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Abstract 

Loviisa nuclear power station consists of two 440 MWe 
PWR units. Loviisa 1, the first nuclear power plant 
in Finland, started commercial operation in 1977 and 
Loviisa 2 in 1981. In general the instrumentation and 
control systems of the plant have performed well and 
the general design solutions have been satisfactory. 
In spite of this after the start-up of the plant a 
lot of backfitting work of instrumentation and 
control systems has been carried out. Major 
contribution of the backfitting work is due to the 
fact that safety requirements become stricter as new 
technological innovations find application and as 
lessons are learnt from experience with operating 
plants. 
Especially the lessons learnt from TMI-2 have 
influenced Loviisa instrumentation and control system 
backfitting. Only a minor part of the backfitting 
work has been the changing of components that have 
turned out to be unrealiable or correcting design 
deficiencies. 
The paper gives an overview of the backfitting work 
of the instrumentation and control systems of Loviisa 
plant and some examples of adopted solutions are 
described in more detail. New measurements for 
accident monitoring are described. A description is 
given concerning changes that have been made or that 
are planned to the plant protection system. The 
environmental qualification of safety celated 
equipment located inside containment has been 
assessed. Work in the field of man-machine 
communication is discussed. On-line surveillance 
system of plant main components is described. 



I 
INTRODUCTION 

Loviisa is a twin-unit nuclear power station located 
on the southern coast of Finland. Lovilsa 1, the 
first nuclear power plant in Finland, started 
commercial operation in 1977 and Loviisa 2 in 1981. 
Each unit has a capacity of 440 MWe and a Soviet-made 
reactor of the type WER 440 and two Soviet-made 
turbines. The owner of the plant, Imatran Voima Oy 
(IVO), participated actively in the planning and 
construction of the plants and it was responsible 
a.o. instrumentation and control (I k C) engineering. 
The major part of the instrumentation and control 
systems of the plants where supplied from western 
countries, mainly from Germany (FRG). 
Both units have performed well as the load factors 
of 1983 90 % and 86 % show. In general also the 
instrumentation and control systems of the plant have 
performed well and the general design solutions have 
been satisfactory in regard both to economy and to 
safety. The safety solutions represented well the 
state of art of the day. 
In spite of this after the start-up of the plant a 
lot of backfitting work of instrumentation and 
control systems has been carried out. This work 
employs roughly 5 persons in our I & C engineering 
office. Major contribution of the backfitting work is 
due to the fact that safety requirements become 
stricter as new technological innovations find 
application and as lessons are learnt from experience 
with operating plants. 
Especially the lessons learnt from TMI-2 have 
influenced Loviisa I & C system backfitting. Only a 
minor part of the backfitting work has been the 
changing of components that have turned out to be 
unreliable or correcting design deficiences. 
In this presentation an overview is given of the 
backfitting work of the instrumentation and control 
systems of Loviisa plants and some examples of 
adopted solutions are described in more detail. The 
following themes are discussed 

post accident monitoring 
protection system modifications 
environmental qualification 
control room and man machine communication 
on-line surveillance system for plant main 
components. tt 

2 
POST ACCIDENT MONITORING 
After the TMI-accldent special attention was focused 
to post accident monitoring capabilities in nuclear 
power plants. Among the lessons learnt from the 
accident was that more and better information should 
be provided to the operators during and following an 
accident in order to come to right conclusions. It 
was also noticed that many important measurements 
where out of scale during the accident. The USNRC 
issued fairly soon after the accident a new revision 
of Regulatory Guide 1.97 "Inst umentation for Light-
Water-Cooled Nuclear Power Plants to Assess Plant and 
Environs Conditions During and Following an Accident. 
This guide introduced new specific requirements on 
post accident monitoring instrumentation. An 
assessment was made how the uxisting instrumentation 
of Loviisa plant fulfilled these new requirements. As 
a result new measurements with extended ranges have 
been and will be added to the plant. 

As an example the existing containment pressure 
measurements were supplemented with two redundant 
wide range measurement channels with the range 
extending four times the design overpressure of the 
containment. 
It was also noticed that the requirements for the 
range and redundancy of containment floor and sump 
water level measurements were not met. Two redundant 
capacitive level measurements were Installed. 
The requirements for the ranges of radiation 
monitoring equipment where much stricter than the 
practice of the day. To meet these new requirements 
the plant radiation monitoring system was 
supplemented with a.o. the following extended range 
measurements 

Containment radiation was measured up to 
300 R/h. Two new monitors for each units 
were installed with range 1 - 1 0 R/h. 
The noble gas activity of the plant vent 
stack was measured up to 1 Ci/m . A new 
monitor for each unit was installed 
extending the range up to lu Ci/m . 

After TMI the possibility of a hydrogen explosion 
that could break the containment became an issue. In 
the case of Loviisa it was given as a new design 
basis that 75 % of the zirconium in the reactor would 



react with water forming hydrogen. The hydrogen 
behaviour in the containment was studied with 
computer codes, and as a result of thes? studies it 
was decided that a hydrogen burning system using 
glow-plugs in the containment is implemented and that 
the existing removable hydrogen monitoring system 
shall be replaced by a new fixed one with range up to 
10 %. The system chosen for this task uses so called 
diffusion probes which are located within 
containment. The measuring principle of the diffusion 
probes is catalytic burning of hydrogen in a detector 
chamber whose temperature is measured with a 
resistance sensor. This resistance is measured using 
compensation resistance sensor in an inactive chamber 
with a Wheatstone bridge connection. The electronics 
of the system for signal conditioning ace located in 
electronics rooms outside containment. 

During the TMI-event, in spite of many indications, 
operators were unaware of the actual cooling 
conditions of the reactor coce. This has put emphasis 
on providing improved monitoring instrumentation to 
give a clear indication of inadequate core cooling 
conditions to the operators. In this area it was 
decided that for Loviisa plant a system for 
saturation margin and, core exit temperature 
monitoring will be implemented and installed in the 
next revisions of the units. 
The system calculates the saturation margin using 
reactor coolant system pressure and hot leg 
temperature as inputs and it monitors core exit 
temperature in 24 points. The range for saturation 
margin is from 100*C subcooling to 20*C superheat 
and the range for core exit temperature extends to 
12S0'C. 
Figure 1 shows schematically the principle of the 
system. The existing reactor coolant pressure 
measurements (4 redundant + 1 narrow scale,) hot leg 
temperature measurements (one in each loop) and core 
exit thermocouples (24 out of 210) are used as inputs 
to the system. These inputs are led to a calculation 
unit which converts the input signals into digital 
form and processes the signals digitally. The system 
calculates from the pressure input the corresponding 
saturation temperature and compares it with the 
measured hot leg temperature. The difference is 
continuously shown in the control room panel. The 
system also calculates the corresponding saturation 
pressure from the hot leg temperatures, compares it 
with measured pressure and the difference is shown in 
another display in the control room panel. 

In this display operators can with a pushbutton 
select also other parameters e.g. each individual hot 
leg temperature etc. The displays are shown in figure 
2. As to the core exit temperatures the maximum 
absolute value of the 24 channels is continuously 
shown in the control room panel. Furthermore there is 
a selection display where a selected channel or 
average value can be monitored. The saturation margin 
is also calculated for the maximum core exit 
temperature and when it is zero an alarm is given 
indicating that boiling occurs in the reactor and 
when it shows superheating another alarm is given. 
This alarm is an indication of coolant level reaching 
the top of the coce. The saturation margin derived 
from coce exit temperature is also shown in the 
selection display.The system provides also othec 
alarms and features like a possibility to manually 
disregard certain input values. 

In addition to the system described above the 
saturation margin will also be calculated by the 
process computer of the plant using the same 
measurements as inputs. The values are displayed on 
the CRTs of the process computer. 
The saturation margin monitoring system is vecy 
useful in the early stage of an accident but in a two 
phase stage reactor vessel liquid level indication 
would be helpful for the operators to be well aware 
of the situation. As mentioned above the core exit 
temperature superheat alarm would give information of 
the level at one elevation. We have been assessing 
different possibilities lu measure the level. The 
heated junction thermocouple level sensors have been 
under a closer look and turned out to be feasible. 
However no decision of installing any reactor vessel 
level measurement system has yet been made. 

3 
PROCTECTION SVSTEH MODIFICATIONS 

In Loviisa plant there are two systems for reactor 
protection 

Reactor trip actuation system delivered by 
the Soviet reactor supplier. 
Engineered safety features actuation system 
which is of German (FRG) origin. 

The reactor trip actuation system consists of two 
channels each employing three measurements per 



parameter with two out of three selection. The logic 
is implemented with relay techniques with fail-safe 
characteristics. After some modifications in the 
power supply of the system and after changing some 
components that turned out to be unreliable the 
equipment has performed satisfactorily. 
The engineered safety features actuation system 
consists of four redundant channels with 2 out of 4 
selection logic for measurements. The logic is 
implemented with so called dynamic pulse logic 
techniques. The equipment has performed well. 
The redundant channels of the system are separated 
physically and electrically to diminish the 
probability of common mode failures. The effects of 
fires in different locations in the plant have been 
reviewed and as a result of these assessments fire 
barriers between redundant channels have been 
strengthened. 
The TMI-event has influenced also the protection 
systems of Loviisa plant. Some of the process 
criteria for actuating protection functions were 
modified. For example the high pressure safety 
injection was formerly actuated only on low 
pressurizer level. In a situation like at THI wheu 
the coolant leaked through the pressuriier relief 
line this signal would not work. A new signal for 
high pressure safety injection was added to the 
system. Now the high pressure safety injection is 
also actuated when reactor coolant system pressure 
decreases below a preset limit. The signal can be 
manually bypassed when steam line pressure is below 
a preset limit. 
A minor TMI induced modification was the lowering of 
the set point of reactor trip on high reactor coolant 
pressure to get a larger margin for pressurizer 
safety valve operation. 
As one result of an analysis concerning certain 
feedwater line breaks a reactor trip signal actuated 
on low steam generator level was added. 
Recently extensive analysis work has been carried out 
concerning pressurized thermal shock on the reactor 
pressure vessel and the reactor coolant system 
pressure boundary. Rapid cooldown of the reactor 
coolant system has a strong impact on the strenght of 
the steel that has become brittle due to radiation. 
The rapid cooldown may be caused e.g. by leaks in the 
secondary side, by operation of high pressure safety 

injection pumps or opening of pressurizer safety 
valves and their being stuck open. To decrease the 
probability of such rapid cooidown transients some 
modifications to the protection systems have been 
planned, but the decision whether they are 
implemented has not yet been made. 

To diminish the cooldown by the four redundant hlgn 
pressure safety Injection pumps it has been suggested 
that a change-over automatic feature Is made tw the 
protection system. In the existing system all the 
pumps are started when safety injection signal is 
initiated. According to the proposed scheme only 2 
pumps will start and each pump has a spare pump in 
stand-by and the latter are started if the former 
pumps fail in their safety function (if the pumps 
don't start, if they stop or if the line is not 
open). 

In the case of steam line breaks the existing 
protection system closes the steam line isolation 
valves and thus isolates the leak when the steam 
collector pressure decreasing rate is high or whan 
the pressure difference between steam collector and 
steam generator is high. These signals operate only 
when the steam line breaks are very large. Their 
safety function is in large st«am line breaks to 
prevent excessive cooling of the reactor coolant in 
order to avoid uncontrolled reactor criticality. A 
new protection signal has been proposed for steam 
line isolation to protect the reactor pressure vessel 
against thermal shocks in the case of intermediate 
size leak in the steam lines. The proposed signal 
is: "Low steam collector pressure" AND "Keactor 
coolant pressure higher than a present limit" AND 
"Low pressurizer level". If there is a leak in the 
steam line the steam collector pressure drops which 
accounts the first part of the signal. For start-up 
and shut-down this signal is inhibited by the latter 
two, the last one indicating abnormal cooling. 

An example of a cooldown transient is the case when 
turbine operates on higher power than the power 
generated in the reactor. This was studied after an 
event in Loviisa where control rods dropped into the 
core because of a power supply failure without any 
trip signal. In this case the turbines would not have 
tripped automatically early enough. Fortunately the 
operator tripped the turbines almost instantaneously. 
To cope with this situation automatically a new 
signal for turbine power limitation and turbine trip 
is planned which is actuated when pressurizer level, 
which is an indirect indication of reactor power, 



66 deviates excessively from a reference signal formed 
the from turbine power. 
When analyzing the capabilities of proposed new 
protection signals like the ones mentioned above the 
full-scale training simulator has turned out to be a 
valuable tool. 
A problem related to protection and safety systems is 
a tendency of certain valves that their torque switch 
signal will appear momentarily when the valve 
actuator recieves an "open" signal. This torque 
switch signal prevents the opening of the valve. When 
collecting failure data in the plant it was noticed 
that about half of all safety related failures in the 
plant mechanical components where these stuck valve 
failures. These failures were typically found during 
periodical test of safety and protection systems. 
After thorough studies one of the solutions to the 
problem was the following. 

When the valve is at closed position the travel 
switch signal "closed* is on and stays on when 
opening the valve until the valve steam has moved 
over the switch set point. It was desided that the 
open-direction torque switch signa\ is bypassed when 
the "closed" travel switch signal is on and the 
bypass is removed when the "closed" travel switch 
signal disappears. This logic was easily implemented 
by adding one or two diodes in the valve actuator 
terminal box. This modification has been done to 
those valves that have caused most trouble in this 
respect. The number of stuck valve failures in the 
plant has desreased and this solution has had a 
significant contribution to this decrease. 

4 
ENVIRONMENTAL QUALIFICATION 

When the instrumentation and control equipment were 
specified and purchased for Loviisa plant the 
environmental qualification of equipment for accident 
conditions was not well established. After TMI also 
this subject has been reviewed. The I & C equipment 
located inside containment which are needed during 
and following >n accident were identified and their 
environmental endurance has been assessed. A lot of 
tests have been carried out. As a result of these 
studies some equipment has been or will be replaced. 
For example pact of the control cabling has been 
replaced by cables with Flamtrol insulation. As a 

result of tests simulating hydrogen burning in the 
containment junction boxes made of polycarbonate have 
been replaced by cable splices with shrink sleeve in 
such locations where, according to the containment 
hydrogen analyses, the environmental conditions are 
worst during hydrogen fires. 

The qualification for LOCA environment ( + hydrogen 
fire) is not an easy task and a lot of work remains 
to be done in this field all over the world and in 
Loviisa, too. This is why we are very satisfied with 
the solution adopted during Loviisa plant design that 
all pressure and differential pressure transmitters 
are located outside containment. The measurement 
pipes penetrate the containment and they are equipped 
with check valves which eliminate leaks outside 
containment. 

5 
CONTROL ROOM AND MAN-MACHINE COMMUNICATION 

The main control room lay-out is shown in figure 3. 
The most important controls and indicators are 
located in the control console as well as the CRTs of 
the process computers. Also the panels contain 
control push-buttons and indicators. The CRTs of the 
computer show alarm print-outs, process diagrams, 
trend curves etc and it has a dominant role In plant 
supervision. In the panels and partly in the console 
the controls and indicators are located within mimic 
diagrams. 
The main control room of Loviisa has turned out to be 
very satisfactory from the human factors point of 
view. Hence very little backfitting work has been 
done in this field. 
One of the most essential problems in the field of 
man-machine communication is that at big disturbances 
too much and needless process-information, especially 
alarms, is presented to the operators so that it is 
hard to utilize the essential information. As a R t 0 
project IVO has examined a method of suppressing 
unnecessary alarms. The method adopted is cause-
consequence analysis of alarms based on typical p'ant 
transients which have occurred in Loviisa plant. 
Alarm logic was designed for those case transients 
and validated by the full-scale training simulator of 
the Loviisa plant. The method used is quite simple 
compared with e.g. examination of all alarm messages 
existing in the alarm system. The very promising 
results indicate that even more than a half of all 



alarms occurring at big process transients can be 
suppressed from display without losing any necessary 
process information. An example of the results is 
shown in fiqure 4. As a result of the experiments 
this type of alarm logics have been designed into the 
Loviisa process computer but not yet implemented. 

A major backfitting work in the future will be the 
replacement of the process. Although the current 
computer has performed well this must be done because 
the equipment technology is obsolete and difficulties 
to get spare parts are foreseen. This project is now 
in a preplanning stage. 

6 
ON-LINE SURVEILLANCE SYSTEM OF PLANT MAIN COMPONENTS 

The fast development of microelectronics has made it 
possible to construct systems by which the condition 
of power plant components can be surveyed on-line. 
The decrease of the prices of such systems on one 
hand and the increase in size of the power plant 
components on the other hand is leading to a 
situation that the system will pay back its prize if 
a single failure of the components or a needless 
outage can be prevented. 
Also the safety of the plant is enhanced by 
surveillance systems especially in the case of prima
ry circuit vibration and loose parts monitoring. 
for these reasons after the start-up of Loviisa 1 
systems for main component surveillance were 
installed evolving into a surveillance system of 
today which is shown in figure 5. 
The surveillance system can be divided into two 
operational levels. On the first level the so called 
primary systems continuously measure the vibrations 
of the plant main components, i.e. turbines, primary 
coolant pumps (PCPs) and the primary coolant system, 
and warn immediately if the vibrations exeed the 
preset levels. The primary systems are analog 
measurement devices and capable only of very limited 
signal processing. 
The second level consists of a computer-based 
analyzing system connected to the primary systems and 
also to some process measurements through a 2/32-
channel multiplexer. The heart of the analyzing 
system consists of a PDP 11/35 computer and a 

two-channel measurement unit with analog-to-digital 
converters. The analyzing system is capable of 
carrying out sophisticated spectral and statistical 
analyses of the measurement signals. 
The main surveillance methods used by the system are 

noise measurements 
measurements of mechanical vibrations! 
impact measurements. 

Uy the noise measurements process variables (neutron 
flux, temperatures, pressures) are measured in 
frequency range 1 mtiz to 100 Hz. For example reactor , 
core pendulum movement can be monitored by measuring 
the noise of out-core neutron flux signals. 
Mechanical vibrations are measured in frequency range 
10 Hz - 10 kHz in order to survey the condition of 
the turbines and primary coolant pumps. 
Impact measurements are used for detecting loose 
particles in the primary circuit. The monitoring 
systems uses the resonant frequency of the 
accelerometers (28 kHz). 

7 
CONCLUSIONS 

In the case of Loviisa nuclear power station we have 
learnt that the work in the I S C engineering office 
is not finished when a nuclear power plant is 
started. In order to keep up with the evolving 
requirements for nuclear safety and technological 
innovations a lot of backfitting work must be done 
continuously. In this work the Finnish safety 
authorities have played an important role in pushing 
u*3 to work hard for enhancing the safety of the 
plant. The backfitting work of Loviisa plant has by 
no means been unbeneficial. It has enhanced the 
safety and economy of the plant and it has given us 
valuable experience to tackle instrumentation and 
control systems also at future power plants. 
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Figure 5 
Schematic diagram of the surveillance system 
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