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ABSTRACT 
In the Quarterly Reports on the operation of the Finnish nuclear power plants such incidents and observations 
are described relating to nuclear and radiation safety which the regulatory body, the Finnish Centre for 
Radiation and Nuclear Safety, considers safety-related. Also other events of general interest are reported. 
The report includes also 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. 

During the third quarter of 1989 the Finnish nuclear power plant units Loviisa 1 and 2 and TVOI and II were 
in commercial operation for most of the time. The annual maintenance outages of the Loviisa plant units 
were carried out during the report period and their combined duration was about 46 days. During the report 
period an outage started at TVO I for cleaning the primary circuit of the metal powder that had entered it. 
Nuclear electricity accounted for 39.0 % of the total Finnish electricity production in this quarter. The load 
factor average of the nuclear power plant units was 78.9 %. 

Two safety-related events occurred in the report period. At Loviisa 1, erosion corrosion defects were detected 
in a feedwater distributor wall inside the steam generator and at TVO I, metal powder had entered the primary 
circuit. 

At Loviisa 1, two holes were found in the feedwater distributor of one steam generator. Corresponding wall 
thinning corrosion was also detected in the walls of two other distributors which thinning would become 
holes in the coming years if corrective measures were not applied. The steam generator feedwater distributor 
directs secondary circuit water to surround the heat transfer pipes, the water heats up and vaporizes. Primary 
circuit water circulates in the heat transfer pipes. The holes were found on the feedwater distributor upper 
surface in the joint of the secondary circuit feedwater pipe. One hole was about 20 mm x 50 mm in size and 
the other was a pit hole ca 5 mm in diameter. Erosion corrosion was ascertained as the cause of the defects 
by visual examination. As a temporary corrective measure, sleeves of steel were inserted at the perforated 
point inside the distributor. In the future, structural modifications of all feedwater distributors will be 
implemented. The defect did not endanger safety of plant unit since the water jet discharged was direted in 
between the heat transfer pipes and thus could not damage the pipes. 

Metal powder had entered the primary circuit at TVO I. This was observed during a post-scram plant start-up. 
Several control rod drive units had become jammed so tight that control rod withdrawal failed. Control rod 
drive units were inspected and metal powder was found in them. Reactor power is controlled by control rods 
and their reliable insertion is the most important safety measure for tripping the reactor during a transient. 
Metal powder did not hamper reactor scram under die prevailing circumstances because the drive units are 
prone to jamming only after a control rod is almost fully inserted and because the forces which insert a control 
rod by various means (electrical, hydraulic) are 6 - 8 fold compared with the withdrawing force. The same 
metal powder was found also in other parts and systems of die primary circuit. Inspections and cleaning up 
continued also after the accomplishment of the report period. 

No event during this quarter essentially decreased safety of the plant units or posed a radiation hazard to their 
workers or the environment. In the report period, occupational radiation doses as well as releases of 
radioactive materials to the environment were considerably below authorised limits. 
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1 INTRODUCTION 

As prescribed by the Nuclear Energy Act, supervision 
of the safety 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 include also control of physical 
protection and emergency preparedness and control of 
the use of nuclear energy necessary for preventing 
nuclear proliferation. The fields of regulatory control 
and inspections related to nuclear power plants are 
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 
publishesquarterlyareport on the operation of Finnish 

nuclear power plants. The report is based on die 
information reported to the Finnish Centre for 
Radiation and Nuclear Safety by the power companies 
and die observations made by the Finnish Centre for 
Radiation and Nuclear Safety during regulatory 
control and inspections. The incidents and 
observations described in die report are classified into 
safety-related incidents and other events. 

In addition to incident descriptions, die report contains 
summarised information on die occupational radiation 
safety of nuclear power plant workers and tabulated 
data on die production and load factors of nuclear 
power plants. 
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2 OPERATION OF NUCLEAR POWER 
PLANTS IN JULY-SEPTEMBER 1989 

The Finnish nuclear power plants were in commercial 
operation for the most part of the third quarter of 1989. 
The Loviisa plant units were disconnected from the 
national grid for a total of about 46 days for an annual 
maintenance outage. An outage was started at TVOI 
on 7.9. for cleaning the primary circuit of the metal 
powder which had entered it Brief interruptions in 
operation at the Loviisa plant were caused by reactor 
scram tests and one operator-initiated reactor scram. 

Nuclear electricity accounted for 39.0 % of the total 
amount of electricity generated in Finland during this 
quarter. The load factor average of the plant units was 

generator synchronized (h) 
Availability factor» 

calendar time (h) 

gross electricity production 
Load factor « 

rated power • calendar time (h) 

78.9 %. Production and availability Figures are 
presented in more detail in Tables I and II. 

No event essentially degraded plant safety at any of 
the plant units during the report period. Occupational 
radiation doses during the report period and releases 
of radioactive materials remained clearly below 
authorised Hmits. 

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

•100% 

•100% 

Table I. Electricity production and availability of the units. 

Loviisa 1 
Loviisa 2 
TVO I 
TVO II 

Electricity production 
(gross, TWh) 

Third 
quarter 

0.73 
0.75 
1.19 
1.59 

Since 
beginning 
of 1989 

2.74 
2.73 
4.01 
4.45 

Availability 
factor 

Third 
quarter 

74.3 
77.0 
73.7 

100.0 

% 

Since 
beginning 
of 1989 

91.2 
90.8 
85.1 
94.2 

Load 
factor % 

Third 
quarter 

71.2 
73.2 
72.8 
98.2 

Since 
beginning 
of 1989 

89.9 
89.7 
83.3 
92.5 
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Table II. Nuclear energy in the Finnish production of electricity. 

Production of nuclear 
electricity (net, TWh)m 

Total production of electricity 
in Finland (netto, TWh) * 

Percentage of nuclear 
electricity of total production 

Load factor averages of 
the Finnish plant units (%) 

Third 
quarter 

4.1 

10.5 

39.0 

78.9 

Since 
beginning 
of1989 

13.3 

36.5 

36.4 

88.9 

* Source: Statistics compiled by die Finnish Association of Electricity. Supply Undertakings. 

1988 

18.4 

53.5 

34.4 

91.2 

1987 

18.5 

50.7 

36.5 

92.3 
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Fig 1. Average daily gross power of Loviisa 1 in July-Seplember 1989. 

1 Nuclear fuel had burned to such an extern that reactor power 
had suited to sink gradually (coast-down) 

2 Animal maintenance outage 

3 Reactor scram test 
4 Repair of HP pre-healer leak, reactor operating at 91 % 

31 10 20 
JulySeptoTter 1989 

Fig 2. Average daily gross power of Loviisa 2 in July-September 1969. 

I Repair of a turbine condenser leak, reactor operating at 9 9 * 

2 Safe ly valve tests and repair of a turbine condenser leak, 
reactor operating at 76 % power 

3 Nuclear fuel had burned to such an extent that reactor power 
started to sink gradually (coast-down) 

4 Annual maintenance outage 
5 Reactor »cram test and manual reactor scram to repair a 

feedwater circuit leak 

6 Location and repair of a turbine condenser leak 
7 Main circulation pomp trip due to a too high bearings 

temperature, reactor operating at 85 * power 
8 Drop of a control rod caused by a low-frequency transducer 

failure, reactor operating at 81 % power 
9 Drop of a control rod caused by a low-frequency transducer 

failure, reactor operating at 83 % power 
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10 20 
•fely-Scpteiter 1999 

Fig 3. Average daily gross power ofTVO I in July-September 1989. 

1 Periodic tests, reactor operating at 60% power 3 ftitage to clean the primary circuit of mciai powder 
2 lovelier trip, reactor operating at 7 6 * power 

100 % 
735 MW 

10 20 10 20 

JUly-Septarfcer 1969 

Fig 4. Average daily gross power ofTVO II in Ju'y-September 1989. 

1 Repair of the control air pressure relief valve of a gland steam 2 Periodic tests, reactor operating at 60 % power 
system valve, reactor operating at 60 * power 
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3 INCIDENTS AND OBSERVATIONS AT 
EACH PLANT UNIT 

LOVIISA 1 

One smfety-rekued incident occurred at Loviisa 1 during the third quarter 
of 1989: daring the inspections of steam generatorfeedwater distributors 
erosion corrosion defects were detected in the distributor walls which, in 
the case of one steam generator, would hare lead to the formation of holes. 
Perforated points were repaired temporarily by the insertion of sleeves. 

Other reportable events at Loriisa 1 were the additional cooling of the HP 
emergency make-up pumps under accident conditions and the getting of 
broken glass into the steam generator. Furthermore, some deviations from 
administrative orders occurred at Loviisa 1. During this quarter, also the 
annual maintenance outage and the transport of spent nuclear fuel to the 
Soviet Union took place. 

The temperature of the water pumped by HP emergency make-up pumps 
under accident conditions was noted, on the basis of modelling tests, to be 
higher than had been previously estimated. Owing to this, the pumps might 
fail under accident conditions. Cooling was provided for pump shafts for 
eliminating the risk of failing. A hand torch broke during an inspection 
conducted inside the steam generator. B roken glass was removed by 
vacuum extraction. The pieces of glass which potentially remained inside 
the steam generator do not jeopardise safety of plant unit. The annual 
maintenance outage lasted for 24 days. During the outage, La. 127 of the 
reactor's 313 fuel bundles were replaced. Certain administrative errors 
occurred during the outage which did not endanger plant unit safety, 
however. The radiation doses received in the work done during the outage 
remained clearly below authorised limits. The transport of spent fuel to the 
Soviet Union took place, as before, as a combined road and rail transport 

3.1 Safety-related incidents at 
Loviisa 1 

3.1.1 Erosion corrosion defects in the 
steam generator feedwater 
distributor 

The function of the steam generators is to generate dry, 
saturated steam for the turbines with the help of the 

heat obtained from the reactor by means of primary 
circuit water. There are six steam generators at each 
Loviisa plant unit. They are of the so called horizontal 
type in which the heat transfer pipes lie horizontally. 
A diagram of steam generator structure is given in 
Fig. 5. There are two primary collectors in the middle 
of the steam generator to which the heat transfer pipes 
are joined. Primary circuit water enters the "hot" 
collector, is distributed to the heat transfer pipes, gives 
off heat and exits the steam generator through a "cold" 
collector. Secondary circuit water enters the steam 
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generaior bom the side of a cylindrical casing. Water 
is directed through die feedwater distributor to 
surround die heat transfer pipes where it evaporates. 
After several dehumidificatioa phases, steam reaches 
the turbine via die steam collector. 

Secondary circuit feedwaier pipe is connected to the 
feedwater distributor with a welded T joint. Structural 
material-wise, both are made of steel widi a low carbon 
content. During the 1989 refuelling outage, die T joint 
areas of the feedwater distributors of all steam 
generators at Loviisa 1 were inspected. 

During the inspection, two holes were detected in one 
feedwater distributor. The holes were on the 
distributor upper surface in the weld area on bom sides 
of die T joint. The bigger hole was ca 20 mm x 50 mm 
in diameter. The smaller hole was a pin hole with a 
diameter of about 5 mm. Wall thickness measurements 
made in die defective area indicated significant 
thinning. Nominal thickness (6.0 mm) was measured 
only at some 300 - 400 mm's distance from the T joint 
Of the other feedwater distributors, the walls of two 
had thinnings. The remaining three feedwater 
distributors were in a dearly better shape than the 
others. On account of the Loviisa 1 inspection results, 
three feedwaier distributors were inspected also at 
Loviisa 2. The results were clearly better than at 
Loviisa 1 although a slight thinning of the walls was 
evident. 

On die basis of visual inspecrjonjerosion corrosion 
which means damage cawed to metal by die joint 
effects of wear and corrosion was ascertained as die 
cause of the feedwater distributor defects. 

In die event of a total feed water distributor nn/ure, die 
heat transfer pipes might fail in which case die primary 
circuit would no longer be tight In this case die water 
jet which came out from the perforated feedwater 
distributor was directed to the space between die heat 
transfer pipes and thus die failure did not causeadirect 
safey hazard. 

Owing to the nature of the defects, structural 
improvements shall have to be made in all distributors. 
As a temporary corrective measure, stainless steel 
sleeves were inserted at die feedwater distributor's 
perforated point. The two other most thinnest 
distributors were assessed to be in such a condition dial 
their repairing was not necessary during this year's 
refuelling outage. The final repair plan will be devised 
by the next outage. Repairs are planned to be 
implemented so that all fecdwaicr distributors have 
been repaired after the 1992 refuelling outage. 

At Loviisa 2, the remaining three feedwaier 
distributors will be inspected during the next refuelling 
outage and the final repair schedule will be devised on 
die basis of inspection results. 

Heat trans-, 
/ f a r pip— 

pip» («ccntay 
in) 

/ttltrlPutPr/cerpalendBftct» \aaa^icr OmtmatM 

Fig. 5. A diagram of Loviisa 1 steam generaior (Source: VTT Research Reports 653) 
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3.2 Other events at Loviisa 1 

3.2.1 Additional cooling of HP 
emergency make-up pumps under 
accident conditions 

At the early stages of a LOCA, at the Loviisa plant 
units, the reactor would be cooled with borated water 
pumped from the emergency make-up tanks. Both 
plant units have a 900 m tank each. Water would be 
pumped direct to the primary circuit with HP (TJ) and 
LP (TH) emergency make-up pumps and to the 
nozzles of die containment sprinkler system with the 
contammemnt sprinkler pumps (TQ). The pumps are 
located in pump rooms external 10 the containment. 
Water accumulating in the containment during an 
accident situation would be directed to sumps located 
m the containment steam generator space. After the 
draining of the emergency make-up tank the intake of 
the above mentioned pumps would be switched over 
to the sumps from which water would be pumped back 
to the reactor and the containment sprinkler nozzles. 
The pumps' design tempen^ure is based on the 
temperature of the water taken frcm the containment 
sumps. The pumps may fail in temperatures higher 
than this. Owing to the pumps' location, failures might 
result in primary circuit water escaping outside the 
containment. 

Tests were, begun in spring 1989 to investigate into the 
temperature of the water which enters containment 
sumps under accident conditions. Imatra Power Co 
Ltd conducted tests with a 1:15 scale containment 
model. It was noted in the tests that the water which 
enters the sumps is hotter than assumed earlier, which 
is due toi J . stratification of water. Test results showed 
that pumps must be operable in the pumping of 100°C 
water. 

In a report relating to pumps m operation it was noted 
on the other hand that LP emergency make-up pumps 
and containment sprinkler pumps would ,as such, 
withstand pumping of 100°C water whereas the HP 
emergency make-up pumps might overheat and 
should therefore be equipped with additional cooling. 
As a corrective measure, the pumps' shafts were fitted 
with water cooling down lines. At Loviisa I, the work 
was done during the annual maintenance outage and 
at Loviisa 2 before the annual maintenance outage. 

3J2J2 Annual maintenance outage 

The annual maintenance outage of Loviisa 1 was held 
on 8.7. - 2£ . The plant unit was disconnected from the 
national grid for 24 days. The outage lingered a few 
days from the planned length owing to die inspections 
and repairs of die erosion corrosion defects detected 
in die feedwaier distributors of the stcun generators. 

In addition to nuclear fuel replacement, about 2200 
pre-planned repairs and modifications were done 
during die outage. Furthermore, about 400 plans for 
repairing detected faults were made during die outage. 
The most important work done during die outage was 
as follows: 

• 125 burned out and two leaking fuel rod bundles 
of die reactor were replaced with 126 fresh 
bundles and one bundle which has been :n use for 
some time. There are 313 fuel rod bundles in die 
reactor during operation. 

• Feedwater distributors of all the six steam 
generators were inspected. Through wall 
corrosion defects were found in the wall of one 
distributor. The damage was repaired by inserting 
sleeves in die perforated points (compare with 
item 3.1.1). 

• Pipings were installed in and pumping tests were 
conducted for the new back-up emergency 
feedwaier system which is due for commissioning 
in 1990. The system is needed under accident 
conditions in the case of a potential failure of the 
regular feedwater system and the emergency 
feedwaier system. 

• The other main transformer was replaced owing 
to a periodic maintenance. 

• Two of a total of six main circulating pump 
electromotors were serviced. 

• 17 tonnes of ice were added to die ice condenser. 
• Two high speed moisture separators were 

installed in die steam extracts of die secondary 
turbine. 

• The new process computer system was 
supplemented. 

In addition to die above work, several other, smaller 
assignments were accomplished at the plant units 
during die outages. 

No incidents occurred or observations important to 
plant unit safety or die safety of its surroundings were 
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made during the outage. In addition to the Imatra 
Power Co Ltd's own staff, some 900 non-utility 
persons participated in the annual maintenance outage. 
The collective radiation dose which arose from the 
work carried out during the outage was ca. 0.70 manSv 
which is about 73 % smaller than the previous year. 
The highest individual dose was 8.2 mSv. The 
authorised dose limit for a quarter of a year is 25 mS v. 

3.2 J Broken glass entered the steam 
generator 

The steam generators of the Loviisa plant are inspected 
visually during the annual maintenance outages. For 
the purpose of inspection, various objects have to be 
introduced into the steam generator. 

The bulb of a hand torch and its protective glass were 
broken during the inspection of the steam generator 
secondary side in Loviisa 1 on 26.7. The pieces which 
fell into the steam generator were removed for the 
most part. The steam generator bottom was vacuum 
extracted around the torch's breaking area. The 
missing pieces of broken glass obviously remained in 
the steam generator. On the basis of the analyses 
conducted, they will not endanger plant unit safety. 

3.2.4 A repair work order disregarded 

The amount of hydrogen which accumulates in the 
containment building is monitored continuously at the 
Loviisa plant. Monitoring aims at the determination of 
post-accident hydrogen concentration in the 
containment building. The hydrogen measuring 
system consists of six measuring lines. 

At Loviisa 1, it was noted on 30.6. during procedures 
associated with preventive maintenance that two 
hydrogen concentration measuring lines did not 
function. The plant unit was operating at 90 % power 
at the time. On the basis of the observation a written 
repair work order was made. The repair was not done, 
however, and the plant unit was still operating a week 
before the annual maintenance outage. The work not 
having been done was revealed in an inspection carried 
out by an instrumentation engineer on 2.8. 
immediately after plant unit start-up. When repairing 
the fault it became obvious that the measuring 
equipment had been operable. Only the meter's badge 
had been switched accidentally with another meter 
badge indicating containment hydrogen content and 
the measurement results had been read from the meters 

of wrong lines. Badge locations were exchanged for 
obtaining correct information. 

The event itself had no significance for plant unit 
safety. The possibility of a faulty interpretation of 
measurements was reduced by the fact that the results 
given by the process computer of the various line 
measurements were correct. The event indicated there 
are shortcomings in the work order handling routines 
of the plant units. The Finnish Centre for Radiation 
and Nuclear Safety has called for the improvement of 
start-up routines in order for all unaccomplished work 
and work orders to be checked before plant unit 
start-up. 

3.2.5 Deviations from administrative 
orders during post-annual 
maintenance outage start-up 

The Finnish Centre for Radiation and Nuclear Safety 
performs inspections in connection with start-ups after 
NPP outages. By these inspections, actions related to 
start-up carried out by the power companies arc 
monitored. 

During the post-annual maintenance outage start-up of 
Loviisa 1, the inspectors of the Finnish Centre for 
Radiation and Nuclear Safety noted shortcomings in 
the inspections carried out by the power company on 
29.7.-1.8. 

The plant's start-up routines include ascertainment of 
the operability of systems and components by tests. 
Test results are entered in special protocols. On their 
basis, during plant unit start-up, acknowledgements 
are entered phase by phase in the start-up readiness 
protocol by the completion of which the power 
company ascertains, on its behalf, a plant unit's 
availability for start-up. For the start-up proper, the 
Finnish Centre for Radiation and Nuclear Safety's 
consent is required. 

In an inspection carried out on August 1st, it was 
noted that the above mentioned operability 
acknowledgements had been given to certain systems 
and components although proper test protocols did not 
exist. Also, certain other inspections to be 
acknowledged in the start-up protocol had erroneously 
not been done. No defects were noted in the further 
additional tests and inspections conducted.In the 
inspections performed by the Finnish Centre for 
Radiation and Nuclear Safety, minor violations were 
noted in the application of restrictions concerning 
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continuous working hours of operators, as prescribed 
by the Technical Specifications. 

The Finnish Centre for Radiation and Nuclear Safety 
called for the Imatra Power Co Ltd to correct the 
inspection procedures before the start-up of Loviisa 2. 
In connection with the start-up of Loviisa 2, no 
corresponding defects were observed. 

3.2.6 Transport of spent nuclear fuel 
from the Loviisa power plant to 
the Soviet Union 

The Imatra Power Co Ltd has agreed about the 
returning of the fuel spent at the Loviisa power plant 
back to the Soviet Union. The terms of agreement 
cover intact fuel rod bundles and those dismantled for 
inspection and reassembled. In accordance with this 
agreement, spent fuel is transported to the Soviet 
Union after a storage time of ca. five years. The total 
volumeof spent fuel hich accumulates annually at both 

plant units isabout28 tonnes. There are 1-2 shipments 
a year. 

A shipment which is this year's second and ninth in 
all occurred 2S.-27.9. with arrangements which 
correspond to earlier arrangements i.e. as a combined 
transport by road and rail. This time, eight packages 
of fuel from Loviisa 1 and 2 which had cooled down 
for over five years were returned. The volume of the 
transported uranium was 28 tonnes. For the transport, 
water-filled packages of the type B(M) designed for 
this purpose were used. A transport and safety plan 
approved by the Finnish Centre for Radiation and 
Nuclear Safety was complied with during the 
transport Special arrangements for transport were 
used also this time which was necessary due to the 
insufficient iformation received about the Soviet 
transport packages. The special arrangements 
included i.a. a low transport speed and a one-way 
traffic on the railway track. No incidents occurred 
during the transport. 
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LOVIISA 2 

During the third quarter of 1989, no safety-related incidents occurred 
at Loviisa 2. Other reportable events in the report period were the 
isolation of the emergency feedwater pump from availability for 
operation during power operation, an elevated primary circuit activity 
during an annual maintenance and an error in the Technical 
Specifications. During Otis quarter, there was also an annual 
maintenance outage. 

The emergency feedwater pump was isolated from availability for 
operation owing to pump replacement already before the 
commencement of the annual maintenance outage. The pump should 
not be isolated from availability for operation except for repair. The 
incident was traceable to an erroneous interpretation of the Technical 
Specifications. 

The water level in the fuel pool and in the so called well no.l located in 
the reactor hall was noted to be too low. In the fuel pool, part of both 
the fresh and the spent nuclear fuel is stored. The well no.l is used for 
fuel transfers between the fuel pool and one of the fuel storages. The 
too low water level was due to an error in the Technical Specifications. 

The annual maintenance outage lasted 21.5 days. During the outage 
La. 127 of the 313 fuel rod bundles in the reactor were replaced. 
During the outage, the primary circuit radiation dose rate was noted to 
have risen by about 50 % in comparison with the previous years. By 
international comparison, radiation dose rates are still clearly below 
the average. Radiation doses received in the work performed during 
the outage were clearly below authorised limits. 

3 J Safety-related incidents at 
Loviisa 2 

Nothing reportable. 

3.4 Other events at Loviisa 2 

3.4.1 Isolation of emergency feedwater 
pump from availability for 
operation during power operation 

Loviisa 2 has six steam generators in which, by the 
help of heat from the water which cools down the 
reactor, steam is generated from secondary circuit 
water. Water is fed to the steam generators' secondary 
side from the main feed water system. The operation 
of the main feedwater system is ensured by means 
of the emergency feedwater system. It is also employed 

for the start-up and shut-down of the plant unit. The 
emergency feedwater system contains two pumps, the 
so called emergency feedwatcr pumps which activate 
automatically to feed water to the steam generators if 
the water level in some steam generators sinks loo low. 
Both emergency feedwater pumps have also their own 
back-up pumps which activate in the event of the 
failure of the pump proper. The back-up pumps are not 
considered as reliable as the emergency feedwater 
pumps proper. Unreliability of the back-up pump is 
d'.ie to i.a. their location. 

The other emergency feedwater pump was removed 
from availability for operation on 28.7. and was 
replaced with a back-up pump. The plant unit was 
operating at 83 % power at the time and the 
preparations for plant unit shutdown for the annual 
maintenance outage were under way. During the 
annual maintenance outage,the emergency feedwater 
pump in question was replaced with a new type of 
pump. In order to speed up the replacement, the pump 
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was removed from availability for operation already 
before the commencement of the outage. 

According to the Technical Specifications, both 
emergency feedwater pumps shall be operable during 
power operation. An exception from this is the 
replacement of a faulty emergency feedwater pump 
with a back-up pump for the purpose of repair for one 
week. Repair time may not be used for making 
modifications.however. Thus, in this case, the 
Technical Specifications were violated against The 
event was traceable to an erroneous interpretation of 
the Technical Specifications. 

3.4.2 Elevated activity levels of the 
primary circuit during annual 
maintenance 

At the Loviisa plant, radiation dose rates of working 
areas are measured during annual maintenance 
outages. Primary circuit activities at the plant units and 
the radiation dose rates arising from them during the 
1989 annual maintenance outage were higher than in 
the previous year. The radiation dose rates of the 
Loviisa 2 primary circuit had risen by about SO % 
compared with the previous years. Dose rates 
measured on the circuit pipe surfaces at Loviisa 2 were 
about 2.5 times those of Loviisa 1. The principal 
emitting nuclides in the circuit were also relatively 
long-lived, so the changed radiation situation is more 
permanent than before. The differences in primary 
circuit activities are due to small differences in water 
chemistry but all affecting factors are not yet known 
with sufficient certainty. The Finnish Centre for 
Radiation and Nuclear Safety has called for the Imatra 
Power Co. Ltd to submit a report on the phenomenon 
and its causes. According to plans, potential measures 
in primary circuit chemistry and clean-up circulation 
will be implemented before the next annual 
maintenance. 

The primary circuit radiation dose rate is significant 
from the workers' radiation safety point of view. In 
comparison with the world's other PWR facilities, the 
raoiauon doses of the Loviisa plant's workers are still 
clearly below the average. 

3.4.3 Annual maintenance outage 

The annual maintenance outage at Loviisa 2 was held 
29.7.-18.8. The plant unit was disconnected from the 
national grid for 21.5 days. Besides nuclear refuelling, 
about 2100 pre-planned repairs and modifications 

were made during th outage. Furthermore, about 300 
repair plans for repairing the faults detected during the 
outage were made. The most important work done 
during the outage was as follows: 

• The reactor's 125 burned up and two leaking fuel 
rod bundles were replaced with 125 fresh fuel rod 
bundles and with two fuel rod bundles which had 
been outside the reactor. There are 313 fuel rod 
bundles in the reactor during operation. 

• There are six steam generators. The feedwater 
distributors of three of them were inspected. 

• Pipings were installed in the new back-up 
emergency feedwater system which will be 
commissioned in 1990 and test Dumpings were 
performed. The system is needed during accidents 
in the event of a potential failure of the regular 
feedwater system and the emergency feedwater 
system. 

• The generator was serviced and inspected. 
• Two of a total of six main circulating pump 

electromotors were serviced. 
• 20 tonnes of ice were added to the ice condenser. 
• The heat exchange pipes of one section of the sea 

water condenser were replaced. 
• A new process computer was installed. 

In addition to the above mentioned work, a number of 
other minor assignments were done at the plant unit 
during the outages. 

During the outage, no events occurred or observations 
were made which would have significance to safety of 
the plant unit or its surroundings. Besides the Imatra 
Power Co. Ltd's own staff, about 900 non-utility 
persons participated in the annual maintenance outage. 
The collective radiation dose arising from the work 
during the outage was ca. 0.97 manSv which is ca. 45 
% higher than last year's figure. The highest individual 
dose was 17.1 mSv. The authorised limit for a quarter 
of a year is 25 mSv. 

3.4.4 Error in the Technical 
Specifications relating to the 
water level of the fuel pool and 
the well no.l 

At the Loviisa plant, part of fresh and part of spent 
nuclear fuel is stored in fuel pools which are located 
in the reactpr halls. At both plant units, the pools are 
connected to the so called well no.Is which are used 
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for nuclear fuel transfers between the fuel pool and the 
fuel storage. Both the fuel pools and the well no. Is are 
water-filled. Water acts as a radiation shield for spent 
fuel. A minimum water level height is defined in the 
Technical Specifications. 

On the basis of a report accomplished in 1988, the 
water level in the reactor hall fuel pool and the well 
no.I shall be at its highest level (13 m measured from 
pool bottom) during operational conditions. Under 
accident conditions, this prevents the pools from 
becoming traps for the water which is sprayed to the 
containment via circulation. About IS % of the 
circulated water would become trapped. The 
Technical Specifications define the required water 
level. 

At the same time, Loviisa 1 and 2 have been working 
on a plan to cover the space between the reactor hall 
crane wall and the reactor containment building (the 
so called inner intermediate ring) with a roof to ensure 
the operability of electric and instrumentation 
equipment during water spraying. The covering with 

a roof of the intermediate ring would at the same time 
eliminate another trap for the water which is circulated 
in the containment building during accident 
conditions. Thus, water levels of the pools need not be 
at their highest level any more. 

The revised Technical Specifications which entered 
into force at die completion of this year's annual 
maintenance outages allow for an incomplete water 
level in the reactor hall fuel pool and the well no.I. In 
preparing for the new specifications it was assumed 
that at the time of their entry into force, the inner 
intermediate ring has been covered with a roof. The 
covering had not been done, however, and the mistake 
in the Technical Specifications escaped notice. The 
shift supervisor of Loviisa 2 noticed the state of affairs 
on 24.8. and the raising of pool levels was started at 
Loviisa 2. At Loviisa 1, the levels of water pools had 
been on the upper level all the time. The Technical 
Specifications were modified without delay to 
correspond to the current state of affairs. Water level 
had all the time satisfied the minimum level required 
for the radiation shielding of fuel placed in pools. 
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TVO I 

In the third quarter of1989, one safety-related incident occurred at TVO I: 
metal powder had entered the primary circuit. This was noticed during a 
post-scram start-up of the plant unit during which several control rod drive 
units had jammed so tight that the control rods could not be withdrawn. 
Inspections and cleaning up were started. 

No other reportable events occurred at TVO /. 

3.5 Safety-related incidents 
at TVO I 

3.5.1 Outage for cleaning the primary 
circuit of metal powder 

The power of the reactors of the TVO plant units is 
controlled i.a. by means of neutron absorbing control 
rods which are moved between the fuel rod 
assemblies. There are 121 control rods at both plant 
units. During reactor shutdown, control rods are fully 
inserted. Reliable insertion of control rods is the most 
important safety measure for tripping the reactor 
during disturbances. Operability of control rods is 
checked by agitating them at regular intervals. 

TVO I was detached from the national grid on 7.9. for 
repairing a water leak in the generator cooling system. 
In this connection, the plant unit operator carried out 
a reactor scram. During the scram, the control rods 
operated as planned, whereas, during reactor start-up, 
difficulties emerged in the withdrawal of several 
control rods. The jammed control rod drive units were 
opened for inspection. In the inspections, metal 
powder was found in the drive units which had caused 
their jamming. 

Under the prevailing circumstances, the metal powder 
did not hamper reactor shut-down since the jamming 

of a control rod drive unit in a similar case is possible 
only when a control rod is almost fully inserted. Also, 
the powers which insert a control rod (electric, 
hydraulic) are 6-8 fold in comparison with the 
withdrawing force. 

The origins of the metal powder could not be 
established immediately. An assumption was made 
that, apart from the now jammed control rod drive 
units, also other drive units contained the same metal 
powder. Inspections were thus extended to cover all 
control rod drive units and, in addition, die reactor 
pressure vessel and its internals as well as 
reactor-related process systems. In the inspections, 
metal powder was spotted in all control rod drive units, 
in the reactor pressure vessel and its internals, the 
decay heat removal system and, to a lesser extent, in 
the related systems. Inspections and cleaning up 
continue even after the accomplishment of the report 
period. 

The incident was submitted to police scrutiny. The 
Finnish Centre for Radiation and Nuclear Safety will 
issue a report on the incident after the police have 
accomplished their investigations. 

3.6 Other events at TVO I 

Nothing reportable. 
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TVOII 

Im the third quarter of 1989, no safety-nuaed incidents or other 
reportable events occurred at TWO II. 

3.7 Safety-related incidents 3.8 Other events 
at TVOII at TVOII 

Nothing reportable. Nothing reportable. 
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4 RADIATION SAFETY 

Individual occupational radiation doses during the third quarter of1989 
were below the dose limit. Also collective occupational radiation doses at 
both plant sites for the beginning of1989 were clearly below the omit 
recommended in the guides of the Finnish Centre for Radiation and 
Nuclear Safety. The releases of radioactive materials into the environment 
were considerably below the release limits. 

4.1 Criteria of occupational 
radiation protection 

Occupational radiation protection is based on 
legislation and the recommendations of the 
International Commission on Radiological Protection 
(ICRP). Radiation doses are aimed to be kept as low 
as practicable. 

In addition, dose limits for individual occupational 
doses have been set by the authorities. The dose limits 
are set so that the health risk to workers from radiation 
is low and comparable to occupational risks in 
professions which are considered safe. 

Total exposure arising from radiation is assessed by 
the sum of the workers' individual radiation doses, the 
collective radiation dose. 

4.2 Individual occupational 
radiation doses 

Individual occupational radiation doses in the report 
period remain clearly below the dose limit for three 
months, 25 mS v. The highest individual radiation dose 
in the report period, 20.1 mSv, was received at the 
Loviisa plant. The highest individual radiation dose 
from the beginning of the year until the end of the 
report period was 23.6 mSv. 

The distribution of individual occupational doses in 
the report period and from the beginning of the year 
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until the end of the report period is given in Table III 
which specifies the number of individuals in each dose 
range and at each plant site. The Table also shows a 
distribution which is the total number of workers in 
each dose range. The distributions comprise the doses 
of persons who have been recorded as nuclear power 
plant workers in the central dose file of the Finnish 
Centre for Radiation and Nuclear Safety. 

4.3 Collective occupational 
radiation exposure 

In the report period, the collective occupational 
radiation dose at the Loviisa plant totalled 1.68 manS v 
and at the TVO plant 0.57 manSv. 

The collective occupational radiation exposure from 
the beginning of 1989 until die end of the report period 
was 1.76 manSv at the Loviisa plant and 2.49 manSv 
at the TVO plant. 

The collective radiation dose accumulates mainly 
during the annual maintenances of the plants. The 
annual maintenances of the Loviisa plants occurred 
during this report period. During this period, also an 
outage started at TVO I forclcaning the primary circuit 
of the metal powder which had entered it. 

The dose limit recommended in the guides of the 
Finnish Centre for Radiation and Nuclear Safety is 5 
manSv/GWe per installed electrical power in one year 
which is in total 4.45 manSv/year for the Loviisa units 
and 7.1 manSv/year for the TVO units. 
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TabkW. Occupational dose distribution in the report periodandfrom the beginning of 1989 until end of 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 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
20-21 
21-25 
> 25 

Number 

Third quarter 
Loviisa TVO 

160 
100 
103 
55 
36 
48 
35 
27 
13 
10 
3 
7 
3 
3 
4 
2 
2 
1 
-
2 
2 
1 
-
-

173 
97 
75 
33 
13 
18 
9 
3 
2 
1 
-
-
-
-
-
-
1 
-
2 
-
-
-
-
-

of persons 

Total" 

336 
207 
181 
82 
50 
60 
49 
36 
20 
12 
4 
9 
3 
6 
4 
2 
3 
1 
2 
2 
2 
1 
-
-

in the dose range 

Beginning of 1989 
Loviisa TVO 

177 
98 

109 
59 
35 
46 
40 
29 
13 
9 
4 
7 
3 
4 
5 
2 
2 
1 
-
2 
2 
1 
-
-

368 
254 
269 
116 
66 
39 
41 
28 
20 
14 
8 
9 
6 
4 
3 
1 
1 
3 
-
2 
1 
1 
-
-

* These column! also include the data those Finnish worker» who have received doses M the Swedish nuclear pi 
The same person may have worked at both Finnish plant sites as well as in Sweden. 

Total* 

530 
338 
358 
172 
99 
75 
85 
49 
46 
28 
17 
16 
13 
11 
7 
3 
6 
5 
-
4 
3 
3 
1 
-

>wer plants. 

4.4 Releases and radiation doses 
in the environment 

The releases of radioactve materials into the 
environment in the report period were considerably 
below the authorised standard release limits (Table 
IV). 

The release limits have been determined so that for the 
individuals with the highest exposure, the annual 
whole- body radiation dose will not exceed 0.1 manSv. 
This is about 1/50 of the dose received annually from 
natural background radiation radon included and 1/50 
of the dose limit prescribed for the population 

by legisation. The release limits have been 
established for such nuclides and release channels as 
have significance from the viewpoint of the possibility 
of exceeding the individual dose limit. 

Thus, the radiation doses calculated on the basis of the 
release reports for those who live in the vicinity of 
nuclear power plants are very low. 

A carbon 14-release will cause a global collective dose 
which is approximately as high as the reference dose 
limit (5 manSv/GWe per installed electrical 
power).This collective reference dose limit is based on 
the limitation of the annual dose arising from the 
widespread use of nuclear power below 0.1 mSv per 
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individual living in the future. When defining the generated by nuclear power in the whole world 
collective dose limit it has been presupposed that an truncated at 500 years. The current use of nuclear 
averageof lOkW of electric energy per person will be energy inFinlandisaboutl/20ofthementioned value. 

Table IV. Releases cfradioacäve substances at each plant site. 

Plant site 

Loviisa 
Report period 
Beginning of 1989 

Olkiluoto 
Report period 
Beginning of 1989 

Annual release limits 
Loviisa 
Olkiluoto 

Releases into the air (Bq)* 

Noble gases 
("Kr-equiv.) 

be 

2.2 10 ,0c 

b 

1.9-1012 

2 . 2 l 0 , 3 c 

1.8 1016 

Releases into water 

Plant site 

Loviisa 
Report period 
Beginning of 1989 

Olkiluoto 
Report period 
Beginning of 1989 

Annual release limits 
Loviisa 
Olkiluoto 

Tritium 1 

1.3 • 1012 

1.1 • 1013 

2.9 10n 

1.1 1012 

1.5 • 1014 

1.8-1013 

Iodines 
(13,I-equiv.) 

1.9 10* 
2.4 108 

b 

1.2-10* 

2.2 101U 

1.1 • 10" 

(Bq)* 

Diner nuclides 

2.2-109 

2.2 • 109 

7.6-109 

2.4-10'° 

8.9 10 , , e 

3.0 10n 

Aeorosols Tritium 14C 

4.8 107 3.2 10u d 

1.7 109 8.7.10" d 

1.7 107 2.6 1010 d-
8.5 • 10* 9.3 • 1010 a 

* The unit of r»dio»ctivily it Becquerel (Bq); 1 Bq s one nuclear transformation per second. 
b Below the detection limit. 
' The calculator)/release of 41Ar from Loviisa 1 and 2 expressed as "Kr-equivalents was 3.1 • 10" Bq in the report period 

and 1.2 • 1&1 Bq from the beginning of 1989. 
* The 14C-release estimate based on experimental data was 6.2 • l0 1 0 Bq in Loviisa and 1.5- 1011 Bq in Olkiluoto in the report 

period. From the beginning of 1989 the estimates were 2.3 - 101' Bq and 4.5 • 1011 Bq, correspondingly. 
* The figure shows the release limit of the plant site on the on the presumption that there will be no releases of other release 

type*. The release limit is set in such a way that sum of the release limint shares of the various types is equal to or 
smaller than 1. 
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4.5 Radioactivity of 
environmental samples 

Radiation safety in the vicinity of nuclear power plants 
is monitored by means of regular sampling and 
analysis programmes. The objective of this monitoring 
is to follow the dispersal of radioactive releases from 
nuclear power plants to the environment and their 
transfer to food chains and to ensure that discharges 
remain below set limits. 

The number of samples taken in the vicinity of both 
plant sites in accordance with the environmental 
monitoring programme was about 180 in this quarter. 
Nuclides originating in the Loviisa power plant were 
delected in two samples of air (silver 110m) and in one 
sea water sample (cobalt 60, silver 110m) and in all 
samples of algae and sedimenting matter (manganese 
54, cobalt 58, cobalt 60, silver 110m). In Olkiluoto, 
nuclides originating in the power plant were present 

only in samples of the marine environment: all 
samples of algae, bivalves and sedimenting matter as 
well as in one sample of sea water and one sample of 
fish. The most common nuclide in these samples was 
cobalt 60. Of other power plant emitted nuclides, 
manganese 54, cobalt 58, zinc 65 and silver 110m were 
delected. Part of silver 110m stilt originates in the 
Chernobyl fallout Of the tritium detected in the 
Loviisa sea water samples, part is traceable to power 
plant emissions and part to nuclear test explosion 
fallout The detected concentrations were very low and 
are consistent with the release reports issued by the 
power companies. 

The other artificial nuclides detected originate in the 
falloutarising from the Chernobyl nuclear power plant 
accident. Apart from artificial radionuclides, 
environmental samples usually contain also natural 
radionuclides. 
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5 OTHER MATTERS RELATING TO 
THE USE OF NUCLEAR ENERGY 

Nothing reportable. 
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REGULATORY CONTROL OF 
NUCLEAR FACILITIES 

The regulatory control perforemd 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 
• Arrangements for nucleat 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 

FINNISH CENTRE FOR RADIATION 
AND NUCLEAR SAFETY 

APPENDIX 1 

• Performance tests of systems 
• Final safety analysis report on the structure and 

operation of the plant and the final safety analyses 
• Composition and competence of the operating 

organisation 
• Technical specifications 
• Nuclear fuel management and safeguards 
• Methods of nuclear waste management 
• Physical protection and emergency preparedness 

(Operating licence) 

Operating Phase 

• Start-up testing at various power levels 
• Maintenance, inspections and testing of 

components and structures 
• Operation of systems and the whole plant 
• Operation and competence of the operating 

organisation 
• Exceptional events 
• Repairs and modifications 
• Refuelling 
• Nuclear fuel management and safeguards 
• Nuclear waste management 
• Radiation protection and safety of 

the environment 
• Physical protection and emergency preparedness 
• Observance of quality assurance programme 
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APPENDIX 2 

PLANT DATA 

Plast 

Loviisa I 

Loviisa 2 

TVO I 

TVO II 

Start-*» 

8JL1977 

4.11.1980 

29.1978 

182.1980 

o ŝr1 

9.5.1977 

5.1.1981 

10.10.1979 

1.7.1982 

Rated power 
(vWacLMW) 

465/445 

465/445 

735/710 

735/710 

Type, 

Pressurized water reactor 
(PWR), Amnenergoexpon 

Pressurized water reactor 
(PWR). Amnenergoexport 

Boiling water reactor 
(BWR)^seaArom 

Boiling water reactor 
(BWR), Asea Atom 

Imatran Voima Co. Lid owns the Loviisa I and 2 plant units in Loviisa and Industrial Power 
Company Lid the TVO I and II plant units in Olkiluoto, Eurajoki. 
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