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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 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 fuel 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 and the whole plant 
- Operation and competence of the operating 

organization 
- Exceptional events 
- Repairs and modifications 
-v- Refuelling 
- Nuclear fuel management and safeguards 
- Nuclear waste management 
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PLANT DMA 

Radiation p r o t e c t i o n and s a f e t y of the environ
ment 
Phys ical p r o t e c t i o n and preparedness 
Observance of q u a l i t y assurance programme 

Plant 
unit 

Start-up 
operation 

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

Loviisa 1 8.2. 1977 9.5. 1977 465/445 Pressurized water reactor 
(PHR), Atcmenergoexpart 

Loviisa 2 4.11.1980 5.1. 1981 465/445 Pressurized water reactor 
(PWR), Atomenergoexport 

TWO I 2.9. 1978 10.10.1979 735/710 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 the Loviisa 1 and 2 units 
in Loviisa and Teollisuuden Voima Oy the TVO I 
and II units in Olkiluoto, Eurajoki. 
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1 OPERATION OF NUCLEAR POWER PLANTS IN JANUARY - MARCH 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 18.1. to repair 
a leak in the HP pre-heater and on 24.1. to plug 
a leaking condenser pipe. Losses to production 
were also caused by the faulty functioning of 
the reactor power restriction pontroller on 2.3. 
and a bypass of the feedwater HP pre-heating 
station on 8-9.2. 

The turbine 1 of Loviisa 1 was stopped on 8.3. 
to repair an oil leak in the main transformer. 
In the same connection the power of the turbine 
2 was restricted to repair the auxiliary condenser 
pipes. It was also noted during -the report period 
that the process safety functions of the make-up 
water pumps of the reactor coolant system had 
been erroneously switched off. 

At Loviisa 2, power was reduced on 4.2. to plug 
a leaking condenser pipe and on 22.3. to repair 
pipes connected to the secondary circuit. The 
fission product activity of the Loviisa 2 primary 
circuit increased on 5.3. owing to defective 
fuel. 

TVO I was placed in hot shutdown on 21.2. to 
repair the generator cooling system. In connection 
with reactor start-up on 22.2. reactor power 
started to oscillate which resulted in a reactor 
scram. In connection with the plant start-up, 
three more partial reactor scrams took place 
after this. Towards the end of March a water 
leak was detected in the generator cooling system 
and the plant had to be placed in hot shutdown 
owing to repairs. Brief power reductions were, 
in addition to this, also caused by periodical 
testing, minor repairs on the turbine side and 
the locating of defective fuel. 

At the TVO II turbine plant, minor repairs were 
carried out on 4.1. owing to which power was 
reduced for a brief period. On 7.2. the plant's 
power was reduced anew for a short time owing to 
the periodic tests carried out at the turbine 
plant. At the same time some repairs were done 
at the turbine plant. In addition, two short-
, term power reductions occurred when one of the 
six main circulation pumps tripped owing to a 
transformer failure. 
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The amount of electricity produced by the Finnish 
nuclear power plants to the national grid totalled 
to 4.90 TWh. According to the statistics compiled 
by the Finnish Association of Electricity Supply 
Undertakings, the net production of electricity 
in Finland was during a corresponding period 15.0 
TWh. Nuclear power accounted for 32.7 % of the 
net production. The average load factor of the 
four units was 99.0 %. The production and availa
bility figures are presented in more detail in 
Tables I and II. A general picture of the opera
tion 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 received by 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 

Erroneous removal of process protections for two 
primary circuit make-up water pumps 

In order to compensate for the loss of water caused 
by primary circuit minor leakages and discharges, 
water will be pumped by means of the normal make
up water system (TK) back to the primary circuit. 
The system comprises five make-up water pumps 
which can feed into either of the two make-up 
water lines. From these lines the water is circu
lated along the clean- up circulation lines to 
the primary circuit. 

It was noted during a random check-up of the 
instrument connections that two high capacity 
make-up water pumps had almost all their protection 
signals switched off. The signals serve to stop 
i.a. the start-up of the TK pumps in cold shutdown 
since the resulting pressurization of the primary 
circuit might jeopardize RPV tightness. The 
switched-off protections also served to protect 
the pump against damages resulting from minor 
operational transients. The pumps' protection 
automation was repaired without delay after the 
detection of the fault. 

It became obvious during the investigations that 
the protection signals had been erroneously switc
hed off already during plant start-up on 10.9.1986. 
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As a result of a transient which occurred during 
plant start-up, a decision had been made to switch 
off the pressure protection signal of the pumps' 
gas removers. Instead of this signal conductor, 
as a result of an erroneous interpretation of 
the schematic diagram , the conductor which couples 
all the above mentioned protections had been 
removed. This kind of an error does not usually 
disclose itself during the periodic tests performed 
on pumps. These pumps had been devoid of process 
protections for the period 10.9.86-31.3.87. 

To prevent corresponding incidents, the power 
company will supplement the work design procedures 
guide with more details. In addition, training 
will be arranged for personnel regarding the 
temporary protection connections which are allowed 
during operation to avoid misinterpretations in 
these cases. 

Other incidents at Loviisa 1 

Nothing reportable. 

Safety-related incidents at Loviisa 2 

Nothing reportable. 

Other incidents at Loviisa 2 

Fuel failure 

An increase in the fission product activity of 
the Loviisa 2 unit primary circuit water was 
detected on 5.3. indicative of a fuel rod leak. 
The total activity of the noble gas isotope about 
hundredfolded and the activity of the iodine 
isotopes about tenfolded as compared to the non-
leakage level. Primary circuit water activity 
was clearly below the limits prescribed in the 
plant technical specifications. 

The defective fuel rod bundle will be localized 
and removed in connection with the next annual 
maintenance outage. 

Safety-related incidents at TVO I 

TVO I, power oscillations 

During the period 20-21.2, TVO I was placed in 
hot shutdown owing to the defects detected in 
the generator cooling system. During the start
up on 22.2. power started to oscillate (oscillation 
amplitude ca 7-8 %) when the reactor was operating 
at 60 % capacity and the main circulation flow was 
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about 3000 kg/s. Despite the power oscillations, 
pre-heater bypass tests were simultaneously carried 
out at the installation. The test is separately 
carried out on each preheater chain by means of 
testing automation which should return the pre-
heater bypass valve, which has been switched on 
bypass, back to its normal operating position. 
The bypass test of the first pre-heater chain 
went as planned causing only a slight extra inc
rease in the power oscillation when the feedwater 
became ca 20°C colder temporarily. During the 
bypass of the other pre-heater chain testing 
automation did not return the bypass valve back 
to its right position. When the pteh^ater remained 
on bypass, feedwater temperature dropped by about 
30°C. This brought about a further increase in 
reactor power oscillations resulting in a scram. 
The maximum amplitude of power oscillations prior 
to the scram was +/- 20 %. Oscillation frequency 
was about 2.5 seconds. 

During the post-scram start-up, power started to 
oscillate at the same point of operation as pre
viously. The vibration amplitude was now about 
+/- 15 %. In order to attenuate the oscillations 
the operating personnel switched the main circula
tion pumps from power control to speed control 
which reduced power oscillations to about a half. 
When reactor power was further stepped up power 
oscillations decreased along with the increase 
in the main circulation flow and were at normal 
level when the installation was being operated 
at full capacity. 

After the above incident, measurements were made 
at the TV0 I to find out which factors contribute 
to a reactor's oscillation properties. On the 
basis of the examinations, certain amendments 
were made in the instructions for reactor loading 
and operation which serve to prevent the appea
rance of oscillations during reactor start-up. 
In addition, oscillation measurements shall be 
carried out during each post-reloading start-up 
by which it is ensured that reactor loading confi
guration has been successful in this respect. 
In addition, during the annual maintenance outage 
of the TV0 I fuel checkings were carried out 
which served to ensure that power oscillations 
had not brought about any visible changes in the 
fuel. 

Other incidents at TVO I 

Fuel failure 
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On 16.3. a slight increase in activity indicative 
of a fuel rod leakage was detected in the off-
gas system of TVO I. The total activity of the 
noble gas isotopes increased so that on 30.3. it 
was about 50-fold and the total activity of the 
iodine isotopes was about two-fold as compared 
to the non-leakage level. Reactor circuit water 
activity was clearly below the restrictions 
prescribed in the plant technical specifications. 

The leakage was traced to a group of four fuel 
assemblies. The defective fuel assembly will be 
removed during the annual maintenance outage. 

Safety-related incidents at TVO II 

Nothing reportable. 

3 OTHER MATTERS RELATING TO THE USE OF NUCLEAR ENERGY 

International agreements about notification of nuclear accidents 
signed by Finland 

The IAEA General Agreement and the STUK duty 
arrangements 

In the autumn 1986 the IAEA Convention on Early 
Notification of a Nuclear Accident was signed. 
It came into force in Finland on 11.1.1987. The 
Convention presupposes notification and the exchan
ge of information in such accidents as may bring 
about such a transboundary release which might 
have radiation safety significance to the other 
state. Notification and the exchange of informa
tion may take place direct or via the IAEA. 

The Convention also presupposes that its parties 
appoint competent agencies which will take care 
of the duty of notification and will receive 
information .It also presupposes the maintenance 
of continuously active points of contact. In 
Finland, the STUK has been appointed the competent 
agency. Contacting arrangements between the 
STUK and the Finnish Meteorological Institute 
have been agreed so that the STUK and the Finnish 
Meteorological Institute duty unit will receive 
the accident notifications. The Finnish Meteorolo
gical Institute duty unit will relay the received 
messages outside the office hours to the STUK's 
radiation expert on duty. The person on duty 
will then be responsible for the proper starting 
of the Centre's preparedness activities. 

The contacting and emergency duty system which 
was set up owing to the IAEA Early Notification 
Convention is also used for receiving the potential 
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emergency announcements from Finnish NPPs and the 
announcements concerning other potential incidents 
which jeopardize radiation safety outside regular 
working hours. 

The Agreement between the USSR and Finland 

An Agreement was signed between the USSR and 
Finland on 7.1.1987 about the prompt notification 
of nuclear accidents and on the exchange of infor
mation concerning nuclear facilities. 

The Agreement particularly concerns the potential 
accidents which may occur in peaceful nuclear 
facilities but notification preparedness concerning 
other nuclear accidents has also been agreed upon. 

An essential addition to the IAEA Early Notifica
tion Convention is that the other party will be 
directly informed of a nuclear accident in such 
cases as may endanger the other country' s territo
ry. 

On the basis of the Agreement, the neighbouring 
country will also be informed of such an increase 
in radiation values as does not result from a 
nuclear accident within own territory and which 
is detected within less than 300 kilometres' 
distance from the border if it may have radiation 
safety significance to the other country. 

The signatories will also hand over to each other 
information on operational events and other techni
cal data of nuclear facilities situated at less 
than 300 kilometres' distance from the border 
for the planning of potentially necessary precau
tions . 

The Finnish Centre for Radiation and Nuclear Safety 
has been assigned the party on the Finnish side 
to take care of the measures mentioned above. 
The Ministry of Nuclear Power of the USSR is the 
other party in matters concerning the exchange 
of information and the State Committee for the 
Utilization of Atomic Energy in matters concerning 
notification of nuclear accidents. 

Nordic Agreements signed by Finland 

In connection with the meeting of the Nordic 
Council on 25.2.1987, bilateral agreements related 
to the IAEA Early Notification Convention between 
Finland and Denmark, Finland and Norway and Finland 
and Sweden were signed. In these agreements with 
identical contents notification arrangements 
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concerning accidents and the exchange of informa
tion are defined. 

The agreements correspond to the earlier signed 
agreement between Finland and the USSR by their 
leading principles. The exchange of information 
and the notifications concerning the increase in 
radiation values concern the whole territory of 
the states. 

At the signing of the agreements it was informed 
that the Finnish Centre for Radiation and Nuclear 
Safety will handle the practical arrangements 
related to the implementation of the Agreement 
in Finland. 

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 4.6 mSv; it was 
received at the Olkiluoto 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 (1CRP). 
The dose limits have been so set that the health 
risk caused by radiation is comparable with the 
work-related risks of other professions which 
are considered safe. 

The distributions of the individual doses of the 
nuclear power plant personnel in the report period 
(Table III) specify the number of persons in each 
dose range and at each plant site. In addition, 
the Table shows a distribution which is the total 
number of workers in each dose range. The dist
ributions comprise the doses of persons who have 
been recorded in the central dose file of the 
Finnish Centre for Radiation and Nuclear Safety 
as nuclear power plant workers. 

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 0.015 manSv and 
at the Olkiluoto units 0.070 manSv. 

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 
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in total 4.4 manSv/year for the Loviisa units 
and 7.1 manSv/year for the Olkiluoto 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 IV). 

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 one tenth of the dose 
received annually from natural background radiation 
and 1/50 of the dose limit given in the legisla
tion. 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 cf NPPs are very small. 

A carbon-14-release will cause a universal collec
tive dose which is almost as high as the standard 
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 samples 

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 148. Substances originating in 
nuclear power plants could only be detected in 
one rain water sample in Loviisa which contained 
60 Co and in one sea water sample containing 3H. 
The measured concentrations will not cause any 
action. 

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 they will remain long in both the 
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land and the sea environment. The NPP releases 
of 134Cs and 137Cs were so insignificant compared 
with the amounts already present in the environment 
that the increase caused by them was covered in 
the background variations. The 3 H detected in 
the sea water samples was partly originating from 
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 contained nature' s own radioactive substan
ces (natural decay series, 7 Be and 40 K). 

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 when measurements are made. 
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Table I Electricity production and availability of the units 

Loviisa 1 

Loviisa 2 

TW) I 

TVO II 

Electricity production 
(gross, TWh) 

First 
quarter 

1.00 

1.00 

1.54f 

1.58f 

Since be
ginning 
of 1987 

1.00 

1.00 

1.54 

1.58 

Since 
start-up 

32.7 

21.9 

41.6 

33.0 

Availability 
factor % 

First 
quarter 

100 

100 

98 

85 

Load factor % 

First 
quarter 

100 

99.8 

96.8 

99.5 

Since be
ginning 
of 1987 

100 

99.8 

96.8 

99.5 

1985 

91.0 

81.9 

88.1 

94.5 

»»ilabmty factor = a S H ^ g K ^ p i i % m % 

Load factor = gross electricity production x inn % 
Loaa tactar - j g ^ p o ^ x calendar time (h)

 x iUU * 

Table II Nuclear energy in the Finnish production of electricity 

First Since beginning 1986 
quarter of 1987 

1985 

Production of nuclear 
electricity (net, TWh) 4.90 4.90 

Total production of 
electricity in Finland 
(net, TWh) 15.0 15.0 

Percentage of nuclear 
electricity of total 
production 32.7 32.7 

Load factor averages of 
the Finnish plant units % 99.0 99.0 

18.0 

47.9 

18.0 

47.3 

38.4 38.0 

88.8 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 
(mSv) Loviisa Olkiluoto Total a 

< 
0 . 5 -
1 
2 
3 
4 

0 . 
1 
2 
3 
4 
5 

5 29 
14 

1 
-
-
-

105 
24 
9 
4 
1 
2 

138 
38 
10 

4 
1 
2 

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. Releases of radioactive substances at each plant site 

Plant site 

Loviisa 

Report period 
Year 1986 

Olkiluoto 

Report period 
Year 1986 

Annual release 
limits 

Loviisa 
Olkiluoto 

Plant site 

Loviisa 

Report period 

Year 1986 

Olkiluoto 

Report period 
Year 1986 

Annual release 
limits 

Loviisa 
Olkiluoto 

Releases into the air (Bq)* 

Noble gases 
(87Kr-equiv., 
TBq) 

b c 
b 

b 

6.5 x ion 

2.2 x 10"« 
1.8 x 1016 

Iodines 
(i3i i-equiv., 
VBQ) 

b 
b 

1.2 x 10s 

7.8 x 107 

2.2 x 10ile 

9.5 x 10i° 

Releases into water (Bq)8 

Tritium 

4.8 x 1012 

1.3 x 1013 

4.5 x ion 
1.6 x loi2 

1.5 x 1014 

1.8 x 1013 

Other nuclides 
(GBq) 

6.2 x 105 

9.1 x 107 

3.3 x 107 

9.5 x 10» 

Other nuclides 

2.1 x 107 

1.7 x 10"» 

3.6 x 109 

3.5 x 101° 

8.9 x 10"« 
2.8 x ion 

Tritium 14C 
(TBq) 

3.0 x 1011 d 

1.8 x lOi2 

3.4 x 1010 d 

2.0 x 10" 

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 ,7Kr-equivalents was 4.4X1011 TBq in the report 
period. 

The 14C-release estimate based on tes t s and investigations 
was 8.6X1010 TBq in Loviisa and 1.7X1011 in Olkiluoto in the 
report period. 

The figure shows the release limit of the plant s i t e on the 
presunption that there wil l be no releases of other release 
types. The guide release limit i s set in such a way that the 
sum of the release limit shares of the various types i s equal 
to or smaller than 1. 
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Figure 1 Daily gross power of Loviisa 1 plant unit in January-March 1987 

1 Reinforcement of the turbine auxiliary condensate pipes. 

Figure 2 Daily gross power of Loviisa 2 plant unit in January-March 1987 

1 Reinforced it of the pipes which era 
connected to the HP bleeding points 
and the super heater 
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Figure 3 Dally gross power of TVO I plant unit in January-March 

1 Repair of generator cooling 

2 Noise measurement and periodic 'best 

3 Location of fuel leak 

1987 

3C0 

Figure 4 Dally gross power of TWO II plant unit in January-March 1987 

1 Repair of tha superheater draining pipes 


