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1 OPERATION OF NUCLEAR POWER PLANTS IN JANUARY-MARCH 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 control concerning 
nuclear facilities which are included within the 
scope of this control activity have been presented 
in Annex 1. 

General information concerning the Finnish nuclear 
power plants is presented in Annex 2. During the 
first quarter of 1988 all units i.e. Loviisa 1 
and 2 and TVO I and II were in commercial opera
tion. No event essentially degraded plant safety 
or nosed a radiation hazard to the personnel or 
the environment. 

Power of Loviisa 1 had to be decreased on 24.-
25.1. and 27. - 28.3. for repairing the leaks 
which occurred in the feedwater HP preheater. 
Power reductions were also caused by a trip of 
the other turbine on 26. - 27.2. and disturbances 
in the turbine regulator on 8.2. and 22.3. 

Loviisa 1 was brought to cold shutdown on 12.2. 
The most important repairs during the shutdown 
were the changing of the seals of vhe position 
indicators of two control rods due to observed 
leaks and the changing of the other control valve 
of the pre8surizer safety valve. A leaking weld 
of the plug of the pressurizer lower nozzle was 
fixed. The plant unit's production of electri
city was discontinued for three days and 12 hours. 

Loviisa 2 was operating at reduced capacity three 
times during the report period. On 4.1. one control 
rod fell into the reactor core causing reactor 
power limitation. Two main sea water pumps tripped 
on 2.2. on signal from a faulty level switch and 
a turbine trip occurred. Power was reduced on 
31.3. for localising and repairing a condenser 
leak. 

Power of TVO I was reduced to 60 % on 17.1. short 
term owing to the periodic testing of some valves. 
The formation of frazils ice in the screens of 
the sea water culverts on 26.1. owing to the 
extreme coldness of sea water (-0.33°C) caused a 
drop in the level of the sea water culvert. Conse
quently, the pumps of the condenser cooling system 
tripped and the flow of steam into the condenser 
stopped automatically and a reactor scram occurred. 
Ice deposits were removed from the screens and 
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the plant was restarted after about 8 hrs. The 
AC/DC converter tripped on 23.2. from over-frequen
cy and as a result, one recirculation pump tripped. 
Power was reduced to 80 % short term for restarting 
the pump. 

Power at TVO II was reduced to 42 % on 24.1. 
owing to the repair of a condenser leak and the 
periodic testing of some valves. Plant power was 
increased to 100 % after about 18 hours. 

The amount of electricity produced by the Finnish 
nuclear power plants to the national grid from 
the beginning of 1988 totalled 4.96 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 16.3 TWh. Nuclear power 
thus accounted for 30.4 % of the net production. 
The average load factor of the four units was 
98.8 %. 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 occupational radiation doses, as well as the 
releases of radioactive substances 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 

No safety-related incidents. 

Other events at Loviisa 1 

Leak in the pressurlzer lower nozzle of Loviisa on 13.2. 

Loviisa 1 was placed in cold shutdown for repairs 
on 12. - 15.2. In connection with the inspec
tion conducted during the shutdown, chrystallized 
boric acid indicative of a reactor cooling water 
leak during operation was discovered on the surface 
of the pressurizer lower nozzle. By the ultrasonic 
inspection method, the leak was localized to the 
sealing weld of an 8 mm diameter screw plug in 
the wall. For repairing the leak, the old sealing 
weld was removed by grinding and was substituted 
with a weld layer thicker than the old weld. The 
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leak had significance because it occurred in the 
primary circuit. The leak did not endanger safety. 

Safety-related incidents at Loviisa 2 

Electricity supply of the additional auxiliary feedwater 
pump was missing erroneously 

In addition to the two auxiliary feedwater pomps 
proper, there are two reserve auxiliary feedwa
ter pumps at Loviisa 2. 

The additional auxiliary feedwater pumps start 
automatically during an accident to compensate 
for the auxiliary feedwater pumps if flow from 
the auxiliary feedwater pump is not received in 
60 seconds on starting signal. 

During the weekly inspection of the switchyard 
of Loviisa 2 on 8.1. it was noted that the breaker 
of the electricity supply module of the additional 
auxiliary feedwater pump RL99D01 \ae in the test 
position. When the breaker is in the test position 
the pump lacks electricity supply and thus its 
automatic starting would not have succeeded, had 
it been necessary. 

A testing during which the puiap's electricity 
supply had been switched off was conducted on 
28.12.1987 which was the reason for the incident. 
The couplings which had been made for the testing 
had been reset with the exception of the breaker 
of the electricity supply module which remained 
in the test position. The spurious position of 
the breaker was not discovered during the inspec
tion of the breaker a week later on 2.1.1988. It 
was not discovered until on 8.1. 

The incident did not endanger safety directly. 
It was related to the plant's safety systems, 
however, and showed that there are deficiencies 
in the control measures relating to breaker posi
tions. The Finnish Centre for Radiation and Nuclear 
Safety has requested Imatra Power Co. Ltd to 
give an account for the control measures concerning 
the states of the breakers of the electricity 
supply modules and the possibilities of improving 
upon them. 
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Other events at Loviisa 2 

Loss of the return air cooling of the control room at 
Loviisa 2 

The UV42 system manages the general air condi
tioning of the Loviisa 2 nuclear power plant unit 
control room. The UV43 system regulates temperature 
and moisture. The system comprises two separate 
cooling units. The components are located in the 
control room quarters and the released heat loads 
are discharged into the VF service water system. 

On 7.3. the heat exchanger UV43W21 of the other 
cooling unit was subjected to tube cleaning while 
the parallel system remained in operation. After 
the accomplishment of the work on 14.3. the 
cleaned-up system (UV43D002) was given a trial run 
in parallel with the system (UV43D001) which had 
been in operation. On 15.3., the UV43D001 tripped 
from blower overload current and the UV43D002 
took care of the cooling of the control room 
alone. About eight hours later, the UV43D002 
tripped in consequence of a terminal block fault. 
Since both the control room cooling unit.-; were 
out of order, preparations for the shutdown of 
the plant unit in the way presupposed by the 
Technical Specif ications were started. The terminal 
block fault which stopped the UV43D002 was detected 
quickly and the cooling unit was switched on 
again. A fault in the bearings of the blower 
motor was found to be the reason for the stop of 
the UV43D001. Owing to the incident, the control 
room was devoid of return air cooling for about 
1.5 hrs. Temperature in the control room rose to 
ca. +27°C. 

The incident was not directly safety-related. 
Temperature remained within prescribed limits 
and after the fault was detected preparations for 
plant shutdown were initiated as prescribed in 
the Technical Specifications. In connection with 
the incident, deficiencies were noted in certain 
procedures. 

Safety-related incidents at TVO I 

Nothing important from the viewpoint of safety. 



STUK-B-YTO 52 8 

Other events at TVO I 

Reactor scram caused by the formation of frazil ice in 
the sea water clean-up system 

Via the sea water culverts, sea water is lead to 
the turbine condenser and to the heat exchangers 
of the decay heat removal and auxiliary cooling 
systems which are housed in the auxiliary buil
dings (Fig 5). Prior to the intake of sea water 
into the turbine condenser and the sea water 
pumps, the clean-up system which comprises four 
separate parallel clean-up culverts mechanically 
separates impurities from sea water. In the culvert 
the cleaning of sea water takes place in the 
coarse bar screen and the band screen with baskets 
the potential blocking of which is monitored by 
level measuring equipment which indicates the 
differential level across each coarse bar screen 
and band screen. 

The plant unit was operating at full power on 
26.1. and the control room received several alarms 
indicating differential levels across the coarse 
bar screens and the band screens.The alarms were 
noted to have been caused by the freezing of the 
so called bubbling tubes of level measuring which 
freezing was due to the exceptionally cold sea 
water. The alarms were thus groundless. Later 
on, frazil ice started to form in the extremely 
cold sea water which accumulated in the band 
screens. It restricted the volume of sea water 
passing through the screens and level of the sea 
water intake basin sank. Sea water pumps finally 
tripped on impulse from the intake basin level 
switches. The loss of condenser cooling lead to 
an increase in condenser pressure which caused a 
turbine trip and a partial reactor scram. Turbine 
bypass was interrupted by high condenser level 
and a reactor scram followed. 

Plant behaviour was normal during the scram with 
the exception of certain problems which appeared 
in the sea water system. In order to ensure plant 
decay heat removal in a situation where the level 
of the sea water inlet culvert decreeses, the 
channels which lead to the auxiliary system pump 
sumps which are located in the auxiliary building 
have been fitted with gates (V13 and V15) by the 
means of which the inlet and outlet sides are 
connected automatically. It was noted later on, 
however, that during the transient which occurred, 
the gates had jammed in the closed position. The 
faulty state of the gates could not be observed 
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In the control room since no alarm actuates on 
the tripping of the moment protection of the 
gate drives which was the cause of the closed 
gates. When the pumps of the condenser sea water 
system stopped, sea water obtained via the normal 
route was sufficient, however, to meet the needs 
of decay heat removal. When later on the intake 
of sea water to the left auxiliary building was 
reversed, according to instructions, to take 
place from the discharge side, the pair of heat 
exchangers which had been employed by the 723 
system, became fouled. This was due to the Crusta
cea and sludge which dislodged in the outlet 
culvert. 

I.a. the following measures have been initiated 
to improve the reliability of the sea water system: 

a requirement concerning the periodic 
testing of the gates V13 and V15 will 
be added to the Technical Specifications, 

an alarm shall be added to the control 
room concerning the moment trip of the 
gates V13 and VI5, 

the inlet and outlet channels of the 
auxiliary building shall be inspected 
and cleaned, and 

condition monitoring of the culverts 
will be included within the scope of 
pre1iminary maintenance. 

Safety-related incidents at TVO II 

No safety-related incidents. 

Other events at TVO II 

Nothing topical. 

3 OTHER MATTERS RELATING TO THE USE OF NUCLEAR ENERGY 

Initiation of the construction of Industrial Power Company 
Ltd's repository for waste from nuclear power plants 

The Finnish Centre for Radiation and Nuclear 
Safety approved on 3.3.1988 the initiation of 
the construction of a TVO Oy Ltd* s low level 
(LLW) and intermediate level (ILW) radioactive 
waste repository on the Olkiluoto nuclear power 
plant site in the municipality of Eurajoki. The 
approval was preceded by the inspection of the 
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Preliminary Safety Analysis Report and the connec
ted reports on specific topics as well as the 
Intensive supervision of the research and surveys 
which began In 1979. 

The Finnish Centre for Radiation and Nuclear 
Safety has first of all used as the basis for 
assessment of the acceptability of the safety of 
final disposal, the self-compiled document which 
has been assessed by 16 outside experts, "Safety 
requirements for the final disposal of wastes 
from nuclear power plants in the site bedrock" 
which has been approved by the Ministry of Trade 
and Industry as the basis for the decision. The 
document is intended to be confirmed later as a 
decision made by the Council of State. 

The repository is intended for low and medium 
level wastes from nuclear facilities such as 
miscellaneous maintenance waste and bitumized 
ion exchange resins. The wastes will mainly be 
packed in metal drums or boxes which will be placed 
in two silos which are excavated over 50 metres 
undergroud. The silos' design diameters are ca. 
24 m and heights ca 25 and 35 metres. The interme
diate level waste silo is designed with an inner 
silo for extra insulation the walls of which are 
50 cm thick. The construction of the repository 
is estimated to take about four years (Fig. 6). 

The total activity of the wastes to be placed in 
the repository is 100 Tbg at Its most which is a 
few percent of the cesium 137 fallout which reached 
the Finnish territory as a result of the accident 
at Chernobyl. It is a major safety requirement 
as regards waste disposal that the individual 
doses in the vicinity of the repository shall 
not exceed 0.1 mSv a year which is a few percent 
of the exposure caused by natural radiation. 
According to the analyses which have been made, 
the Individual doses will remain clearly below 
this limit. 

4 RADIATION SAFETY 

Individual occupational doses 

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 individual occupational dose 3.7 mSv 
was received at the TV0 I and TV0 II units. 
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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 the individual occupational 
doses 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 recor
ded 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 
0.036 manSv and at the Olkiluoto units 0.041 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 
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 as high as the reference 
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dose limit (5 man Sv/GWe per installed electrical 
power). This collective reference dose lirit is 
based on the limitation of the annual doso 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 number of samples taken in the surroun
dings of both plant sites in accordance with the 
environmental monitoring programme was in this 
quarter 149. Substances originating in nuclear 
power plants were detected only in one rain water 
sample from Olkiluoto. All the measured concentra
tions of the nuclides *• Cr , *• Co, *° Co and M Mn 
were low and will not cause any action. 

All the other artificial radionuclides measured 
in the samples were caused by either the fallout 
from the accident at Chernobyl or older fallout. 
In addition, the environmental samples usually 
include also natural radionuclides (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 wholly or partly in power plants are con
sistent with the release reports of the power 
companies from this and the previous quarters. 
In makinc; this comparison, one must take into 
account nuclide behaviour in nature and their 
detection limits in analyses. 
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Table I Electricity production and avail ability of the units 

Loviisa 1 

Loviisa 2 

TWO I 

TJO I I 

Electric 

(gross, 

First 

quarter 

0.98 

1.00 

1.59 

1.59 

:ity production 
TWh) 

Since be
ginning 
of 1988 

0.98 

1.00 

1.59 

1.29 

Availability factor 

Load factor * — 

Since 

Availability 
factor % 

First 
Sta iX-1%1 (JUULIASI. 

36.5 

25.7 

47.5 

39.0 

» 9 8 " 

96.0 

100.0 

99.4 

100.0 

fc 
arator synchrcitLze 
calendar tine (h) 

Load factor % 

First 

quarter 

96.1 

100.1 

99.4 

99.4 

d j h i x 

yi oss e lectr ic i ty production 

Since be
ginning 
of 1988 

96.1 

100.1 

99.4 

99.4 

100% 

x 100 % 

1987 

93.2 

92.6 

90.9 

92.3 

rated power x calendar tine (h) 

Table II Nuclear energy in the Finnish production of electricity 

First Since beginning 1987 
quarter of 1988 

1986 

Production of nuclear 
electricity (net, TWh) 

Total production of 
electricity in Finland 
(net, TWh) 

Percentage of nuclear 
electricity of total 
production 

Load factor averages of 
the Finnish plant units % 

5.0 

16.3 

5.0 

16.3 

18.5 

50.7 

18.0 

46.9 

30.7 

9C 8 

30.7 

98.8 

36.5 

92.3 

38.4 

88.8 
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Table III Occupational dose distribution in the report period 

Dose ra: 
(mSv) 

< 
0.5 -
1 
2 
3 
4 
5 

> 

nge 

0.5 
1 
2 
3 
4 
5 
25 
25 

Number of 

Loviisa 

63 
20 
7 
-
-
-
-

persons in the 

Olkiluoto 

75 
9 
8 
2 
1 
-
-

dose range 

Total • 

140 
29 
15 
2 
1 
-
-

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 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)* 

Noble gases 
(87Kr-equiv., 
TBq) 

b c 

b c 

b 

5.8 x 1011 

2.2 x 101** 
1.8 x 10" 

Tndlnfts 
, (131 I-equiv., 

VBa) 

1.4 x 10* 
4.6 x 107 

3.1 x 105 

3.6 x 107 

2.2 x 10"* 
9.5 x 1010 

Releases Into water (Bq)* 

Tritium 

6.1x 1012 

1.4 x 1013 

3.5 x 10" 
1.9 x 1012 

1.5 x 10" 
1.8 x 1013 

Other nuclides 
(GBq) 

7.3 x 10* 
6.7 x 107 

9.0 x 10* 
2.0 x 10* 

Other nuclides 

1.4 x 10* 

1.3 x 1010 

2.2 x 10» 
3.6 x 1010 

8.9 x 10"* 
2.8 x 1011 

Tritium 14C 
(TBq) 

8.6 x 1011 d 

1.7 x 1012 d 

2.3 x 1010 d 

1.5 x 1011 d 

. 

The unit of radioactivity is Becquerel (Bq); 1 Bq * on» 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 HP2 TBq as of the beginning of 1987. 

The "Orelease estimate based on experimental data was 8.5 x 
10"> TBq in Loviisa and 1.7 x 10" in Olkiluoto in the report 
period. As of the beginning of 1987, the estimates were 3.2 x 
1011 TBq and 6.3 x 10*1 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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100 X 
465 MW 

Figure 1 Daily gross power of Loviisa 1 in January - March 1988 

1 Repair of leak of control rod indicator 

2 Turbine trip while turbine regulator malfunction was 
in tiie process of being acknowledged 

3 Turbine regulator malfunction 
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Figure 2 Dally gross power of Loviisa 2 in January - March 1988 

1 Two sea water pumps tripped from faulty functioning of measurement 
and caused a turbine trip 



STUK-B-YTO 52 18 

100 'A 
735 MW 

o CO O 
CM 

Figure 3 Daily gross power of TVO I in January - March 1988 

1 Periodic testing 

2 Reactor scram 
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Figure 4 Daily gross power of TVO II in January - March 1988 

1 Repair of condenser 
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Left auxiliary 
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-building 
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Closing gates 
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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 manag-jment 
(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 
Operation of systems and the whole plant 
Operation and competence of the opera
ting organization 
Exceptional events 
Repairs and modifications 
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 DMA 

Plant 
unit 

Start-up Gbninercial 
operation 

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

Loviisa 1 8.2. 1977 9.5. 1977 465/445 

Loviisa 2 4.11.1980 5.1. 1981 465/445 

TWO I 2 . 9 . 1978 10.10.1979 735/710 

TVO II 18 .2 . 1980 1.7. 1982 735/710 

Pressurized water reactor 
(PHR), Atanenergoexport 

Pressurized water reactor 
(PMR), Atanenergoexport 

Boil ing water reactor 
(BUR), Asea Atom 

Boiling water reactor 
(BUR), Asea Atom 

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


