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REFURBISHMENT OF THE REACTOR PROTECTION SYSTEM
AT PAKS NPP. THE REFURBISHMENT PROCESS
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Abstract

The Reactor Protection System Refurbishment Project had an extensive preparation period in
Paks started in 1992. During this preparation a large volume of the basic engineering tasks has been
performed and as a result a contract for implementation of a three-train digital RPS on the four Units
was concluded with Siemens in September, 1996. According to that contract the first refurbished Unit
will be commissioned in 1999 followed by a further Unit in each succeeding year. This paper
introduces the process of the refurbishment, overview of the V&V activities, introduce the
architecture, summarise the main design principles and outlines the additional tasks to be performed
together with the RPS design.

1. STRUCTURE OF THE PROJECT DOCUMENTATION

Already in the first invitation for bids issued in 1993 it was a basic requirement for the
Supplier to comply with the regulations of the ISO 9000 Standards. In order that our Project
can also meet these requirements, the documentation had to be structured accordingly. (See
Figure 1.). The rules, procedures and instructions obligatory for each organisation of the
NPP are the highest level documents. The second level is the Development Plan and the QA
Plan required by ISO 9000 and the lowest level includes the Technical, QA, Investment and
Authority documents.

Technical and functional documents

This package includes the technical requirements, functional requirements, the
analyses and the design documents produced by the Supplier.

The technical requirements include some general guidelines formulating the basic
principles and summing up obligatory rules or standards. The detailed technical requirements
formulate the features that can be demanded item by item. Such features are e.g.: Accuracy,
Dependability, Response time, Environment Resistance, Security Requirements, Man-
Machine Interface, Location, etc.

Another large group is the set of functional requirements. Beside natural language
description of the functions, the protection tasks were formulated on high-level logic diagrams
using formal tools. The high-level logic design was complemented with the I/O database of
the system.

The Development Plan requires the supplier to produce a large volume of technical
documentation. The structure of this documentation follows the top-down approach of the
Development Plan and contains the conceptual and detailed design documents. The
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conceptual level contains the high level technical plan of the new RPS. It includes the system,
subsystem and module level descriptions both on the HW and the SW side. The different
types of HW and SW solutions are designed in these documents, too. During the detailed
design these typical solutions are adapted to the specific needs.

The technical documentation package comprises the different technical analyses as
well. They represent the establishment of functional modifications, functional diversity
analyses, the analysis of the changes in the I&C structure, the deterministic analysis of the
architecture defined in the specification as well as the dependability analyses.
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QA documents

In accordance with the requirements of the ISO 9000 Standards, the QA Plan is a
document of great importance managing all the other documents, thus it is not part of this
package. All the other QA related documents, like the V&V Plan, the V&V programs, the
different procedures and the reports are included in this package.

Investment documents

The investment documents include the investment program for project
implementation, the commercial requirements of the invitations for bids and the different
contracts. They include also work planning dealing with implementation constraints as well as
scheduling and logistics.

Authority related documents
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The large scope and significance of the refurbishment requires continuous co-
operation with the nuclear authority beyond the usual correspondence.
The licence documents include the different licence applications, correspondence and licences
as well as the memorandums and minutes of meetings developed during official contacts with
the Nuclear Safety Inspectorate (NSI).

When compiling a major technical document package such as application for a licence
to be submitted to the authority, the package is compiled by selecting the required technical
or quality documents from the above document structure.

2. LIFE CYCLE MODEL

The logic connections between the individual refurbishment activities are represented
in the Life Cycle Model. The IEC 880 Standard concerning safety software was specified as a
basic requirement for the organisations involved in the refurbishment. This standard defines a
Life Cycle Model for safety computer system development and implementation, but that
Model does not consider the conventional I&C interfaces, that is the environment surrounding
the digital system. Considering that the software-based system is to be implemented in the
environment of an operating power plant, great emphasis is placed on the existing and
remaining I&C environment. To ensure that, the Life Cycle Model shown in IEC 880 was
complemented with a branch of activities concerning the upgrade and adjustment of the
connected equipment and I&C circuits (see Fig. 2).

For each of these activities we defined V&V requirements similar to those set forth by
the Standard for the tasks of the computer hardware and software branches. The Life Cycle
Model shown in Fig. 2 is just an outline. The detailed model is included in the continually
updated Development Plan.

Before the start of each phase the tasks belonging to the given phase are to be defined.
After updating the Development Plan, the Verification programs for the individual steps and
tasks, as well as the validation programs for the phase are to be developed.

The Development Plan is probably the most important document supporting the
project management. It divides the activities of the refurbishment process into the following
hierarchic categories:

•=> Phases
•=> Steps
"=> Tasks

For each of the tasks it defines

"=> the input documents, the conditions for the commencement of the activity,
•=> the tasks to be performed, the rules of performing the work,
•=> the expected output and
•=> the organisation responsible for performance of the work.
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Certainly it has to be taken into consideration that the activities of the three branches
can be performed relatively independently, i.e. the Model is not a time schedule. The
schedules are defined according to the logic connections of the life cycle, considering an
optimum solution for the implementation. The V&V Plan and the time schedules refer to the
identification code and definition of the different tasks given in the Development Plan

3. THE VERIFICATION AND VALIDATION PLAN

This document is to regulate the technical review tasks as part of a QA system
comprising the whole process of the refurbishment. On the one hand the refurbishment
process and on the other hand the product (design, equipment, system) produced during and
after the fulfilment of the individual phases of the refurbishment are to be controlled.
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Consequently, the control activities are divided into two groups, verification and validation
activities.

In order to ensure the traceability of the refurbishment, the process is divided into
phases, the phases into steps and the steps are further divided into tasks in the Development
Plan. Verification is the review of outputs from the tasks against the inputs to the task.
Validation is the control of the results of the individual steps, phases and the whole process
against the input requirements defined at the beginning of the controlled period.

The V&V tasks are defined at two levels in the following documents:

1. Verification and validation Plan (this document) defining the general conditions for the
control activities.

2. The detailed verification or validation programs for the activities required by the V&V
Plan.

The V&V Plan defines:

•=> the planning of control activities according to the life cycle
•=> the V&V requirements for the Supplier
^ the V&V activities and requirements independent of the Supplier (RPS RP)
•=> the requirements against the content of the V&V programs
•=> the requirement of documentation.

The detailed verification and validation programs are the documents that regulate the
details of the verification and validation requirements. The V&V programs are developed by
the organisation responsible for the review according to the conditions defined in the V&V
Plan. The V&V program is to be developed and approved until the start of the review at the
latest.

The Verification and validation Plan comprises the entire life cycle of the
refurbishment. The V&V Plan is to be reviewed after the fulfilment of the individual phases
and updated in case of need.

4. ARCHITECTURE, DESIGN PRINCIPLES

Digital automation techniques have undergone a significant development during the
recent decades. State-of-the-art, high processing capacity process control systems facilitate the
application of sophisticated algorithms for PIE identification. Utilising the possibilities
offered by the new techniques, we plan to implement an integrated protection system in a way
that beside changing the I&C technology we modify not only the system architecture, but also
its functionality. A further condition for the integration of autonomous systems is the
application of qualified and reliable sensors and transmitters. During the design and
implementation of the new protection system all the classic safety requirements shall be
adhered to. We make all efforts to ensure the high-level and documented checkback of
compliance with the principles expressed in the requirements.

The structure of the planned architecture is shown in Fig. 3. The consequently
triplicated redundancy structure ensures the fulfilment of the single failure criterion. The
emergency reactor trip and emergency core cooling system functions require almost the same
input signal interfaces in the integrated system, which facilitates a significant reduction in the
number of sensors. The use of state-of-the-art digital technology with large processing
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capacity makes it possible to refine the different functions and to consequently sequence the
EP and the ECCS actuation.
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The architecture of safety automatics is supposed to be the simplest possible, i.e. the
number of active elements in the signal flow from the sensors to the actuators should be
minimal. Except for connections within a train, all connections are to be reaction-free. The
system structure within each train shall follow the allocation of functions introduced for the
sake of functional diversity.
Simplicity

The simplicity of structure means transparency which in itself reduces the probability
of design errors, simplifies system knowledge and troubleshooting as well as system
surveillance and testing. In order to achieve simplicity, during the evaluation priority was
given to systems with a minimum number of serial elements. Modular structure was favoured.
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The principle of simplicity implies the minimisation of the non-safety functions implemented
by the new RPS as possible and reasonable.

Fault tolerance, fail-safe features

The system is regarded as fault tolerant, if the failures considered do not result in the
loss of safety functions. The term fail-safe feature means that failures move the output status
to a safe position. These characteristics must be considered during the system design.

Protection against common cause failures

To avoid common cause failures with high probability the following solutions are to
be used:

=> Physical separation between the independent subsystems (trains)
O The use of type-tested, qualified hardware and software components
<=> The use of functional and physical diversity.

Access to the RPS trains is to be restricted physically and administratively. Visible and
comprehensible identification of the RPS trains is to be ensured.

Diversity

The principle of diversity is to be applied to the extent justified by safety aspects. The
applied technology and techniques are closely related to the scope and method of diversity. In
our opinion functional diversity is of primary importance, therefore we defined the
requirement that each PIE to initiate reactor shutdown shall be detected through at least two
physically independent parameters. The implementation of physical diversity for nuclear event
detection is set as an objective.

Testability, cyclic tests

The Protection System shall test itself and its environment during operation to detect
potential failures. If the self-test detects a failure, a signal must be sent to the operator via the
Safety Monitoring System and the outputs must be moved to the predefined safe position.
Cyclic tests shall be performed for the whole system to detect failures undetectable by
automatic self-tests. These tests shall be run and documented automatically upon manual start.
Automatic testing, its documentation and the evaluation support facility shall be part of the
system. The cycle time to be specified for the cyclic tests shall be defined by the
dependability analysis. If a protection signal flow is tested in several steps, appropriate
overlapping of the partial tests shall be ensured.

Verification and Validation

The demonstration of the fact that the system behaviour and the operation of the
implemented functions comply with the specification is important not only for the operator
but also for the licensing authority. On the one hand it is to be demonstrated with high
reliability that the new RPS fulfils the specified functions and only those, and that it fully
complies to the technical requirements.
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Considering that the full-scope testing theoretically cannot demonstrate the exact
compliance of the programmed components with the specification, special attention is to be
given to QA and V&V during software development. Thus the regulations of ISO 9000, IEC
880 and IEC 987 are set as a minimum requirement.

5. ADDITIONAL TASKS

Full-scope simulator

Since 1988 the NPP has had a full-scope training simulator equipped with the exact
duplicate of the main control room. That feature of the simulator is to be utilised within the
reactor protection system refurbishment project.
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The upgrade of the full-scope simulator adjusted to the safety I&C system
refurbishment provides several advantages:

•=> Training for the NPP personnel is to be ensured at least half a year prior to implementation
on the first Unit.

•=> It is practical to utilise the fact that the full-scope simulator facilitates the validation of the
new system in realistic operational situations.
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It is also to be noted that the existing simulator needs to be upgraded anyway, since it
cannot follow the changes and modifications on the Units due to lack of capacity.
The structure of the upgraded simulator and the connection to the Representativ Configuration
of the new RPS is shown on Figure 4.

Unit information system

The existing process information system receives large quantities of binary signals
from the safety I&C systems. This information supply will cease to exist after the safety
system refurbishment, but new binary and analogue signals are to be provided via
communication. The Unit information system is regarded as obsolete both for processing
speed and for forms of display, therefore its upgrade is due anyway, so it is practical to
perform the upgrade in conformity with the RPS refurbishment. The connection is to be
performed via dupplicated Gatways as shown on Fig. 5
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