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ABSTRACT 

Quarterly Reports on the operation of Fiunish nuclear power plants describe nuclear and radiation 
safety related events and observations which the Finnish Centre for Radiation and Nuclear Safety 
considers safety significant. Safety improvements at the plants and general matters relating to the 
use of nuclear energy are also reported. A summary of the radiation safety of plant personnel and 
the environment, and tabulated data on the plants' production and load factors are also given. 

The four Finnish nuclear power plant units were in power operation for the whole quarter. The 
load factor average of the plant units was 99.2% (92.8% for the whole year). 

One event during the last quarter of 1993 was rated on die International Nuclear Event Scale 
(INES) as level 1 (an anomaly). During this event at Loviisa 2, the secondary circuit emergency 
feedwater system was erroneously isolated from automatic start-up readiness. The error went 
unnoticed for 4.5 hrs. During 1993 one level 2 incident (significant failures in safety provisions) 
and thrc? level 1 incidents occurred at the Finnish nuclear power plants. 

Occupational doses and radioactive releases off-site were below authorised limits during the last 
quarter of 1993 and during the whole year. In samples collected around the plants, only quantities 
of radioactive material which have no bearing on radiation exposure were measurable which 
originate in the plants. 

The consent granted by STUK for the operation of the Loviisa 1 reactor pressure vessel expired 
at the end of 1993. The new decision granting consent for operation of the vessel stands until the 
1996 refuelling outage. 

From the Loviisa nuclear power plant, the 11th batch of spent nuclear fuel was transported to 
Russia. 
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1 INTRODUCTION 

As prescribed by the Nuclear Energy Act 
(990/87), regulatory control of the use of 
nuclear energy rests with the Finnish Centre 
for Radiation and Nuclear Safety. The Centre's 
functions also include regulatory control of 
physical protection, emergency preparedness 
and nuclear material safeguards. The scope of 
nuclear power plant regulatory control and 
inspections is specified in Appendix 1. General 
information about the plants is given in 
Appendix 2. 

The Finnish Centre for Radiation and Nuclear 
Safety publishes quarterly a report on the 
operation of Finnish nuclear power plants. The 
report describes events and observations at the 
plants during each quarter, gives tabulated data 

on the plants' production and availability 
factors and also a summary of the radiation 
stfety of plant personnel and the environment. 
The report also describes safety improvements 
at the plants and general matters relating to the 
use of nuclear energy. The fourth Quarterly 
Report contains also an annual summary of the 
information reported earlier in die year. 

The Report is based on information submitted 
to the Finnish Centre for Radiation and 
Nuclear Safety by the utilities and on the 
Centre's observations during its regulatory 
activities. The events described in the repon 
are classified on the International Nuclear 
Event Scale (INES). 
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2 OPERATION OF FINNISH NUCLEAR 
POWER PLANTS IN OCTOBER-
DECEMBER 1993 

All the Finnish nuclear power plant units were in power 
operation for the whole last quarter of 1993. Loviisa I was 
operating at reduced power for one and a half weeks due to 
generator fault repair. 

2.1 Production data Detailed production and availability figures are 
presented in more detail in Tables I and II. 

Nuclear's share of total electricity production Power diagrams describing electicity generation 
in Finland was 29.4 %. The load factor by each plant unit and the causes of power 
average of the plant units was 99.2 %. reductions are given in Figs 1 - 4. 

lable I. Electricity production and availability of units. 

Electricity production 
(gross, TWh) 

Fourth 
quarter 

1993 

Loviisa 1 0.96 
Loviisa 2 1.04 
TVOI 1.63 
TVOII 1.63 

Availability factor = 

As of be
ginning 
of 1993 

3.62 
3.74 
6.17 
6.0S 

Availability 
factor (%) 

Fourth As of be-
quarter ginning 

1993 of 1993 

100.0 92.0 
100.0 92.0 
100.0 96.3 
100.0 95.0 

generator synchronized (h) 

calendar time (h) 

Load factor - g r o s s e l e c t r k i ty P ™ ^ ™ - 1 0 0 % 
rated power - calendar time (h) 

Load 
factor (%) 

Fourth As of be-
quarter ginning 

1993 of 1993 

94.0 89.0 
101.2 91.8 
100.9 95.9 
100.5 94.6 

• 100% 
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Table II. Nuclear energy in Finnish electricity production. 

Nuclear electricity 
production (net, TVfhf 

Total electricity 
production in Finland 
(net, TWltf 

Nuclear's share of 
total electricity 
production (%) 

Load factor averages 
of Finnish plant 
units (%) 

Fourth 
quarter 

1993 

5.0 

17.0 

29.4 

99.2 

1993 

18.8 

58.1 

32.3 

92.8 

1992 1991 

18.2 18.4 

54.7 55.2 

33.3 33.3 

89.2 90.9 

a Source: Statistics compiled by the Finnish Association of Electricity Supply 
Undertakings. 
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Fig I. Daily average gross power of Loviisa 1 in Oaober-December 1993. 

1 Rotor of one of two generators was repaired, the 
reactor at about SO % power (see Chapter 2.2). 

500 
100% 
465 MW 

20 31 10 20 30 10 
October-December 1993 

22 31 

Fig 2. Daily average gross power of Loviisa 2 in October-December 1993. 

1 An auxiliary condensate circuit control valve was turbines, the reactor at about 95 % power, 
adjusted, the reactor at about 95 % power. 3 One primary circulation pump tripped when 

2 Vibration measurements based on a spurious bearing temperature exceeded limit value, the 
vibration alarm relating to bearing of one of two reactor at about 80 % power. 
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Fig 3. Daily average gross power of TVO I in Oaober-December 1993. 

1 Penodic tests and reactor core sUbility 2 Periodic tests, the reactor at about 70 % power, 
measurements, the reactor at about 60 % power. 

w 1 0 0 % 
I I 7 3 5 MW 

Fig 4. Daily average gross power of TVO 11 in Oaober-December 1993. 

1 Periodic tests (the reactor at about 70 % power); extraction system was repaired (the reactor at 
a leaking pressure balancing tube in the steam about 20 % power.) 
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2.2 Power reduction at Loviisa 1 
in consequence of a 
generator fault 

One of Loviisa l's two turbines tripped on 26 
November 1993 due to a generator failure. In 
consequence of a break in a generator rotor 
excitation circuit, an arc was produced which 
brought about an earth fault and tripped the 
turbine. The plant unit's control and protection 
systems functioned according to design and 
automatically reduced reactor power to about a 
half. The event had no nuclear or radiation 
safety implications. 

Bodi Loviisa plant units have two turbines. 
Electrical energy generated by generators 
(220 MW) is transferred across transformers to 
the 400 kV national grid. 

During die repairs the plant unit was operating 
at half capacity and die generator was 
reconnected to die grid on 7 December. 

The excitation circuit break was attributed to 
fatique of metal. Imatran Voima Oy 
investigates me matter in more detail in the 
next annual maintenance outage. It will also be 
investigated whether me failed area's fatique 
resistance can be improved by structural 
modifications. No corresponding failures have 
occurred earlier at the Loviisa plant units. 
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3 EVENTS AND OBSERVATIONS 

Loviisa 1 

There were no reportable events at Loviisa I during the last quarter 
of 1993. 

Loviisa 2 

Due to a human error, the emergency feedwater system of Loviisa 2 
was disconnected from automatic start-up readiness and remained 
sofor4.5hrs. The event is classified on the INES at level 1. 

3.1 Emergency feedwater system 
was disconnected from 
automatic start-up readiness 

The emergency feedwater system ensures 
supply of water to die secondary side of steam 
generators in an event during which the actual 
feedwater system is lost. The Loviisa 2 system 
has two redundant lines, both having a pump 
and a back-up pump. Power supply to all 
emergency feedwater pumps has been ensured 
by diesel generators. If feedwater is lost one 
emergency feedwater pump starts automatically 
in both lines. The back-up pumps are activated 
manually. The plant unit has also other systems 
introduced into service by operator action for 
feeding water to the steam generators. 

On 13 October 1993 one emergency feedwater 
pump had been disconnected from stan-up 
readiness to repair a leak in an orifice plate 
seal. It is allowable to disconnect one pump 
from service for repairs during plant unit 
operation. 

At the same time, failure of a signal lamp of a 
diesel generator supplying back-up power to a 

pump in start-up readiness was being 
identified. During investigations it was found 
out diat, to carry out die repair work, the 
diesel must be disconnected from start-up 
readiness. Separation of die diesel renders the 
pump inoperable during a power failure; this is 
not allowed under the circumstances which 
prevailed. 

On 14 October 1993, the control room 
erroneously audwrised me separation since it 
was thought that mis was the diesel generator 
ensuring power supply to the pump which had 
already been separated from start-up readiness 
for repairs. In actual fact diis was a back-up 
diesel ensuring power supply to the pump 
which was in start-up readiness. Consequently, 
neither emergency feedwater pump would have 
started automatically had me feedwater pumps 
tripped on loss of off-site AC power. The 
emergency feedwater pump back-up pumps 
would have been available by manual start-up. 

After die event the diesel generator's work 
permit was cancelled immediately and the 
diesel was reconnected to start-up readiness. 
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TVO I 

There were no reportable events at TVO I during the last 
quarter of 1993. 

TVO II 

There were no reportable events at TVO II during the last quarter 
of 1993. 
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4 RADIATION SAFETY 
Individual doses to nuclear power plant personnel were below the 
dose limit. Also environmental releases were well below the release 
limits. In samples collected in the vicinity of nuclear power plants, 
only quantities of radioactive material which have no bearing on 
radiation exposure were measurable originating in the plants. 

4.1 Limitation of exposure 

Exposures arising from operation of nuclear 
power plants shall be kept as low as reasonably 
achievable (the so called ALARA principle). 
This requires that the sum doses i.e. the 
collective doses of those working at a nuclear 
power plant and of the surrounding population 
shall be monitored and action shall be taken to 
limit occupational exposure and radioactive 
discharges. Individual doses may not exceed 
authorised limits. 

4.2 Occupational exposure 

The radiation safety of nuclear power plant 
personnel depends, on one hand, on plant 
structure and condition and on the other hand 
on how radiation protection has been 
implemented during work assignments. Most of 
the dose is incurred during annual maintenance 
outage work. 

The highest individual dose at the Finnish 
nuclear power plants was 4.6 mSv at the 
Loviisa nuclear power plant. The individual 
dose distribution of nuclear power plant 
personnel is given in Table III, which specifies 
the number of ex(, -:ed individuals by dose 
range and plant site. The information given in 
the Table is taken from the central dost* file of 
the Finnish Centre for Radiation and Nuclear 
Safety. 

The collective occupational dose at the Loviisa 
and TVO plants totalled 0.05 manSv and 0.08 
manSv, respectively. 

4.3 Radioactive releases and 
population exposure 

The radiation exposure of the population 
around a nuclear power plant arises from 
releases of airborne and liquid radioactive 
effluents. The releases are limited by technical 
means. Plant operational condition and releases 
are monitored continuously and are compared 
against pre-determined limits. 

Table IV gives the releases of radioactive 
effluents measured at each plant site. Also the 
annual release limits are given. Releases during 
the report period were well below authorized 
limits. 

The release limits have been so determined that 
the annual dose to the most exposed individuals 
does not exceed 0.1 mSv, which is about a 
fiftieth part of the dose annually received in 
Finland from natural background radiation, 
radon in dwellings included. The release limits 
have been determined for nuclides and release 
pathways which have bearing on individual 
dose. 

The doses to individuals of the surrounding 
population, calculated on the basis of release 
reports are low and are, at most, less than 
about a thousandth part of the annual exposure 
of these individuals. 
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Table III. Occupational dose distribution in the last quarter of 1993 and in the whole year. 

Dose range 
(mSv) 

< 0.5 
0 .5- 1 

1 - 2 
2 - 3 
3 - 4 
4 - 5 
5 - 6 
6 - 7 
7 - 8 
8 - 9 

9 - 10 
10- 11 
11 - 12 
12- 13 
13- 14 
14- 15 
15- 16 
16- 17 
17- 18 
18- 19 
19-20 
20-21 
21-25 
25-30 
30 - 35 
> 35 

a The 

Fourth quarter 
Loviisa 

68 
11 
5 
1 
2 
2 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

" 

TVO 

70 
30 

7 
4 
3 
3 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

" 

Number of persons by dose range 

1993 
Total' 

139 
43 
12 
6 
5 
5 
-
-
-
1 
1 
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Loviisa 

213 
87 
89 
85 
60 
39 
30 
28 
25 
10 
6 
7 

10 
4 
3 
5 
1 
6 
4 
1 
3 
-
1 
-
-

" 

Whole 1993 
TVO 

413 
221 
205 
110 
59 
30 
24 
10 
8 
6 
6 
5 
2 
-
-
1 
1 
-
-
-
-
-
-
-
-

" 

Total* 

643 
303 
296 
183 
131 
60 
61 
43 
47 
29 
29 
18 
17 
6 
8 

12 
6 

13 
7 
7 
2 
1 
8 
5 
1 
* 

data in these columns also include Finnish workers who have received doses at Swedish 
nuclear power 
and 
was 

in Sweden 
plants. The same person may 
The highest 

received in Sweden. 

have worked at both Finnish nuclear power plants 
dose to a Finnish nuclear power plant worker in 1993, 30.8 mSv, 
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Table IV. External releases of radioactivity by plant site, fourth quarter 1993. 

Plant site 

Loviisa 
Report period 
In 1993 

Olkiluoto 
Report period 
In 1993 

Gaseous effluents (Bq)* 

Noble gases 
(Krypton-87 
equivalents) 

3.2 • 10» b) 
2.2 • 10" b) 

1.1 10" 
7.6 10" 

Annual release limits 
Loviisa 2.2 • 10" e) 
Olkiluoto 1.8 10" 

Plant site 

Loviisa 
Report period 
In 1993 

Olkiluoto 
Report period 
In 1993 

Iodines 
(Iodine-131 
equivalents) 

c) 
3.3 • 10' 

0 
8.1 • 10' 

2.2 10" e) 
1.1 10" 

Liquid effluents (Bq)' 

Tritium 

1.9 10* 
1.2 10" 

4.3 • 10" 
3.6 10'2 

Annual release limits 
Loviisa 1.5 • 10M 

Olkiluoto 1.8 • 10" 

Aerosols Tritium Carbon 14 

1.3 - 10* 4.1 • 1010 d) 
8.2 • 107 2.0 • 10" d) 

1.9 • 106 3.8 • 1010 d) 
1.1 • 10" 4.3 • 10" d) 

Other nuclides 

1.8- 109 

1.9 • 10» 

1.5 • 109 

9.5 • 109 

8.9 • 10" e) 
3.0 • 10" 

a The unit of radioactivity is Becquerel (Bq); l Bq = one nuclear transformation per second, 
b The calculatory release of argon-41 from Loviisa 1 and 2 in krypton-87 equivalents was 

4.2 10" Bq in the report period and l.S 10" Bq in 1993. 
c Below the detection limit, 
d The carbon-14 release estimate based on experimental data was 8.7 • 10'° Bq in Loviisa and 

1.7 • 10" Bq in Olkiluoto in the report period. As of beginning of 1993 the estimates were 
3.2 • 10" Bq in Loviisa and 6.5 • 10" Bq in Olkiluoto, 

e The numerical value shows the release limit for the Loviisa plant site on the presumption that 
no releases of other release types occur. The release limit is set in such a way that the sum of 
the various types of release limit shares shall be smaller than or equal to 1. 
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4.4 Environmental monitoring 

Radiation safety in the vicinity of Finnish 
nuclear power plants is monitored by regular 
sampling and analysis programmes. This 
monitoring aims to follow the environmental 
dispersion of radioactive releases and to ensure 
mat doses to the local population remain below 
set limits. 

Samples are taken and analysed of i.a. air, 
deposited material and sea water, as well as of 
foodstuffs such as milk, meat, grain, vegetables 
and fish, tor assessment of the quantities of 
radioactive substances potentially accumulating 
in man. Also terrestrial and marine indicator 
organisms are analysed which effectively 
enrich radioactive substances from their 
environment. By means of these organisms 
even very low quantities of radioactive material 
can be detected and the dispersion of releases 
monitored. Nuclides which have the most 
bearing on human exposure are determined 
from the samples. A total of about 130 samples 
were analysed in this quarter. 

Radioactive substances originating in the 
Loviisa nuclear power plant were detected in 

samples collected in the plant's vicinity as 
follows: silver-110 m in the October and 
cobalt-60 in the December sample of deposited 
material and cobalt-60 and silver-110m in three 
samples of sinking matter. Small amounts of 
cobalt-60 were deteaed in samples of 
household water from the power plant and the 
town of Loviisa. The nuclide's origins could 
not be determined. The samples may have 
become contaminated during sampling. New 
samples taken during January 1994 did not 
contain cobalt. 

Radioactive substances originating in me 
Olkiluoto nuclear power plant were detected in 
one sample of deposited material (cobalt-60), 
in two sea water samples (manganese-54) and 
in three samples of sinking matter (cobalt-60 
and manganese 54). One sample of sinking 
matter contained also cobalt-58. 

All the detected concentrations were low and 
require no action. 

Radioactive caesium isotopes (caesium-134 and 
-137) still originating in the Chernobyl accident 
and also natural radioactive substances (such as 
potassium-40) are measurable in environmental 
samples. 
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5 SAFETY IMPROVEMENTS AT NUCLEAR 
POWER PLANTS 

No major safety improvements were made at the nuclear power 
plant units in this quarter. 
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6 OTHER MATTERS RELATING TO THE USE 
OF NUCLEAR ENERGY 

During this annual quarter, continued operation of the Loviisa 1 RPV 
and transportation of spent fuel from the Loviisa nuclear power plant to 
Russia were other items relating to the use of nuclear energy. 

6.1 Consent granted for 
continued operation of the 
Loviisa 1 reactor pressure 
vessel 

The Finnish Centre for Radiation and Nuclear 
Safety in December 1993 made a decision 
concerning continued operation of die 
Loviisa 1 reactor pressure vessel. The decision 
grants consent for operation of the RPV until 
the 19% refuelling outage. 

Nuclear power plant pressure vessel steels are 
ductile under most operational conditions. 
However, when the temperature of steel falls, 
the so called ductile transition temperature is 
reached beneath which die steel's ability for 
plastic deformation deteriorates and it becomes 
brittle. If a structure is subjected to heavy 
stress at such a temperature and if a suffi
ciently large crack exists at the point subject to 
stress, the crack starts to grow rapidly, 
fracturing die structure. During events where 
emergency cooling is required, relatively cold 
water has to be injected into the RPV; apart 
from pressure-induced tensions, major thermal 
stresses build up in die RPV wall structure. 

The steel's ductile transition temperature 
increases due to transformations in die steel's 
micro structure brought about by fast neutrons. 
The transformations are speeded up by the 
steel's impurities which are particularly 
abundant in welded seams. Prior to RPV 
commissioning, die ductile transition 
temperature of RPV steel was clearly below 
0°C at bodi plant units but the ductile transition 
temperature of welded seams in die core region 
was +25°C at Loviisa 1 and +!>'C 3t 
Loviisa 2. 

Imatran Voima Oy has carried out tests to 
reduce die risk of RPV brittle fractures. On die 
basis of the tests, structural and operational 
modifications have been made at both Loviisa 
plant units (STUK-B-YTC 103, 1993). 

During 1992 and 1993 Imatran Voima Oy 
conducted diverse tests of RPV base metal 
properties. In fracture toughness tests where 
test pieces of RPV steel irradiated inside die 
RPV were used, certain exceptional test results 
had been obtained on earlier occasions. The 
Finnish Centre for Radiation and Nuclear 
Safety deemed it necessary that the reasons for 
die exceptional results be clarified as soon as 
possible. Therefore die Finnish Centre for 
Radiation and Nuclear Safety in 1992 extended 
the consent for continued operation of the 
Loviisa 1 RPV until the end of 1993 and of the 
Loviisa 2 RPV until the end of 1994. In the 
new tests conducted in 1993 no exceptional 
results were obtained. To ensure lepresentati-
veness of die irradiated specimen employed in 
die tests, Imatran Voima Oy took material 
samples of die Loviisa 1 RPV during die 1993 
annual maintenance outage. The test results 
were in agreement widi die irradiated samples. 
The tests gave assurance of the fact that base 
metal is more ductile dian weld material. 

According to a safety assessment by die 
Finnish Centre for Radiation and Nuclear 
Safety completed in December, analyses 
indicated that die Loviisa 1 RPV would, in all 
postulated loading situations until the year 
2000, behave in a safe manner. Also die risk 
of RPV fractures still constitutes a sufficiently 
small share of die total risk for several years to 
come. 
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RPV integrity plays a decisive role in NPP 
safety, however. Taking into account the 
uncertainties present in die analyses and to 
maintain a sufficient safety margin, die Finnish 
Centre for Radiation and Nuclear Safety 
granted consent for operation of die RPV until 
die 19% refuelling outage. The Finnish Centre 
for Radiation and Nuclear Safety requires mat 
Imatran Voima Oy undertake investigations 
which aim to reduce RPV brittle fracture risk. 
Ductility can be restored to almost die original 
level by annealing the brittle area at ca. 470PC 
for about a week. This has been done to 
several Loviisa-type RPVs. 

6.2 Transportation of spent fuel 
from the Loviisa nuclear 
power plant to Russia 

Spent nuclear fuel was transported from the 
Loviisa nuclear power plant to Russia during 1-
4 November 1993. This fuel from Loviisa 1 
and 2 had been cooling for six years and 
totalled 22 tonnes. Annually, a total of about 
25 tonnes of spent fuel arises at bom plant 
units. This was die 11th shipment. The 
previous shipment was in 1990. 

The spent fuel was first transported from die 
power plant to Loviisa railway station and 
further by rail to Russia. The transport 
containers are designed to widistand potential 
accidents. The design bases at that time 
included i.a. a drop test onto hard surface from 
nine metres, a fire test and an immersion test. 

In inspections made in Loviisa some transport 
containers were found defective; one was not 
approved for use but was returned to Russia 
empty. One transport container held tiiree fuel 
bundles which had leaked during operation and 
were now enclosed in leak-tight transport 
flasks. 

The nuclear fuel was transported in six water-
filled containers, 30 fuel bundles in each, and 
in one gas-filled container holding die 
aforementioned faulty bundles. During the 
shipment a transport and security plan 
approved by die Finnish Centre for Radiation 
and Nuclear Safety was adhered to. To ensure 
safety, special arrangements were made which 
were i.a. low transport speed, one-way rail 
traffic and increased preparedness in provision 
against accidents. The shipment went as 
planned. 

6.3 Regulations 

The Finnish Centre for Radiation and Nuclear 
Safety has published die following YVL 
Guides: 

Guide YVL 3.8 Nuclear power plant 
pressure vessels. Inservice 
inspections 

Guide YVL 5.6 Ventilation systems and 
equipment for nuclear power 
plants 

Guide YVL 5.7 Pumps at nuclear facilities 
Guide YVL 6.7 Quality assurance of nuclear 

fuel 
Guide YVL 6.9 The national system of 

accounting for and control of 
nuclear material 

Guide YVL 6.10 Reports to be submitted on 
nuclear materials 

A translation into English of Guide YVL 3.7, 
Pressure vessels of nuclear facilities. 
Commissioning inspection, has been published. 
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7 ANNUAL SUMMARY 1993 
All the four nuclear power plant units operated reliably the whole year 
and no event at the plant units essentially compromised plant safety. 
Doses to personnel and the surrounding population were below set 
limits. 

The combined duration of the annual 
maintenance outages of the Loviisa plant units 
was 52 days and of the TVO plant units 29 
days. There was also a 7-day outage at Loviisa 
2 due to feedwater pipe rupture repairs. Short 
breaks in power generation were due to a 
reactor trip at TVO i; an outage at TVO II at 
Midsummer was due to low demand for electri
city and emergency cooling system 
modifications. The output of Loviisa 1 was 
reduced to a half for 11 days owing to the 
repair of the generator of one of two turbines. 
The load factor average of the plant units was 
92.8%. 

Nuclear's share of all electricity production in 
Finland was 32.3%. Power diagrams 
describing the electricity output of Finnish 
plant units are given in Figs 5 - 8 . 

The maximum rating for an event at a Finnish 
nuclear power plant was level 2 on the 7-level 
INES. The feedwater pipe rupture at Loviisa 2 
was classified at level 2. Events classified as 
level 2 are incidents with significant failure in 
safety provisions but with sufficient defence in 
depth remaining to cope with additional 
failures. 

Three level 1 incidents occurred. At Loviisa 1 
one specially-backed busbar was lost and this 
caused malfunctions in the plant unit's 
electrical equipment and rendered inoperable 
certain components important to safety. During 
an incident at Loviisa 2 the secondary circuit 
emergency feulwater system was erroneously 
disconnected from automatic start-up 
readiness. At TVO II an unusually high 
number of cracks was detected in control rod 
structural material. When cracks appear there 
is the possibility in principle that boron 
carbide, the power regulating medium in 

control rods, could wash into reactor water; in 
such a case control rod capacity to shut down 
the reactor would be reduced. Level 1 incidents 
are anomalies beyond die authorised operating 
regime and they may be due to equipment 
failure, human error or procedural inadequ
acies. 

The events and observations reported in ihe 
Quarterly Reports of the Finnish Centre for 
Radiation and Nuclear Safety were as follows: 

Loviisa 1 

• Cooling of the steel containment external 
spray system was partly inoperable (1st 
quarter) 

• A disturbance in specially-backed power 
supply (2nd quarter) 

• Boron pump room cooling could have 
been compromised in the event of an 
accident (2nd quarter) 

• Emergency cooling reliability was 
compromised due to problems in motor 
bearings of emergency make-up pumps 
(3rd quarter) 

Loviisa 2 

• Main feedwater system pipe break (1st 
quarter) 

• Pump room doors were open in the 
turbine building (2nd quarter) 

• Emergency feedwater system was 
disconnected from automatic start-up 
readiness (4th quarter) 

TVO I 

Reactor scram attributed to a disturbance 
in reactor feedwater control (1st quarter) 
Nuclear fuel cladding leak (2nd quarter) 
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TVOII 

• Control rod cracks (2nd quarter) 
• Nuclear fuel cladding leak (3rd quarter) 

Total collective occupational dose was 2.16 
manSv at the Ixwiisa plant units and 1.62 
manSv at the TVO plant units. According to an 
YVL Guide issued by STUK, which entered 
into force in early 1993, the collective do-e 
limit for one plant unit, as a mean of two 
successive years, is 2.5 manSv per one 
gigawatt of net electrical power. This means an 
annua! collective dose of 2.22 manSv for the 
Loviisa power plant and 3.56 manSv for the 
TVO plant. 

The highest individual dose, 21.7 mSv, was 
received at the Loviisa nuclear power plant. 
The highest dose to a Finn, 30.8 mSv, was 
received while working at nuclear power plants 
in Sweden. Maintenance outages at the Swedish 
plants were exceptionally lengthy and even the 
average doses to the Finnish workforce while 
working there were higher than in Finland. 
The Radiation Decree stipulates that the annual 
effective dose incurred in radiation work may 
not exceed 50 mSv. When averaged over a 
period of five years, the annual dose may not 
exceed 20 mSv. This monitoring started at the 
beginning of 1992. 

About 650 samples from around the nuclear 
power plants were analysed. As in previous 
years, the plants did not much affect the levels 
of radioactivity measured in their vicinity. 
Caesium isotopes (caesium-134 and -137) were 
still measurable in environmental samples. 

In 1993 several safety improvements were 
made at the plant units, the most important of 
which were as follows: 

The Loviisa nuclear power plant 

• A fire extinguishing system was installed 
in the curculating water pumping station 
of Loviisa 1 to improve the station's fire 
safety (1st quarter) 

• Emergency cooling improvements by re
design of the sump structure (3rd 
quarter) 

• Sumps in the reactor pit of the 
containment building were strengthened 
to provide against severe accidents (3rd 
quarter) 

• Monitoring of primary circuit water 
chemistry was improved by a new 
sampling line (3rd quarter) 

The TVO nuclear power plant 

• To ensure fuel supply to back-up diesels, 
the volume of day tanks which contain 
back-up diesel fuel was increased and 
part of the fuel tubes were replaced with 
tubes made of a more durable material 
(1st quarter) 

• The risk of clogging up of the heat 
exchangers of back-up diesels was 
reduced by installing strainers in the 
shutdown service water system (1st 
quarter) 

• Emergency core cooling improvements 
(2nd and 3rd quarter) 

• The effect of erroneous reactor level 
measurements on the starting of 
emergency core cooling was reduced 
(2nd quarter) 

• The operating volume of the boric 
solution tank in the boron system 
ensuring reactor shutdown was increased 
(2nd quarter) 

• A second start-up transformer was 
introduced into service at both plant 
units (2nd quarter) 

• Fire protection of certain cable rooms 
was improved (3rd quarter). 
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Other matters related to the use of nuclear 
energy were as follows: construction of a waste 
repository for low and intermediate level waste 
from die Loviisa nuclear power plant was 
staned (1st quarter), consent for continued 
operation of the Loviisa 1 RPV until the 19% 
refuelling outage was granted (4th quarter) and 
spent fuel was transported from the Loviisa 
nuclear power plant to Russia (4th quarter). 

The Nuclear Energy Decree was so amended in 
1993 that the export controls of the Nuclear 

Energy Act also apply to so called dual-use 
items plus related information (1st quarter). In 
1993 the Finnish Centre for Radiation and 
Nuclear Safety published seven YVL Guides 
and four English-language translations of YVL 
Guides published earlier. 

An Agreement between Finland and Germany 
on early notification of a nuclear accident and 
exchange of information and experience 
pertaining to nuclear safety and radiation 
protection was concluded (2nd quarter). 
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Fig 7. Deify average gross power of TVOI in 1993. 

Fig 8. Daily average gross power of TVO 11 in 1993. 
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APPENDIX 1 

REGULATORY CONTROL OF NUCLEAR FACILITIES 

The regulatory control performed by the 
Finnish Centre for Radiation and Nuclear 
Safety encompasses 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 
• Arrangemerts for nuclear fuel and nuclear 

waste management 
(Decision in principle) 

• Preliminary safety analysis report on the 
planned structure and operation of the 
plant as well as the preliminary safety 
analyses 

• Safety classification of components and 
structures 

• Quality assurance plan 
• Plans concerning nuclear fuel and nuclear 

waste management 
• Physical protection and emergency 

preparedness 
(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 organisation 

• Technical specifications 
• Nuclear fuel management and safeguards 
• Methods of nuclear waste management 
• Physical protection and emergency 

preparedness 
(Operating licence) 

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 

organisation 
• Exceptional events 
• Repairs and modifications 
• Refuelling 
• Nuclear fuel management and safeguards 
• Nuclear waste management 
• Radiation protection and safety of the 

environment 
• Physical protection and emergency 

preparedness 
• Observance of quality assurance 

programme 
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APPENDIX 2 

PLANT DATA 

Plant 
unit 

Loviisa 1 

Loviisa 2 

TVO I 

TVO n 

Start-up 

8 Feb. 1977 

4 Nov. 1980 

2 Sept. 1978 

18 Feb. 1980 

Commercial 
operation 

9 May 1977 

5 Jan. 1981 

10 Oct. 1979 

1 July 1982 

Rated power 
(rress/net,MW] 

465(445 

465/445 

735/710 

735/710 

Type, supplier 
> 

Pressurized water reactor 
(PWR). Atomenergoexport 

Pressurized water reactor 
(PWR), Atomenergoexport 

Boiling water reactor 
(BWR), Asea Atom 

Boiling water reactor 
(BWR), Asea Atom 

Imatran Voima Oy owns the Loviisa 1 and 2 plant units in Loviisa and Teollisuuden 
Voima Oy the TVO I and II plant units in Olkiluoto, Eurajoki. 
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