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INTRODUCTION

The UK's oldest reactors are still operating. Built during the 1950's and
commissioned between 1956 and 1960, eight reactors continue to provide electricity
and process steam. It is still economically justified to keep them running. In addition
to the economic considerations it is also necessary to justify that they can still
continue to operate safely. This paper provides a brief review of how the Operator of
these stations has justified the safety of operation to date and how they expect to
continue to justify their operation for several more years.

It is appropriate to consider why the Operator wishes to keep the plant operating.
Among the most important reasons are that:

• The plant is built and paid for,
• Running costs are relatively low
• Process steam is available for the adjacent sites
• It is a commercially viable electricity producer
• It is a reliable electricity source

The operators have developed programmes for safety review of the plant and
introduced a Continuing Operation Programme which had two main requirements
which were,

• the demonstration of continuing acceptable safety
• the ensurance of commercial viability.

REGULATORY FRAMEWORK

The UK has established a non prescriptive regulatory framework which places the
onus on the operators of a nuclear facility to demonstrate that the plant is operated
safely. Three main references summarise the requirements of the regulator in terms of
what is considered acceptable.

The Nuclear Installations Inspectorate (Nil) published the Safety Assessment
Principles (Ref 1) which gives quite detailed indication of the standards against which
the Nil will assess the plant, and the Health and Safety Executive (HSE) published
Tolerability of Risk (Ref 2), which discusses Risk in a more general manner and
which introduces the concept that all risk should be controlled and reduced to a level
which is as low as reasonably practicable. The HSE have also published Reducing
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Risks, Protecting People (Ref 3), which was intended to stimulate discussions on the
regulation of risk.

From the outset of the UK Nuclear Programme, regular in depth detailed reviews of
the safety justification of a plant have been performed. These Periodic Reviews are
required at intervals of not more than 10 years. In addition for significant
components, or identified areas of safety concern more frequent investigations and
reviews are expected. Over the years detailed programmes of work and reviews have
been agreed with the Regulator. One important feature of these programmes is to
ensure that there are no sudden changes in the information provided to the regulator,
and that any processes which might reduce the level of protection are discussed
between the Operator and the regulator in good time to enable well planned decisions
to be made.

CALDER HALL AND CHAPELCROSS

The eight magnox reactors at Calder Hall and Chapelcross have each been operating
for at least 40 years. Throughout this period these reactors have been managed and
operated by teams of staff located at the reactor sites. The teams responsible for
safety and ensuring that the safety case is maintained have close contacts with the
staff responsible for operation and maintenance of the facilities.

Since the reactors started operating there has been a programme of regular monitoring
of all aspects of the plant. The results are used to confirm that each aspect remains
within acceptable bounds and to identify at an early stage any unexpected behaviour.
Much of this monitoring is carried out during the annual shutdowns for refuelling and
maintenance. Safety related findings from this routine monitoring are regularly
compared with relevant aspects of the Safety Case. If there are any anomalies then a
reactive review is carried out for that aspect of the Safety Case. This confirms or
defines conditions for safe operation over at least the next operating period.

In addition to this ongoing monitoring and reviewing process overall detailed reviews
of the Safety Case have been carried out each time a significant increase in the agreed
operating period was to be proposed. Most recently such Periodic Reviews have been
a feature of the Site Licences. To date the detailed reviews carried out have been:
1965 - Safety Review of Calder Hall and Chapelcross Reactors
1979-1982 - Long Term Safety Review - Phase 1
1986-1989 - Long Term Safety Review - Phase 2
1993-1994 - Continued Operation Review

The last three of these reviews are considered below in more detail.

LONG TERM SAFETY REVIEW - PHASE 1 (1979-1982)

The objective of this Review (LTSR Phase 1) was to justify operation beyond 25
years, into the 1990s. It was the first delivered review carried out for a Magnox
reactor well into its life. Consequently, the scope was developed over a period with
the Nuclear Installations Inspectorate (Nil). The basic objectives eventually agreed
were to ensure, as far as reasonably practicable, that:
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(i) The reactor can be safely shut down during normal operation and under
defined fault conditions.

(ii) The reactor can be maintained in the shutdown state,
(iii) The reactor can be adequately cooled.
(iv) No unacceptable release of radioactive material to the atmosphere will result.

The topics addressed were wide ranging including the pressure circuit, coolant
systems, shutdown systems, reactor services, hazards, fault studies and the overall
role of the Operator and about 100 specific documents were generated. Each paper
was considered by the Nuclear Safety Committee and the overall findings were
independently audited. In general, the assessments were based on deterministic
arguments, current standards and expert judgement, although probabilistic arguments
were used on a few occasions to help to clarify the case. The Nuclear Safety
Committee is a Committee of the Operating Company, but it also includes external
independent experts who have wide experience and knowledge of the problems
involved in operating large, complex facilities and wide understanding of nuclear
safety issues.

The scope and results of the assessments were reviewed through regular meetings and
correspondence between BNFL and the NIL The dialogue was at two levels. The first
enabled detailed discussion on specific topics and the other reviewed progress and
adequacy of the overall outcome.

The outcome was agreement to further operation, subject to satisfactory annual results
from routine monitoring and inspections and the completion of a number of
significant improvements to plant and procedures including:
• The installation of a diverse secondary shutdown system to support the original

control rod system. The secondary system chosen was a development of an
existing one previously installed in several other Magnox reactors. It consists of
two separate stages, with the first being automatically or manually initiated and
the second only manually initiated. The first stage injects boron steel balls under
gravity into thimble tubes in interstitial channels. This stage provides short and
medium term shutdown and is recoverable. The second stage, if required, injects
boron carbide powder to stick in fuel channels. This stage would not be
recoverable, resulting in permanent shutdown of the reactor.

• Provision of an additional diverse feedwater supply system.
• Improvements to reactor tripping system.
• Improvements in the fire detection and prevention systems.
• Installation of additional diesel generators associated with the standby essential

electrical system.

All of these improvements to the systems of the reactors were carried out as they were
considered by the owner to be justified economically.

At this stage the Regulator paid very close attention to the achievement by the owner
of the improvement programme, and a programme of further substantiation work
which was carried out in conjunction with the hardware improvements.



"Nuclear Power in Eastern Europe: 1 K^-Xf1 June 2001
Safety, European Integration, Free Electricity Market" Varna, Bulgaria

LONG TERM SAFETY REVIEW - PHASE 2 (1986-1989)

After the completion of the LTSR Phase 1 BNFL were asked to carry out a second
Phase.

One of the main changes was a specific requirement for a comparison with modern
standard taken as Ref 1. Where these standards were not fully met improvements were
required, as far as reasonably practicable,

The main additional areas addressed were:
(i) Ageing effects and their monitoring
(ii) Probabilistic Safety Assessment
(iii) Comparison with modern standards

The overall objective of Phase 2 was to justify continued safe operation to the 40th

anniversary of each reactor. The main emphasis was to:
(i) Confirm that the plant is adequately safe for continued operation.
(ii) Identify and evaluate any factors which may limit the safe operation of the

plant in the foreseeable future.
(iii)Assess the plants safety standards and practises and introduce any

improvements which are reasonably practicable to bring the stations nearer to
modern standards.

Because the scopes of work had been generally agreed early on it was possible to
monitor progress with a regular meeting between the Nil and BNFL. Again all the
documents were considered by the Nuclear Safety Committee.

A significant step in developing the Safety Case during Phase 2 was a more complete
justification for the adequacy of Natural Circulation post-shutdown cooling under
pressurised fault conditions. This was supported by plant tests under both forced
primary coolant flow and natural circulation flow covering the first two hours
following shutdown with no feed of water to the heat exchangers.

In addition a Probabilistic Safety Assessment was carried out. This showed that the
overall level of risk to the public and workforce were consistent with the HSE
publication on Tolerability of Risk, Ref 2. The most important aspects of the PSA
results lay not so much in the absolute value of the overall failure probability but
more in the fact that it identified those areas of the plant where modifications would
make a worthwhile improvement to the safety case.

The outcome of a review of the LTSR was published by Nil and resulted in
agreement to the operation of each reactor until its 40th anniversary. This was subject
to satisfactory results from routine monitoring and inspections and the satisfactory
completion of a number of further assessments and improvements to plant and
procedures including:
• Replacement of the 1 out of 2 guardline control rod tripping system by a 2 out of 3

system. This enables more extensive testing during reactor operation and brought
the automatic shutdown systems up to modern standards.

• Installation of an additional safety circuit, providing diversity in tripping.
• Extending automatic tripping of the Boron Ball Secondary Shutdown system via

the diverse additional safety circuit to cover frequent faults.
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• Installation of "leak-before-break" monitoring systems for early detection of
development of any sub-critical through wall defects in the reactor pressure
vessel.

• Installation of an Emergency Indication Centre remote from the reactor for use in
emergency situations.

• Increased venting from main gas duct enclosure rooms.
• Further improvements to fire detection and prevention systems.
• Strengthening of the tertiary feed system.
• Further development and use of Pressure Vessel ultrasonic inspection techniques.

All the improvements were carried out.

PERIODIC SAFETY REVIEW (1993-1994)

The Periodic Safety Review carried out in 1993/4 was concerned with an in-depth
identification and assessment of any time-dependent factors that could lead to
degradation of the Safety Case. Continued operation is then underpinned by
establishing monitoring and testing regimes as appropriate.

The basic objectives of the Review were:
1. To extend the applicability of the LTSR to an operating life of 50 years,

including worthwhile improvements in scope. Also to re-assess the extent of
compliance with current safety standards and working practices.

2. Arising from i) to make any plant, procedure or safety case improvements
which are desirable and reasonably practicable.

3. To carry out a systematic review of age-related degradation processes and
their effect on safety systems. Also to ensure there are suitable arrangements
to effectively manage such degradation throughout the period of continued
operation.

4. To ensure suitable arrangements are in place for trend analysis of plant data
from operational, maintenance, test and inspection records.

Detailed scopes were produced for each 40 identified requirements covering the
following subjects:
• Pressure Circuit 50 Year Case
• Core Integrity 50Year Case
• Fault Studies 50 Year Case
• Validity of Hazards Assessments to 50 Years
• Adequacy of Shutdown Functions to 50 Years
• Pressure Circuit Inspection and Monitoring Policy
• Review of the Probabilistic Safety Assessment (including a re-assessment of

Human Factors)
• Maintenance Schedules, Operating Rules and Safety Mechanisms
• Ageing Monitoring
• Periodic Reviews of Key Issues for Trends or Potential Generic Issues
• Review Against Safety Objectives
• Controls to Ensure the Availability of Important Safety Related Plant
• Fuel Route Interlocks and Protections
• Role of the Operator
• Accident Management
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• Reliability Data Collection and Analysis

The scopes were then agreed by the Nuclear Safety Committee and submitted to the
Nil before work started.

A number of additional improvements in plant and inspections have been carried out
as a result of findings by the Operator whilst carrying out the Review including:
• Improved inspection equipment to cover

Graphite components and interfaces within the core
Profile of control rod channels
Restraint bands around the core circumference
Control rods - straightness and diameters
Core support system
Main coolant duct welds within the biological shield

• Improved interlocks associated with refuelling equipment
• Improved reactor training simulators
• Further improvements of fire detection and prevention systems

The Review has not identified any fundamental factor that would preclude operation
for up to 50 years, however, factors that could potentially be life limiting have been
identified and monitoring programmes developed for them.

The Periodic Detailed Reviews and regular trending reviews are used to keep the
overall Plant Safety Case up to date and well defined. This includes a forward view on
those elements subject to ageing and has proved to be an important aspect in assuring
confidence for future safe operation. In particular, it gives a clear basis for defining
acceptance criteria for assessing monitoring results.

CURRENT POSITION

As a result of the programme of reviews several significant improvements have been
made to the originally provided equipment. These have been implemented without
major disruption to the economic performance of the plant and have enabled the plant
to continue to operate safely.

There are several major annual reviews of all of the information from each of the
eight reactors annual inspections. The individual reactors are monitored against
defined parameters at each annual shutdown inspection, and permission to restart is
not given until any outstanding issue is resolved. The annual reviews consider
whether any of the criteria for the inspection programmes need to be revised, or
whether any change has occurred which could invalidate the safety case.

Each of the major reviews are subject to detailed independent safety assessment by
experts who are not part of the Operators inspection or maintenance teams before they
are reported to the Nuclear Safety Committee. These independent reviews form an
important part of the review process.

The experience is that delays in restart of reactors to resolve issues identified during
inspection have generally been minimal. Repairs have been carried out on equipment
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found to have defects, and some parts are replaced in accordance with an agreed
programme if the existing parts do not satisfy the agreed acceptance criteria.

The structure of reviews and inspections is clearly defined, and the Regulator is fully
aware of the complete programme and how it is being performed.

WHEN WOULD SAFETY CAUSE REACTOR CLOSEDOWN?

It is appropriate to consider what would be the safety grounds for stopping the further
operation of any reactor.

It would not be justified to continue operation

• if any component or structure reached the point in an ageing process which
could prevent it from fulfilling its safety duty

• if any system indicated that it would be unable to achieve its required
functionality, and its replacement is not economic.

Examples of the components which are currently monitored and which may approach
the limits are the graphite cores, which because of neutron irradiation have undergone
dimensional changes during the 45 years of operation. These dimensional changes
have lead to changes in the profile of fuel and control rod channels, swelling of the
graphite in some areas leading to increased stresses in the graphite, and shrinkage in
other areas, leading to increased gaps between some components. All of these effects
are monitored and considered annually and detailed demonstration that the changes do
not undermine the safety case is provided.

The structural integrity of the pressure vessel is probably the most important feature
for which a safety case is required. The case is robust and is multi-legged based upon
stress analysis, fracture mechanics, leak-before-break, material properties and
inspection. Changes in material properties are monitored using a variety of non-
destructive techniques and the theoretical aspects of the safety case updated
accordingly.

The performance of the control rods is monitored at every shutdown. Individual rods
failing an insertion performance test are replaced and tested before the restart of the
reactor.

LESSONS LEARNED FROM 35 YEARS OF REVIEWS

Among the key issues that have been found to be important over this period are:

• it is necessary to understand the safety case and the interactions between
different features of the case,

• it is important to know what is changing with age, it may not always be what
is expected,

• changes can happen, and may be acceptable, but it is necessary to ensure that
all changes are continually reviewed to ensure that it does not become the
custom to accept change without appropriate checks,
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• Monitoring and reviews of safety are essential to achieving an extended life
• All anomalies must be investigated in detail.

In relation to the relationship between the Operators and the Regulator it is essential
that the Operators are completely open. The development of trust is vital to
maintaining the Regulator's confidence in acceptable operation.

The Operator's must maintain a strong and capable team to understand, manage and
operate the plant. Procedures and infrastructure must be in place to ensure that the
operations team are able to perform all of the duties required.

CONCLUSION

Calder Hall and Chapelcross are still operating. At the moment it is commercially
beneficial that they continue, and it is justified that are operating safely. Provided the
safety justification can continue to be proved then, provided there is economic benefit
in continuing to operate, it is not necessary to require their closure before they have
reached a 50 year life, which is the limit of their currently approved operation.

If at any stage the safety justification is not able to be made due to changes in the
condition of the plant, then the Operator would have to consider whether the plant can
be repaired economically, or whether closure is necessary.

At the moment, even after 45 years of electricity production, the point where closure
is required has not been reached.
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