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ABSTRACT 
In the Quarterly Reports on the operation of the Finnish nuclear power plants such events and 
observations are described relating to nuclear and radiation safety which the Finnish Centre for 
Radiation and Nuclear Safety considers safety significant. Also other events of general interest are 
reported. The report also includes a summary of the radiation safety of the plants' workers and the 
environment, as well as tabulated data on the production and load factors of the plants. 

The Finnish nuclear power plant units Loviisa 1 and 2 as well as TVOI and II were in operation 
for almost the whole third quarter of 1992. Longest breaks in production were caused by the 
annual maintenance of Loviisa 1 and the annual maintenance of Loviisa 2 which started in this 
quarter. The load factor average was 74.9 %. 

At the Loviisa plant units modifications have been made to prevent the forming of water plugs in 
the primary loops during startup which have a boron concentration lower than that of primary cir
cuit water. If a diluted water plug gets into the reactor the worst consequence would be an abrupt 
reactor power increase and core damage. 

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

Occupational radiation doses and releases of radioactive material off-site remained below 
authorised limits. Only quantities of radioactive material insignificant to radiation exposure, ori
ginating in nuclear power plants, were detected in samples collected in the vicinity of the nuclear 
power plants. 
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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 functions of 
the Finnish Centre for Radiation and Nuclear 
Safety also include regulatory control of 
physical protection, emergency preparedness 
and nuclear material safeguards. The scope of 
regulatory control and inspections related to 
nuclear power pbnts is specified in 
Appendix 1. General information relating to the 
Finnish nuclear power plants is presented in 
Appendix 2. 

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

summary of the information reported in the 
year in question and background information on 
the principles of radiation protection. The report 
is based on the information reported to the 
Finnish Centre for Radiation and Nuclear 
Safety by the power companies and on the 
observations made by the Finnish Centre for 
Radiation and Nuclear Safety during regulatory 
control. Tie events described in the report are 
classified on the International Nuclear Event 
Scale. 

Apart from event descriptions, the report 
contains a summary of the radiation safety of 
nuclear power plant workers and the 
environment and tabulated data on the 
production and load factors of the nuclear 
power plants. 
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2 OPERATION OF NUCLEAR POWER PLANTS 
IN JULY-SEPTEMBER 1992 

The Finnish nuclear power plants were in operation for the most 
part of the third quarter of 1992. In this quarter the Loviisa plant 
units' annual maintenance outages lasted for a total of about 83 days. 
In addition, reactor scrams at Loviisa 1 and TVOII caused 
brief interruptions in electricity production. 

2.1 Production data 

Nuclear electricity accounted for 37.3 % of 
total production in Finland in this annual 
quarter. The load factor average of the plant 
units was 74.9 %. The production and 

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

Power diagrams describing electricity 
generation by the plant units and the causes of 
power reductions are presented in Figures 1 -4 . 

Table I. Electricity production and availability of the units. 

Loviisa 1 
Loviisa 2 
TVOI 
TVOII 

Electricity production Availability 
(gross, TWh) factor (%) 

Third 
quarter 

1992 

0.27 
0.79 
1.61 
1.59 

Availability factor = 

Begin- Third 
ning of quarter 
1992 1992 

2.28 28.6 
2.81 79.1 
4.39 100.0 
4.45 99.3 

Begin
ning o/ 

1992 

76.0 
92.7 
91.9 
93.7 

generator synchronized (h) inn ^ 

calendar time (h) 

I A f t - ^ r o s s ^^'ricfty production 

rated power - calendar time (h) 
100% 

Load 
factor (%) 

Third 
quarter 

1992 

26.1 
76.1 
99.3 
98.0 

Begin
ning of 

1992 

74.4 
92.0 
90.8 
92.0 
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Table II. Nuclear energy in the Finnish production of electricity. 

Production of nuclear 
electricity (net, TWn)* 

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

Share of nuclear 
electricity of total 
production (%) 

Load factor averages 
of the Finnish plant 
units (%) 

Third 
qaarter 

1992 

4.1 

11.0 

37.3 

74.9 

Begi»-
•iagof 
1992 

133 

383 

34.7 

873 

1991 

18.4 

552 

333 

90.9 

1990 

18.1 

51.7 

35.0 

89.1 

a Source: Statistics compiled by the Finnish Association of Electricity Supply Undertakings. 
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Fig 1. Average daily gross power of Loviisa 1 in July-September 1992. 

1 Periodic inspections, reactor at ca 74 % power 
2 Stretchout 
3 Annual maintenance outage (refer to Chapters 

2.2 and 3.1) 
4 Reactor scram caused by incorrect superheater 

level detection (refer to Chapter 23) 

One uubine tripped from an overheated excita
tion resistor 
The power control system incorrectly curbed 
power, reactor to 87 % power 
Inadvertent primary circulating pump trip, 
reactor to 86 % power 
Inadvertent primary circulating pump trip, 
reactor to 71 % power 
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Fig 2. Average daily gross power of Loviisa 2 in July-September 1992 
1 Periodic tests 3 Annual maintenance outage (refer to Chapters 
2 Stretch out 2.4,3.1 and 3.3) 
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Fig 3. Average daily gross power of TVO I in July-September 1992. 

1 Periodic tests, reactor operating at 70 % power 
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Fig 4. Average daily gross power of WO 11 in July-September 1992. 
1 Periodic tests, reactor at 70 % power 2 Two reactor scrams (refer to Chapter 2.5) 
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12 Annual maintenance outage 
at Loviisa l 

The fifteenth refuelling and maintenance outage 
of Loviisa 1 was held from 18.7. to 19.9.1992. 
The plant unit was off the Finnish grid for 
about 64 days. The outage's extended duration, 
as compared with the usual ca 3 to 4 weeks, 
was due to i.a. extensive reactor pressure vessel 
inspections and inspections and repairs of 
primary circuit main gate valves (also refer to 
Chapter 3.1). 

In the outige, part of the spent nuclear fuel was 
replaced by fresh fuel and modifications were 
made to enhance plant safety and operating 
characteristics. Also a large number of repairs, 
inspections and maintenance operations were 
performed. 

Several inspections of the reactor pressure 
vessel were performed during the annual 
maintenance. I.a. all the circumferential welds, 
the primary circuit pipe fittings and the core 
area inner surface were inspected. No defects 
exceeding the acceptance level were detected. 
The reactor pressure vessel operating licence 
granted by the Finnish Centre for Radiation and 
Nuclear Safety was valid until the 1992 annual 
maintenance outage. The licence was extended 
by well over twelve months (refer to Chapter 
6.1). 

During the 1992 annual maintenance outage, a 
primary circuit pressure test was conducted 
which, by virtue of the Pressure Vessel Decree, 
shall be conducted every eighth year. The test 
was conducted at 17.8 MPa pressure with 
acceptable results. After annual maintenance the 
reactor pressure vessel was subjected to a leak-
tightness test at 13.7 MPa pressure and it 
proved leaktight. 

During the annual maintenance, repairs of the 
feedwater distributors of steam generators were 
continued. In 1989 erosion-corrosion induced 
defects were detected in the fecdwater 

distributors of all six steam generators (see 
Report STUK-B-YTO 67). Two feedwater 
distributors were repaired during this outage, as 
planned. Now, all six distributors have been 
repaired. At the same time, welded joints 
connecting the feedwater distributors and spray 
pipes related to them were inspected. In some 
joints perforations were observed which did not 
require immediate repair, however. These 
inspections will be continued in the 1993 
refuelling outage. 

The pipelines of the blow down system of the 
steam generators were replaced. The pipeline 
material was changed from regular carbon steel 
to stainless steel. The reason for the modifica
tion was the old system's susceptibility to 
erosion-corrosion. In the same connection the 
system was modified so that the two blow 
down lines from all six steam generators were 
combined to one collector after the steam 
generators. 

The plant unit's primary circuit was modified to 
prevent the forming in the primary loops of 
water plugs with a boron concentration lower 
than that of primary circuit water (refer to 
Chapter S.l). Also modifications aiming at 
reduced fire hazards were performed at the 
plant unit. The modifications are part of a 
larger entity relating to the fire analysis part of 
the ongoing Loviisa 1 PSA and the necessary 
improvements it brought forth. 

Apart from Imatran Voima Oy's own personnel, 
1100 non-utility workers participated in annual 
maintenance outage work. The collective 
radiation dose incurred in work performed 
during the outage was 2.20 manSv. 

23 A reactor scram at Loviisa 1 

A reactor scram occurred at Loviisa 1 on 
22.9.1992. The plant unit's power was being 
raised after the annual maintenance outage 
when one generator's power started to fluctuate. 
To remedy the situation, a power reduction was 
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started at the plant whereupon a pressure 
increase occurred in steam tubing. The steam 
generator level detector did not react quickly 
enough to the pressure increase. Silt had 
accumulated in the impulse line causing an 
inadvertent signal which led to a reactor scram. 
The level control equipment was cleaned and 
the plant unit was brought tnck online the next 
day. 

2.4 Annual maintenance outage at 
Loviisa 2 

The 12th annual maintenance outage of Loviisa 
2 was held from 12.9. to 15.10.1992. A general 
description of the outage will appear in the next 
Quarterly Report. 

2.5 Reactor scrams at TVO II 

Two reactor scrams occurred at TVO II on 
14.8.1992. A turbine trip occurred in 
connection with a turbine safety equipment test 
Steam from die reactor was directed past the 
turbine direct to the condenser. This bypass 
function was interrupted, however, owing to an 
unusual indication given by die condenser 
temperature measurement equipment. A reactor 
scram always results m such situations. The 
plant unit was at ca 9 % power after startup 
when another reactor scram occurred for the 
same reason. The scrams were caused by a 
defective sensor in the condenser temperature 
measurement equipment. The sensor was 
replaced and the plant unit was brought back 
online the next day. 
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3 EVENTS AND OBSERVATIONS 

Loviisa 1 

In the annual maintenance outage of Loviisa 1 which was held in 
the third quarter of 1992, cracks detected in the sealing structures 
of main gate valves were repaired. The faults in the sealing structures 
and other events during the outage are classified as level O/below 
scale on the International Nuclear Event Scale. 

3.1 Events during the annual 
maintenance outage 

Repairs of sealing structures of main gate 
valves 

In a primary circuit tightness test performed 
after the 1991 annual maintenance outage, a 
minor leak through a main gate valve sealing 
structure into the steam generator space was 
ascertained at Loviisa 2 (refer to Report 
STUK-B-YTO 92). Based on the strength and 
materials analyses conducted, the Finnish 
Centre for Radiation and Nuclear Safety 
decided, after temporary repairs, to grant 
approval for the valve's use until the next 
refuelling outage and required that main gate 
valves at both plant units be inspected in the 
1992 annual maintenance outage. 

In the 1992 annual maintenance outages, main 
gate valves at both Loviisa plant units were 
inspected. Based on the inspections, it was 
concluded that there are stress corrosion 
induced cracks in the sealing structures of 
several main gate valves. The inspected main 
gate valves were repaired. 

Owing to the stress corrosion crack growth 
mechanism, an extensive failure of a main gate 
valve is not possible and the cracks have no 
safety-significance. Should the cracks grow 

faster than expected, insignificant seepage 
through the structure might occur. If a leak 
occurred the plant unit should have to be shut 
down for repairs. 

Oil burning on a hot pipe surface 

At the turbine plant of Loviisa 1 an instrument 
fitter on 20.9.1992 noticed some smoke coming 
out from gaps in the sheet metal cladding on 
top of the insulation material covering a turbine 
bypass system pipe. During the opening of the 
sheet metal cladding, the insulating material 
caught fire producing a small flame which was 
put out by the operating personnel present with 
a powder extinguisher. The pknt unit was, at 
that time, being started up after the annual 
maintenance outage. 

The event was attributed to oil which had 
become absorbed in the pipe insulation 
material, had gasified under impact of the hot 
pipe and caught fire. The piping insulation 
materials are non-flammable. The oil had 
leaked from the oil system which served to 
control the turbine bypass system. The amount 
of leaked oil was insignificant. 

Owing to the event, sheet metal claddings in 
corresponding locations will be repaired in such 
a way that, in case of potential leaks, oil cannot 
become absorbed in the insulation materials. 
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A tube of the feedwater system minimum 
circulation line fractured dnring a start-up 
test 

During a start-up test of the upgraded 
minimum circulation lines of the feedwater 
system of Loviisa 1, a fracture appeared in the 
tubing from which clean water sprayed out. The 
minimum circulation lines aie tubes with an 
inner diameter of 50 nun in which water is 
circulated when pumps are being started up. 

During the start-up test heavy vibration was 
Dbserved in the tubing. After the start-up test 
had lasted for a while, a vibration-induced 
fracture appeared in the junction of a minimum 
circulating tube and the main line. To prevent 
vibration, the tubing was modified i.a. by 
improving its supports and by replacing its 
flow-reducing throttles. 

13 
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Loviisa 2 

A nuclear fuel cladding leak was observed in Loviisa 2 in the third 
quarter of1992. This as well as events during the annual maintenance 
outage are classified as level 0/below scale on the International 
Nuclear Event Scale. 

32 Nuclear fuel cladding leak 

The primary circuit water fission product 
concentration increased on 12.9.1992 during the 
placement of Loviisa 2 into a shutdown state 
for the annual maintenance outage. The activity 
growth was caused by a leak in a nuclear fuel 
rod cladding. The fuel assembly containing the 
leaking rod was removed from the reactor 
during the annual maintenance outage. 

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

As a result of the leak, the activity 
concentration of the isotope iodium-131 was 
about a hundredfold compared with the pre-
leak level and was, at its most, 4.S - 10s Bq/1. 
The peak value was reached when the plant 
unit was already in the so called hot shutdown 
state in which the upper limits for the activity 
concentrations of the reactor cooling water 
given in the Technical Specifications are not 
applied. The activity concentrations remained 
well below the limits set for power operation, 
however, and decreased quickly as the cooling 
water cleanup circulation was operated non-
intermittcntly. 

Based on the caesium-isotope ratio of the 
cooling water, the leaking rod was assessed to 
be in one of the high bum-up fuel assemblies 
which had been in the reactor for two or three 
years. The integrity of fuel assemblies picked 
up on the basis of their bum-up was inspected 
in sipping canisters. The leaking assembly was 
among the assemblies selected for removal 
during refuelling. About a third part of the fuel 
is annually removed from the reactor and 
replaced with fresh fuel. 

No special reason for the fuel damage could be 
determined on the basis of the reactor's 
operating history. The leak had no bearing on 
uV radiation safety of the plant's workers or its 
environs. 

3 J Events during the annual 
maintenance outage 

Increased radiation dose rates in the steam 
generator space 

Since 1989, an increase in the radiation dose 
rates of the Loviisa 2 steam generator space 
have been observed. The average dose rate 
measured on primary circuit pipe surfaces in 
the 1992 annual maintenance outage, was 4.4-
fold at Loviisa 2, as compared with Loviisa 1. 

The first considerable increase, about 50 % 
compared with 1988, occurred in 1989 in 
which year the average dose rate measured on 
pipe surfaces at I oviisa 2 was about 2.5-fold 
compared with Loviisa 1 (refer to Report 
STUK-B-YTO 67). The 1990 increase was 
mild but in the 1991 summer annual main
tenance another considerable increase, about 
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30 %, was measured. The radiation dose rates 
caused by the Loviisa 1 primary circuit have 
remained low and no increasing trend is 
foreseen in the long run. 

The radiation dose rates of work locations are 
measured during annual maintenance outages to 
ensure worker safety. During an outage, also 
any alterations in dose rates arising from the 
primary circuit are monitored by regular dose 
rate measurements which always are made at 
the same points of the primary circuit piping 
located in the steam generator space. 

Because of the increased radiation dose rates, 
some work scheduled to be carried out in the 
steam generator space was postponed until the 
1994 annual maintenance outage. By that time 
Imatran Voima Oy will have examined some 
options for decreasing the dose rates. The 
decontamination of the primary circuit is 
examined as one option. In spite of the 
increased radiation intensity, collective 
occupational radiation doses at the Loviisa 

nuclear power plant have remained low by 
international comparison. 

Imatran Voima Oy will continue to investigate 
the reasons for the increased radiation dose 
rates. 

A minor hydrogen barn occurred daring 
superheater repairs 

During repair work on 15.9.1992, hydrogen 
inside a superheater ignited from a spark from 
grinding work. The amount of hydrogen was 
assessed to have been insignificant. The event 
did not cause personal injuries or damage to 
property. 

The origins of the hydrogen inside the 
superheater are not known. Imatran Voima Oy 
is working to find this out by the next annual 
maintenance outage. An effort is also made to 
avoid recurrence by improving the safety 
instructions. 
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TVOI 

At IVO 1 events in the third quarter of 1992 were elevated radiation 
levels in the plant unit's vicinity and endangered fuel supply to two 
backup diesels. Both events are classified as level 0/below scale on 
the International Nuclear Event Seals. 

3.4 Increased radiation dose 
rates on-site 

In measurements conducted in the vicinity of 
the TVO I waste building in July, a radiation 
dose rate exceeding normal background 
radiation was observed in an area a few tens of 
meters from the building's outer walls. The 
measured dose rates did not exceed the 
maximum value determined for areas external 
to the buildings. 

The increased radiation dose rates were 
attributed to the filling up of the storage for 
medium-level reactor waste in the TVO I 
waste building which caused increased radiation 
dose rates in the storage. Part of the external 
gamma radiation emitted by the waste 
penetrates the concrete ceiling to outdoor air 
and a small part is reflected to ground surface. 
Medium-level waste mostly consists of filter 
sludge from the cleaning of process waters. 
After use it is solidified into bitumen and 
packed into drums which are stored, for some 
time, in the storage buildings of the plant units 
or in a separate intermediate storage for 
medium-level waste. The drums are later 
transferred to a so called VJJ repository, a 
disposal facility excavated into bedrock onsite. 

The radiation dose rates in the vicinity of the 
TVO I waste building will decrease when was.e 
is transferred from the plant unit to the VLI 
repository. The negative impact of the elevated 
radiation levels is insignificant since nobody 
works or stays in the immediate vicinity of the 
waste building. 

Owing to the event, Teollisuuden Voima Oy 
has specified the instructions foi the radiation 
monitoring of the Olkiluoto power plant area. 

3.5 Fuel supply to backup diesels 
was compromised when fuel 
transfer pump feed cables 
were cut off 

It was noted in a periodic test at TVO I that 
pumps feeding fuel to the fuel tanks of two 
backup diesels from a storage tank had been 
inoperable for a week. 

There are four backup diesels at each TVO 
plant unit which, th&gieriodic tests excluded, 
normally are not uV operation. The diesels 
automatically start to feed the plant unit the 
electricity for the safety-related equipment in 
events during which house-load operation and 
the supply of off-site power have been 
prevented. Two diesels shall be operable at 
both plant units. Each diesel has a fuel tank of 
its own, a so called day tank, in which fuel 
lasts for about seven hours' operation. The day 
tanks are filled from a common storage tank. 
Filling takes place by means of transfer pumps 
two of which were now inoperable at TVO I. 

The inoperability of the fuel transfer pumps 
was detected in a normal diesel load test on 
26.8.1992. The cause for the pumps' 
inoperabiliiy was their power supply cables 
having been cut off in connection with an 
excavation work onsite on 18.8.1992. Cable 
repair work was started without delay and was 
finished in about seven hours. 

The cables had been cut off on purpose. The 
cutting off had, however, been based on cable 
charts which proved inaccurate as well as on 
the voltage measurement of the cables which, 
in this case, had no bearing on the matter since 
the cables in question normally are 
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de-energized. The decision to cut off the cables 
had also been affected by the information that, 
during the plant's construction phase, useless 
cables had been left underground. 

The event had no direct safety significance 
since the required amount of reserve power was 

available. In addition, fuel supply to the two 
diesels in question could have been ananged, if 
necessary, even if the day tanks ran out of fuel. 

Teollisuuden Voima Oy aims to prevent 
recurrence by making cable charts and 
instructions more s; xific. 
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TVO n 
A minor fuel leak was observed in the TVO 11 reactor in the third 
quarter of 1992. The event is classified as level O/below scale on 
the International Nuclear Event Scale. 

3.6 Nuclear fuel cladding leak 

Continuous radiation monitoring at TVO II on 
4.8.1992 indicated a slight activity increase in 
condenser off-gases. Laboratory measurements 
of the off-gases the next morning confirmed a 
small fuel leak. 

The nuclear fuel in the TVO reactors, which is 
uranium oxide, is contained in thin tubes ca 
4 m in length. The number of these fuel rods in 
the TVO II reactor is about 32 000 and they 
form 64-rod assemblies. A fuel rod wall forms 
a gas-tight cladding which prevents fission 
products generated during reactor operation 
from being transferred from fuel to reactor 
cooling water. The concentration of gaseous 
and water-soluble radioactive substances is 
under continuous monitoring by laboratory 
measurements. In addition, continuous radiation 
measurements of the activity of the reactor-to-
turbine steam lines and the off-gas lines aie 

carried out which quickest indicate possible 
fuel leaks. 

After the first observation, the fuel leak appeard 
to grow. By the end of the period of scrutiny it 
showed signs of stabilization. At that time the 
noble gas concentration of the off-gas was 
about twofold compared with the pre-leak 
level. The iodine-131 activity concentration of 
reactor water remained low all the time and 
almost a constant. The concentrations remained 
well below set limits. 

Such a minor fuel leak does not prevent the 
safe operation of the plant unit. The reactor 
water cleanup systems design has assumed that 
one per cent of the fuel rods, i.e. ca 320 rods, 
would leak. The fuel leak's progress is 
monitored by laboratory measurements and by 
continuous-display radiation measurements. In 
the next annual maintenance outage the leaking 
fuel assembly will be localized and removed 
from the reactor. 
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4 RADIATION SAFETY 

Individual radiation doses to nuclear power plant workers remained 
below the dose limit. Also releases of radioactive material off-site 
remained considerably below the release limits. Only quantities of 
radioactive material insignificant to radiation exposure, originating 
in nuclear power plants, were detected in samples collected in the 
vicinity of nuclear power plants. 

4.1 Occupational radiation 
exposure 

The major part of the occupational radiation 
dose is generally incurred in work performed 
during annual maintenance outages. The major 
part of the annual maintenance outages of the 
Loviisa plant units occurred in this quarter. The 
highest individual radiation dose at the Finnish 
nuclear power plants in the report period was 
18.6 mSv and it was received at the Loviisa 
nuclear power plant. The highest radiation dose 
to a Finnish nuclear power plant worker as of 
the beginning of the year, 28.6 mSv, was 
received at Swedish nuclear power plants. The 
Radiation Decree stipulates that the annual 
effective occupational radiation dose incurred in 
radiation work may not exceed SO mSv. The 
dose may not, over a period of five years, 
exceed the 20 mSv annual average. This 
monitoring started as of the beginning of 1992. 

The distribution of individual radiation doses 
received by nuclear power plant workers in the 
report period and as of the beginning of 1992 is 

presented in Table III which specifies the 
number of individuals in each dose range and 
at each plant site. 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 
radiation dose at the Loviisa plant was 2.76 
manSv and at the TVO plant 0.04 manSv. The 
limit prescribed in a guide issued by the 
Finnish Centre for Radiation and Nuclear 
Safety is 5 manSv/GWe per installed electrical 
power in a year which means a collective 
radiation dose of 4.45 manSv/year for the 
Loviisa plant and 7.1 manSv/year for the TVO 
plant. 

4.2 Releases of radioactive 
material off-site 

Table IV presents the site-specific measured 
releases of radioactive materials. The Table also 
gives the annual release limits. Off-site releases 
in the report period clearly remained below the 
prescribed release limits. 
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Table III. Occupational dose distribution in the report period and from beginning of 1992 until 
end of the report period. 

Dose range 
(•Sv) 

<0.5 
0 . 5 - 1 
1 - 2 
2 - 3 
3 - 4 
4 - 5 
5 - 6 
6 - 7 
7 - 8 
8 - 9 
9 - 1 0 
1 0 - 1 1 
11 - 1 2 
1 2 - 1 3 
1 3 - 1 4 
1 4 - 1 5 
1 5 - 1 6 
1 6 - 1 7 
1 7 - 1 8 
1 8 - 1 9 
1 9 - 2 0 
2 0 - 2 1 
2 1 - 2 5 
2 5 - 3 0 
>30 

Number of persons 

Third quarter 1992 
Loviisa 

191 
106 
144 
99 
67 
55 
46 
28 
20 
20 
23 
19 
8 

12 
3 
9 
2 
3 
1 
1 
-
-
-
-
~ 

TVO 

95 
15 
6 
1 
1 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
"• 

Total* 

286 
125 
161 
107 
69 
58 
50 
34 
18 
22 
26 
19 
8 

12 
3 
9 
2 
3 
1 
1 
-
-
-
-
~ 

in the dose rang! > 

Front beginning of 1992 
Loviisa 

1% 
108 
143 
99 
67 
52 
48 
31 
21 
21 
24 
18 
9 

12 
3 
8 
3 
3 
1 
1 
-
-
-
-
— 

TVO 

402 
241 
217 
111 
61 
47 
37 
10 
16 
16 
9 
9 
8 
6 
7 
1 
1 
2 
-
-
1 
-
-
-
~ 

Total* 

536 
327 
324 
191 
114 
96 
78 
60 
32 
41 
40 
34 
20 
16 
16 
12 
5 
9 
1 
1 
2 
-
2 
2 
" 

a These columns include also the data of those Finnish workers who have received doses at the 
Swedish nuclear power 
plants and in Sweden. 

plants. The same person may have worked at both Finnish nuclear power 
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Table IV. External releases of radioactivity at each plant site, third quarter 1992. 

Plait site 

Loviisa 
Report period 
Early 1992 

Olkiluoto 
Report period 
Early 1992 

Releases into the air (Bq)a 

Noble gases 
(Krypton-87 
equivalents) 

5.0 • 1010 b) 
2.1 • 10" b) 

3.4 • 1010 

1.9 • 10" 

Annual release limits 
Loviisa 2.2 • 1016 d) 
Olkiluoto 1.8 • 10* 

Plant site 

Loviisa 
Report period 
Early 1992 

Olkiluoto 
Report period 
Early 1992 

Iodines 
(Iodiue-131 
equivalents) 

2.4 107 

2.4 • 107 

5.2 • 10* 
1.5 • 10* 

2.2 • 10" d) 
1.1 • 10" 

Releases into water (Bq)a 

Tritium 

1.4 • 10" 
8.8 • 10" 

3.1 • 10" 
1.4 • 10" 

Annual release limits 
Loviisa 1.5 • 1014 

Olkiluoto 1.8 • 10" 

Aerosols 

2.5 • 10* 
2.5 -10* 

4.7 • 10" 
2.7 - 10* 

Other nuclides 

3.5 • 109 

3.5 • 10' 

2.1 • 10' 
1.5 • 1010 

8.9 • 10" d) 
3.0 • 10" 

Tritium Carbon 14 

5.4 10'° c) 
1.7 10" c) 

1.4 10" c) 
2.8 10" c) 

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 

2.2 • 10" Bq in the report period and 1.1 • 10" Bq as of beginning of 1992. 
c The carbon-14 release estimate based on experimental data was 4.5 - 1010 Bq in Loviisa and 

1.7 - 10" Bq in Olkiluoto in the report period. As of beginning of 1992 the estimates were 
2.3 • 10" Bq in Loviisa and 4.7 -10" Bq in Olkiluoto. 

d 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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43 Radiological monitoring of 
the environment 

A total of about 180 environmental samples 
were analysed in this quarter according to 
programmes of monitoring. 

Radioactive substances originating in the 
Loviisa nuclear power plant were detected in 
four samples of air, in two samples of 
deposited material, in three samples of bladder 
wrack and in three samples of sinking matter. 
The nuclides most common were cobalt-60 and 
silver- 110m. The range of concentrations 
detected was 1 . 5 - 1 9 uBq/mJ in samples of 
air and 0.1 - 0.4 Bq/m2 in samples of deposited 
material. The September sample of deposited 
material also contained manganese-54, cobalt-
58 and antimony-124. Also manganese-54 and 

cobalt-58 were detected in indicator samples, 
bladder wrack and sinking matter, collected 
from the marine environment of the Loviisa 
plant. One sample of sea water also contained 
somewhat more tritium than is normal. 

In Olkiluoto, cobalt-60 originating in die 
nuclear power plant, was detected in one 
sample of lettuce (1.25 Bq/kg). No nuclides 
originating in the nuclear power plant were 
detected in other samples from the terrestrial 
environment. Manganese-54, cobalt-58 and 
-60 as well as zinc-65 were detected in 
samples collected from the marine environment. 

All the detected concentrations were low and 
require no action. Caesium-134 and -137 
originating in the Chernobyl accident and 
natural radioactive substances, like potassium-
40, are also detected in environmental samples. 
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5 SAFETY-ENHANCING MODIFICATIONS AT 
THE NUCLEAR POWER PLANTS 

Modifications have been carried out at the Loviisa plant units to prevent 
the forming in the primary loops during startup of water plugs 
containing water with a boron concentration lower than that of primary 
circuit water. If a diluted water plug gets into the reactor, it might, at its 
worst, lead to an abrupt reactor power increase and to core damage. 

5.1 Prevention of dilution of 
boron concentration in the 
primary circuit at the Loviisa 
plant units 

For the purposes of reactivity control, boric 
acid has been added to the reactor cooling 
water of pressurized water plants of the Loviisa 
kind. This is based on boron's property to 
absorb thermal neutrons. In a refuelling outage 
the reactor is kept in a shutdown state by 
means of boron. To start up the reactor, the 
primary circuit boron-concentration is reduced 
by injecting clean water to the circuit from the 
reactor make-up system. The primary 
circulating pumps are running then and clean 
water mixes evenly with primary circuit water 
containing boron. 

A plug with a diluted boron concentration may 
be formed when the primary circuit is diluted 
in a situation where the primary circulation 
pumps stop e.g. in consequence of a 
disturbance in the off-site power grid. 
Electricity supply to pumps injecting clean 
water to the primary circuit has been ensured 
so that their operation will not be interrupted. 
In such an event the even mixing of clean 
water with primary circuit water is not certain 
but clean water might accumulate in certain 
loops. A loop isolated from the rest of the 
primary circuit by main gate valves can also be 
separately diluted by means of the make-up 
system. If the primary circulating pumps arc 

started up or the main gate valves are opened 
carelessly, the plug of clean water may end up 
in the reactor. 

The possible forming of a uniformly diluted 
plug came forth on the basis of renewed 
analyses concerning a reduced primary circuit 
boron concentration. In addition, a PSA 
indicated that the sequence of events in 
question represents a significant part of the 
overall core damage probability. To improve 
the situation Imatran Voima Oy undertook to 
plan modifications to the plant units. The 
modifications were implemented in the 1992 
annual maintenance outages. 

To allow for main circulating pump trips, 
automatic protection systems were installed to 
prevent the injection of clean water into the 
primary circuit. The protection system closes 
the valve in the pipeline from the reactor 
make-up system water tank to the reactor, 
stops the make-up pump and starts up the 
pump which injects strong boric liquid into the 
primary circuit. For opening the check valves 
of a loop isolated from the rest of the primary 
circuit, interlocking was installed which pre
vents complete opening of the check valve of 
the loop's return line, the so called cold leg, 
until the valve has been slightly open for a 
certain time. In that case a possible clean water 
plug in the loop starts moving against normal 
flow direction and mixes, above the reactor 
core, with borated water from the reactor. In 
addition, interlocking was fitted to prevent the 
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starting up of the primary circuit pump befbre 
the cold leg valve is completely open. 

By means of these modifications, the core melt 
probability arising from the sequence of events 

in question was dearly reduced. In despite of 
this, the Finnish Centre for Radiation and 
Nuclear Safety required Imatran Voima Oy to 
look into measures to further reduce the 
probability of a reactivity accident. 
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6 OTHER MATTERS RELATING TO THE USE 
OF NUCLEAR ENERGY 

The Finnish Centre for Radiation and Nuclear Safety has given 
approval for continued use of the reactor pressure vessels of the 
Loviisa nuclear power plant units in such a way that die approval 
for Loviisa 1 stands until the end of1993 and for Loviisa 2 until 
the end of 1994. The reason for gradually granting approval for use 
of the pressure vessels lies in the wish to closely monitor neutron 
irradiation induced changes in vessel material. 

6.1 Approval for continued use 
of reactor pressure vessels of 
the Loviisa plant units 

The decisions made in 1989 by the Finnish 
Centre for Radiation and Nuclear Safety about 
the use of the reactor pressure vessels of the 
Loviisa nuclear power plant units were valid 
until the 1992 annual maintenance outages. The 
Finnish Centre for Radiation and Nuclear 
Safety considers that investigations into the 
brittle fracture risk caused by neutron 
irradiation should be complemented before 
making a decision about the use of the pressure 
vessels for a longer period of time. By means 
of the investigations completed so far, it has 
been shown that pressure vessel integrity will 
not be compromised in the near future owing to 
changes in material characteristics. 

The steels employed for nuclear power plant 
pressure vessels are ductile under most 
operational conditions. However, when the 
temperature of steel falls, the ductile transition 
temperature is reached beneath which steel's 
ability for plastic deformation deteriorates and 
it becomes brittle. If heavy stress builds up in 
steel at such a temperature and, if a sufficiently 
large crack exists at the point subject to stress, 
the crack starts to grow rapidly, fracturing the 
structure. 

The transition temperature typical of new 
pressure vessel material is below 0 *C. During 
reactor operation, fast neutrons are produced 
which bombard the pressure vessel wall. 
Changes in the steel's micro structure occur as 
a consequence of which the transition 
temperature gradually increases. If it reaches a 
value which may occur under some nuclear 
power plant operational or transient conditions, 
a possibility of pressure vessel brittle fracture 
exists in principle, provided that there is a 
sufficiently large structural defect. 

An unfavourable feature of the Loviisa type 
reactor in this respect is that the distance 
measured from the reactor's outermost fuel 
assemblies to the pressure vessel wall is smaller 
than in the average PWR and this results in a 
heavy neutron irradiation rate. At the Loviisa 
plant units, several measures have been carried 
out over the years to reduce the rate of neutron 
irradiation to which the pressure vessel wall is 
subjected. 

At Loviisa 1 in 1980 and Loviisa 2 in 1981, 
the outermost fuel assemblies in the reactor 
core were replaced with dummy elements made 
of steel. Also the reactor core configuration was 
altered so that fresh fuel is no more placed in 
the outermost locations in the reactor which 
means that the power output of the outermost 
fuel assemblies is less than before. 
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The loads to which the reactor pressure vessel 
is subjected in a transient have been reduced by 
keeping emergency cooling water warm during 
operation. Warm water does not cool down the 
pressure vessel wall as drastically as cold 
water. Inservice inspection techniques have 
been continuously developed to detect possible 
cracks in the pressure vessel wall. The 
avoidance in particular of rapid cooling in 
connection with various transients is rehearsed 
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during simulator and other training offered to 
operators. 

Parallel to measures enhancing plant safety, 
Imatran Voima Oy has continued experimental 
and theoretical research into issues affecting the 
brittle fracture risk. In addition, the Finnish 
Centre for Radiation and Nuclear Safety has 
had independent safety research conducted. 
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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 
• Anangements 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 

organiration 
• 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 

27 



FINNISH CENTRE FOR RADIATION 
AND NUCLEAR SAFETY STUK-B-YTO 103 

APPENDIX 2 

PLANT DATA 

Plant Start-up Commercial 
unit operation 

Loviisa 1 8.2.1977 9.5.1977 

Loviisa 2 4.11.1980 5.1.1981 

TVO I 2.9.1978 10.10.1979 

TVO II 18.2.1980 1.7.1982 

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

465/445 Pressurized water reactor (PWR), 
Atomenergoexport 

465/445 Pressurized water reactor (PWR), 
Atomenergoexport 

735/710 Boiling water reactor (BWR), 
Asea Atom 

735/710 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. 

28 



STUK-B-YTO 103 
FINNISH CENTRE FOR RADIATION 

AND NUCLEAR SAFETY 

CONTRIBUTORS 

Tarja K Ikäheimonen 
Seppo Klemola 
Pentti Koutaniemi 
Jouko Mononen 
Mervi Olkkonen (translation) 
Pentti Rannila 

Veli Riihiluoma 
Vesa Ruuska 
Heikki Saarikoski 
Seija Suksi 
Keijo Valtonen 
Olli Vilkamo 

29 



ISBN 951-47-7324-1 
ISSN 0781-2884 
Painatuskeskus Oy, Pikapaino 
Annin^tu 44, Helsinki 1993 


