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Magnox reactor sites in the UK

Magnox Electric plc (Magnox), a wholly owned subsidiary of BNFL, owns 26 gas-cooled, graphite-
moderated units on 11 sites in the UK.  Eight units have been permanently shutdown and the remainder
will shut this decade in a currently declared closure programme.  The first of these reactors went to power
in 1952 and the fleet has generated typically 9% of the UK’s electricity during the last five decades.

BNFL's policy and strategy for reactor decommissioning

In accordance with UK Government policy, BNFL aims for a systematic and progressive reduction in
hazards on its decommissioning sites.  The end-point of the decommissioning process is that the reactors
will be dismantled and their sites delicensed.  This will be done through minimising both the risks to the
public, workers and the environment and also the lifetime cost, consistent with world class safety.  There
will be passive safe storage during deferment periods and it is BNFL’s clear intent that the reactors will not
be Safestored indefinitely.

The main hazard associated with any decommissioned nuclear site is the spent fuel.  Hence the reactors
will be defuelled as soon as practicable after shutdown.  After this work is complete, Cs137 contaminated
plant (e.g. fuel pools, effluent plant, and drains) will be dismantled when it is no longer needed.  All other
plant and buildings will also be dismantled when they are no longer needed, except for the reactor
buildings which will be put into passive safe storage.  Co60 contaminated plant, such as steam generators,
will be dismantled with the reactors.  The reactors will be dismantled in a sequenced programme, with a
notional start time around 100 years from shutdown.

Overview of the Safestore safety case

The scope of this safety case covers the Safestored reactor buildings only.  It is a preliminary safety
assessment that identifies issues that will require consideration in the detailed Safestore design, intended to
gain regulatory approval, in principle, for the Safestore plan.  Additional cases are being developed for
contaminated land and operational waste storage.

Because of the Company’s strategy to defer dismantling for around 100 years, we must demonstrate safety
over this extended time period.  But the regulators are unlikely to agree only a 100-year case, hence we
have adopted a two-part approach: a short term and a long-term safety case.

The same basic safety principles apply in decommissioning as for an operating site's safety case:
prevention, protection and mitigation of the effects of faults.  The quality of the safety case relies on the
radioactive inventory of the reactors and the adequacy of the hazard identification process.  Before the
safety case can be produced, the Safestore design concept must be understood.

Radioactive inventory

It cannot be emphasised too strongly that the inventory of a decommissioned site must be thoroughly
characterised.  If the decommissioning site has not been adequately characterised it is simply not possible
to generate an adequate safety case.
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Activation originated activity is, within Magnox, assessed by calculating the 3-D neutron flux and
measuring the elemental concentrations in the reactor structural components.  The activity concentrations
are subsequently confirmed by in-situ measurements, using a combination of germanium spectrometry and
dose rate measurements.  Typically the calculations and measurements agree to within a factor three.

Contamination within the primary circuits (and other plant dismantled early) is measured by in-situ high-
resolution gamma spectrometry and also by sample removal for subsequent laboratory analysis.

Safestore design concept

The intention is to recall existing reactor buildings as appropriate for the site, taking account, for example,
of visual and other environmental issues, ensuring they are both weather proof and intruder proof.  It is
intended that there will be no permanent manned security.  However, there will be routine inspection,
monitoring and maintenance throughout the deferral period.

The design features on which the safety case relies include the general structural integrity of the massive
buildings, with a new double skinned roof and new building cladding.  This ensures the structure is
weatherproof.  It is essential to keep the reactor buildings dry hence there will be basement sealing and
provision for drainage in the event of groundwater ingress.  Landscaping and site drainage will assist in
preventing ingress of surface water.  Because of the need to prevent condensation there will be natural
circulation of air within the building and around the pressure vessel and primary circuit pipework.  The gas
circuit will be sealed, except for one special vent.

Removal of combustible materials before the deferral period will significantly reduce the chance of fire.

There will be an ongoing care and maintenance regime with a secure access route to minimise and detect
intrusion.  Security systems will be built into the reactor buildings and, together with a range of other
parameters, monitored remotely from a permanently manned location.

Hazard identification

The first stage of producing any safety case is hazard identification.  A methodology was developed to
ensure this was comprehensive and systematic.  It took the form of a structured brainstorm with a broad
range of experts.  Over 400 potential hazards were identified: these were then grouped according to
exposure pathway and hazard type.  Following this internal process an independent peer review of hazard
identification was carried out.

Hazards were grouped by type such as: degradation of the plant and structure, fires, explosions, impacts
and human intrusion and by pathway through airborne and groundwater releases and direct radiation.  This
is an approach similar to that used for operational safety cases.

Human intrusion is of particular concern given the timescale over which it is proposed to defer
dismantling.  The scenarios considered were deliberate but temporary intrusion, including political protest,
vandalism and entry for theft of materials; deliberate and continuous intrusion, such as squatters and
unsuspecting intrusion, like the entry of children after deliberate adult intrusion.  Site entry (but not into
buildings) such as camping and dog walking is also addressed.

A number of assumptions are made about the safety management regime during the deferral period.
Amongst these are that the site license remains during the entire deferral period.  The whole
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decommissioning strategy is based on the concept of passive safety.  This means that safety should not rely
on rapid human intervention.

Short-term safety case: the first 25 years

The safety case is a rolling case valid for a 25-year period, with a periodic safety review every 10 years.
At each review there will be an assessment of safety features against current criteria, with identification
and analysis of hazards.  The safety case defines inspection and monitoring requirements, assuming that
the ongoing safety management system is maintained.  At no time is reactor dismantling foreclosed: if it
were not possible to make an acceptable safety case the only alternative might be to dismantle the reactors.

The residual radioactive inventory is immobile and locked into massive components.   Significant
experience from monitoring currently shutdown reactors shows that only standing water can cause
structural corrosion.  In addition, there is multiple containment of higher active materials. Integrity is
assured by ongoing inspection and repair and there is a low risk if the safety management system fails or in
the event of an external threat.

Central to the overall safety case is the inspection and monitoring regime.  This covers condition
monitoring, radioactive environment monitoring and the specification for civil inspections.

Parameters considered for condition monitoring are temperature, humidity, corrosion rate, seismic
accelerations, basement sump levels and of course security.  There will be remote monitoring, with data
telemetry to a single permanently manned location.

Radioactive environmental monitoring will be designed to assure the Company that the system behaves as
we expect, to meet or exceed legal requirements, to convince our Regulators and the public and to provide
assurance against unforeseen events.  It is anticipated that this will be a sample survey, similar to current
operational surveys, but reducing in scope and frequency as confidence builds during the deferral period.

Civil structure inspections are currently envisaged to have frequencies of one week for site security,
initially six months for building inspections and 10 to 20 years for major structural surveys.  All inspection
and monitoring results will be built into the 10-year safety case review.

Long-term safety case (around 100 years)

This case first examines the 25-year case for cliff edge effects.  It is clear that radioactive decay will reduce
the source term, thus reducing the hazard.  However, it might be anticipated that changes to acceptance
criteria might occur.  Magnox assumes that dose limits will reduce by x10 around 2030.  There may be
physical and chemical degradation mechanisms that might be exacerbated by global warming and
consequent extreme weather or by increased ageing effects.  There are also potential changes to intrusion
risks caused by familiarity, such that the perceived hazard decreases.

The long-term safety case relies on the robustness of safety management systems.  However this could be
compromised if there were failures, for example, of the Company to carry out its responsibilities, of the
Regulator to enforce the law, of the UK (or the world as a whole) to maintain nuclear competence.

Our assessments show that the largest potential doses to the public are associated with a large aircraft crash
and subsequent fire that sets the graphite moderator alight.  The critical group dose from such an event is
expected to be <25 mSv.  By contrast, failure of the safety management system is expected to give a dose
of 1-3 mSv and deliberate intrusion <1 mSv.  The total risk to individual member of the public is judged to
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be <3x10-9/yr.  Inspection worker dose rates are estimated to be <6 person-mSv/yr.  Hence the risks to the
critical group are negligible even if the safety management system fails.

Stakeholder perspectives

The UK nuclear regulators’ views on dismantling timing are that licensees should dismantle when deferral
no longer offers a safety benefit.  UK Government policy is that the rate at which decommissioning work
proceeds will be determined by potential hazards, the availability of disposal routes and the financial
implications of different timescales.  The Government agrees that Safestore is feasible.  However, the NII
has not yet (February 2002) completed its assessment of the Safestore safety case described here.

BNFL’ Magnox Electric is participating in Stakeholder Dialogue to understand the views of a wide cross-
section of the population on reactor decommissioning.  This is a facilitated process run by an independent
non-profit organisation.  Stakeholders include national and local anti-nuclear groups, local liaison council
members, regulators, government and the nuclear industry.  The primary focus is the timing of eventual
reactor dismantling.  Dialogue rules are that discussions inside the process can be reported but not
attributed; however it is “business as usual” outside the confines of the Dialogue.  All parties involved are
striving to reach a consensus.

Conclusions

Magnox Electric is ensuring that the reactors and primary circuits on all its sites are well characterised.
We have carried out a detailed, peer reviewed hazard identification on the lead site from which we have
generated a rolling 25-year basic safety case.  We have then searched for cliff edge effects and possible
long-term changes to generate the 100-year case that our strategy requires.  The safety case, which will
define the inspection and monitoring regime, assumes there will be an ongoing safety management system
but shows negligible consequences if there is a failure.


