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ABSTRACT 

This report contains detailed descriptions of 
operating incidents and other safety-related 
matters at the Finnish nuclear power plants 
regarded as significant by the regulatory 
authority, the Finnish Centre for Radiation and 
Nuclear Safety. In this connection, an account 
is given of the practical actions caused by the 
incidents, and their significance to reactor 
safety is evaluated. The main features of the 
incidents are also described in the general 
Quarterly Reports "Operation of Finnish Nuclear 
Power Plants", which are supplemented by this 
report intended for experts. 
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PLANT DATA 

Plant 
unit 

Start-up Commercial 
operation 

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

Loviisa 1 8.2. 1977 9.5. 1977 

TVO I 

465/445 

Loviisa 2 4.11.1980 5.1. 1981 465/445 

2.9. 1978 10.10.1979 735/710 

TVO II 18.2. 1980 1.7. 1982 735/710 

Pressurized water reactor 
(PWR), Atanenergoexport 

Pressurized water reactor 
(PWR), Abanaiergoexport 

Boiling water reactor 
(BUR), Asea Atom 

Boiling water reactor 
(BWR), Asea Atcm 

Imatran voima Oy owns the Loviisa 1 and 2 units and 
Teollisuuden Voima Oy the TVO I and II units in Olkiluoto. 
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1 GENERAL 

In July - December 1985, the Finnish nuclear 
power plants operated well. Loviisa 1 unit 
operated almost without any disturbances. 
Loviisa 2 unit suffered from leaks in the 
condenser and in valve packings, which caused 
brief shutdowns. The electricity production of 
TVO I unit was hampered by condenser leaks and 
faults in the pilot valves of the relief system. 
The latter faults occurred also at TVO II unit. 
No event or discovery was of special significance 
to safety. 
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2 DESCRIPTIONS OF SAFETY-RELATED INCIDENTS AND DISCOVERIES 

Loviisa 2: Accidental closing of an isolation valve in a nain 
steam line 

On the secondary side of the Loviisa units, each 
of the six main steam lines is provided with 
isolation valves. These valves are controlled 
by the plant protection system (YZ), the purpose 
of which is to isolate any steam leaks or to 
limit the leak within one steam generator. The 
valves are tested while the plant unit is in 
power operation. Each valve in turn is closed 
10 % with the help of the automatic testing 
system. 

The following is an example of the testing of 
isolation valve RA11S003 in channel 1 (Figure 1): 

Test valve RA11S405 is opened so that the three-
way valve (amplifier A) lets the compressed air 
above the piston of the isolation valve out 
through throttle C. Then the isolation valve 
moves towards the closed position. The initiating 
signal (< 100 %) goes to the automatic system, 
which 3tarts the actual testing. The testing 
signal opens the valves RA11S401 and RA11S402, 
and the isolation valve begins to close as it is 
controlled by the four-way valve (amplifier B). 
The pressure signal (< 6 bar) of pressure switch 
P401 closes valve RA11S401 immediately, which 
stops the closing of the isolation valve. 
Thereafter the valve is tested the other way 
round. Finally the automatic system closes the 
valves RA11S401 and RA11S405 and makes the 
isolation valve fully open. As a protection 
against disturbances, the testing is interrupted 
by the limit signal (< 90 %) or if the initiating 
signal (< 100 %) is not received within 60 
seconds. Then the isolation valve returns to 
the open position. During testing, the memory 
circuits of YZ are bypassed. 

As steam isolation valve RA52S003 of Loviisa. 2 
unit was being tested in YZ channel 3 on 21 
August, it was discovered that the automatic 
testing system did not work. The pneumatic test 
valve of the isolation valve was excited. 
Thereafter, in the testing of channel 1, the 
isolation valve closed completely. The pressure 
inside the isolated steam generator rose so much 
that the safety valve of the steam generator 
opened. The operator stopped the primary 
circulating pump of that loop immediately. Heat 
transfer to the steam generator was reduced and 
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the safety valve closed after it had been 
open for 10 seconds. Because one primary 
circulating pump had been stopped, the control 
systems reduced the reactor power to 80 %. The 
operating condition of the plant unit was 
stabilized on this power level. 

Aftar the event, the automatic testing system was 
tested in all four YZ channels, and it was 
discovered that it was only in channel 1 that 
the system did not work. The operability of the 
isolation valve was ascertained by closing and 
opening it manually. It was left in the open 
position, the primary circulating pump was 
started and power ascension to full power 
was commenced. The inoperability of the automatic 
testing system was caused by a temporary 
interruption in the supply of electricity to the 
memory circuit of the plant protection system. 
The fault was repaired on 26 August by replacing 
a faulty electronic card. The testing system 
itself operated flawlessly. 

The incident is important to safety because the 
plant protection system contained a fault. 
Even before, there have existed disturbances of 
other kinds in the automatic testing system of 
the steam isolation valves. The unnecessary 
closing of an isolation valve at full power 
causes substantial dynamic loads in the piping 
and in the steam generator. If the safety valve 
became stuck in the open position, the primary 
circuit would cool down considerably. 

TVO I and II: Pilot valve faults in the relief system 

At TVO I plant unit, the reactor tripped due to 
a fault in the pressure regulator on 10 Septem
ber. In the inspection after the trip, it was 
found out that one reactor coolant system relief 
valve had not opened. An attempt was made to 
open the valve from the control room, but the 
electrically operated pilot valve of the relief 
valve did not open. The plant unit was placed 
in the cold shutdown condition for the inspection 
and maintenance of the pilot valves. 

As a consequence of the above incident, a relief 
test of the relief system was carried out at TVO 
II plant unit on 13 September. The relief 
valves were controlled from the control room. 
It was discovered that the pilot valves of 
three relief valves did not open. The plant 
unit was placed in the cold shutdown condition 
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for the inspection and maintenance of the pilot 
valves. 

The reason for the jamming of the pilot valves was 
corrosion in the magnetic anchor. The magnetic 
anchor (Figure 2) is made of a magnetic iron-
cobalt alloy (49 % Fe, 49 % Co, 2 % V). The 
anchor is coated with nickel. The cylinder, in 
which the anchor moves, is made of 13 % chromium 
steel. The anchor is lubricated with a solution, 
which is composed of isopropyl alcohol and 
colloidal graphite, and it is in contact with 
reactor steam. By studying the composition of 
the corrosion deposit, it was found out that the 
deposit was mainly composed of the following 
metallic oxides: Fe304 , Co203 and Ni203>H20, 
which can be regarded as an expected result. 
The magnetic anchors of TVO I were cleaned and 
Inspected and the anchors of TVO II were replaced 
with new ones. 

A new performance test was carried out one month 
later. One pilot valve at TVO I did not open. 
The unit was placed in the cold shutdown for 
repair. The event recurred one month later. At 
this stage, a modified design was ready to be 
Installed: the diameter of the magnetic anchor 
was machined partially smaller and the nickel 
coating was removed. The action gave more room 
for the corrosion products and decreased the 
harmful magnetic sideways power. By removing the 
nickel coating, it was possible to prevent the 
anchor diameter from growing due to corrosion 
under the coating, and the subsequent jamming of 
the anchor. Using a lubricant was given up. 

Besides the electro-magnetic pilot valves, the 
main valves are controlled with pressure-operated 
pilot valves (Figure 3), which ensure that the 
main valves open when the reactor pressure 
reaches a certain value. When the electro
magnetic pilot valve is stuck, it means that the 
operation of the main valve depends only on one 
pilot system and the valve does not open until 
at a higher pressure. In a performance test 
carried out one month after the modification, 
the pilot valves of TVO I operated flawlessly. 
After successful tests at TVO I, the pilot 
valves of TVO II underwent the same modification. 
Performance tests are still carried out at 
regular intervals until further notice. 
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3 DESCRIPTIONS OF ACTIONS IMPROVING SAFETY 

Loviisa 1 and 2: Improved ventilation In the emergency core 
cooling pump rooms 

The emergency core cooling pump rooms of the 
Loviisa 1 and 2 plant units are situated in the 
basement of the reactor building. During normal 
power operation, the ventilation of the rooms is 
taken care of by the ventilation systems of the 
auxiliary buildings. In accident situations, 
the running of the emergency core cooling pumps 
and the containment sprinkler system pumps 
increases the amount of heat released into the 
rooms considerably. Therefore the rooms have 
been provided with, circulating air coolers. 
They are started automatically by thermostats if 
the temperature rises up to 32°C. The highest 
allowable ambient temperature of the electric 
motors of the pumps is 40°C. 

The planned cooling capacity of the cooling 
systems in the rooms of Loviisa 1 (TL41) and 
Loviisa 2 (TL45) was 2 x 52 kW when the tempera
ture of the incoming air is 40° C and the inlet 
temperature of the intermediate cooling circuits 
(TF) is 28°C. The systems had been designed for 
2 x 100 % capacity. As the heat load calculations 
were reviewed, it became apparent that the 
necessary cooling capacity was in fact 65 kW. 
Contrary to the original plant designs, the design 
temperature of the intermediate cooling circuit 
is 33°C in accident conditions. When the power 
of the TL coolers was calculated using this higher 
temperature, the result was 2 x 30 kW, which no 
longer complied with the design basis of 2 x 
100 %. The ambient temperature would have risen 
a few degrees above 40°C, and although the 
components might have withstood the temperature, 
no failures could have been allowed. 

In the annual maintenance of 1985, the old 
cooling units TL41 and TL45 in the emergency 
core cooling pump rooms of both Loviisa plant 
units were supplemented with new circulating air 
coolers with a power of about 2 x 50 kW. Each 
plant unit has a slightly different connection 
to the Intermediate cooling circuit. The 
general principle is that one old and one new 
cooler form a pair. The operation and capacity 
of the new coolers were ascertained with an 
extensive testing program. 
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Loviisa 1 and 2: New electrical cables In the containment 

In the annual maintenance of the Loviisa 1 and 2 
units, cables with silicon insulation were 
replaced with types that can better resist 
accident conditions. The replacement concerned 
about 65 gauges and actuators in the steam 
generator rooms and adjoining rooms in the 
containments of both plant units. If an accident 
occurs, these rooms suffer from the worst 
conditions. Of the about 65 components mentioned 
above, ca. 50 shall be able to operate for at 
least an hour in these conditions. 

The silicon cables have been subjected to ageing 
and accident tests, and it has been found out 
that they remain in a good condition up to a 
service life of 10 years. Thereafter their 
operability in accident conditions is uncertain. 

The removed silicon cables were of the types 
SSJS, Monette and ANSI. The new are of the 
types AC0ME-1E LOCA and BICC Pyrotenax, of 
which the former has passed the necessary ageing 
and LOCA tests and the latter is a cable with a 
metal armature and mineral insulation. It can 
withstand temperatures well above those appearing 
in accident conditions. 

The changed section of the gauge cables and the 
actuator control cables stretched from the 
component in the steam generator room to the 
branch box located in the annulus behind the 
crane wall. In an accident situation, the 
branch boxes are in the so-called upper space 
conditions, which, due to the ice condenser, are 
considerably milder than in the steam generator 
room. 

The replacements of power cables mainly concern 
the 1 - 3 metres long sections between the 
component in the steam generator room and the 
plugs or connecting boxes in their vicinity. At 
the same time, separate connecting plugs were 
replaced with Raychem WCSF-N plastic shrink-on 
sleeves, which meet the requirements set for 
environmental testing. In some cases, it was 
necessary to use branch connections accomplished 
in the same way. Figures 4 and 5 show examples 
of the extent of the modifications. 

In connection with the replacement work, the 
routes of some cables had to be changed and new 
tubing had to be constructed in order to isolate 
parallel branches. Methods that are already in 
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use were utilized In the Isolation. 

In addition, attention was paid to the supporting 
of cables, so that it would be possible to 
reduce the mechanical stresses that the cables 
are subject to during maintenance work and in 
accident conditions. 

The replacement of cables succeeded as planned. 
The cables of the temperature gauges in two fuel 
basins at both plant units were replaced after 
the plant shutdowns. 

4 OTHER HATTERS 

Nothing reportable. 
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Test valve 

RA11S405 

Figure 1 Automatic testing system of a steam line 
isolation valve 
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Figure 2 Machined magnetic anchor 

Forced-closing valve 

Pilot valve 
operated fay 
steam pressure 

Electrically 
operated 
pilot valve 

Steam 
pipe 

Figure 3 Relief valve cont ro l 



STUK-B-YTO 27 13 

"Lower space conditions' 
in the containment 

Polar crane 
wall 

^S" 

Three-way 
extension 

Actuator 

Connection 
cable 

Annulus 
Steel 
containment 

Modifications: Q ) Connection cable Monette 3.535 29x1 —>Acome-IE 
Loca 8x2x0.6 

(2) Actuator cable Monette 3.535 16x1.5 -* Acome-IE 
Loca 4x2x0.6 

^ Position indicator cable Monette 3.535 4x1.5—» 
Acome-IE Loca 2x2x0.6 

(T) Stand-by control point cable Acome Flamtrol 8x0.6 
not replaced 

(5) The inlet nipple in the connecting terminal of the 
actuator is replaced 
- Ordinary sealing box-» Skinhut SHV inlet nipple 

and shrink-on sleeve Raychem WCSF-N 

QQ Cable extension 

Figure 4 Example of a cable modification 
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"Lower space conditions* 
in the containment 

Polar 
crane wall 

Annulus Steel 
containment 

Sensor 
- resistance sensor 
- level switch 

s~ 

Penetration 
(gas and 
pressure 
tight) 

»sistance sensor \ 
»vel switch^ Q \ 

Branch, 
box 

Sensor 
cable Main 

cable 

V LP^ 

Modifications: ^} The sensor cable is replaced 

- Monette 3.535 4x1.5-
- Monette 3.535 8x1.5' 

Acome-IE Loca 2x2x0.6 
Acome-IE Loca 4x2x0.6 

@ The inlet nipple in the connecting terminal of the 
sensor is replaced 
- Ordinary sealing box -> Skinhut SHV inlet nipple 

and shrink-on sleeve Raychem WCSF-N 

Figure 5 Example of a cable modification 


