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ABSTRACT 

The paper focuses on strategic aspects of the implementation of modern digital 
instrumentation & control system (I&C) in nuclear power plant (NPP) training simulators 
and points out the way to identify the most appropriate implementation method of the 
digital I&C system in the simulator development environment which fulfils the 
requirement imposed by the nuclear power plants. This regards mainly training aspects, 
simulator as a test bed for design verification and validation (V&V), and software 
maintenance aspects with respect to future evolutions of the digital I&C system. 

1.   INTRODUCTION 

The introduction of modern digital I&C technology in nuclear power plants 
became a major issue in the field of training simulators over the last years at the German 
Simulator-Centre KSG|GfS. In the past decades conventional I&C systems were 
implemented in simulators relying on the data package provided by the NPP, i.e. after its 
implementation in the NPP. For major I&C upgrades, typically the original hardwired 
equipment will be replaced by a modern digital I&C system, nuclear authorities often 
request the training of the digital I&C system on simulators prior to its commissioning in 
the NPP. This leads to the situation that the functional design and parameter adjustment 
are based on raw data and undergo various iteration cycles prior to its final 
implementation. The simulator is used, in this case, as a test bed for NPP upgrades. From 
the NPP project point of view this may lead to the situation that the upgrade on the 
simulator is on the critical path. This implies that the selected implementation method 
must reflect the overall NPP project schedule constraints.  

Throughout the paper it is assumed that the NPP training simulator is a full scope 
or optimized plant specific simulator, has passed the acceptance test and is already used 
for simulator training. The aspects for a simulator under construction may not be 
necessarily differing from those discussed below, once the simulator has passed a certain 
acceptance test phase. However, the implementation method shall have been taken into 
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account during the simulator design phase. It is further assumed that the simulator 
process models have a level of fidelity and scope not causing any limitation on the 
implementation of modern digital I&C systems. This is important to investigate 
beforehand, because the NPP digital I&C system can be considered as a “non-tunable” 
system regarding the overall simulator tuning between process and I&C models. 

2.  SELECTION CRITERIA  

The digital I&C system is selected by the NPP depending on their requirements 
and needs. The various possible implementation methods are pre-determined by this 
selection. The methods must be investigated regarding their prerequisites for integration 
into the simulator environment. It may turn out that the simulator environment is not able 
to fully support the implementation method without modifications or that the 
implementation leads to a negative feedback on the overall training simulator behavior. 
The impact of the digital I&C system integration on the simulator environment as well as 
the simulator environment capabilities itself need to be considered in order to define 
method selection criteria. In general it cannot be excluded that the various constraints, i.e. 
available implementation methods, simulator environment requirements, and the NPP 
project requirements lead to the conclusion that the simulator implementation of the NPP 
digital I&C system is not feasible. This is often related to the problem, that the vendor of 
the digital I&C system has not considered in the system design the possibility to operate 
the system in a simulator environment.   

For the criteria definition the following general possible implementation methods 
will be considered: simulation (function blocks/components are manually coded, based 
on their technical design description; the logic is coded using the simulator CAD based 
function diagram editor or a translator to translate the original function diagrams into the 
simulator CAD editor tool format), emulation (performance and appearance of system 
functionality and fidelity is duplicated using an alternative platform), and stimulation 
(complete reusability of the plant system software and hardware).  

2.1  Simulator training criterion 

The main motivation for the simulator implementation of the NPP digital I&C 
system prior to its commissioning in the plant is the training of NPP personnel in the use 
of the system. All implementation methods have to ensure the NPP personnel training 
under consideration of the valid simulation training standards. If training in advance is a 
condition for the plant to get the permit of operation for the digital I&C system the 
emulation or stimulation implementation method is preferred. These methods are by 
definition not required to verify the functional consistency of the simulator realization 
with the system in the plant. If the simulator is solely used for the training the scope may 
be reduced with regard to non training relevant features.  

2.2  Design V&V criterion 

The capability to perform tests of the proposed I&C system in a dynamic mode 
utilizing the existing simulator plant models is an inherent quality of training simulators, 
e.g. running various transients. The tests carried out in the test floor of digital I&C 
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system vendors do not cover this kind of tests for complex systems. A growing interest of 
the vendors to use the simulator as a test bed for the plant project can be observed, 
because the project risk to detect design failures during the commissioning phase in plant 
can be reduced. As this test capability is an inherent quality of training simulators the 
dynamic tests can be performed regardless of the selected implementation method. 
However, if design verification and validation is required the emulation or stimulation 
implementation is recommended. Nevertheless, the simulation implementation method 
can lead to various valuable hints regarding design optimizations of the real plant as well, 
in particular if a translator is used. 

2.3  HMI test criterion 

If the new digital I&C system includes a HMI system for monitoring and/or 
operation the requirements on the training simulator implementation are very restrictive. 
The HMI system on the simulator must have the same “look-and-feel” and react 
regarding reaction and response time as the original system. The simulation 
implementation method is not a suitable choice, because of restricted access to 
proprietary technical data required to simulate the HMI functions. In general the vendor 
of the I&C system is not in a position to deliver this information (knowledge protection, 
privacy, etc.). For HMI systems the stimulated method or the emulation method, if 
provided by the I&C system vendor, shall be chosen. If the HMI system is used for 
operation only the correlated digital control system should be implemented on an 
emulated or stimulated basis due to the interrelation between the control and the HMI 
system. 

2.4  Lead time criterion 

The use of a simulator as test bed requires a lead time. The lead time considers the 
time to develop the software necessary for implementation, the time for validation and 
verification of the implementation method, and the time necessary for the initial 
implementation and integration of all required plant data into the simulator. For the 
stimulation implementation method the software to develop is reduced to the interface 
implementation on simulator side. Depending on the data volume the implementation and 
integration of all required plant data impose a strong constraint on the implementation 
method selection. In the case of large data volume the emulation or stimulation method 
should be chosen, or the simulation method using a translator, respectively.   

2.5  Proprietary data availability criterion 

With the exception of the stimulated implementation method, the implementation 
of the I&C system is performed by KSG personnel and in collaboration with the 
simulator vendor personnel, if the simulator software development environment needs to 
be modified. The simulation (depending on the simulation fidelity) and emulation 
implementation method require detailed proprietary technical data of the internal 
functionality of the digital I&C system. This information has to be provided by the I&C 
system vendor. If the vendor is not in a position to deliver this information (knowledge 
protection, privacy, etc.) only the simulation method can be used to implement the 
system.  

 (3) 



 

2.6  Real-time capability criterion 

The simulator real-time executive is the master of the simulator run control 
system. It executes all simulator models in dedicated time frames on various CPUs with 
predefined time frame rates to ensure a deterministic behavior and a chronological 
relation of data of the simulation. The digital I&C system has to have the capability to be 
integrated into the simulator run control system without violating those fundamental 
simulator principles. In cases where an emulated or stimulated I&C system is used for 
plant systems, which are designed for fast transient behavior, e.g. turbine control system, 
and the I&C system is connected to the simulator via a TCP/IP network (external 
implementation solution) the simulation principles cannot be guarantied, because data 
between the simulator and the I&C system need to be exchanged within a time frame rate 
outside the network real-time capability. To avoid this kind of problem the digital I&C 
system shall be able to be integrated into the simulator main computer system and shall 
have the ability to exchange data via shared memory with the simulation models. 
Regarding this criterion investigations together with the I&C system vendor are strongly 
recommended.  

2.7 Simulator environment criterion 

The modern digital I&C systems are designed to run in real-time without 
interruptions in its operational mode. In order to operate the system in the simulator 
environment the I&C system must react properly to operation modes not designed for, 
like simulator start and freeze, reset to an initial condition (IC), backtrack to a former 
recorded condition, save an initial condition, and replay. For training simulators it is 
necessary that predefined malfunctions can be inserted at any time during the simulation. 
A more detailed description on training simulator operation modes can be found in 
(ANSI/ANS-3.5-1998).  

Besides these operation modes the integration into the simulator software 
maintenance environment is a substantial selection criterion. This mainly concerns the 
debug capability of the I&C system, e.g. for tests of the logic a function diagram based 
graphical debugger, and a fast turn around time to implement changes of the I&C system 
including the build of a new simulator configuration are needed. If the emulation or 
stimulation method is used it is recommended that the I&C maintenance system is 
available on simulator side.   

Whenever a modification implies a change of state variables stored in the initial 
conditions, it must be possible to transform existing initial conditions (about 50) to new 
initial conditions by using software tools. Only in the case of major system modifications 
the simulator shall be used for re-creating the initial conditions, which can take up to 
several months, depending on the initial conditions.  

The training simulators have to support at least two different independent and 
complete simulator configurations, i.e. one for training and another for maintenance and 
testing. The implementation method should support this configuration concept, otherwise 
any change to the I&C system will directly influence the simulator training.  
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2.8  Selection criteria versus implementation method 

Table 1 depicts relation of the criteria discussed above to the possible 
implementation methods. The individual weighting of each criterion strongly depends on 
constraints imposed by the specific NPP project requirements and the integration 
capability into the simulator environment. 

Table 1 Selection criteria versus implementation method 

 Simulation Emulation Stimulation 

Simulator training training in advance 
is possible 

Preferred methods; training in advance is 
possible 

Design V&V 
Design V&V is 
limited to the 

simulation fidelity 
Design V&V possible 

HMI test 
Very restricted 
feasibility; very 
time consuming  

If the HMI emulator 
for the simulator is 

provided by the 
I&C vendor 

HMI identical to 
plant system 

Lead time 

Data volume 
limitation, if no 

translator is used; 
time critical if 

software has to be 
developed and 

verified 

Time critical if the 
emulator has to be 

developed and 
verified 

Minimal lead time 
necessary; less time 

critical 

Proprietary data 
availability 

Required; 
depending on the 
simulation fidelity 

Required Not required 

Real-Time 
capability Built-in capability 

External solution is 
not feasible; internal 

solution to be 
investigated with 

the vendor 

To be investigated 
with the vendor 

Simulator 
environment 

Simulator 
development 

environment is used 

The capability to be integrated into 
simulator environment needs to be 

investigated 
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3. PROJECTS 

The Kraftwerks-Simulator-Gesellschaft (KSG) was involved in back fits of 
modern digital I&C systems on several nuclear power plant (NPP) simulators over the 
last years. Table 2 and table 3 give an overview about these projects. It is to be noted that 
the TELEPERM XP OM690 systems are implemented only for monitoring. 

Table 2 Project overview 

NPP simulator I&C system Plant system Implementation 
method 

Unterweser (KKU) TELEPERM XS Reactor control and 
limitation system  

Simulation (~ 5000 
function diagrams) 

TELEPERM XS Reactor control and 
limitation system 

Simulation (~ 3000 
function diagrams) 

Neckarwestheim 1 
(GKN 1) 

TELEPERM XP Reactor control 
system 

Simulation (~ 200 
function diagrams) 

Isar 1 (KKI 1) SYMPHONY Power unit control 
system 

Emulation (~ 10000 
function diagrams) 
and HMI stimulation 

TELEPERM XS 
Independent 
sabotage and 
accident system 

Simulation with 
translator (~ 8000 
function diagrams) 

TELEPERM XS Local core 
monitoring system 

Simulation with 
translator (~ 2500 
function diagrams) 

TELEPERM XP / 
OM690  

Plant process 
computer system Stimulation 

Philippsburg 1 
(KKP 1) 

TELEPERM XS  Avoiding neutron 
oscillations 

Simulation with 
translator (~ 2000 
function diagrams) 

Brokdorf (KBR) TELEPERM XP / 
OM690  

Plant process 
computer system Stimulation 

Grafenrheinfeld 
(KKG) 

TELEPERM XP / 
OM690  

Plant process 
computer system Stimulation 

Philippsburg 2 
(KKP 2) 

TELEPERM XP / 
OM690  

Plant process 
computer system Stimulation 
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Table 3 Planed or already started projects 

NPP simulator I&C system Plant system Implementation 
method 

Neckarwestheim 1 
(GKN 1) TELEPERM XS Reactor protection 

system Simulation  

Isar 1 (KKI 1) SYMPHONY Turbine control 
system 

Emulation and HMI 
stimulation 

Philippsburg 1 
(KKP 1) TELEPERM XP 

Turbine 
instrumentation 
system 

Simulation 

Philippsburg 2 
(KKP 2) TELEPERM XS Reactor control and 

limitation system Emulation 

 

The selection of the implementation method for the various I&C systems, as is 
shown in table 2 and table 3, was based upon the criteria discussed in section 2 under 
consideration of the specific NPP project requirements and the feasibility to be integrated 
into the simulator environment. One of the specific project requirements are the 
implementation cost This cost can be reduced if the simulator implementation is 
coordinated with the NPP project, because there will be only one negotiation for the 
purchase of two systems, and an agreed data delivery schedule ensuring an optimized 
lead time for the simulator to enable validation and training on the system before its 
commissioning. For more information on project issues see (Fryer, 2003). 

4.  CONCLUSIONS 

KSG observes a growing trend to use training simulators as a test bed for NPP 
digital I&C system upgrades. The criteria to identify the most appropriate 
implementation method are strongly dependent on the requirements of the NPP project. 
Therefore, it is not possible to define a general best implementation solution. A case by 
case analysis is required to find the most appropriate and feasible implementation 
method.  

In order to consider the simulator successfully in the nuclear power plant upgrade 
project it is necessary that already during negotiation phase all parties involved agreed 
upon the intended simulator use, and that the simulator relevant project phases are 
identified in the general project schedule. 
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