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ABSTRACT 

i 
This report contains detailed descriptions of operating 

incidents and other safety-related matters at the Finnish I 

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 Report for this period, 

"Operation of Finnish Nuclear Power Plants" (STL-B-RTO-83/7), 

which is supplemented by this report intended principally for 

experts. 
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GENERAL 

In July - September 1983, the Finnish nuclear power plants 

(plant data in Table I) were in commercial operation. There 

were no occurrences or discoveries of special significance 

to reactor safety. 

The significant component failures described in this report 

comprise a disturbance in a primary circulating pump of Loviisa 

1 unit in July and the cracks detected during annual mainte

nance in the mixing points of two systems at TVO II unit. This 

group also includes the crack detected in the jacket tube of 

the control rod drive during the annual maintenance of Loviisa 1 

and the damages in the pilot valves of safety valves. 

The significant operating disturbances comprise the dropping of 

all control rods at Loviisa 2 due to a power cut and the reactor 

trips at TVO II during the start-up after a turbine trip. The 

latter event also includes a deviation from the operating 

instructions. 

The tests that have been conducted relative to the power increase 

of the TVO plants are presented as a significant safety matter. 

Table X. Plant data 

Plant 
unit 

Start-up Conmrcial 
operation 

Rated power, 
net (M#) 

Type, 
suppli< 

Loviisa 1 8.2. 1977 9.5. 1977 440 

Loviisa 2 4.11.1980 S.l. 1981 440 

TVO I 2.9. 1978 10.10.1979 658 

TVO II 18.2. 1980 1.7. 1982 638 

Pressurized water 
reactor (PWR), 
V/0 Atcmenergoexport 

Pressurized water 
reactor (PWR), 
V/0 Atcmeaergoexport 

Boiling water reactor 
(3WR), AB Asea Atom 

Boiling water reactor 
(3WR), AB Asea Atom 
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DESCRIPTIONS OF SIGNIFICANT OCCURRENCES AND DISCOVERIES 

2.1 Loviisa 1: Sealing damage in primary circulating pump YD 11 

on 11 July 

The primary circulating pumps of Loviisa power plant utilize 

a three-stage combination of shaft packings (two hydrostatic 

and one mechanical packing), which are supplied with cleaned 

and cooled sealing water from the coolant purification system 

(TC). The shaft packings are illustrated schematically in 

Figure 1. About a half of the sealing water flows to the 

primary circuit preventing the primary coolant from getting 

into the packing and into 

Leak from: 

the pump 

Thrower ring 
TE20B01 

a • 100 ml /h 
P<0.1 MPa 

Mechanical packing 

•TK50N01 P"0.4 MPa 

Hydrostatic 
packings 

»water- p^u.i M^ 

Radial bearing 

P»loop (12.3 MPa) 

Figure 1. Shaft packing 

the bearing. Th'; other half 

flows through the hydrostatic 

packings and is led as a 

controlled leak into the make

up water deaerator (TK50N01). 

The hydrostatic packings 

reduce the pressure of the 

sealing water that is removed 

as a controlled leak to ca. 

0.4 MPa. Less than 0.2 % of 

the sealing water flows thr

ough the mechanical packing, 

after which it is sucked by 

means of underpressure into 

tank TE23B01. The underpres

sure is obtained from the 

treatment system of active 

off-gases TS. In addition to 

the normal sealing water sys

tem/ there is an emergency 

sealing water line, whereby 

cooled and filtered water from 

the primary circuit can be 

supplied into the packings. 
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During the periodic testing of the emergency control of Loviisa 

1 plant unit, an operating error resulted in the loss of the 

normal scaling water of the primary circulating pumps and the 

emergency sealing water system started. Five primary circulating 

pumps received sealing water from the emergency sealing water 

line. As a consequence of the actuation of the moment limit 

switch, the valve in the emergency sealing water line of pump 

YD12D01 did not open. Then the sealing water supply to the pump 
stopped altogether and the protective signal on small sealing 

water flow stopped the pump. When the normal sealing water 

system was restored, the pump had been without sealing water 

for 1 minute 43 seconds. 

In spite of the disturbance, it was discovered that the packing 

of pump YD12D01 operated normally and a decision was made to 

start the pump. An operator went to check the condition of the 

pump and to follow its starting. After a while, an alarm was 

received on abnormal pressure and flow values in the sealing 

system of pump YD11D01, and it was found out that these values 

were varying constantly. After pump YD12D01 had started normally, 

the operator checked the rest of the pumps and detected that 

there was water coming from the necks of pumps YD11D01 and 

YD14D01. 

At first it was presumed that the behaviour of pumps YD11D01 and 

YD14D01 resulted from disturbances in the sealing water system, 

but soon it was discovered that the underpressure after the 

mechanical packing had been lost because of repair work con

ducted in the TS system. The TS system was quickly restored, 

underpressure was achieved and water stopped leaking onto the 

necks of the primary circulating pumps. Because of the abnormal 

pressure and flow values in the sealing system of pump YD11D01, 

this pump was , however, stopped. The system creating the under

pressure after the packings had been stopped for 1 h 27 min 

before the first alarm was received on the sealing of pump 

YD11D01. The pump was stopped in 14 minutes after this alarm. 
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In a test conducted a few hours later, it was found out that 

the operational values of the packings and the vibration and 

static deflection of the shaft were so unstable that the pump 

was stopped and the plant unit was operated at reduced power 

until 16 July, when the plant unit was placed in a cold shut

down condition for the maintenance of the pump. 

It is unclear to what extent the sealing water system disturbance 

preceding the packing damages of pump YDllDOl can be regarded 

as the cause or a contributing factor of the damage. However, 

it seems obvious that the earlier stopping of the TS system 

was the most important direct cause of the damage. When the 

underpressure after the mechanical seal was lost, it did not 

probably last very long before hot water began to flow onto 

the hot cover of the pump. The water temperature was ca. 40 °C 

and the surface temperature of the pump cover was ca. 240 C. 

The sealing damage was probably also affected by a structural 

deficiency that had already been repaired in some of the pumps. 

The thermal sleeve in the shaft opening of pump YDllDOl cover 

(Figure 2) was still of the unsealed, longer model, i.e. the 

space between the cover and the thermal sleeve had not been 

sealed. As a consequence of the small pressure differences in 

the various parts of the pump housing, primary coolant was 

channeled into this narrow space, and the thermal stresses 

caused by the flow made the cover bend a little. The simul

taneous flowing of flushing water leaking from the mechanical 

packing onto the opposite side, increased the bending of the 

cover, which was enough to cause the sealing damage. 

Damages to pump YDllDOl had been expected in case the above 

sequence of events was started. It had been intended that 

the thermal sleeves in the covers of all pumps would have been 

sealed in the annual maintenance of 1983. 
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electromagnet 

inlet shoulder 

packing housing 

Stem 

shaft packings 

radial bearing 

iffuaer 

Figure 2. Primary circulating pump of Loviisa 1 and 2 

units and the location of the thermal sleeve 
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When the damaged packing was disassembled. It was detected that 

In many places moving parts had been rubbing against each 

other and had caused minor mechanical damages. After the stop

ping of the pump, the packing nevertheless fulfilled its 

safety function, or for its part maintained the integrity of 

the primary circuit. 

In 1982 a similar sequence of events caused a failure in pump 

YD16D01 (see report STL-B-RTO-82/4E, p. 21). 

The following actions have been taken to prevent damages of a 

similar kind: 

- Itie TS system has been provided with a pressure alarm 

(a corresponding alarm has also been installed at 

Loviisa 2). In addition, the TS system has been modi

fied so that it is now possible to obtain underpressure 

in the leak and flush line of the mechanical packing 

through two TS subsystems (TS10 and TS70). 

- The space between the so-called long thermal sleeves 

and the pump cover has been sealed in all primary 

circulating pumps. 

The structure of the mechanical packing has been 

developed. 

Operating instructions have been developed and the 

training of the operating personnel has been made more 

effective. 

The sealing damages of the Loviisa primary circulating pumps are 

significant to safety mainly because major sealing damages would 

cause a primary coolant leak into the containment. The clearances 

between the pump cover and the shaft are, however, so small that 

the failing of the packing would not cause a major leak. The 

opinion prevailing at the Finnish Centre for Radiation and 

Nuclear Safety is that this leak is not likely to require the 

starting of emergency cooling if the normal make-up water 

system operated as planned. 
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2.2 Loviisa 1: Finding of a crack in a jacket tube in the control 

rod drive (shutdown) 

In the visual examinations included in the periodic inspection 
program, it was discovered during the annual maintenance of 

Loviisa 1 plant unit that there was a crack in the jacket tube 

(diameter ca. 100 mm) of control rod drive no. 3 and another 

crack in the lower flange of the cooler centralizer. The crack 

in the jacket tube was close to a welded joint in base material 
(12X18H10T). The jacket tube is situated inside the control rod 

casing, and the damaged section is about two metres above the 

pressure vessel head (Figure 3). Both inside and outside the 

tube there is primary circuit water, the temperature of which 

is a little less than 200 °C. There is no pressure difference 

between the outside and inside of the tube. The tube is loaded 

only by the structure itself. Inside the tube, above the welded 

joint, there is a cooling spiral of the control rod intermediate 

cooling circuit TF80 (water temperature ca. 70 °C). The control 

rod casing acts as the pressure boundary of the primary circuit. 

On the basis of investigations, it was found out that the crack 

had been initiated during operation and that it had begun to 

grow from the inside surface of the jacket tube. The crack growth 

had occurred with the so-called corrosion fatigue mechanism, 

which had been enhanced by the high carbon content and cold 

working of the material. The fatigue loading was caused by high 

temperature changes, which probably resulted from the flowing 

of cooling water from one control rod drive to the other through 

bleeding pipes and from the problematic flowing conditions near 

the lower flange of the cooler. 

After the cracks had been detected, all the corresponding jacket 

tubes in the control rod drives of Loviisa 1 unit were subjected 

to outside colour penetrant examinations. In addition, the 

jacket tubes of three control rod drives underwent an inside 

colour penetrant examination. No indications were found. 

As a repair action, drive no. 3 was replaced by a stand-by drive. 

In the years 1984 and 1985, an effort will be made to control 

temperature changes in the damaged section by measuring tempe

ratures in the bleeding and cooling pipes. Necessary actions 
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Control rod 
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in the jacket tuoe 
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Figure 3. Location of damages in the control rod in relation 
to the reactor (a), part of the control rod drive (b) 
and more detailed location of the damages (c) 
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will be taken on the basis of the results obtained. 

Corresponding examinations were also conducted at Loviisa 2 

unit, but no indications were detected. 

The event has no direct signficance to safety. In the worst 

imaginable case, a crack in a jacket tube of a control rod 

drive can make one controx rod stick in the upper position. 

However, provision against a stuck rod has been made in the 

design of the reactor, and thus it would not jeopardize the 

shutdown of the reactor. 

2.3 Loviisa 1: Damages in the pilot valves of the pressurizer 

safety valves (shutdown) 

At Loviisa nuclear power plant, the pressurizer has two main 

safety valves, which open at different pressures. The safety 

valves function as follows: Each of the two independent pilot 

valves can open a common main valve. When the pressure in the 

pressurizer reaches the adjusted opening pressure of a pilot 

valve, the pilot valve begins to operate opening a non-return 

valve that is connected to it. The non-return valve opens a 

line, through which the pressure keeping the main valve closed, 

can be discharged. This makes the main valve open. When the 

pressure in the pressurizer has sunk to the closing pressure, 

the pilot valve closes, the force opening the non-return valve 

disappears and the non-return valve closes. When the pressure-

discharging line coming from the main valve'bas closed in this 

way, a force is created between the structural parts of the 

main valve and the valve is consequently closed. The correct 

operation of the pilot valve is a necessary prerequisite for 

the operation of the main valve: when the pressure-discharging 

line is closed, the main valve cannot open, and when the line 

is open, the valve cannot close. 

In connection with a function test conducted annually in a test 

bench, it was discovered that the lock rings in some of the 

non-return units of the pilot valves in the pressurizer safety 

valves (Figure 4) had been broken into several pieces. This 

was a so-called replacement series of pilot valves, and none of 
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the pieces in the series had been in use in the previous ope
rating cycle. The series included two brand new valves. 

After investigations it was found out that the behaviour of the 
lock ring material G-X120Cr29 was rather brittle. In addition, 

the lock rings were loose when installed in their grooves. 

An explanation for the use of a brittle material might be that 

in certain valve type applications this ring acts as a piston 

ring (Kolbenring), whereas in the valve type that is in use 

at the Loviisa nuclear power units the ring acts as a lock ring. 

As a repair action, the pilot valves of Loviisa 1 were provided 

with the rings that had been in use previously (from an older 

manufacturing batch than the broken rings). Before installation 

the rings were examined with a liquid penetrant and it was 

ascertained that the rings fitted well into their grooves. 

At Loviisa 2 the rings have been removed from the pilot valves 

because the manufacturer made it known after the start-up of 

Loviisa 1 that the lock rings are not necessary. In the re

fuelling outage of 1984, the rings will be removed at Loviisa 

1 unit as well. 

Broken lock rings are significant to safety because, during the 

operation of the safety valve, a piece from a broken ring could 

prevent -he non-return valve from closing, and thus the pressu-

rizer safety valve would be left open. 

2.4 Loviisa 2: Dropping of all control rods into the reactor core 

as a consequence of a power cut in the control logic of the rods 

on 16 July 

While Loviisa 2 unit was operating at full power on 16 July, 

all reactor control rods dropped into the reactor core although 

there was no trip signal from the reactor protection system. 

The reactor shutdown corresponded with a normal trip. It was 

found out that the reason for the event was the loss of control 

logic voltage that is needed in the operation of the control 

rods. Because the reactor trip signal had not been actuated, 

there was no automatic turbine trip, but it had to be performed 

manually in about half a minute. If the turbine trip had not been 

actuated so fast, the primary circuit would have cooled rapidly. 
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Figure 4. Pilot valve including the non-return unit (a), 
the non-return unit from behind (b) and the internals 
of the non-return valve (c) 
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Consequently, the pressurizer level would have sunk and the 

HP safety injection system would have started in about a minute 

after the onset of the disturbance. The plant unit was re

started in about six hours. 
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The event was studied by means of the Loviisa simulator, and 

on the basis of the results the Institute of Radiation Protection 

required that Imatran Voima Oy present a plan for the modifi

cation of the reactor and turbine protections so that the rapid 

cooling of the primary circuit and the starting of the HP safety 

injection system can be avoided in similar situations (e.g. 

following an automatic slow trip) irrespective of the operator's 

actions. Imatran Voima Oy has presented the Institute of Radiatio 

Protection with a principle for the solution of the problem. 

The loss of power in the redundant logic supply units 20PGU22/ 

1-2 (and in the relay logic of reactor protection) was caused by 

the direct connection between safety switches Bl and B2 for 

the power supply to the relay logic and by the non-selective 

operation of the safety switches. The failure was probably due 

to different operation times of the contacts of safety switches 

Bl and B2. In connection with the short-circuit of one logic 

supply unit, the sorth-circuit current could then momentarily 

pass through the safety switch of the other unit, too, and 

the other logic supply unit thus lost its power supply as well 

(switches Bl and B2 open). During the refuelling shutdown of 

Loviisa 2 unit, the relay logic supply was secured by removing 

the previous direct connection between the safety switches 

(Figure 5). A similar modification will be carried out at 

Loviisa 1 unit during the next shutdown. 
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2.5 TVO II: Cracks in the mixing points of systems 321 and 331 

(shutdown) 

In ultrasonic examinations that are part of the periodic ins

pections performed during annual maintenance, it was discovered 

at TVO II plant unit that both mixing points (material 376TP304) 

of the reactor water clean-up system (331) and the shutdown 

cooling system (321) contained flaw indications. (Figure 6) 

They had grown a little since the examinations performed the 

previous year. The reason was probably thermal fatigue caused 

by the mixing of watars with different temperatures. 

As a repair action, the section of the system 321 pipe that had 

contained indications was replaced in one mixing point (331/ 

321-1). In addition, the thermal sleeve of the system 331 pipe 

was replaced by a longer sleeve, with the purpose of making 

waters with different temperatures mix in the centre of the 

system 321 pipe. To form a basis for subsequent ultrasonic 

examinations, the pipe underwent an ultrasonic examination after 

the modification. 

In addition to extending the thermal sleeve in the other mixing 

point (331/321-2), the system 321 pipe that had contained 

indications was temporarily repaired by welding on it a 100 iron 

wide belt with a thickness of 5-8 mm. During welding there was 

water flowing inside the pipe, so as to create a compression 

stress on its inside surface (so-called heat sink welding method). 

In connection with the welding, each bead layer was subjected 

to a liquid penetrant examination. The integrity of the weld 

overlay was ensured with an ultrasonic examination after the 

work. 

Flaw indications had also been found in a corresponding mixing 

point (331/321-2) at TVO I during maintenance performed in 1983. 

After the faulty section had been removed, the weld was repaired 

by welding and both mixing points were provided with similar 

extended thermal sleeves as at TVO II. 
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2.6 TVO II: Reactor trips during start-up after a turbine trip 

on 31 August 

During the periodic testing of the automatic protective system 

of the high-pressure turbine, there had been a turbine trip and 

a partial reactor trip, after which the plant unit had been left 

on by-pass operation at ca. 55 % power. After inspections at 

the turbine plant, the operators started to let steam to the 

turbine. During the starting of the turbine, the temperature 

indicated by the measuring point in the condenser rose spuriously 

to 80 °C and exceeded the protective limit prohibiting turbine 

by-pass. As a consequence, a protective signal closed the 

turbine by-pass valves. An immediate rise in the reactor pressure 

caused an increase in neutron flux and this actuated the power 

reduction chain E3. The result was an immediate reactor trip 

on condition SS10 (ratio main circulation flow/neutron flux 

too low). Following the reactor trip there was also a turbine 

trip. Trip signal SS11 (turbine trip and prohibition to blow 

off steam into condenser) was also actuated. It was detected 

that the reason for the event was broken resistance measuring 

conductors in the temperature sensor of the condenser. The 

fault was repaired. 

The reactor relief system started and relief valves 314V6-V13 

opened blowing steam into the condensate pool. Of the control 

lines, the pre-selected 314V19/V21 operated normally and was 

left controlling the reactor pressure, but the other, 314V20/ 

V22 was stuck in the closed position, because the moment limit 

switch of valve V22 was actuated. As a consequence of the 

relief, the reactor level surged and trip condition SS12 (A21) 

was actuated making the isolation valves of the steam lines 

close. 

The starting of the plant unit from the hot standby condition 

with closed steam line isolation valves was carried out in 

accordance with the operating instructions first by warming 

the steam lines. To open the inner isolation valves, the outer 

isolation valves were closed. Two of them shall be opened after 

the inner isolation valves have opened. Because this was not 

done, the reactor pressure rose during power ascension (while 

neutron power rose to 2.5 %) and tripped the reactor on condi-
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tion SS6 (high pressure in the reactor). The control lines 

of the relief system opened and the pre-selected control valve 

was left to control the reactor pressure. The plant unit was 

started on the same day. The reason for the latter trip was 

a deviation from the operating instructions. 

3 

DESCRIPTIONS OP SIGNIFICANT SAFETY MATTERS 

3.1 TVO I and TVO II: Studies relative to the power increase 

The Industrial Power Company has put forward a proposal ti.at 

the TVO plant units could be operated at a power level that 

is a little higher than the present rated power. When getting 

prepared for the ca. 8 % power increase regarded as possible 

and for the necessary modifications, TVC wants to test the 

plant units at 103 % power level for one operating cycle. 

In addition, it was proposed that both plant units be subjected 

to a one-week test at 106 % level. 

The Institute of Radiation Protection has examined all necessary 

safety analyses and on the basis of the reviews, it has granted 

the Industrial Power Company a permission to perform the tests. 

After refuelling shutdowns, the power of. both plant units was 

raised to 103 %. During the autumn both units have also under

gone the 106 % power tests (TVO I from 20 to 27 September; 

TVO II from 18 to 25 October). As concerns TVO I unit, the 

following preliminary observations can be made of the 106 % 

test: 

The plant operated without disturbances for the whole 

time. 

Power was raised by increasing the coolant flow passing 

through the core. The margins with respect to the 

allowable loading of the fuel remained sufficient for 

the duration of the test. The pressure, level, and 

power controls of the reactor operated normally. 
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Steam humidity was measured at three different levels 

during the 106 % power. At the highest levels the 

humidity obtained higher values than was expected. 

The turbine plant operated as expected. The control 

margin of theplant remained good. Reheating and pre

heating systems operated as expected. The power increase 

had no substantial effect on the shaft and bearing 

vibrations of the turbogenerator. 

In the generator, most attention was paid to the tem

perature of the stator. On the basis of measurements 

it seems that the generator can well be used at 106 % 

power. 

Changes in the radiation level were small, as expected. 

The amount of impurities in the process water was not 

essentially higher during the 106 % power test. 

The information obtained from the tests is still being reviewed 

and analysed. Studies relative to the final power increase 

are under way in the Industrial Power Company. 


