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TABLES 

FIGURES 

PLANT DATA 

Plant 
unit 

Start-up Commercial 
operation 

Rated power Type, 
M? (gross/ supplier 
net) 

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 II 18.2. 1980 1.7. 1982 735/710 

Pressurized water reactor 
(PWR), Atomenergoexport 

Pressuri7ed water reactor 
(PWR), Atcmenergoaxport 

Boiling water reactor 
(BWR), Asea Atom 

Boiling water reactor 
(BWR), Asea Aton 

Imatran Voima Oy owns the Loviisa 1 and 2 units and 
Teollisuuden Voima 0y the TVO I and II units in OUdluoto. 
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1 OPERATION OF THE NUCLEAR POWER PLANTS IN APRIL - JUNE 1985 

All units, i.e. Loviisa 1 and 2 and TVO I and II 
were in commercial operation. In the report 
period, no event essentially degraded plant 
safety nor posed a radiation hazard to the 
personnel or the environment. 

The Loviisa 1 and 2 units were operated without 
interruptions in the report period, most of the 
time at about 100 % power. 

The power of Loviisa 1 was reduced for 
the repair of a sea water leak in the 
condenser in April and due to a low 
demand for electricity during two 
weekends in June (so-called weekend 
adjustment). In addition, the main
tenance of one of the two turbogenerators 
for replacing the pipes in one condenser 
half was begun near the end of June, 
one week before the rest of the annual 
maintenance. 

Power reductions at Loviisa 2 were 
caused by a feed water disturbance in 
May and by one weekend adjustment in 
June. 

The annual maintenances of the TVO I and II 
units were carried out in the report period, 
otherwise the units operated fairly evenly. The 
annual maintenance of TVO II lasted from 3 May 
to 2 June and that of TVO I from 7 to 24 June. 
The annual maintenances are described in more 
detail in Chapter 2. 

Before the annual maintenance, power 
reductions at TVO I resulted from 
coast-down operation and from one weekend 
adjustment in May. In the start-up 
after the annual maintenance, power 
reductions were caused by two repairs 
of the reheater and the simultaneous 
stopping of three recirculation pumps. 

The electricity production of TVO II 
was briefly interrupted in April for 
the repair of a cooling water leak in 
the generator. Power reductions before 
the annual maintenance were further 
caused by coast-down operation, two 
repairs of sea water leaks In the 
condenser, and the temporary repair of 
a cooling water leak in the generator. 
In the start-up after the annual 
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maintenance, the production of electri
city was interrupted three times: hot 
shutdown for balancing a turbine, a 
manual reactor trip after the control 
system of the recirculation pumps had 
failed, and opening of the generator 
switch due to small flow of cooling 
water. Further power reductions after 
the start-up were caused by stopping of 
two recirculation pumps, inspection of 
the frequency changer of the reheater 
and the recirculation pumps, and one 
weekend adjustment. 

The amount of electricity produced by the 
Finnish nuclear power plants to the national 
grid in the report period totalled 3.8 TWh. The 
average load factor of the four units was 79.7 %. 
According to the statistics compiled by the 
Finnish Association of Electricity Supply 
Undertakings, the total production of electricity 
in Finland was at the same time 10.9 TWh. 
Nuclear power accounted for 35.1 % of the 
production. 

ihe production and availability figures are 
presented in more detail in Tables I and II. A 
general picture of the production of electricity 
can be obtained from the power diagrams (Figures 
1 - 4). 

The most important occurrences, discoveries and 
actions at the plant units are dealt with in 
Chapter 2. The described events are mainly 
various component failures or disturbances 
resulting in brief power reductions. On the 
basis of safety analyses and inspections conducted 
at the plants, no such findings were made that 
would have led to actions limiting operation. 

The transportation c£ spent fuel from Loviisa to 
the Soviet Union is discussed in Chapter 3. 

The radiation doses received by the personnel, 
as well as the releases of radioactive substances 
into the environment were considerably below the 
established limits. Radiation safety is discussed 
in Chapter 4. 
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2 OCCURRENCES AND DISCOVERIES AT EACH PLANT UNIT 

LOVIISA 1: 

Safety-related occurrences 

Nothing reportable. 

Other occurrences 

Nothing reportable. 

LOVIISA 2: 

Safety-related occurrences 

Discharge valve of an emergercy make-up water 
accumulator kept closed 

In large-scale LOCAs, such as a leak caused by 
the rupture of a primary coolant p ipe , four 
emergency make-up water accumulators discharge 
b o r o n - c o n t a i n i n g water i n t o t h e r e a c t o r . 
According to the Technical Specifications, the 
discharge v a l v e s s h a l l be open. The open 
pos i t ion of the valves i s also ensured with a 
plant protection signal in accident conditions. 
• 

One discharge valve closed on 5 April. The 
reason was a faulty measurement of the accumulator 
water level. The operators noticed that the 
valve opened on the plant protection signal, if 
necessary, and left it in the closed position 
for 24 hours, until the faulty signal from the 
measurement of the water level had been bypassed 
and the valve remained open. The transmitter of 
the level measurement was replaced on 10 April 
and the normal situation was restored. The 
Technical Specifications were elaborated due to 
the event. 

Other occurrences 

Nothing reportable. 

TVO I: 

Safety-related occurrences 

Nothing reportable. 

Other occurrences 

Stopping of three recirculation pumps (cf. TVO II) 

While the reactor is operated at full power, the 
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flow of coolant through the core is maintained 
with six recirculation pumps. If the reactor is 
operating in natural circulation without the 
recirculaiton pumps, the power cannot exceed 60 %. 

On 30 June, one recirculation pump stopped on 
over-current protection. The stop was possibly 
caused by high temperature in the room due to a 
fault in the air conditioner and by a faulty 
actuation of the electronic protection. Within 
one minute, two more recirculation pumps stopped 
on over-current protection. It is suspected 
that the reason for the stop was an increase in 
the speed of rotation caused by the controller, 
because such an increase raises the voltage in 
the rectifier section of the frequency changer. 
A fluctuation in the main circulation flow has a 
similar effect. The pumps were started after 
the blown capacitor fuses had been replaced. 
The power company is investigating whether it is 
possible to modify the control system in such a 
way that the stopping of one pump would not 
immediately increase the speed of rotation of 
the rest of the pumps. 

Shutdown for refuelling and annual maintenance 

The shutdown for the sixth refuelling and annual 
maitenance of TVO I was carried out from 7 to 24 
June. The unit was disconnected from the 
national grid for 16 days. The critical path in 
the annual maintenance was in reactor-related 
work. 

The most important actions included: 
The reactor pressure vessel was opened 
for refuelling and for the inspection 
of the vessel and Its internals. 
The reactor was loaded with 118 fresh 
and 70 irradiared fuel bundles. Of the 
fresh bundles, 64 had been manufactured 
by KWU and 54 by Asea-Atom. 
The control rods were inspected. Two 
cracked rods were replaced with new 
ones and another three rods with cracks 
were moved to the edge of the core. 
The heat insulators of the PS cupola 
(maintenance cover of the containment) 
were replaced with mirror insulators of 
a new type. 
21 control rod actuators were serviced. 
Two recirculation pumps were serviced. 
Nothing exceptional was detected. 
The blades of the LP turbines were 
examined with a liquid penetrant. No 
faults were detected in the blades. 



STUK-B-YTO 21 8 

A l l i s o l a t i o n v a l v e s , i n t o t a l 268, 
were s u b j e c t e d t o l e a k t e s t s . The 
s h a r e o f t h e v a l v e s t h a t r e q u i r e d 
maintenance was 10.8 %. 
2010 heat t rans fer pipes i n the turbine 
condenser were plugged; i t i s about 5 % 
of the t o t a l number of p i p e s . 
Damages were d e t e c t e d i n t h e l e a f 
spring screws of e igh t fue l bundles and 
i n t h e f a s t e n i n g screws o f s i x f u e l 
bundles. The damaged fuel boxes were 
removed from s e r v i c e . The damaged 
bundles were removed o r r e p a i r e d by 
providing them with a new end p l a t e . 

The shutdown was 2 days shor ter than planned. 
The c o l l e c t i v e r a d i a t i o n dose was lower than 
usual , about 0.27 manSv. 

TVO I I : 

Safety-related occurrences 

Disturbances in the recirculation pumps 

Four recirculation pumps stopped on 3 June, a 
few days after the end of the shutdown, one by 
one within an hour. The reason for the stops 
was the failure of the auxiliary voltage 
transformers. After the third pump had stopped, 
the smoking transformers caused a delayed fire 
alarm. After the fourth pump had stopped, the 
operator tripped the reactor as a precaution. 
The process computer of the plant also stopped 
during the event. The initial reason for the 
incident was a design error in the modification 
of the auxiliary electrical system that was 
carried out during the shutdown. The supply of 
electricity was restored to the condition that 
had prevailed before the modification. In 
addition, it is studied how the fire detector 
could be made to work more quickly. The delay 
in the alarm may have been caused by forceful 
ventilation in the room. The event is significant 
from the point of view of safety because an 
unforeseen disturbance confused the operators so 
much that they tripped the reactor. 

Other occurrences 

Cracks in thermal mixing points 

Water that has been in the clean-up circulation 
and has the reactor temperature (ca. 275 °C1 i s 
returned t o the r e a c t o r through l e s s warm 
( c a . 180 °C) feed water l i n e s . During hot 
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shutdowns, as well as during start-up and 
shutdown procedures, the temperature of feed 
water is at its lowest 20...30 °C. The mixing 
points of waters of different temperatures were 
provided with mixers in 1982 to prevent fatigue 
cracking caused by temperature changes in the 
feed water pipes. However, cracks have been 
discovered in inspections in 1983 and 1984. In 
the annual maintenance of 1985, several cracks 
were found in the mixing points, the largest 
being 4.5 mm deep. The wall thickness of the 
pipe is 20 mm. As a repair action, a 5 to 8 mm 
thick and 100 mm wide support overlay was welded 
on the cracking zone on the outside of the 
pipe. The damaged mixing points will be replaced 
and the mixing construction modified at some 
suitable time. 

Shutdown for refuelling and annual maintenance 

The shutdown for the fourth refuelling and 
annual maintenance of TVO II unit was carried 
out from 3 May to 2 June. It was a so-called 
long annual maintenance. The unit was discon
nected from the national grid for 29 days. The 
critical path of the annual maintenance was in 
the work of the turbine plant. 

The most important actions included: 

The old heat transfer pipes of the 
turbine condenser were replaced with 
pipes made of titanium. 
The high-pressure turbine was provided 
with a new rotor and inner housing. 
The reactor pressure vessel was opened 
for refuelling and for the inspection 
of the vessel and its internals. 
The reactor was loaded with 146 fresh 
fuel bundles, of which 138 were of the 
old AA type and 8 of the new SVEA type. 
31 control rod actuators were serviced. 
Five control rods were inspected. 
The heat insulators of the PS cupola 
were replaced with mirror insulators of 
a new type. 
The motors of three recirculation pumps 
were inspected and maintained. 
The reactor containment was subjected 
to a leak test and its Integrity was 
found to be acceptable. 
The cracks in the mixing point 312/321 
were repaired with a welded overlay. 
In fuel inspections it was discovered 
that three leaf spring fastening screws 
had broken in the upper end plats of 
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one fuel bundle. In addition, a broken 
fuel box fastening screw was found. 
The damaged bundle and box had already 
been used up and they were removed from 
the reactor as planned. 

On the whole, the annual maintenance went 
according to plans. The extensive condenser 
work could be completed faster than planned. 
The collective radiation dose in the annual 
maintenance of TVO II unit was ca. 0.47 raanSv. 

3 OTHER MATTERS RELATING TO THE USE OF NUCLEAR ENERGY 

Transport of spent fuel from Loviisa to the 
Soviet Union 

The third batch of spent fuel was transported 
from Loviisa power plant to the Soviet Union 
from 27 to 29 May, after an interval of three 
years. For the first time, the fuel that was 
transported had been used for full three years. 
The transport containers had been filled with 
water to ensure sufficient heat transfer and 
radiation shield. The fuel batch comprised 120 
undamaged fuel bundles that originated in 
Loviisa 1 unit.and had been cooled for five years. 

The transport was carried out as a combined 
road-railway transport, following the same 
practice as previously. The inspection and 
loading of the containers and the stabilization 
of the temperature took about one week. The 
inspections revealed no significant deficiencies. 
Because the Finnish consigner and the Soviet 
consignee had agreed on a fixed date of delivery, 
the filled containers remained at the power 
plant for a little less than one week before the 
transport was commenced. The transport was 
completed without any disturbances. 

There are very strict requirements for the 
purity of the water that is used as a filler in 
the containers. The purity was ascertained with 
repeated analyses before the transport. 

The Finnish Centre for Radiation and Nuclear 
Safety accepted the containers that were inspected 
in Loviisa as containers of type B(M). The 
transport was accepted with special arrangements. 
Both certificates of approval, as well as the 
license granted by the Ministry of Trade and 
Industry, have a limited period of validity. 
Before the next transport, Imatran Voima Oy 
shall give more detailed accounts of the unsettled 
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Issues concerning the durability of the con
tainers, the quality control of the manufacture 
and the periodic inspections. 

4 RADIATION SAFETY 

Collective radiation exposure of the personnel 

In the report period, the collective radiation 
dose of the nuclear power plant personnel at the 
Loviisa 1 and 2 units totalled 0.027 manSv and 
at the TVO I and II units 0.754 raanSv. The dose 
at the TVO units was principally caused by the 
annual maintenance. 

The cumulative collective radiation dose of the 
personnel in the first six months of the year 
was 0.042 manSv at the Loviisa units and 0.823 
manSv at the TVO units. 

The doses are clearly below the limit recommended 
in the guides of the Finnish Centre for Radiation 
and Nuclear Safety, i.e. 0.005 manSv/MW in one 
year, which would be in total 4.4 manSv/year for 
the Loviisa 1 and 2 units and 7.1 ntanSv/year for 
the TVO I and II units. 

Personal doses of the personnel 

The personal doses of the nuclear power plant 
personnel in the report period were clearly 
below the dose limit for three months (25 mSv). 
The highest personal dose was 7 mSv; it was 
received at the TVO units. 

In the first six months of the year, the personal 
doses of the nuclear power plant personnel were 
clearly below the annual dose limit, 50 mSv. 
The highest personal dose was 7 mSv and it was 
received at the TVO units. 

The dose limit3 of the persons who are exposed 
to radiation in their work are included in the 
legislation on radiation protection and they are 
based on the recommendations of the International 
Commission on Radiological Protection (ICRP). 

The distributions of the personal doses of the 
nuclear power plant personnel in the report 
period and in the first six months of the year 
(Tables III and IV) specify the number of 
personnel in each dose range and at each plant 
site. In addition, the tables show a distri
bution which is the total number of workers in 
each dose range. The distributions comprise the 
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doses of persons who have been recorded In the 
central dose file of the Finnish Centre for 
Radiation and Nuclear Safety as nuclear power 
plant workers. 

Releases into the environment and radiation doses 

The releases of radioactive substances into the 
environment in the report period were considerably 
below the guide release limits (Table V). 

In accordance with the Resolution of the Ministry 
of Trade and industry, the release limits are 
determined in such a way that for the persons 
with the highest exposure, the annual whole-body 
radiation dose is no more than 0.1 mSv. This is 
less than one tenth of the dose received annually 
from natural background radiation and 1/50 of 
the dose limit given in the legislation. 

Thus, the radiation doses calculated on the 
basis of the release reports are very small. 

Radioactivity of environmental samples 

The total amount of samples taken in the 
surroundings of both plant sites in accordance 
with the measurement program of environmental 
samples was about 90. 

The environmental samples contained the following 
radioactive substances originating in the 
nuclear power plants: at Loviisa 3H, 5$Mn, ^°Co, 
110mAg/ 134Cg a n d 137Cs, 

and at Olkiluoto 3H and 
6°Co. In addition, in the surroundings of both 
nuclear power plants there were nature's own 
radioactive substances (natural decay series, 
7Be and 40K) as well as those originating in 
nuclear weapons tests (3H, 90Sr, 1 3 7Cs). All 
measured percentages were small and do not cause 
any actions. 
In Loviisa, radioactive substances originating 
in the nuclear power plant were detected in sea 
water, in sedimenting matter, in bladder wrack 
and in certain isopods, as well as in the 
samples of perch and pike taken in the immediate 
vicinity of the discharge site. 

In Olkiluoto, radioactive substances originating 
in the nuclear power plant were detected in 
haircap moss and in seaweed. 
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The results obtained from the measurement of 
environmental samples are consistent with the 
release reports of the power companies, as 
regards the nuclide contents and their Interre
lations, when one takes Into account the behaviour 
of nuclides In nature and their detection limits 
In measurements. 
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Table I Electricity production and availability of the nuclear power plant units 

Electricity production 
(gross, TWh) 

Availability 
factor % 

Load factor % 

Loviisa 1 

Loviisa 2 

TTO I 

TVO II 

Second 
Quarter 

1.00 

1.01 

1.07 

0.92 

Since be
ginning 
of 1985 

2.01 

2.01 

2.59 

2.49 

Since 
start-up 

26.2 

15.9 

31.3 

22.5 

quarter 

100.0 

100.0 

80.5 

65.0 

Second 
tjiartwr 

97.5 

98.2 

66.6 

56.4 

Since be
ginning 
of 1985 

99.7 

99.3 

81.2 

77.9 

1983-84 

average 

S6.4 

91.7 

87.1 

87.8 

AvalnMUty «rtcr - *"%££%£%? & «M0% 

Load factor = 
gtoss electricity production 
rated power x calendar time 

x 100 % 

Table II Nuclear energy in tiie Finnish production of electricity 

Second 
quarter 

Since begin
ning of 1985 

1984 1983 

Production of nuclear 
electricity (net, TWh) 

Total production of 
electricity in Finland 
(net, TWh) 

Percentage of nuclear 
electricity of total 
production 

Load factor averages of 
the Finnish plant units % 

3.82 8.70 

10.87 24.99 

35.1 34.8 

79.7 89.5 

17.80 

43.31 

41.1 

89.3 

16.72 

40.35 

41.4 

87.2 
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Table III Dose distribution of the personnel in the report period 

Dose range 
(mSv) 

Number of persons in the dose range 
a 

Loviisa TVO Total 

0. 
1 
2 
3 
4 
5 
6 
7 
8 

5 -
0.5 
L 
2 
3 
4 
5 
6 
7 
8 

77 
15 
4 

455 
213 
149 
53 
24 
8 
5 
2 
2 

556 
243 
169 
56 
26 
8 
5 
2 
2 

a) This column also includes the data of those Finnish 
workers who have received doses at the Swedish nuclear 
power plants. The same person may have worked at both 
Finnish plant sites as well as in Sweden. 

Table IV Dose distribution of the personnel from the beginning of 
the year to the end of the report period 

Number of persons in the dose range 

Loviisa TVO Total a Dose range 
(mSv) 

0. 
1 
2 
3 
4 
5 
6 
7 
8 

5 -
0.5 
L 
2 
3 
4 
5 
6 
7 
8 

66 
16 
12 
2 

424 
218 
164 
60 
27 
11 
5 
2 
2 

513 
249 
192 
65 
30 
11 
5 
2 
2 

a) ' This column also includes the data of those Finnish 
workers who have received doses at the Swedish nuclear 
power plants. The same person may have worked at both 
Finnish plant sites as well as in Sweden. 
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Table V Releases of radioactive substances into the environ
ment at each plant site 

Plant 

Gaseous effluents 

Noble gases Iodines 

Liquid effluents 

Tritium Other 
nuclides 

(87Kr-equiv., (131I-equiv., (TBq) (GBq) 
TBq) MBq) 

Loviisa 1 and 2 

Report period 

From the begin
ning of year 

1.49 

4.96 

0.02 

0.04 

TVO I and II 

Report period 

From the begin
ning of year 

Annual release 
limits 

1.9 

2.4 

0.36 

0.62 

9.9 

11 

Loviisa 1 and 2 22,000 

TVO I'and II 17,000 

220,000° 150 

120,000 19 

890' 

300 

41 
a) Below detection limit. The theoretical release of Ar 
from the Loviisa 1 and 2 units expressed as Kr-equivalents 
was 0.44 TBq in the second quarter of the year and 0.87 TBq in 
the first six months of 1985. 
b) The figure shows the release limit of the plant site on 
the presumption that there will be no releases of other releas 
types. The guide release limit is set in such a way that the 
sum of the release limit shares of the various types is equal 
to or smaller than 1. 
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£400 

100 Z 
465 RW 

Figure 1 Daily gross power of Loviisa 1 plant unit 

in April - June 1985 

1 repair of a sea water leak in the condenser 

2 weekend adjustment 

3 maintenance of a turbogenerator 

£ 400 

;00 r. 
*55 tV4 

Figure 2 Daily gross power of Loviisa 2 plant unit 

in April - June 1985 

1 feed water disturbance 
2 weekend adjustment 
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Figure 3 Daily gross power of TVO I plant unit 
in April - June 1985 

1 coast-down operation 
2 weekend adjustment 
3 annual maintenance 
4 repairs of the reheater 
5 recirculation pump disturbances 

Figure 4 Daily gross power of TVO II plant unit 
in April - June 1985 

1 coast-down operation 
2 repair of a cooling water leak in the generator 

and power reduction 
3 repairs of sea water leaks in the condenser 
4 annual maintenance 

5 balancing of a turbine, recirculation pump dis
turbances, disturbance in the generator switch 

6 inspection of the reheater and recirculation 
pump frequency changer 

7 weekend adjustment 


