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Abstract

In spite of some political signals it is expected that the life time of nuclear power plants in the Nordic
countries will be as designed for. As the economical life time of the I&C equipment is less than the
corresponding life time of the plant a strategy for modernization of it must be developed. To modernize
equipment during ongoing operation of the plant is not only a technical challenge but also a challenge to human
relations. It will give a unique chance for the old generation, who built the plants, and the young generation, who
have to modernize the plants, to discuss common problems and new ideas. The purpose of this paper is to
summarize some important aspects which can be included in the content of the planned IAEA book.
Furthermore some examples of modernization project in Sweden are given.

1. BACKGROUND

1.1. Lifetime phases

During the first lifetime phase of the power plant the I&C equipment is repaired and modified
on an "event" controlled way. What I am meaning with the word "event" is that repairs and
modifications are decided and carried out when component faults or design errors are detected. These
activities are carried out on a short term basis.

As the equipment became older such short term activities will increase until a moment that
some drastically and other methods have to be decided. Such decision must be taken before the costs
for repairing become so high that it is difficult to "free" capital for investments in new equipment.
This is the situation for many nuclear power plants in the Nordic countries.

In order to guarantee the safe, reliable and economical operation of the power plant strategies
for modernization of I&C equipment are developed, initiated and carried out. Such strategies will
often cover a long time period of several, up to, 10 years.

1.2. Strategy

Depending on the age of the plants and the type of technology of the I&C equipment different
types of strategies are developed. A common element for all strategies is that modernization shall be
prepared during plant operation and be carried during the normal planned refueling outages. The main
goal is that modernization shall not reduce the plant availability. The plans include a learning process
with a stepwise replacement of equipment.

The most important decision from the start is that all modernization shall be a logical part of
the final I&C integrated configuration after the modernization process during many years. How this
final "vision" can be reached has been the subject for different studies.

It is obvious that two different strategies are possible. The first one is to replace systems one by
one and provide possibilities to connect these later into a final integrated I&C system. The advantage
is, of course, that systems and the later network can be purchased with the latest technology in free
competition. The disadvantage is that much software engineering is required to integrate the systems
with the network. Solutions for such integration are often unique and not supported as a standard
design.
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Another strategy is to establish the infrastructure "network" for the I&C from the beginning
and to connect systems stepwise later. The advantage is that integration costs are reduced because the
structure is a well proven standard design. The disadvantage is of course that often standard systems
must be purchased from the same manufacturer as for the network. The choice of technology is not
longer totally free. This option seems to be the most economical one today.

Common for both strategies is that the first modernization step must be selected with regard to:

- the best spin-off for learning of the use, maintenance and the operation of new technology

- the volume of communication to other systems in order to define the requirements for but also
installation of the infrastructure

A typical example for this first step is the plant process computer with control room MMI and
communication to other computers and to the process I&C.

As a minimum following aspects shall be included in the strategy:

- the final I&C structure "vision"
- the method for integration
- selection of the first step
- limitation and restrictions

safety and licensing
- functional upgrading
- step by step implementation
- new technology
- products
- design requirements
- project organization
- Budgeting

2. MODERNIZATION ASPECTS

2.1. Vision

It is clear that the modernized equipment shall be based on digital technology. The different
systems shall be connected with each other by networks.

Different types of networks shall be available as for:

- process control and supervision
- control room MMI
- plant technical and administration servers and computers

2.2. Limitation and restrictions

Modernization of I&C for an existing plant must take care of some limitations. Such limitations
must be defined as a policy in the beginning of the modernization process.

The limitations can be a result of:

the plant layout
integration philosophy of the I&C
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- available free spaces
- existing process systems
- existing control room and maintenance organization and staffing
- available time during refueling outages
- money

2.3. Safety and licensing

The main safety goal is to increase safety by using more modern safety requirements.
Requirements can be obtained by reading formal criteria and standards or by executing a PSA
(Probabilistic Safety Assessment).

However, as the plant was designed for many years ago, it can be problem to meet all modern
requirements.

The limitations and restrictions as mentioned before can put limits on the modernization of the
safety. Deviations between the modernization goals and formal modem requirements must be listed,
evaluated and agreed upon with the licensing authorities. For some old power plants in Sweden such
deviations against formal requirements are evaluated with a PSA (Probabilistic Safety Assessment).
The PSA methods can also successfully be used to identify weak points in the existing design.
Another input for increasing safety are the evaluation reports for transients, incidents or accidents.

An important discussion point in the Nordic countries is what type of safety standards shall be
used. IEEE, which was used for the original design, or the newer as IEC. Very often IEEE is selected
as the other mechanical and process systems are also following USA criteria and standards.

2.4. Functional upgrading

The main reason for modernization is to replace an obsolete equipment. To improve functions
is often not foreseen but can be identified later.

Typical new functions are:

- increasing the degree of automation
- improving the operational support

improving the administration of maintenance
- reducing manpower
- specialist engineering support
- better process transient management

A normal input for the decision for upgrading functions is to study operational reports or to
interview operation and maintenance personnel. Interviewing personnel is also a good method to
engage the plant personnel as early as possible in a modernization process.

2.5. Step by step implementation

As mentioned before a step by step modernization is required for different reasons. For most of
the plants to start with a few stand-alone steps is preferable to gain experiences for modernization and
to increase the competence of the staff. In order to guarantee the learning aspects formal agreements
can be signed between the original builder of the plants and the utilities.

Another point is of course that the size of the individual modernization has to be limited in
order to make it possible to install them during a normal refueling outage. An important aspect is to
provide space for new equipment by step by step removal of old equipment.
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Modernization can be carried out for components, systems or integrated I&C systems. An
important goal is to let all modifications be a part of the final, long term, I&C configuration.

In order to make the step by step approach possible the new equipment must communicate with
the existing equipment. This must be planned very carefully. Consequences for the personnel to
operate and maintain two type of technologies at the same time must be clarified.

2.6. New technology

New technology can solve current problems in a better way and in this way increase the safety
and improve the plant availability. It can further include the best of the existing equipment. The new
equipment has also possibilities to include new or improve old functions.

However, a new equipment has new characteristics different from the existing equipment. Such
new characteristics have to be identified and the influences on safety and operation must be
evaluated.

Typical new characteristics for digital equipment are:

Functions are carried sequentially and the computer load varies depending on the plant
situation. There is a risk for overloads during big transients in the plant if the software system
is not designed properly.

- Software can be complex and risk for common design errors are increased. This can increase
the volume of CMF (Common Mode Failures) if counter measures are not planned or
implemented properly.

- Due to the sequential way of working the time response for the new equipment differs from the
existing analogue or relay equipment

Concentration of many functions in fewer hardware units makes it difficult to analyse
consequences of hardware faults. Such faults can influence the operation of more process
systems than before.

- Modern equipment includes methods and tools which are not suitable for nuclear safety
systems. Examples are downloading of data and programs and open communication. Security
("sabotage") can be a problem if such new methods are allowed in safety systems.

- Elder plants are not provided with sufficient grounding or other measures for reducing
electrical and magnetic interference. Before installation of modern equipment this problem has
to be studied and suitable counteractions to be taken. Due to European laws standard equipment
purchased within Europe has been tested for EMC thoroughly.

2.7. Products

As mentioned before the strategy must include a vision of the final and long term I&C
configuration. This is only possible by using off the shelf products with standardized hardware and
software communication modules. The manufacturer of the products must guarantee a long term
support. Special products only for nuclear application cannot be supported in a long term. Using
standard products with operating experience will also reduce development costs and delivery times
and increase availability of systems.

The nuclear application will therefor be designed with standard hardware and software modules
from an industrial standard product family. Typical nuclear requirements will be designed into the
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target system by using the standard modules in specified way. Above mentioned reason is the
background for the decision of some utilities in the Nordic countries to base the long term
modernization on products of the same manufacturer.

2.8. Design requirements

Design requirements must be specified early in the modernization project. They must be under
QA control. They must include following aspects:

Reconstruction of the original requirements;

Adaptation to new technology;

- Adaptation to newer safety requirements;

Increasing of operational and maintenance functions or support;

- Methods for coexistence of new and old equipment;

Use of modern methods as for:

- Human factor engineering;
- Verification and validation;

PSA (Probabilistic Safety Analysis);
- Full scale simulation training and validation;
- Design tools for programming and CAD systems;

FMEA (Failure Mode and Affect analysis);

- Reliability analysis;

- Environmental characteristics, separation, earthquake and other typical nuclear requirements.

Requirements are divided into general requirements valid for the whole I&C and requirements
for standalone systems.

General requirements will often result in the design of configurations "infrastructures" for:

- whole I&C system
- the control room complex
- auxiliary electrical power system.

A point that has already being identified in current projects is that new equipment and new
safety rules need other types of power supplies and will require changes in the electrical power supply
system.

2.9. Project organization and budgeting

Modernizing I&C during continuous operation is not easy. It need a well structured project and
project organization. Strategies have to be decided and plans to made up for a stepwise introduction
of new systems. Different types of experts from different organizations have to be contracted. The
project must be authorized by and accepted in the whole organization of the utility. Especially the end
users within the operation and maintenance departments must be engaged from the beginning.
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Informal information meetings with regulatory authorities have to be organized and formal
licensing process must be planned and carried out. Personnel has to be trained on new equipment.

In order to install and commission the new equipment during a short refueling outage it is
necessary to prepare for installation already during the operation of the plant. This must be done
without jeopardizing safety or plant availability.

All these aspects together make it sometimes more difficult to modernize an existing plant than
to build a new one. By means of informal quotations price levels for equipment has to be estimated
and a long term budget must be worked out. This budget is approved by the management of the plant.

3. EXAMPLES

3.1. Ringhals 1 NPP

The Ringhals 1 is a BWR owned by the State Power Board in Sweden. It is located at the west
coast of Sweden. The plant I&C and electrical systems were designed around 1970. As common in
NPPs in Sweden well proven standard components were used during the design with a documented
operating experiences during several years. That means that already at the start of the plant the
systems did not represent the current state of the art. After many years of operation it is obvious that
the availability of spare parts is a problem today and can be worse in the future.

For this reason a modernization of all I&C and electrical systems was decided in 1995 .The goal
of this modernization was to replace systems during 6 annual shutdown periods starting in 1997.

The modernization started with an engineering phase in cooperation with the designer of the
plant ABB Atom. The goal for this engineering phase was to define different type of criteria and
technical specifications. The engineering was carried out as a typical top down project during 1995-
1996. The result of this phase shall be used as the input for detailed specification of the modernization
during the annual shutdown periods. The first modernization step is the replacement in 1997 of the
I&C for the plant waste handling. The organization of the engineering is shown in Fig. 1.

The engineering phase

FIG. 1. The Ringhals 1 modernization project.
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3.2. Forsmark 1 and 2 NPP

The Forsmark 1 and 2 are BWRs at the coast of the Baltic sea in Sweden. The first one was
started in 1980 and the second one a year later. They are identical. For both plants an I&C
modernization project is defined starting 1995 and finishing 2000. The first step will be:

Installation of the infrastructure including a process computer and workstations in different

locations;

replacement of the existing centralized and decentralized process I/O to the computer

a digital neutronflux "TIP" calibration system;

installation of new digital turbine protection and a system for the control rods indication and

control.

It is planned to replace all the existing I&C and add some new items as big overview screens in
the control room. During the last phases in the project the safety I&C is replaced.

The project is obviously carried out stepwise where the experiences of a previous step is the
input for the next step. In this way the project is continuously evaluated and based on experiences the
final goal can be modified.

The status of the project in 1997 is shown in Fig.2. Please observe that all components
including networks are redundant. This is not shown in the figure.

The Forsmark 1 and 2 infrastructure- Status 1997

Site network Specialist
Wortcpbco

Control rod l&C Turbine protection Centralized I/O Decentralized t/O

Note: Redundancy Is not shown

FIG. 2. The Forsmark 1 and 2 modernization project.
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3.3. Oskarshamn 1

The Oskarshamn BWR is located at the East coast of Sweden. It is the oldest NPP in Sweden
and was started in 1971.

In 1997 it was decided to upgrade the plant for conformance to modern safety criteria. This
upgrading contains both process systems, I&C, buildings and electrical power system. It is planned
that this modernization will be built during normal plant operation and commissioned during an
annual outage in 1999.

The existing RPS and control room will be modernized in steps during annual outages 1999 to
2005. A typical example of the modernization, the control room, is shown in Fig. 3.

Oskarshamn 1 modernization

Safety Parameter Reactor Overview
Display System

Turbine Overview Service Overview

JEi EWSBgtmm
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J I
Reactor Console Turbine Console

FIG. 3. Oskarshamn 1: Modernization of the control room
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