the operators act according to their plant
procedures. The shift supervisor uses the Emergency Operaäng Procedures and
checks that all the critical safety functions are operating in accordance with the
procedures. The EOPs are used in the event of a reactor scram or an occurrence that
should have caused a scram. The shift supervisor is directed by the EOPs to check the
main safety functions described above. A few key parameters have been defined for
each function to be used for checking.

The benefit of the EOPs is that there will be two redundant control procedures for the
outcome of a disturbance, using systematic yet fully independent approaches. This
reduces the risk of misinterpreting complicated situations in the plant and increases
the possibility of appropriate actions being carried out in an emergency.

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

3.16 Reactivity Monitoring

3.16.1 Neutron-Flux-Density Monitoring

New equipment for measuring neutron-flux in the low and intermediate power ranges
has been installed, SIRM. The new detectors, four as opposed to the previous eight,
were placed 50 cm beneath the core top, which improved neutron-flux monitoring.

21



The detectors are operated using nitrogen gas. The intermediate power range (IRM
part), that is divided up into 12 ranges, has been modified so that switching takes
place automatically between the ranges. The equipment has been qualified for post
accident environments.

An improved monitoring of the neutron-flux in the low power range has been added.
Monitoring is done using an instrument in the control room that shows a variance
channel.

3.16.2 Core Instability

To avoid ending up in a range in which core instability might occur, a new partial-
scram criterion has been adopted. It is controlled by a limited line that is calculated
from the neutron-flux and the reactor recirculation flow by four processing units, one
in each sub. An alarm that is initiated before reaching the 2/3-connected partial scram
has alsc been installed.

To improve core monitoring, a stability monitor that monitors the decay ratio has
been installed. The input values are the main circulation flow, the LPRM signal and
the APRM signal. An alarm for high decay ratio has also been added.

3.17 Accident and Mitigating Measures

3.17.1 Mitigation System Design

The Swedish Regulatory Position

In a Bill to the Swedish Parliament in the period 1980/81, after the TMI-2 accident,
the Government proposed, among other things, 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 may indeed be small, measures to further reduce the risk should be taken
even if the cost would not be unessential in relationship to the mitigation achieved in
the event of an accident.

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

• Land contamination that impedes the use of large areas for a long period shall be
prevented.

• Fatalities caused by immediate radiation illness shall not occur.

• Incidents of extremely low probability need not be considered.

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

• Measures taken to meet these requirements must 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 found in a
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reactor core rated at 1,800 MW of thermal power. The other nuclides of significance
from a land-contamination point of view must also be separated into 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 phenomenoiogical 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 used by the Swedish utilities to meet the severe-accident challenge uses a
defence-in-depth approach. The strategy included 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.

Severe-Accident-Management Design Events

The research had to pertain to the types of reactors operated in Sweden and to the
initiating events and accident scenarios that were judged, by means of a systematic
risk and safety assessment (PSA), to be risk dominant. Gearly, a combination of
multiple failures of the safety systems is required for any considered initiating event to
develop into a severe-accident scenario. The following design event has been chosen.

• Total station blackout: loss of off-site power and failure to activate on-site AC
power sources.
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Although the chosen event has an extremely low probability, it has been chosen
because the sequences following upon this e/ent cover most other sequences leading
to core damage. The event is also easily understood and is well defined.

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

• Large steam lineLOCA, combined with a degraded pressure-suppression function.

Mitigating Systems Design

The mitigating systems are essentially similar for all Swedish BWRs and PWRs,
except for the Barsebäck FILTRA system, which is based on somewhat different filter
technology.

Flooding of the Containment Using External Water Supply

The fundamental requirement of providing a dependable containment spray function
has been achieved by supplementing the containment spray systems. In BWRs, this
has been accomplished by providing an external and fully independent pump and
water-supply source. The pumps are directly diesel driven, and the water supply is
sufficient to flood the containment to die upper core level. Actuation of the spray
system can be done either from the emergency control panels outside the control
room or from the main control room itself. The spray systems are installed as the
primary means of cooling down the containment atmosphere, thus delaying the need
of containment venting. An additional benefit is that they will effectively act to reduce
the fission-product content in the containment atmosphere.

Water Pool Beneath the Core

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

Multi Venturi Scrubber System, MVSS

A third principle is to provide for filtered venting. For BWRs, the main purpose of the
venting system is to release noncondensablc gases produced during the accident to the
atmosphere. For both BWRs and PWRs, this venting is necessary in order to fulfil the
requirement to return the containment to ambient pressure, following all scenarios
that include noncondensabk gas generation.

The venting system has been designed to release the decay heat. The filter is of a
submerged multi venturi scrubber design. The filter works passively using the
containment gas pressure both to drive the water circulation in the Venturis and to
control the number of Venturis that is in operation for scrubbing. This design makes it
possible to operate the Venturis close to their optimal flow over a wide range of
system loads. The MVSS vent filters are based on the principle of causing the aerosol
particles to impact with small water droplets. To purify the gas, it is forced (by its
own overpressure) through venturi pipes causing the surrounding water to be sucked
into the pipes. The gas outlet from the filter contains a moisture separator.
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The separation of the aerosols is largely accomplished in the Venturis, while separation
of Iodine by transfer from a gaseous to liquid phase occurs in the bulk of water
contained in the filtas. To enhance the separation of volatile elemental Iodine,
thiosulphate is added to the water together with sodium carbonate to maintain alkaline
conditions. Hydrogen iodide will be retained by the water as well, l ink if any
separation of the organic iodides will be achieved, however.

According to experiments for validation of the MVSS filter concept, the filter
decontamination factor is about a factor of 500 for BWR filters.

Contammrr.t-Pressure-Rdkf System

To complement these mitigating systems, a high-capacity containment-pressure-relief
valve without filtering has been installed in the BWR plants. This has been done for
scenarios that include a malfunction of the pressure-suppression system, yet retain
operabUity of the normal emergency-core-cooung systems, ECCS. In these cases, die
lack of the relief valve might lead to containment failure and a subsequent failure of
the ECCS, and finally core raelL By installing the relief system, this risk has been
avoided. The request for pressure relief will occur when the core remains undamaged
and, thus, filtering is not required.

3.17.2 Emergency Sampling

Emergency sampling from the reactor vessel and from the condensation pool has been
adopted as a separate system (337). Samples are taken from the reactor vessel by
means of a PRM probe, which is a reserve. Samples from the condensation pool are
taken from three different sites in the containment spray system (322). The sampling
system also includes sample cooling and a lead-lined vented cabinet.

Dose-rate-meter equipment in the containment has been replaced. This was done to
adhere to US Reg. Guide 1.97. Measurements up to 108 R/h can be made. The
reading is shown on a display instrument in the control room.

Emergency sampling of the containment atmosphere, for measuring oxygen and
hydrogen content, has been installed. This was a result of the accident at TMI. The
gases can be drawn from wetwell and drywell. The gases are cooled and then fed back
to wetwell via the containment spray system (322). The system also measures the
atmosphere of the containment during normal operation. The measured values are
shown on a display instrument in the control room.

3.18 Others

3.18.1 Logic Circuit Changes

To avoid the risk of all reactor recirculation pump trips when one pump stops, the
logic circuits have been modified, so that the pumps change over to rpm control, i.e.
the rpm is constant and the pumps do not follow the generator power demand.
Previously, the other pumps tried to compensate for the drop in recirculation flow,
when they were under generator power control, which meant there was a risk that all
pumps would stop due to overload.
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To ensure the monitoring of radioactive releases from the main stack, an automatic
start-up of the fans for the sampling flow after a loos of power has been installed.

3.18.2 Probe Vibrations

All neutron-flux probes (LPRM) have been connected to a vibration monitor to
measure piobe vibrations. This was done in order to better judge the effects from
probe vibration on the fuel boxes and detectors.

Existing holes for bypass flow in the lower core plate have been plugged for 69
centrally positioned control rods. The bypass flow has been moved to the bottom of
the control-rod guide tubes, where eight holes, diameter 11.4 mm, have been drilled.
This was done to avoid flow-induced vibrations in the nearby LPRM probes.
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MODIFICATIONS AND BACKFITTING AT OSKARSHAMN 2-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

337

351

516

537

664

712

713

714

721

733

734

861

AM

APRM

ASME

CFR

ECCS

EOP

EPRI

IRM

MVSS

LPRM

LOCA

NRC

NUREG

PSA

Steam System

Feedwater System

Reactor Pressure Relief System

Residual Heat Removal

Containment Spray System

Emergency Core Cooling System

Auxiliary Feedwater System

Emergency Sampling

Boron 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 the Diesel Generator

Secondary Cooling System for Start-up and Shutdown

Demineralized Water

Sealing Water System for the Process Pumps

Fire-Fighting Water System

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

Intermediate Range Monitor

Multi Venturi Scrubber System

Local Power Range Monitor

Loss of Coolant Accident

Nuclear Regulatory Commission

NRC Guideline

Probabilistic Safety Analysis
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SIRM Source and Intermediate Range Monitor

SKI Swedish Nuclear Power Inspectorate

SRM Source Range Monitor

SSI Swedish Radiation Protection Institute

RG NRC, Regulatory Guide

TMI Three Mile Island

TVO Industrial Power Company, Finland (ABB BWR)
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