
FI&0CÖ3& ^rujc ~ B - YTÖ— *L 

Säteilyturvakeskus 
Strälsäkerhetscentralen 
Finnish Centre for Radiation and Nuclear Safety 
PL-P.O.BOX 268, SF-00101 Helsinki 10, Finland 



STUK-B-YTO 46 

OPERATION OF FINNISH NUCLEAR 
POWER PLANTS 

Quarterly Report 
Second Quarter, 1987 

April 1988 

FINNISH CENTRE FOR RADIATION AND NUCLEAR SAFETY 
Department of Nucleav Safety 

Helsinki 1988 

Government Printing Centre 

ISBN 951-47-1371-0 
ISSN 0781-2884 



Finnish Centre for Radiation and Nuclear Safety 
Department of Nuclear Safety 
P.O. Box 268 
00101 Helsinki 
FINLAND April 1988 

STUK-B-YTO 46 

OPERATION OF FINNISH NUCLEAR POWER PLANTS 
Quarterly Report, Second Quarter, 1987 

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 

Riitta Hänninen 
Seppo Klemola 
Hannu Koponen 
Pentti Koutaniemi 
Marja Leena Kuutti 
Jouko Mononen 

Olli Nevander 
Risto Paltemaa 
Ilkka Pöllänen 
Pentti Rannila 
Kirsti-Liisa Sjöblom 
Sirkka Vilkamo 

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

UDC 621.039.56 

Government Printing Centre/Duplication 1988 

ISBN 951-47-1371-0 

ISSN 0781-2884 

28 pages 

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



STUK-B-YTO 46 3 

CONTENTS page 

REGULATORY CONTROL OF NUCLEAR FACILITIES 4 
PLANT DATA 5 

1 OPERATION OF NUCLEAR POWER PLANTS IN 

THE REPORT PERIOD 6 

2 INCIDENTS AND DISCOVERIES AT EACH PLANT UNIT 7 

Safety-related incidents at Loviisa 1 7 
Other events at Loviisa 1 7 
Safety-related incidents at Loviisa 2 7 
Other events at Loviisa 2 9 
Safety-related incidents at TVO I 13 
Other events at TVO I 13 
Safety-related incidents at TVO II 15 
Other events at TVO II 15 

3 OTHER MATTERS RELATING TO THE USE OF NUCLEAR 
ENERGY 16 

4 RADIATION SAFETY 16 

Individual doses of the personnel 16 
Collective radiation exposure of the 
personnel 17 
Releases and radiation doses in the 
environment 17 
Radioactivity of environmental samples 18 

TABLES 20 

FIGURES 25 



STUK-B-YTO 46 4 

REGULATORY CONTROL OF NUCLEAR FACILITIES 

The regulatory control performed by the Finnish 
Centre for Radiation and Nucleer 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 arisen): 

Construction Phase 

Preliminary plans of the nuclear facility 
Location and environmental effects of the plant 
Arrangements for nuclear fuel and nuclear 
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 iuel and nuclear 
waste management 
Physical protection 
(Construction permit) 

Construction plans, manufacturers, final 
construction and installation of components 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 operating 
organization 
Technical specifications 
Nuclear fuel management and safeguards 
Methods of nuclear waste management 
Physical protection and emergency preparedness 
(Operating license) 

Operating Phase 

Start-up testing at various power levels 
Maintenance, inspections and testing of 
components and structures 
Operation of systems end the whole plant 
Operation and competence of the operating 
organization 
Exceptional events 
Repairs and modifications 
Refuelling 
Nuclear fuel management and safeguards 
Nuclear waste management 



STUK-B-YTO 46 5 

PLANT DKEA 

Radiation protec t ion and s a f e t y of the environ
ment 
Physical protect ion and preparedness 
Observance of qua l i ty assurance programme 

Plant 
unit 

Start-up Commercial 
operation 

Rated power Type, 
(gross/net, supplier 
Mf) 

Loviisa 1 8.2, 1977 9.5. 1977 465/445 Pressurized water reactor 
(PWR), Atonenergoexpart 

Loviisa 2 4.11.1980 5.1. 1981 465/445 

TVO I 2.9. 1978 10.10.1979 735/710 

Pressurized water reactor 
(PWR), Atanenergoexport 

Boiling water reactor 
(BWR), Asea Atom 

TVO II 18.2. 1980 1.7. 1982 735/710 Boiling water reactor 
(BWR), Asea Atom 

Imatran Voima 0y owns t h e L o v i i s a 1 and 2 u n i t s 
i n L o v i i s a and T e o l l i s u u d e n Voima Oy t h e TVO I 
and II u n i t s i n O l k i l u o t o , E u r a j o k i . 
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1 OPERATION OF NUCLEAR POWER PLANTS IN APRIL - JUNE 1987 

All units, i.e. Loviisa 1 and 2 and TVO I and II 
were in commercial operation. No event during 
the report period degraded plant safety in any 
essential way nor posed a radiation hazard to 
the personnel or the environment. 

At Loviisa 1, power was reduced on 28.5. to repair 
the control valves of the fresh steam line shut-
off valve. On 30.5. the tripping of the other 
turbogenerator owing to under-excitation caused 
a drop in the production of electricity. In 
addition, Loviisa 1 was run on reduced power for 
three week-ends in June because of less demand 
for electricity. An increase in the primary 
circuit fission product activity as a result 
from defective fuel was noticed at the plant 
unit on 20.5. The annual maintenance outage of 
Loviisa 1 began on 27.6. 

At Loviisa 2, power was reduced on 16 and 17.4. 
to plug leaking condenser pipes. Also the repai
ring of a pipe in the auxiliary condensate line 
on 8.-10.5. caused a power reduction. Also Loviisa 
2 was operated at reduced power during two week
ends in June. A short-term loss of main feedwater 
occurred at the plant unit on 7.6. in connection 
with a fault in the electric power systems. 

The first batch of spent fuel from Loviisa 2 was 
transported to the Soviet Union in May. 

TVO I was placed in shutdown at the beginning 
of April to repair a water leak in the generator. 
Reactor power was reduced to 60 % for a few hours 
on 19.4. to localize the defective fuel. The 
annual maintenance outage of TVO I began on 23.5. 
and the plant unit was resynchronized with the 
national grid on 10.6. Several turbine trips 
occurred in connection with the start-up. They 
were caused by weak anchorage of the vibration 
detector which measures the turbine bearings' 
vibrations. In addition, a leak was detected in 
the vicinity of the turbine steam extraction 
line throttle flange for the repairing of which 
the turbine was placed in short-term shutdown. 
The plant unit was operating at full power again 
on 15.6. Owing to less demand for electricity, 
the plant unit was placed in shutdown for the 
period 18.-21.6. 

The annual maintenance outage of TVO II began on 
30.4. and the plant unit was resynchronized with 
the national grid on 15.5. The plant unit resumed 
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operation at full power on 22.5. TVO II was 
placed in shutdown on 12.6. to repair a feedwa-
ter line check valve. Power was reduced on 12.6. 
to 65 % owing to a reduction in the consumption 
of electricity. 

The amount of electricity produced by the Finnish 
nuclear power plants to the national grid from 
the beginning of 1987 totalled 9.1 TWh. According 
to the statistics compiled by the Finnish Associa
tion of Electricity Supply Undertakings, the net 
production of electricity in Finland was during 
a corresponding period 26.2 TWh. Nuclear power 
thus accounted for 34.7 % of the net production. 
The average load factor of the four units was 
91.6 %. The production and availability figures 
are presented in more detail in Tables I and 
II. 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 radiation doses to the personnel, as well as 
the releases of radioactive substances to the 
environment were considerably below the established 
limits. Radiation safety is dealt with in Chapter 
4. 

2 INCIDENTS AND DISCOVERIES 

Safety-related incidents at Loviisa 1 

Nothing reportable 

Other events at Loviisa 1 

Defective fuel 

An increase in the primary circuit fission product 
activity of Loviisa 1 indicative of a fuel rod 
cladding leak was detected twice on 20.-22.5.1987. 
The total noble gas isotope activity about 20-
folded and the iodine isotope activity about 
doubled compared with the pre-leak level. 

It was decided tc localize the defective fuel 
assembly and to remove it during the annual main
tenance outage. 

During the report period, primary circuit water 
activity at Loviisa 1 was clearly below the limits 
prescribed in the Technical Specifications. 
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Safety-related incidents at Loviisa 2 

Short-term loss of feedwater at Loviisa 2 on 
7.6.1987 

The second generator of Loviisa 2 had been placed 
in shutdown on 6.6.1987 after the drains collection 
tank SU20B01 which is part of the generator sealing 
oil system had filled up and oil had ended up in 
the generator. The reactor was running at 53 % 
power and one feedwater pump was under repair. 
While the generator was out of operation the 
damage caused by oil to the generator was intended 
to be checked and at the same time it was intended 
to repair the level controller of the SU20B01 
tank and to fix the leaking penetration insulator 
of the main transformer (AT01). 

To repair the leak in the penetration insulator, 
voltage had to be switched off from the above 
mentioned transformer. Before this was done the 
plant power supply had to be switched from the 
normal plant transformer BTOl to the auxiliary 
plant transformer BT03. It was decided to carry 
out the exchange of power supply as a quick automa
tion-controlled exchange and to actuate manually 
the exchange from the main electrical board. Prior 
to the exchange, a test of the prerequisites for 
a quick change was performed by which nothing 
unusual was detected. 

After the abortive attempt to exchange the power 
supply i.a.the following tripped: one main circula
tion pump, a main feedwater pump, a intermediate 
coolant circuit pump, an auxiliary sea water 
system pump and a main sea water system pump. A 
diesel generator corresponding to the switched 
off transformer started to function. The auxiliary 
plant transformer was, however, restored for use 
in about a minute. In about 12 minutes from the 
initiating event one main feedwater pump tripped 
owing to high temperature and an auxiliary pump 
started automatically. 

In about 14 minutes from the initiating event, 
two more main feedwater pumps which had been in 
operation tripped which resulted in a short-term 
(about 5 seconds) lack of main feedwater while 
the reactor was operating at about 52 % capacity. 
The other auxiliary feedwater pump started to 
function during the transient. 

Three feedwater pumps tripped as a result of 
high motor temperature. Temperature rise was 
due to the fact that their oil cooling was lost 
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owing to the failure of a valve (VC60S03) to 
open by automation. Of the total of five feedwater 
pumps, one is air-cooled and it tripped oue to 
low pressure on the pressure side. The fifth 
feedwater pump was under repair. 

As a reparative measure, a fault in the automation 
of feedwater pump cooling was examined and repai
red. The reason for the non-opening of the valve 
VC60S03 was a loose cable in the instrumentation 
cabinet. The investigations into the reasons 
for the failure to exchange the power supply 
disclosed no faults with the exchange automation. 
In connection with the transient, also the interme
diate coolant circuit pump tripped during start
up owing to low pressure on the suction side. 
A plan has been devised to prevent a recurrence 
of a corresponding event. 

During the incident, a short-term total loss of 
main feedwater occurred. The other emergency 
feedwater pump was automatically started and the 
operators managed to quickly return some of the 
main feedwater pumps back into operation. Owing 
to the wealth of water in the steam generator 
and the above measures, heat transfer from the 
primary circuit to the secondary circuit was not 
disturbed and, thus, safety was not essentially 
endangered. 

Other events at Loviisa 2 

Nothing reportable 

Safety-related incidents at TVO I 

Breaking of the condensate system (316) 
check valve spindle 

In order to balance the pressures of the contain
ment drywell and wetwell, 16 check valves (vacuum 
breakers) have been installed in the 316 system. 
There are valve units consisting of two superposed 
check valves in eight blow-down pipes of the 
system (Fig.5). 

During the annual maintenance outage of TVO I all 
the 316-valves were dismantled for internal check
up. It was noted in connection with the check
ups that the spindle of the valve 316 V7 had 
broken near the welded joint between the spindle 
and the disc. 

When investigating the reason for the breaking of 
the spindle it became evident that the spindle/disc 
combination had been manufactured in compliance 
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with the structural specifications and that the 
material in question (titanium stabilized stainless 
steel) is not usually prone to corrosion. It 
was not possible to carry out fracture surface 
examinations on the surfaces since they had been 
cleaned. 

Fatigue is considered the most likely mechanism 
to have caused the fault. The 2-valve group in 
question belongs in the group of valves the opening 
power of which was the smallest and it is possible 
that this pair of valves had become subject to a 
wealth of operating times which contributed to 
the fatigue. And further, the way of fixing the 
spindle and the disc by welding was such that it 
may have caused even substantial residual stresses 
affecting at the spindle's breaking point. The 
other valves in question are identical in construc
tion. 

The check valve in question was repaired. In 
addition, the integrity of six other spindles was 
checked with ultrasonic examination. All the 
six anchorage welds (spindles) were unbroken and 
there was no systematic problem apparent. Spindle 
integrity follow-up was improved by means of 
modifications in the valve periodic inspection 
programme. 

In this case, the safety significance of the 
damage is reduced by the fact that it occurred 
in a lower check valve and for the maintenance of 
intermediate level tightness, the correct func
tioning of one valve is sufficient. A corres
ponding fault with the upper valve however, might 
even impair the performance of the lower valve 
and thus endanger containment functions. 

Blockage of sea water inlet at the plant during 
the annual maintenance outage 

Maintenance of the sea water culvert and the 
service water purification system was begun on 
23.5. during the annual maintenance of TVO I. 
Via the sea water culverts, service water is 
lead to the turbine condenser and to the sea 
water pumps of the decay heat removal and auxilia
ry cooling systems which are housed in the auxilia
ry buildings. Prior to the intake of sea water 
into the turbine condenser and the sea water 
pumps, the purification system mechanically separa
tes impurities from the sea water. The purifi
cation system has been divided into four separate, 
parallel purification culverts, (see Fig.6). 



STUK-B-YTO 46 11 

During the maintenance it was intended to empty 
the culverts 2 and 4 by using submersible pumps 
and by closing the gates at both ends of the 
culverts. The closing of two culverts while the 
plant is in cold shutdown is a completely safe 
and permissible measure. 

After having started emptying the culverts, the 
responsible subcontractor informed the control 
room that the emptying will take 7-8 hours after 
which the control room should close the sea water 
cooling culvert valves VI, V2 and V4 and should 
stop the discharge pump. What the subcontractor 
meant was the smaller unmarked valves of the 
discharge lines which are connected to the culverts 
and not the main closing gates. The next shift 
manager supposed the shift manager before him to 
have checked the rationality of the instructions 
he had logged in. The shift manager and the 
operator did not notice when checking the measures 
in the process diagram that compliance with the 
instructions will lead to a loss of the water 
cooling. The shift manager asked the operator 
to check the proceeding of the emptying process 
and to shut the closing gates VI, V3 and V4, 
should the culvert 4 be empty. 

After having noted the culvert 4 to have become 
empty, the operator closed the gates VI and V3 
(the gates V2 and V4 had been closed already 
during the night shift) and stopped the discharge 
pump of the culvert 4. These measures having 
been accomplished, the gates VI, V2, V3 and V4 
of all the four culverts were closed. The simul
taneous closing of all the gates is against the 
Technical Specifications of the plant. 

A standstill in the flow into the sea water pumps 
brought about alarms in the control room where 
it was noticed that the flow of sea water into 
the auxiliary sea water circuits had stopped. 
The inlet gates of the culverts 1 and 3 wer3 
instantly opened. 

Sea water is channelled to the plant's left and 
right auxiliary building along separate sea water 
culverts. The culverts' upper edges are 3.5 m 
below sea level and the culvert leading to the 
left auxiliary building has not been painted 
with an antifoullng agent. The opening of the 
gates of the culverts 1 and 3 in a situation 
where the main sea water culvert level had sunk 
by several meters caused a violent wave into the 
culverts. This wave brought about the coming 
loose of the shells which were growing in the 
culvert which had not been treated with an antifou-
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ling agent. Owing to the dispersal of shells, 
half of the plant's diesel motor cooling system 
(the four heat exchangers of the redundancies A 
and C) and two of the four heat exchangers of 
the shutdown intermediate cooling system were 
blocked. 

As a reparative measure on the following day, 
24.5.1987, the cleaning and washing of all the 
blocked heat exchangers as well as the testing 
and vibration tests of the sea water pumps were 
carried out in order to establish any potential 
damage. 

In June the Finnish Centre for Radiation and 
Nuclear Safety required the following measures 
to prevent any corresponding events: 

the culvert which has not been painted 
with an antifoulmg agent shall be cleaned 
of shells and shall be painted with an 
antifouling agent 
the accumulation of extensive amounts of 
impurities in the sea water pumps and 
the heat exchangers shall be prevented 
and new solutions shall be developed 
for the quick cleaning of blocked heat 
exchangers 
an event in the resemblance of the event 
described in the above shall be taken 
into account in the plant instructions 
and on-site training 
it shall be ensured that no instructions 
issued by off-site persons or others 
shall be implemented without due checking 
of the safety precautions 
it shall be ensured, as regards the sea 
water channels, that the loosening of 
shells will not be possible in connec
tion with normal operational transients. 

Prior to the plant start-up after the annual 
maintenance outage, a sea water pump stopping 
test was carried out at the plant unit on 5.6. 
It was intended to clarify whether the stopping 
of pumps would cause such flow fluctuations in 
the sea water system culverts as would loosen 
shells. As a result of the test it was noted 
that the stopping of pumps will not cause such 
transients as would hinder the functioning of 
the sea water cooling system. 

The event was human error induced. It did not 
directly endanger safety. It has safety signifi
cance, however, since sea water cooling is necessa
ry also during outages to remove reactor decay 
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heat. The event also proved antifouling painting 
necessary in the sea water systems. 

Separation of safety systems for tightness testing 
of isolation valves during power operation 

To ensure containment tightness during a potential 
accident, containment pipe penetrations at the 
TVO I and TVO II units have been equipped with 
internal and external isolation valves. The 
tightness tests performed during the annual main
tenance outage are one prerequisite for the verifi
cation of reliable valve functioning. 

Over the past years, tightness tests have been 
carried out on certain isolation valves of the 
containment vessel spray system during the power 
run before plant shutdown. This practice has 
been employed because the valve tightness test in 
question has no effect on the system working 
ability and the tests have been carried out one 
by one on four separate subsystems. When preparing 
for i.a. the future tightness tests the Technical 
Specifications were interpreted so that the 
tightness of the subsystem suction lines can 
also be tested one subsystem out of the four 
systems at a time. An identical interpretation 
was made regarding the core spray system. Since 
the testing of the isolation valves of the suction 
lines calls for the closing of the valve and the 
separation of the pump, an erroneous interpreta
tion lead to the separation of a subsystem during 
a power run which is against the Technical Specifi
cations. Plant ur.it safety was not endangered 
directly because, during a potential accident, 
the functioning of two subsystems is sufficient. 
However, the separation of subsystems which is 
allowed in the Technical Specifications only 
applies to reparative measures. 

In the future, all isolation valve tightness 
testing will be done during the annual maintenance 
outage. In addition to this, special emphasis 
will be laid during operator training on those 
requirements of the Technical Specifications 
which prohibit the impairment of the safety sys
tems. 

Other events at TVO I 

Annual maintenance outage 

The eighth refuelling and maintenance outage was 
carried out at TVO I on 23.5.-10.6. The unit was 
disconnected from the national grid for 18 days. 

http://ur.it
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The most noteworthy operations were as follows: 

126 new fuel assemblies were changed 
into the reactor 106 of which were of 
the 9x9 type manufactured by Kraftwerk 
Union Ag (KWU) and 20 of the 8x8 type 
manufactured by Asea-Atom Ab. In addition 
to this, an 8x8 assembly manufactured 
by KWU which had been earlier removed from 
the core was changed in place of the 
KWU-manufactured defective test assembly. 

35 control rods were checked. A total 
of 12 new control rods were changed to 
the reactor. 

13 control rod drives were serviced. 

Three main circulation pumps were servi
ced. 

The containment isolation valves were 
subjected to tightness tests; the share 
of valves requiring maintenance was 16 
%. 

One isolation valve in the main steam 
line was repaired owing to a leak which 
was detected during tightness testing. 

Two main relief valves of the blow-down 
system were opened and serviced. 

The main safety relief valve control 
valves were serviced. 

The vacuum breaking valves of the conden
ser system were serviced and equipped with 
new guide bushes. 

The check valves of both feedwater lines 
were opened, checked and serviced. 

The hydraulic switches of two feedwater 
pumps were serviced and check valves 
were installed in them to ensure oil 
circulation. 

One feedwater pump was serviced. 

The suction line pipes of the shutdown 
cooling system housed inside the contain
ment were replaced with pipes made of 
material with better stress corrosion 
resistance. 
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New moisture separators were installed 
in the piping between the HP turbine 
and the reheater. 

The fire spray system of the feedwater 
pumps and the space below them was rene
wed. It had been noted that the old 
system had become impaired in functioning. 

The outage lasted 3 days longer than planned. 
The collective radiation dose incurred in the 
work during the outage was 0.68 manSv. 

Safety-related events at TVO II 

Nothing reportable 

Other incidents at TVO II 

Annual maintenance outage 

The sixth refuelling and maintenance outage at 
TVO II was carried out on 30.4.-15.5.1987. The 
unit was disconnected from the national grid for 
a little over 14 days. Noteworthy work was done 
as follows: 

144 new fuel assemblies manufactured by 
Asea-Atom Ab were changed into the reactor 
90 of which were of the 8x8 type and 54 
of the SVEA-64 type. 

16 control rods were inspected. 

11 control rod drives were serviced. 

Three main circulation pumps were ser
viced. 

All the isolation valves within the 
containment were subjected to tightness 
testing; 13 % required maintenance. 

Four turbine main steam valves were 
serviced. 

One main steam line isolation valve was 
opened and checked. 

Two main safety valves of the blow-down 
system were opened and checked. 

The control valves of the main safety 
valves weie serviced. 
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The vacuum breaking valves of the conden
sation system were serviced and new 
guide bushes were changed into them. 

The check valves of both feedwater lines 
were opened and checked. 

The hydraulic switches of two feedwater 
pumps were serviced and equipped with 
check valves to ensure oil circulation. 

One feedwater pump was serviced. 

The outage went according to the planned schedule. 
The collective radiation dose incurred in the work 
during the outage was about 0.8 manSv. 

3 OTHER MATTERS RELATING TO THE USE OF NUCLEAR ENERGY 

Loviisa 2, transportation of spent nuclear fuel 
from the Loviisa NPP to the USSR 

On 19.-21.5.1987 IVO transported the first batch 
of spent fuel from Loviisa 2 to the USSR. The 
transportation was carried out with corresponding 
arrangements as were the four earlier fuel trans
portations from Loviisa 1. The transportation 
included 150 low burnup fuel assemblies from 
initial loading which had been removed from the 
reactor in 1981, in five packages. Dry packages 
of the type B(M) were used for the transportation 
which was approved as Special Arrangement. The 
transportation was trouble-free. 

4 RADIATION SAFETY 

Individual doses of the personnel 

The occupational doses of the nuclear power plant 
personnel in the report period remained clearly 
below the dose limit for three months, 25 mSv. 
The highest occupational dose was 17.1 mSv; it 
was received at the TVO I and TVO II units. The 
individual radiation doses of the personnel until 
the end of the report period in 1987 were also 
clearly below the annual dose limit which is 50 
mSv. The highest dose 17.1 mSv was received at 
the TVO I and TVO II units. 

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 
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occupational risks of other professions considered 
safe. 

The distributions of the individual doses of the 
nuclear power plant personnel in the report period 
(Table III and IV) specify the number of persons 
in each dose range and at each plant site. In 
addition, 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 radiation exposure of the personnel 

In the report period, the collective radiation 
dose of the nuclear power plant personnel at the 
Loviisa 1 and 2 units totalled 0.027 manSv and 
at the TVO I and TVO II units 1.535 manSv. 

The collective cumulative radiation dose of NPP 
personnel was at the Loviisa 1 and Loviisa 2 
units 0.042 mSv and at the TVO I and TVO II units 
1.605 mSv by the end of the report period. 

The dose limit recommended in the guides of the 
Finnish Centre for Radiation and Nuclear Safety 
is 0.005 manSv/MW(e) in one year, which would be 
in total 4.45 manSv/year for the Loviisa 1 and 
Loviisa 2 units and 7.1 manSv/year for the TVO I 
ands TVO II units. 

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 a thirtieth part of 
the dose received annually from natural background 
radiation and 1/50 of the dose limit given in 
the legislation. The release limits have been 
established for such nuclides and release channels 
as have 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 a3 high as the standard 
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dose limit (5 man Sv/GWe per installed electrical 
power). This collective standard 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 presupposed 
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 saaples 

The total amount of samples taken in the surroun
dings of both plant sites in accordance with the 
measurement program of environmental samples was 
in this quarter 190. Radionuclides originating 
in nuclear power plants could be detected in almost 
20 percent of the total number of samples. All 
the measured concentrations were low and will 
not cause any action. 

There was a maintenance outage at the Olkiluoto 
power plant during the report period. During the 
outage, 60Co originating in the power plant was 
detected in two air dust samples. 58 Co and 60 Co 
were measured in sedimenting matter and in addition 
to the above mentioned nuclides, 51Cr and 6 5 Zn 
were detected in bladder wrack. Extremely small 
amounts of 60Co were detected in the samples of 
Baltic herring. In addition, there was 60Co in 
two sea water samples. 60Co originating from 
the Loviisa nuclear power plant was detected in 
algae, crustacean and in sedimenting matter. 

The fallout from the Chernobyl NPP accident still 
rendered some difficulties in the environmental 
measurements carried out in the vicinity of NPPs, 
this is particularly true as regards the 134Cs 
and the 137Cs. These nuclides abounded in the 
fallout and their residence time in both the 
terrestial and the marine environment is long. 
The NPP releases of 134Cs and 137Cs were so negli
gible compared with the amounts already present 
in the environment that the increase caused by 
them was covered in the background variations. 
The 3H detected in the sea water samples was partly 
originating in NPP releases, partly from Chernobyl 
and in part from older fallout. 

In addition to the above mentioned radioactive 
substances originating in the NPPs and the Cherno
byl accident, the environmental samples also 
usually contain natural radionuclides (natural 
decay series, 7Be and *°K). 
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As regards the nuclide contents, the results 
obtained from the measurement of environmental 
samples containing radioactive substances origi
nating wholly or partly in power plants are con
sistent with the release reports of the power 
companies from this and the previous quarters. 
In doing this comparison, one must take into 
account nuclide behaviour in nature and their 
detection limits in analyses. 

t 
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Table I Electricity production and availability of the units 

Electricity production 
(gross, TWh) 

Availability 
factor % 

Second Since be- Since Second 
quarter ginning start-up quarter 

of 1987 

Load factor % 

Second Since be- 1986 
quarter ginning 

of 1987 

Loviisa 1 

Loviisa 2 

TVD I 

TVD II 

0.95 

0.99 

1.17f 

1.18f 

1.96 

1.99 

2.71 

2.75 

33.6 

22.9 

42.7 

34.2 

95.9 

100.0 

76.65 

83.2 

93.6 

97.1 

73.28 

73.5 

96.8 

98.4 

84.9 

86.3 

91.0 

81.9 

88.1 

94.5 

•»n-"*«— • * n e g S g ^ T M «10°* 

Load factor = 
gross electricity production 
rated power x calendar time (h) 

x 100 % 

Table II Nuclear energy in tiie Finnish production of electricity 

Second Since beginning 1986 
quarter of 1987 

1985 

Production of nuclear 
electricity (net, TWh) 4.1 9.1 

Total production of 
electricity in Finland 
(net, TWh) 11.1 26.2 

Percentage of nuclear 
electricity of total 
production 36.9 34.7 

Load factor averages of 
the Finnish plant units % 84.3 91.6 

18.0 

46.9 

38.4 

88.8 

18.0 

47.3 

38.0 

89.9 
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Table III Dose distribution of the personnel in the report period 

Number of persons in the dose range 

Dose range 
(raSv) Loviisa Olkiluoto Total * 

0.5 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
l1 

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 
19 

95 
14 
1 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

451 
293 
185 
66 
43 
30 
14 
10 
12 
10 
3 
8 
3 
3 
-
1 
-
-
1 
-

542 
309 
186 
66 
43 
31 
14 
10 
12 
10 
3 
8 
3 
3 
-
1 
-
-
1 
-

25 

These columns also include the data of those Fin
nish workers who have received doses at the Swedis 
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 Dose distribution of "aie personnel from the beginning of the year until 
the end of the report period 

Rntoer 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 

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

_ 

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

50 

79 
21 
10 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

_ 

434 
295 
199 
74 
45 
32 
15 
10 
13 
10 
3 
8 
3 
3 
-
1 
-
-
1 

_ 

510 
316 
210 
74 
45 
33 
15 
10 
13 
9 
4 
8 
3 
3 
-
1 
-
-
1 

_ 

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 V Releases of radioactive substances at each plant site 

Plant site 

Loviisa 

Report period 
Year 1987 

Olkiluoto 

Report period 
Year 1987 

Annual release 
limits 

Loviisa 
Olkiluoto 

Plant site 

Loviisa 

Report period 

Year 1987 

Olkiluoto 

Report period 
Year 1987 

Annual release 
limits 

Loviisa 
Olkiluoto 

Releases into the air (Bq)a 

Noble gases 
(87 Kr-equiv., 
TBq) 

b c 

b c 

4.8 X 1011 

4.8 x 1011 

2.2 x 1&6' 
1.8 x 1016 

Iodines 
(131 I-equiv., 
MBq) 

1.2 x 10s 

1.2 x 10s 

3.5 x 107 

3.6 x 107 

2.2 x lO11* 
9.5 x 1010 

Releases into water (Bq)* 

Tritium 

5.1 x 1012 

9.9 x 1012 

6.8 x 1011 

1.1 x 1012 

1.5 x 10" 
1.8 x 1013 

Other nuclides 
(GBq) 

3.2 x 105 

3.8 x 10s 

1.1 x 10» 
1.4 x 10s 

Other nuclides 

4.3 x 10* 

2.5 x 107 

1.9 x 10» 
2.2 x 1010 

8.9 x lO11» 
2.8 x 1011 

23 

Tritium 14C 
(TBq) 

3.0 x 1011 d 

6.0 x 1011 d 

4.3 x lO10 d 

7.7 x 1010 d 

The unit of radioactivity is Becquerel (Bq); l Bq = one nuclear 
transformation per second 

b Below the detection limit 
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The calculatory release of 41Ar front the Loviisa 1 and 2 units 
expressed as 87Kr-equivalents was 4.2xlOL1 TBq in the report 
period and 8.6 x 1011 TBq as of the beginning of 1987. 

The 14C-release estimate based on experimental data was 8.3X1010 

TBq in Loviisa and 1.2X1011 in Olkiluoto in the report period. 
As of the beginning of 1987, the estimates were 1.7 x 1011 

TBq and 2.9 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 pcwer of the Loviisa 1 plant unit in April-June 1987 

1 Repair of the control valves of the initial steam 
intercept valve 

2 Turbogenerator 2, generator trip and the repair of the 
component switch air leak 

3 Less demand for electricity 
4 Annual maintenance outage 

Frigure 2 Daily gross power of the Loviisa 2 plant unit in April-June 1997 

1 Repair of condenser tube leak 
2 Repair of auxiliary condensate line piping 
3 Less demand for electricity 
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Figure 3 Daily gross power of the TVO I plant unit in April-June 1987 

1 Repair of generator cooling 
2 Annaal maintenance outage 
3 Less demand for electricity 
4 Turbine trip 
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Figure 4 Daily gross power of the TVO II plant unit in April-June 1987 

1 Coast -clown 
2 Annual maintenance outage 
3 Repair ot feedwater valves .• 
4 Demand for electricity 
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t n e J Lb syst.err 

v e 

A Vd 1 ve u n i t i n t h e 3.16 s y s t e m 
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Figure 6 Sea water system of the TVO I unit 


