
n:jiniiPCTiini1i*!MT ii j T UTiTi ffwrrr r" T nrrirfti rtiinrni t r t r H r ^ ^ v r T i 
iMMHti®*)^ 

nii^ii ifit>iiil>ji)^;Xi»11 ' ' 

««WM 

- - - ^ . - ^ v i ^ ' - V 

. > - , * : - £ . - ; • • % . . ; <• ;, v-t- V v̂ ^ 
• C - - , r 

/ - V * .•*•*>'? 

•J .- - •-•' .- • • ,-• : ^ - -f - •• f,. ^ " . - . < . . . . . . r~ ' . • v . ' l k i V - - j . - V - - - . - : v - • - - - •,-, 



STUK-B-YTO 24 

SAFETY-RELATED INCIDENTS AT 
THE FINNISH NUCLEAR POWER PLANTS 

Quarterly Report 

First and Second Quarter, 1985 

Compiled by Pekka Lehtinen 

January 1986 

FINNISH CENTRE FOR RADIATION AND NUCLEAR SAFETY 

Department of Nuclear Safety 

Helsinki 1936 

Government Printing Centre 
ISBN 351-46-9313-1 
ISSN 0731-2334 



Finnish Centre for Radiation and Nuclear Safety 
Department of Nuclear Safety 
P.O. Box 268 
00101 Helsinki 
FINLAND January 1986 

STUK-B-YTO 24 

Compiled by Pekka Lehtinen 

SAFETY-RELATED INCIDENTS AT THE FINNISH NUCLEAR POWER PLANTS 
Quarterly Report: First and Second Quarter 1985 

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. 

INDEX TERMS PWR type reactors, BWR type reactors, safety-
related incidents at nuclear power plants 

UDC 621.039.56 

ISBN 951-46-9319-1 
ISSN 0781-2884 

17 pages 

DISTRIBUTED BY: Finnish Centre for Radiation and Nuclear Safety, 
Department of Nuclear Safety 



STUK-B-YTO 24 3 

CONTENTS pegs 

1 GENERAL 4 

2 DESCRIPTIONS OF SAFETY-RELATED INCIDENTS 
AND DISCOVERIES 5 

LOVIISA 2: Low level in a steam generator 
due to a fault in the measurement 
of the water level 

TVO I: Defects in the relief system 

TVO II: Disturbances in recirculation 
pumps 

3 DESCRIPTIONS OF ACTIONS IMPROVING SAFETY 11 

TVO II: Cracks in thermal mixing points 

4 OTHER MATTERS i3 

FIGURES 

Table I. Plant data 

Plant 
unit 

Start-up Commercial 
operation 

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

Loviisa 1 8.2. 1977 9.5. 1977 465/445 

Loviisa 2 4.11.1980 5.1. 1981 465/445 

TVO I 2.9. 1978 10.10.1979 735/710 

TVO II 18.2. 1980 1.7. 1982 735/710 

Pressurized water reactor 
(PWR), Atanenergoexport 

Pressurized water reactor 
(PUR), Atanenergoexport 

Boiling water reactor 
(BUR), AB Asea Atcm 

Boiling water reactor 
(BWR), AB Asea Atom 

Imatran Voima Oy owns the Loviisa 1 and 2 units and 
Teollisuuden Voima 0y the TVO I and TVO II units in Olkiluoto 
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1 GENERAL 

In January - June 1985, the F i n n i s h nuc l ear 
power p l a n t s operated e v e n l y and wi thout any 
g r e a t e r disturbances . The Loviisa plant un i t s 
operated wi thout i n t e r r u p t i o n s . Outs ide the 
r e g u l a r annual maintenances , the e l e c t r i c i t y 
production of TVO I uni t was i n t e r r u p t e d once 
and that of TVO II twice . Three interrupt ions 
occurred during the s t a r t - u p a f t e r the annual 
maintenance. In the report period, no event or 
discovery was of spec ia l s i g n i f i c a n c e t o s a f e t y . 
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2 DESCRIPTIONS OF SAFETY-RELATED INCIDENTS AND DISCOVERIES 

Loviisa 2: Low level in a steam generator due to a fault in the 
measurement of the water level 

Loviisa 2 plant unit has six steam generators of 
the horizontal type. The measurement of the 
water level in the steam generators is accomp
lished with two wide-zone (L005 and L051) and 
six narrow-zone (L001-L004, L006 and L061) 
measurements based on the measurement of pressure 
difference (Figure la). The wide-zone measurement 
L051 is connected to the reactor protection 
system (SUZ) and it trips the reactor if the 
water level sinks too low in two steam genera
tors. In addition, measurement L005 in each 
steam generator stops the primary circulating 
pump in the affected loop and causes an automatic 
power reduction on too low water level. The 
narrow-zone measurement L061 is connected to the 
plant protection system (YZ51/54) and it starts 
the emergency feed water pumps if the water 
level in one steam generator sinks too low. 
Besides that, the measurement gives a signal 
stopping the feed water flow if the water level 
rises too much in that steam generator. The 
rest of the measurements are related to the 
normal control and protection activities. There 
have been disturbances especially at Loviisa 2 
unit because the minus leg lines of the wide-zone 
measurement, which start in the lower part of 
the steam generator, have gathered dirt from the 
bottoms of the steam generators. Therefore the 
lines have been provided with blowing facilities 
for cleaning them from time to time. 

On 7 March, while Loviisa 2 unit was operating 
at 100 % power, the measurement lines L005/L051 
of steam generator YB54 were cleaned by blowing 
them. In about 14 minutes after the blowing 
there followed a sequence of events, in which 
the fast-acting feed water stop valve RL35S03 of 
steam generator YB15 closed and opened five 
times in five minutes. The valve acted in this 
way because the YZ measurement L061 intermit
tently, and falsely, indicated too high water 
level in the steam generator (set point + 
100 mm). In fact the steam generator level began 
to sink below the set point (2100 mm), but 
because of the fault, the measurement did not 
react correctly and the emergency feed water 
pumps did not start on the protection limit (set 
point - 140 mm). However, one emergency feed 
water pump (RL93D01) did start on the contzol 
limit (set point - 100 mm) as it was controlled 
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by measurement L001. When the steam generator 
level had sunk to 1600 mm, primary circulating 
pump YD15 stopped and the power reduction 
system (ROM) reduced the reactor power slowly to 
ca. 78 %. According to the operable measurements, 
the steam generator level was at its lowest 
about 1500 mm before it could be raised by 
concentrating feed water flow into this steam 
generator with manual operation. As a safety 
precaution, the turbine trip signal on high 
level was simulated off the steam generator in 
this situation. 

To clear up the fault in measurement YB15L061, 
the blowing of its measurement lines was started 
a little more than half an hour after the above-
mentioned blowing of the YB54 L005/LJ51 lines. 
Now it was found out that the blow valve in the 
plus leg of measurement YB15L061 had been slightly 
open (Figure lb). After the blowing of the YB54 
L005/L051 lines, when pressure had been released 
from the main blowing pipe that is common to all 
measurements, measurement YB15L061 leaked into 
this main pipe causing the above false indica
tions. The normal situation could be restored 
in a little less than two hours after the 
beginning of the incident. 

The incident is an example of the disturbances 
that blowing during the operation of the plant 
can bring about. Therefore the Finnish Centre 
for Radiation and Nuclear Safety has called for 
actions whereby the regular blowing of the water 
level measurements in the steam generators can be 
left out during operation. The following 
modification was made in the annual maintenance 
of 1985: 

- the measuring pipe in the lower part of 
one steam generator was provided with a 
perforated extension which will go 100 mm 
into the steam generator with the purpose of 
preventing the sediment from travelling into 
the measurement line (Figure lc). If the 
modification proves good, the rest of the steam 
generators will be modified accordingly 
in 1986. 

- the control of the fast-acting feed water 
valves will probably be modified in the 
annual mainteance of 1986 so that the closing 
of the valve would require that the limits of 
two level measurements be exceeded in a 2/2 
connection. 
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TVO I: Defects in the relief system 

The purpose of the relief system 314 is to blow 
steam from the main steam system into the 
condensate pool, if necessary. The most important 
tastes of the system are the over-pressure 
protection of the reactor and reduction of the 
reactor pressure in a LOCA in order to start the 
reactor core sprinkler system. The system 
comprises eight combined safety and relief 
valves and two valves which act only as safety 
valves. All ten valves are opened by pilot 
valves, which operate either electrically or by 
means of steam pressure (Figure 2). The 
electrical control of the safety valves is 
actuated only on high pressure in the reactor. 
The electrical control of the relief valves is 
actuated either by signal "START 314" taking the 
reactor power into account, or by the forced 
relief signal TB. The signal "START 314" is 
formed by two reactor trip conditions (one of 
these comes from high pressure in the reactor), 
by two containment isolation conditions, and by 
condition TS * D (turbine trip and a prohibition 
to lead steam into the condenser). 

Besides the relief and safety valves, the system 
includes two pressure control lines, both of 
which have a control valve preceded by a fast-
opening valve. The signal "START 314" also 
opens the fast-opening valves. According to the 
Technical Specifications of the TVO I and II 
units, the plant power shall be reduced to 95 % 
of the full power if one 314 valve is inoperable. 

Mechanical faults in the pilot valves 

From the standpoint of reactor over-pressure 
protection, it is important that the main valves 
of system 314 can open reliably and quickly. 
According to the type tests performed by the 
manufacturer of the valves, the opening time of 
the main valve may increase if there is a leak 
in the pilot valves or in the seals of the pilot 
valve line. This is due to the condensate that 
gathers above the piston of the main valve. As 
it vaporizes, it slows down the reduction of 
pressure in the space above the piston when the 
valve is being opened. Big leaks in the pilot 
valve can also make the main valve open unneces
sarily. Leaks in the main and pilot valves are 
monitored by means of temper?ture sensors, which 
are situated in the common relief pipes of the 
valves. The pilot valves of the valves that 
were added or modified in connection with the 
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upratlng pf the uni t s have r e l i e f pipes of 
their own, and so their leaks can be monitored 
separately from the leaks in the main valves. 

TVO I was placed in a shutdown for repair on 4 
January 1985 because of a leak detected in the 
pi lot valve of re l i e f valve 314V13. During the 
shutdown, the steam-operated p i l o t val'.es of 
safety valve 314V2 and re l i e f valve 314V9 were 
also replaced or repaired. 

The discarded p i lo t valves of 314V13 and 314V2 
underwent pressure and leak t e s t s , whereafter 
they were disassembled. Some mechanical damages 
were discovered in the e l ec tr i ca l ly operated and 
steam-operated p i l o t v a l v e s of r e l i e f vave 
314V13. In the return sec t ion of the steam-
operated valve, the upper part of the spring had 
become inclined so that i t s spirals did not go 
inside the s l ide when they were pressed together. 
The upper section of the s l ide counterpart could 
not move freely and might have become jammed 
when the valve was operating. In the e lectr ica l ly 
operated pi lot valve, the piston had broken in 
two, and the lower part was askew pushing the 
sealing surface of the chamber and causing i t 
some damage. The upper piston ring had remained 
intact but the lower had broken in three parts. 

The damages detected in both p i l o t valves of 
valve 314V13 were of such nature that i t i s 
uncertain i f either the e lec tr ica l or the steam-
operated pi lot valve could have opened the main 
v a l v e . According t o the pre l iminary t e s t 
results obtained in the Metals Laboratory of the 
Technical Research Centre of Finland, the damage 
in the piston of the electrically-operated pilot 
valve had not been caused by material defects. 
One reason for the valve damages may be the 
slamming of the main v a l v e open and shut, 
which has been accomplished by operating the 
e l e c t r i c a l p i l o t valve and the forced-closing 
valve in the p i l o t valve l i n e a l t ernate ly in 
order to reduce the detected leaks. However, 
this procedure can cause a pressure shock in the 
pi lot valves and result in such valve damages as 
were discovered. Because the reasons for the 
v a l v e damages are s t i l l being studied, the 
Finnish Centre for Radiation and Nuclear Safety 
has cons idered i t n e c e s s a r y t o forbid the 
slamming of the main valves until further notice. 

The Finnish Centre for Radiation and Nuclear 
Safety has a l so paid a t t en t ion t o the leak 
control of system 314 and has required that both 
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TVO units introduce a more accurate leak control 
system so that it is possible to distinguish 
between the leaks from all main valves and those 
from the pilot valves. 

Faults in the electrical control system 

On 6 January 1985, during the start-up after the 
repair shutdown, the reactor tripped as ". 
consequence of a turbine trip and an open vacuum 
breaking valve in the condenser. When ths 
operability of systems was consequently examined, 
it was discovered that the fast-opening valve 
314V19 in system 314 had opened and the control 
line in question had begun to regulate the 
reactor pressure, although another control line 
had been pre-selected and fast-opening valve 
314V20 should have opened. At this stage it was 
discovered that fast-opening valve 314V20 was 
inoperable. A decision was made to start the unit 
from the hot shutdown condition because the 
Technical Specifications did not forbid it. 
Valve 314V19 was chosen as the pre-selected 
fast-opening valve. 

When looking for a reason for the opening of 
valve 314V19, it was found out that the time 
circuit in the control circuit of its pilot 
valve was broken. The fault made valve 314V19 
open irrespective of the power level and the 
position of the control line selector always 
when the opening signal "START 314" was effecti
ve. The time circuit was repaired by replacing 
a faulty electronic card with a new one (Figure 
2a). 

As it was studied why valve 314V20 had not 
opened, it was noticed that the opening signal 
"START 314" intended for the pilot valve did not 
come through. Before a decision was made to 
start the reactor it was thought that the fault 
was in the control circuit of the pilot valve. 
While the reactor was operating at about 60 % 
power, it was discovered that a sequence unit in 
the logic circuit of the signal "START 314" was 
broken. The sequence unit card was replaced 
with a new card and its operation was tested 
with simulation. Because the "START 314" signal 
coming from the sequence unit is common to fast-
opening valve 314V20 and relief valves 314V9 and 
314V12, none of these valves would have opened 
when the signal became effective. However, the 
fault would not have prevented the valves from 
opening with the help of the steam-operated 
control. Neither would the fault have affected 
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the forced relief operation. 

When an assessment is made of the effect of the 
detected faults on the operation of the plant 
unit, it can be said that the fault in the 
sequence unit had caused a situation in which 
the valves 314V9 and 314V12 could rely only on 
the steam-operated control. From the point of 
view of the maximum pressure that is achieved in 
over-pressure protection, the fault had no 
significant impact, provided that the steam-
operated control works as planned. During 
transients that involve a minor increase in 
pressure, the reactor power could have risen a 
little higher than planned. However, this would 
not have had a significant effect on safety. 

In spite of what is said above of the safety 
significance of the faults, the Finnish Centre 
for Radiation and Nuclear Safety has paid 
attention to the Technical Specifications of the 
TVO I and II units and to the operation of the 
power company in the start-up phase of the 
unit. The location of the faults and all their 
consequences should have been investigated more 
accurately before the start-up. Now the start-up 
procedures were continued while the fault was 
being looked for and repaired. As a consequence 
of the event, the Finnish Centre for Radiation 
and Nuclear Safety has considered it well-founded 
to require some changes in the stipulations of 
the Technical Specifications concerning the 
start-up after a scram. The existing Technical 
Specifications were not violated during the 
event. 

The Finnish Centre for Radiation and Nuclear 
Safety has also paid attention to the scope of 
the periodic testing of the control logic in 
system 314 valves, which proved insufficient in 
connection with the event. The Centre has 
required that the annual periodic testing of the 
control logic of system 314 valves be planned in 
such a way that the logic will be tested 
thoroughly and in every respect. The plans 
shall be ready by the annual maintenance shutdowns 
of 1985. 

TVO I and II: Disturbances in the recirculation pumps 

In the auxiliary power supply of the TVO units, 
there have earlier been some cuts which have been 
caused by change-overs resulting from disturbances 
in the rotary converters. Therefore, in the 
annual maintenance of 1985, two out of the four 
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subdivisions in the electrical system of TVO II 
unit were provided with UPS equipment, which 
ensure break-free 220 V alternating current to 
the most important components. 

Earlier, the auxiliary voltage to the converters 
feeding the recirculation pumps had been taken 
directly from the rotary converters at 380 V 
voltage. 

As the feed voltage was changed from 380 V to 
220 V, the connections in the auxiliary voltage 
transformers had to be modified. However, when 
the new connections were designed, it was not 
noticed that the need for power is higher in the 
start-up phase. With the new connections, the 
auxiliary voltage transformers were over-loaded 
and damaged when the need for auxiliary power 
increased as the rotating speed of the pumps was 
raised. 

The transient took place a few days after the 
start-up of TVO II unit on 3 June. Four 
recirculation pumps out of six stopped one by 
one within an hour. Ten minutes before the 
stopping of the fourth pump, there was a fire 
alarm caused by smoke coming from the heated 
auxiliary voltage transformers. The operator 
tripped the reactor manually two minutes after 
the fourth pump had stopped. The process 
computer of the plant also stopped during the 
event. 

As a repair action, the power supply to the 
recirculation pumps was restored to the condition 
that had prevailed before the refuelling 
shutdown. The damaged auxiliary voltage 
transformers were replaced or re-wound. The 
design for new connections was commenced. It is 
intended that the supply of auxiliary voltage be 
modified so that it comes from the UPS equipment. 

3 DESCRIPTIONS OF ACTIONS IMPROVING SAFETY 

TVO II: Cracks in thermal mixing points 

The reactor feed water system 312 contains two 
parallel feed water lines. These lines are 
connected to the shutdown cooling system 321 
inside the containment, as shown in Figure 3. 
The connection can be isolated from the reactor. 
When the reactor is operated at full power, the 
temperature of feed water is about 180 °C and 
the temperature of system 321 is 275 °C. The 
temperature differences ara at their greatest 
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during hot shutdowns and during start-up and 
shutdown procedures. Then the temperature of 
feed water can be 20...30 °C. In this situation, 
the amount of flow In system 321 has also been 
Increased. It Is Intended that In this way It 
Is possible to reduce the number and severity of 
the temperature fluctuations that affect the feed 
water inlet of the reactor pressure vessel. 
During a hot shutdown, some water has to be 
added into the reactor and it can be done 
through system 312. Then the area that has been 
warmed by the 321 flow is filled with cold water, 
which causes a thermal shock and temperature 
variations resulting in thermal fatigue. 

Previous inspections of the mixing point 

The mixers shown in Figure 3 were installed in 
both feed water lines in 1982 on the plant 
supplier's recommendation. Up to that time, no 
signs of cracks had been detected on the inner 
surface. In the annual shutdown of 1983, 
indications in excess of the reporting limit 
were discovered in both lines, more in line 2. 
All indications could be accepted on the basis 
of ASME XI and no repairs were made. In the 
shutdown of 1984, the indications had somewhat 
grown and their number in leg 2 was 13. The 
cracks were mostly ground to make them fell 
below the reporting limit of ultrasonic examina
tions. The experiences at TVO I unit were 
similar, but less acute. 

Inspections and actions in the shutdown of 1985 

Several indications have been revealed by 
ultrasonic examinations in the mixing points. 
Leg 1 had 11 indications exceeding the reporting 
limit (- 6 dB), all of which were below the 
reference fault. Leg 2 had 18 indications, out 
of which 7 were equal to or larger than the 
reference fault. On the basis of the reflected 
echo, the depth of the latter cracks was estimated 
to be 2 to 3 mm. The diffraction method gave a 
maximum depth of 4.5 mm (_+ 0.5 mm) to one 
crack. The depths of the other indications 
remained below 2 mm. The original wall thickness 
is about 20 mm. The same indications were also 
noticed with a liquid penetrant examination 
inside the pipes. 

Because one of the flaws exceeded the acceptance 
limit that is applied to continuous operation, 
the cracks could not be left as they were 
without more extensive analytical investigations. 
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The loads are, however, not known accurately 
enough. The basis would have been a belief that 
the crack growth stops at the penetration depth 
of temperature variations during fast temperature 
fluctuations. 

In accordance with Standard ASME XI, it could be 
ascertained that all the detected indications 
were clearly acceptable for operation until the 
next refuelling shutdown, at least. However, 
because of the complexity of the problem, it is 
possible that the final repair cannot yet be 
made in the annual maintenance of 1986. Therefore 
the power company TVO decided that the section 
containing the indications in leg 2 of system 
312 be surrounded with a welded overlay that is 
5... 8 mm thick and about 100 mm wide (Figure 
3), using an acceptable welding method. The 
welding was performed while the pipe was filled 
with water and so there was a favourable compres
sion stress around the cracked area. 

The welding succeeded in every respect as 
planned. The reference inspections following 
the welding were performed with ultrasonic, 
liquid penetrant and eddy current methods, the 
reliability of which was found to be relatively 
good in this case. 

Further actions 

All mixing points (also at TVO I) will be 
inspected during the annual maintenance of 
1986. If it is then assessed that the situation 
has essentially deteriorated, it is possible to 
provide the necessary areas with welded overlays. 
If the pipe section that was now repaired should 
deteriorate, a decision on the repair actions 
will be made on the basis of the inspection 
results that are obtained at the time. One 
option is a renewed overlay. 

TVO is prepared to replace the T-leg in the 
mixing point of systems 312/321 at the latest in 
the shutdown of 1987. It is also intended that 
mixers of a new type be supplied at the same 
time. Their basic design has already been 
completed. 

4 OTHER MATTERS 

Nothing reportable. 
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Steam generator YB15 
level/nni 

Emergency feed 
water punp HL33D01 
started Primary circulating 

punp YD15D01 stepped 

10.29 

Peed water valve RL35S03 
shut limit L = N + 100 nm 
(measurement VB15L061) 

Feed water valve RL35S03 
open limit L * N + 50 ran 
(measurement Y£15L001) 

Normal level N = + 2100 mn 

"Control limit start" of 
emergency feed water pump 
when L<N - 100 ran 
(measurement Y315L001) 

The YZ start limit of 
emergency feed water putp 
L<N - 140 nro 
(measurement YB15L061) 

j Reactor protection (SUZ) 
S trip limit L< N - 300 itm 

(measurement V315L051) 

Stop limit of primary 
circulating pump 
L<N - 500 ran 
(measurement XB15L005) 

YS15L001 display at the 
time of detection 

/Q\ YB15L005 display at the 
^ time of detection 

( ^ Y315L061 display at the 
time of detection 
(failed measurement) 

10.30 10.40 KRS 

Feed water 
valve RL35S03 
closed and 
opened once 

Feed water 
valve RL35S03 
closed and 
opened four times 

Figure la Steam generator water level : l imi t s , 
protections and measurements 
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Stean generator YB15 

Level I 
measurement 
transmitter 

Drain valve 
of the blew 
syster. 

Blow valves in 
the impulse lines 
of measurements 

This valve was 
found to be open, 
which was the 
primary cause of 
the transient 

T2 

Figure lb Connections between the meaburement lines 
in the steam generator 
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Figure lc Measuring pipe 

Forced-closing valve 
, EkLu Electrically 
(f™ ^ I r \ | / operated 

pilot valve 

Pilot valve 
operated by 
steam pressure 

Steam 
pipe 

To condensate pool 

Figure 2 Relief valve control 
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