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ABSTRACT

This report describes regulatory control of the safe use of nuclear energy by the Radiation and Nuclear
Safety Authority (STUK) in 1998. STUKis the Finnish nuclear safety authority. The submission of this
report to the Ministry of Trade and Industry is stipulated in Section 121 of the Nuclear Energy Decree.

It was verified by regulatory control that the operation of Finnish NPPs was in compliance with
conditions set out in the operating licences of the plants and with regulations currently in force. In
addition to supervising the normal operation of the plants, STUK oversaw projects carried out at the
plant units, which related to the uprating of their power and the improvement of their safety. STUK
issued to the Ministry of Trade and Industry a statement about applications for the renewal of the
operating licences of Loviisa and Olkiluoto NPPs, which had been submitted by Imatran Voima Oy and
Teollisuuden Voima Oy.

Regulatory activities in the field of nuclear waste management were focused on the storage and final
disposal of spent fuel as well as the treatment, storage and final disposal of reactor waste. STUK issued
a statement to the Ministry of Trade and Industry about an environmental impact assessment pro-
gramme pertaining to a spent fuel repository project, which had been submitted by Posiva Oy, as well
as on Imatran Voima Oy's application concerning the operation of a repository for medium- and low-
level reactor waste from Loviisa NPP.

The use of nuclear materials was in compliance with the regulations currently in force and also the
whereabouts of every batch of nuclear material were ensured by safeguards control. In international
safeguards, important changes took place, which were reflected also in safeguards activities at national
level.

International co-operation continued based on financing both from STUKs budget and from additional
sources. The focus of co-operation funded from outside sources was as follows: improvement of the
safety of Kola and Leningrad NPPs; development of the organisational practices of nuclear safety
authorities in Eastern Europe; and development of the nuclear material accounting and control system
in Ukraine, the Baltic countries and Russia as well as of the International Atomic Energy Agency
(IAEA) safeguards. EU funding was used to take part in activities to assist the activities of nuclear
safety authorities in Eastern Europe.

The total expenditure of nuclear safety control in 1998 was FIM 32.0 million and the total income FIM
28.0 million. The total expenditure of fee-charging regulatory activities was FIM 27.8 million and the
income was FIM 27.8 million.
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1 SUMMARY OF ACHIEVED
SAFETY OBJECTIVES

Safety objectives were achieved in the operation of Finnish NPPs and in nuclear
waste management. All NPP units operated safely and reliably and occupational
radiation doses in 1998 were below the dose limits prescribed in the Radiation
Decree. Radioactive releases into the environment were significantly below
authorised limits. Preparations for nuclear waste management proceeded according
to plans and nuclear material safeguards were implemented according to
regulations. Because of the workload caused by the handling of applications for
NPP operating licences and some international tasks, all objectives were not
achieved, particularly where the development of regulatory guides is concerned.

1.1 Regulatory effectiveness

Companies that use nuclear energy have the re-
sponsibility of using it safely in accordance with
the Nuclear Energy Act (990/1987). The most im-
portant safety objective in the use of nuclear ener-
gy is that no accidents or events that endanger
safety would occur at Finnish nuclear facilities.

Safety of the operation of NPPs

• The objective was that Finnish NPPs are oper-
ated according to their Technical Specifica-
tions. During the operation of the plant units,
three deviations were made from the provi-
sions of the Technical Specifications. In two
cases, a deviation from a parameter set forth in
the Technical Specifications had gone unno-
ticed and thus repairs had not been started in
the way specified in the Technical Specifica-
tions. In the case of one event, a component
was not in operational readiness, which was a
violation of the Technical Specifications. None
of the above events jeopardised the safety of
the plant units. The utilities will look into and
have already implemented measures to pre-
vent recurrence.

• The objective was that the annual risk from
operations, such as for example preventive
maintenance, failures, operational disturbanc-
es and allowable deviations from the Technical

Specifications, shall be less than 5% of the
annual reactor core damage probability. The
limit was not exceeded at any of the plant
units.

• The integrity of multiple barriers, which pre-
vent radioactive releases, i.e. the fuel, the pri-
mary circuit and the containment, must satisfy
set requirements and their integrity may not
significantly decrease. A total of three minor
nuclear fuel-cladding leaks occurred at the
plant units in 1998, which had no bearing on
radioactive releases. The integrity of the pri-
mary circuit and the containment has been in
compliance with set requirements.

• The objective was that the number of technical
and human-based common cause failures does
not significantly grow. The results of the analy-
sis of technical and human-based failures are
available in about six months. The results for
1998 thus were not yet available. The results
for 1997 show no significant increase in the
number of common cause failures.

Radioactive releases into the environment

The objective was that radioactive releases into
the environment would be small and that the an-
nual individual radiation doses for the population
in the environment of NPPs, which are calculated
on their basis, would be less than 5% of the limit
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(0.1 mSv/year) given in the Council of State Deci-
sion No. 395/1991.

The releases of gaseous effluents from the
Loviisa and Olkiluoto plants in 1998 were 0.02-
0.002% of the authorised limits. The tritium activ-
ity of liquid effluents was ca. 6% of the annual
release limit. The activity content of other nu-
clides released into the sea was ca. 0.1% at the
Loviisa plant and 0.8% at the Olkiluoto plant of
the release limits specific to each plant. The
highest individual dose to a member of the most
exposed population group, calculated on the basis
the releases, was ca. 0.5% of the limit in the
Decision.

Radiation doses to NPP personnel

The objective was that the radiation dose to any
NPP worker would be below the individual dose
limit and that the occupational collective radiation
dose would be low by international comparison
and would stay, both NPPs included, below the
maximum limit given in Guide YVL 7.9.

The individual effective dose limit is 50 mSv. In
addition, individual dose must not exceed the 20
mSv annual average over any period of five years,
i.e., the 100 mSv total dose in five years. In 1998
the highest radiation dose to an individual who
has worked at Finnish NPPs was 19.7 mSv. A 5-
year monitoring of accumulated dose at Finnish
NPPs (1994-1998) gives 76 mSv as the highest
dose incurred. It has been received while working
at Loviisa NPP.

The total collective radiation dose to NPP
workers in 1998 was 4.13 manSv. It was low by
international comparison.

The collective radiation dose average for both
NPPs in 1997-1998 was 3.47 manSv. It was below
the maximum limit 6.31 manSv prescribed in
Guide YVL 7.9.

Nuclear waste management

The objectives in nuclear waste management were
to prepare safety assessments in accordance with
general objectives confirmed by the Ministry of

Trade and Industry and to complete a draft pro-
posal for a Council of State Decision on safety
regulations for the final disposal of nuclear fuel.

Assessment of the safety of nuclear waste
management proceeded as planned in accordance
with the regulations and objectives of the Ministry
of Trade and Industry. STUK issued statements
about the following issues to the Ministry: an
environmental impact assessment programme for
the final disposal of nuclear waste, research plans,
a waste management action plan, waste volumes
and the provision made for the costs of waste
management. STUK actively participated in the
dissemination of safety-related public information
in municipalities where site investigations are in
progress.

A draft proposal made by STUK for a Council
of State Decision on safety regulations for the
final disposal of spent nuclear fuel was completed
and sent to the Ministry of Trade and Industry in
May.

STUK controlled the waste management oper-
ations in Finland. No events occurred that would
have endangered safety. The construction of an
extension to the storage facility for spent fuel at
Loviisa NPP was continued.

Nuclear material safeguards

The objective in nuclear material safeguards nec-
essary to prevent nuclear proliferation was to im-
peccably implement safeguards according to inter-
national contractual obligations approved by Fin-
land as well as to effectively prevent the illicit
import, export and transport in Finnish territory
of nuclear materials and other radioactive sub-
stances.

Nuclear material control was implemented in
accordance with nuclear energy legislation and
international treaties. No significant inconsisten-
cies were detected in inspections conducted by the
international regulatory organisations the IAEA
and EURATOM.

The illicit import, export and transport of nu-
clear materials and other radioactive substances
were efficiently prevented in collaboration with
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the customs authority. In nine cases (23 in 1997),
imported scrap metal was found to be contaminat-
ed or a radiation source was found in it. The
contaminated material or the entire batch of scrap
metal was returned to the customs or its country
of origin by the importer. STUK continued to
provide training to customs officials from Finland,
Russia and the Baltic Countries to prevent illicit
import of nuclear materials.

The Comprehensive Nuclear Test Ban Treaty
(CTBT) was approved by Parliament towards the
end of 1998. The duties of the National Data
Centre (NDC) in accordance with the Treaty were
assigned to STUK who began the setting up of the
required operations. STUK participated in the
work of the technical working group (WGB) and
took actively part in the discussion on radionu-
clide technology. STUK's contribution had a posi-
tive effect especially on developments relating to
the CTBT radionuclide laboratory analysis and
particulate sampling stations.

1.2 Quality of STUK's own
activities

The periodic inspection programme

The objective was that all inspections contained in
the 1998 periodic inspection programme of NPPs
(see subsection 3.1) would be completed and re-
ports prepared within two months from the in-
spections.

The programme did not go entirely according
to plan. According to it, 42 inspections were to be
made at Loviisa and 41 at Olkiluoto NPP. A total
of 11 of these were postponed to be made in
connection with the 1999 inspection programme
and six separately at the beginning of 1999. 80%
of the inspections were reported according to plan.

The inspection programme was not completed
according to schedule mainly because, at the time
of its making, the amount of work arising from the
operating licence applications of the plant units,
their power uprating and the increase in STUK's
international tasks was not known.

STUK's decisions

Objectives pertaining to handling times among
other things had been established for the prepara-
tion of STUK's decisions.

In 1998 the average handling time of all docu-
ments submitted for approval and information
was 2.4 months.

Regulations

The objective was that safety requirements for
NPPs as well as STUK's regulatory procedures
must be kept up to date and appropriately docu-
mented in the regulatory guides. To meet this ob-
jective, STUK prepares and updates YVL guides
according to an annual plan.

The number of completed YVL guides fell short
from the objective stated in the annual plan. At
the time of the plan's making, not enough atten-
tion was paid to work arising from the licensing
process and from some international tasks. In
addition, as part of the renewal of the operating
licences of NPPs, it was assessed how the require-
ments of YVL guides had been met at Finnish
NPPs. Several draft guides were made, however,
and 30% of the objectives were achieved.

Safety research projects

Research activities relating to the safety of NPPs
are to effectively support safety and regulatory
control. STUK has regular contacts with the re-
search institutes in question. If a research project
is delayed, the matter will be promptly brought to
the attention of the research institute. STUK pre-
pares a research memorandum within a month
from the receipt of a final research report.

The year 1998 was a deadline for 20 safety
research projects. Final reports on 13 research
projects were received. STUK prepared 80% of
research memorandums within a month from the
receipt of project-specific final reports, as is re-
quired.
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2 REGULATORY GUIDES

In 1998 STUK contributed to the amending of the Nuclear Energy Act and Decree,
which is needed because of amendments to be made to pressure vessel legislation.
STUK also prepared a draft proposal for regulations on the final disposal of
nuclear fuel and began work on the development of its regulatory guide system
(YVL guides).

Finnish pressure vessel legislation will be revised
during 1999 to make it comply with the require-
ments of the EU directive on pressure equipment.
According to the Nuclear Energy Act, regulatory
control of the pressure vessels of NPPs belongs to
STUK. In the regulation of NPP pressure vessels,
pressure vessel legislation has been followed for
applicable parts. The changing of pressure vessel
legislation requires amendments to nuclear ener-
gy legislation as well. In co-operation with the
Ministry of Trade and Industry, STUK has in 1998
prepared a proposal for amendments to the Nucle-
ar Energy Act and Decree. The preparation of this
proposal will be continued in early 1999.

In accordance with section 55, second para-
graph, point 3 of the Nuclear Energy Act (990/
1987), STUK is responsible for preparing propos-
als for general regulations, which in accordance
with section 81 of the Nuclear Energy Act deal
with the safe use of nuclear energy as well as
physical protection and emergency preparedness.
Four Council of State Decisions are currently in
force that set forth general regulations for the
safety of NPPs, for physical protection, emergency
preparedness, and final disposal of reactor waste.
In 1998 the preparation of a proposal for general
safety regulations for the final disposal of spent
nuclear fuel was continued. The draft regulation
was submitted to the Ministry for Trade and
Industry for further measures.

STUK publishes regulatory guides called the
YVL guides. In addition to encompassing require-
ments for the safety of NPPs, the YVL guides
describe STUICs regulatory procedures. The YVL
guides are rules an individual licensee or any
other organisation concerned shall comply with,
unless STUK has been presented with some other
acceptable procedure or solution by which the

safety level set forth in the YVL guides is
achieved.

As part of the relicensing of Finnish NPPs, it
was assessed whether all the requirements in the
YVL guides were fulfilled at Finnish NPPs. Sever-
al deviations from the requirements in particular
of the newest guides were identified. Both the
licensees and STUK evaluated their safety-signifi-
cance. STUK issued a decision to both licensees on
the measures to be taken because of the devia-
tions.

An extensive project for the development of the
regulatory guide system was launched in 1998,
which was focused on how to improve the prepara-
tion of YVL guides and to clarify procedures relat-
ing to their setting into force. During 1998 the
implementation of the guides and their legal sta-
tus were discussed at STUK and in the Advisory
Committee on Nuclear Safety.

The revision and updating of YVL Guides was
continued in 1998. In that year the number of
completed guides fell short of the annual plan,
however. This was because insufficient considera-
tion had been given among other things to re-
sources required by the relicensing of NPPs and
some international tasks. Several draft guides
were prepared, however.

During 1998 the working groups preparing
various YVL guides completed 22 guides and as-
sessed the need of revision of four guides. Eight
guides were translated into English, four of which
will be published in early 1999. The number of
annually published guides is given in Fig. 1 and
the working time annually used for the prepara-
tion of regulations in Fig. 2. In 1998, the develop-
ment of regulations took 1.7 man-years, i.e. 2.3%
of total working time.

10
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3 REGULATORY CONTROL OF
NUCLEAR FACILITIES

Finnish NPP units were safely operated in 1998. In addition to
normal operation, STUK controlled long-term test operation of
the units at uprated power level and plant modifications. Most
modifications were made because of the power uprating.

3.1 STUK's regulatory activities

Regulatory control of nuclear safety was focused
on activities of the utilities as well as on NPP
systems, structures and components important to
safety. Supervision of the activities of the utilities
consisted of periodic inspections of plant operation
as well as inspections which the utility is obliged
to request in conjunction with measures taken at
the plant or which are subject to STUK's consider-
ation. The structure of the periodic inspection pro-
gramme is given in Appendix 1 and the topical
inspection items in Appendix 2. STUK also as-
sessed NPP safety i.a. on the basis of operating
experience, safety research and reports submitted
by the utilities. Human resources in nuclear regu-
latory control and the time used for the regulatory
control of nuclear facilities every year are given in
Figures 3 and 4.

In 1998, 11.9 man-years were used for the
regulatory control of Loviisa NPP, i.e. 15.8% of the
total working time of the personnel participating
in regulatory work. The figure for Olkiluoto NPP

was 13.0 man-years, i.e. 17.3% of the total work-
ing time. In addition to the regulatory control of
NPPs, the figures include nuclear waste manage-
ment control and nuclear material safeguards.
The income and expenditures of nuclear safety
regulation are described in chapter 10.

In 1998 the total number of inspection days
onsite and at manufacturers' premises was 1182.
In addition to inspections of NPPs, the figure also
includes inspections relating to nuclear waste
management and nuclear material safeguards.
The trend in the number of inspection days is
given in Fig 5. The number of inspection days at
Loviisa and Olkiluoto NPPs was 614 and 565,
respectively. Two resident inspectors worked at
Loviisa NPP and one at Olkiluoto NPP.

In 1998, ten event reports from Loviisa NPP
and eleven from Olkiluoto NPP were sent to
STUK. The utilities also regularly submitted to
STUK the following documents: daily reports,
quarterly reports, annual reports, outage reports,
annual reports on environmental radiation safety,

man-year
100,0 -i

80,0 -

60,0 -

40,0 -

20,0 -

0,0

73,5 76,6 78,2 80,2 75,1

1994 1995 1996 1997 1998

Fig. 3. Human resources available for nuclear Fig 4. Time used for the regulatory control of nuclear
regulatory control. facilities.

12



S T U K - B- YTO 1 92

monthly reports on individual radiation doses as
well as semi-annual reports on operational experi-
ence feedback.

The total number of plans, documents and
reports submitted to STUK for review in 1998 was
1268. The number of documents whose review was
completed was 1517 (documents submitted in 1998
and earlier). The figure includes also licences in
accordance with the Nuclear Energy Act granted
by STUK. The average document review time was
72 days. The annual number and average han-
dling time of the documents are given in Figure 6.

Regulatory control showed that NPPs were
operated according to the conditions set in their
operating licences and according to valid regula-
tions. In addition, nuclear waste management and
the use of nuclear materials were in compliance
with valid rules and regulations. On the basis of

man-day
1500 -i 1326
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1376

1150 1182

1994 1995 1996 1997 1998

Fig 5. Number of inspection days onsite and at
component manufacturers' premises.

the inspections, additional documentation and
measures were requested from the utilities to
further enhance the safety of the plants.

3.2 Loviisa NPP

3.2.1 Operation

Both Loviisa NPP units were safely operated. No
events occurred at the plant units in 1998, which
would have been classified higher than Level 1 on
the International Nuclear Event Scale (INES). Of
the events at the Loviisa plant units, a decrease in
the primary circuit boric acid concentration to-
wards the end of the annual maintenance outage
was assigned Level 1 on the INES:
• The boric acid concentration began to decrease

at the night of August 27th 1998, after a boron
control pump had been operated in connection
with a periodic test. After the test the pump
was detected to leak outside the process. It was
repaired and made leaktight. However, inside
the pump nonborated water gained access past
the pump's defective sealing, entering the
make-up system and, further, the suction head-
er of the pumps. An operating low-capacity
make-up pump injected water through the pu-
rification system to the primary circuit. The
operators did not notice the dilution. A labora-
tory analysis the next morning revealed that
the boric acid concentration had been reduced
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Fig 6. Number of received and handled documents as well as average document handling time.
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to 12.2 g/kg. According to the Technical Specifi-
cations, it must be above 13 g/kg during shut-
down stages. The lowest reactor boric acid
concentration before reactor criticality would
have been 6 g/kg. Because the primary circuit
dilution was homogeneous in nature (the pri-
mary coolant pumps were running), any reac-
tor power increase in the event of reactor
criticality would have been slow. In such a
case, the operators would have been able to
observe and manage the situation.

Corrective measures were taken without delay
after the control room had received informa-
tion from the laboratory about the reduction in
boric acid concentration. The boric acid concen-
tration was restored and in accordance with
the Technical Specifications in about 3.5 hours.
To prevent recurrence the utility has among
other things undertaken to develop process
computer displays and alarms facilitating con-
trol room operations during shutdowns. In ad-
dition, STUK asked the utility to perform a
comprehensive study on the sufficiency of the
methods to control the boric acid concentration
of the primary systems of the Loviisa units,
taking into account the experience of the event.

None of the events that occurred at Loviisa 2 in
1998 had any significance for nuclear and radia-
tion safety.

The load factor of Loviisa 1 was 90.9% and that
of Loviisa 2 was 87.1%. The power uprates of the
plant units have been taken into account in the
calculation of load factors such that the increased
electrical power was used as of the day following
the power uprating day. The annual maintenance
outage lasted 22 days at Loviisa 1 and 36 days at
Loviisa 2.

Production losses that were caused by failures
were 0.06% at Loviisa 1 and 0.76% at Loviisa 2.
No reactor scrams occurred in 1998. Figure 7
gives the daily average gross powers of the plant
units. The trend in load factors and reactor scram
rates since the commissioning of the plant units is
given in Figures 8a and 9a. Events, interruptions
in generation and the causes of power reductions
have been reported in STUK's publications STUK-
B-YTO 182, 184, 185 and 190.

The power uprates of the plant units have been

taken into account in the calculation of load fac-
tors such that the increased electrical power was
used as of the day following the power uprating
day.

The power uprates of the plant units have been
taken into account in the calculation of load fac-
tors such that the increased electrical power was
used as of the day following the power uprating
day.

3.2.2 Operating licences and power
uprating

Test operation of the Loviisa plant units ended
when the Council of State on 2 April 1998 granted
new operating licenses for the plant units. Accord-
ing to the new licenses, which are in force until
the end of 2007, the highest allowable reactor pow-
er of the plant units is 1500 MW, i.e. 109% of the
old rated power. The values of rated electrical pow-
er equivalent to this reactor power are 510 MW
(gross) and 488 MW (net). The power of the plant
units was raised to 109% on 8 April 1998. Before
the granting of the operating licence, the plant
units were operated at various power levels by
virtue of a test operation permit granted by STUK.

Before the granting of the operating licences,
STUK issued a statement to the Ministry of Trade
and Industry in favour of the application submit-
ted by Imatran Voima Oy for the renewal of the
operating licences of the plant units. The state-
ment also included an extensive safety assess-
ment of the operation of the reactors at the uprat-
ed 109% reactor power. According to the safety
assessment, the operation of the Loviisa reactors
is safe at the uprated power. The safety assess-
ment has been described in more detail in STUK's
publication STUK-B-YTO 175 (1988).

3.2.3 Safety improvements

Mitigation of the consequences of severe
accidents

There is a long-term project at Loviisa NPP deal-
ing with the provision made against severe acci-
dents; even its last stages are under implementa-
tion now. Over the past years STUK has reviewed
and approved conceptual design plans for the nec-
essary measures, which have not yet been imple-

14
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The power uprates of the plant units in 1997 and 1998 have been taken into account in the calculation of load factors such
that the increased electrical power was used as of the day following the power uprating day.

Fig 8b. Load factors of OIkiluoto plant units.
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Fig 9a. Number of reactor scrams at the Loviisa plant units, scram tests excluded.
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Fig 9b. Number of reactor scrams at the Olkiluoto plant units, scram tests excluded.
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mented, and plant modifications (external cooling
of the reactor pressure vessel, hydrogen manage-
ment inside the containment). Of the measures to
provide against accidents, pressure management
inside the containment by external sprinklers had
been implemented in 1991 and the reduction of
primary pressure in 1996.

In 1998 STUK reviewed and approved system-
level pre-inspection documents for the following
items: process arrangements for the external cool-
ing of the reactor pressure vessel; hydrogen man-
agement inside the containment by catalytic re-
combiners and igniters; and the electrical and
automation systems required in the management
of severe accidents. Certain experimental analy-
ses relating to the subject matter deal with the
performance of the external cooling system when
the containment sump water contains impurities
that originate from insulation material. STUK
also reviewed these documents and supervised
the experiments.

Reliability of emergency cooling was
improved

Analyses have been carried out to find out how
reliably pumps of the high-pressure emergency
cooling system of the Loviisa plant units operate
with water containing impurities from insulation.
STUK reviewed and approved the final analyses
submitted by Imatran Voima Oy for both the load-
ing caused by insulation impurities and the possi-
ble measures to improve the reliability of the
pumps. STUK also made experimental research
into the topic within its programme of research
projects.

As a result of the analyses and inspections,
STUK approved the conclusion presented by Imat-
ran Voima Oy according to which the reliable
operation of high-pressure emergency cooling
pumps is not directly jeopardised owing to the
insulation impurities and that possible measures
to further decrease the load imposed by impurities
can be implemented within the framework of the
plant units' long-term modernisation programme.

Power limitation system of Loviisa 1 reactor
was modified

In tests carried out at Loviisa 1 in 1997, which
related to the uprating of the power of plant unit,

it was detected that the power limitation system
of the reactor actuated inadvertently. The inad-
vertent actuations were not related to the uprated
power level of the plant units but to rapid power
changes. Reactor power is limited according to the
number of operating primary coolant pumps,
among other things. The power limitation system
is actuated automatically even if only one primary
circulating pump trips. The slow shutdown of the
reactor continues until power has decreased to its
new limiting value.

It was confirmed by analyses and a test that
the inadvertent actuation of the power limitation
signal was possible especially in rapid power re-
duction situations. The 3-channel automatic sys-
tem was so designed that the power limitation
signal could be actuated even when the channels
were carrying out calibration. The neutron power
value measured during calibration was brought to
correspond to the thermal power of the reactor if
the two diverged. The neutron power of one chan-
nel could in such a case exceed the power limita-
tion trip limit for about one second. If at least two
channels simultaneously exceeded the trip limit,
power would be inadvertently limited.

The design error that caused the inadvertent
actuation of the Loviisa 1 power limitation system
was corrected in the annual maintenance outage.
Actuation was prevented in situations where au-
tomatic calibration is going on. The fact that a
possible power limitation is not carried out during
calibration has no bearing on safety. A possible
power limitation will be actuated after the 1 to 2
sec calibration period. STUK reviewed the repair
plans and the post-modification testing pro-
gramme.

In the annual maintenance outage, the adjust-
ment values of the power limitation system of
Loviisa 1 were made identical with those of Lovii-
sa 2. The systems at both plant units now reduce
neutron power to ca. 83% if one primary coolant
pump trips. The power of Loviisa 1 was previously
reduced to 75%. After the modification had been
made, the functioning of the system was tested in
the annual maintenance outage. In addition, a
primary coolant pump trip test was conducted at
Loviisa 1 with the plant unit operating at full
power. STUK witnessed the test. The system
functioned correctly and did not cause unneces-
sary power limitations anymore.
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Forced opening of primary steam line safety
valves during transients

When STUK reviewed the operating licence appli-
cations for the Loviisa plant units it drew atten-
tion to the fact that the reactor cannot be cooled to
cold shutdown using only the back-up emergency
feed water system, which is used in situations
involving the loss of the normal feed water system
and the emergency feed water system of the sec-
ondary circuit. The back-up emergency feed water
system directly injects water to four steam gener-
ators whose steam is blown to the atmosphere via
safety valves operated by pressurised air. A situa-
tion involving the loss of both the normal and the
emergency feed water systems can occur for ex-
ample during a large turbine hall fire. A partition
wall has been built earlier to protect the main
steam line equipment necessary for decay heat
removal.

The operation of the back-up emergency feed
water system is problematic when the mode of
removal of decay heat is as steam because then
the temperature in the secondary circuit and the
steam generators must be above 100 °C. Thus, it
would not be possible to cool the primary circuit
below this temperature, either. STUK examined
the functioning and operation of safety valves of
the main steam lines used for decay heat removal.
On the basis of the analyses made, STUK request-
ed from Imatran Voima Oy a report on measures
ensuring the cooling of the reactor to cold shut-
down in the event of a turbine hall fire. Towards
the end of 1988, Imatran Voima Oy sent STUK a
conceptual plan in principle stating the necessary
safety improvements.

New fuel type was commissioned

At the Loviisa NPP the lead batches of two new
fuel types were loaded into the reactors. In the
1998 annual maintenance outage of Loviisa 1, five
fuel assemblies manufactured by BNFL (British
Nuclear Fuel Limited) were loaded into the reac-
tor. The total number of fuel assemblies in the
reactors is 313. Up to the present time, all fuel
loaded into the reactors of Loviisa NPP has been
manufactured in Russia. Before the test assem-
blies were loaded into the reactor, a comprehen-
sive feasibility study was carried out on the new

fuel type. STUK examined the documents relating
to the study, which indicate that the new fuel and
Russian WER fuel can be simultaneously used at
Loviisa NPP. STUK approved the loading of the
lead assemblies into the reactor. The behaviour of
the assemblies in the reactor will be monitored
during forthcoming operating cycles. It is particu-
larly important to find out how fuel manufactured
to western standards will behave in the chemical
environment of the Loviisa NPP primary circuit.
The irradiation of lead assemblies in the reactor
before the loading of a full reload batch is an es-
sential part of the licensing of a new fuel type to
detect possible problems in the fuel design.

In the 1998 annual maintenance outage of
Loviisa 2, six fuel assemblies of the new type, i.e.
Russian WER assemblies, were loaded into the
reactor. A comprehensive feasibility study was
carried out on them and STUK examined the
documents relating to the study. STUK approved
the loading of the new type of assembly into the
reactor. The new WER assemblies differ from the
old fuel in that the enrichment of their edge rod is
somewhat lower than that of other rods in the
assembly. In addition, the material thickness of
the hexagonal fuel channel is somewhat less than
before. In this way the internal power distribution
of the fuel assembly is more uniform, which has a
favourable effect on the behaviour of the fuel in
possible transient and accident situations. In ad-
dition, the new assemblies can be disassembled
for inspection and repair.

Ensuring primary circuit boric acid
concentration during outages

The boric acid concentration of the primary circuit
of Loviisa 1 was diluted towards the end of the
annual maintenance outage (see subsection 3.2.1).
The dilution occurred in an unexpected way when
nonborated water leaked through a failed pump
and mixed with borated make-up water that was
injected into the primary circuit. The event
showed that there might be some room for im-
provement in the management of situations in-
volving a diluted boric acid concentration. In order
to ensure the nuclear criticality safety of the Lovii-
sa plant units during outages, it is essential that
the unintentional dilution of the boric acid concen-
tration in the primary coolant is prevented.

19



S T U K - B- YTO 1 92

Owing to this event, which occurred towards
the end of the Loviisa 1 annual maintenance out-
age, STUK requested from Imatran Voima Oy a
comprehensive report on the sufficiency of boron
concentration management in all operational
states of the plant units with descriptions of the
necessary measures and taking into account the
experience gained from the event at Loviisa 1. In
addition, STUK called for intensified boric acid
concentration management during the outage of
Loviisa 2, which was after the Loviisa 1 outage.

Increased temperature of the intermediate
cooling circuit in an accident situation

Containment function analyses made in connec-
tion with the power uprating of the Loviisa plant
units showed that water collecting in containment
sumps could, in case of pipe ruptures close to the
floor, heat up much more than previously as-
sumed. It is because of this that several modifica-
tions were made to the intermediate cooling sys-
tem of the plant units in 1997. The system cools
components and systems important to safety dur-
ing accidents. At the same time it was found nec-
essary to reassess piping loads imparted by ther-
mal movements on the pumps of the low-pressure
emergency cooling system that cool the reactor.

The piping loads directed at low-pressure emer-
gency cooling system pumps were examined
among other things by a trial run of the pumps at
high process temperature. In examinations made
during the trial run, cracks were observed in the
supporting structures of the pumps, which were
temporarily provided with extra support. In addi-
tion, Imatran Voima Oy launched measures to
replace the low-pressure emergency cooling
pumps with entirely new pumps. STUK followed
the trial runs and approved Imatran Voima Oy's
reports and the aforementioned plans.

Hydraulic shocks in primary-to-secondary
leaks

Modifications have been made at the Loviisa plant
units in the 1990s to provide against primary-to-
secondary leaks. The starting-point for the plan-
ning of counter-measures has been that secondary
circuit steam piping must maintain its integrity in
the event of a leak. The dimensioning basis has

been as follows: the fastening bolts of the lid of the
steam generator's primary collector fail and the
lid moves to form a 90 cm2 leakage area between
the primary and the secondary circuit. In the
event of such a large leak, a considerable volume
of water is discharged from primary circuit to
steam piping and it flows in the piping with high
velocity. Analytical and experimental research do
not entirely exclude the possible occurrence of a
water hammer in the steam piping with subse-
quent heavy shock compression loads. STUK has
requested from Imatran Voima Oy a clarification
of how the steam pipes would endure a primary-
to-secondary leak and if any measures are re-
quired.

As a long-term solution for reducing the largest
primary-to-secondary leak, Imatran Voima Oy has
designed a structure in the lids of the primary
collectors of the steam generator to restrict lid
movement in case the fastening bolts give in. This
helps reduce the area of a primary-to-secondary
leak to a fifth part of the current design-basis leak
area. The occurrence of subsequent hydraulic
shocks and loads is also reduced. STUK approved
the implementation of the new solution in one of
six steam generators of Loviisa 2. The work was
done in the 1998 annual maintenance outage.

Leakage-testing interval of isolation valves
was extended

The leakage-testing interval of several contain-
ment isolation valves which are to be tested dur-
ing the annual maintenance outages of the Loviisa
plant units has been extended from one year to
two years. The objective has been to reduce the
workload without risking containment leaktight-
ness. When the workload is reduced a reduction in
occupational dose can also be assumed to take
place.

The isolation valves in question are located in
ventilation and process system pipes that pene-
trate the containment and prevent radioactive
releases that may occur during an accident. The
condition of the valves is monitored by periodic
leakage and functional tests. Imatran Voima Oy
has started a project to extend the test interval
because tests conducted over the past years have
shown the valves to be leaktight. Imatran Voima
Oy has examined what effect the extension of the
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testing interval would have on the release risk
and what procedures could be used to determine
valve-specific testing intervals. STUK approved
the testing intervals and procedures specified by
Imatran Voima Oy.

Ventilation system of the fallout shelter will
be improved

In a clarification made in connection with the re-
view of the application for renewal of the operat-
ing licence of the Loviisa plant units attention was
paid to the fact that the filtered air supply system
of the fallout shelter of Loviisa NPP is not suffi-
ciently reliable. The shelter is used as a command
centre during accident situations. Therefore, the
ventilation systems of the shelter must maintain
the circumstances such that the radiation doses of
those working there are kept sufficiently low.

Imatran Voima Oy has presented that the
system's reliability be improved by installing a
second supply air blower in the ventilation system
designed for accident situations. The sufficiency of
this measure is being assessed by STUK.

Feed water spargers of steam generators are
replaced

Because erosion-corrosion defects were detected
in the original feed water spargers of the steam
generators of the Loviisa plant units Imatran Voi-
ma Oy in 1994 launched a research and develop-
ment programme for replacing them with an en-
tirely new type of sparger (STUK-B-YTO 175,
1998).

The first new type of sparger was installed in
one Loviisa 2 steam generator in 1994 and STUK
granted a fixed-term operating permit for it. In
1995-1996 the spargers were submitted to full-
scale experimental research to examine hydraulic
shock phenomena occurring in some transient and
accident situations. The structural design of the
spargers was modified on the basis of the research
results; also the sparger that had already been
commissioned was modified. Based on the re-
search results and good operating experience
STUK approved the modified feed water spargers
for operation in 1997. Spargers have been re-
placed in annual maintenance outages and Imat-
ran Voima Oy has plans to replace all spargers of

the old type by the year 2000 at the latest. After
the 1998 annual maintenance outages all Lovii-
sa 2 and two Loviisa 1 steam generators have
spargers of the new type.

The new type of feed water sparger is located
above the heat transfer piping of a steam genera-
tor, whereas the old ones were in the middle of the
piping assemblies. It is being studied what effect
the location of the new spargers has on the set
values of the protection signals. The new location
of the spargers might make it necessary to change
the set values. STUK has requested a reassess-
ment of these matters from Imatran Voima Oy not
later than at the time when more than a half of
the steam generators of either plant unit have
been provided with the new sparger type and a
new water level control system based on program-
mable technology.

Water level controllers of steam generators
replaced

A steam generator's water level controllers main-
tain secondary circuit water level at its set point
by regulating the feed water flow so that it corre-
sponds to the mass flow of steam from a steam
generator. Emergency level controllers affect the
control valves of emergency feed water lines. The
control function has been assured against errone-
ous or insufficient operation. Peed water supply to
the generator has been assured and steam genera-
tor overfill prevented by protection signals that
are independent of water level control, which
means that there is no safety function incorporat-
ed in the normal level control function.

The steam generator level controllers at both
Loviisa plant units will be replaced with devices
based on programmable technology because the
operating life of the old Russian-made controllers
is coming to an end. At the same time, the safety
functions of the emergency level control will be
removed and will be independently implemented
by hard-wired technology; the role of emergency
level control will thus become that of "start-up
control". The replacements were started in 1996
when one Loviisa 1 steam generator was fitted
with new controllers in the annual maintenance
outage.

The rest of the steam generator level control-
lers at Loviisa 1 were replaced in 1998. STUK
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reviewed and approved system-level modifica-
tions. The functioning of the water level control-
lers was tested in the 1998 annual maintenance
outage as regards both protection signals and
controllers. In addition, tests were conducted with
the plant unit at full power. STUK reviewed and
approved the commissioning programme and wit-
nessed the tests. In addition, the functioning of
the controllers was registered in a primary circu-
lating pump trip test with the plant unit in power
operation. Imatran Voima Oy has reported the
results of the tests to STUK.

The safety significance of the new controllers
will be reassessed in connection with the replace-
ment of the feed water spargers of the steam
generators.

Ageing cables in the steam generator space
of Loviisa 1 and 2

Temperature mappings made in the steam gener-
ator spaces of the Loviisa plant units have shown
that the electrical and automation equipment as
well as their cables that are located there have
over the past years been subjected to a heat stress
above design. A high temperature and radiation
levels in the steam generator space speed up the
ageing of the cables and equipment.

The steam generator spaces contain equipment
and cables important not only for plant normal
operation but also for accident management. Dur-
ing accidents they are exposed to environmental
conditions that are far more stressful than those
during normal operation.

The results of the intensified temperature map-
ping of the steam generator space were available
after the 1997 annual maintenance outage. Ac-
cording to them, temperatures at both plant units
in several places significantly exceed those to
which the electrical and automation equipment
and their cables have been qualified. At Loviisa
NPP, the qualification of the electrical and auto-
mation equipment and their cables in the steam
generator space is based on type testing, in which
the thermal ageing mainly corresponds to 30-40
years of operation at a temperature of +50 °C. In
some parts of the Loviisa 1 steam generator space
the temperature during power operation has gen-
erally been close to +60 °C. Temperatures as high
as +70...85 °C have been measured in the hottest

parts of the steam generator space. The tempera-
tures in the Loviisa 2 steam generator space have
been ca. 5 °C lower than those at Loviisa 1.

The temperature measurements showed that
the overall temperature of the Loviisa 1 steam
generator space had increased by 7 °C from the
time of the plant unit's commissioning. The rise
was primarily due to the insufficient and ageing
insulation of piping and equipment, and was not
caused by the power upgrading of Loviisa NPP.

Electrical and automation equipment and their
cables have been ascertained to be in good condi-
tion for the most part. It is cables in the vicinity of
hot piping that are problematic and local damage
has already occurred, reducing the reliability of
the cables. Deteriorated cables may sustain dam-
age especially in harsh environmental conditions
during possible accident situations during which
they may be exposed to mechanical stresses as
well. The weakening of the condition of the cables
increases the possibility of short circuits and con-
sequently fire risk. The lighting and related cables
of the steam generator space among other things
have been observed to be in a particularly bad
shape. The most important observation concern-
ing electrical and automation equipment is the
quicker-than-expected ageing of their various
kinds of sealing.

The ageing of electrical and automation equip-
ment and their cables is monitored by the utility
as part of their maintenance using inspections
and the analysis of cable samples. The necessary
equipment and cable repairs are made based on
the monitoring data.

On the basis of the results of the new tempera-
ture measurements available after the 1998 annu-
al maintenance outages and the results of the
testing of sample cables removed from the steam
generator space, STUK requested from Imatran
Voima Oy a safety assessment on the significance
of the quicker-than-expected ageing of the electri-
cal and automation equipment and their cables.
After having examined Imatran Voima O^s safety
assessment and its own analyses, STUK approved
the operation of the plant units until the next
annual maintenance outage. The accelerated age-
ing of the electrical and automation equipment
was not assessed to have impaired the safe opera-
tion of the plant units. The electrical and automa-
tion equipment of both Loviisa plant units will be
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extensively inspected and replaced in the 1999
outages.

Some improvements have already been made
at the plant units that are based on Imatran
Voima Oĵ s analyses, i.a. aged cables that were
visibly in bad condition have been replaced and
fire risk has been reduced among other things by
de-energising the steam generator space lighting,
which is not needed during plant operation. In
addition, procedures pertaining to plant unit oper-
ation have been complemented to ensure the cor-
rectness of various observations. Owing to chang-
es made in ventilation and improved thermal
insulation the overall temperature of the steam
generator space has already been reduced.

Arc protection of diesel-backed switchgear
at Loviisa 2

The project to provide arc protection for the die-
sel-backed 6 kV and 400 V switchgear important
to the safety of the Loviisa plant units was com-
pleted in the 1998 annual maintenance outage of
Loviisa 2. The installation of arc protection was
started at Loviisa 2 in 1994. Corresponding modi-
fications were made at Loviisa 1 already in the
1996 annual maintenance outage.

STUK has reviewed the documentation relat-
ing to the project and evaluated the acceptability
of its implementation. In addition, STUK has
overseen implementation and followed the pre-
operational testing of the systems in connection
with the plant units' annual maintenance outages.

The project improved arc protection of the
switchgear by providing them with reliable arc
protection relays. Arcs usually lead to significant
component damage, long interruptions in opera-
tion and even to personal injury unless extin-
guished promptly enough.

Year 2000 compatibility of computer-based
systems

At the turn of the new Millennium computer-
based systems and components may be unreliable
in their processing of date-related data. At Loviisa
NPP computer-based systems are used for admin-
istrative tasks, in systems used by experts as well
as in upgraded I&C control systems and non-nu-
clear systems. The safety systems of the plant

units, for example protection automation, employ
analogous technology that is not affected by the
problem.

Because problems are anticipated with the
arrival of the new Millennium, a Millennium solu-
tions project has been launched at Loviisa NPP. It
is part of an extensive project implemented by
Imatran Voima Oy and those taking part in the
project at Loviisa NPP will benefit from the tech-
nical know-how thus provided.

In the spring of 1998, Imatran Voima Oy sub-
mitted to STUK a plan for ensuring, at the turn of
the Millennium, the reliable operation of systems
and components, which employ programmable
technology and have to do with the safety and
undisrupted operation of the Loviisa plant units.
It also gave a progress report on the project's
implementation at that time.

STUK followed onsite i.a. the testing of the
process computer during the annual maintenance
outage. The data transfer link between STUK and
Loviisa NPP, which is to be used in the event of
accidents, was tested. STUK made an audit to the
plant unit as well. Imatran Voima Oy reported the
project's progress to STUK.

Certain components and systems have been
identified at the Loviisa plant units that require
repair or replacement before the arrival of the
new Millennium. The necessary corrective meas-
ures have been started and some have already
been completed. All safety-significant computer-
based systems and components have already been
tested and repaired.

3.2.4 Probabilistic safety analyses

By the probabilistic analysis of outage risks, Imat-
ran Voima Oy has identified the most important
risk factors, excluding fires and floods. The most
important factors contributing to outage risk are
heavy load lifts in the reactor hall. According to a
preliminary assessment, such events account for
about a half of total outage risk. The loss of diesel-
backed switchboards, decay heat removal and the
cooling of instrument rooms as well as the ruptur-
ing of a small-diameter pipe connecting to the pri-
mary circuit account for a major part of the re-
maining risk. To verify the scope and reliability of
the analyses made by Imatran Voima Oy, STUK
commissioned VTT to carry out an analysis of
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heavy load lifts. The analysis was mainly based on
expert opinion.

Imatran Voima Oy has in a fire risk analysis
examined the risk of potential fires at the plant
unit. The results show that risk is mostly caused
by a failed sealing of the primary circulating
pumps. Fires could damage vital power or control
cables, leading to interruptions in the cooling of a
sealing of the primary cooling pumps, causing
small loss-of-coolant accidents (LOCAs). This
event accounts for ca. 65% of fire risk. Of other
initiating events, the most significant is total loss
of feed water caused by fires in the turbine hall
and on the bottom level of the water desalination
plant. For the plant's buildings the risk distrib-
utes as follows: the major part is from the control
building (45%), the cable tunnels (32%) and the
turbine building (28%). STUK has completed a
preliminary review of the fire risk analysis.

3.2.5 Radiation safety

Radiation doses to those who worked at Loviisa
NPP in 1998 were clearly below the annual limit
of 50 mSv. The highest individual radiation dose
incurred at Loviisa NPP was 19.7 mSv. The distri-

bution of individual doses in 1998 is given in re-
port STUK-B-YTO 190.

The combined collective occupational radiation
dose for both Loviisa plant units in 1998 was 2.07
manSv. The development of collective occupation-
al doses since the commissioning of the plant
units is given in Figure 10. According to Guide
YVL 7.9 issued by STUK, the threshold guideline
for the collective radiation dose for one plant unit
is 2.5 manSv per 1 GW of net electrical power
averaged over two successive years. When the
power uprating of the plant units is taken into
account the threshold value for a collective radia-
tion dose for both Loviisa plant units is 2.44
manSv.

Radioactive releases into the environment of
Loviisa NPP in 1998 were well below authorised
limits. The releases of gaseous radioactive efflu-
ents were 0.002% of authorised limits. In the
releases of radioactive noble gases, the activation
product of argon-40, i.e. argon-41, in the atmos-
phere of the space between the reactor pressure
vessel and the biological shield was dominating.
Radioactive iodine releases were 0.02% of the
annual release limit of 2.2xlO5MBq. The tritium
content of liquid effluents, i.e. 9.3 TBq, is ca. 6% of
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Fig 10. Collective occupational radiation doses at Loviisa and Olkiluoto
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the release limit. The total activity of other liquid
effluents was 1.2 GBq, which is ca. 0.1% of the
release limit. More detailed information about
releases and set limits can be found in the report
STUK-B-YTO 190.

Release limits are established to keep the an-
nual individual population radiation exposure in
the vicinity of NPPs, arising from the operation of
the plants, clearly below the threshold value of
lOOuSv defined in the Decision of the Council of
State (395/1991). The radiation exposure of the
most exposed individual in the environment of
NPPs, calculated on the basis of releases, was ca.
0.5% of the limit. Calculated annual radiation
doses since the plant unit's commissioning are
given in Fig. 11.

The total number of samples collected in 1998
in accordance with the environmental monitoring
programme of Loviisa NPP, which is implemented
by STUK, was 418. Radioactive substances origi-
nating from Loviisa NPP were measurable in the
samples in such quantities only as have no bear-
ing on the population radiation exposure. The
observations are explained in more detail in re-
ports STUK-B-YTO 182, 184, 185 and 190.

3.3 Olkiluoto NPP

3.3.1 Operation

Both Olkiluoto NPP units were safely operated. In
1998, no events higher than INES Level 1 occurred.
The below events were classified as Level 1:
• It was detected at Olkiluoto 1 on 20 November

1998 that the oxygen content of the contain-
ment exceeded the set limit in the Technical
Specifications. It had been raised on 16 Novem-
ber 1998 because of a periodic test of the gas
treatment system. This unusual procedure had
to be carried out because, owing to the low
oxygen content of the containment, the temper-
ature increase in the gas treatment system
need for the test could not have been reached.
The limit was exceeded because the oxygen
content of the containment drywell was moni-
tored and not that of the space where the air
was being channelled. It has been concluded,
on the basis of analyses, that the maximum
oxygen content has been 4.2%. The total con-
tainment oxygen content for four days was ca.
2.2%. The limit according to the Technical
Specifications is 2%.
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Fig 11. Calculated radiation dose estimates for an individual of the most exposed population group in the
vicinity of Loviisa and Olkiluoto NPPs.
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To prevent recurrence, Teollisuuden Voima Oy
has changed the periodic testing instructions
for the gas treatment system in such a way
that oxygen need not be fed to the containment
anymore. In addition, a requirement for the
measuring of the oxygen content of the drywell
and wetwell has been incorporated in the in-
structions for containment pressure increase.
The possible need to develop the instruments
for measuring oxygen content will be looked
into as well.

• There was an ignition in the insulation of
steam piping at the turbine plant of Olkiluoto 2
on 28 January 1998, which occurred in conse-
quence of a leak in the turbine oil system. The
leak was localised in a valve of the turbine
control oil system. After the leak's localisation,
the plant unit's power was reduced to 75% and
the leak stopped when the leaking valve was
closed. The fire brigade, which was alerted
onsite because of the risk of a fire, promptly
put out the ignition. The plant unit's power
was further reduced to 25% and also the fire
brigades of the nearby Eurajoki and Rauma
municipalities were alerted onsite to assure
safety. The ignition caused no personal injuries
or significant material damage.

During the later examination of the event,
some cause for improvement was found. After
the event Teollisuuden Voima Oy has increased
i.a. the control measures taken by the shift
personnel and made some improvements to the
contact and alarm system. In addition, the
number of alarm limits indicating the level in
the main oil tank have been increased to detect
quicker than previously any unexpected reduc-
tion in oil.

The load factor of Olkiluoto 1 was 95.1% and that
of Olkiluoto 2 was 93.2%. The power uprates of
the plant units have been taken into account in
the calculation of load factors such that the in-
creased electrical power was used as of the day
following the day of the power uprating. The
Olkiluoto 1 annual maintenance outage lasted 15
days and that of Olkiluoto 2 for 19 days. In the
outages, modifications were implemented that

made possible the uprating of the reactor power of
the plant units to the planned 115.7%.

One reactor scram occurred at Olkiluoto 1. The
unit was in power operation during a load rejec-
tion test at 60% power level while in the test the
turbine plant auxiliary condensate pumps stopped
and the standby pump failed to start. In conse-
quence, the condenser could not receive the steam
and a reactor scram and discharge of vapour into
the containment condensate pool took place. The
standby pump's failure to start was attributed to a
defective functional controller of the auxiliary
condensate pumps, which was repaired at both
plant units.

No reactor scrams occurred at Olkiluoto 2
while in power operation.

The number of other operational disturbances
at both Olkiluoto units remained low as well.
Production losses caused by failures were 0.18%
at Olkiluoto 1 and 0.52% at Olkiluoto 2.

Figure 7. gives the average daily gross power of
the plant units.

The trend in load factors and the number of
reactor scrams since the commissioning of the
plant units is given in Figures 8b and 9b. Events,
interruptions in production and the causes of
power reductions have been reported in STUK's
publications STUK-B-YTO 182, 184, 185, and 190.

3.3.2 Operating licences and power
uprating

The Council of State on 20 August 1988 granted a
new operating licence for the Olkiluoto plant units
and their intermediate storage for spent fuel as
well as the storage for low and intermediate level
waste. The highest allowable reactor power in ac-
cordance with the operating licence is 2500 MW
and it is valid until the end of 2018. The gross
electrical power of both plant units that corre-
sponds to the highest allowable reactor power is
870 MW and the net electrical power is 840 MW.

An extensive modernisation project relating to
the uprating of the plant units' power was started
in 1994. The structures and systems of the units
were modified and modernised to make possible
the production of higher reactor and electrical
power. In the 1998 annual maintenance outages
the Olkiluoto plant units were modified to make
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possible the uprating of their reactor power to the
final 2500 MW power level planned in the mod-
ernisation project, which is 15.7% higher than
before.

A comprehensive test operation programme
was carried out to demonstrate that the plant
units are safe to operate as planned after the
implementation of the modifications. The test op-
eration included system-specific tests, plant-unit-
specific transient tests and long-term testing with
the reactor operating at an uprated constant pow-
er over long periods of time. Test operation took
place at different power levels phase by phase and
under STUK's supervision. Before the reactor
power was raised to a level higher than before,
STUK made a safety assessment pertaining to
test operation at the power level in question.

In early 1998, both reactors were operated at
ca. 108% power in a long-term test. After annual
maintenance outages, the reactor power of both
plant units was uprated via two intermediate
power levels to 2500 MW. The power of Olkiluoto 1
was raised on 13 June 1998 and that of Olkiluo-
to 2 on 2 of June 1998. During the test operation
at various power levels, measurements were made
and plant transient tests were carried out that
had to be passed before the uprating of power to
the next level. The most important plant transient
tests were load drop tests, turbine trip tests and
the bypass test of the high-pressure pre-heater. In
addition, condensate and feed water pump trip
tests were conducted among others. In addition to
the plant transient tests, the operation of the most
important control systems was also examined in
separate pressure, power and feed water transient
tests. STUK reviewed and approved both the test
programmes and their result reports and wit-
nessed the tests.

On 30 June 1998 STUK issued to the Ministry
of Trade and Industry a statement in favour of the
application for an operating licence for the
Olkiluoto plant units. It included an extensive
safety assessment of the operation of the plant
units at the uprated 2500 MW reactor power.
Since the plant units had been operating at the
new uprated power level less than a month before
the issuing of the statement, STUK called for
Teollisuuden Voima Oy to continue test operation
for two months and to report the results to STUK;

after this STUK would confirm its assessment of
the safety of continued operation of the reactors at
the uprated power level. A protocol dealing with
this assessment was sent to the Ministry of Trade
and Industry on 15 October 1998.

3.3.3 Safety improvements

Renewal of the neutron flux measuring
system

The renewed Olkiluoto 2 neutron flux measuring
system has been commissioned in the 1998 annual
maintenance outage. Corresponding modifications
were implemented at Olkiluoto 1 in 1997. The re-
newed system is easier to operate, calibrate and
maintain than the old one whose technology was
ageing.

The system comprises different parts to control
operation at various reactor power levels. The old
three-part system has been replaced with a two-
part system. SIRM (Source and Intermediate
Range Neutron Flux Monitoring), the low power
range sub-section of the new system, monitors
neutron flux even within the source range, i.e.
during refuelling. APRM (Average Power Range
Monitoring), the system's other sub-section, moni-
tors neutron power distribution in the reactor core
during power operation in the same way as the old
system did.

The combining of the start-up and source range
systems has improved the control of power within
the start-up range control. The signal processors
of both new systems use programmable technolo-
gy that essentially improves calibration and the
follow-up of system operation. In addition, the
power range control section uses a conservative
means of verification, which is based on non-
programmable technology. The installation and
introduction of the system was started at Olkiluo-
to 1 in 1996 when two start-up range measure-
ment channels were installed parallel to the old
system during the annual maintenance outage.
Similar modifications were made at Olkiluoto 2 in
1997. The rest of the system was installed at
Olkiluoto 1 in 1997 and the new system was
coupled to the reactor control and protection sys-
tem. Olkiluoto 2 was correspondingly modified in
the 1998 annual maintenance outage.
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STUK has reviewed the plans for the system
modifications, the result documentation for the
modifications and witnesssed inspections and
tests relating to the modifications. Restrictions
have been placed on the system's operation and
the compliance verification analyses of the sys-
tem's programmed part is being reviewed by
STUK

Modification of the reactor protection
system

The upgrading of some functions relating to the
reactor protection system has been a prerequisite
for the uprating of reactor power relating to the
modernisation of the Olkiluoto NPP.

In the 1998 annual maintenance outages, reac-
tor protection functions relating to the manage-
ment of ATWS situations (ATWS, Anticipated
Transient Without Scram) were improved at both
Olkiluoto units. ATWS situations are anticipated
operational transients during which reduction of
reactor power by control rod insertion is assumed
to fail.

The new protection for ATWS situations func-
tions in such a way that if a situation occurs (at
reactor power that exceeds 8%) an automatic
reactor pressure reduction actuates, main circula-
tion and feed water pumps stop, and boron injec-
tion into the reactor starts when the water level in
the reactor drops below a certain level. Automated
boron injection into the reactor will also start if
the reactor pressure exceeds 74 bar for over 10
seconds. The aim of automatic pressure reduction
and main coolant pump trip is to reduce the
reactor power as much as possible. One reason for
the main coolant pump trip is that the character-
istics of the pumps are not known in situations
where the reactor water level drops too close to
their impellers. The reactor can be shut down by
an automated boron injection system if the control
rod function is not available. The tripping of feed
water pumps improves the operation of the boron
injection system and prevents any excessive in-
crease in the temperature of the condensation
pool.

In the 1998 annual maintenance outages of the
Olkiluoto plant units, automatic reactor pressure
reduction has been added to the reactor protection
functions to provide against events during which

the reactor water level decreases below a certain
level. The aim is to assure the supply of cooling
water to the reactor by low-pressure emergency
coolant pumps in a case where, in addition to
normal feed water, also high-pressure emergency
coolant pumps are lost.

STUK reviewed and approved plans pertaining
to the modification of the protection system.

Assurance of reactor pressure reduction

During the annual maintenance outage of the
Olkiluoto plant units, modifications were made to
the relief system to assure reduction of reactor
pressure during severe accidents. The pressure of
the reactor coolant circuit must be reduced during
severe accidents to maintain containment integri-
ty. A severe accident is an accident involving core
damage. Loss of containment leaktightness and
integrity are likely to occur if the reactor pressure
vessel were damaged by a core melt at high pres-
sure.

For the control of reactor pressure in accident
situations both Olkiluoto plant units use the pri-
mary circuit relief system, which has a total of 14
safety and pressure relief valves. Most of these
valves are kept open by means of electrically
operated pilot valves if pressure difference over
the valve decreases to 4 to 2 times atmospheric
pressure. The valves close by force of gravity and
spring if pressure difference across the valve de-
creases below that. Their re-opening requires a
pressure increase beyond closing pressure. In ad-
dition, hot gases formed during a severe accident
can damage the valves and prevent their opera-
tion.

Two quick-opening valves in the pressure con-
trol lines of the relief system have been provided
with nitrogen or water supply to keep them open
in low pressure. After the modifications the quick-
opening valves can be supplied with either nitro-
gen or water to keep them open in low pressure.
STUK reviewed and approved the plans for the
modifications. Further improvement of the system
will take place in the 1999 annual maintenance
outage when valves, which open the pressure
control line, will be placed outside the contain-
ment. In this way they are not be exposed to harsh
environmental conditions during a severe acci-
dent.
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Extension of leakage-testing interval of
isolation valves

At both Olkiluoto plant units the leakage-testing
interval of some containment isolation valves has
been extended from one to three years. The valves
in question are located in the instrument lines
that penetrate the containment. The condition of
the valves is followed by periodic leakage and
functional tests.

Before the modification Teollisuuden Voima Oy
drew up a clarification about the changing of the
testing interval in which it justified the change
and assessed its effect on the risk of a radioactive
materials release during accident situations. The
extension of the testing interval has been possible
because the valves in question have maintained
their leaktightness and the change has a minor
effect on the containment overall leaktightness. In
addition to these tests, the operation of the isola-
tion valves is followed by functional tests every
year. STUK reviewed and approved Teollisuuden
Voima O^s application, which included the exten-
sion of the testing interval of the valves in ques-
tion and procedures implemented if valves fail
leakage test. The leakage-testing interval of other
containment isolation valves has been kept un-
changed.

Improvement of the reliability of ventilation
in the fallout shelter

In an analysis made in connection with the han-
dling of operating license applications for the
Olkiluoto plant units, attention was paid to the
fact that the use of the facility's fallout shelter has
changed from the original purpose of its use: it is
needed for tasks important in the management of
accident situations. This being the case, the shel-
ter must be habitable during an accident to keep
occupational radiation doses sufficiently low.

To take account of the changed situation Teol-
lisuuden Voima Oy applied that, to ensure ventila-
tion, the shelter's quality of being a shut-off space
would be utilised first, after which the existing
ventilation systems would be used, or the com-
mand centre would be moved either to the com-
mand centre of an other unit or to the quarters of
the Rauma rescue authority. (Rauma is a city in
the vicinity of Olkiluoto NPP.) STUK reviewed

Teollisuuden Voima Oy's plans on how to remedy
the situation. Teollisuuden Voima Oy has made
the relevant changes to i.a. the emergency plan.

Introduction of a new fuel type

In the 1997 annual maintenance outage, eight fuel
assemblies of a new type manufactured by Gener-
al Electric (GE) were loaded into the reactor of
Olkiluoto 1. The irradiation of these lead assem-
blies in the reactor before the loading of a full
reload batch is an essential part of the licensing of
a new fuel type to reveal possible problems in
structure. During this test period, which covered
the 1997-1998 fuel cycle, the behaviour of the new
fuel in the reactor was followed. In the fuel exami-
nations carried out during the 1998 refuelling out-
age nothing was revealed to prevent the further
use in the reactor of this GE12-type fuel. STUK
therefore approved the new fuel type for use in
the reactor. In the 1998 outage, a full reloading
batch of this fuel type was loaded into the reactor.
The design of the internal structure of the GE12
fuel bundle gives better properties relating to
shutdown margin and stability than the fuel type
that had been previously used in the reactor. In
addition, the safety margins of the GE12 fuel are
larger.

Renewal of the turbine protection and
control system

The turbine control and protection systems of both
Olkiluoto plant units have been renewed. The re-
newal of the old system, which employed hydrau-
lic technology, was prompted by improvements
planned to the serviceability and reliability of the
system. The systems of Olkiluoto 1 were renewed
in 1996 and those of Olkiluoto 2 in 1997. In 1998
systems modifications were made that were main-
ly due to the renewed high pressure turbine con-
trol and emergency stop valves of the main steam
lines. STUK reviewed and approved the plans for
the modifications.

A turbine controller governs i.a. these valves in
various operating conditions. The turbine protec-
tion system monitors the turbine plant and, if
necessary, sends operating signals to i.a. to equip-
ment that stop the turbine or, in some cases, also
to the reactor scram system. The systems have
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been implemented by programmable technology.
In connection with the renewal, both the protec-
tion and the control system were changed to
comprise three channels instead of two. The modi-
fication improves system reliability. If one control-
ler fails in the 3-channel system this does not
cause disturbances in the functioning of control
valves during plant unit operation.

After the annual maintenance outages the op-
eration of the systems was tested during power
operation i.a. in load rejection and turbine trip
situations, which are the most critical operational
transients from the viewpoint of the turbine con-
troller. The controller operated faultlessly in the
tests. STUK reviewed and approved the testing
programmes and witnessed the tests. Some chang-
es were made to the system on the basis of the
tests.

The improved reliability of the turbine control
and protection system has for its part made the
reactor power uprating possible. The system up-
grade has reduced the possibility of a pressure
control failure that restricted the operation of the
reactor before.

Renewal of the electric drives of main
circulation pumps

Due to the ageing of the old frequency converters,
the electric drives of all six primary circulation
pumps of both Olkiluoto units are to be renewed.
In addition, spare parts became harder to find.
The electric drives have been modified to extend
the pump run-down time during a power failure.
The extension slows down pump-trip-induced
changes in the flow of the reactor cooling water
and increases the safety margin against fuel fail-
ure.

Where electrical engineering is concerned, the
new electric drive system corresponds to the old
one. An exception is a motor that has been added
to the system to store up the flywheel energy so
that a primary circulation pump can be controlla-
bly stopped in case of loss of electricity. The
system's frequency converter employs modern
technology and the control units are based on
programmable technology. The protection function
for controllably stopping the pumps has been
implemented by parallel control units based on

non-programmable technology.
The first new frequency converter, whose con-

trol unit was replaced with a more effective one in
a 1997 shutdown, was installed at Olkiluoto 1 for
testing purposes in the 1996 annual maintenance
outage. In the 1998 annual maintenance outages,
three more sets of equipment, which were an
improved version of the systems installed in the
previous year and in which the reactor protection
function had been separated from the control
function, were installed at Olkiluoto 1 and -2.
Currently, both plant units have a total of four
new electric drives of primary circulation pumps
in use. The objective of Teollisuuden Voima Oy is
that, after the 1999 annual maintenance outages,
all primary circulation pumps have been provided
with new electric drives.

STUK has reviewed documentation and re-
ports relating to the new electric drives of the
main circulation pumps as well as assessed the
acceptability of the modification plans. In addi-
tion, STUK supervised the implementation of the
modifications and witnessed the site acceptance
tests of the systems during the plant units' annual
maintenance outages. STUK has not yet complet-
ed the handling of some clarifications dealing with
the electric drives of the main circulation pumps.

Modernisation of battery-backed power
supply systems

The modernisation of the battery-backed 400/230 V
AC systems of the Olkiluoto plant units was com-
pleted in the 1998 annual maintenance outages.
The project was started at Olkiluoto 2 already in
1995 and at Olkiluoto 1 in 1996. The objective was
to replace system components and to improve the
availability of systems. After the modifications the
battery-backed 400/230 V systems of both Olkiluto
units have been fitted with four new UPS devices
(UPS, Uninterruptible Power System) and their
associated batteries to assure uninterrupted sup-
ply of voltage.

STUK has reviewed the related documentation
and evaluated the acceptability of implementa-
tion. In addition, STUK has supervised the
project's implementation and witnessed systems
factory acceptance tests as well as site acceptance
tests during annual maintenance outages.
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Modification of electrical systems

Because the power of the Olkiluoto plant units
has been uprated it has been necessary to make
modifications to the electrical systems of the plant
units. The main transformer and the generator
breaker were replaced in the annual maintenance
outage of Olkiluoto 2. The rated power of the new
main transformer is 1000 MVA, whereas that of
the old one was 800 MVA. The new main trans-
former corresponds to the old transformer by de-
sign and engineered features. The new type of
generator breaker meets the requirements of the
reactor power uprate and is capable of breaking
full-power short-circuit current, if necessary. The
relay protection of the main transformer and gen-
erator was also replaced to improve the protection
of electrical systems against various short-circuit
situations.

The short-circuit and nominal current strength
of the generator bus of Olkiluoto 2 was raised
from 25 kA to 32 kA in the annual maintenance
outage. This was done by replacing the couplings,
cooling unit and current transformers of the bus-
bar system. The increased short-circuit and nomi-
nal current strength of the busbar system re-
quired the strengthening of the busbar supports
as well. Corresponding modifications were made
at Olkiluoto 1 already in the annual maintenance
outage of 1997.

STUK has followed the implementation of the
aforementioned modifications and evaluated their
acceptability in connection with inspections relat-
ing to the power uprating of the plant units.

In the 1998 annual maintenance outages, the
main and plant transformers of Olkiluoto 1 were
provided with installed, manually-tripped water
extinguishing systems to improve fire safety. Cor-
responding modifications were made at Olkiluo-
to 2 already in 1994.

Battery and rectifier cubicle supports

The impact of earthquakes at Olkiluoto NPP was
initially assessed as small. Seismic events were
not separately taken into account in plant design
because it was thought that the safety marginals
of structures and components were large enough

to cover them. However, earthquake risks have
been assessed later in a Probabilistic Safety Anal-
ysis conducted by Teollisuuden Voima Oy. This
analysis revealed the need to improve earthquake
resistance. According to the analysis, such items
would be rectifier cubicles, batteries, and the fas-
tening of control room lighting.

The installation of the new supports of rectifier
cubicles and batteries to improve their earth-
quake resistance began at both plant units in the
1997 annual maintenance outages and continued
in the 1998 annual maintenance outages. Cur-
rently all the supports of rectifier cubicles and
half of those of all batteries in the battery-backed
220 V and 380/220 V AC power supply systems
and in the DC power supply systems of both plant
units have been modified in this way. In addition,
the supports of other electronics and electric cubi-
cles located in the rectifier cubicle rooms have
been modified as well. STUK reviewed and ap-
proved the modification plans and their imple-
mentation.

The supports of rectifier cubicles and batteries
that have already been improved significantly
reduce the calculated risks of earthquakes. Teol-
lisuuden Voima Oy will continue to improve the
stability of the cubicles and batteries even in the
future, but the effect of the new additional sup-
ports on earthquake risk will be small, however.
The earthquake-resistance of control room light-
ing will be improved in conjunction with other
modifications planned for the control rooms.

Ensuring the Year 2000 Compatibility of
computer-based programmes

Computer-based systems at Olkiluoto NPP are
used for administrative tasks and in expert, up-
graded I&C and non-nuclear safety significant
systems. The most significant safety systems of
the plant units have been implemented by analo-
gous technology that is not affected by the prob-
lem.

Teollisuuden Voima Oy has launched a project
to look into the Y2K problem. STUK follows the
progress of the project. STUK has called for Teol-
lisuuden Voima Oy to report on its plans and
actions ensuring the reliable operation in the turn
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of the Millennium of systems and components
that employ programmable technology and relate
to the safety and undisrupted operation of the
plant units.

All computer-based systems and components of
Teollisuuden Voima Oy have been identified. The
analysis of their Year 2000 Compliance is still
under way. Some components and systems have
been identified at the plant units, which require
repair or replacement before the turn of the Mil-
lennium. The necessary repairs have been started
and some have already been completed. According
to current plans, all repairs and testing will be
completed by the end of September 1999.

Treatment of liquid waste was improved

A project to reduce the releases of radioactive liq-
uid effluents has been completed at the Olkiluoto
NPP. The plant units' systems for treating radio-
active waste waters were fitted with new equip-
ment for separating very fine solids from waste
water. In addition, a fuel pool water recovery sys-
tem was added to the system that cleans up and
recirculates the water from the fuel and reactor
pools. The system includes a 1500 m3 storage pool
for the water removed from the reactor and con-
densation pools for the duration of annual mainte-
nance outages. The water to be stored is slightly
radioactive and it is cleaned up the first time when
pumped to the pool and again when recirculated
to the reactor.

The storage tank at Olkiluoto 2 was introduced
in the 1998 annual maintenance outage. The
waste water cleaning equipment has been taken
into service at both plant units in 1997 and the
storage pool at Olkiluoto 1. STUK reviewed the
construction engineering plans for the pool and
approved the design documentation of the associ-
ated piping. STUK monitored the implementation
of the modifications and the commissioning of the
storage circuits.

3.3.4 Probabilistic safety analyses

STUK has reviewed an updated outage risk analy-
sis for the Olkiluoto plant units. The review

showed that it is necessary to re-evaluate the
probability of the complete closing of fuel pool
gates by utilising the operating experience gained
in tests. Teollisuuden Voima Oy has already re-
duced the most important outage risks by keeping
the personnel locks in the lower part of the con-
tainment always closed. As a result of modifica-
tions, the annual estimated probability of a core
melt has been reduced to almost a tenth part of
the result yielded by the original analysis.

Teollisuuden Voima Oy has assessed seismic
risks in an analysis that was completed in 1996. It
showed that direct current electrical systems and
batteries were particularly sensitive to earth-
quakes. Improvements important to safety to re-
duce risks are described in subsection 3.3.3

STUK completed an overall review of a weath-
er risk analysis. After modifications had been
implemented to ward off risks arising from snow-
storms and sub-zero seawater, no significant initi-
ating events have been identified that would have
been caused by weather-related risks.

3.3.5 Radiation safety

Radiation doses to those who worked at Olkiluoto
NPP in 1998 were clearly below the annual dose
limit of 50 mSv. The highest individual radiation
dose incurred at Olkiluoto NPP was 13.7 mSv. The
distribution of individual doses in 1998 is given in
the report STUK-B-YTO 190.

The total collective occupational radiation ex-
posure in 1998 was 2.06 manSv. The development
of collective radiation dose since the commission-
ing of the plant units is given in Figure 10.
According to Guide YVL 7.9 issued by STUK, the
threshold guideline for collective dose for one
plant unit is 2.5 manSv per one gigawatt of net
electrical power averaged over two successive
years. The power increase of the plant units taken
into account, the threshold value for collective
radiation dose for the Olkiluoto plant units in
accordance with Guide YVL 7.9 is 4.20 manSv.

In 1988 radioactive releases to the environ-
ment of Olkiluoto NPP were significantly below
authorised limits. Noble gas and iodine releases to
the air were 0.002% of authorised limits. The
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tritium content of liquid releases that was 1.2 TBq
is ca. 6% of the annual release limit. The total
activity of other nuclides released into the sea was
2.5 GBq, i.e. ca. 0.8% of the site-specific release
limit. Releases are dealt with in more detail in the
report STUK-B-YTO 190.

The radiation dose calculated for the most
exposed individual in the plant's vicinity on the
basis of the releases was about 0.2% of the thresh-
old value prescribed by a Council of State Deci-
sion. Annual calculated radiation doses since the
commissioning of the facility are given in Figure
11.

In 1998 the total number of samples collected
in accordance with the environmental monitoring
programme of Olkiluoto NPP that was implement-
ed by STUK was 259. Only small amounts of
radioactive substances originating from Olkiluoto
NPP were measurable in the samples. These ob-
servations are explained in more detail in the
reports STUK-B-YTO 182, 184, 185 and 190.

3.4 Other nuclear facilities

In addition to regulating NPPs STUK controls the
FiR 1 research reactor operated by the Technical
Research Centre of Finland (VTT). The reactor is
located in Otaniemi, Espoo, and its maximum
thermal power is 250 kW. STUK's control was fo-
cused on i.a. the reactor's QA, operation, radiation
protection, radioactive releases, quality assurance,
fire protection, emergency preparedness and phys-
ical protection as well as operations involving nu-
clear materials.

In 1998, VTT continued to develop the treat-
ment of brain tumours by neutron irradiation
(BNCT, Boron Neutron Capture Therapy) using
the FiR 1 reactor. STUK reviewed and approved
the changes necessary to the reactor's operation
and related documents because of the therapy.

There were no safety related events at the
FiR 1 reactor in 1998. Occupational radiation dos-
es and radioactive releases into the environment
were clearly below set limits.
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4 NUCLEAR WASTE REGULATION

In nuclear waste management, STUKs regulation was focused on
spent fuel storage and final disposal plans as well as on the treatment,
storage and final disposal of reactor waste.

4.1 Spent nuclear fuel

STUK monitored the storage of spent nuclear fuel
by regular inspections and reviews of the plans
and inspections of the work relating to storage
equipment. No events occurred in the storage of
spent fuel storage that would have endangered
safety. The volumes of spent fuel stored on the
sites of the plant units every year are given in
Figure 12.

The construction of an extension to the pool
storage for spent nuclear fuel was continued at
Loviisa NPP. STUK oversaw the construction
work by review of documents and inspections at
the construction site. The new store is due for
completion in the year 2000.

Posiva Oy, a company founded by Imatran
Voima Oy and Teollisuuden Voima Oy, carries out
research, development and planning relating to
the final disposal of spent fuel and prepares for
the implementation of final disposal at a later
date. Major objectives are readiness to choose a
disposal site by the end of the year 2000 and to
begin final disposal operations in 2020.

In early 1998 Posiva Oy accomplished an envi-
ronmental impact assessment programme per-
taining to the final disposal project. The next
objective is to be able to submit an application for
a Decision in Principle in the spring of 1999. This
licensing process in accordance with the Nuclear
Energy Act is of vital importance among other
things to obtain the approval of the host munici-
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The quantities of Loviisa NPP spent fuel do not include batches shipped to Russia. Tonnage have been calculated on the
basis of assembly nominal values (Loviisa 120 kgU/assembly and OIkiluoto 178 kgU/assembly).

Fig 12. The amount of spent nuclear fuel at the end of the year.
tmmsm
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pality for the final disposal project.
STUK issued a statement on the environmen-

tal impact assessment programme, and actively
contributed to the dissemination of data to the
public as well as to public meetings arranged in
the four municipalities that are candidates for the
disposal site. In addition, STUK prepared for the
review of Posiva Oy's application for a Decision in
Principle by setting up an international team of
experts to evaluate the scientific-technical reports
relating to the final disposal project; the team will
assist STUK's experts in the making of a prelimi-
nary safety judgement relating to the application.

4.2 Reactor waste

In 1998 Imatran Voima Oy completed the first
phase of construction of a final repository for me-
dium- and low-level reactor waste in Hastholmen.
STUK completed the review of the Final Safety
Analysis Report relating to the project as well as
the review of other documents required under nu-
clear energy legislation. It also gave a statement
to the Ministry of Trade and Industry on the ap-
plication for an operating licence. The Council of
State granted permission for the operation of the
plant in April 1998.

By STUK's permission, scrap metal, mainte-
nance waste, waste oil and concrete blocks from
NPPs were cleared from regulatory control. Origi-
nally classified as nuclear waste, these were later
deemed practically free from radioactive substanc-
es.

There have been no safety problems in the
handling, storage and final disposal of reactor
waste. Annual waste volumes are given in Figure
13.

4.3 Other control activities

STUK gave to the Ministry of Trade and Industry
a statement, as referred to in section 78 of the
Nuclear Energy Decree, about the utilities' nucle-
ar waste management measures and plans as well
as a statement, as referred to in section 90 of the
Nuclear Energy Decree, about making financial
provision for the costs of nuclear waste manage-
ment. These regular statements asses if, in pre-
paring for nuclear waste management, the utili-
ties have proceeded according to goals set out by
the government and if the future costs of nuclear
waste management have been appropriately pro-
vided for.
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The volumes of reactor waste include unsolified wet waste, solified waste and packed dry waste, excluding activated metal
scrap, unpacked scrap and ventilation filters.

Fig 13. The volume of reactor waste at the end of the year
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5 NUCLEAR MATERIAL SAFEGUARDS

The year 1998 was a time of significant change in the field of nuclear
material safeguards, a fact that is reflected also in Finnish safeguards
control. Safeguards control is becoming more effective and modern
technology is used but with no added cost.

5.1 Changes in nuclear material
safeguards

After the Iraqi nuclear weapons programme had
been uncovered, the International Atomic Energy
Agency (IAEA) launched an extensive programme
to strengthen the safeguards system. The pro-
gramme, which was called "93+2", has developed
into an exhaustive Strengthened Safeguards Sys-
tem for extending and strengthening safeguards
control.

Before the disclosure of the Iraqi nuclear weap-
ons programme, the fundamental objective of the
IAEA's safeguards system was that no nuclear
substances subject to safeguards control are di-
verted to nuclear weapons or other non-declared
activities. It was believed that it would be too
difficult to set up in secrecy a facility for the
fabrication of weapons-grade material. Any coun-
try involved in clandestine nuclear operations
would be disclosed during the inspection of nucle-
ar materials subject to safeguards control. Iraq
showed that a state with sufficient motivation and
resources can establish a clandestine nuclear
weapons programme outside the safeguards sys-
tem. The safeguards system is now specifically
being developed to detect any clandestine nuclear
activities. The administrative basis in the
strengthening of the safeguards system is the
Model Protocol Additional designed for states hav-
ing a Safeguards Agreement with the IAEA. The
concept of "State as a whole" emphasises the role
of states in the implementation of the strength-
ened safeguards system. The implementation of
safeguards control in accordance with the Model
Protocol Additional and the co-ordination of this
control with classical safeguards is called Inte-
grated Safeguards.

Safeguards in accordance with the Model Pro-
tocol Additional will strengthen the safeguards
system among other things as follows :

Information given to the IAEA

While states currently report only the handling of
nuclear substances, the Model Protocol Additional
requires that also studies of the different phases
of the nuclear fuel cycle are reported as well as
research relating to and trading in the equipment
required by these phases. It also requires a wider
overall picture than before to be given of activities
involving nuclear materials, of the related loca-
tions as well as of exports and imports.

Complementary access

IAEA's inspectors will be given wider access rights
than before. Under the current system access
rights have been only to locations declared to con-
tain nuclear materials. Under the new system,
IAEA's inspectors are given the right of verifying
any given information even in other locations hav-
ing a bearing on safeguards.

Appointment and visas of IAEA inspectors

The IAEA's board of directors approves an inspec-
tor and the director general informs the state in
question about the approval. If the state does not
file its disagreement in three months' time the
appointment in question is considered approved.
In three months' time from a request presented by
the IAEA the state concerned must issue the in-
spector an entry visa for making inspections. If
the IAEA so requests, the visa must be valid for
the entire term of approval of the inspector.
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Subsidiary arrangements

The making of subsidiary arrangements to the
Model Protocol Additional is not automatic, as is
the case with the Safeguards Agreement proper.
Subsidiary arrangements are made only if the
IAEA or the member state so suggests. If there
are no subsidiary arrangements, however, the
IAEA must not be prevented from fulfilling its
contractual obligations.

Communication

The IAEA has the right of communication between
a state and the IAEA headquarters. A state must
allow free communication and is obliged to guard
its realisation.

Protection of confidential information

Along with the application of the Model Protocol
Additional, the IAEA will be obtaining informa-
tion that is more sensitive in quality and more
voluminous in quantity than before. The agency is
obliged to maintain a specific system to guarantee
the confidentiality of the information.

5.2 Safeguards control at Finnish
nuclear facilities

Teollisuuden Voima Oy and Imatran Voima Oy
submitted to STUK annual plans, advance notifi-
cations and reports concerning nuclear materials
in accordance with requirements. A total of 16 in-
spections were made to Olkiluoto NPP (three ma-
terial balance areas: Olkiluoto 1, Olkiluoto 2 and
KPA storage) and nine to Loviisa NPP (one mate-
rial balance area). In addition to NPPs small
amounts of nuclear materials can be found in oth-
er facilities or laboratories, the most important of
which is the Technical Research Centre of Finland
(VTT).

All material balance areas operated according
to STUK-approved guides and in a way enabling
the authority's implementation of the obligations
of international nuclear agreements signed by
Finland.

International safeguards control is implement-
ed by the International Atomic Energy Agency
(IAEA) and the EURATOM Safeguards Directo-

rate (EURATOM). IAEA safeguards are based on
the Non-Proliferation Treaty and the Safeguards
Agreement signed by non-nuclear member states,
Euratom and the IAEA. Euratom safeguards are
based on the EURATOM Treaty and Commission
Regulation 3227/76 given by virtue of the Treaty.
EURATOM prepared particular safeguards provi-
sions (PSP) applicable to individual facilities.
PSPs that apply specifically to Loviisa NPP and
VTT were brought into effect in 1998.

The licensees submitted reports and notifica-
tions in accordance with valid requirements to
Euratom some of which it communicated to the
IAEA. Euratom and the IAEA make most of the
inspections in co-operation. In 1998 Euratom
made 24 and the IAEA 18 inspections in Finland.
According to reports and reviews sent by Euratom
and the IAEA, no inconsistencies were found in
the inspections.

A Standing Advisory Group for Safeguards
Implementation has been set up to develop IAEA
safeguards control. The director general of the
IAEA has invited a representative from STUK to
the group.

A detailed description of nuclear material safe-
guards can be found in the report STUK-B-YTO
187.

5.3 Prevention of nuclear
smuggling

About 20 000 radioactive packages are transport-
ed in Finland every year. Transport safety has
been high; no transport accidents involving radio-
active materials or any other safety hazards have
been reported to STUK.

In 1998, Finland turned back nine shipments
containing radioactive substances at its border.
Seven of them were scrap metal for industrial use.
In addition, one shipment of radioactive material
was returned owing to insufficient documents and
warning signs, and one lumber carriage, which
had a contaminated metal structure. No actual
attempts at nuclear smuggling or smuggling of
other radioactive materials were detected at the
Finnish border.

Four shipments turned back were caught by
the border control personnel at the eastern border
of Finland. Two were turned back at Kotka and
Loviisa harbours each and one at Helsinki har-
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bour. The shipments stopped at Finnish harbours
originated from Russia, with the exception of one
consignment from Estonia. In 1997, 23 shipments
were turned back. The reduction in the number of
returned shipments has been partly owing to the
fact that consignors and consignees have become
aware of the possible radioactivity of scrap
through training and experience. In addition, con-
trol measures have been stepped up in the vicinity
of the eastern Finnish border.

5.4 Monitoring of the nuclear
test ban

The enactment of the nuclear test ban treaty con-
tinued in 1998. Finland prepared its ratification
and Finnish Parliament approved it at the end of
the year. STUK will become the National Data
Centre, i.e. it will be responsible for the obliga-
tions of the treaty binding the Ministry for For-
eign Affairs, the national authority as well as for
the obligations binding the international authori-
ty, the Comprehensive Nuclear-Test-Ban Treaty
Organisation, CTBTO. In 1998 STUK represented
Finland in international technical meetings (meet-

ings of WGB in Vienna) and arranged national
meetings.

CTBTO will monitor airborne radioactivity at
80 radionuclide stations. The most interesting
aerial samples will be subjected to a laboratory
analysis. STUK had an important role in the
determination of the CTBTO's methods for labora-
tory analyses and what requirements were set up
for aerosol samplers. STUK was an invited expert
taking part also in the definition of the quality
level and reporting capability to be required of
laboratories.

CTBTO considers it important to define events
having relevance for the treaty. The general policy
of STUK participation was to develop an efficient
and cost-effective solution for CTBT verification
purposes. It is very important that the work is
properly done by the organisation in the Vienna
Data Centre and that small countries, e.g. Fin-
land, could directly benefit from the results with-
out extensive data re-analysis. STUK therefore
gave an expert assessment of the quality of the
radiation monitoring analyses made at the Vienna
Data Centre and contributed to the definition of
methods for classifying interesting samples.
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6 EMERGENCY RESPONSE

In addition to the regulatory control of the operation ofNPPs, STUK follows the
preparedness of the operating organisations ofNPPs to act in unusual situations and
maintains its own emergency preparedness. In a potential emergency situation STUK
assesses the reactor control measures, how the situation progresses and what its
safety significance is. STUK provides expert support, if necessary, to authorities
responsible for the emergency services. No situations requiring such preparedness
occurred in 1998.

Emergency response procedures at NPPs have
been continuously developed along with the opera-
tion of the plants; they have been regularly tested
in emergency exercises that are part of the plants'
emergency preparedness training. STUK has ap-
proved the emergency plans of Loviisa and
Olkiluoto NPPs and reviews every year the imple-
mentation of the emergency preparedness regime,
including training and emergency exercises. In
1998, the most important items in emergency re-
sponse evaluation were the assessment of NPP
emergency preparedness during the operating li-
cence review and a comprehensive national emer-
gency exercise at Olkiluoto NPP. In addition,
STUK arranged emergency training for foreign
authorities.

Assessment of emergency preparedness at
NPPs

Emergency preparedness at Loviisa and Olkiluoto
NPPs was assessed in connection with the prepa-
ration and issuing of the statements on the plants'
operating licence applications. In an assessment
pertaining to emergency planning, general regula-
tions for the emergency response arrangements of
NPPs (Council of State Decision No. 397/1991) and
Guide A:57 of the Ministry of the Interior "Activi-
ties in the event of a radiation accident situation"
were evaluated as well as the need to develop and
modify emergency preparedness at NPPs accord-

ing to the requirements of YVL guides. Technical
advances in the methods were also considered.

The major part of enhanced actions required by
STUK were implemented by the end of 1998.
Some development projects are under way and
will be implemented according to a separate plan.

Emergency exercises and training

In 1998 STUK arranged several training events
and exercises to test and develop its own emer-
gency response. STUK participated in the annual
emergency exercise of Loviisa NPP on 4 December
1998, the Olkiluoto national emergency exercise
on 10 December 1998 and the fire drills at Olkiluo-
to plant on 18 November 1998 and at Loviisa plant
on 25 November 1998.

In addition to the domestic exercises, STUK
participated in two international emergency exer-
cises. An international NPP emergency exercise
was arranged in Hungary on 3 November 1998. It
was third in a series of four international emer-
gency exercises organised by the OECD's Nuclear
Energy Agency. STUK also participated in an
emergency exercise organised in Sweden on 10-11
November 1998, which involved an accident sce-
nario at Forsmark NPP. The lessons learned from
these exercises contribute to the planning and
development of the emergency response regime at
organisational as well as national and interna-
tional level.

39



S T U K - B- YTO 1 92

7 DEVELOPMENT OF NUCLEAR SAFETY
REGULATION

The main tasks in nuclear safety regulation were supported by the
launching of new development projects and the completion of
projects that had been started earlier. Safety research projects were
carried out as in previous years.

In addition to the main tasks of nuclear safety
regulation (preparation of regulatory guides and
safety assessments, regulatory control of nuclear
safety, maintenance of emergency preparedness,
and public communication) it is important to
maintain and continuously develop activities and
prerequisites that support STUK's main tasks (de-
velopment of STUK's own operations, carrying out
of research activities, development of databases
and other tools, personnel training, etc.) Work
days spent on these activities annually are given
in Figure 14.

Improvement of internal information flow

Several measures were taken to improve the in-
ternal flow of information. The minutes of meet-
ings of functional units among other things are
available for everyone to read on STUK's Intranet.
Meetings procedures were also harmonised by an
internal guide. In addition, other databases were
created for use by the regulatory personnel, such
as a database for daily observations made during
NPP inspections, a standards register, a register
for research projects and a directory for lectures
that have been given.

Fig. 14. Working time spent on functions supporting
nuclear safety regulation.

Development of the quality of nuclear safety
regulation

Quality management activities were focused on
the development of a STUK-level quality system.
In 1998 a STUK-level Quality Manual was com-
pleted on which all QA Manuals at departmental
level are based. The Quality System of Nuclear
Safety Regulation is set forth in the YTV Quality
Manual. The aim is to incorporate in it about 40
guidelines for nuclear safety regulation. Almost 20
guides have been completed.

Unit-specific development discussions were
started in 1998. The discussions were aimed at
identifying objects of development and to commu-
nicating views and information between manage-
ment and the organisational unit in question.

Auditing of STUK's operations was started in
1998. One of the topics was STUK's rule-making
role, which, for the part of nuclear safety regula-
tion, mainly comprised YVL guides issued by
STUK. The main result of the auditing was that it
confirmed the overall opinion within STUK ac-
cording to which rule-making is an important
basic element of regulatory control and that high-
quality regulations are the basis on which the
safety of Finnish NPPs is built. The auditing
served to give further stimulus for the prepara-
tion of YVL guides.

The follow-up measures of a self assessment
project to improve operations, based on the crite-
ria of the Finnish Quality Award, which was
carried out at the former Nuclear Safety Depart-
ment in 1996, were completed. Most measures
agreed upon as a result of the assessment were
included in development projects implemented in
1998.
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Periodic inspection programme of NPPs

The periodic inspection programme of NPPs was
assessed and renewed. The assessment included a
report about interviews with the personnel of the
utilities and STUK in which their opinion about
the existing inspection programme was asked. Ac-
cording to the report the programme's content and
implementation as well as the handling of its re-
sults had room for improvement.

The renewed periodic inspection programme
divides into three levels, i.e. safety management,
main functions and topical inspections specific to
various fields of technology. The programme's im-
plementation and the handling of results in STUK
were reorganised. Inspections in 1999 will be
conducted according to the renewed inspection
programme.

The safety indicator system

By means of a safety indicator system developed
in STUK, the quality of the regulatory control of
NPPs as well as the status of factors affecting
NPP safety can be followed.

Data on operations in 1997 and 1998 were
collected in 1998 and a database application was
being developed. The system needs to be further
developed, however, among other things by mak-
ing data collection more systematic than it is now.

Development of the regulatory control of
nuclear safety by means of PSA

STUK is developing a risk-based procedure with
the aim of drawing up an in-service inspection
programme for piping during operation. This pilot
analysis method facilitates the improved focusing
of inspections on items having a bearing on risk
and scheduling of inspections at more appropriate
intervals than at present. In the drawing up of the
programme, both qualitative and quantitative as-
sessment methods are employed, combining both
PSA-based and deterministic information and ex-
perience. A pilot inspection programme is being
drawn up for the piping of a shutdown cooling
system and of the service water circuit of the
Olkiluoto plant units as well as of the high-pres-
sure emergency cooling system and the auxiliary
feed water system of the Loviisa plant units.

In 1998 the development of risk-based Techni-
cal Specifications and testing procedures was
started, too. A literary review on this topic has
been conducted.

STUK has developed a procedure for the risk-
informed analysis of NPP events. STUK can use
the analysis results in their work i.a. when assess-
ing the focus of NPP inspections. In 1998 a meth-
od was being developed for calculating and analys-
ing the events of 1997 and 1998.

Development of regulatory control relating
to mechanical components and structures

A project to develop regulatory control of the me-
chanical components and structures of NPPs was
completed. The project's aim was to outline the
current state of regulatory control exercised by
STUK and possible short- and long-term meas-
ures.

The implementation of conclusions made dur-
ing the project will be assessed alongside with the
preparation of amendments to laws and decrees
that are underway. The Pressure Vessel Act and
regulations issued by virtue of the Act are being
amended owing to Directive 97/23/EC on pressure
equipment. The necessary amendments to the
Nuclear Energy Act will be made alongside with
the forthcoming law on pressure equipment. The
Nuclear Energy Decree will be amended accord-
ingly after the passing of the aforementioned acts.

Qualification of inservice inspections

Qualification of inspection procedures, equipment
and personnel is needed to improve the reliability
of non-destructive testing, e.g. ultrasonic inspec-
tions, during the inservice inspections of pressure-
bearing NPP components and structures.

STUK has examined the qualification practice
in general and experimented with the fabrication
of thermal fatigue cracks in test specimen. The
fabrication of cracks proved possible.

An independent competent qualification body
is needed to carry out the qualification procedure.
Its establishment in Finland has proved difficult
due to a lack of resources.

The utilities submitted the first qualification
documents to STUK for approval. Imatran Voima
Oy applied for an approval of the qualification of
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inspections of primary circulation piping, nozzle
penetration welds of control rod drive housings as
well as of welds of control rod drive housings of
Loviisa NPP. Teollisuuden Voima Oy experiment-
ed with the qualification of the inspections of
reactor pressure vessel nozzles and reported the
results to STUK. Both utilities submitted to STUK
for approval an overall plan for the qualification of
inservice inspections in Finland. Based on a mu-
tual co-operation agreement, STUK requested
from AEA Technology, Inspection Validation Cen-
tre (IVC), an assessment of the plan and of docu-
ments relating to Loviisa NPP. Comprehensive
and detailed draft assessment reports with recom-
mendations have been completed and on their
basis STUK will give its decision about qualifica-
tion and the development of the qualification
practice.

Plant lifetime management

Both Loviisa plant units and Olkiluoto 1 have
been in operation for over 20 years and Olkiluo-
to 2 for almost 20 years. The identification and
management of factors affecting the remaining
lifetime of the plant units have therefore gained
growing importance in the control of the safety of
the plant units.

During the development of the periodic inspec-
tion plan, specific care was taken to focus inspec-
tions to functions that are essentially important in
the management of plant lifetime and in mainte-
nance planning. In addition, inspections relating
to plant lifetime management have been devel-
oped by pilot projects implemented in connection
with annual maintenance. In these projects the
maintenance instructions of components and their
method of application among other things were
looked into in detail. At Olkiluoto NPP the items
scrutinised were inner isolation valves of the main
steam lines and primary and feed water pumps.
At Loviisa NPP inspections were focused on the
sealing water system of the primary circulating
pumps.

At Loviisa NPP the system for monitoring
primary circuit thermal loads was improved. In
addition, the plant's system for continuous vibra-
tion monitoring of rotating machinery was re-
placed. STUK reviewed reports on these systems
and ensured their operability during commissioning.

The age profile of and skills within various

organisational units have been looked into at both
Loviisa and Olkiluoto NPPs and measures have
been taken to manage personnel turnover and to
ensure the maintenance of expertise.

Development of modification projects
regulatory control

In connection with the modernisation projects of
Loviisa and Olkiluoto NPPs, problems have sur-
faced owing to which a re-evaluation of the effec-
tiveness and appropriateness of regulatory control
relating to modifications was considered neces-
sary.

In 1998 a project was started to evaluate the
regulatory requirements established in the YVL
guides published by STUK and to propose amend-
ments to them. The starting of regulatory control
procedures already at planning stage was consid-
ered important for efficient control. It was also
considered important to further specify certain
requirements relating to the contents of docu-
ments submitted to STUK by the utilities. The
development project's next stage will be the as-
sessment and development of regulatory control
relating to modification projects.

Assessment of the operating licence renewal
process

STUK has started a project for assessment of the
process of preparing statements on the re-licens-
ing applications for Loviisa and Olkiluoto NPPs.
The assessment examines among other things
how systematic STUK's operations are, the sup-
port given by management, how successful work
co-ordination is and what is the quality of the
outcome, i.e. a statement on a re-licensing applica-
tion. The aim is to collect and store data on the
latest relicensing process for utilisation during
corresponding future licensing procedures. The in-
formation will be utilised in the revision of Guide
YVL 1.1 and in the drawing up of internal guide-
lines for the licensing procedure.

The project's data collection part was carried
out. Based on an analysis of the various stages of
the licensing process, query forms for target
groups were prepared. At STUK the data was
gathered in writing and at both utilities persons
who had taken part in the licensing process were
interviewed.
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8 SAFETY RESEARCH

STUK continued its safety research activities by purchasing research into NPP safety
and nuclear waste management from outside organisations. The focus ofSTUKs
research activities was re-evaluated in connection with the planning of a national NPP
safety research programme.

In accordance with the Council of State Decision
on the safety of nuclear power plants (395/1991),
plant safety must be continuously developed, tak-
ing into account operating experience feedback,
the results of safety research as well as scientific
and technical developments. Safety research is es-
sential in ensuring the safe use of nuclear energy.

Licensees are responsible for the safety of the
use of nuclear energy in accordance with the
Nuclear Energy Act (990/1987). This requires suf-
ficient investment in research relating to the
safety of plant operation.

According to section 55 of the Nuclear Energy
Act, STUK is responsible for the regulatory con-
trol of the safe use of nuclear energy. An essential
part of this regulatory control is safety research
made independently of the licensees. The fore-
most objective of safety research is to ensure that
nuclear energy is safely used. In more detail, the
related objectives are as follows:
• production of information to support decision-

making,
• application of scientific and technological ad-

vancements in the assurance of safety,
• maintenance and development of the expertise

and resources required in safety assessment at
STUK and in other appropriate organisations

• development of regulatory control measures.

The research conducted in support of decision-
making is of a general nature or directly deals
with Loviisa and Olkiluoto NPPs or relates to
their nuclear waste management. Research direct-
ly pertaining to the facilities may relate to current
safety problems or the improvement of safety in
the long run.

The 1998 research programme had been divid-
ed into groups as follows:
• development of the regulatory control of NPPs
• structural safety of NPPs

• operational safety of NPPs
• environmental impacts due to NPPs, and
• nuclear waste management.

Research projects were purchased from external
research organisations but were supervised by
STUK's experts who in some projects took part in
the research work. Research projects financed by
STUK that had been completed in 1998 or were
under way at the turn of 1998/1999 are listed in
Appendix 5. The funds allocated annually for re-
search are given in Figure 15.

The objective in the preparation of STUK's
annual research plan is awareness of the fact that
part of the research serves to improve analysis
facilities in general and to maintain and promote
expertise in the field and that it can be incorporat-
ed in the national nuclear safety research pro-
gramme. Part of it is closely related to a certain
regulatory activity and is distinctly kept apart
from the aforementioned programmes. In addi-
tion, projects to develop and assess regulatory
control are financed from STUK's safety research
programme. The areas of focus in STUK's safety
research activities were assessed in connection
with the planning of the national NPP safety
research programme (FINNUS). An essential is-
sue in waste management is international review
of research of the final disposal of spent fuel.

10 -|

8 -

6 -

4 -

2 -

FIM million
7,9

5,4 5,3
6,7

5,4

1994 1995 1996 1997 1998

Fig. 15. Funds spent on STUK's safety research.
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9 INTERNATIONAL CO-OPERATION

International co-operation aims at the exchange of information on experiences in
the use of nuclear energy, on the results of safety research and on the development
of safety regulations. The information is applied to the assurance and
improvement of the safety of operating nuclear facilities, of nuclear wastes and
materials, and to the planning of plant modifications, among other things. Other
aims are to harmonise the requirements for and procedures used in safety control
and to support countries with identified safety problems in their nuclear facilities
or with less experience in systematic nuclear safety regulation.

9.1 International organisations

Co-operation with the IAEA

The IAEA nuclear safety regulations (NUSS
Guides) are under revision, due for completion by
the year 2000. An expert from STUK participated
in the work of NUSSAC (Nuclear Safety Stand-
ards Advisory Committee). The working group is
appointed for three years at a time and the
present working group's term of office ended at
the end of 1998. NUSSAC's duty is, among other
things, to review draft guides and associated plans
in the early phases of their preparation and, gen-
erally, to guide the IAEA's work on regulations.
STUK prepared for the IAEA several statements
on draft guides requested from Finland. STUK's
experts participated also in the meetings of work-
ing groups that prepared the draft guides.

The International Nuclear Safety Convention
came into effect towards the end of 1996. It has
been ratified by 47 states. The Convention sets
forth the fundamental safety principles that apply
in the production of nuclear energy. The IAEA acts
as the Secretariat of the Convention and among
other things arranges meetings that are part of
the Convention's enforcement. According to the
Convention, its contracting parties must regularly
report on the meeting of the Convention's obliga-
tions. These national reports are evaluated in
meetings attended by the contracting parties. The
first such meeting will be arranged in April 1999.
STUK prepared Finland's first national report.
During the preparation of the report, statements
were requested from i.a. both domestic utilities,
several government organisations as well as the

Advisory Committee on Nuclear Safety. According
to the report Finland fulfils the obligations of the
Convention.
The IAEA and NEA maintain a mutual NPP event
reporting system (IRS, Incident Reporting Sys-
tem). By means of the system, NPP operating
events and observations, which may give an im-
pulse to safety improvements at other NPPs, are
communicated to the participating countries. The
system yielded 126 reports that are also stored in
a database (AIRS, Advanced Incident Reporting
System). At the end of 1998, AIRS contained about
2700 event reports. Reports of 1998 had been
assessed by STUK and the utilities. Reports ana-
lysed in 1998 did not give any reason to make
significant changes to the structure of or opera-
tional practices at Finnish nuclear power plants.
In 1998, the following incidents at Finnish NPPs
were reported to the IRS System:

• Pressurised emergency core cooling water tank
inoperability due to a sunken float, detected at
Loviisa 2 on 7 September 1997

• Oil leak and a subsequent fire in the turbine
hall at Olkiluoto 2 on 28-29 January 1998

• Cracking of the emergency core cooling pipes
inside the reactor pressure vessels of Olkiluo-
to 1 and 2, detected in 1998.

STUK is a contact organisation in an information
exchange system maintained by the IAEA for the
classification of NPP events on the INES. The sys-
tem has been developed to facilitate the dissemi-
nation of public information. Reports are submit-
ted to the IAEA on events classified Level 2 and
higher on the INES scale, or which invoke, or are
deemed to invoke, international interest. The
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IAEA provides event information to countries in
the system, which at the end of 1998 numbered 60
in all. The IAEA's INES reports can be made use
of when disseminating information in Finland
about NPP events abroad. In 1998 the IAEA pro-
vided 22 such INES reports. No events occurred in
Finland in 1998 that should have been reported to
the system.

STUK's experts were sent to Armenia, Turkey
and Switzerland under IAEA funding. In Armenia
their task was to assess the quality system of the
nuclear safety authority and to review the annual
reporting of its operations; in Turkey the authori-
ties were given training in matters relating to
nuclear safety; and in Switzerland a comprehen-
sive assessment was made of the operation of the
national authority. The combined contribution of
STUK's experts was about six man-weeks. In
addition, various expert meetings organised by
the IAEA were attended (about ten meetings).

In co-operation with the IAEA, STUK arranged
in its premises three 7-day workshops on the
following topics: establishment of training pro-
grammes for regulatory staff, ageing and life man-
agement of NPPs as well as the regulatory use of
PSA methods. About 70 participants from coun-
tries in Eastern Europe attended the courses. In
addition, for two weeks STUK was a host to a
Lithuanian expert sponsored by the IAEA.

Co-operation with the OECD/NEA

International co-operation in nuclear safety re-
search was mostly channelled through the OECD/
NEA. The organisation also facilitated an ex-
change of opinions between authorities about the
need to develop nuclear safety regulations and the
contents of individual regulations. STUK was rep-
resented in all of the organisation's main commit-
tees that deal with nuclear safety research, nucle-
ar regulatory control and requirements, radiation
safety and nuclear waste management. STUK's
Director General was appointed Chairman of a
committee that deals with nuclear safety regula-
tion and requirements.

In addition, STUK took part in the work of the
permanent working groups set up by the commit-
tees. STUK's representatives attended about 20
OECD/NEA expert meetings.

Co-operation with the EU

In addition to EU-funded assistance activities
aimed at countries in Eastern Europe, which will
be discussed later, there was relatively little co-
operation between STUK and the EU. At practical
level STUK's representatives have participated in
the work of three permanent working groups,
namely the Nuclear Regulators Working Group
(NRWG), the Reactor Safety Working Group
(RSWG) and the Working Group on Codes and
Standards (WGCS). At these meetings, the mem-
bers of the working groups inform one another of
domestic developments and their background. The
NRWS consists of nuclear safety authorities only.
The RSWG and WGCS also include experts from
utilities and the manufacturers of NPP compo-
nents. STUK contributed also to the work of three
topic-specific sub-groups set up by the NRWG,
namely "Task Force on Risk Based In-service In-
spection and Testing", "Task Force on Non-De-
structive Testing Qualification Programmes" and
"Task Force on Safety Critical Software—Licens-
ing Issues".

In November 1998 the nuclear safety authori-
ties of the EU countries decided to set up a new
body of mutual co-operation, the Western Europe-
an Nuclear Regulators'Association (WENRA). Co-
operation has become topical for the following
reasons, among others:
• the deregulation of electricity trade requires

the same level of safety norms in all countries
• the licensing of new, jointly designed reactor

types is at hand
• a political will exists within the EU to assess

the level of nuclear safety in countries that
have applied for membership.

STUK's participation continued in the work of the
Commission's team of experts that handles docu-
ments submitted by member states to fulfil their
obligations under article 37 of the Euratom Trea-
ty. The article obliges all member states to send to
the Commission general information on their radi-
oactive waste disposal plans. This enables the
team to assess whether the implementation of the
plans could lead to the contamination of water,
soil or air within the territory of another member
state. In a recommendation on how to apply the
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article, which has been issued by the Commission,
radioactive waste disposal is widely understood to
mean the planned and unplanned disposal of any
form of radioactive waste.

9.2 Bilateral co-operation

STUK and SKI (Sweden) compared their regulato-
ry practices and made reciprocal visits during
which specified NPP inspections were conducted.
STUK's representative was a permanent member
of the Reactor Safety Committee that assists SKI.
A representative of SKI was a permanent expert
in the Advisory Committee on Nuclear Safety that
functions in conjunction with STUK.

Within the framework of an agreement of co-
operation with the US NRC, and as in previous
years, a wealth of reports in written form were
exchanged.

The most important form of co-operation with
the Belgian nuclear safety authority AIB Vincotte
Vincotte Nuclear (AVN) was taking part in the
work of an international nuclear safety committee
that provides support to AVN.

On the basis of an order placed by the Swiss
regulatory authority (HSK), STUK's Living PSA
software for the calculation of large PSA models
has been further developed. STUK and HSK ar-
ranged a PSA meeting in November as part of a
co-operation programme.

A co-operation meeting on PSA was arranged
within the framework of a co-operation agreement
that has been signed with the French nuclear
safety authority (DSIN).

A co-operation agreement on nuclear waste
and materials control was signed between STUK
and the Russian nuclear safety authority (Gos-
atomnadzor).

Safeguards co-operation with the Australian
authority (ASO) was continued. In accordance
with an established practice, STUK provided ASO
with information about nuclear materials of Aus-
tralian origin imported to and kept in Finland.

A permanent representative from STUK was
nominated to the Advisory Committee on Nuclear
Safety that provides support to the Lithuanian
nuclear safety authority (VATESI).

9.3 Assistance to safety
authorities in Central and
Eastern Europe

Funded by the Ministry for Foreign Affairs and
the European Union (EU) as well as through the
International Atomic Energy Agency (IAEA),
STUK continued to assist radiation and nuclear
safety authorities in Central and Eastern Europe.

In 1998 STUK took part in the European
Union's assistance programmes aimed at authori-
ties in Lithuania, Slovakia, the Czech Republic,
Ukraine, Hungary and Russia on more than 40
training sessions. The planning of corresponding
small-scale projects aimed at the authorities in
Estonia and Latvia was also started.

The most extensive EU project so far was the
production of training material on emergency pre-
paredness for Central and Eastern European
countries. About 30 experts participated in this
work.

With funding for co-operation with the neigh-
bouring areas from the Ministry for Foreign Af-
fairs, bilateral co-operation programmes with the
nuclear safety authorities of Russia, Estonia,
Latvia, Lithuania and Ukraine were maintained.
Especially close contacts were kept with the resi-
dent inspectors of Leningrad and Kola NPPs.
They regularly provided quarterly reports on plant
events and during their visits to Finland reported
on recent plant developments.

9.4 Safety of nuclear facilities in
Eastern Europe

As part of Finnish-Russian co-operation funded
from the Finnish government's budget for co-oper-
ation in the neighbouring areas, STUK's experts
have contributed to the improvement of safety of
Kola and Leningrad NPPs. The full management
of the funds earmarked by the Ministry for For-
eign Affairs for nuclear safety co-operation was
transferred to STUK from the beginning of the
year. STUK plans the projects together with the
recipients, invites offers and participates in the
control of the projects.
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The projects are continuation to a long-term
programme having emphasis on the quality of
plant operations, fire safety and the integrity of
safety-relevant piping. A western-type plant safe-
ty assessment was being given the finishing touch-
es at Leningrad NPP. STUK's task was to ensure
the reliability of the results of this international
assessment. A corresponding project is being
planned also for Kola NPP.

The Finnish Nuclear Safety Co-operation pro-
gramme in the neighbouring areas, financed by
the Ministry for Foreign Affairs, was subjected to
an external evaluation in 1998. According to the
evaluation most projects had been successful. Cus-
toms uncertainties and nuclear liability issues
caused more problems in 1998 than in previous
years, however. Further information on the
projects can be found in the report "Finnish Sup-
port Programme for Nuclear Safety, Annual Sum-
mary 1998 (STUK 1999).

STUK's representatives worked in expert
groups of the EU and the European Bank for
Reconstruction and Development (EBRD), which
assessed the appropriateness of projects to im-
prove nuclear safety for which financing has been
sought.

STUK was active in a team of experts (Contact
Experts Group, CEG) set up to co-ordinate inter-
national projects for the improvement of nuclear
waste management in Russia; it participated in
the meetings and working groups of CEG as well
as in its assessment and consultation work. In
direct bilateral co-operation with GAN and the
Radon combine, STUK continued the implementa-
tion of programmes for the exchange of informa-
tion and experiences relating to nuclear waste
management. STUK arranged Russian officials
versatile training in nuclear wastes and western
technology. The specific aim in multilateral inter-
national co-operation was that countries providing
assistance would have more information about
each others' nuclear waste projects.

Finland participated in an international project
aiming at developing a mobile storage cask for
naval radioactive waste on the Kola Peninsula.
The cask will be a prototype that meets modern
safety requirements.

STUK participated in the work of the PIERG
(Paldinski International Expert Reference Group)

group of experts supervising the defuelling of
small-scale reactors and radioactive waste han-
dling. Finland assisted the Estonian radiation
safety authority, the Kiirgus Centre, by way of
bilateral co-operation.

Radiation monitoring in the vicinity of Lenin-
grad NPP was enhanced when additional auto-
matic monitoring devices were installed there.
The network now comprises over 20 measurement
stations, which makes it possible for STUK to
monitor data in almost real-time. A corresponding
system is being developed also for Kola NPP.

Funded by the Ministry for Foreign Affairs,
STUK assisted the International Atomic Energy
Agency (IAEA) in monitoring Iraq's nuclear weap-
ons programme. A representative of STUK visited
Iraq on several occasions when Finnish-made
monitoring equipment was being installed in that
country. In addition, STUK was in close co-opera-
tion with Russia, Estonia, Latvia, Lithuania and
Ukraine. Training and equipment are provided to
prevent the smuggling of radioactive materials.

9.5 Safeguards co-operation

The objective of IAEA safeguards as well as of the
safeguards support programmes for Ukraine, the
Baltic countries and Russia is to strengthen and
enhance the international safeguards system. The
programmes are funded by the Ministry for For-
eign Affairs and STUK is responsible for their im-
plementation.

The safeguards support programmes for
Ukraine and the Baltic Countries have been im-
plemented as bilateral projects but within the
framework of co-ordinated support plans jointly
agreed and approved by the supporting countries.
The programmes assist recipient countries in es-
tablishing a functional national nuclear material
control system on both regulatory and on facility
level so that they would be able to fulfil the
requirements of international agreements.

In the bilateral assistance programme for
Ukraine, which was started in 1994, support of-
fered for the Ukrainian regulatory authority is
still of essential importance. Those in charge of
nuclear material control at NPPs actively partici-
pated in the meetings and training arranged. In
Kiev STUK arranged jointly with the Swedish
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assistance programme a seminar on nuclear mate-
rial control and inspection procedures to Ukraini-
an officials and those in charge at NPPs. The
development of the SFAT safeguards measure-
ment equipment to make it suitable for WER-
1000 fuel was continued in co-operation with the
IAEA support programme and Ukrainian experts.
The participation of Ukrainian experts in interna-
tional meetings in the field were financed under
the support programme. The support programme
for Ukraine is dealt with in more detail in the
report "Finnish Support Programme for Nuclear
Safety, Annual Summary 1998 (STUK 1999)".

The bilateral assistance programme for the
Baltic Countries, which was started in 1995, was
continued in 1998. It has focused on training and
procurement of equipment relating to import and
export controls. Radiation monitoring portals that
had been acquired for Latvia were handed over to
border control officials in Grenctale (at the Lithua-
nian border) and Ainaz (at the Estonian border).
Training in the use of an alfaspectrometer, which
has been delivered to the Latvian nuclear re-
search institute in Salaspils, was arranged at
STUK. In addition, the procurement of a radiation

monitoring system to Tallinn Airport was dis-
cussed. Officials from the customs, border guard
and border police participated in a course on
border control arranged for the Baltic Countries.
Participation from the Baltic Countries to an
international IAEA safeguards seminar was cov-
ered. Bilateral assistance for the Baltic Countries
is dealt with in more detail in the report "Finnish
Support Programme for Nuclear Safety, Annual
Summary 1998" (STUK 1999).

The Finnish-Russian safeguards co-operation
programme under the NPT, which began in 1996,
was continued. A seminar on information ex-
change in nuclear material control was organised
in STUK and was attended by Russian officials,
NPP personnel and utility experts; also
EURATOM sent its representatives to the semi-
nar. Russian customs officials participated in the
course "Radioactivity Control at Borders" organ-
ised by STUK. In June 1998 STUK and Gosatom-
nadzor of Russia signed a co-operation agreement
on nuclear waste and material control. Co-opera-
tion involving customs officials on both sides of
the border was continued.
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10 NUCLEAR REGULATORY CONTROL
INCOME AND EXPENDITURE

According to the 1998 budget, the expenditure for nuclear
regulatory control was covered by fees charged from the users
of nuclear energy. In 1998 the income covered the expenditure.

In 1998, the expenditure for fee-charging nuclear
regulatory control was FIM 27.8 million. The total
expenditure for nuclear regulatory control was
PIM 32.0 million. The share of fee-charging activi-
ties was thus 87%.

The 1998 income from nuclear regulatory con-
trol was FIM 28.0 million. Of this, FIM 12.0
million and FIM 12.3 million came from regulato-
ry control of Loviisa NPP and Olkiluoto NPP,

respectively. Regulatory control of Posiva Oy's
operations accounted for FIM 3.4 million. The
1997 income was FIM 31.9 million. Regulatory
control of the Loviisa units was then FIM 13.5
million, that of Olkiluoto FIM 14.7 and of Posiva
Oy FIM 3.1 million. The annual income and ex-
penditure of nuclear regulatory control are given
in Figure 16.
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Fig. 16. Nuclear regulatory control income and expenditure.
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11 THE ADVISORY COMMITTEE
ON NUCLEAR SAFETY

The most important projects of the Advisory Committee on Nuclear Safety's
were the renewal of the operating licenses of Finnish NPPs, the assessment of
safety aspects of Olkiluoto NPP test operation related to power uprating as well
as an assessment of the draft proposal for a Council of State Decision on the
final disposal of spent nuclear fuel.

The Committee met 11 times in 1998. In addition
to the statements it gave on operating licences
and test operation, the Committee gave STUK a
statement on the above draft proposal and on one
draft YVL Guide. In addition, the Committee eval-
uated Finland's national report given on account
of the International Nuclear Safety Convention
and gave a statement on the matter to STUK. The
operating condition of Finnish and Swedish NPPs
was followed and regularly assessed.

A nuclear energy seminar, which has become a
tradition, was arranged on 9 November 1998 in co-
operation with the Advisory Committee on Nucle-
ar Energy. The seminar focused on ensuring nu-
clear know-how and competence in the long run
and a high level of safety in aviation; the cost-
efficiency of nuclear safety co-operation with
neighbouring countries was also assessed.

In accordance with section 56 of the Nuclear
Energy Act, preliminary preparation of matters
related to the safe use of nuclear energy is vested
with the Advisory Committee on Nuclear Safety.
The Government appoints the Committee, which
functions in conjunction with STUK. Its term of
office is three years. The current Committee's
term of office began on 1 May 1997 and ends on 30

April 2000. Its Chairman is Research Professor
Lasse Mattila (Technical Research Centre of Fin-
land). Regular members are Professor Pentti Lau-
tala (Tampere University of Technology), Legisla-
tive Counsellor Tarja Oksanen (Ministry of Social
Affairs and Health), Head of Research Rauno
Rintamaa (Technical Research Centre of Finland),
Professor Jaakko Siivola (University of Helsinki),
Industrial Counsellor Sirkka Vilkamo (Ministry of
Trade and Industry) and Secretary General Matti
Vuorio (Ministry of Defence); Director General of
STUK, Professor Jukka Laaksonen is a perma-
nent expert to the Committee. Invited experts are
Doctor of Technology Antti Vuorinen, and Director
Christer Viktorsson of the Swedish Nuclear Power
Inspectorate.

The Committee was assisted by a Reactor Safe-
ty Division, a Nuclear Waste Division and a Emer-
gency Preparedness and Nuclear Material Divi-
sion, which were set up on 15 October 1997. They
had 14 meetings during 1998. Their main task is
to prepare statements requested from the Com-
mittee. The divisions heard the opinions of several
STUK experts when reviewing documents submit-
ted to the Committee.
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12 COMMUNICATION

Matters relating to the safety, nuclear waste management and safeguards
ofNPPs were communicated to the general public both according to an
established usage and by responding to questions presented by the media.
STUK issued over 40 information bulletins on various topics.

Public information about issues relating to the
regulatory control ofNPPs was given among other
things as follows: on statements submitted by
STUK on applications for the renewal of the oper-
ating licences of Finnish NPPs and on the Envi-
ronmental Impact Assessment Programme for
Olkiluoto NPP; on an ignition induced by an oil
leak at Olkiluoto 2; and on problems at Loviisa
NPP caused by a thunderstorm. The media were
also told how Finnish NPPs prepare for Millenni-
um-related computer problems. In addition, infor-
mation was given about the annual maintenance
outages of Finnish plant units and annual reports
on their operation were disseminated to the me-
dia.

STUK actively contributed to the dissemina-
tion of information about the Environmental Im-
pact Assessment Programme relating to Posiva
Oy"s project for the final disposal of nuclear waste.
STUK did this by participating in meetings ar-
ranged for the public in the four candidate munici-
palities for a final repository.

About safeguards control, STUK publicised sta-
tistics for 1997 on the shipments of radioactive
materials turned back at the Finnish border as
well as on luggage checks at airports to detect
radioactive materials.

Where projects to improve nuclear safety in
countries in Eastern Europe are concerned, STUK
issued bulletins about i.a. seminars and training
events. Among others the following events in the
neighbouring areas were considered to be of public
interest: a technical fault in a Russian nuclear
submarine and a shooting event in a submarine.
In addition, bulletins were issued pointing out
that information about a nuclear accident in Mur-
mansk was incorrect and that a fire detection and
extinguishing system had gone off at Kalinin NPP.

A new information channel was introduced:
STUK's web pages. These pages contain basic
data about NPPs, nuclear waste management and
how their safety is controlled. The pages were
utilised in the dissemination of topical informa-
tion.
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APPENDIX 1 PERIODIC INSPECTION PROGRAMME

Organisation and Management
• Organisation and management
• Safety issues
• Quality Assurance
• Document administration

Training of Personnel
• Training
• Personnel group specific training

Operations
• Operation of shifts
• Support for operational activities

Maintenance
• Administrative issues
• Equipment, materials and spare parts procure-

ment
• Preventive maintenance programmes
• Surveillance of piping and sea water systems
• Surveillance of buildings
• Surveillance of steel constructions
• Lifts and transfer of heavy loads
• Concrete and rock structures in the final repos-

itory for low and intermediate level waste (VLJ
repository)

• Maintenance of service water channels and
tunnels

Technical Support
• Reactor operation and fuel behaviour
• Fuel inspections
• Fuel handling and storage
• Surveillance methods
• Periodic tests
• Collection and analysis of failure data
• Surveillance of structural loads caused by tran-

sients
• Reactor pressure vessel embrittlement

• Ageing of electrical and I&C equipment
• Accuracy of important measurements
• Plant modifications

Fire Protection
• Structural fire protection
• Fire detection and extinguishing systems
• Operative fire protection

Radiation Protection
• Methodology and effectiveness of radiation pro-

tection
• Radiation situation within the plant
• Radiation measurement equipment
• Occupational dose control
• Laboratory activities
• Reference samples and analyses for chemistry

and radiochemistry

Radiation Safety in the Environment
• Radioactive releases
• Radiation and meteorological measurements in

the environment
• Environmental radiation surveillance pro-

gramme

Nuclear Waste
• Nuclear waste handling, storage and account-

ing
• Decontamination

Physical Protection
• Physical protection
• Drills

Emergency planning
• Emergency preparedness
• Emergency exercises
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TOPICAL INSPECTIONS BY STUK APPENDIX 2

Updates of safety documents • Modifications, repairs and preventive mainte-
Competence of personnel nance
Abnormal events • Post-outage plant start-up
Outage planning and execution • Nuclear fuel procurement
Reactor reloads • Nuclear material safeguards
Conduct and results of inservice inspections • Nuclear waste cleared from regulatory control
Inservice examinations as per the Pressure
Vessel Decree
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APPENDIX 3 LICENCES AND APPROVALS IN ACCORDANCE WITH

THE NUCLEAR ENERGY ACT GRANTED BY STUK IN 1998

• C214/199, 6 February 1998
Teollisuuden Voima Oy
Importation from and, if necessary, exportation
to the Federal Republic of Germany of fresh
nuclear fuel. Max. 23 900 kg of enriched
uranium of Russian origin. Valid until 31
December 1998.

• C214/200, 23 April 1998
Teollisuuden Voima Oy
Importation from Sweden, the Federal
Republic of Germany, Spain and the United
States and, if necessary, exportation to these
countries, of fuel channels made of zirconium.
Max. 3 000 pieces in all, not more than 111 000
kg of zirconium. Valid until 31 December 1998.

• C214/27, 1 June 1998 Imatran Voima Oy
Importation from Britain, transport in Finnish
territory to Loviisa NPP and, if necessary,
exportation to Britain of fresh nuclear fuel.
Max. 630 kg of enriched uranium. Valid until
31 December 1998.

• P214-5/12,13,12 June 1998
VTT, the Technical Research Centre of Finland,
Chemical Technology
Importation from Austria (intra-Community
trade licence) of a sample containing uranium.
Max. 10 micrograms of enriched uranium.
Valid until 31 December 1998.

• Y214/22,17 June 1998
RV RSB Logistic Projektspedition Gmbh, the
Federal Republic of Germany
Transport by ship of enriched uranium from
Russia via Hamina harbour to the Federal
Republic of Germany (import, export,
transport). 27 720 kilos of uraniumhexafluoride
with a U-235 enrichment not exceeding 5%.
Valid until 30 June 1998.

• Y214/17, 8 July 1998
RV RSB Logistic Projektspedition Gmbh,
the Federal Republic of Germany
Transport by ship of enriched uranium from
Russia via Hamina harbour to the Federal
Republic of Germany (import, export,
transport). 27 720 kilos of uraniumhexafluoride
with a U-235 enrichment not exceeding 5%.
Valid until 31 December 1998.

• C214/202, 18 August 1998
Teollisuuden Voima Oy
Importation to and, if necessary, exportation
from the Federal Republic of Germany of fresh
nuclear fuel. Max. 21 500 kg of enriched
uranium of Russian origin. Valid until 31
December 1999.

• C214/202, 18 August 1998
Teollisuuden Voima Oy
Importation of fresh nuclear fuel from or, if
necessary, exportation to Spain. Max. 6 500 kg
of enriched uranium of Russian origin. Valid
until 31 December 1999.

• C821/49, 28 August 1998
Teollisuuden Voima Oy
The handing over to Ekokem Oy of a 9m3 batch
of waste oil to be cleared from regulatory
control. The oil is from Olkiluoto NPP and will
be used for saw chain oil. Valid until 31
December 1998.

• C821/50, 27 October 1998
Teollisuuden Voima Oy
The handing over to Eurajoen Romu Oy of ca.
50 tonnes of scrap metal to be cleared from
regulatory control. The metal is from Olkiluoto
NPP and will be used by the steel industry.
Valid until 31 December 1999.
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LICENCES AND APPROVALS IN ACCORDANCE WITH
THE NUCLEAR ENERGY ACT GRANTED BY STUK IN 1998

APPENDIX 3

• C214/203, 6 November 1999
Teollisuuden Voima Oy
Importation from and, if necessary, exportation
to Spain of fresh nuclear fuel. Max. 10 500 kg
of enriched uranium that is provided with the
Euratom control stamp KN". Valid until 31
December 1999.

• C214/204, 6 November 1998
Teollisuuden Voima Oy
Importation from and, if necessary, exportation
to the Federal Republic of Germany of fresh
nuclear fuel. Max. 2 450 kg of enriched
uranium of Australian origin. Valid until 31
December 1999.

• C214/205, 6 November 1998
Teollisuuden Voima Oy
Importation from and, if necessary, exportation
to Spain of fresh nuclear fuel. Not more than
5 400 kg of enriched uranium of Australian
origin. Valid until 31 December 1999.

• P214-99/89, 25 November 1998
University of Helsinki, Accelerator Laboratory
Handing over of nuclear materials to the
Laboratory of Radiochemistry at the
Department of Chemistry of the University of
Helsinki. 27.5 kg of uraniumoxide U3Og (23 kg
of natural uranium) 2.5 kg of nitrate containing
thorium (1 kg thorium).

• P214-1/9, 25 November 1998
University of Helsinki,
Department of Chemistry
Possession, handling, use and storage for
research purposes of nuclear materials as well
as the handing over of batches of nuclear
material to clients who commission research
activities. Max. 60 kg of natural uranium, 3 kg
of thorium, 20.5 kg of depleted uranium, 5 kg of
plutonium and 1 500 kg of enriched uranium
having a U-235 content not exceeding 75 g.
Valid until 31 December 2007.

• C623/15, 26 November 1998
Teollisuuden Voima Oy
Transport of fresh nuclear fuel within the
Finnish territory. The maximum nuclear
material content of the transport is 600 tonnes
of enriched uranium as separate rods or
assemblies of rods. Valid until 31 December
2008.

• Y214/26, 27 November 1998
Outokumpu Research Oy
Exportation of uranium ore concentrate to
France. 2 970 kg of ore concentrate with a
natural uranium content of ca. 18-19%. Valid
until 30 November 1999.
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APPENDIX 4 STATEMENTS AND IMPORTANT DECISIONS BY STUK

• 9/750/97, 12 January 1998
A statement for the IAEA about the guide
IAEA Safety Series, Safety Guide: Plant
Operations, Operational Limits, Conditions
and Procedures

• 10/750/97, 28 January 1998
A statement for the IAEA about the guide
IAEA Safety Series, Safety Requirements:
Legal Government Infrastructure for Nuclear,
Radiation, Radioactive Waste and Transport
Safety

• A811/19, C811/14, 13 February 1999
A statement about the nuclear waste
management activities and plans of Imatran
Voima Oy and Teollisuuden Voima Oy

• A213/26, 2 March 1998
A statement about the applications for an
operating licence for a final repository for the
Loviisa NPP units and reactor waste

• A832/1, 23 April 1998
A statement about Posiva's Environmental
Impact Assessment Programme relating to the
final disposal of nuclear fuel

• 18/750/98, 30 April 1998
A statement for the IAEA about the guide
IAEA Safety Series, Safety Guide: Plant
Operations, Operating Organisations

• C213/30, 30 June 1998
A statement about the operating licence
applications for the Olkiluoto NPP units.

• 19/750/98, 20 May 1998
A statement for the IAEA about the guide
IAEA Safety Series, Safety Requirements:
Design

• 27/750/98, 29 May 1998
A statement for the IAEA about the guide
IAEA Safety Series, Safety Guide: Regulatory
Control of Radioactive Discharges into the
Environment

• 23/750/98, 9 June 1998
A statement for the IAEA about the guide
IAEA Safety Series, Safety Guide: Fire Safety
in the Operation of Nuclear Power Plants

• C102/60, 30 September 1998
A statement about the Environmental Safety
Assessment Programme relating to the
Olkiluoto NPP project

• 31/020/50, 30 September 1998
A statement for the Ministry of Trade and
Industry about the maintenance of NPP safety
know-how

• C213/50, 15 October 1998
Olkiluoto 1 and 2, an assessment of the safety
of continuous plant operation at 2500 MW
reactor power

• A812/22, C812/23, 26 November 1998
A statement about the provision made by
Imatran Voima Oy and Teollisuuden Voima Oy
for the costs of nuclear waste management

• A114/15,16, 30 December 1998
Approval of the responsible manager of Loviisa
NPP
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RESEARCH COMMISSIONED BY STUK IN 1998 APPENDIX 5

Research projects completed in 1998 NPP operational safety:
(some of them are long-term projects):

An expert's assessment of the reliability of heavy
NPP structural safety: load lifts in the reactor building of Loviisa NPP.

The non-homogeneity of WER-440 type RPV Verification of the TRAB-PLIM computer code
welded seams

The TRAB-PLIM computer code, adding of the
The structural analysis of piping loaded by pres- TRAB-3D-code to the circuit model and its verifi-
sure transients cation

AMES (Ageing material evaluation and studies), The complementation of the HEXTRAN-PLIM
participation computer code by a model of the primary circuit,

which is based on the PLIM method
Basic differences between initiation and crack
arrest fracture toughness Generation of organic iodine during severe acci-

dents, gas tests
Correlation between crack arrest fracture tough-
ness and impact testing data, yield strength de- Development of facilities for criticality safety
pendent correlation between KIc and Kla as well calculations
as COD test/CHARPY impact strength test corre-
lation Development of fuel analysis facilities

Studies in concrete technology for the construe- Water chemistry at high temperatures
tion, inspection and repair or NPP structures (par-
ticipation) Water chemistry at high temperatures: Oxide

films in high temperature water, studies of the
Participation in NESCI network activities during compact oxide layer by electrochemical measure-
1998 ments

Qualification of NDT systems for NPP mechanical Licensing process of safety-critical software-based
component inspections systems (continuation study)

The structural engineering applications of meas- Transient and accident analyses for Loviisa NPP,
urement methods employing fibre optics (partici- small primary leak analysis at uprated power level
pation)

Agreement on the execution of a fire safety project
Analysis of NDT inspectors' working practices. (PALOTU), 1995-1996
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NPP environmental radiation safety: NPP structural safety:

Assessment of radioactive releases. Familiarisa- Studies in concrete technology for the construc-
tion with the SESAME software tion, inspection and repair of NPP structures (par-

ticipation)
Analysis of uncertainties relating to the conse-
quences of fallout situations Development of LBB analysis methods for piping

Nuclear waste management: Determination of structure toughness properties
based on correlations

DECOVALEXII. Coupled Thermo-Hydro-Mechan-
ics in fractured rock Development of NDT system qualification

Studies concerning the mechanical stability of cap- NPP operational safety:
sule system for spent fuel disposal

A method for the identification, modelling and
Mechanical stability of the betonite buffer system probabilistic assessment of human errors (com-
in a repository for spent nuclear fuel mission errors)

The 3D-Rock planning file for VLJ repository at Development of a human error assessment meth-
Olkiluoto od for outage risk analysis

The rock porosity and porosity structure as a rele- Licensing of programmable automation systems;
vant parameter for matrix diffusion operational experience feedback analysis

Geochemical barriers in nuclear waste repositor- Development of a numerical fire model for rooms
ies: The properties and behaviour of high FeO oli-
vine rock Cable tunnel fire safety analysis

Research projects (some of which are long- Methods for expert assessment
term projects) underway as of early 1999:

Maintenance-induced common mode failures
NPP regulatory control

Agreement on execution of a fire safety project,
Development of STUK's periodic inspection PALOTU in 1997-1998
programme

Generation of organic iodine during severe acci-
Improved process management in regulatory dents, gas tests
control

TVO plant modernisation and related ATWS anal-
An independent assessment of procedures for in- yses
vestigation of operational events at Finnish NPPs
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Water chemistry at high temperatures: oxide films Palmottu—Natural analogue project.
in high temperature water, properties of and
transport phenomena in the porous oxide layer Geochemical barriers in nuclear waste repositor-

ies: The properties and behaviour of high FeO oli-
Development of facilities for criticality safety cal- vine rock.
culations

Matrix diffusion study: evidences for the migra-
The effect of fuel burn-up on safety tion of radionuclides in a postglacial weathering

profile (natural analogue study).
Assessment of the FMEA of an embedded system

The development and validation of physical meth-
NPP environmental radiation safety: ods of characterising a rock matrix and their ap-

plication in site investigations, natural analogue
Quick determination of radioactive strontium in studies and performance assessments.
environmental samples

DECOVALEXII. Coupled Thermo-Hydro-Mechan-
Collection and processing of meteorological tower ics in fractured rock.
data from Loviisa and Olkiluoto NPPs at the Finn-
ish Meteorological Institute Geophysical alteration phenomena in and around

a repository for spent nuclear fuel.
Nuclear waste management:

The review of the characterisation of the opera-
The international review of the investigations car- tional LILW from the Olkiluoto NPP.
ried out by Posiva.

Electric and electrochemical properties of surface
films on copper in the presence of bicarbonate
anions.
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