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1 . INTRODUCTION

A new generation of nuclear power plant supervision systems, called DIMOS (Distributed
MOnitoring System) has been installed in August 1991 at the Doet nuclear power plant (Belgium)
and is now monitoring reactors 1 and 2.

DIMOS is progressively replacing the process computers designed in the 70's which have reached
their technical and functional limits. Indeed the costs and risks associated with their maintenance
have become unacceptable and the increasing demand from the plant management to extend the
system for providing high level plant information to the operator could no longer be fulfilled due
to the hardware and software limitations.

In 1987, the Belgian electrical utility ELECTRABEL decided to launch the study of a new
generation of plant monitoring systems that would focus on the two following aspects :

• increasing the power plant safety by providing- belter access to the plant information;
• increasing the profitability of the plant by improving the effectiveness of the operators.

Due to its high level of flexibility, extensibility and quality, the system that has been developed
is able to protect the long term investment and allows further installations at other power plants.

Furthermore, due to the success of the first installation of DIMOS in Doel 1 and 2, ELECTRABEL
decided in March 1992 to replace the process monitoring system of the unit 3 of Doel with a DIMOS
system that has to be installed in July 1993.

2. USERS REQUIREMENTS

The objective of DIMOS is to handle the raw information available within the plant in order to
monitor its operation.

This means that the system will have :

• to validate the information by assessing the level of confidence that it can be given ;
• to synthetisc the information by performing functional gathering and high level monitoring

function treatments (e.g. critical safety functions, automatic sequences supervision functions...);
• to filter the available information in order to reduce the mental work load of the operators.

The Man Machine Interface of DIMOS must be designed to optimally visualize the right
information in the right place. Hence, it must be distributed throughout the users' work areas
(control room, technical support center, chemistry laboratory,...).
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In order to be li.ikcd with other operator support systems, DIMOS must have an open architecture.

DIMOS must also be configurable to allow its customisation for a specific installation and its
modification during plant operation.

Finally, as DIMOS would be the basic operator support system, its reliability and therefore
availability must be high.

3. OPERATIONAL CHARACTERISTICS

Starting from the information available in the plant, which is transmitted to DIMOS via the
acquisition system, calculation processes reconstitute the basic physical entities of the process (a
pressure measurement, a valve position, a power level, the presence of a safety protection signal or
of an alarm,...). To enable the operators to monitor the evolution of the process variables, three
main mechanisms are available :

1. Display of instantaneous valuer on pictures (fig. 1).

The three topics that are tackled by the DIMOS Man Machine Interface are the followings
ones.

• what information is needed;
• under what form this information is the easiest to handle;
• how to reach that information in the easiest way.

2. Trend curves, with the associated memorisation mechanisms.

3. Event message lists.

The following lists arc available :

• Automatic Presentation of Events (APEV): is the actual operating tool intended to catch
the attention of the operators for the significant evolutions of the process;.

• Present Alarm List (PAL): gives a global overview on the plant's malfunctions;
• History List (HL): contains all the events in a chronological order.

The user interface distribution requirements are fulfilled by the "operating post" concept : a
hardware and software entity (hat enables the user (o monitor the process under a specific "view".
The operating posts are located in the various work areas (main control room, SPDS, OTSC, radio
monitoring laboratory, chemistry laboratory,...). The specific configuration of each operating post
enables selected information, dependant upon the end user, to be made available where required.

The configuration data base is a commercial relational data base which contains:

• the plant equipment technical data;
• a set of parameters which enable the customisation of DIMOS for a specific installation and

its modification during plant operation (e.g. configuration of the operating post); :'t
• the definition of the pictures (layout and tagging with variables). -'

This configuration data-base is fully disconnected from the real-time monitoring process. This
means that the end user can modify the data off-line without disturbing the real-time process and
once the data are checked and approved, the real-time data-base is updated.
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'r.

SYSTEM ARCHITECTURE

The digital VAXO) computer family was selected to implement the open system architecture.
Apart from the real-time and user interface requirements, the wide range of available processors,
the networking facilities and the software compatibility maintained throughout the various VAX
family members reinforced the decision.

Furthermore, this choice provides the customer wrfh a large expansion capability and a good
protection against obsolescence.

A double Ethernet network (assuring redundancy) using the standard DECnet^ protocol, is the
backbone of the system and constitutes the interface to the external world.

Connected around the network, a set of nodes (various kind of VAX computers) are dedicated to the
functional modules.

The implementation of DIMOS in Doel 1 and 2 units (fig.2) acquires more than 10.000 signals and
monitors 20 screens. The logic signals are acquired every 20 ms (50 Hz), the analog signals every 1 s
and some specialised analog signals every 500ms. The screen update ;s accomplished within 2s.

The implementation of DIMOS in Doel 3 is the same as Doel 1/2 except that the man-machine
interface will be based on the X-11 interface and on the MOTIF<2) as software graphical interface
in order to update the system's conformance with present standards.

SOFTWARE DEVELOPMENT ENVIRONMENT

To fulfill the requirements regarding quality, reliability, maintainability and compliance with
the specifications, the application software for the monitoring system has been developed in the
frame of modern software engineering methods systematically supported by CASE O)

• The general and detailed design is covered by an object-oriented method HOODM) supported
by STOOD<5), which not only assures the management of the design documentation but
generates automatically the frame of the ADA(6) code from the design thereby reducing
considerably the coding effort.

• ADA was chosen as programming language in the context of an ADA Programming
Environment embedded in the design tool and because of its standardisation, its portability,
its strictness and its built-in real-time aspects.

<1) VAX, DECnet are trademarks of Digital Equipment Corporation

<2> MOTIF is a trademark of the Open Software Foundation Inc.

u O) CASE, Computer Aided Software Engineering

;• <*) HOOD (Hierarchical Object Oriented Design) is a trademark of the HOOD user group

I (5) STOOD is a tool developed by TNI - FRANCE

(W ADA is a software language sponsorized by the DoD (Dcp. of Defense of the U5.A.)



6 . CONCLUSIONS

DIMOS has successfully provided the solution to the old system's limitations such as functional
deficiencies, low response time, management and coherence of the data, maintenance costs, spare
parts and system availability.

The first implementation of DIMOS at NPP Docl 1 and Doel 2 (1991) represents one of the largest
and most advanced process monitoring systems in operation.

The use of the software development methodologies HOOD and ADA have not only allowed a
rapid integration and installation of a robust system (it was carried out during a normal plant
outage) but will also make further developments and improvements possible with maximum
flexibility.

In conclusion, DIMOS is an advanced, modular, homogenous, real-time software package, designed
for highly flexible upgrades.
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Figure 1:
System architecture
DIMOS -Doel1/2NP

Figure 2.
Typical
task oriented picture
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