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AN INTEGRATED APPROACH TO PLANT LIFE MANAGEMENT
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ABSTRACT
Plant life is not any longer determined by components, almost everything can be replaced. A
plant life management program should aim at actions and replacements being performed at
the right time. In order to manage this there is need for experience feedback systems, a plant
specific risk study and safety upgrades.

Definition of plant life
The nuclear power plants in Sweden are built and commissioned from 1972 to 1985. The
objective, or expectation, during design of the first generations was usually a capability
around 70% and 3-5 reactor trips per year.

Today it is not uncommon with >90% capability. Units have been running for years without
any unplanned trips. This means that 25 expected years of operation will happen in 20 years.
Thermal cycling of components hardly ever happens for many units. The introduction of low-
leakage fuel loading patterns have not only decreased the cost but also rninimized the flux to
the reactor vessel.

Even if we do not utilise the plant in exactly the way it was once designed, one thing is even
more essential when we define plant life. Almost everything can be replaced. In Sweden we
have replaced Steam Generators, primary piping, vessel internals, reactor vessel head,
turbines, I&C equipment and so have many others. We are discussing replacement of PRZ, we
are adding new and redundant electrical parts and so forth. The component that now
determines the plant life is the reactor vessel.
How to manage plant lifeTo manage plant life means to determine the essential maintenance
activities and the needs for replacement. At the same time you need a set of software
activities, to describe, evaluate (i.e. deterministic analyses) and verify (i.e. probabilistic
analyse) the design of the plant. All this supports the objective of meeting the reactor safety
criteria and also financial and production objectives. A successful management of plant life
will keep the plant running as long as possible and meet all safety standards and principles.

In order to manage the plant life you must rely on a good technical plant status, high safety
level but also on public acceptance. If the two first are fulfilled, the last is probably easier to
meet.

The technical status of the plant is also essential for electricity production. It is probably today
managed by existing maintenance systems - generally 95% of what is needed for the hardware
part of plant life management is already covered by plant maintenance.

Focusing on the technical aspects of plant life management, we have in Ringhals a long-term
development plan based on
- Experience feedback systems
- Continuously verified plant status
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- Modern safety level

Experience feedback systems
The objective of the experience feedback systems are of course to use all available knowledge
in such a way that any safety significant event should not happen again in our units. It is also
important to use this knowledge to identify the possible weak points in the plant. An
experience feedback system should also cover operation as well as maintenance aspects.

National and international experience, from utilities and other agencies (WANO, ENPO, NRC,
IAEA) outside Ringhals, is processed and safety significant issues are sent to the group of the
line organisation who is directly involved. They are asked to review the question within a
specified time frame, and answers should focus on if this could happen here and what do we
intend to do in order to prevent that. As a complement to this, there is a working group who is
responsible for questions that need more extensive evaluation.

The total number of experience reports processed each year is about 600. 10% of these are
judged significant, the rest are only distributed 'for information'. Of these 60 significant
reports, some sort of action is implemented for 1/3. Around 90% of the significant reports are
judged by the adressees to be of high value, even if they do not need any specific action.

The progress, as well as highlights, is reported to a management group.

The operating experience is handled in a dedicated system used by the shift crews. This also
serves as a input to classroom training (one week twice a year) and simulator training.

Other essential inputs to a complete system are Owner's Groups and national working groups
(not always nuclear specific).

Verified plant status
We continuously follow the plant status in four different areas

Safety significant events. The input is Licensing Event Reports, which are reviewed both
in management groups and in groups who are dedicated for this. (A Licensing Event
Report in Sweden is usually well below the INES level.)
Quality defects/ Production losses. Any unplanned loss of production is analysed and
corrective actions are proposed and implemented.

- Maintenance needs. This is often a result of the above, but increased demands of
maintenance is followed closely.

- In Service Inspection/ Non Destructive Testing. We have regulatory demands on testing
and testing intervals that acts as a driving force for replacements sometimes.

This continuous work forms the base for a more comprehensive Risk Study that we perform
regularly, app. every 3 years. In addition to the four areas above, also the experience feedback
systems as well as technical information from other sources give significant input to the Risk
Study.

The Risk Study is aimed at components, not systems, and the work involves engineers from
all disciplines and groups as well as specialists. The intention of the study is to look 5-10
years into the future and in all the different areas (16 last study) the question to be answered is
if there is any strategic risks, defined as a identified risk with high probability of reactor safety
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or production loss impact, or any potential risks, defined as less probable reactor safety or
production loss impact.

Highlights of previous studies (1990,1993,1997) are the creation of working groups in order
to closely follow the multi-discipline areas such as I&C equipment, heat exchangers and
diesels; an extensive technical/financial study to find the optimal solution for main generators
(the question was more spares or replacement); an insight that dedicated maintenance can be a
far better solution than replacement.

The risk study serves two purposes, to define replacement needs but also to pinpoint areas that
need more maintenance efforts. The risk study opens up the opportunity to the maintenance
groups to have the possibility and obligation to look into the future. Preventive Maintenance
or Reliability Centered Maintenance are just two tools, they are not the complete solution.

Modern safety level
All Swedish units have a design reconstitution program. The origin of this program was to
verify the safety level of the units, as defined by Current Licensing Bases. It also serves as a
powerful tool to update and modernise the FSAR to a format that better can serve as a base for
the young generation to understand the design of the unit, both 'why' and 'how'.

A integrated part of this program is the deterministic analyse, both for components (i.e.
structural analyse) and functions (i.e. transient and accident analyse). Also the probabilistic
studies are performed, updated and expanded.

At the same time Modern Licensing Bases are under development in Sweden. This is covered
at this meeting by another paper by Mr Bertil Hansson.

Plant life management program
Plant life management is a continuous process that started when the unit went on line for the
first time. When the unit is getting older, the PLM program needs more attention and more
funds.

The Plant Life Management program should be based on:
- Improvements identified from experience feedback
- Improvements identified from different safety analyses
- End-of-life issues and maintenance problems
- Deviations from Current Licensing Bases
- Deviations from Modern Licensing Bases

In Ringhals, the program is on a 10 year time period and is revised every 3 years.

The more detailed program for the next 1-5 years is part of the business plan. In order to
continuously evaluate and determine the right time for actions and replacements, this program
is revised at least every year.


