STUK-B 79

APPENDIX 1 STUK's safety performance
indicators for NPPs in 2006

Seija Suksi

SUMMARY OF THE RESULTS OF STUK’S SAFETY PERFORMANCE INDICATORS
Background and purpose
Indicator results for 2006
Safety and quality culture
Operational events
Structural integrity

INTRODUCTION TO INDICATORS AND THEIR DEFINITION

SAFETY PERFORMANCE INDICATORS

A.I Safety and quality culture
A.I.1 Failures and their repairs
Al2 Exemptions and deviations from the Technical Specifications
A.1.3 Unavailability of safety systems
A.I.4 Occupational radiation doses
AL5 Radioactive releases
AIL6 Keeping plant documentation current
A.1.7 Investments in facilities

A.IT Operational events
A.JI.1 Number of events
A.I1.2 Direct causes of events
A.I1.3 Risk-significance of events
A.I1.4 Accident risk of nuclear facilities
A.I1.5 Number of fire alarms

A.III Structural integrity
A.III.1 Fuel integrity
A.IIL.2 Primary circuit integrity
A.IT1.3 Containment integrity

70
70
71
71
74
76

78

79
79
79
86
88
90
92
94
95
96
96
98
99
103
104
105
105
108
113

69



STUK-B 79

STUK’S SAFETY PERFORMANCE INDICATORS FOR NPPs N 2006 APPENDIX 1

Summary of the results of STUK's

safety performance indicators

Background and purpose

The overall assessment of nuclear power plant
safety by inspection and safety reviews is com-
plemented by the STUK indicator system. The
purpose of the safety performance indicators for
nuclear power plants developed by STUK is to de-
scribe the safety factors of the NPPs. Correctly fo-
cused indicators can be used to obtain an overview
of plant safety and on the licensees’ operations on
an annual level. The system indicators can be used
to demonstrate that certain safety factors under
scrutiny have remained at earlier levels, or to gain
insight into their possible changes and trends in
the short and the long run. In the short run the
indicators serve as tools for regulatory control. The
accumulated data can be used as reference materi-
al for inspections. The data used for the indicators
is collected and evaluated as part of the inspection
activities. Declining trends indicate a possible need
to enhance the performance and organisational op-
eration of the plants and STUK’s regulatory control
in those areas. Even the effectiveness of any correc-
tive actions commenced based on indicator results
can be monitored by means of these indicators.

No specific action levels or thresholds have
been defined for the indicators. Rather, the aim is
to recognise trends in the safety-significant func-
tions of a nuclear power plant or STUK as early as
possible. The limit values set in the legislation, in
the YVL guides and in the Technical Specifications
(Tech Specs), as well as the target values contained
in the objectives of the department of Nuclear
Reactor Regulation (NRR), will be applied where
available.

STUK’s indicator system is divided into two
principal groups: external indicators for the safety
of nuclear facilities and internal indicators for the
regulatory effort. External nuclear plant safety in-
dicators are divided into three principal subgroups:
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safety and quality culture; operational events;
and structural integrity. These principal subgroups
have a total of 14 indicator areas having 51 specific
indicators.

Guide YTV 4.3.3, “Calculation, assessment and
utilisation of the NRR indicators”, in the NRR
Quality Manual defines the responsibilities and
procedures for data collection and calculating the
NRR’s indicators for the safety of nuclear facili-
ties; for interpreting their values and changes; for
assessing, reporting and utilising them. Appendix
1 to the guide describes the NRR’s indicators for
the safety of nuclear facilities; their definitions and
data acquisition; the unit and person responsible
for the updating of each indicator (person in charge
of indicator); and the person who maintains the
indicator system (administrator).

As a rule, the data for the indicators for the
safety of nuclear facilities is acquired and updated
quarterly. Indicator definitions, graphs and re-
sults interpretation can be found in STUK’s INDI
(INdicator DIsplay) application.

The STUK indicators were first included in
the revised strategy of early 2003 to describe and
measure its success. Of the indicators describing
the effectiveness of STUK’s activities, the following
apply to the NRR: occupational doses, radioactive
releases from nuclear facilities and the resultant
population exposure in the vicinity of the plants,
safety-endangering events at nuclear facilities,
condition of components relevant to the accident
risk of nuclear facilities, updating of YVL guides,
customer satisfaction and number of complaints.
The last three indicators describe NRR’s own ac-
tivities and are incorporated in the indicator area
for the regulatory effort. Indicators for plant safety,
incorporated in the STUK strategy, have quantita-
tive limits contained in the rules and regulations
or NRR’s own objectives.
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All of the nuclear plant safety indicators de-
scribe and measure the effectiveness of NRR’s
activities. Their values are updated quarterly and
any deviations and their causes are either immedi-
ately tracked down by the responsible persons or
considered more widely at departmental or over-
sight meetings. The development trends of indica-
tors and indicator areas are assessed in the annual
summary. The summary is utilised in conjunction
with other assessments and inspection observa-
tions in the overall assessment of nuclear plant
safety conducted by STUK. The annual summary
of the indicators is attached to the annual report
on regulatory control of nuclear safety submitted
to the Ministry of Trade and Industry.

Indicator results for 2006

The data gathered from 2006 for nuclear plant
safety indicators did not cause such changes in
individual indicators, indicator areas or the three
main areas as would have warranted an immedi-
ate reaction from STUK. The requirements set for
the indicators for the safety of nuclear facilities de-
scribing the effectiveness of STUK’s activities were
fulfilled in all respects.

Safety and quality culture

The indicators in this area illustrate the condition
of the plant and the success of the operations of the
various organisational units, such as maintenance,
operation, and radiation protection, participating
in plant operation. Compliance with the Tech Specs
is monitored, as well as identified needs for deviat-
ing from the Tech Specs. The area also includes an
indicator for monitoring the updating of principal
documents after plant modifications, as well as an
indicator for monitoring the relative fluctuations
of investments used for plant maintenance and
renovation.

Maintenance operations were evaluated by
plant unit concerning the yearly volume of main-
tenance works, the volume of preventive mainte-
nance and failure repairs of Tech Spec components,
and on the basis of the volume of repair works
during power operation, the average time spent on
failure repairs and the production losses caused by
failures. The unavailability of systems required for
accomplishing the critical safety functions is also
monitored.

In Loviisa the total volume of the yearly main-

tenance works of Tech Spec components, including
both failure repairs and preventive maintenance,
has been increasing in the last few years. The dis-
tribution of preventive maintenance between plant
units is determined by the length of the annual
maintenance outages. The volume of preventive
maintenance in 2006 is not directly comparable
with the previous years since the components
included in the indicator have changed. The new
LOMAX information system was introduced at the
Loviisa power plant in early 2006. As a result, the
scope of the indicator concerning the maintenance
of Tech Spec components has been extended so
that in future the volume of annual maintenance
works will also include such failure repairs on Tech
Specs components that did not cause an operation
restriction. For this reason, the volume of failure
repairs and preventive maintenance behind indi-
cator more than tripled in 2006 compared with the
previous years. Despite the changes in the work re-
cording procedure, there was no marked change in
the ratio of the number of preventive maintenance
works to failure repairs in 2006.

The total volume of the yearly maintenance
work of Tech Spec components in Olkiluoto has
also been increasing in the last few years. Because
of the change in the work recording procedure, the
volume of maintenance works dropped significantly
in 2006 to below one-third of previous levels. Due
to a change in the work order system implemented
by the utility as of the beginning of 2006 the data
is not comparable with previous years’ figures.
TVO’s work order system classification no longer
includes maintenance class 3, which includes Tech
Spec system components; however, nowhere near
all of these systems are subject to restrictions set
in the Tech Specs. Despite the work recording pro-
cedures, there was no marked change in the ratio
of the number of preventive maintenance works
to failure repairs in 2006. Judging by this data,
maintenance activities at the plants are in balance
and carried out according the same principles as
before. The volume of preventive maintenance at
the plants is affected by preventive maintenance
works determined by the length of the annual
maintenance outages. In future, changes in the
indicator should be mainly attributable to varia-
tion due to the scheduling of annual maintenance,
which could be regarded as an indication of a func-
tional maintenance strategy.
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The total volume of failure repairs of Tech
Spec components during power operation at the
Loviisa plant in 2006 decreased slightly from the
previous year, which meant an end to the slight
upward trend of the past few years. The volume of
failures during power operation causing an opera-
tion restriction at the Olkiluoto plant also showed
an upward trend until 2005, at which time it began
to decrease. This development was particularly at-
tributable to a declining trend in the volume of fail-
ures causing an immediate operation restriction.
Failure detection and anticipation have been con-
tinuously improved in plant maintenance opera-
tions, and components have been replaced. Thanks
to these measures, in the indicator or the failure
data behind it do not show the potentially negative
effect associated with the ageing of the facilities,
which indicates functional component ageing man-
agement and successful maintenance.

The average repair times of failures causing
unavailability of Tech Spec components have re-
mained relatively stable at Loviisa and Olkiluoto
for several years, varying from one day (24 hours)
to over two days (over 48 hours) at the Loviisa
plant units and from five to twelve hours at the
Olkiluoto plant units. In 2006 the average repair
times decreased at all other plant units except
Loviisa 2, where the annual trends of repair times
have been changeable. The average repair time at
Loviisa 2 is increased by the failure repair of the
Tech Spec components for which the Tech Specs
allow a long repair time. With regard to the avail-
ability of maintenance resources and effectiveness
of operations at the Loviisa plant, action should
be taken to reduce the repair times for such com-
ponents. Production losses due to failures at the
Loviisa and Olkiluoto plants remained relatively
small in 2006, as is also indicated by the plants’
high load factors.

Production losses due to failures at the Loviisa
and Olkiluoto plants remained relatively small in
2006, as is also indicated by the plants’ high load
factors. The somewhat higher loss of approximate-
ly half a per cent at Loviisa 2 was due to a single
failure. This was a leaking check valve in the feed
water line; to repair the valve, the plant had to be
brought to a start-up state twice during the begin-
ning of the year. At Olkiluoto production losses due
to failures at both plant units increased slightly
from the markedly low values of 2005, standing
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at a few tenths of a per cent at both plant units
in 2006. At Olkiluoto the single most significant
factor was the frequent occurrence of failures in
the rubbing-face seals in the feedwater pump of
Olkiluoto 1.

The unavailability of safety systems was fol-
lowed by means of international indices provided
by the licensees. The high pressure safety injection
system, the auxiliary feed water system and the
back-up diesel generators were monitored at the
Loviisa power plant; Olkiluoto monitored the con-
tainment spray system, the auxiliary feed water
system and the back-up diesel generators.

The international indices measuring the una-
vailability of safety systems indicated that the
unavailability of the monitored systems remain at a
normal low level. At the Loviisa plant unit the una-
vailability of the emergency diesel generators was
higher than in the previous two years. The failures
detected in the diesels were due to normal ageing
and not serious. The slight increase in the unavail-
ability index of the auxiliary feed water system was
due to maintenance works performed during annual
maintenance. At Olkiluoto the unavailability of the
containment spray system and the back-up diesels
is showing a downward trend. In 2006 the condition
of the diesels was at a good level. The unavailability
index of the auxiliary feed water system rose from
the very low values in 2004, particularly at Olkiluoto
1, which was due to failures in the system’s recircu-
lation and safety valves. Corrective actions included
adjusting the torque settings of the recirculation
line valves actuator motors; preliminary discussions
have also been conducted concerning the construc-
tion of a separate safety valve testing line. Latent
failures were dominant as causes of safety system
unavailability.

The operations of the Finnish nuclear pow-
er plants were mostly in compliance with the
Technical Specifications. There were a total of
four plant conditions in non-compliance with the
Technical Specifications in 2006, two of which oc-
curred at the Loviisa plant and four at Olkiluoto.
Deficiencies were observed at both plants concern-
ing tests defined in Tech Spec, either related to the
performance of tests or the process of revising the
testing procedures. The safety-significance of indi-
vidual events was nevertheless very low.

Both the Loviisa and Olkiluoto plants found
it necessary to deviate from the Tech Specs in
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a planned manner four times. The numbers of
deviations are showing a downward trend from
the previous year and are very small. The exemp-
tions granted did not warrant re-evaluation of the
Tech Specs. Two of the exemptions granted to the
Loviisa plant were concerned with troubleshooting
for a fault in the rotating converter of Loviisa 2
and its repair during power operation; one of the
exemptions concerned the change of operational
condition during start-up, although one of the po-
sition indicators of the ice-condenser’s lower door
was faulty. In addition, the licensee applied for
permission to irradiate one fuel bundle at Loviisa
2 for one additional cycle. It has been estimated
that the number of exemptions will increase in
the future due to the isolations and modifications
due to the upgrading of I&C systems at Loviisa. At
Olkiluoto the exemptions were concerned with the
replacement of rectifiers during power operation
and changing the loading machine radiation meas-
urement limits for the duration of the transfer of
fuel bundles and control rods during annual main-
tenance. Postponing the installations of Olkiluoto 3
also required an exemption.

The indicator describing the currency of plant
documentation shows the document revisions,
which relate to safety-significant or extensive
modifications carried out in the annual mainte-
nances of Loviisa and Olkiluoto, and which must
be implemented before the plant is started up after
the annual maintenance in question. This means
that the modifications implemented during annual
maintenance that affect the Tech Specs, emergency
operating procedures, procedures for restoring the
normal state and operation procedures for power
operation, must have been implemented in the
relevant documents. Flow diagrams are also to
be reviewed. The most extensive modifications at
the Loviisa plant were carried out at the Loviisa
2 plant unit. After the plant modifications carried
out in the annual maintenance at the Loviisa and
Olkiluoto plants the plant documentation had been
sufficiently successfully updated with regard to all
documents that had to be updated by the start-up.
As in previous years, the only deficiency observed
at Olkiluoto concerned the updating of diagrams.

The plant units’ safety performance indicator
for investments in improvements and modifications
indicates relative fluctuation in investments. The
amounts given in Euro are the utilities’ confiden-

tial information and are not to be published here.
This safety performance indicator was included in
the STUK indicator system in 2000 to indicate the
potential effect of deregulated electrical markets on
investment. The fluctuation in the indicator clearly
shows the investments made in 1997-2000 in the
plants’ power upgrades and modernisation projects.
The investments of 2004—2005 were above average
levels at both the Loviisa and the Olkiluoto plant.
Since 2004 the calculation of the indicator value
for Loviisa has changed; major periodic preventive
maintenance and QC inspections related to annual
maintenance are now regarded as investments.
The main investments at the Loviisa plant during
the past couple of years have included provisions
for severe reactor accidents and the modernisation
of the turbine. The most significant current plant
modification project at Loviisa concerns the up-
grading of the plant units’ I&C systems; expenses
incurred in relation to this project in 2006 included
the construction of new buildings and simulator
development. One of the main investments made
at the Olkiluoto plant in the past few years was
the turbine plant upgrading project, which also in-
cluded replacement of the steam dryers. A decision
was also made to continue the construction of a gas
turbine plant, which began in 2005.

STUK works to affect, both directly and in-
directly, the radiation doses for nuclear power plant
workers and the calculated radiation exposure for
the surrounding population arising from releases.
This involves low radioactive releases into the en-
vironment, which remain clearly below the set lim-
its. The indicators followed in the area of radiation
protection are the collective radiation exposure of
employees, the average of the ten highest yearly
radiation exposures and compliance with the YVL
Guide’s calculatory threshold. Other indicators fol-
lowed include radioactive releases into the sea and
the atmosphere from the plant, and the calculated
dose due to releases to the most exposed individual
in the vicinity of the plant.

Most doses are incurred in work done during
outages; thus outage duration and the amount of
work having significance on radiation protection
affect the yearly radiation doses.

The radiation doses for nuclear power plant
workers were below the personal dose limits. The
Radiation Decree (1512/1991) stipulates that the
effective dose for a worker from radiation work
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may not exceed the 20 mSv/year average over any
period of five years or 50 mSv in any one year.
Furthermore, the collective dose remained below
the calculatory reporting threshold confined to
net electric power specified in the Guide YVL
7.9 in 2006. The collective radiation doses at the
Olkiluoto plant in 2005-2006 were higher than in
the previous years due to the annual maintenance
outages, which were exceptionally extensive in
terms of the workforce and workload involved.

Releases into the air and water at the Loviisa
and Olkiluoto plants remained low in 2006, as
did the calculated radiation dose for the most ex-
posed individuals in the population surrounding
the Olkiluoto plant. They were well below the set
release and dose limits. Releases of iodine and
aerosols into the atmosphere indicated a small in-
crease at the Olkiluoto plant due to fuel leakages
at both plant units. Releases into the sea from both
Loviisa and Olkiluoto were small.

Gaseous fission products, noble gases and io-
dine isotopes originate in leaking fuel rods, in the
minute amounts of uranium left on the outer sur-
faces on fuel cladding during fuel fabrication, and
in reactor surface contamination from earlier fuel
leakages. There have been no fuel leakages at the
Loviisa plant units for several years. The noble gas
releases from the Loviisa plant are dominated by
argon-41, an activation product of argon-40, found
in the airspace between the reactor pressure vessel
and the biological shield.

The Olkiluoto 2 reactor contained leaking fuel
almost throughout 2006, and the Olkiluoto 1 reac-
tor for a short time at the very end of the burnup
cycle in spring 2006. Fuel leaks show as slightly in-
creased noble gas and iodine releases into the air.

Releases into the sea at the Loviisa and
Olkiluoto plants were low since there were no
planned releases of low-activity evaporation resi-
dues at Loviisa and the Olkiluoto plant has intro-
duced new process water purification and treat-
ment equipment.

The calculated radiation doses for the most
exposed individual in the vicinity of both power
plants was of the same magnitude as in the previ-
ous year. In Loviisa the dose was smaller than in
the previous year. The calculated doses of the most
exposed individual in the vicinity of both plants
are less than 0.1 % of the 100 microSv limit estab-
lished in the Government Resolution (395/1991).
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Operational events

The indicators of this area monitor the volume
and risk-significance of operational events report-
ed in accordance with Guide YVL 1.5. Reports
are classified according to the nature of events or
significance for nuclear safety, as well as immedi-
ate causes. The risk indicators in the area monitor
the risk-significance of component unavailabili-
ty and the development of the nuclear facilities’
risk levels. The indicators provide insight into
the operation of the plant and the effectiveness
of the operational experience feedback. A review
of the risk indicators jointly with the previous
area’s indicators, such as non-compliance with the
Tech Specs, safety system unavailability, failures
of Tech Spec components and production losses
due to failures of all components during power
operation, provides more information on the sig-
nificance of related planned and unplanned com-
ponent unavailabilities.

No events endangering nuclear safety occurred
at the Finnish nuclear facilities in 2006. The
numbers of operational events at the Loviisa and
Olkiluoto power plants were at the average level
of the past few years. Five events occurred at the
Loviisa power plant for which the plant submit-
ted an operational event report. The number has
slightly decreased compared with the previous
years. There were also five events warranting
a special report at Loviisa. The number has not
changed in the long term. Errors in plant operation
were dominant as the immediate causes of the op-
erational events at the Loviisa plant. The number
of such errors has increased markedly compared
with the previous year. Four events warranting a
special report occurred at Olkiluoto. The number
of events warranting a special report occurring
at Olkiluoto has remained relatively stable in the
long run. There were also four events warranting
an operational transient report at Olkiluoto. The
immediate causes of the operational events occur-
ring at Olkiluoto were mainly technical failures
rather than human errors. The number of scrams
occurring at the Finnish plants has been small; no
scrams occurred in 2006.

The effects of unavailabilities caused by signifi-
cant events such as components failures, preven-
tive maintenance and deviations from operation
and maintenance and deviations from operational
and maintenance procedures on annual accident
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risk exceeded the 5% target value set by STUK at
both Olkiluoto plant units in 2006. This was party
due to the long duration of the preventive main-
tenance packages of the diesel generators, one-off
maintenance works and latent component failures
in the safety systems. No special action by STUK
was required.

As the indicators, the risk-significance of events
caused by component unavailability is followed.
For this the events are divided into three groups:
1) unavailabilities due to component failures,
2) planned unavailabilities and 3) initiating events.
The events in each group have been further divid-
ed by their risk-significance into three categories,
and the indicator is the number of events falling
into each category. The events analysed for 2006
are considered part of normal nuclear power plant
operation and no further measures were required
from STUK.

The number of risk-significant events showed
a slight decrease from the previous year at
Loviisa, while at Olkiluoto the number remained
unchanged. The most significant events at the
Olkiluoto plant were due to the long-lasting pre-
ventive maintenance packages of the diesel gener-
ators and latest failures in the auxiliary feed water
systems. The most significant events at Loviisa
were related to failures in the ventilation systems
and the air cooling systems covering the control
rooms’ I&C facilities. At Loviisa 1 this category
includes diesel and auxiliary feedwater system
failures. Preventive maintenance of the auxiliary
feed water system during annual maintenance also
falls into this category.

The numbers of other risk-significant events
at Loviisa and Olkiluoto were of the same mag-
nitude as in the previous year. Component fail-
ures remained the main cause of unavailabilities
at Loviisa. As before, the Olkiluoto events were
mostly due to planned unavailabilities, including
component isolations executed under exemption
from the Tech Specs and preventive maintenance.
The events were relatively evenly distributed be-
tween the Olkiluoto plant units. At Loviisa there
were more events at Loviisa 2.

The number of analysed events falling into the
least risk-significant category increased in 2004 as
there was a shift in the reporting towards a policy
in accordance with the Guide YVL 1.5 (the unavail-
abilities of all Tech Spec components are presented

in monthly or quarterly reports). The number of
events falling into this category increased from the
previous year at both Loviisa plant units; in 2006
there were a total of 450 events. On the contrary,
the number of events falling into this category at
Olkiluoto is on the decrease; in 2006 there were
131 events in total. The changes at both plants
were due to changes in the recording procedures.
At both Loviisa and Olkiluoto the events included
both planned unavailabilities and events caused
by failures.

Incorporated in the indicators for the effective-
ness of STUK’s activities is the following objective
that considers the condition of components having
a bearing on the accident risk of nuclear facilities:
The accident risk is reduced or remains unchanged.
The risk is evaluated on the basis of a probabilis-
tic risk analysis, which model includes regularly
updated data on component reliability. The annual
probability of a severe reactor accident calculated
for the Loviisa plant units is approximately 104
and for the Olkiluoto plant units approximately
1.6-10-5. The accident risk of both plants decreased
somewhat from 2005 due to certain plant modifica-
tions and more detailed analyses.

There was one event classified as an actual fire
at the Loviisa plant: the explosion of the voltage
transformer at Loviisa 2 and the subsequent fire.
One event classified as a fire event also occurred
at the Olkiluoto plant: a dustbin caught fire dur-
ing the annual maintenance of Olkiluoto 1. Alarms
triggered by dust, smoke or humidity dominated
the automatic fire detector alarms at both the
Loviisa and Olkiluoto plants in 2006. A significant
number of alarms triggered by sprinkler leakage
also occurred at Olkiluoto. The Olkiluoto alarms
include alarms occurring in the spent fuel storage,
the repository for the low and intermediate-level
waste and outdoor areas, which explains the larger
number of alarms at Olkiluoto. The automatic
fire detectors were upgraded at Loviisa in 2000
and at Olkiluoto in 2001. The numbers of alarms
increased at both units after that because of more
sensitive equipment and equipment failures. The
distinct reduction in alarms at the Loviisa plant
since 2003 and at the Olkiluoto plant since 2004
is due to pre-alarms no longer being included in
the calculations. There were 16 alarms caused by
component failure at Loviisa in 2006, and only six
alarms at Olkiluoto.
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Structural integrity

In the safety performance indicator area the leak-
tightness of multiple barriers (fuel, primary circuit,
secondary circuit, containment) is monitored. The
objective is that leaktightness complies with the
requirements and deteriorating trends are not al-
lowed, as assessed according to STUK’s safety per-
formance indicators.

Based on the 2006 indicators, the structural
integrity of barriers preventing the spread of radio-
active releases has mostly remained good, and the
limits set on the barriers were not exceeded. There
have been no fuel leaks at the Loviisa plant units
since 1999.

Minor fuel leakages have occurred every year
at the Olkiluoto plant units. The development of
the leakages has been monitored during power
operation and the leaking fuel bundles have been
removed from use in the annual maintenance out-
age following the leak detection. The Olkiluoto 1
reactor contained leaking fuel for a short time in
2006. The leak occurred a few weeks before the
plant unit was shut down for the annual mainte-
nance outage. The Olkiluoto 2 reactor contained
leaking fuel throughout 2006. The leaking fuel
bundle, which was discovered in late July 2005,
was removed from the reactor during the 2006 an-
nual maintenance outage. A new fuel leak was de-
tected in July following the annual maintenance.
The effects of the leaks showed as larger 1-131
activity concentrations during operation. At its
highest, the concentration reached approximately
0.2% of the action threshold specified in the Tech
Specs.

The water chemistry indicators monitor and
control primary and secondary circuit integrity.
The monitoring is done by indices depicting water
chemistry control and by the concentration lev-
els of selected corrosive impurities and corrosion
products. The water chemistry indices combine a
number of water chemistry parameters and thus
give a good overview of the water chemistry condi-
tions. The chemistry indices indicated that process
chemistry control had been successful at both the
Loviisa and Olkiluoto plant units in 2006.

There were no significant changes in the indica-
tors describing the integrity of the primary circuit
at either Loviisa plant units in 2006. The annual
maintenance outages of the plant unit occurred
in the third quarter, as a result of which the iron
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concentration of the rector coolant and the chloride
concentration of the steam generator blow-down
exceeded normal concentrations during operation.
The higher than normal concentrations raise the
chemistry index for the entire year. The chemistry
index increased due to resin getting into the steam
generators during the ion-exchange filter replace-
ment or coating at both plant units.

At Olkiluoto the reactor coolant and feed water
chemistry have remained within the target values
set by the utility, except for the reactor coolant sul-
phate concentrations, which show variation due to
the runtimes of the plant units’ condensate clean-
ing filter resins. The target sulphate concentra-
tions were exceeded at both Olkiluoto plant units
after annual maintenance in the third quarter. At
Olkiluoto 2 the average cobalt-60 concentrations
in the reactor coolant has shown an upward trend.
This is also indicated in the Co-60 activity monitor-
ing in shutdown, which is one of STUK’s indicators.
Increased Co-60 activity concentrations are at-
tributable to extensive modifications carried out at
the unit during the 2005 annual maintenance out-
age, at which time cobalt-containing materials got
into the circuit. The high concentrations are also
partially attributable to the spcer grid assembly
of a particular fuel type containing nickel, which
includes traces of cobalt as an impurity. No signifi-
cant changes took place in the cobalt-60 and iron
contents of the primary coolant or the iron content
of the secondary circuit feed water at the Loviisa
plant units.

At the Olkiluoto plant leakages from the pri-
mary circuit are also monitored by operating cycle.
During the operating cycle 2005—-2006 the volumes
of identified and unidentified leaks in the primary
circuit were low at both Olkiluoto plant units. This
was the third successive operating cycle during
which there were no leaks into the containment
atmosphere.

Containment integrity has remained good at
both Loviisa and Olkiluoto. The overall as-found
leakage of the containment outer isolation valves
was below the set limits at both Loviisa plant units,
where the volume of leakage was at the same level
or smaller than the previous year. As in previous
years, the overall as-found leakage of outer isola-
tion valves at Olkiluoto 1 was small. At Olkiluoto 2
the overall as-found leakage increased markedly
from the previous year and exceeded the limits set
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in the Tech Specs. Half of the leakage was from a
leak in the isolation valve of the controlled leakage
drain system, with a further 16.5% from a leak in
one valve in flange cooling system. After repairs
the overall as-found leakage was clearly below the
limits set in the Tech Specs.

The percentage of isolation valves that passed
the leaktightness test at first attempt has re-
mained good and the Olkiluoto plant units show an
improvement from the previous year.

The overall as-found leakage of containment pe-

netrations has remained small at both the Loviisa
and Olkiluoto plant units. At Loviisa this includes
the leaktightness tests of the bellows seals of the
personnel airlock, the emergency personnel airlock,
the material airlock, the reactor pit, inward relief
valves, cable penetrations and the containment
maintenance ventilation system, live steam system
and feed water system. At Olkiluoto the overall as-
found leakage rate includes leakages in the upper
and lower personnel airlock the maintenance dome
and the containment dome.
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Introduction to indicators and their definition

Given next in the report are the definitions, data
acquisition, calculation responsibilities and pur-
pose of the indicators for nuclear power plant safe-
ty in the STUK indicator system; and indicator
values updated on the basis of the 2005 data, their
interpretation and assessment of change.

The NRR has assigned persons and units re-
sponsible for the acquisition of indicator data as
well as for their calculation and analysis. In 2006
resident inspectors of the office of safety man-
agement (TUR) were responsible for indicators
concerning failures and preventive maintenance
of Tech Spec components and safety systems avail-
ability. TUR was also responsible for the indicators
concerning production losses due to failures and
the currency of plant documentation and invest-
ments. The data on primary circuit leakages for
the Olkiluoto nuclear power plant was provided by
the resident inspector. The TUR inspectors gath-
ered and assessed indicators describing the qual-
ity of the maintenance function at the Olkiluoto
plant. TUR maintained an operational events fol-
low-up table. Resident operation control inspec-
tors appointed to the new office of Organisations
and Operations (formed from the earlier office
of safety management) at the beginning of 2007
were responsible for the 2006 indicators based on
operational events and reports. The office of risk
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assessment (RIS) assessed the risk-significance
of the events. Inspectors from the office of power
plant technology (VLT) were responsible for indi-
cators describing the functioning of the fire alarm
system as well as the integrity of the fuel and
primary circuit. The office of reactor and safety
systems (REA) gathered and calculated indicators
describing containment leaktightness. The office
of radiation protection (SAT) gathered dose and
release data and the corresponding indicators. The
safety performance indicator system for nuclear
power plants was maintained in the management
support unit (YJT) and co-ordinated by the event
investigation manager.

There were some personnel changes at NRR
concerning those responsible for indicators. The
definitions of the safety indicator system or indi-
vidual indicators were not revised from the previ-
ous year. In 2006 an indicator describing the ac-
cident risk of nuclear facilities was incorporated in
the risk indicator area.

In the latter half of 2005 STUK acquired the
INDI (INdicator DIsplay) application for indicator
management, analysis and reporting. Since 2006
the indicator system has been managed in the
INDI system. Those responsible for indicators en-
ter the indicator data and trend analyses into the
system every quarter as a rule.



APPENDIX 1 STUK’s SAFETY PERFORMANCE INDICATORS FOR NPPs IN 2006

STUK-B 79

Safety performance indicators

A.l Safety and quality culture
A.l1 Failures and their repairs

A.l.1a Failures of components subject
to the Technical Specifications

Definition

As the indicator, the number of failures causing un-
availability of components defined in the Technical
Specifications (Tech Spec components) during pow-
er operation is followed. The failures are divided by
plant unit into two groups: failures causing an im-
mediate operation restriction and failures causing
an operation restriction in connection with repair
work.

Source of data
The data is obtained from the work order systems
and operational documents of the power plants.

Purpose of indicator

The indicator is used to assess the plant ageing
management and the development of the condition
of components.

Responsible units/persons

Safety Management (TUR),

resident inspectors

Pauli Kopiloff (Loviisa nuclear power plant)
Jarmo Konsi (Olkiluoto nuclear power plant)

Interpretation of indicator

Loviisa

In 2006, the number of failures in Tech Spec com-
ponents causing an operating restriction was 216,
which is significantly lower than in the previous
year (277). It is also clearly below the average for
the previous four years (244). The change in the
total number of failures is mainly attributable to a
decrease in the number of failures causing an im-

mediate operating restriction at the LO2 unit since
2004. The annual failure volumes have remained
relatively stable; the variation therein is largely
due to the random occurrence of normal failures,
which are difficult to predict, in a large number

Number of failures of Tech Spec components causing
unavailability during power operation,
Loviisa NPP
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of components. Failure detection and anticipation
have been continuously improved in plant mainte-
nance operations at Loviisa, and components have
been replaced. Thanks to these measures, the in-
dicator or the failure data behind it do not show
the potentially negative effect associated with the
ageing of the facilities, which indicates functio-
nal component ageing management and successful
maintenance.

Interpretation of indicator

Olkiluoto

The increase in the number of failures since 2002
cannot be attributed to one straightforward reason.
One factor may be the revised work recording pro-
cedure. However, the number of failures has shown
similar variation in the long term.

The total number of failures causing an im-
mediate operation restriction has shown a slowly
declining trend in the past few years, which seems
to indicate the success of the maintenance opera-
tions.

Number of failures of Tech Spec components causing
unavailability during power operation,
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A.l.1b Maintenance of components
subject to the Technical Specifications

Definition
As the indicator, the numbers of failure repairs
and preventive maintenance work orders for com-
ponents defined in the Tech Specs are followed by
plant unit.

Source of data

The data is obtained from the plant work order
systems, from which all preventive maintenance
operations and failure repairs are retrieved.

Purpose of indicator

The indicator describes the volumes of failure re-
pairs and preventive maintenance and illustrates
the condition of the plant and its maintenance
strategy. The indicator is used to assess the main-
tenance strategy executed at the plant.

Responsible units/persons

Safety Management (TUR),

resident inspectors

Pauli Kopiloff (Loviisa nuclear power plant)
Jarmo Konsi (Olkiluoto nuclear power plant)

Volume of annual maintenance works of Tech Spec components,
Loviisa NPP
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Interpretation of indicator

Loviisa

On 4 February 2006 the Loviisa plant introdu-
ced the new LOMAX information system, which
is more efficient and versatile than the previous
LOTI system. As a result, the scope of the indicator
for the maintenance of components subject to the
Technical Specifications has been extended so that
in future maintenance works will also include such
work on Tech Spec components that did not cause
an operation restriction.

Because of the above-mentioned information
system reform, the 2006 indicator is not directly
comparable with the previously used indicator;
the group of components included has changed
and the volumes of fault repairs and preventive
maintenance are now approximately 3.2-fold. The
number of maintenance works remained stable
during the four years preceding 2006. Judging by
the data behind the indicator, the year 2006 was
not markedly different from the previous years as
concerns preventive maintenance. The ratio of the
number of preventive maintenance works to failure
repairs was 1.13 in 2006, while the average for the
four previous years was 1.14. Since the increase
in the number of the components covered by the
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indicator has not affected the ratio of the number
of preventive maintenance works to failure repairs,
maintenance activities can be considered to be in
balance and consistently implemented on all Tech
Spec components at the facility.

When considering the variation in the volume
of failure repairs and particularly in the number
of preventive maintenance works, the scheduling
of various annual maintenance works (fuel repla-
cement outage, 4-year annual maintenance, brief
annual maintenance, 8-year annual maintenance)
included in the maintenance strategy during a
four-year cycle should be considered as this can
have a significant impact on the annual figures.
The stability of the indicator values, with changes
being mainly attributable to variation due to the
scheduling of annual maintenance, may be regar-
ded as an indication of a functional maintenance
strategy.

Volume of annual maintenance works of Tech Spec components,

Interpretation of indicator

OlEkiluoto

Indicator data is obtained from the plant’s work
order system. Due to changes in the work order
system implemented by the utility as of 1 January
2006, the 2006 data is not comparable with previo-
us years’ figures.

The utility has removed maintenance class 3
(systems subject to the Technical Specifications,
Tech Specs) since this class covers all systems spe-
cified in the Tech Specs. However, nowhere near all
of these systems are subject to restrictions set in
the Tech Specs. Thus the indicator is used to mo-
nitor the ratio of the number of preventive mainte-
nance works causing unavailability of components
to the number of failure repairs.
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A.l1c Repair time of components subject
to the Technical Specifications

Definition

As the indicator, the average repair time of failures
causing unavailability of components defined in
the Tech Specs is followed. With each repair, the
time recorded is the time of unavailability. It is cal-
culated from the detection of the failure to the end
of repair work, if the failure causes an immediate
operation restriction. If the component is operable
until the beginning of repair, only the time of the
repair work is taken into account.

Source of data

The data is obtained from the work order systems
and maintenance and operational documents of the
power plants.

Purpose of indicator

The indicator shows how quickly failed Tech Spec
components are repaired in relation to the repair
time allowed in the Tech Specs. The indicator is
used to assess the maintenance strategy, resources
and effectiveness of the plants.

Responsible units/persons

Safety Management (TUR),

resident inspectors

Pauli Kopiloff (Loviisa nuclear power plant)
Jarmo Konsi (Olkiluoto nuclear power plant)

Average of real repair times of Tech Spec component failures,
Loviisa NPP
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Interpretation of indicator

Loviisa

The repair times allowed in the Tech Specs for com-
ponent failures are based on the safety significance
of the components; the repair times vary from 4
hours to 21 days depending on the case. As a rule,
failures in Tech Spec components are to be repai-
red within the allotted time without undue delay.
Individual works causing an operation restriction
may have a significant impact on the indicator
value, even when completed within the repair time
allowed. This aspect of the indicator is taken into
account in the interpretation of the indicator by
evaluating the significance of individual long-term
failure repairs in terms of maintenance strategy,
resources and efficiency of operations.

The average repair times of failures causing
unavailability of components have remained rela-
tive stable at the Loviisa plant for several years. At
LO1, repair times have shown a descending trend
since 2002, and the average repair time achieved
in 2006 (20.2 hours) is significantly lower than
the average for the preceding four years (28.6). At
LO2, the annual development of the repair time
has been somewhat unstable; the decreasing trend
that began in 2003 ended last year. The average
repair time for 2006, 47.6 hours, is slightly higher
than the average for the four preceding years (43.6
hours). The average repair time for the plant units
in 2006 is 33.9 hours, which is close to the average
of the four preceding years (36.1). In 2006, the ave-
rage repair time of Tech Spec component failures
that had an allowed repair time of at most 72 hours
was 12.0 hours at LO1 and 13.5 hours at LO2.

Based on the 2006 indicators and the data be-
hind them, the maintenance strategy applied at
the plant can be deemed to be appropriate. With
respect to the availability of resources and effec-
tiveness of operations, action should be taken to
reduce the repair times of Tech Spec components
at LO2, including repair works for which the Tech
Specs allow a long repair time.

83



STUK-B 79

STUK’S SAFETY PERFORMANCE INDICATORS FOR NPPs N 2006 APPENDIX 1

Interpretation of indicator

Olkiluoto

From 2000 to 2006 the average repair times for
Tech Spec components have varied between five
and twelve hours. The upward trend seems to have
stopped, and in 2006 the average repair times dec-
reased compared with the repair times in 2005.
The figures indicate that sufficient resources are
available for the repair of Tech Spec component
failures and that repairs are carried out without
delay.

A.l1d Common cause failures

Definition

As the indicator, the number of common cause fai-
lures of components or systems defined in the Tech
Specs is followed.

Source of data

Data for the indicators is collected from the reports
by the utilities of works causing an operation rest-
riction.

Purpose of indicator
The indicator is used to follow the quality of main-
tenance.

Responsible unit/person

Safety Management (TUR)
Jukka Kupila
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Average of real repair times of Tech Spec component failures,
Olkiluoto NPP
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Interpretation of indicator

In 2006, no realised common cause failures were
detected at either the Loviisa or the Olkiluoto plant
in systems defined in the Tech Specs. The situation
is normal.

Number of common cause failures (CCF)
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A.l1g Production loss due to failures

Definition

As the indicator, the loss of power production caus-
ed by failures in relation to rated power (gross) is
followed.

Source of data
Data for the indicator is obtained from the annual
and quarterly reports submitted by utilities.

Purpose of indicator
The indicator is used to follow the significance of
failures from the point of view of production.

Responsible unit/person
Safety Management (TUR)
Tomi Koskiniemi

Interpretation of indicator
Production losses due to failures have been small
at both Loviisa and Olkiluoto, as is also indicated
by the plants’ high load factors.

The two major peaks in the graphs both concern

Loss of power production due to failures,

the Loviisa plant. The Loviisa 2 indicator value
for 1997, which is an anomaly, was caused by an
approx. 7-day-long shutdown to repair a leakage
of the primary circuit, and the 2003 anomaly was
caused by work to replace the stator of a plant unit
generator, which took 41 days, causing a 2.6% pro-
duction loss.

The year 2006 was a good year for both plants,
with production loss due to failures remaining
small. The value for the Loviisa 2 plant unit is
higher than the rest, which is due to a single fault.
This was a leaking check valve RL31S006 in the
feed water line; to repair the valve, the plant had
to be brought to a start-up state twice during the
beginning of the year.

At Olkiluoto the single most significant factor
was the frequent occurrence of failures in the rub-
bing-face seals in the feedwater pump of OL1. At
the OL1 unit are all four pumps required for full
power. Problem does not limit the power at OL2
since the pumps have been replaced and only three
pumps are required when operating the unit at full
power (the pumps have a higher capacity) and thus
one pump is available as backup.
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A.l.2 Exemptions and deviations from
the Technical Specifications

Definition

As the indicators, the number of non-complian-
ces with the Tech Specs as well as the number of
exemptions granted by STUK are followed.

Source of data
Data for the indicators is collected from applica-
tions for exemption orders and from event reports.

Purpose of indicator

The indicators are used to follow the utilities’ acti-
vities in accordance with the Tech Specs: complian-
ce with the Tech Specs and identified situations
during which it is necessary to deviate from them;
of which conclusions can be made as regards the
appropriateness of the Tech Specs.

Responsible unit/person
Safety Management (TUR)
Tomi Koskiniemi

Interpretation of indicator
Exemptions
In general, more exemptions are required at Loviisa
than at Olkiluoto as the plant systems have been
largely designed as two redundant (cf. four redun-
dancy of Olkiluoto), for which reason repairs or mo-
difications during operation almost always require
an exemption. For example, the large number of
exemptions granted in 2003 is explained by repla-
cement of the fixed radiation measurement system
(the MONU project); work related to this project
required an exemption in any operating state.

At Olkiluoto the upward trend in the number
of exemptions granted in the past few years (2004

Number of deviations from the Tech Spec, Loviisa NPP
30

and 2005) has been due to the modernisation of
the Olkiluoto 1 and 2 plant units as well as work
and installations related to the construction of
Olkiluoto 3.

The number of exemptions granted in 2006 was
very small compared with previous years, particu-
larly at Loviisa. However, the number of exemp-
tions will increase in the future due to the isola-
tions and modifications required by the upgrading
of I&C systems at Loviisa. Two of the exemptions
at Loviisa were concerned with troubleshooting
for a fault in the rotating converter of Loviisa 2
and its repair during power operation. Two further
exemptions were related to the annual maintenan-
ce of Loviisa 2 — permission to irradiate one fuel
bundle for an additional fifth cycle and permission
to change the operating state because one of the
SAM position indicators of the ice-condenser’s lo-
wer door was faulty.

At Olkiluoto the exemptions were concerned
with the replacement of rectifiers during power
operation (the TASURI project), the high-tension
line work related to OL3 and the necessary 110
kV line arrangements being postponed to a later
date, as well as adjustment of the transfer machine
radiation measurement limits implemented during
the transfer of fuel bundles and control rods during
annual maintenance.

Non-compliances with the Tech Specs
The number of non-compliances with the Tech
Specs have varied somewhat at both plants, remai-
ning at previous years’ levels. The licensee always
prepares a special report on the non-compliance
and any corrective action, which is submitted to
STUK for decision.

In 2006 deficiencies occurred at both plants
with respect to Tech Spec testing, either concerning

Number of deviations from the Tech Spec, Olkiluoto NPP
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the performance of tests or the process of revising
the testing procedures. The safety-significance of
individual events was nevertheless very low.

There were two non-compliances with the Tech
Specs at Loviisa. The first occurred momentarily as
two redundancy functions were isolated when the
Steam generators blow-down (RY) activity measu-
rement system was calibrated while the condenser
radiation measurement system was out of order.
The second non-compliance concerned the exclusi-
on of the high-capacity Pressurizing system (YP12)
blow-down lines and valves from Tech Spec testing
during annual maintenance as the need to update
the Tech Specs was overlooked at the time of chan-
ging the testing interval.

There were four non-compliances with the Tech
Specs at Olkiluoto. The first non-compliance con-

cerned one instance in which the maximum num-
ber of working hours specified in the Tech Specs
was exceeded, which had not been considered when
updating the Tech Specs in connection with the
adoption of the new 12-hour work shift system.
The second non-compliance was concerned with
the testing interval of battery packs in the spent
fuel storage, which was exceeded by two days. The
third non-compliance concerned the failure to car-
ry out a periodic test on measuring system in the
vent stack measuring channel at Olkiluoto 1. This
was due to the integration of two tests to be carried
out under the same work order in 2004 and 2006.
The fourth non-compliance concerned the dryout
coefficient, which describes the sufficiency of fuel
cooling, falling below the lowest allowed limit at
Olkiluoto.
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A.L.3 Unavailability of safety systems

Definition
As the indicators, the unavailability of safety sys-
tems is followed by plant unit. The systems fol-
lowed at Olkiluoto nuclear power plant are the
containment spray system (322), the auxiliary feed
water system (327) and the emergency diesel gene-
rators (651-656). Those followed at Loviisa nuclear
power plant are the high pressure safety injection
system (Td), auxiliary feed water system (RL92/93,
RL94/97) and emergency diesel generator (EY).
Essentially, the ratio of a system’s unavailabili-
ty hours and its required availability hours are cal-
culated as the indicator. Unavailability hours are
the combined unavailability of redundant subsys-
tems divided by the number of subsystems. It does
not indicate the simultaneous unavailability of se-
veral subsystems. Subsystem unavailability hours
include the time required for planned maintenance
of components and unavailability due to failures.
The latter includes, in addition to the time spent
on repairs, the estimated unavailability time prior
to failure detection. If a failure is assessed to have
occurred in a previous successful test, and is asses-
sed to have escaped detection, the time between
periodic tests is added to the unavailability time.
If a failure has occurred between tests such that
its date of occurrence is unknown, half of the time
period between tests is added to the unavailability
time. Whenever the occurrence of the failure can be
identified as an operational, maintenance, testing
or other event, the time between the event and the
fault detection is added to the unavailability time.
Annual plant criticality hours are the availabi-
lity requirement for the 322, 327, TJ and RL sys-
tems, and the requirement for diesels is continuous
—1i.e. annual operating hours.

Source of data

Data for the indicators is collected from the utili-
ties. Licensee representatives submit the necessa-
ry data to the relevant person in charge at STUK.

Purpose of indicator

The indicator indicates the unavailability of safety
systems; the condition and status of safety systems
and their development can be monitored by means
of the indicator.

88

Unavailability of high pressure safety injection system (TJ),
Loviisa NPP

5.0 %

4.0%

30%

20%

0.0%

| -
1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006

‘ILO1 480 | 000 | 000 | 020 | 010 | 001 | 0.00 | 0.01 | 000 | 005 | 0.02
‘ LO2| 0.00 | 000 | 1.10 | 0.00 | 000 | 0.04 | 001 | 001 | 000 | 0.09 | 0.01

Unavailability of auxiliary feed water system (RL92/93, RL94/97),
Loviisa NPP

12 %

10 %

8%

6%

4%

2%

0% N
1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006
‘I LO1| 280 | 012 | 360 | 1040 | 320 | 081 | 309 | 098 | 196 | 003 | 1.49

[FL02| 060 | 010 | 360 | 240 | 330 | 080 | 334 | 061 | 117 | 053 | 136

Unavailability of emergency diesel generators (EY),
Loviisa NPP

25%

20%

15%

1.0 %

05% —

9

00% 199 | 1997 998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006
‘I LO1| 070 | 021 | 220 | 2.00 | 020 | 1.06 | 158 | 224 | 049 | 033 | 094
[FL02] 020 [ 021 [ 220 [ 200 | 020 | 1.06 | 158 | 224 | 049 | 033 | 094

Responsible units/persons

Safety Management (TUR),

resident inspectors

Pauli Kopiloff (Loviisa nuclear power plant)
Jarmo Konsi (Olkiluoto nuclear power plant)

Interpretation of indicator
Loviisa
The unavailabilities of the plant units’ high pressu-
re safety injection systems (TJ) remained low in
2006. The total unavailability of 10 hours of the
units’ TJ systems was due to normal maintenance.
Based on the above, the TJ systems can be conside-
red to be in good condition, and there is nothing to
indicate a significant change to the situation.

The unavailability of the auxiliary feed water
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systems was low in 2006, i.e. their condition and
availability were good. In 2006 the plant units’
total unavailability of the auxiliary feed water sys-
tems was 1,001 hours, of which RL94/97 works car-
ried out during annual maintenance accounted for
938 hours. Detected failures were not significant
and the impact of repairs carried out outside the
annual maintenance works on total unavailability
was 63 hours.

Emergency diesel unavailability was higher
than in the two previous years, nevertheless remai-
ning below the average for the five preceding years
(1.14). In 2006, the total unavailability for all of the
eight diesel generators was 659 hours, of which 158
hours were spent on failure repairs; the remaining
501 hours was the estimated unavailability time
prior to failure detection, calculated according to
the indicator’s calculation rule.

Diesel failures in 2006 were due to normal com-
ponent ageing. The failures were not significant
and did not cause any significant unavailabilities.
Based on the indicators and the failures behind
them, the condition of the EY diesels can be regar-
ded as good.

Interpretation of indicator

Olkiluoto

The unavailability of the containment spray sys-
tem has decreased slightly from the previous year;
however, the unavailability of Olkiluoto 1 remains
higher than that of Olkiluoto 2.

The unavailability of the auxiliary feed water
system has increased significantly compared with
the practically non-existent level of 2004. The in-
creased unavailability of Olkiluoto 1 in 2006 was
due to faults in the recirculation and safety valves
in the system 327. Corrective actions included ad-
justing the torque settings of the recirculation line
valves actuator motors; preliminary discussions
have also been conducted concerning the construc-
tion of a separate safety valve testing line.

Unavailability of shut-down cooling system (321) or
containment spray system (322),
Olkiluoto NPP

12% =51 — 322

1.0 %

0.8 %

0.6 %

0.4 %

02%

0.0%

1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006
‘I OL1] 016 | 0.0 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.10 | 1.15 | 058
‘ OL2| 006 | 020 | 0.00 | 000 | 000 | 0.00 | 002 | 005 | 085 | 0.10 | 0.05

Unavailability of auxiliary feed water system (327),
Olkiluoto NPP

18 %
16 %
14 %
12%
10 %
8%
6%
4%
2%
0%

-
1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006
‘IOL'I 0.01 | 0.00 | 000 | 1600 | 040 | 003 | 1.10 | 2.00 | 001 | 200 | 298
[moL2] 002 [ 000 [ 300 [ 000 | 000 [ 030 [ 001 [ 271 | 001 | 110 | 018

Unavailability of emergency diesel generators (651...656),
Olkiluoto NPP

40 %

3.0%

2.0 %

1.0 %

0.0%

1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 2-006

‘l OL1| 004 | 090 | 025 | 210 | 1.50 | 0.80 | 1.14 | 0.05 | 1.10 | 0.57 | 0.06

[moL2] 004 | 090 [ 025 [ 210 [ 150 | 080 | 1.14 | 005 | 110 | 057 | 0.06

Diesel unavailability seems to continue its
downward trend. The diesels were in good con-
dition in 2006 and their unavailability was very
small.
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A.1.4 Occupational radiation doses

Definition

As the indicators, collective radiation exposure by
plant site and plant unit is followed, as well as the
average of the ten highest yearly radiation expos-
ures.

Source of data

The data on collective radiation exposure is ob-
tained from quarterly and annual reports. The
data on personal radiation doses is obtained from
the national dose register.

Purpose of indicator

The indicators are used to control the radiation ex-
posure of employees. In addition, compliance with
the YVL Guide’s calculatory threshold for one plant
unit’s collective dose averaged over two successive
years is followed. The threshold value, 2.5 manSv
per one gigawatt of net electrical power, means a
radiation dose of 1.22 manSv for one Loviisa plant
unit and 2.15 manSv for one Olkiluoto plant unit.
The collective radiation doses describe the success
of the plant’s ALARA programme. The average of
the ten highest doses indicates how close to the
20 mSv dose limit the individual occupational do-

Collective occupational radiation dose (manSv),
Loviisa NPP

manSv

1991] 1992| 1993| 1994| 1995|1996 | 1997) 1998 | 1999|2000 | 2001|2002 2003 |2004| 2005| 2006

ses at the plants are, at the same time indicating
the effectiveness of the plant’s radiation protection
unit.

Responsible unit/person
Radiation protection (SAT)
Janne Liuko

Interpretation of indicator

Loviisa

Most doses are incurred through work done during
outages; thus outage duration and the amount of
work having significance in radiation protection
affect the yearly radiation doses.

Collective dose per 1 GW of net electrical capacity averaged
over two succesive years,
Loviisa NPP

35

30—

Reporting threshold 2.5 manSv/GW according to the Guide YVL 79

0.5

manSv/GW

= = NN

o (4] o ol
| |

0.0
1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 |2004 | 2005 | 2006

[mLO1[202 [ 139 [265 | 268 [ 149 [ 1.71 | 259 | 255 | 1.85 | 1.69 | 268 [ 253 | 1.18
‘ LO2/302 | 251 | 159 | 148 | 182 | 181|112 ]093) 199 | 1.95 /084 | 085 | 1.36

Average of the ten highest doses (mSv),
Loviisa NPP

0
1991]1992| 1993| 1994|1995 1999|200012001{2002 |2003 2004 2005|2006

[mLO1[1.68[3.28] 2.16] 2.33] 1.14 |2.64 [ 1.14] 2.07[ 1.36 | 2.26 | 1.13[2.61 [0.94[2.49] 0.81[1.66 |

[mLO [14.1]207[188] 15.1[11.4]20.3 [14.8[17.4[13.7[17.3]109]185 | 9.0 [14.9]105[13.0]

Collective dose (manSv) quarterly in 2005-2006,

Average of the ten highest doses (mSv) in 2005-2006,

Loviisa NPP Loviisa NPP
1.6 14
14 12
12
10
10
8
08
06 6
04 4
02 2
00 —
105 [ /05 [ /05 | IV/05 106 [ /06 | /06 [ Iv/06 | 11/05 111/05 11/06 11l/06
[MLO [ 00027 | 00022 [ 07300 | 0.0060 | 0.0346 | 00155 | 15900 | 00203 | [WLO 159 | 160 | 980 | 0.40 150 | 108 | 1288 | 106 |
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The radiation doses for nuclear power plant
workers are below the personal dose limits. The
Radiation Decree (1512/1991) stipulates that the
effective dose for a worker from radiation work
may not exceed the 20 mSv/year average over any
period of five years or 50 mSv in any one year.

Furthermore, the threshold set for the collective
occupational dose was not exceeded in 2006. If at
one plant unit the collective occupational radiation
dose average over two successive years exceeds 2.5
manSv per one GW of net electrical power, the uti-
lity is to report the causes of this to STUK, and any
measures possibly required to improve radiation
safety (Guide YVL 7.9).

Collective occupational radiation dose (manSv),

Interpretation of indicator

Olkiluoto

The collective radiation doses at the Olkiluoto
plant in 2005—-2006 were higher than in the previo-
us years due to the annual maintenance outages,
which were exceptionally extensive in terms of the
workforce and workload involved. The limits set for
personal and collective radiation doses were not
exceeded.

Collective dose per 1 GW of net electrical capacity averaged
over two succesive years,

Olkiluoto NPP

35

30

25 Reporting threshold 2.5 manSv/GW according to the Guide YVL 7.9
=
3 20
3
2 15— —
©
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10 — —

0.0
1994 | 1995 | 1996

1997 2006

[mOL1[093 [ 065|099 [ 1.20 [095 | 0.80 [ 0.87 | 0.80 | 070 | 064 | 080 |0.90 | 137
‘ OL2|188 | 181 092 | 099 | 134099071 | 093|067 | 064 1092 | 1.36 | 1.28

Average of the ten highest doses (mSv),

Olkiluoto NPP Olkiluoto NPP
35 %
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7 >
2 2
©
£
0 0
1991]1992]1993] 1994] 1935 1999]2000[ 20012002 [2003]2004] 20052006 1991]1992]1993] 1994] 1935 1999]2000[2001]2002 [2003]2004] 20052006
[mOL [1.40[2.40]1.62[2.40]1.10]1.681.67]2.06[0.94[1.72[1.18]1.12 [1.03[1.51[2.22[220 |  [WOL |12.9[14.9[11.4][16.1] 9.0 [12.3[10.9] 11.1[126]11.3] 95| 84 |62 [ 80]103[103]
Collective dose (manSv) quarterly in 2005-2006, Average of the ten highest doses (mSv) in 2005-2006,
Olkiluoto NPP Olkiluoto NPP
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A.L5 Radioactive releases

Definition

As the indicators, radioactive releases into the sea
and the atmosphere (TBq) from the plant are follo-
wed, as well as the calculated dose due to releases
to the most exposed individual in the vicinity of the
plant.

Source of data

Data for the indicators is collected from the utilities’
quarterly and annual reports. STUK’s Research
and Environmental Surveillance Department
(TKO) calculates the dose for the most exposed in-
dividual in the vicinity of the plant and submits it
to the person in charge of this indicator.

Purpose of indicator

The indicator is used to follow the amount and
trend of radioactive releases and assess factors ha-
ving a bearing on any changes in them.

Responsible unit/person

Radiation protection (SAT), Janne Liuko (release
data)

Research and Environmental Surveillance (TKO),
Environment of nuclear power plants (YVL)

Seppo Klemola (dose calculation)

Interpretation of indicator

Releases into the atmosphere

Releases into the atmosphere were of the same
magnitude as in the preceding years. Radioactive
releases into the environment from the Loviisa and
Olkiluoto nuclear power plants were small. They
are well below the set limits.

Gaseous fission products, noble gases and iodine
radioisotopes originate in leaking fuel rods, in the
minute amounts of uranium left on the outer sur-
faces on fuel cladding during fuel fabrication, and
in reactor surface contamination from earlier fuel
leaks. At both Loviisa and Olkiluoto the numbers

92

of fuel leaks have been very small. The indicator
A.TII.1 describes fuel integrity. The noble gas relea-
ses from the Loviisa plant are dominated by argon-
41, an activation product of argon-40, found in the
airspace between the reactor pressure vessel and
the biological shield. Aerosol nuclides (including
activated corrosion products) are released during
maintenance work.

Noble gas releases (Bq Kr,, ),
Loviisa NPP

0E+17
.O0E+16
0E+15
OE+14
0E+13
0E+12
OE+11
O0E+10
.0E+09
.0E+08
.0E+07

Annual limit 2.20E + 16 Bqg

lodine isotope releases to atmosphere (Bq ™'l ),
Loviisa NPP
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w below detection limit

Aerosol releases to atmosphere (Bq),
Loviisa NPP
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Noble gas releases (Bq “’Kr,, ),
Olkiluoto NPP

1.0E+17
1.0E+16
1.0E+15
1.0E+14
1.0E+13
1.0E+12
1.0E+11
1.0E+10
1.0E+09
1.0E+08
1.0E+07

Annual limit 1.77E+16 Bqg

1998 2003 | 2004

w below detection limit

2005 | 2006

Aerosol releases to atmosphere (Bq),
Olkiluoto NPP
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1.0E+05

1.0E+04

2000 | 2001 2003 | 2004 | 2005 | 2006

lodine isotope releases to atmosphere (Bq 1“Im),

Olkiluoto NPP
1.0E+12 —
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1.0E+09
1.0E+08

1.0E+07
1.0E+06
1.0E+05
1.0E+04
1.0E+03

1998 2000 | 2001

W below detection limit

2003 | 2004 | 2005 | 2006

Releases into the sea

Releases into the sea from the Loviisa power plant
were slightly smaller than in the previous year.
The plant discharged low-activity evaporation re-
sidues into the sea as planned in 2004. Releases
into the sea from the Olkiluoto plant have reduced
since the plant commissioned new process water
purification and treatment equipment.

Population exposure

The calculated radiation dose for the most exposed
individual in the vicinity of each power plant was
of the same magnitude as in the previous year. In
Loviisa the dose was smaller than in the previous
year. The Loviisa graph shows how the dose for the
most exposed individual is affected by the control-
led discharge of low-activity evaporation residues

Gamma activity of liquid effluents (Bq),

Loviisa NPP
1.0E+13
Annual limit 8.90E+11 Bqg
1.0E+12
1.0E+11
1.0E+10
1.0E+09

1.0E+08
1.0E+07
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1.0E+05
1.0E+04

2000 | 2001 2003 | 2004 | 2005 | 2006

Gamma activity of liquid effluents (Bq),

Olkiluoto NPP
1.0E+13
Annual limit 2.96E + 11 Bq
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1.0E+11
1.0E+10

1.0E+09
1.0E+08
1.0E+07
1.0E+06
1.0E+05
1.0E+04

into the sea. The previous controlled discharge was
made in 2004.

The calculated doses of the most exposed indi-
vidual in the vicinity of both plants are less than
0.1 % of the 100 microSv limit established in the
Government Resolution (395/1991).

The calculated dose (uSv) of the most exposed individual in the
environment of Loviisa NPP
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The calculated dose (pSv) of the most exposed individual in the
environment of Olkiluoto NPP
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A.l.6 Keeping plant documentation current
Definition

This indicator follows the need to update docu-
ments due to plant modifications and their reali-
sation by the start-up following the next annual
maintenance. The documents to be followed-up
are the Technical Specifications, the Final Safety
Analysis Report (FSAR), safety classification do-
cuments and diagrams, PSA documentation, ope-
ration and maintenance procedures, and process
flow-charts. As the indicator, the ratio of the num-
ber of implemented document revisions to the num-
ber of identified document revisions is followed.

Source of data
The data for the indicator calculation is obtained
from STUK’s plant modifications register.

Purpose of indicator

The indicator is used to follow plant quality ma-
nagement and the ability to maintain plant docu-
mentation.

Responsible unit/person
Safety Management (TUR)
Tomi Koskiniemi

Interpretation of indicator

The currency of plant modification as concerns sa-
fety-significant documents is one of the specifica-
tions and an item to be inspected when STUK
grants a start-up permit for the plant after annual
maintenance. This means that the modifications
implemented during annual maintenance that
affect the Tech Specs, emergency operating pro-
cedures, procedures for restoring the normal state
and operation procedures for power operation must
have been implemented in the documents. Flow
diagrams are also to be reviewed. STUK reviews
the realisation of document amendments and revi-
sions in the main control rooms of both plants.

Loviisa

Identification of document amendments and re-
visions pertaining to modifications at the Loviisa
plant is mostly by pre-inspection documents and
training notices. In addition, a list of necessary
changes to the operating manual maintained at the
Loviisa plant is used in the identification of amend-
ments and revisions. The basic principle applied at
Loviisa is that any revisions or amendments to

94

Keeping plant documentation current
100 %

80 %
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40 %
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moL 7 86 100 90 9%

the emergency operating procedures will be imple-
mented, but in connection with minor revisions in
the operation procedures, document updates may
be temporarily replaced by a training notification,
which is appended to the operating procedure.

The 2005 figure for Loviisa is not present since
no major modifications were carried out during the
year.

The 2006 indicator for Loviisa is based on the
identified needs for document updating related to
modifications implemented during annual main-
tenance at Loviisa 1 and 2 in 2006 and their reali-
sation (need for updating/implemented). The most
extensive modifications were carried out at the
Loviisa 2 plant unit.

On the basis of a random inspection carried
out at the Loviisa 1 and 2 main control rooms, the
document revisions necessitated by modifications
had been implemented in the most relevant docu-
ments in connection with the annual maintenance
in 2006. Furthermore, the necessary training noti-
fication had been appended to other instructions.
However, the training notification cannot be regar-
ded as a document update, which also affects in the
indicator value. The calculated indicator indicates
that as in previous years, document updates were
reasonably successful.

Olkiluoto
The indicator for the Olkiluoto plant is based on the
modification project control system, which includes
control forms describing the need to update modi-
fication documents and its realisation. Document
revisions necessitated by individual modifications
are now documented on a project-specific basis, and
thus the presented lists of changes to procedures
link an individual revision to a given modification.
The indicator for Loviisa is based on the identi-
fied needs for document updating related to modi-
fications implemented during annual maintenance
at the Olkiluoto 1 plant unit in 2006 and their
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realisation (need for updating / implemented). The
modifications were quite similar to those carried
out at Olkiluoto 2 during the annual maintenance
in 2005 and due to the same extensive modernisa-
tion.

On the basis of a random inspection, it was
noted that the document revisions necessitated
by modifications in the main control room during
the annual maintenance of 2006 had been imple-
mented in the most relevant documents. The ope-
rations manual was also extensively updated by
the end of the annual maintenance. The only minor
deficiency concerned the "red pen” versions of the
PI diagrams. The calculated indicator indicates
that as in previous years, document updates were
successful.

A.L7 Investments in facilities

Definition

Investments in plant maintenance and modificati-
on in current value of money adjusted by the buil-
ding cost index.

Source of data
The licensee submits the necessary data directly to
the person responsible for the indicator.

The indicator demonstrates the relative fluctu-
ation of investments. The amounts given in Euro
are the confidential information of the utilities in-
volved, and not to be published here. Furthermore,
the scales of the Loviisa and Olkiluoto power
plants’ investment and modernisation diagrams
are not mutually comparable.

Purpose of indicator

The indicator is used to follow the amount of in-
vestments in plant maintenance and their fluctu-
ations.

Responsible unit/person
Safety Management (TUR)
Tomi Koskiniemi

Maintenance investments and renovations, Loviisa NPP

Interpretation of indicator

The fluctuation in the indicator clearly shows the
investments made in 1997-2000 in the plants’
power upgrades and modernisation projects. The
investments of 2004-2005 are above average le-
vels at both the Loviisa and the Olkiluoto plant.
Since 2004, the calculation of the indicator value
for Loviisa has changed; major periodic preventive
maintenance and QC inspections related to annual
maintenance are now regarded as investments.
This change is due to the introduction of IFRS
reporting.

The Loviisa plant replaced its maintenance and
materials management control and information
systems in 2005-2006; the most important system
in terms of maintenance, LOMAX, was introduced
in early 2006. The new rescue station also reached
completion by year-end. The modifications carried
out during the annual maintenance of Loviisa 2
concerned two new emergency pumps, the replace-
ment of screws in the core barrel and the moderni-
sation of the stator; these were very large invest-
ments for the year under review. Two emergency
pumps will also be replaced at Loviisa 1 during the
annual maintenance of 2008. In addition, expenses
were incurred in 2006 concerning the I&C system
upgrade due to the construction of new buildings
and simulator development.

The investments made at Olkiluoto in 2006 are
similar to those in 2005, at which time an extensive
modernisation project was carried out at Olkiluoto
2. In 2006, a similar modernisation project was car-
ried out on Olkiluoto 1, including the replacement
of the reheater and high pressure turbine, steam
dryer, turbine automation (TARMO) and the 6.6
kV switchgears (REMES). Construction of the gas
turbine plant, which had begun in 2005, was also
continued, and modifications were carried out at
the water plant (capacity increase and automation)
and the demineralization plant (OL3 extensions).
Other investments included bituminization equip-
ment and laboratory extension.

Maintenance investments and renovations, Olkiluoto NPP
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A.ll Operational events
A.ll.1 Number of events

Definition

As the indicators, the numbers of events reported
in accordance with Guide YVL 1.5 (events warran-
ting a special report, reactor scrams and operatio-
nal transients) are followed.

Source of data
Data for the indicators is obtained from STUK’s
document administration system (YTD).

Purpose of indicator

The indicator is used to follow the number of safe-
ty-significant events.

Number of Special Reports, Loviisa NPP

1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006

Responsible unit/person
Organisations and Operations (OKA)
Suvi Ristonmaa and Tomi Koskiniemi

Interpretation of indicator

Loviisa

The number of events warranting a special report
has not changed markedly in the long term.

Number of operational event reports, Loviisa NPP

1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006
" 5 3 2 6 6 2
10 4 3 3 3 3
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©

Number of reactor scrams, Loviisa NPP
3-year average
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OlFRiluoto Number of operational event reports, Olkiluoto NPP
. . 10
The numbers of special reports and operational
event reports have not changed markedly. The 8
number of scrams is small; no scrams occurred in ]
2006.
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A.ll.2 Direct causes of events

Definition

As the indicators, the direct causes of events re-
ported in accordance with Guide YVL 1.5 are follo-
wed. The event causes are divided into technical fai-
lures and erroneous operational and maintenance
actions (non-technical, human errors).

Source of data

Data for the indicators are collected from special
reports, scram reports and operational transient
reports, and are entered on an event follow-up tab-
le maintained by TUR.

Direct causes of events, Loviisa NPP

1999 2000 2001 2002 2003 2004 2005 2006

Purpose of indicator

The indicator is used to follow the division of the
causes of reported events into technical and non-
technical. “Non-technical causes” denote failures
caused by erroneous operational and maintenance
actions. The indicator may be descriptive of an
organisation’s operation.

Responsible unit/person
Organisations and Operations (OKA)
Suvi Ristonmaa and Tomi Koskiniemi

Interpretation of indicator

The indicators do not give cause for any particular
conclusions concerning either utility.

Direct causes of events, Olkiluoto NPP

1999 2000 2001 2002 2003 2004 2005 2006

[ M Technical 5 15 16

o
w
©
©

[ M Technical 5 3 4 5 9 5 1

[ Human 8 1 5 4 3 3 1 1

[ Human 5 3 5 8 10 2 1 2
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A.ll.3 Risk-significance of events

Definition

The risk-significances of events caused by compo-
nent unavailabilities are used as indicators. An in-
crease in the Conditional Core Damage Probability
(CCDP) associated with each event is employed
as the risk measure. CCDP takes the duration
of each event into consideration. Events are di-
vided into three categories: 1) unavailabilities due
to component failures, 2) planned unavailabilities
and 3) initiating events. In addition, events are
grouped into three categories according to their
risk-significance (CCDP): the most risk-significant
events (CCDP>1E-7), other significant events (1E—
8<CCDP<1E-7) and other events (CCDP<1E-S8).
The number of events in each category is used as
the indicator value.

Unavailabilities caused by work for which
STUK has granted exemption are in category 2.
Possible non-compliances with the Tech Specs are
in category 1, if they can be utilised for this indica-
tor. Non-compliances with the Tech Specs are also
dealt with under indicator A.I.2.

N.B.! Calculations for the Loviisa plant are
based on a somewhat outdated internal-initiating-
event model, making them indicative only of a
trend.

Source of data

Data for the calculation of the indicators is col-
lected from utility reports and applications for
exemptions.

Purpose of indicator

The indicator is used to follow the risk-significance
of component unavailabilities and to assess risk-
significant initiating events and planned unavai-
labilities. Special attention is paid to recurring
events, CCFs, simultaneously occurring failures
and human errors. In addition, an objective in
event analysis is to systematically identify signs of
deteriorating organisational and safety culture.

Responsible unit/person

Risk assessment (RIS), Jorma Rantakivi and Ulla
Vuorio (PSA computation)

Safety Management (TUR) (failure data)

Interpretation of indicator

Loviisa

A brief description of the significant events is given
below:

Loviisa 1:

1) An electronic card failure affected the back-up
emergency feed water system. The unavailabili-
ty lasted approximately 7 days.

2) Diesel (EY02) failed to start during testing. The
cause of the failure was not identified, but a
contact failure in the acknowledgement button
was suspected. The failure was latent for appro-
ximately 9 days.

3) The check dampers S011 and S021-S026 of the
ventilation system UV20 failed to open and
S005 failed to close during testing. The system
failure had lasted for approximately 2.5 days.
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4) Preventive maintenance: Backup emergy of the

auxiliary feed water system RL94 during revi-
sion (duration approximately 18 days).

5) During periodic testing, the water cooling

equipment 11UV25B002 in the control room
instrumentation facilities in LO1 failed to start.
The failure was detected on 21 November 2006.
When troubleshooting for a fault, no fault was
found and the component functioned normally
on 24 November 2006. According to the daily
report, the fault occurred between the previous
test and the moment of detection. Furthermore,
according to the report the fault was estimated
to have been latent for 116 days.

Loviisa 2:

1) Preventive maintenance: Maintenance of the

backup emergy feed water system RL97 during
revision (duration approximately 20 days).

Most risk-significant events CCDP > 1E-7
Loviisa 1 (Total number of events)

I Initiating events
Planned

3]

unavailabilities

M Component failures

~

w

N

o

2003 2004
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Other significant events 1E-8 < CCDP < 1E-7
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2006

2002 2003 2004 2005
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Other events CCDP < 1E-8
Loviisa 1 (Total number of events)

M Initiating events
Planned

unavailabilities

W Component failures

|

2002 | 2003 [ 2004 | 2005 | 2006
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2) The fan D0132 in the ventilation system UV40

failed to switch on in connection with the peri-
odic maintenance. The component failure had
lasted for approximately 3 days.

3) A failure in the compressor water coolant equip-

ment UV46B002, included in the cooling system
UV46 of the LO2 control room building’s instru-
mentation facilities, was detected immediately
as it triggered an alarm in the control room on 2
October 2006. Start-up protection card, did not
function. Failure repair (electrical failure): the
compressor’s heating resistor was replaced with
another type on 20 October 2006. The unavaila-
bility of the cooling equipment was estimated as
18 days in the report.

The analysed events are considered part of normal

nuclear power plant operation and no further me-

asures were required from STUK.

Most risk-significant events CCDP > 1E-7
Loviisa 2 (Total number of events)

I Initiating events

Planned
unavailabilities

M Component failures

~

o - N w

2002 [ 2003 | 2004 | 2005 | 2006

Other significant events 1E-8 < CCDP < 1E-7
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M Component failures
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Loviisa 2 (Total number of events)
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Other events CCDP < 1E-8
Loviisa 2 (Total number of events)
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M Component failures
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OlEkiluoto
A brief description of the significant events is given
below:

Olkiluotol:
1) The over-current relay of the auxiliary feed

water system pump P3 triggered in connection
with the startup during periodic testing. No
fault was detected, and re-start was successful.
The failure had been latent for approximately
15 days.

2) Preventive maintenance: The D-dip diesel pack-

age EH-DIP-D/06 lasted a relatively long time
(156 h).

3) Preventive maintenance: The A-dip diesel pack-

age EH-DIP-A/06 lasted a relatively long time
(112 h).

Most risk-significant events CCDP > 1E-7
Olkiluoto 1 (Total ber of events)

M Initiating events

o = N w &~ o

3|I

M Planned
unavailabilities

W Component failures

2005 2006

2002 2003 2004

Other significant events 1E-8 < CCDP < 1E-7

M [nitiating events

o N~

o N s

1l

I Planned
unavailabilities

M Component failures

Olikiluoto 1 (Total number of events)
2006

2002 2003 2004 2005

120

100

80
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o

Other events CCDP < 1E-8
Olkiluoto 1 (Total number of events)

M [nitiating events
I Planned

unavailabilities
B Component failures

i

2006

2002 2003 2004 2005

4) Preventive maintenance: The C-dip diesel pack-

age EH-DIP-C/06 and repair of the 712 P3
suction channels lasted a relatively long time
(442 h).

Olkiluoto2:
1) A fault occurred in the position indicator of a

valve (V202) in the auxiliary feed water system
(327); the fault had been latent for approxi-
mately 14 days.

2) Preventive maintenance: The C-dip diesel pack-

age EH-DIP-C/06 lasted a relatively long time
(419 h).

The analysed events are considered part of normal
nuclear power plant operation and no further me-
asures were required from STUK.

Most risk-significant events CCDP > 1E-7
Olkiluoto 2 (Total number of events)

M Initiating events
M Planned

unavailabilities
W Component failures

3
2
0]

2006

2002 2003 2004 2005

Other significant events 1E-8 < CCDP < 1E-
Olkil 2 (Total ber of )
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Other events CCDP < 1E-8
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The combined total CCDP of all three categories tions, which materially weakens the applicability
divided by the probability of a severe accident gives of the results for trend monitoring. If the risk-sig-
an overview of the risk-significance of operational nificance remains at the target level on average
events. To facilitate analysis, risk calculation is for several years, the annual fluctuation does not
based on conservative assumptions and simplifica- warrant particular attention.

Risk contribution of the safety system unavailability at Loviisa NPP Risk contribution of the safety sy ur ilability at Olkiluoto NPP
Persentage of the average annual core damage risk Persentage of the average annual core damage risk
14 % 50 %
12 %
40 %
10 %
8% — 30 %
6 f— 20 %
4% ———
9
0% I L I I 09% | M - | .
1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006
[mLO1| 266 | 154 | 509 | 230 | 739 | 596 | 7.20 [ 11.21 | 920 | 315 | 3.10 [moL1] 217 [ 105 | 065 | 247 | 3030 | 528 | 1090 | 468 | 510 | 964 | 7.60
[mL02] 217 [ 380 | 1.87 | 680 | 823 [ 12.39 | 330 [ 10.90 | 370 | 4.14 | 160 [moL2] 546 [ 114 [ 072 | 226 | 4250 | 7.17 | 350 | 7.39 | 860 | 1095 | 5.00
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A.IL.4 Accident risk of nuclear facilities
Incorporated in STUK’s standing objectives is the
following objective: "The accident risk of nuclear
facilities is reduced or remains unchanged”.

Definition

A nuclear facility is to be maintained and operated
in such a manner that its accident risk is reduced
or remains unchanged, and any needs for plant
modifications are identified based on analyses. The
risk of a nuclear facility is evaluated on the basis
of a probabilistic risk analysis (PSA, PRA). The ba-
seline data for the analysis (including component
reliability data) are updated regularly.

Source of data
The nuclear facility’s PSA results.

Purpose of indicator
The indicator is used to follow the development of
the nuclear power plant’s risk level.

Fluctuation of the calculated annual core damage frequency
for Loviisa plant units during 1996-2006

4.5E-4
4.0E-4
3.5E-4
3.0E-4

2seal

2.0E-4 . o o

1.5E-4 — +.—
I I Ii.f.l

1064 = —  —] ————-—-—-»
il L BN

0BE4f— — 1
0.0E-4
1996 | 1997 | 1998 | 1999 [ 2000 [ 2001 [ 2002 | 2003 | 2004 | 2005 [ 2006 ]
W Weather (shutdown)
Seismic
M Internal (shutdown)

W Weather (power)
M Flooding (shutdown)
Internal (power)

Fire (power)
Flooding (power)

Responsible unit/person

Risk assessment (RIS), Jorma Rantakivi (PSA com-
putation)

Organisations and Operations (OKA)

(failure data)

Interpretation of indicator

The annual probability of a severe reactor accident
calculated for the Loviisa plant units is approxi-
mately 10 The slight decrease from 2005 is due
to certain plant modifications and more detailed
analysis.

The annual probability of a severe reactor ac-
cident calculated for both Olkiluoto plant units is
approximately 1.6-10-5. As a result of certain plant
modifications and more detailed analyses, this fi-
gure is lower than in 2005.

d

Fluctuation of the | core d freq
for Olkiluoto plant units during 1996-2006

4.0E-5

3.5E5

3.0E-5

25E5

2.0E-5 .
|
el ' BE N NN N

- - -— ||
5.0E-6 [

0.0E-5

1996 [ 1997 ] 1998 [ 1999 | 2000 [ 2001 ] 2002 | 2003 | 2004 [ 2005 | 2006 |
Weather

‘ M Seismic Shutdown Fire M Flooding Internal ‘
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A.IlL5 Number of fire alarms

Definition
As the indicators, the number of fire alarms and
actual fires are followed.

Source of data

Data for the indicators is collected from the utili-
ties. The licensees submit the data needed for the
indicator to the person responsible for the indica-
tor at STUK.

Purpose of indicator
The indicator is used to follow the effectiveness of
fire protection at the nuclear power plants.

Responsible unit/person
Power Plant Technology (VLT)
Heikki Saarikoski

Number of fire alarms, Loviisa NPP
140
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100

80

60 8

40 |—

2005 | 2006

M automated failures actual automated alarms actual fires
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Interpretation of indicator

There was one event classified as an actual fire at
the Loviisa plant: the explosion/fire of the voltage
transformer at Loviisa 2. At Olkiluoto, one event
was classified as a fire: a dustbin caught fire during
the annual maintenance of Olkiluoto 1.

Alarms triggered by dust, smoke or humidity
dominated the automatic fire detector alarms at
both the Loviisa and Olkiluoto plants in 2006. A
significant number of alarms triggered by sprinkler
leakage also occurred at Olkiluoto. The Olkiluoto
alarms also include alarms occurring in the spent
fuel storage (KPA), the repository for the low and
intermediate-level waste (VLJ) and outdoor areas,
which explains the larger number of alarms at
Olkiluoto. The automatic fire detectors were up-
graded at Loviisa in 2000 and at Olkiluoto in 2001.
The number of alarms after the upgrade due to
more sensitive equipment and equipment failures.

The distinct reduction in alarms at the Loviisa
plant since 2003 and at the Olkiluoto plant since
2004 is due to pre-alarms no longer being included
in the calculations.

Number of fire alarms, Olkiluoto NPP
120

100

80 —

60 ———

40 —

20 [

2000 | 2001

actual automated alarms

0
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2002 | 2003 | 2004
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2005 | 2006
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A.llIStructural integrity

A.lIL1 Fuel integrity

Definition

As the indicators, the following parameters are
followed by plant unit: the maximum activity con-
centration of the primary coolant (Loviisa: as I-
131 equivalent; Olkiluoto: I-131 only) and the peak
value of maximum activity concentration in even,
steady-state operation (Loviisa: the sum of the io-
dine isotope activity concentrations in hot standby,
start-up state or power operation; Olkiluoto: I-131
activity in power operation). The maximum activi-
ty concentration of I-131 during depressurisation
while entering shutdown or after reactor scram
and the number of leaking fuel bundles removed
from the rector are also followed as indicators.

Source of data

The licensees submit the indicator values directly
to the person in charge of the indicator at STUK.
The maximum activity levels are also available in
the quarterly reports submitted by the licensees.

Purpose of indicator

The indicators describe fuel integrity and the fuel
leakage volume during the operating cycle. The in-
dicators for the shutdown situations also describe
the success of the shutdown concerning radiation
protection.

Responsible unit/person
Power Plant Technology (VLT)
Kirsti Tossavainen

Interpretation of indicators
Primary coolant activity, Loviisa
There were no fuel leaks at the Loviisa plant units

concentration of the primary coolant did not occur.
In addition to the activity concentration calcula-
ted as I-131 equivalents, the sum of the activity
concentrations of different iodine isotopes of the
primary coolant is followed at the Loviisa plant.
According to the Tech Specs, the sum activity may
not exceed the value 1.0E+8 kBg/m3. At both plant
units the sum activities have been around 0.1% of
the Tech Specs limit.

The I-131 activity concentration of the primary
coolant when plant units are being shut down and
during reactor scrams has also been followed as a
STUK indicator since 2002. No significant changes
have occurred in the iodine activity concentra-
tions when plant units are being shut down at the
Loviisa plant because there have been no fuel leaks
at the plant units during the monitoring period.

Fuel integrity: lodine maximum activity
concentration level of primary coolant (”‘qu kBq/m3),
Loviisa NPP

1.00E+06

1.00E+05

1.00E+04

1.00E+03

1.00E+02

1.00E+01

1.00E+00

HLoviisa 1 Loviisa 2 |

Fuel integrity: lodine maximum activity concentration level
of primary coolant (“‘Iaq kBq/m3),
Loviisa NPP

1.00E+04

1.00E+03

1.00E+02 — |

1.00E+01 — |

1.00E+00

1/05 11/05 111/05 1v/05 1/06 11/06 111/06 1V/06

. . . . .. ‘I LO1 | 4.92E+02 | 5.20E+02 | 1.10E+03 | 3.80E+02 | 4.30E+02 | 9.50E+02 | 3.20E+03 | 3.50E+02
in 2006, thus significant changes in the activity [ZL02[5176402 [ 560E:02 | 1.10F+03 | 4.30+02 | 480F+02 | 5306402 | 9.80E+02 | 3.80F+02
Fuel integrity: lodine r activity ration of primary Fuel integrity: lodine activity ration
coolant in power operation, Loviisa NPP of primary coolant (**'l, kBq/m?) during shutdown,
(sum of the iodine isotope activity concentrations, kBq/m3) Loviisa NPP

1.00E+09 1.00E+04

1.00E+08 Below detection limit

100E+07 Tech Spec limit 100 GBg/m?

had 1.00E+03
1.00E+06
1.00E+05
1.00E+02 —_—

1.00E+04 —_—

1.00E+03 —

1.00E+02 = 1008401 —

1.00E+01 —

1.00E+00 1.00E+00

2002 2003 2004 2005 2006 2002 2003 2004 2005 2006

‘I LO1 1.10E+05 1.40E+05 1.40E+05 1.30E+05 1.06E+05 ‘I LO1 3.70E+02 1.80E+02 6.30E+02 4.00E+02 3.50E+02
‘ LO2 1.40E+05 1.00E+05 9.50E+04 8.19E+04 7.58E+04 ‘ LO2 4.50E+03 6.90E+02 5.90E+02 < 5.00E+02 4.80E+02
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Primary coolant activity, Olkiluoto

The Olkiluoto 1 reactor contained leaking fuel for
a short time in 2006. The leak was detected a few
hours after midnight on 17 April 2006; based on
leakage detection, the leak was estimated to have
begun on 16 April 2006. The effect of the leak sho-
wed as larger I-131 activity concentrations of the
reactor coolant both during operation and when
the unit was shut down for annual maintenance
outage. During operation, the I-131 activity con-
centration reached its peak immediately after the
leak was detected, reaching to less than 0.1% of
the action threshold specified in the Tech Specs.
No uranium was dissolved from the fuel into the
reactor coolant from the leakage site. The leaking
fuel bundle was removed from the reactor during
the annual maintenance outage, which began on 7
May 2006.

The Olkiluoto 2 reactor continued leaking fuel
almost throughout 2006, as a result of which the
I-131 concentration of the reactor coolant remained
above normal levels. There were two leaking fuel
bundles, one of which had begun leaking on 23 July
2005. The leaking fuel bundle was removed from
the reactor during the annual maintenance outage,
which began on 4 June 2006. The second fuel leak
was detected after the annual maintenance outage
on 18 July 2006. The effects of the leaks showed as
larger I-131 activity concentrations during operati-
on and, as concerns the 2005 leak, also in the shut-

Fuel integrity: lodine maximum activity concentration
of primary coolant ("*'l kBgq/m?3) in power operation,
Olkiluoto NPP

1.00E+07

1.00E+06 Tech Spec 2.2 MBg/kg

1.00E+05

1.00E+04

1.00E+03

1.00E+02

1.00E+01

1.00E+00

2002 2003 2004 2005 2006

down to annual maintenance outage. As a result
of the 2005 leak, the I-131 activity concentration
peaked during plant operation at approximately
0.2% of the action threshold specified in the Tech
Specs. This maximum concentration occurred in
connection with the turbine trip in February. The
leak did not increase the reactor core uranium
contamination, which was present at the core follo-
wing the fuel leak in the previous operating cycle.
The site of the fuel leak that occurred in July 2006
has remained small, and no uranium has entered
the coolant flow. The maximum I-131 concentra-
tion of the reactor coolant occurred in connection
with the power reduction due to periodic testing in
August. The maximum activity was approximately
0.3% of the action threshold. The leaking fuel will
be removed from the reactor in the 2007 annual
maintenance outage at the latest.

Fuel integrity: lodine maximum activity concentration
of primary coolant (*'l kBq/m3) during shutdown,
Olkiluoto NPP

1.00E+06

1.00E+05

1.00E+04

1.00E+03

1.00E+02

1.00E+01

1.00E+00

2002 2003 2004 2005 2006
3.00E+02 8.20E+03 2.00E+02 0.00E+00 3.69E+05
3.88E+05 0.00E+00 0.00E+00 3.44E404 3.08E+05

[moL1
[moL2

Fuel integrity: lodine maximum activity concentration
of primary coolant (*'l kBq/m3),
Olkiluoto NPP

1.00E+07

1.00E+06

Tech Spec limit 2.2 MBag/kg
1.00E+05

1.00E+04

1.00E+03 |—— —

1.00E+02 |— —

R A

1/05 11/05 111/05 1V/05 1/06 11/06 111/06 1V/06

2.90E+02 4.30E+02 1.90E+02 5.90E+01 6.90E+02

[moLu

‘IOL‘I 5.90E+01 | 5.20E+01 | 3.76E+01 | 3.99E+01 | 3.60E+01 | 6.90E+02 | 3.80E+01 | 3.35E+01

‘ OoL2 2.37E+03 9.10E+01 3.12E+03 6.52E+03 7.03E+03

‘ OL2 | 420E+03 | 4.14E+03 | 1.47E+02 | 6.52E+03 | 4.60E+03 | 2.51E+03 | 7.03E+03 | 3.17E+03
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Fuel integrity: lodine maximum activity concentration level Fuel integrity: lodine activity ration level
of primary coolant ('l kBq/m?), of primary coolant (**'l kBq/m3),
Olkiluoto NPP Olkiluoto NPP
1.00E+05 1.00E+04
1.00E+04 | 00ES03
1.00E+03
1.00E402
1.00E402
1.00E+01
1.00E+01
1.00E+00 100800 s /05 | W/os | o5 | 16 1/06 | /06 [ IV/06
[WOL1 | 5.50E:01 | 5.80E+01 | 3.60E+01 | 3.70E+01 | 3.00E+01 | 2.00E+02 | 2.60E+01 | 2.60E+01
B Olkiluoto 1 M Olkiluoto 2 [ OL2 | 2.40E+03 | 2.02E+03 | 9.50E+07 | 3.00E+03 | 4.00E+03 | 1.70E+03 | 2.156403 | 2.14E+03

Number of leaking fuel bundles
There have been no fuel leaks at the Loviisa plant
units in the past few years.

Fuel leakages have occurred almost every year

Number of leaki

fuel bundles removed from the reactor,
Loviisa NPP

1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006

at the Olkiluoto plant units. They have been small
and the leaking fuel bundles have been removed in
annual maintenance outages following leak detec-
tion.

Number of leaking fuel bundles removed from the reactor,
Olkiluoto NPP

[mLOo1| o

o

1996 | 1997 | 1998 [ 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006
[moL1 0 0 0

o
N
N
o
o

1
[mLo2] o 0 0 1 0 0 0 0 0 0 0

[moL2| 2 0 1 0 0 0 1 0 0 1 1
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A.lll.2 Primary circuit integrity

Definition
The water chemistry indicators are

¢ chemistry performance indices used by the li-
censees, depicting the effectiveness of water
chemistry control in the secondary circuits of
PWRs and in the reactor circuits of BWRs.
The indicator for Olkiluoto is the international
index used by the licensee. The indicator for Lo-
viisa is a new index developed and introduced
at the plant in 2003 parallel to the internatio-
nal index. The new index describes the water
chemistry conditions in the secondary circuit
at Loviisa plant units with a higher degree of
sensitivity than the corresponding internatio-
nal index for VVER plants. This index observes
corrosive factors and concentrations of corrosion
products in steam generator blow-down and
feed water. For steam generator blow-down, the
calculation includes the chloride, sulphate and
sodium concentrations and acid conductivity;
for feed water, it includes the iron, copper and
oxygen concentrations. The chemistry index of
the Olkiluoto plant is affected by the chloride
and sulphate concentrations of the reactor wa-
ter and the iron concentration in the feed water.
The indices for both plants only cover the afore-
mentioned values during power operation.

¢ the maximum chloride concentration of the
steam generator blow-down (Loviisa) and the
reactor water (Olkiluoto) during operation com-
pared with the Tech Spec limit in the monito-
ring period. At the Olkiluoto plant the maxi-
mum sulphate content of reactor water on even,
steady-state operation is followed as well.

e Corrosion products released from the surfaces
of the reactor circuit and the secondary circuit
into the coolant. For the Loviisa plant, the
iron concentration of the primary coolant solid
material and the secondary circuit feed water
(maximum values for the monitoring period)
are followed. For the Olkiluoto plant, the iron
concentration of feed water (maximum value for
the monitoring period) is followed. In addition,
the maximum Co-60 activity concentration of
the reactor coolant while bringing the plant to a
cold shutdown or after a reactor scram is follo-
wed for both plants.
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The indices below are used to follow identified
and unidentified primary circuit leakages at the
Olkiluoto plant units:

e total volume (m3) of identified (from contain-
ment to collection tank 352 T1 of the controlled
leakage drain system) and unidentified (total
volume of leakages into the sump of the control-
led floor drainage system, 345 T33) containment
internal leakages during the operating cycle,
and

¢ highest containment internal leakage volume
during the year in relation to the allowed lea-
kage volume in the Tech Specs (outflow water
volume of water condensing in the air coolers of
the containment cooling system 725/Tech Specs
limit).

Source of data

The licensees submit indicators describing water
chemistry control to the respective responsible per-
son at STUK. The concentration levels of corrosive
substances and corrosion products are obtained
from quarterly reports submitted by the licensees.
The licensee submits data on primary circuit lea-
kages at the Olkiluoto power plant to the respon-
sible person at STUK.

Purpose of indicator

Water chemistry indicators

The water chemistry indicators are used to moni-
tor and control primary and secondary circuit in-
tegrity. The monitoring is done by indices depicting
water chemistry control and by chosen corrosive
impurities and corrosion products. The water che-
mistry indices combine a number of water che-
mistry parameters and thus give a good overview
of the water chemistry conditions. STUK indicators
are also used to monitor the fluctuation of certain
parameters in more detail. In addition to the pa-
rameters described here, the licensees use several
other parameters to monitor the plant units’ water
chemistry conditions.

The corrosive substances monitored by the
STUK indicator system include chloride and
sulphate, which are significant corrosives. The
maximum chloride concentrations of steam gene-
rator blow-down (the highest value of the chloride
concentrations of all six steam generators) is fol-
lowed for the Loviisa plant units. According to the
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Tech Specs, the chloride concentration of steam
generator blow-down may not exceed the value
0.5 mg/kg. If the excess is minor (0.5-1.0 mg/kg),
the plant has one week to bring the concentration
into agreement with the Tech Specs. If the devia-
tion is greater (1.0-5.0 mg/kg), the plant has one
day to restore the concentration. If the deviation
is even greater than that, the plant unit must be
shut down. At the Olkiluoto plant units, the STUK
indicator system includes the maximum chloride
concentration of the reactor water. The Tech Specs
limit for the chloride concentration of reactor wa-
ter is 0.1 ppm (100 pg/l), which sets restrictions on
plant operation. A chloride concentration higher
than the limit is only allowed for 330 hours a year.
If the requirement cannot be complied with, the
plant must be brought to a cold shutdown. The
plant must immediately be brought to a cold shut-
down if the chloride concentration of reactor water
exceeds 2 ppm (2000 pg/l).

The Olkiluoto plant units have earlier had the
problem of a sulphate concentration higher than
the reactor water target value. Under certain
circumstances, sulphate is a significant factor in
stress corrosion. The sulphate in the reactor water
originates in the sulphate released from the ion-
exchange resins of the condensate cleaning filters.
Temperature is one of the factors in the release of
sulphate from the filter resins. Changes have been
made at the plant units to reduce the temperatu-
re of the water entering the condensate cleaning
filters by changing the place of the condensate
system pre-heater. The relocation was carried out
at Olkiluoto 2 in 2003 and at Olkiluoto 1 in 2004.
Teollisuuden Voima Oy has set a target limit of
5 ug/l for the sulphate concentration in reactor
water. This target value must not be exceeded. In

addition to temperature, the replacement interval
of filter resins also has an effect on the sulphate
concentration. The purpose of the indicator is to
monitor the success of the licensee’s actions related
to the use of purification systems in keeping the
sulphate concentration below the target value.

The corrosive products followed in the indicator
system are iron and radioactive Co-60. The goal is
to minimise the iron concentration iron that is dis-
solved from the components of the secondary cir-
cuit feed water and primary coolant at the Loviisa
plant units and the reactor feed water at the
Olkiluoto units. This is to prevent the formation
of excess crust on the surface of the fuel or steam
generator tubes. Radioactive cobalt-60 isotope is
generated as an activation product of materials
containing cobalt in components within the reactor
circuit. Co-60 isotope is a significant source of ra-
diation exposure from nuclear power plants. In the
STUK indicator system the activity concentration
of Co-60 isotope while bringing the plant to cold
shutdown is used to describe the access of cobalt-
containing structural materials into the reactor
circuit and the success of the water chemistry cont-
rol and the shutdown procedures.

Primary circuit leakages

The indicators describing primary circuit leakages
are used to follow and monitor the integrity of the
primary circuit.

Responsible units/persons

Power Plant Technology (VLT), Kirsti Tossavainen
(water chemistry indices)

Safety Management (TUR), Jarmo Konsi

(primary circuit leaks)
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Interpretation of indicators

Water chemistry conditions, Loviisa

There were no significant changes in the indica-
tors describing the integrity of the primary circuit
at either Loviisa plant units in 2006. The annual
maintenance outages of the plant unit occurred in
the third quarter, as a result of which the iron con-
centration of the primary circuit and the chloride
concentration of the steam generator blow-down
exceeded normal concentrations during operati-
on. The limit set on the chloride concentration of
the steam generator blow-down was not exceeded.
Because of the annual maintenance outages, the

Integrity of the secondary circuit: Chemistry index,

chemistry index values were also above average
level during the third quarter, which increases the
overall value of the index for the entire year. Resin
getting into the steam generators during the ion-
exchange filter replacement or coating also inc-
reased the chemistry index at both plant units.

Water chemistry conditions, Olkiluoto

At the Olkiluoto plant units, the reactor and feed
water chemistry have remained within the target
values set by the licensee, except for the reactor
water sulphate concentrations, which exceeded the
target value in the third quarter. This was caused

Integrity of the secondary circuit: Chemistry index,
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by variation in the runtimes of the condensate
cleaning filter resins and the higher than usual
temperature of the condensate during the summer.
At Olkiluoto 2, the average iron concentration re-
mained at the previous year’s level in 2006. The
2006 value represents a single maximum concent-
ration. The chemistry index, which is also affected
by the sulphate and iron concentration, has been
almost optimal i.e.1.00.

At Olkiluoto 2, the average Co-60 concentra-
tions in the reactor water have shown an upward
trend. This is also indicated by higher concentra-
tions in shutdown. The increase is attributable to

Integrity of primary circuit: Chemistry index,

extensive plant modifications carried out during
the annual maintenance in 2005, at which time
cobalt-containing materials entered the circuit du-
ring the introduction of component replacements.
Increased activity concentrations are also partially
caused by the nickel-containing material which has
been used in the spacer grid for a particular fuel
type and which has dissolved in the reactor water.
The activation products of nickel include Co-58 and
Co0-60. The surfaces of the spacer grids of new fuel
bundles have been treated with a method that has
been proven to improve the corrosion resistance of
the material in tests.

Integrity of primary circuit: Chemistry index,
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Integrity of primary circuit: Corrosive impurities; Maximum chloride
concentration in primary coolant (ug/kg) in power operation,

Integrity of primary circuit: Maximum cobalt-60 activity
concentration (kBg/m3) in primary coolant during shutdown

Olkiluoto NPP (outages and reactor scrams), Olkiluoto NPP
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Primary circuit leakages, Olkiluoto

Leaks identified in the operating cycle 2005-2006
were 3,004 m3 (OL1) and 3,862 m3 (OL2). At OL1,
the downward trend continued, while at OL2 the
declining trend stopped and the leakage volume

cycle during which there were no leaks into the

containment atmosphere.
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A.llL.3 Containment integrity

Definition

As the indicators, the parameters below are fol-
lowed: overall as-found leakage of outer isolation
valves compared with the highest allowed overall
leakage of the outer isolation valves, percentage of
isolation valves tested during the year in question
at each plant unit that passed the leakage test at
first attempt (i.e. as-found leakage smaller than
acceptance criteria of valve and no consecutive ex-
ceeding of the so-called attention criteria of a valve
without repair), combined leakage rate of contain-
ment penetrations and airlocks in relation to their
highest allowed overall leakage at each plant unit.
The combined leakage rate at Olkiluoto includes
leakages in personnel airlocks, the maintenance
dome and the containment dome. At Loviisa the
combined leakage rate is comprised of the leakage
test results from personnel airlocks, the material
airlock, the cable penetrations of inspection equip-
ment, the containment maintenance ventilation
systems (TL23), the main steam piping (RA) and
the feed water system (RL) penetrations; the seals
of blind-flanged penetrations of ice-filling pipes are
also included.

Source of data

Data is extracted from the utilities’ leaktightness
test reports submitted by the licensee to STUK for
information within three months of the completion
of annual maintenance. STUK calculates the ove-
rall as-found leakages, since the reports give total
leakages as they are at the end of an annual main-
tenance outage (i.e. after completion of repairs and
re-testing).

The overall as-found leakage of outer isolation valves compared
with the highest allowed overall leakage of outer isolation valves,
Loviisa NPP
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Purpose of indicator

The indicator is used to follow the integrity of the
containment isolation valves, penetrations and air
locks.

Responsible unit/person
Reactor and Safety Systems (REA),
Piivi Salo

Interpretation of indicator

Loviisa

The overall as-found leakage of the Loviisa 1 outer
isolation valves has remained small and the le-
aks were spread among several valves. The overall
as-found leakage of the Loviisa 2 outer isolation
valves has decreased further. A leak in the isola-
tion valve in the fuel pool cooling system (TG40)
accounted for 47.5% of the leakage, with a further
22% being due to a leak in one of the valves in the
ice-condenser cooling system (XM30).

The percentage of isolation valves that passed
the leaktightness test at first attempt has re-
mained high.

The overall as-found leakage of containment
penetrations, which at Loviisa includes leaktight-
ness tests of the personnel airlock, the emergency

Isolation valves passing the leakage test at the first attempt,
Loviisa NPP
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air locks compared to the leak limit,
Loviisa NPP

0.30

0.25

0.20

0.15

0.00
1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006

[mLO1[ 067 | 193 | 554 090 [ 052 [0.30 [2.15 [0.45 [0.39 [0.71 | 1.10 | 038 [ 040

[mLO1[0.13 [ 015 [0.15 [ 018 [ 0.08 [ 0.09 [0.04 [0.07 [0.03 [0.11 | 003 | 002 [ 0.02

‘ LO2| 041 | 031 | 1.31 | 0.10 | 053 | 0.85 | 0.40 | 0.58 | 0.49 | 0.46 | 0.54 | 0.36 | 0.11

‘ LO2|0.08 | 0.05 | 0.06 | 0.04 | 0.12 | 0.03 | 0.03 | 0.04 | 0.07 | 0.17 | 0.28 | 0.03 | 0.02

113



STUK-B 79

STUK’S SAFETY PERFORMANCE INDICATORS FOR NPPs N 2006 APPENDIX 1

personnel airlock, the material airlock, the reactor
pit, inward relief valves, cable penetrations and
bellows seals, is small at both plant units.

Olkiluoto

At OL1, the as-found leakage of the outer isolati-
on valves has remained small. Approximately 12%
came from a leak in the isolation valve in the shut-
down reactor cooling system 321 and approxima-
tely 11% from the leak in one valve in the reactor
vessel. In leaktightness testing, the largest leakage
occurred from the inner main steam valve 311V2.
At OL2, the as-found leakage of the outer isolation
valves exceeded the limit set in the Tech Specs and
showed a marked increase from the previous year.
A total of 49.6% of the leakage was from a leak in
the isolation valve of the controlled leakage drain
system 352, with a further 16.5% from a leak in
one valve in the flange cooling system 326. The lar-
gest individual leaks detected during leaktightness
tests occurred from the inner isolation valves of
system 326 and the boron system 351 and the ou-
ter isolation valve in system 352. After repairs and

The overall as-found leakage of outer isolation valves compared
with the highest allowed overall leakage of outer isolation valves,
Olkiluoto NPP
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re-testing, the overall as-found leakage rate was
clearly below the limits set in the Tech Specs.

The percentage of isolation valves that passed
the leaktightness test at first attempt has re-
mained high.

The overall as-found leakage rate of contain-
ment penetrations, in which TVO includes leaka-
ges in the upper and lower personnel airlock, the
maintenance dome and the containment dome, has
remained small.

Isolation valves passing the leakage test at the first attempt,
Olkiluoto NPP

100 %
98 %
96 % | |
94 %
92 %

90 %
® [1994 ] 1995 [ 1996 [ 1987 [ 1998 ] 1999 ] 2000 | 2001 | 2002 | 2003 | 2004 | 2005

‘I OL1| 98 98 | 98 | 99 | 98 | 99 | 100 | 100 | 98 | 98 | 95 | 96
‘ OL2| % 9% | 98 |97 | 97 |97 |96 |98 |99 |98 | 9 |F

Combined leak rate of containment penetrations and
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