
   1 (8) 
    
   
   
   
 

UTILIZATION OF THE SIMULATORS IN I&C RENEWAL PROJECT OF LOVIISA NPP 
By 
Mr. Kari Porkholm*, Ms. Aino Ahonen**, Mr. Olli Tiihonen*** 
*       Manager, Fortum Nuclear Services Ltd, P.O.Box 100, 00048 FORTUM, Finland 
**     Engineer, Fortum Nuclear Services Ltd, P.O.Box 100, 00048 FORTUM, Finland 
***   Product Manager, Technical Research Centre of Finland, P.O.Box 1604, 02044 VTT, Finland 
 
 
ABSTRACT 
 
There are two VVER-440 type reactors in Loviisa Nuclear Power Plant. The first unit has been in 
operation since 1977 and the second since 1980. The availability of the plant as well as the 
operational experiences of the I&C systems are good. However it is obvious that the lifetime of the 
original I&C systems is not sufficient to guarantee the good availability of the plant in the future. 
Due to this fact a project for the renewal of the existing I&C systems has been started at Loviisa 
Nuclear Power Plant. In the project the analogue I&C systems will be renewed by digital I&C 
systems in four phases during 2005...2014. 
 
Simulators will be utilized extensively in the project to assure that the renewal of I&C systems can 
be realized safely and economically. An engineering simulator will be used in the design and 
validation of the modifications of the renewal I&C systems. A development simulator is aimed for 
the design, testing and acceptance of the new Man Machine Interface. A testing simulator will be 
used for the testing of the new I&C systems and retuning of the controllers mainly during the 
Factory Acceptance Tests. A training simulator will be used in training the operators and the other 
technical personnel in the operation of the new monitor-based control room facilities. All the 
simulators in the renewal project are based on APROS (Advanced PROcess Simulator) Simulation 
Software. 
 
Fortum Nuclear Services Ltd and the Technical Research Centre of Finland have developed 
APROS Simulation Software since 1986. APROS is a good example of the real multifunctional 
simulation software; i.e. it can be used in process and automation design, safety analysis and 
training simulator applications. APROS has been used extensively for various analysis and 
simulation tasks of the Loviisa Nuclear Power Plant in the past years. It has also been applied to 
various nuclear and thermal power plants elsewhere. 
 
First a short overview of Loviisa Nuclear Power Plant, Loviisa Training Simulator, APROS 
Simulation Software and the Loviisa I&C renewal project are given in the paper. Then a concept of 
the engineering, development, testing and training simulators is presented. Finally the utilization of 
the simulators in Loviisa I&C renewal project is described and benefits and risks gained on the use 
of the simulators in this kind of project are discussed. 
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1. INTRODUCTION 
 
The lifetime of the original I&C systems of Loviisa Nuclear Power Plant is not sufficient to 
guarantee the good availability of the plant in the future. Due to this fact a project for the renewal of 
the existing I&C systems has been started at Loviisa Nuclear Power Plant. In the project the 
analogue I&C systems will be replaced by digital I&C systems in four phases during 2005...2014. 
 
Simulators will be utilized extensively in the project to assure that the renewal of I&C systems can 
be realized safely and economically. Engineering, development, testing and training simulators will 
be used in the project. All these simulators are based on APROS (Advanced PROcess Simulator) 
Simulation Software [1], which has been developed by Fortum Nuclear Services Ltd and the 
Technical Research Centre of Finland since 1986. 
 
 
2. BACKGROUND 

The Loviisa Nuclear Power Plant has two VVER-440 type pressurized water reactor units, 
originally delivered from Soviet Union. In order to comply with the Finnish nuclear safety 
standards, many of the plant safety systems such as emergency core cooling system and gas tight 
containment had to be added to the original Soviet design. Specifically, the instrumentation and 
automation systems (not including reactor protection system) as well as process computer were 
ordered from western suppliers.  The units started commercial operation in 1977 and 1980. The 
power company took responsibility of the project, including electrical systems and buildings. The 
plant training simulator was originally delivered by Nokia and Fortum (earlier Imatran Voima), 
with VTT as a consultant. It has been continuously updated and improved by combined efforts of 
Fortum and VTT. 
 
The knowledge and experiences gathered during the past years in plant safety analysis and in 
developing the Loviisa simulator software were finally combined into APROS simulation software, 
today capable of plant design, safety analysis and real time simulation tasks with very flexible tools 
for connecting the simulator models to various hardware and software systems[2, 3 and 4]. 
 
 
3. LOVIISA NPP I&C RENEWAL PROJECT 

The large-scale I&C renewal project of the Loviisa Nuclear Power Plant started in the beginning of 
the present year and is scheduled to be complete in 2014. The scope of the I&C system 
modernization will cover almost the entire automation and control systems of the power plant. In 
order to carry out the upgrading project economically the renewal has been divided into four stages 
for both power units. Installations of the new systems will be made during the normal annual 
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outages and the modernisation work of the second unit will always follow the first unit one to two 
years behind. 
 
The guideline in the renewal is that the functionality of the I&C system will not be changed. Also 
the existing field instrumentation, cabling and switchgear will mainly stay outside the scope of the 
renewal process. 
 
During the first stage of the renewal project only limited functions including both safety-classified 
and non-safety classified functions will be upgraded. The second stage covers safety-critical 
systems i.e. reactor and plant protection systems. The stages three and four are the most extensive. 
I&C systems of the primary circuit will be renewed in stage three and I&C systems of the 
secondary circuit in stage four. Table 1 presents the schedule of the installations of the new 
automation for both units.  
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Table 1. Schedule of the planned outages during the automation renewal project 
 
 
In December 2004 after the four-year preparation phase the consortium Framatome ANP and 
Siemens was chosen to deliver the I&C systems for stages 1&2 of Loviisa Nuclear Power Plant. 
The basic platforms for the new digital I&C systems will be Teleperm XP for operational control 
and Teleperm XS for safety-classified systems. A hardwired equipment is used for diverse back-up 
of Teleperm XS. The hardwired functions are simple and manually operated. Consequently after the 
completion of the project the control room concept will consist of three operator interfaces: 
Teleperm XP, QDS (Qualified Display System) and small control panel of hardwired I&C. A 
current process monitoring system will be gradually replaced with the new I&C during the 
modernisation. 
 
Fortum as a customer plays an important role in the renewal project. Control room design, initial 
data delivery, modification design and safety analysis are carried out by Fortum. Fortum also has 
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the legal responsibility in the licensing of the new I&C system though the supplier will prepare 
most of the licensing documents. 
 
 
4. RENEWAL CONCEPT OF THE SIMULATORS 
 
Both the existing Loviisa Training Simulator (LOTS) and APROS Simulation Software will be used 
in the renewal project. 
 
4.1   Engineering simulator 
 
According to the basic principles the functionality of the I&C systems will be kept unchanged as 
much as possible. However there are needs to change some functions in the control and protection 
systems. Such kind of the modifications will be designed and analyzed in advance by an 
engineering simulator. Some functions of the manual back-up in the design basis accidents will also 
need analysis made by the engineering simulator. 

The engineering simulator consists of the APROS Simulation Software environment and Loviisa 
Nuclear Power Plant application model. The engineering simulator is running under standard 
Windows based PC computer. The engineering simulator has been used extensively over the past 
years in the process and automation design as well safety analysis for Loviisa Nuclear Power Plant. 
 

4.2   Development simulator 
 
A development simulator will be used mainly for the functional design and validation of the Man 
Machine Interface (MMI). The simulator will also be utilised in the pre-training of the renewed I&C 
system. 
 

  
 
 Figure 1. Man-machine interface of the development simulator 
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The MMI of the development simulator has been implemented on a process computer platform 
identical to the existing Loviisa process computer system, but has been extended with the soft 
process computer functions. The processes and other I&C functions are simulated in the 
development simulator with the engineering simulator. The instructor's station of the development 
simulator is used to control the whole system (starting and stopping, saving and loading, backtrack 
as well as malfunctions) under design and training sessions. 
 
The MMI and the virtual copies as well as the engineering tools of the new operational and safety-
qualified I&C system will be installed in the development simulator in each stage. 
 
 
4.3   Testing simulator 
 
A testing simulator will be used as a tool for the testing of the new I&C systems and also to support 
the licensing process. 
 
In the stage 1 of the I&C renewal project the testing simulator will be based on the development 
simulator, where the I&C systems to be renewed are replaced by real and virtual I&C systems 
including MMI. The systems not yet renewed will stay unchanged in the testing simulator. 
 
Respectively, in the following stages of the renewal project the modifications will be done to the 
testing simulator of the previous stage. 
 
A new simulation-aided testing environment will be developed. It will make the utilization of the 
simulator in the testing more effective by having the following features: 

• definition and execution of the test runs 
• analysis and documentation of the tests 
• tuning of the controllers. 

 
 
4.4   Training simulator 
 
Both the development simulator and LOTS will be used to familiarize the operators and other 
technical personnel to the operation of the new monitor-based control room facilities. The 
development simulator will be used mainly for the training of the renewed I&C system, LOTS for 
the training of the integrated system including old and new MMI. LOTS will also be used for the 
validation of the operating procedures. 
 
In the stages 1 and 2 of the I&C renewal project the changes in the control room are not very 
extensive. LOTS will be updated according to the Figure 2 by the real MMI and the functions of the 
renewal I&C will be simulated in the LOTS models. 
 
The I&C renewal of the stage 3 has a significant influence on the operation of the plant and the 
layout of the main control room. Due to this fact the change of the simulation software of LOTS 
will be done in this stage by replacing the old simulation software by APROS and virtual versions 
of the new I&C software, first installed in the testing and development simulators. 
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 Figure 2. LOTS concept in the stages 1 and 2 of the I&C renewal project 
 
 
 
Until stage 3 the old and new I&C and MMI technology will be run parallel in LOTS, because the 
I&C system of the secondary processes remain still unchanged in this stage. 
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 Figure 3. LOTS concept in the stage 3 of the I&C renewal project 
 
In the stage 4 the I&C system of the secondary side will also be replaced by the virtual I&C system 
(Figure 4). The change will be made first in the development simulator according to the renewal 
schedule of Loviisa 1 unit and later on in LOTS according to the renewal schedule of Loviisa 2 unit. 
The phasing will make sure that the operators of both units can be trained by the replica training 
simulator during the stage 4. 
 
In the final version of the modernized training simulator the reactor, processes of the primary and 
secondary circuit, auxiliary systems as well as electrical system are simulated by APROS and the 
whole I&C system by the virtual copy of the real I&C. 
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 Figure 4. LOTS concept in the stage 4 of the I&C renewal project 
 
The I&C renewal in each stage will be implemented in LOTS immediately after the factory 
acceptance tests. 
 
 
5. BENEFITS AND RISKS 

The use of a multitude of simulators has been opted for  

Economy: All plant modifications can be made during normal maintenance shutdowns. 

Time:   The basic process models can be multiplied and connected to various automation and 
 display systems for testing and control room validation. 

Training:   The control room simulator can be modified on the fly for training with the current 
 configuration of displays, control system hardware and the plant status. 

Risks: The risks involved with this kind of arrangement reside mostly in the availability of 
 competent personnel for: 

− process model development and testing 

− development of interfaces for changing plant I&C hardware and software 

− development of models for systems not available in time. 

 
 
6. CONCLUSIONS 
 
The engineering, development, testing and training simulators will be utilized in the I&C renewal 
project of Loviisa Nuclear Power Plant. The extensive use of the simulators will help to carry out 
the technically challenging I&C renewal work safely. The utilization of the simulators will also aim 
to minimize the economically significant operational shutdowns resulting from the I&C renewal. 
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