
STUK-B-YTO 58 

OPERATION OF FINNISH NUCLEAR 
POWER PLANTS 

Quarterly Report 
Fourth Quarter, 1988 
and the Annual Summary 

Compiled by Christer Ottosson 

May 1989 



STUK-B-YTO 58 

OPERATION OF FINNISH NUCLEAR 
POWER PLANTS 

Quarterly Report 
Fourth Quarter, 1988 
and the Annual Summary 

Ccmpiled by Christer Ottosson 

May 1989 

FINNISH CENTRE FOR RADIATION AND NUCLEAR SAFETY 
Department of Nuclear Safety 

Helsinki 1989 

Government Printing Centre 

ISBN 951-47-2636-7 
ISSN 0781-2884 



Finnish Centre for Radiation and Nuclear Safety 
Department of Nuclear Safety 
P.O. Box 268 
00101 Helsinki 
FINLAND May 1989 

STUK-B-YTO 58 

OPERATION OF FINNISH NUCLEAR POWER PLANTS 
Quarterly Report, Fourth Quarter, 1988 

ABSTRACT 

This general review of the operation' of the 
Finnish nuclear power plants concentrates on such 
events and discoveries related to nuclear and 
radiation safety as the regulatory body, the 
Finnish Centre for Radiation and Nuclear Safety, 
regards as noteworthy. The report also includes 
a summary of the radiation safety of the personnel 
and the environment, as well as tabulated data 
on the production and load factors of the plants. 

In the report period, no event essentially 
degraded plant safety nor posed a radiation 
hazard to the personnel or the environment. 

This report was compiled by Christer Ottosson with 

Juhani Hinttala 
Riitta Hänninen 
Seppo Klemola 
Pentti Koutaniemi 
Olli Nevander 

Risto Paltemaa 
Pentti Rannila 
Heikki Saari 
Kirsti-Liisa Sjöblom 
Sirkka Vilkamo 

INDEX TERMS Reactor operation, PWR type reactors, BWR type 
reactors 

UDC 621.039.56 

Government Printing Centre/Duplication 1989 

ISBN 951-47-2636-7 
ISSN 0781-2884 

27 pages 

DISTRIBUTED BY Finnish Centre for Radiation and Nuclear Safety 
Department of Nuclear Safety 



STUK-B-YTO 53 

CONTENTS page 

1 OPERATION OF NUCLEAR POWER PLANTS IN 

THE REPORT PERIOD 4 

2 INCIDENTS AND DISCOVERIES AT EACH PLANT UNIT 6 

Safety-related incidents at Loviisa 1 6 
Other events at Loviisa 1 7 
Safety-related incidents at Loviisa 2 7 
Other events at Loviisa 2 7 
Safety-related incidents at TVO I 8 
Other events at TVO I 8 
Safety-related incidents at TVO II 8 
Other events at TVO II 8 

3 OTHER MATTERS RELATING TO THE USE OF NUCLEAR 9 
ENERGY 

Renewal of operating licences of npps 9 
Provisions made for severe accidents 9 
Ensuring decay heat removal at the Loviisa 
nuclear power plant unit 10 
Loviisa 1 and 2, transport of spent nuclear 
fuel from Loviisa nuclear power plant to the 
Soviet Union in October 1988 12 

4 RADIATION SAFETY 12 

Individual occupational doses 12 
Collective occupational radiation exposure 13 
Releases and radiation doses in the 
env ironment 13 
Radioactivity of environmental samples 14 

5 ANNUAL SUMMARY 1988 15 

TABLES 18 

FIGURES 23 

ANNEXES 



STUK-B-YTO 58 4 

1 OPERATION OF NUCLEAR POWER PLANTS IN OCTOBER-DECEMBER 1988 

Regulatory control of the safety of nuclear energy 
is one of the major tasks performed by the Finnish 
Centre for Radiation and Nuclear Safety. The 
most important objects of the regulatory control 
concerning nuclear facilities have been presented 
in Annex 1. General information concerning the 
Finnish nuclear power plants is presented in 
Annex 2. 

During the fourth quarter of 1988, the Loviisa 1 
and 2 and TVO I and II plant units were in commer
cial operation for the whole quarter. No event 
essentially degraded plant safety or posed radia
tion hazards to the personnel or the environ
ment. 

Power of Loviisa 1 had to be decreased five times 
during the report period. On 6.10. the primary 
circulation pump tripped owing to a fault in the 
flow measurement of the sealing water line of the 
pump. The tripping of the pump brought about an 
automatic power reduction. On 7.11. one main 
circulation pump had to be stopped owing to the 
repairs performed on the steam isolation valve 
of the steam generator of the circuit in question. 
The tripping of one main circulation pump on 
24.11. caused a power reduction. On 25.-27.11. 
the plant unit had to be placed in hot shutdown 
in order to inspect the electric actuators of 
the valves located in the containment lower space. 
A separate report on the conducted inspections 
can be found on page 6. 

Eight operational transients which caused a power 
reduction occurred at Loviisa 2 during the report 
period. On 6.10. power had to be reduced owing 
to the plugging of a heat transfer pipe of the 
other condenser. On 25.- 27.10. power had to be 
reduced because of a leaking pipe in an auxiliary 
condensate line. On 6.11. the failure of one low 
frequency transducer of a control rod drive unit 
brought about the drop of the rod. On 10.-11.11. 
there was a power reduction due to the repair of 
a weakened pipe in the auxiliary condensate piping. 
Power had to be reduced also on 14.11. and 25.11. 
owing to the plugging of some condenser heat 
transfer pipes. In addition, at Loviisa 2, power 
had to be reduced on 20.12. owing to the repair 
of a control valve of the feedwater line. 

Power of TVO I had to be reduced eight times 
during the report period. On 16.10. power of TVO 
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I was dropped to Ö0 % for conducting periodic 
tests on valves. On the same day, power was dropped 
again from 100 % to 96 % owing to a local heat 
increase detected in the generator. Power was 
further reduced to 73 % on the same day for star
ting one main circulation pump. On 22.10. one 
main circulation pump was stopped owing to oscilla
tions in the rotation rate and power dropped to 
90 %. Power was reduced from 100 % to 75 % for 
starting one main circulation pump on 23.10. One 
main circulation pump tripped on 16.11. due to a 
fault in the bearings of the cooling fan. Power 
was reduced to 77 % for starting the pump. On 
21.12. power was dropped to 95 % for testing the 
valves of the relief system. On 25.12. power was 
dropped to 70 % tor conducting periodic tests on 
valves. 

Power of TV0 II had to be reduced seven times 
during the report period. On 6.10. power of TVO 
II dropped to 58 % when the condenser vacuum 
deteriorated in connection with the replacement 
of the ejector and an automatic shutdown of the 
main circulation pumps occurred. On 3.11. power 
dropped to 94 % after the deterioration of the 
condenser vacuum owing to a malfunction in the 
sealing and leakage steam system. On 13.11. a 
reduction of power was started when the condenser 
vacuum deteriorated as a result of the faulty 
closing of a valve in the recombination system. 
During the power reduction, an automatic trip of 
the main curculating pumps took place due to the 
weak vacuum of the condenser and power dropped 
to 57 %. On 20.11. power was reduced to 70 % 
owing to periodic tests of valves. On 30.11. 
power was reduced to 96 % in order to ensure the 
adequacy of heat transfer after the tripping of 
one main circulation pump. Power was further 
reduced to 72 % for starting the main circulation 
pump. The pump failed to start. On 3.12. the 
attempt to start the pump was successful and on 
4.12. the plant was operating at 100 % power. On 
21.12. power was reduced to 95 % for testing the 
valves of the relief system. 

The amount of electricity supplied by the Finnish 
nuclear power plants to the national grid from 
the beginning of 1988 totalled 18.4 TWh. According 
to the statistics compiled by the Finnish Associa
tion of Electricity Supply Undertakings, the net 
production of electricity in Finland during a 
corresponding period was 53.5 TWh. Nuclear power 
thus accounted for 32.3 % of the net production. 
The average load factor of the four units was 
91.2 %. The production and availability figures 
are presented in more detail in Tables I and II. 
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A general picture of the operation of the units 
can be obtained from the power diagrams, Figures 
1 - 4 . The most important events, discoveries 
and actions at the plant units are dealt with in 
Chapters 2 and 3. 

The occupational radiation doses, as well as the 
releases of radioactive materials to the environ
ment were considerably below the established 
limits. Radiation safety is dealt with in Chapter 
4. 

2 INCIDENTS AND DISCOVERIES 

Safety-related incidents at Loviisa 1 

Inspection of the installations of electric and instrumenta
tion equipment during hot shutdown 

A leak of a pipe in the fire extinguishing system 
in the turbine hall of Loviisa 1 occurred on 
28.10. A few days later, the water which had 
passed through the leak point brought about faults 
in the valve actuators of the emergency feedwater 
system which are situated below the leak point. 
The detected faults were repaired without delay. 

Owing to the turning up of several faults, both 
the Finnish Centre for Radiation and Nuclear 
Safety and the Imatra Power Co Ltd conducted 
inspections of other electric and instrumentation 
equipment on the feedwater tank levels of both 
plant units. In addition, an extensive inspection 
of the installations of the outside-the-containment 
electric and instrumentation equipment was conduc
ted at both plant units. On the basis of the 
defects detected during these inspections, the 
Finnish Centre for Radiation and Nuclear Safety 
presupposed the power company to check the operabi
lity and installations of all the electric and 
instrumentation equipment important to safety 
inside the Loviisa 1 containment. 

For conducting the inspections presupposed by 
the Finnish Centre for Radiation and Nuclear 
Safety, Loviisa 1 was placed in hot shutdown on 
25.-27.11. No essential safety-related defects 
were detected in the inspections by the representa
tives of the power company and the inspectors of 
the Finnish Centre for Radiation and Nuclear 
Safety. The minor defects detected in the inspec
tions were repaired without delay. 

At Loviisa 2, the corresponding inspections will 
be conducted during the next outage. 
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The incident did not directly endanger safety at 
the units. The components in which the detected 
installation deficiencies appeared were so called 
environmentally qualified components and they shall 
have to remain functional also under accident 
conditions. The detected deficiencies could have 
deteriorated the reliability under accident condi
tions of the equipment in question. The Imatra 
Power Co Ltd has submitted to the Finnish Centre 
for Radiation and Nuclear Safety the plans of 
action for improving the manner of installations 
and the development of the inspection procedures. 
A review of the reports is under way at the Finnish 
Centre for Radiation and Nuclear Safety. 

Other events at Loviisa 1 

Nothing reportable. 

Safety-related incidents at Loviisa 2 

No safety-related incidents. 

Other evonts at Loviisa 2 

P a i 1 t i T - o j j f f i i n i 

On 27.10. an increase in the fission product 
activity of the water activity of the primary 
circuit of Loviisa 2 indicative of a leak in 
fuel rod claddings was detected. The iodine-isotope 
activity about 3-folded compared to the pre-fuel 
leak level. The increase in the activity of the 
primary circuit was preceded by a mild power 
transient when the other turbine was tripped on 
25.-27.10. Slight increases in the activities of 
the noble gas isotopes were also detected during 
the transient. Primary circuit water activity, 
however, remained clearly below the limitations 
set in the Technical Specifications. 

The faulty fuel assembly is intended to be locali
zed and removed form the reactor during the next 
refuelling outage. 

Leak in auxiliary condensate pipeline of feedwater tank 

In connection with the regular inspection round 
on 25.10. a leak was detected in the upper part 
of the feedwater tank. After the dismantling of 
the tank sealings, the leak was localized in the 
welded seam between the auxiliary condensate 
line (RN52) situated in the upper part of the 
feedwater tank and the tank. On the basis of the 
volume of the leak and its location, repairing 
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was noted necessary and the decision to trip the 
turbine was reached immediately. 

When examining the leak point closer it was detec
ted that the protective sleeve inside the pipe 
nozzle had become too short due to the modifica
tions made in other parts of the same pipeline. 
The pressure bearing pipe nozzle had, therefOÄ, 
been subjected to heavy erosion. The leak point 
was repaired by external strengthening. 

The corresponding points of all the feedwater 
tanks at both plant units were inspected by isoto-
pic inspection during the following two weeks. In 
the other feedwater tank of Loviisa 2, a corres
ponding point was detected which was so badly 
corroded that its repairing was considered necessa
ry. Corrosion was not noted in any other place. 
Also, the construction of Loviisa 1 differs from 
that of Loviisa 2 in a way which makes it less 
prone for corrosion. A new design of the temporari
ly repaired pipe nozzles will be provided and 
they will be replaced in the 1989 refuelling 
outage. 

Safety-related incidents at TVO I 

No safety-related incidents. 

Other events at TVO I 

Nothing reportable. 

Safety-related incidents at TVO II 

No safety-related incidents. 

Other events at TVO II 

Breaking of the connecting rod of a diesel engine 

In connection with the load test of the diesel 
engine 651 G 301/TVO II on 26.10. it was noted 
that the temperatures of the exhaust gases of 
two cylinders of the diesel engine were excep
tionally high. The event was similar to that 
reported in the Quarterly Report STL 83/8. In 
connection with the removal of the engine's cylin
der heads it was noted that the connecting rod 
of the exhaust valve of the cylinder no 2 had 
broken and that there was a ca 50 mm bend in the 
connecting rod of the suction valve. The cylinder 
no 2 was neither of the aforementioned cylinders 
which were hot while running. As a corrective 
measure, replacements of the connecting rods and 
related parts were done. In the post-replace-
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ment load test carried out on the diesel engine, 
the engine functioned acceptably. 

3 OTHER MATTERS RELATING TO THE USE OF NUCLEAR ENERGY 

Renewal of operating licences of nuclear power plants 

The operating licences of the Loviisa 1 and 2 
and TVO I and II nuclear power plants were renewed 
by a Decision of the Council of State on 
15.12.1988. At the same time, the Council of ."tate 
also issued operating licences for the nuclear 
fuel and reactor waste management facilities of 
the Loviisa 1 and 2 and TVO I and II plants. The 
new operating licences are valid for ten years. 

The Finnish Centre for Radiation and Nuclear 
Safety gave to the Ministry of Trade and Industry 
its statement concerning the applications for 
licences submitted by the power companies. On 
the basis of the review and assessment in connec
tion with the preparation of the statements, the 
Finnish Centre for Radiation and Nuclear Safety 
recommended the granting of the applied operating 
licences. It its statement, the Finnish Centre 
for Radiation and Nuclear Safety considered that 
the Nuclear Energy Act and Decree provide suffi
cient possibilities for a continuous assessment 
and control of safety. 

In compliance with the Nuclear Energy Act, the 
Finnish Centre for Radiation and Nuclear Safety 
also conducted a special inspection of the Loviisa 
nuclear power plant in December 1988. In this 
inspection nothing was detected which would hinder 
the operation of the plant as set out in the new 
operating licence. A corresponding inspection of 
the Olkiluoto nuclear power plant was conducted 
as early as during the issuance of the statement 
on the operating licence. 

Provisions made for severe accidents 

In 1982, the Finnish Centre for Radiation and 
Nuclear Safety issued the Guide YVL 1.0 which 
deals with the design principles of new nuclear 
power plants. This guide presupposes that, for 
the part of the containment, provisions shall be 
made for severe accidents in the design of a 
nuclear power plant. A severe accident denotes 
such accidents which lead to a core melt. 

The accident which occurred at Chernobyl in April 
1986 speeded up the schedule of measures relating 
to severe accidents in Finland. In June 1986 the 
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Finnish Centre for Radiation and Nuclear Safety 
requested the power companies to make provisions 
for severe accidents at all nuclear power plant 
units. 

In its decision the Finnish Centre for Radiation 
and Nuclear Safety notes that the foremost objecti
ve is to try to prevent or minimize the probabili
ty of a reactor becoming severely damaged. The 
measures potentially required will be defined on 
the basis of the on-going PSAs. Despite these 
measures, provisions shall be made for the possib-
lity of a severe accident and the measures shall 
be implemented which are required to mitigate 
its consequences. 

Based on the decision by the Finnish Centre for 
Radiation and Nuclear Safety, both the Industrial 
Power Company Ltd and the Imatra Power Co Ltd 
have launched projects the objectives of which 
are, i.a-, to plan the measures for preventing a 
containment break by overpressure during an acci
dent. The starting pcint in the projecs of both 
power companies is, in addition, that the avoidance 
of a core melt under high reactor pressure must 
be possible. 

The project of the Industrial Power Company Ltd 
relating to the Olkiluoto nuclear power plant units 
has advanced to such an extent already that during 
1988 the first phase of the project has been 
implemented. The first phase included i.a. the 
following items: protection of penetrations located 
in the containment lower space, fitting of addi
tional instrumentation, px-otection of containment 
against overpressure and an external containment 
water filling possibility. During 1989, a filtered 
containment pressure suppression system is intended 
to be installed. 

The project of the Imatra Power Co Ltd relating 
to the Loviisa nuclear power plant units is only 
in the design phase. Various alternatives have 
been studied for protecting the containment against 
slow pressure rises. Of these, the Imatra Power 
Co Ltd has selected containment cooling by external 
spraying for further studies. 

Ensuring decay heat removal at the Loviisa nuclear power 
plant unit 

At the Loviisa nuclear power plant unit, the 
importance of the turbine hall for plant safety 
is exceptionally high owing to the design of the 
plant lay out. Essential parts of the systems 
required for the removal of reactor decay heat 
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have been placed in the turbine hall which is 
shared by the plant units. These include items 
such as 

feedweater pumps 
emergency feedwater pumps 
isolation and safety valves of the main 
steam lines. 

The mentioned valves shall be functional irrespec
tive of the system by which water is fed into 
the steam generators. 

Also the plant control buildning, including the 
control room as well as the quarters for important 
electric and instrumentation systems are in connec
tion with the turbine hall. Certain electric 
connections important for the plant electricity 
supply are via cable tunnels which are housed in 
the turbine hall. 

On the basis of a reassessment relating to the 
reliability of decay heat removal in the event 
of a fire at the Loviisa plant units, the demands 
set out in the Technical Specifications were 
modified in 1985 so that the connection for feeding 
water from primary circuit auxiliary water system 
to steam generator secondary side has been ensured 
also in the event of a single component failure. 
This water feeding option will be maintained 
also in the event of a turbine hall fire. 

For ensuring removal of decay heat in the event 
of a turbine hall fire, also the following measures 
will be implemented: 

1 The so called B wall of the turbine 
hall shall be made higher. This work 
was accomplished for its main parts 
during 1988. The function of the wall 
is to secure steam line valves in the 
event of a fire. 

2 Both plant units shall be fitted with 
new additional auxiliary feedwater sys
tems. A complete independency of a turbine 
hall fire is the design basis of this 
system. The system is due for operation 
during 1989. 

3 Measures relating to the ensuring of 
the environmental durability of quarters 
and components important to the removal 
of decay heat are also due for completion 
during 1989. 
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Loviisa 1 and 2, transport of spent nuclear fuel from the 
Loviisa nuclear power plant to the Soviet Union in October 
1988 

On 25.-27.10.1988 the Imatra Power Co Ltd shipped 
spent nuclear fuel from the Loviisa nuclear power 
plant to the Soviet Union. The transport which 
was seventh in line was carried out using arrange
ments similar to those used earlier i.e. it was 
a combined road and rail transport. The trans
port was of the maximum design volume for the 
first time; eight packages of fuel removed from 
the reactor in 1983, a total of 240 assemblies. 
In the transport which was accepted by special 
arrangement, water-filled packages of the type B 
were used. The transport was problem-free. 

The transport packages are well over 2 m in diame
ter and over 4 m in height and are containers in 
the shape of drums. The walls of their casings 
are 360 mm thick. The 300 mm thick head of each 
container is fixed to the casing with 24 bolts. 

In the checking of empty transport containers 
which was done prior to filling them with spent 
fuel, some of the fixing bolts of the head were 
noted to be rusty. During check-ups and cleaning, 
the ridges of their threads were noted to be partly 
corroded. A total of 28 corroded bolts were disco
vered . 

The strength calculation relating to the fixing 
of container heads showed that the unbroken part 
of the bolts which contains the threads was suffi
cient to ensure a safe fixing of the heads. When 
closing the heads, the corroded bolts were divided 
in such a way, however, that there were four of 
them per container at most. The corroded bolts 
were marked and after the accomplishment of this 
transport they may not be used in the transport 
of spent fuel in Finland anymore. 

4 RADIATION SAFETY 

Individual occupational doses 

Individual occupational doses in the report period 
remained clearly below the dose limit for three 
months, 25 mSv. The highest individual occupa
tional doses were below 2 mSv, both at the Loviisa 
and the Olkiluoto plant units. The individual 
occupational doses until the end of the renort 
period in 1988 were also clearly below the annual 
dose limit which is 50 mSv. The hiahcot indivi-
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dual dose which has been registered in the dose 
register o- the Finnish Centre for Radiation and 
Nuclear Safety, 23.3 mSv, was received in Sweden. 

The occupational dose limits are included in the 
legislation on radiation protection and they are 
based on the recommendations of the International 
Commission on Radiological Protection (ICRP). The 
dose limits have been so set that the health 
risk caused by radiation is comparable with the 
occupational risks of other professions which 
are considered safe. 

The distributions of individual occupational 
doses in the report period and in 1988 (Tables 
III and IV) specify the number of persons in 
each dose range and at each plant site. In addi
tion, the Tables show a distribution which is 
the total number of workers in each dose range. 
The distributions comprise the doses of persons 
who have been recorded as nuclear power plant 
workers in the central dose file of the Finnish 
Centre for Radiation and Nuclear Safety. 

Collective occupational radiation exposure 

In the report period, the collective occupational 
radiation dose at the Loviisa units totalled 
0.049 manSv and at the Olkiluoto units 0.020 manSv. 

The collective cumulative occupational radiation 
dose in 1988 by the end of the report period was 
at the Loviisa units 1.764 manSv and at the Olki
luoto units 2.143 manSv. 

The dose limit recommended in the guides of the 
Finnish Centre for Radiation and Nuclear Safety 
is 5 manSv/GWe per installed electrical power in 
one year, which would be in total 4.45 manSv/year 
for the Lv.v'iisa nuclear power plant and 7.1 
manSv/year for the Olkiluoto nuclear power plant. 

Releases and radiation doses in the environment 

The releases of radioactive substances into the 
environment in the report period were considerably 
below the release limits (Table V). 

The release limits have been so determined that 
for the persons with the highest exposure, the 
annual whole-body radiation dose is no more than 
0.1 mSv. This is less than 1/30 of the dose 
received annually from natural background radiation 
and 1/50 of the dose limit prescribed by legisla
tion. The release limits have been established 
for such nuclides and release channels as have 
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significance from the viewpoint of the possibility 
of exceeding the individual dose limit. 

Thus, the radiation doses calculated on the basis 
of the release reports for those who live in the 
vicinity of NPPs are very small. 

A carbon-14-release will cause a universal collec
tive dose which is almost as high as the reference 
dose limit (5 man Sv/GWe per installed electrical 
power). This collective reference dose limit is 
based on the limitation of the annual dose caused 
by the widespread use of nuclear power below 0.1 
mSv per person living in the future. When defining 
the collective dose limit it has been oresupposed 
that an average of 10 kW of electric energy per 
person will be generated by nuclear power in the 
whole world for 500 years. The current use of 
nuclear energy in Finland is about 1/20 of the 
mentioned value. 

Radioactivity of environmental samples 

The total number of samples taken in the surroun
dings of both plant sites in accordance with the 
environmental monitoring programme was 170 in this 
quarter. 1 3 4Cs and 137Cs in particular of the 
nuclides contained in the fallout resulting from 
the accident at Chernobyl were still present in 
almost every environmental sample. Nuclides ori
ginating in nuclear power plants were detected 
in a sample of haircap moss and in three samples 
of sedimenting matter taken near the Loviisa 
plant and in Olkiluoto in one sea water sample 
and all samples of sedimenting matter. 60Co was 
detected in all these samples. In addition, 54 Mn 
was detected in the samples of sedimenting matter 
which obviously originated almost completely in 
the local power plants. Part of the 110m Ag which 
was present in the same samples still originated 
in the Chernobyl fallout. All the detected con
centrations were low and will not cause any action. 

Apart from artificial radionuclides, environmen
tal samples usually also contain natural radionuc
lides (natural decay series, 7Be and 4 0 K ) . 

As regards the nuclide contents, the results 
obtained from the measurement of environmental 
samples containing radionuclides which origi
nate in power plants are consistent with the 
release reports of the power companies from this 
and the previous quarters. In making this compa
rison, nuclide behaviour in nature and their 



STUK-B-YTO 58 15 

detection limits in analyses shall be taken into 
account. 

5 ANNUAL SUMMARY 1988 

All units i.e. Loviisa 1 and 2 and TVO I and II 
were in commercial operation and their annual 
electricity output was close to the theoretical 
maximum value. No event during 1988 posed a radia
tion hazard to the personnel or the environment 

The incidents, observations and measures (safety 
related events boldfaced) reported in the Quarterly 
Report of the Finnish Centre for Radiation and 
Nuclear Safety at the various units were as fol
lows: 

Loviisa 1: 

Leak in the pressurizer lower nozzle of 
Loviisa on 13.2. (Quarterly Report 1/88) 

Fuel failure (Quarterly Report 2/88) 

Annual maintenance (Quarterly Report 3/88) 

Failure of fuel (Quarterly Report 3/88) 

Inspection of the installations of elect
ric and instrumentation equipment during 
hot shutdown (Quarterly Report 4/88) 

Loviisa 2: 

Electricity supply of the additional 
auxiliary feedwater pump was missing 
erroneously (Quarterly Report 1/88) 

Loss of the return air cooling of the 
control room at Loviisa 2 (Quarterly 
Report 1/88) 

Faulty states of the primary shut valves 
of the impulse piping of certain pressure 
measurements of the plant protection 
system (Quarterly Report 2/88) 

Annual maintenance (Quarterly Report 3/88) 

Failure of fuel (Quarterly Report 3/88) 

Faults in the air conditioning system 
(Quarterly Report 3/88) 

Failure of fuel (Quarterly Report 4/88) 
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Leak In auxiliary condensate pipeline 
of feedwater tank (Quarterly Report 4/88) 

TVO It 

Reactor scram caused by formation of 
frazil ice in the sea water clean-up 
system (Quarterly Report 1/88) 

Annual maintenance (Quarterly Report 2/88) 

Post-outage start-up problems (Quar
terly Report 2/88) 

Leak in the liquid waste treatment system 
(Quarterly Report 2/88) 

TVO II: 

Annual maintenance (Quarterly Report 2/88) 

Post-outage start-up problems (Quar
terly Report 2/88) 

Breaking of the connecting rod of a diesel 
engine (Quarterly Report 4/88) 

Other matters relating to the use of nuclear 
energy: 

Initiation of the construction of Indust
rial Power Company Ltd's repository for 
waste from nuclear power plants (Quarterly 
Report 1/88) 

Transportation of spent fuel rods to 
Sweden (Quarterly Report 2/88) 

Renewal of security measures (Quarterly 
Report 2/88) 

Construction of Imatra Power Co Ltd's 
repository for reactor waste to be started 
(Quarterly Report 3/88) 

Cooperation in the field of nuclear 
energy between Finland and Poland (3/88) 

Renewal of operating licences of nuclear 
power plants (Quarterly Report 4/88) 

Provisions made for severe accidents 
(Quarterly Report 4/88) 



i'i'u'K-B-YTO bd 17 

Ensuring decay heat removal at the Loviisa 
nuclear power plant unit (Quarterly 
Report 4/88) 

Loviisa 1 and 2, transport of spent 
nuclear fuel from the Loviisa nuclear 
power plant to the Soviet Union in October 
1988 (Quarerly Report 4/88). 

The amount of electricity produced by the Finnish 
nuclear power plants to the national grid during 
1988 was 18.4 TWh. According to the statistics 
compiled by the Finnish Association of Electricity 
Supply Undertakings, the production of electricity 
in Finland totalled 53.5 TWh during a corresponding 
period. Nuclear power thus accounted for 34.4 %. 
The average load factor of the Finnish nuclear 
power plant units was 91.2 %. The production and 
availability figures are presented in more detail 
in Tables I and II. The development of the annual 
load factors, reactor scrams and collective radia
tion exposures as of the start-up of the units 
has been presented in Fig. 7. 

The occupational radiation doses as well as the 
releases of radioactive materials to the environ
ment in 1988 were considerably below the establis
hed limits (Tables IV and V). 
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rable I Electr ic i ty production and availabili ty of the uni ts 

Loviisa 1 

Loviisa 2 

TVO I 

TVC II 

Electricity production 
(gross, TOh) 

Fourth 
quarter 

1.02 

1.02 

1.63 

1.62 

Since be
ginning 
of 1988 

3.54 

3.80 

6.00 

5.93 

Since 
start-

39.0 

28.5 

51.9 

43.3 

Availability 
factor % 

Fourth 
•up quarter 

98.7 

100.0 

100.0 

100.0 

Load factor % 

Fourth 
quarter 

99.2 

99.4 

100.3 

99.9 

Since be
ginning 
of 1988 

86.7 

93.1 

92.9 

91.9 

1987 

93.2 

92.6 

90.9 

92.3 

Availability factor = « " S S g S g l f f <h> * " » * 

load factor = gross electricity production 1 Q 0 „ 
rated power x calendar time (h) 

Table II Nuclear energy in the Finnish production of electricity 

Fourth Since beginning 1987 
quarter of 1988 

1986 

Production of nuclear 
electricity (net, lWh) 5.0 

Total production of 
electricity in Finland 
(net, Ttth) 15.5 

Percentage of nuclear 
electricity of total 
production 32.3 

Load factor averages cf 
the Finnish plant unr'.s % 99.7 

18.4 

53.5 

34.4 

91.2 

18.5 

50.7 

36.5 

92.3 

18.0 

46.9 

38.4 

88.8 
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Table III Occupational dose distribution in the report period 

Number of persons in the dose range 

Dose range 
(mSv) Loviisa Olkiluoto Total a 

1248 1826 
7 28 
3 18 

0.5 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

< 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

0.5 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
50 

657 
20 
13 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

These columns also include the data of those Fin
nish workers who have received doses at the 
Swedish nuclear power plants. The same person 
may have worked at both Finnish plant sites as 
well as in Sweden. 
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Table IV Occupational dose distribution from beginning of year 
until end of report period 

Number of persons in the dose range 

Dose range 
(mSv) Loviisa Olkiluoto Total a 

0.5 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

< 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
> 

0.5 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
25 

207 
96 
105 
60 
56 
35 
36 
21 
16 
10 
9 
5 
7 
6 
3 
3 
2 
1 
1 
1 
-
-
-
-
-
-
-

386 
260 
265 
132 
82 
53 
18 
20 
11 
12 
3 
4 
2 
3 
1 
1 
1 
3 
-
-
1 
-
-
-
-
-
-

565 
340 
336 
184 
127 
85 
56 
45 
28 
25 
14 
11 
10 
12 
5 
4 
5 
5 
4 
3 
2 
2 
3 
-
1 
-
-

Tiese columns also include the data of those Fin
nish workers who have received doses at the 
Swedish nuclear power plants. The same person 
may have worked at both Finnish plant sites as 
well as in Sweden. 
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Table V Releases of radioactive substances at each plant site 

Plant site 

Loviisa 

Report period 
Year 1988 

Olkiluoto 

Report period 
Year 1988 

Annual release 
limits 

Loviisa 
Olkiluoto 

Plant site 

Loviisa 

Report period 

Year 1988 

Olkiluoto 

Report period 
Year 1988 

Annual release 
limits 

Loviisa 
Olkiluoto 

Releases into the air (Bq)a 

Noble gases 
(87Kr-equiv., 
TBq) 

b c 

b c 

b 

5,1 x 101° 

2.2 x 10"« 
1.8 x 101* 

Iodines 
(i3i i-equiv., 
VBd) 

4.9 x 106 

8.0 x 107 

8.5 x 103 

2.5 x 10* 

2.2 x 10"« 
9.5 x 101° 

Releases into water (Bq)" 

Tritium 

2.1 x lOi2 

1.6 x IOI3 

2.9 x ion 
1.3 x 1012 

1.5 x 101* 
1.8 x IOI3 

Other nuclides 
(GBq) 

7.5 x 10* 
5.4 x 107 

2.2 x 10s 

2.0 x 109 

Other nuclides 

1.5 x 101° 

3.5 x 101° 

1.8 x 109 

1.7 x 101° 

8.9 x 10"e 

2.8 x ion 

Tritium 14C 
(TBq) 

2.7 x 10" d 

1.7 x 1012 d 

2.9 x 101° d 

1.5 x 10" a 

The unit of radioactivity is Becquerel (Bq); 1 Bq * one nuclear 
transformation per second 

Below the detection limit 
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The calculatory release of 41Ar from the Loviisa 1 and 2 units 
expressed as 87Kr-equivalents was 4.3 x 1011 TBq in the report 
period and 1.6 x 1012 TBq as of the beginning of 1988. 

The 14 C-release estimate based on experimental data was 8.5 x 
1010 TBq in Loviisa and 1.7 x 1011 in Olkiluoto in the report 
period. As of the beginning of 1988, the estimates were 3.1 x 
1011 TBq and 6.5 x 1011 TBq, correspondingly. 

The figure shows the release limit of the plant site on the 
presumption that there will be no releases of other release 
types. The guide release limit is set in such a way that the 
sum of the release limit shares of the various types is equal 
to or smaller than 1. 
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Figure 1 Daily gross power of Loviisa 1 in October-December 1988 

1 Main circulation pump tripped by meter fault 

2 Repair of steam generator steam isolation valve 

3 Tripping of one main feedwater pump 

4 Hot shutdown 

Figure 2 Daily gross power of Loviisa 2 in October-December 1988 

1 Pipe leak in auxiliary condensate line 

2 Repair of auxiliary condensate piping 

3 Repair of a control valve of the feedwater line 

4 Location and repair of a condenser leak 
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Figure 3 Daily gross power of TVO I in October-December 1988 

1 Periodic tests 
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Figure 4 Daily gross power of TVO II in Octobor-December 1988 

1 Power reduction due to inadequate thermal margins of fuel after 
the tripping of one main circulation pump 



Fig. 5 Operational diagrams of Loviisa 1 and 2 in 1988 
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Fig. 6 Operational diagrams of TVO I and II in 1988 
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REGULATORY CONTROL OF NUCLEAR FACILITIES 

The regulatory control performed by the Finnish 
Centre for Radiation and Nuclear Safety encompass 
the following areas (the granting of the licenses 
mentioned in parentheses is recommended when 
the control activities have been completed and 
no reason for withholding the license has ari
sen) : 

Construction Phase 

Preliminary plans of the nuclear facili
ty 
Location and environmental effects of 
the plant 
Arrangements for nuclear fuel and nuc
lear waste management 
(Decision in principle) 

Preliminary safety analysis report on 
the planned structure and operation 
of the plant 
Safety classification of components 
and structures 
Quality assurance plan 
Plans concerning nuclear fuel and nuc
lear waste management 
Physical protection 
(Construction permit) 

Construction plans, manufacturers, final 
construction and installation of com
ponents and structures 
Performance tests of systems 
Final safety analysis report on the 
structure and operation of the plant 
and the final safety analyses 
Composition and competence of the opera
ting organization 
Technical specifications 
Nuclear fuel management and safeguards 
Methods of nuclear waste management 
Physical protection and emergency prepa
redness 
(Operating license) 
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Operating Phase 

Start-up testing at various power levels 
Maintenance, inspections and testing 
of components and structures 
Operarion of systems and the whole plant 
Operation and competence of the opera
ting organization 
Exceptional events 
Repairs and modi f ••'.cations 
Refuelling 
Nuclear fuel management and safeguards 
Nuclear waste management 
Radiation protection and safety of 
the environment 
Physical protection and preparedness 
Observance of quality assurance pro
gramme 
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PLANT DATA 

Plant Start-up Commercial Rated power Type, 
unit operation (gross/net, supplier 

Mf) 

Loviisa 1 8.2. 1977 9.5. 1977 465/445 

Loviisa 2 4.11.1980 5.1. 1981 465/445 

TVO I 2.9. 1978 10.10.1979 735/710 

TVO II 18.2. 1980 1.7. 1982 735/710 

Pressurized water reactor 
(PWR), Atanenergoexport 

Pressurized water reactor 
(PWR), Atanenergoexport 

Boiling water reactor 
(BWR), Asea Atom 

Boiling water reactor 
(BWR), Asea Atom 

Imatra Power Co. Ltd owns the Lov i i sa 1 and 2 
u n i t s i n Lovi i sa and Indus tr ia l Power Company 
Ltd the TVO I and II u n i t s i n Olk i luo to , Eurajo
ki . 


