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ABSTRACT 

Quarterly Reports on the operation of Finnish nudear power plants describe events and observa
tions, relating to nudear and radiation safety, which the Finnish Centre for Radiation and Nudear 
Safety considers safety significant. Also other events of general interest are reported. The reports 
also include a summary of the radiation safety of plant personnel and the environment, as wdl as 
tabulated data on die plants' production and load factors. 

The Finnish nudear power plant units Loviisa 1 and 2 and also TVO I and n were in operation 
for almost die whole fourth quarter of 1992. The longest break in production was due to 
Loviisa 2's annual maintenance outage which ended in this quarter. The load factor average was 
94.8 % (89.2 % for the whole year). 

In a periodic test of the water extinguishing system of die Loviisa 1 reactor containment inner 
intermediate ring in October, die system was noted to have been inoperable for about a moirth. 
The reason was mat valves in die system's collection pipeline had been left dosed during annual 
maintenance outage. The automatic fire detection system of die intermediate ring was operable. 
Upon receipt of a fire alarm, reactor scram and cooldown could have been started wftnout dday. 
Only mobile fire equipment would have been available during mis event which is classified as 
levd 1 on die International Nuclear Event Scale. Two level 1 events occurred at Furnish nuclear 
power plants in 1992. Otiier events in mis annual quarter and in die whole year, which are classi
fied on die International Nuclear Event Scale, were level 0/below scale. 

At die Loviisa and TVO nuclear power plants, measures to enhance safety have been carried out. 
A fire analysis, which is part of die Loviisa 1 PSA, was accomplished; it led to improvements 
some of which were completed in me past annual quarter, and some of which are being planned. 
At bom plants, modifications were made to ensure die operation of emergency cooling systems in 
an event during which mennal insulation of piping may clog cooling water circulation. Automatic 
radiation monitoring networks connected to me national area monitoring system were installed in 
die vicinity of bodi facilities. 

Occupational doses and radioactive rdeases into die environment remained below authorised li
mits. Only quantities of radioactive materia) insignificant to radiation exposure, originating in 
Furnish nuclear power plants, were detected in samples collected in die vicinity of die plants. 
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1 INTRODUCTION 

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

The Finnish Centre for Radiation and Nudear 
Safety publishes a quarterly report on the 
operation of Finnish nudear power plants. The 
fourth Quarterly Report contains also a 

summary of die information reported in me 
year in question and background information 
on radiation protection principles. The report is 
based on information submitted to die Finnish 
Centre for Radiation and Nudear Safety by die 
utilities and on the Centre's observations 
during regulatory activities. The events 
described in me report are classified on me 
International Nudear Event Scale. 

As wdl as event descriptions, die report 
contains a summary of the radiation safety of 
nudear power plant personnel and me 
environment, and tabulated data on the plants' 
production and load factors. 
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2 OPERATION OF FINNISH NUCLEAR 
POWER PLANTS IN OCTOBER-
DECEMBER 1992 

Finnish nuclear power plants were in operation far the most part 
of the fourth quarter of 1992. The annual maintenance outage of 
Loviisa 2 continued for 15 days m ihis annual quarter. There 
was a brief break in production at Loviisa 1 due to facility 
modifications, and two shutdowns at TVO n to repair failed 
equipment. 

2.1 Production data 

Nudear dectricity accounted for 30.1 % of 
total dectricity production in Finland in this 
annual quarter. The load factor average of the 
plant units was 94.8 %. Production and 

availability figures are presented in more detail 
in Tables I and D. 

Power diagrams describing decticity generation 
by plant unit and die causes of power 
reductions are given in Figs 1 - 4. 

Table L Electricity production and availability of units. 

Ekctridty production 
(gross, TWh) 

Fourth 
quarter 

1992 

Loviisa 1 1.01 
Loviisa 2 0.86 
TVO I 1.63 
TVO n 1.56 

Availability factor = 

As of be
ginning 
of 1992 

3.29 
3.67 
6.02 
6.01 

Availability 
factor (%) 

Fourth Asofbe-
quixter ginning 

1992 of 1992 

99.0 81.8 
83.3 90.3 

100.0 93.9 
97.0 94.6 

generator synchronized (h) 

calendar time (h) 

Load factor- ^<>ss dectricity production , m % 

rated power • calendar time (h) 

Load 
factor (%) 

Fourth As of be-
quarter ginning 

1992 of 1992 

98.5 80.5 
83.6 89.8 

100.7 93.3 
96.4 93.1 

• 100% 
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TnUe // . Nuclear energy in Finnish electricity production. 

Nuclear electricity 
production (net, TWh)T . 

Total electricity 
production in Finland 
(net,TWh)T 

Nudear's share of 
total electricity 
production (%) 

Load factor averages 
of Finnish plant 
units (%) 

a Source: Statistics 
Undertakings. 

Fourth 1992 

1992 

4.9 18.2 

16.3 54.7 

30.1 33.3 

94.8 89.2 

1991 1990 

18.4 18.1 

55.2 51.7 

33.3 35.0 

90.9 89.1 

compiled by the Finnish Association of Electricity Supply 
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Fig 1. Average daily gross power of Loviisa 1 in October-December 1992. 

1 Turbine regulator malfunction, reactor to 
72 % power 
Hot shutdown to modify the emergency 

cooling system (see Chapters 2.2 and 5.2) 
Pilot waive of me main steam system was re
paired 
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Fig 2. Average daily gross power of Loviisa 2 in October-December 1992. 

1 Annual maintenance (see Chapter 2.3) 3 
2 One turbine was shut down and one turbine's 

power was reduced to repair auxiliary 4 
system faults 

Problems in the introduction of high pressure 
bleeding points were settled 
Generator shutdown to settle earth fault 
problems, the reactor was at 51 % power 

8 



STUK-B-YTO 109 
FINNISH CENTRE FOR RADIATION 

AND NUCLEAR SAFETY 

ouu 

700 

600 

5 500 
>v 

•3 
S 400 

i 

M
ea

n
 

200 

too 

0 

! 

1 

| 

! 

1 
1 

i ( ^ _ 

1 

- \T — - -

1 ^— 1 _ _ i 1 

2 

u 

i 
1 
| 

— 1 C 

100 % 
735 MW 

10 20 31 10 20 30 10 20 31 

October-December 1992 

Fig 3. Average daily gross power of TVO I in October-December 1992. 

Periodic tests and reactor core measurements, 2 
the reactor was at 60 % power at its lowest 

Relief system valves were tested and peri
odic tests performed, the reactor was at 70 % 
power at its lowest 
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Fig 4. Average daily gross power of TVO II in Oaober-December 1992. 

Periodic tests, stability measurements and 2 
localization of » fuc! leak detected on 4 
August 1992, the reactor was at 50 % power 3 
at its lowest 

Hot shutdown to investigate slow-acting 
solenoid valves (see Chapter 2.4) 
Cold shutdown to replace a relief system 
pilot valve (see Chapter 2.5) 
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22 Hot shutdown at Loviisa 1 to 
modify the emergency 
cooling system 

Loviisa. 1 was placed in a hot shutdown state 
on 1 November 1992 to modify the filtering 
arrangement of emergency cooling system 
samps. A more detailed description is given in 
Chapter 5.2 of mis report. The plant unit was 
brought back on-line on 2 November. 

23 Annual maintenance outage 
at Loviisa 1 

Loviisa 2's twelfth refuelling and maintenance 
outage was from 12 September to 15 October 
1992. The plant unit was off the Finnish grid 
for about 33 days. 

During the outage, some nuclear fuel was 
replaced with fresh fuel and modifications were 
made to enhance plant safety and operating 
characteristics. Also numerous inspections, 
repairs and maintenance jobs were accom
plished. 

During the outage, the filtering arrangement of 
emergency cooling system sumps was altered 
to prevent clogging in a potential accident 
involving dislodged thermal insulation of 
piping (see Chapter 5.2). 

Apart from Imatran Voima Oy's personnel, 
over a thousand non-utilhy workers parti
cipated in annual maintenance work. The 
collective occupational dose arising from the 
Loviisa 2 outage was 0.98 manSv. 

Events, observations and plant modifications 
during the outage have been described also in 
me previous Quarterly Report (STUK-B-YTO 
103, 1992) 

2.4 Hot shutdown at TVO D to 
investigate and replace slow-
acting solenoid valves 

During periodic tests at TVO II on 12 Novem
ber 1993, it had been discovered Oat three 
solenoid valves in the reactor's scram system 
were too slow-acting. The scram system 
contains 14 control rod groups to quickly shut 
down the reactor, where necessary. Each group 
of control rods has one quick-dosing valve 
controlled by four solenoid valves, two of 
which need to be operable to control the quick-
dosing valve. All the slow-acting solenoid 
valves were from different groups of control 
rods. 

The solenoid valve malfunctions discovered did 
not directly affect plant unit safety. The plant 
unit was placed in not shutdown on 21 
November 1992, to replace the valves and to 
investigate the malfunctions. Three slow-acting 
valves were replaced with new ones and four 
normal-acting valves were taken as reference 
pieces. 

Impurity resembling grease was observed in 
the slow-acting solenoid valves removed from 
service; it may nave slowed down their action. 
The cause of slowness is still being investiga
ted. The periodic testing of solenoid valves, 
normally performed once a month, was 
changed to take place once a week at TVO I 
andll. 

During the plant unit's shutdown, one valve in 
the reactor pressure vessel relief system opened 
inadvertently. The valve received an opening 
signal in consequence of a control circuit 
switching error. The error, dating back to a 
1991 modification, was repaired and the 
valve's operability wis tested. 
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A reactor scram occurred in connection with 
plant unit startup. A break in a condenser 
temperature detector connection brought about 
a malfunction activating die scram function. 
The safety systems performed according to 
design. The temperature detector's damaged 
pan was replaced and startup resumed. The 
plant unit started electricity generation on 22 
November. 

2.5 Cold shutdown at TVO II to 
replace a relief system pilot 
valve 

In a periodic test conducted at TVO II on 10 
December 1992, an electrically-operated pilot 
valve of me relief system remained open. The 
system has 12 main «--lief valves some of 
which are guided by electrically-operated pilot 
valves. During the test, pilot valve is opened 

for a while which opens main relief valve. In 
die test in Question, die dectrically-operated 
pilot valve of a main relief valve did not dose, 
and die main rdief valve continued to blow. In 
such a situation, die main rdief valve is closed 
by means of a so called forced dosing valve 
and die reactor output shall be limited at 95 % 
at die same time. 

The plant unit was placed in cold shutdown on 
12 December 1992 to repair die fault. The 
pilot valve, which remained open, was replaced 
widi a serviced spare pan valve and, at the 
same time, mree omer pilot valves were 
serviced. 

In connection with die plant unit's startup, all 
serviced valves of die rdief system underwent 
testing. The plant unit was brought back on-
lint on 13 December. 
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3 EVENTS AND OBSERVATIONS 

Loviisa 1 

In the last quarter of 1992, the fire extinguishing system of the 
Loviisa 1 reactor containment inner intermediate ring was 
ascertained to have been inoperable for about a month. The event 
is classified as level I on the International Nuclear Event Scale. 
In this quarter, Loviisa I had also an insignificant nuclear fuel 
cladding leak assigned to level 0/below scale. 

3.1 Inoperability of the fire 
extinguishing system of the 
inner intermediate ring 

In a periodic inspection of the fire extin
guishing system of the Loviisa 1 reactor 
containment inner intermediate ring on 27 
October 1992, water flow from die system and 
fire hydrants was observed to be nonexistent. 
This was caused by two valves of the system's 
collection pipelines having been left closed 
during annual maintenance outage work. The 
system was inoperable for one month from the 
end of annual maintenance outage. 

The system in question serves to extinguish 
potential cable fires in the space between the 
steel containment and crane wall, i.e. the so 
called inner intermediate ring. AH cables to the 
containment building come through this 
intermediate ring. The spreading of fire in this 
space has been restricted by means of 7 m high 
walls dividing the space into four compart
ments. The intermediate ring has been fitted 
with an automatic fire detection system which 
is tripped manually. 

To modify a test assembly in the annual 
maintenance outage of 12 August 1992, the fire 
extinguishing system of the reactor containment 
building was separated by closing the system's 
collection pipeline valves. The closing of die 
valves was marked in the auxiliary control 
room log, but not in the work order proper. 
When the work was finished, the valves 

remained closed, as mere was no mention of 
mem in the work order. In addition, die closed 
state of the valves went unoticed in the fire 
prevention inspection conducted at die end of 
die annual maintenance outage, as die valves in 
question were not on check lists. 

The intermediate ring's automatic fire detection 
system was operable. Thus, die shutting down 
and cooling of die reactor could have been 
started widiout delay upon receipt of a fire 
alarm. In mis event, only mobile fire fighting 
equipment would have been available. 

Imatran Voima Oy has assessed die event's 
effect on die reactor core damage probability 
and ascertained it as insignificant. 

After die event, die valves, which now 
remained closed, will be added to die check 
lists of valves to be inspected after outages. In 
addition to mis, a performance test will be 
conducted to ensure there are no closed valves 
in die fire water pipeline. The event will also 
be discussed during shift personnel training, 
and die work order procedures will be altered 
to make die extinguishing system separation 
procedures correspond to those of the process 
systems. 

3.2 A nuclear fuel cladding leak 

At Loviisa 1 on 10 November 1992, a slight 
increase in die fission product activity of 
primary circuit water was observed. The 
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increase in activity was attributed to a minor 
gas leak in a nuclear f i d cladding. 

Uranium dioxide - the nuclear fuel in the 
Loviisa reactors - is contained in 2.5 m long 
tubes. The number of Aid rods in each Loviisa 
plant unit is about 39 000 and they form 126-
rod assemblies. Nuclear fuel is handled as 
entiie Aid assemblies. Fuel rod wall forms a 
gas-tight cladding which prevents fission 
products generated during reactor operation 
from being transferred from fud to reactor 
cooling water. The concentration of radioactive 
substances in the cooling w.~r is under 
continuous monitoring. Cooling water cleanup 
system design assumes that 1 % of the fuel 
rods, i.e. ca 390 rods, may leak. 

The increase in the primary circuit noble gas 
concentration was detected in a laboratory 
measurement. The activity concentrations of 
individual noble gas nuclides were about 10-
fold compared with die pre-leak level. The 
increase in the activity concentrations of iodine 
isotopes was smaller. After die leak had stabili
zed, the water's iodine-131 concentration was 
about 10* Bq/kg, i.e. about one fortieth part of 
die limit given in die Technical Specifications. 

Such a minor fud leak does not prevent die 
plant unit's safe operation. The leak's growdt 
is observed by laboratory and continuous 
activity measurements. The leaking assembly is 
due for localization and removal from die 
reactor in die next annual maintenance outage. 
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Loviisa 2 

In the last quarter of 1992, temperature monitoring of the 
instrumentation room in the Loviisa 2 control building was 
observed to be in non-conformity wan the plant unit's Technical 
Specifications. In Uus quarter, also a minor nuclear fuel 
cladding leak occurred at Loviisa 2. These events are classified 
as level 0/below scale on the International Nuclear Event Scale. 

3.3 A modification planned in 
the temperature monitoring 
of the instrumentation rooms 
in the control building was 
not made 

In the 1992 annual maintenance outage of 
Loviisa 2, monitoring of the instrumentation 
rooms in the control building was to be altered 
so mat room-specific alarms indicating the 
violation of set temperature limits are fed into 
the process control computer. The plant unit's 
Technical Specifications were revised to 
correspond to the new arrangement planned. 
The modification was not made, however. 

The monitoring of the instrumentation rooms in 
the Loviisa 2 control building was to be made 
similar to mat in Loviisa 1. A design order and 
a work order for the modification were made 
well in advance of the annual maintenance 
outage. Planning was not started, however, and 
the modification was not made either. In 
connection with certain other changes in the 
operating conditions, Imatran Voima Oy 
revised the plant unit's Technical Specifications 
to correspond to the modification, and 
submitted these to the Finnish Centre for 
Radiation and Nuclear Safety for approval. The 
Centre approved the amendments about two 
months prior to the annual maintenance outage. 
When applying for the Centre's approval to 
modify the Technical Specifications, Imatran 
Voima Oy did not, however, suggest a separate 
date of entry for the amended document, fhus, 
the Centre's approval meant the modifications 
entered into force. At this time, Loviisa 2 did 
not conform to the requirements of the 
Technical Specifications. 

The plant unit's safety was not compromised 
significantly. In the old system still in use, a so 
called combined alarm for the temperatures in 
question is transmitted to the process control 
computer and control room alarm panel. 
Individual alarms appear on a separate control 
room VDU. The Finnish Centre for Radiation 
and Nuclear Safety has approved of Imatran 
Voima Oy's application to the effect that, tile 
current temperature monitoring alarm system 
meets the revised requirements of the Technical 
Specifications until the room-specific tempera
ture alarms planned have been placed into 
service. 

The event gave reason to look into the 
adequacy of administrative control procedures 
in preventing recurrence of corresponding 
shortcomings and nonconformities. 

3.4 A nuclear fuel cladding leak 

At Loviisa 2 on 23 November 1992, a minor 
fuel rod gas leak was observed on the basis of 
the nuclide relations of primary circuit fission 
product activities. The primary coolant total 
activity did not indicate an increase caused by 
the fuel leak. 

Since the annual maintenance outage, primary 
coolant noble gas concentrations have remained 
at the level of the previous operating period, 
when the reactor contained no leaking fuel. 
The activity concentrations of iodine isotopes 
were now about three times lower than before 
the annual maintenance outage. The activity 
relations of xenon isotopes in the primary 
coolant, laboratory-measured during the power 
reduction of 19 November 1992, indicated a 
minor leak in a nuclear fuel rod cladding. 
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The numerical values deady disagreed widi die The fud leak showed signs of expiration by die 
activity relation of die isotopes xenon-133 and end of die year. The leak's progress is 
-135 in an event wim non-leaking fuel. Noble monitored bom by laboratory and continuous 
gas cor .orations remained well bdow die activity measurements. The leaking assembly is 
limits prescribed in die Technical Sped- due for localization and removal from service 
fications. in die next annual maintenance outage. 

TVOI 

No reportable events occurred at TVOI in the last quarter of 1992. 

Tvon 
No reportable events occurred at TVO n in the last quarter of 1992. 
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4 RADIATION SAFETY 

Individual doses to nuclear power plant personnel remained 
below die dose limit. Enviro.unental releases also remained well 
below the release limits. In samples collected in the vicinity of 
nudear power plants, only quantities of radioactive material 
insignificant to radiation exposure were detected, originating in 
the plants. 

4.1 Limitation of exposure 

Exposure arising from the operation of nuclear 
power plants shall be kept as low as reasonably 
achievable. To accomplish this, the sum doses 
i.e. tbe collective doses for plant personnel and 
the surrounding population, shall be monitored 
and measures taken to limit occupational 
exposure and environmental releases. 
Furthermore, individual doses shall remain 
below authorized dose limits. 

4.2 Occupational exposure 

The radiation safety of nuclear power plant 
personnel is, on the one hand, dependent of 
plant layout and condition and, on toe other 
hand, on the radiation protection measures 
applied at the workplace. Radiation doses are 
mostly received in work performed during 
annual maintenance outages. 

Part of Loviisa 2's annual maintenance outage 
was in this quarter. The highest individual dose 
at Finnish nuclear power plants was 11.8 mSv 
and it was received at the Loviisa plant. The 
Radiation Decree stipulates that die annual 
effective dose incurred in radiation work may 
not exceed 50 mSv. The dose may not, over a 
period of five years, exceed the 20 mSv annual 
average. This monitoring was started at the 
beginning of 1992. 

The distribution of individual doses received by 
nuclear plant personnel in the report period and 
during 1992, is given in Table in , which speci
fies the number of individuals by dose range 
and plant she. The information given in the 
Table originates in the central dose file of the 
Finnish Centre for Radiation and Nuclear 
Safety. 

In the report period, the collective occupational 
dose at the T^oviisa plant was 0.48 manSv and 
at the TVO plant 0.04 manSv. The dose limit 
given in a guide of the Finnish Centre for 
Radiation and Nuclear Safety, valid until the 
end of 1992, was 5 manSv/GWe in terms of 
actual output in a year, which means a 
collective dose of 4.45 manSv/year for tbe 
Loviisa plant and 7.1 manSv/year for the TVO 
plant. 

4.3 Environmental releases and 
population exposure 

Population exposure in the vicinity of nuclear 
power plants arises from radioactive releases 
into the air and water during operation, which 
are restricted by technical means. Plant 
operational condition and releases are monito
red continuously and compared with pre
determined limits. 
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Table III. Occupational dose distribution in the report period and in 1992. 

Dose range Number of persons by 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 

Fourth quarter 1992 
Loviisa 

184 
86 
92 
23 
14 
12 
5 
3 
1 
-
-
1 
1 
-
-
-
-
-
-
-
-
-
-
-
. 

TVO 

100 
18 
5 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Total* 

281 
103 
99 
23 
14 
13 
5 
3 
1 
-
-
1 
1 
-
-
-
-
-
-
-
-
-
-
-
-

Loviisa 

197 
101 
134 
108 
70 
48 
50 
35 
28 
23 
21 
23 
14 
6 

13 
6 
4 
6 
1 
4 
3 
2 
-
2 
-

Whole 1992 
TVO 

412 
240 
226 
113 
63 
48 
33 
22 
19 
15 
10 
9 
8 
6 
7 
1 
1 
2 
-
-
1 
-
-
- • 
-

TotoP 

545 
318 
328 
210 
112 
93 
72 
60 
48 
38 
39 
39 
29 
13 
19 
9 
8 

12 
1 
5 
6 
2 
2 
4 
-

a The data in (beat columns also include Finnish workers who have received doaes at Swedish 
nuclear power plants. The same person may have worked at both Finnish nuclear power plants 
and in Sweden. 
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Table IV gives measured environmental 
releases site by site. The Table shows also 
annual release limits. In the report period, 
environmental releases remained well below 
authorized limits. 

The release limits have been determined in 
such a way that annual dose to the most 
exposed individuals does not exceed 0.1 mSv. 
This is about a fiftieth part of me 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 overexposure. 

Doses to individuals of the surrounding popula
tion, calculated on the basis of release reports, 
are low and, at most, less man about a 
thousandth part of the annual exposure of these 
individuals. 

4.4 Environmental monitoring 

Radiation safety in the vicinity of Finnish 
nuclear power plants is monitored by regular 
sampling and analysis programmes. The 
monitoring aims to follow the environmental 
dispersion of radioactive releases and to ensure 

that doses to the local population remain below 
set limits. 

Samples are taken i.a. of air, deposited 
material and sea water, as well as of foodstuffs 
such as milk, meat, grain, vegetables and fish, 
to assess the quantities of radioactive material 
potentially accumulating in man. Also 
terrestrial and marine indicator organisms are 
analysed which effectively enrich radioactive 
material from their environment. These 
organisms help detect even very low quantities 
of radioactive material and monitor the 
dispersion of releases. Nuclides which most 
affect human exposure are determined from the 
samples. 

A total of about ISO samples were analysed in 
this quarter. Radioactive material originating in 
the TVO nuclear power plant was detected only 
in samples of sinking matter which contained 
small quantities of manganese-54 and cobalt-
60. Three samples of sinking matter from 
Loviisa contained cobalt-60 and silver-110, two 
contained manganese-54 and one cobalt-58. 
Also, one air sample from Loviisa, collected in 
October, contained a quantity of silver-HOm 
corresponding to an average activity concen
tration of 3.7 pBq/m3. 
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Table TV. External releases of radioactivity by plant site, fourth quarter 1992. 

Plant site 

Loviisa 
Report period 
In 1992 

Olkiluoto 
Report period 
In 1992 

Releases into the air (Bq)* 

Noble gases 
(Kryptoo-87 
equivalents) 

1.0-10*0) 
2.2 • 10" b) 

1.2 • 10" 
2.0 • lO" 

Annual release Emits 
Loviisa 2.2 • 10" d) 
Olkiluoto 1.8 • 10» 

Plant site 

Loviisa 
Report period 
In 1992 

Olkiluoto 
Report period 
In 1992 

Iodines 
(Iodine-131 
equivalents) 

8.7 • 105 

2.5 • 107 

7.3 • 10* 
1.5 • 10» 

2.2 • 10" d) 
1.1 • 10" 

Releases into water (Bq)" 

Tritium 

1.5 • 10'2 

1.0 • 10* 

4.5 • 10" 
1.8 • 1012 

Annual release limits 
Loviisa 1.5 • 10w 

Olkiluoto 1.8 • 10" 

Aerosols Tritium Carbon 14 

3.3 • 107 5.2 • lO» c) 
2.8 • 10* 2.2 • 10" c) 

3.6 107 6.8 lO» c) 
3.1 • 10» 3.5 10" c) 

Other nuclides 

8.8 • 10* 
3.5 • 10» 

1.5 • 109 

1.6 • 10w 

8.9 • 10" e) 
3.0 • 10" 

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

3.9- 10" Bq in the report period and 1.4 10" Bq in 1992. 
c The carbon-14 release estimate based on experimental data was 8.1 • 10i0 Bq in Loviisa and 

1.7 • 10" Bq m Olkiluoto in the report period. As of beginning of 1992 the estimates were 
3.1 • 10" Bq in Loviisa and 6.3 • 10" Bq in Olkiluoto, 

d The numerical value »hows 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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5 SAFETY-ENHANCING MODIFICATIONS AT 
FINNISH NUCLEAR POWER PLANTS 

Projects to improve fire safety at the Loviisa nuclear power plant 
have been carried out, and some are under way. Modifications to 
ensure undisturbed circulation of emergency cooling water have 
been mode both at die Loviisa and TVO nuclear power plants. 
Automatic radiation monitoring networks were installed in the 
vicinity of both facilities. 

5.1 Fire safety at the Loviisa 
nuclear power plant was 
improved 

Several plant modifications (STUK-B-YTO 58, 
1989 and STUK-B-YTO 74,1990) to improve 
fire safety at the Loviisa nuclear power plant 
units have been made over the past years. The 
work to improve and analyse fire safety 
continues. In summer 1992, the Loviisa 1 fire 
risk analysis was accomplished, and the need 
for some improvements surfaced. The fire risk 
analysis is part of Loviisa l's risk assessment 
(PSA, Probabilistic Safety Assessment) 
evaluating reactor core damage risks. Control 
building-induced fire risks at Loviisa 1 have 
not been analysed at this stage. 

Based on the results of the fire risk analysis, 
several improvements have been made at 
Loviisa 1. E.g. in late 1992, several cables of 
systems important to safety were protected. 
These cables have to be operable in case of 
fire. Improvement of the fire safety of the 
hydraulic oil units of turbine bypass valves is 
the most important of die above backfits, 
however; this improvement is due for realizati
on at bom plant units in the 1993 annual 
maintenance outages. Also other improvements 
are planned. 

5.2 Operation of the emergency 
cooling systems of the Loviisa 
and TVO nuclear power 
plants was ensured 

The Loviisa and TVO nuclear power plant 
units have carried out measures to eliminate 
risks caused by dislodged piping insulation in a 
loss of coolant accident. If the insulation g<& 
into cooling water, it may clog up sumps or 
coolant circuit strainers and cause severe 
damage to the eactor core and die containment 
building. 

At the Loviisa plant units (PWRs), the reactor 
core and containment building are cooled with 
water from the emergency make-up system 
tanks at the early stages of a loss of coolant 
accident. The water is injected direct to die 
primary circuit and to die containment building 
spray nozzles. The water which accumulates in 
die containment building is directed to die 
sumps from where it is, after the emergency 
make-up system tank becomes empty, re
injected to die reactor and die spray nozzles. 
Each Loviisa plant unit has two sumps fitted 
with a filtering arrangement to capture debris. 
The cooling water thus recirculated is essential 
in ensuring the long-term cooling of the reactor 
core and die containment building. 
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At the TVO plant units (BWRs), me reactor 
core and containment building are, in a loss of 
coolant accident, cooled wim water mostly 
taken from die condensation pool in me 
containment building. Steam or water from the 
reactor is directed to the pool. The pool has 
been fined wim four strainers through which 
water is introduced to coolant circulation. The 
supply of water from me condensation pool to 
coolant circulation is important as of the early 
phases of an accident. 

In a loss of coolant accident, a rapidly 
discharged water-steam jet from a ruptured 
pipe crushes the thermal insulation of piping 
close to the leak. Containment building internal 
flows carry the crushed insulation and other 
debris, which end up on sump or strainer 
surfaces. Clogging increases pressure 
difference across the surfaces. The increased 
pressure difference may damage pumps or 
structures of the reactor core or the 
containment building cooling systems, which 
would result in a loss of emergency cooling by 
recirculation. Severe reactor damage or 
containment building damage might result. 

The clogging of sumps and strainers has been 
looked into i.a. in the USA in the 1980s. In 
Finland and Sweden, basic research was 
carried out in the 1970s, during the planning 
and construction of the Loviisa and TVO 
nuclear power plants. The problem came up 
again in consequence of an event at the 
Barsebäck 2 plant unit (a BWR) in Sweden, on 
28 July 1992. A steam line safety valve 
blowing direct into the containment building 
upper plenum, erroneously opened during plant 
unit startup. The steam jet discharged through 
die safety valve damaged the thermal insulation 
of piping in a much larger area than assessed. 
Also condensate pool strainers clogged up in an 
essentially shorter time than estimated during 
plant unit design. 

Investigations after the event in Sweden attribu
ted me unexpected behaviour of crushed 
insulation mainly to ageing of me material. 
With age, me material becomes hydrophilic, 
homogenous and small-sized when crushed; 
whereas new insulaton material, when crushed, 
remains coarser and afloat. The Loviisa power 
plant unit sumps and TVO plant unit strainers 
have been designed based on tests with new 
inflation material. 

Owing to the event in Sweden, the Finnish 
Centre for Radiation and Nuclear Nuclear 
Safety required the Loviisa and TVO plants to 
reassess the degree of risk posed by clogged up 
sumps and strainers without delay. 

Imatran Voima Oy carried out for the Loviisa 
plant unit,, a series of sump model tests using 
aged insulation. Based on me tests, it was 
ascertained that the filtering arrangement of 
sumps, consisting of a coarse primary and fine 
secondary mesh structure, does not perform to 
satisfaction. The filtering arrangement was 
modified by considerably expanding the surface 
area of the fine mesh structure, which essen
tially slows down the rate of clogging. 

The modification was carried out at Loviisa l's 
hot shutdown, from 1 to 2 November, and at 
the Loviisa 2 outage which ended on IS 
October 1992. In addition to the modifications 
in the sumps' fUtering arrangement, also 
accident instructions facilitating the reduction 
of water flow through the sumps when 
clogging becomes a problem, were revised. In 
addition to these temporary solutions, Imatran 
Voima Oy is looking into ways of cleaning 
clogged up sumps during an accident and is 
further developing the sumps' performance. 

At TVO, the strainer surface areas are 
essentially larger than at Barsebäck; thus they 
can take up a larger amount of dislodged 
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insulation without clogging up. Also me 
method of cleaning clogged up strainers is 
different. At TVO, instructions for me starting 
of strainer flushing and me flushing itself were 
revised. Also me availability of auxiliary 
equipment during flushing was improved. 
Operators were given further training on 
measures to be carried out in accidents. In 
addition to these temporary solutions, strainer 
flushing readiness will be further improved and 
measures planned to markedly slow down 
clogging. The improvements are due for 
implementation in the 1993 annual maintenance 
outage. 

5.3 Automatic radiation 
monitoring systems were 
installed in the vicinity of the 
Loviisa and TVO nuclear 
power plants 

In close proximity to Jie Loviisa and TVO 
plants, automatic radiation monitoring stations 
bvve been installed to provide against severe 
accidents. Monitoring results from the stations 
help detect radioactive plumes potentially 
escaping from the facilities and monitor radiati
on intensity in the plants' vicinity. The 
monitoring stations have been placed along two 
perimeters around the facilities: the inner 
perimeter is in plant vicinity and the outer at 
about five kilometre's distance from plant. The 
stations continuously monitor external dose 
rate. As well as being off-she monitoring 
stations, the stations are part of the Ministry 
for the Interior's nationwide area monitoring 
system. The Ministry and die Finnish Centre 
for Radiation and Nuclear Safety can access the 
data recorded at the stations via die telephone 
network. 

The detectors are two Geiger-Mueller tubes 
which together cover a dose rate range from 
0.01 Sv/h to 10 Sv/h. The devices' electronics 

make possible to record and process 
monitoring results at die stations already. The 
stations are battery-backed and, in a power 
failure, mey continue to perform for about 
tfiree days. These stations transmit to nuclear 
power plants alarms indicating increased dose 
rates and information of potential equipment 
failures. 

Along me inner monitoring perimeter of die 
Loviisa nuclear power plant are five 
monitoring stations located at about two 
kilometres' distance from the facility. In the 
facility's immediate vicinity, two old radiation 
meters are operating. Along the outer 
perimeter situated at about five kilometres' 
distance from me facility, ten monitoring 
stations are located. The stations along both 
monitoring perimeters share a central unit in 
die command centre located in me facility's air 
raid shelter. A data transfer connection from 
me central unit to the process control 
computers of bom plant units will be installed 
hi 1993. Upon completion of this connection, 
data can be transferred from the monitoring 
stations to the plant unit control rooms. 
Completion of the data transfer connection also 
enables direct transfer, every ten minutes, of 
monitoring results from die process control 
computer to die Finnish Centre for Radiation 
and Nuclear Safety. 

There are four stations along die inner 
perimeter of die TVO nuclear power plant, 
which are located in die site area and in its 
immediate vicinity. The system replaces die 
diree meters earlier in use. The outer, 8-station 
monitoring perimeter is a new system. Both die 
inner and outer perimeter stations have an own 
CPU, which transfers data to the plant units' 
process control computers. The systems were 
introduced in 1992. Already, die monitoring 
results can be transferred direct from die 
process control computers to die Finnish 
Centre for Radiation and Nuclear Safety. 
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6 ANNUAL SUMMARY 1992 

The four Finnish nudear power plant units were in operation, with 
the exception of annual maintenance outages, some short breaks dm 
to reactor scrams, repairs and modifications. No event at the plant 
units significantly compromised safety. Radiation doses to personnel 
and the surrounding population remained below set limits. 

The Loviisa plant units were off the Finnish 
grid for a total of 97 days, due to annual 
maintenance outages. The Loviisa 1 annual 
maintenance outage lasted longer man usual, 
due to i.a. extensive inspections of the reactor 
pressure vessel and die inspection and repair of 
primary circuit main gate valves. The annual 
maintenance outages of the TVO plant units 
totalled 36 days. Brief breaks in production 
were caused also by one reactor scram at 
Loviisa 1 and four at TVO n, plus a few days' 
outages to repair failed components or to make 
modifications. Bom Loviisa units had one and 
TVO II three such brief outages. The load 
factor average of the plant units was 89.2 %. 

Nuclear's share of all Finnish electricity 
production was 33.3 %. Tower diagrams 
depicting electricity generation by Finnish plant 
units are given in Figs 5 - 8 , 

The Finnish Centre for Radiation and Nuclear 
Safety extended the operating licence of die 
Loviisa 1 reactor pressure vessel until the end 
of 1993 and that of the Loviisa 2 vessel until 
the end of 1994. The operating licences of the 
vessels, granted in 1989 by the Centre, were 
valid until die 1992 annual maintenance 
outages. The Centre considers investigations 
into the brittle fracture risk of the vessels 
should be complemented prior to making any 
long-term decisions on their use. 

In 1992, the events at Finnish nuclear power 
plants were level 1 at most, as classified on die 

International Nuclear Event Scale. Two level 1 
events occurred: inoperability of the Loviisa 1 
fire extinguishing system of me inner 
intermediate ring, which was attributed to 
closed valves, and coolant flow below design 
value in one fuel assembly at TVO I. Level 1 
denotes an anomaly beyond die authorized 
operating regime. This may be due to 
equipment failure, human error or procedural 
inadequacies. The scale has seven levels. Other 
events were assigned to level 0/below scale. 

The following events and obervations have 
been described in die Finnish Centre for 
Radiation and Nuclear Safety's Quarterly 
Reports: 

Loviisa 1 

• The permissible period of removal from 
service of an air cooling unit was 
exceeded in connection with a modi
fication of the ventilation system (1st 
Quarter) 

• Potential overloading of pumps in the 
nuclear intermediate cooling circuit under 
accident conditions (2nd Quarter) 

• Events during annual maintenance outage 
(3rd Quarter) 

• Inoperability of the fire extinguishing 
system of the inner intermediate ring (4th 
Quarter) 

• A nuclear fuel cladding leak (4th 
Quarter). 
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Loviisa 2 
• Spent fuel rod sustained damage in the 

storage pool (2nd Quarter) 
• Fire fighting water system leaked into the 

cable space below the control room (2nd 
Quarter) 

• Nuclear fuel cladding leak (3rd Quarter) 
• Events during the annual maintenance 

outage (3rd Quarter) 
• A modification planned in the temper

ature monitoring of the instrumentation 
rooms in the control building was not 
made (4th Quarter) 

• A nuclear fuel cladding leak (4th Quarter). 

TVOI 

• The heat transfer capacity of the 
shutdown cooling train was below design 
value (1st Quarter) 

• Loss of off-site electrical power supply 
during annual maintenance outage (2nd 
Quarter) 

• Below design coolant flow in one fuel 
assembly (2nd Quarter) 

• Events which occurred during work 
carried out during annual maintenance 
outage (2nd Quarter) 

• Increased radiation dose rates on-site 
(3rd Quarter) 

• Fuel supply to backup diesels was 
compromised when fuel transfer pump 
feed cables were cut off (3rd Quarter). 

Tvon 
• Events which occurred during work 

carried out during annual maintenance 
outage (2nd Quarter) 

• Loss of turbine condenser cooling (2nd 
Quarter) 

• Heat exchangers of a back-up diesd 
clogged up (2nd Quarter) 

• A nuclear fuel cladding leak (3rd 
Quarter). 

Several safety enhancing modifications have 
been made at die plant units in 1992. The 
following modifications have appeared in the 
Quarterly Reports: 

• Prevention of dilution of boron 
concentration in the primary circuit at 
the Loviisa plant anas (3rd Quarter). 

• Fire safety at the Loviisa nuclear power 
plant was improved (4th Quarter). 

• Operation of the emergency cooling 
systems of the Loviisa and TVO nuclear 
power piants was ensured (4th Quarter). 

• Automatic radiation monitoring systems 
were installed in the vicinity of the 
Loviisa and TVO nuclear power plants 
(4th Quarter). 

Collective occupational doses remained low by 
internationa] comparison, 3.29 manSv at me 
Loviisa plant and 2.41 manSv at the TVO 
plant. The highest individual occupational dose 
to a Finnish nuclear power plant worker in 
1992 was 28.6 mSv. It was received while 
working at a nuclear power plant in Sweden. 

About 700 samples collected in the vicinity of 
Finnish nuclear power plants were analysed. 
The plants' environmental impact remained 
insignificant. Caesium-134 and -137 originating 
in the accident at Chernobyl are still detected 
in environmental samples. 
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Kg 5. Average daily gross power of Loviisa 1 in 1992. 

Kg 6. Average daily gross power af Loviisa 2 in 1992. 
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Kg 7. Average daily gross power of TVOI tit 1992. 
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Kg 8. Average daily gross power of VfO 11 in 1992. 
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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 (me 
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 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 

Flam Start-up Commercial Rated power 
unit operation (gross/net,MW 

Loviisa 1 8.2.1977 9.5.1977 465/445 

Loviisa 2 4.11.1980 5.1.1981 465/445 

TVO I 2.9.1978 10.10.1979 735/710 

TVO D 18.2.1980 1.7.1982 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 H plant units in Olkiluoto, Eurajoki. 
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