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Synopsis

Decommissioning of the Magnox power reactors commenced in 1989 when Berke-
ley NPP closed down, and was followed by Trawsfynydd and Hunterston «A».
When BNFL and Magnox Electric were integrated in 1998, closure dates were an-
nounced for the remaining operational Magnox plants over the next 15 years.

This paper provides an overview of the range of reactor decommissioning projects
being managed by BNFL, both on its own sites and for other client organizations in
the UK and abroad.

It also describes the decommissioning strategies and techniques that have been de-
veloped by BNFL and adopted in order to carry out this work.

This real experience gained has been a major factor in the success of BNFL's over-
all decommissioning programme to date, and can be applied to other decommis-
sioning programmes in order to improve safety, increase operational efficiency,
and reduce risks.

1. Introduction

In 1998, Magnox Electric was merged into BNFL, creating one company that man-
ufactured Magnox fuel, operated the gas cooled Magnox reactors, sold electricity
into the deregulated UK electricity market and reprocessed the resultant Magnox
fuel.

BNFL is therefore currently responsible for a total of 26 reactors across 11 sites. Of
these, 18 are operational, generating approximately 5% of the UK's electricity re-
quirements, 6 are currently being decommissioned, and 2 are shutdown for
defuelling in preparation for decommissioning.

All 18 operational reactors have been designated to close when their current operat-
ing licence expires, these dates ranging from 2002 to beyond 2010. This decision
has been taken as a result of the costs likely to be incurred in order to obtain an ex-
tension to the licences. It also removes uncertainty with regard to plant closure
dates, and allows advance planning for decommissioning.

The plants currently being decommissioned are Berkeley, which was the first to
close in 1989, Hunterston «A», which closed in 1990, and Trawsfynydd following
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in 1993. Hinckley Point «A» closed in May 2000, and Brad well is designated to
close in March 2002. All these sites have to reactors each.

BNFL is responsible for all stages of the decommissioning of their plants, and this
includes:

• Optioneering and strategy development.
• Safety cases.
• Characterization of sites and materials.
• Detailed planning.
• Plant decontamination.
• Plant dismantling.
• Waste management.
• Research and development.

In addition to their own Magnox plants, BNFL currently has contracts for the dis-
mantling of the Wind scale Advanced Gas Cooled Reactor Vessel and Internals for
UKAEA, and the decommissioning of the Big Rock Point BWR in Michigan for
Consumers Power.

2. Decommissioning Strategy

In order that the life cycle of a nuclear plant can be fully coasted, there has always
been a need for a clear understanding of the costs of decommissioning, as well as
demonstration of its achievability. This has led to significant decommissioning
strategy developments, which have since been further refined in the light of experi-
ence.

BNFL have investigated a whole range of strategies including both prompt and de-
ferred dismantling. Extensive engineering studies have been carried out to allow a
thorough analysis in terms of safety, environmental impact, political and regulatory
factors, engineering complexity, and cost. Some of the issues may be assessed ob-
jectively (such as calculation of a dose rate, or an economic cost), but others can
only be addressed subjectively (for example, the regulatory position or public opin-
ion at a future date). Formal decision analysis techniques are then used to compare
and contrast a range of options and help to select the preferred solution. The results
of these studies have been used to gain regulatory acceptance of the decommission-
ing plans for BNFL facilities.

As a result of this approach, the «Safestore» strategy has been adopted for the UK
Magnox plants. This comprises the removal of the fuel, retrieval of all operational
waste, and dismantling of contaminated and non-contaminated plant external to the
Reactor Buildings. The Magnox reactor core, pressure vessel, and bioshield are
then sealed for a period of at least 70 years in order to take advantage of radioactive
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decay and to await the availability of a suitable waste disposal location for core ma-
terials.

During this deferral period the site must be cared for and maintained to an accept-
able standard to protect the public and the plant. The task following closure is there-
fore to prepare the site for low-cost care and maintenance.

The Regulator requires BNFL to review this strategy every 5 years in order to en-
sure that any changes that may have impacted the original assumptions have been
taken into account.

BNFL is also working on two projects where the «Prompt» decommissioning strat-
egy has been adopted, namely the contracts for the Wind scale Advanced Gas
Cooled Reactor (WAGR), and Big Rock Point. In both these cases the reactor ves-
sels, and internals, together with all the other major components are being disman-
tled.

3. Decommissioning Experience at BNFL Magnox Plants (Safestore)

Decommissioning of the plants at Berkeley, Trawsfynydd and Hunterston is pro-
ceeding in line with the safestore strategy. All stations have been defuelled, and
programmes are in place for the packaging of the accumulated operational wastes.
Extensive deplanting and demolition of redundant buildings is being carried out in
order to minimize the ongoing maintenance requirements on each site. Plant being
dismantled includes fuelling machinery, gas circuits, heat exchangers (at Berkeley
only), fuel storage pools, fuel handling equipment including cranes, manipulators
and active handling cells, and conventional equipment. Buildings being demol-
ished include turbine halls, workshops, and most ancillary plant and office build-
ings. The bulk of the waste materials are being decontaminated to below the free
release levels thus permitting recycling, or, in the case of concrete rubble, disposal
to local landfill sites. Other low active wastes are being disposed of to the BNFL
LLW disposal facility at Drigg. Intermediate level wastes are being stored on site
pending decisions on the development of final disposal facilities.

Decommissioning at Berkeley is the most advanced, and therefore in the descrip-
tion below this is used as an example of the methodology and techniques being
used. However the overall approach is similar for all the Magnox plants.

3.1. Fuelling machinery and storage tlasks

All plant was potentially decontaminable. However it was judged that decontami-
nation of all small complex mechanisms was not cost effective, and such items
were disposed of as LLW. Dismantling and decontamination was carried out in situ
on the charge face, and following initial radiological surveys the waste was re-
moved to other low dose rate areas for final clearance monitoring. Some 1,700 te of
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material was released off site for recycling, 60 te were disposed of as LLW, and 30
te remain on site in storage.

3.2. Gas Ducts

There were 8 primary cooling circuits (gas ducts) per reactor, constructed of
mild steel, 1,5m diameter. Each duct comprised straight sections and bends v.ith
internal guide vanes; expansion bellows units, and a gas circulator and diffuser uni t .
Ultra high-pressure water jetting proved the most effective decontamination
method and 750 te of steel have been released for recycling. However 50% of the
upper ducts and 15% of the lower ducts were found to be activated, and therefore
unsuitable for decontamination. This remains in storage within the reactor
buildings.

3.3. Heat exchangers

At Berkeley the heat exchangers are external to the reactor building, and have been
isolated from the reactor primary circuits and lowered to the ground for storage.
There are 8 per reactor, each measuring 5m diameter by 21 m long and weighing
311 te. The radioactive inventory of the boilers has been determined by in-situ
gamma spectrometry, backed up by gamma spectrometry and radiochemical analy-
sis of samples removed to the laboratory. After 10 years radioactive decay the ma-
jor radionuclides were H-3 (46 %), Fe-55 (29 %), Co-60 (18 %), C-14 (4,5 %),
Ni-63 (1,2 %), Cl-36 (0,7 %), and others <1 %.

A trial decontamination has been completed on one of the heat exchangers. The de-
contamination of the shell, internal plates and steelwork was carried out using an
acid dipping process, with some ultrasonic decontamination, and abrasive mechan-
ical techniques. The results of this process were encouraging with approximately
107 out of 112 te of finned tube decontaminated to free release levels. The plain
boiler super heater tubes were found to be coated with a thick layer of magnetite and
their decontamination was considered uneconomic.

Following surface decontamination the steel had the residual tritium removed by
heating in a gas fired furnace. A decontamination factor of approximately 120 was
required to permit free release of the metal. As a result 65 out of a total of 311 te was
disposed of as low-level waste.

3.4. Reactor buildings

All dismantling work on charge face has been completed. This has permitted the re-
duction in height of the buildings by 25 %. Before this work could proceed a protec-
tive concrete pad was constructed over the reactor charge face to safeguard the
reactor vessel and containment against dropped loads. The building height was then
lowered and a new roof constructed over the protective concrete pad. All glazed
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sections of the buildings have been removed and replaced with cladding to improve
weather protection and reduce the maintenance requirements. Atmospheric moni-
toring equipment has been installed in the reactor vessels to enable the condition of
the internals to be monitored. All major vessel penetrations have been sealed and a
passive vent system installed. Corrosion test samples have been installed into the
reactor vessels. These arrangements wil l enable the safe condition of the reactor
and its internals to be confirmed un t i l final dismantling is undertaken.

3.5. Fuel pools

The fuel pools of Magnox plants comprise unlined concrete. Initial core samples
taken from the walls showed the bulk of the activity was held within the first few
millimeters of the concrete, but that some 50-60 mm of concrete would have to be
removed to permit free release of the remaining structures.

Phase 1 of the pool decontamination included removing a layer of up to 5mm from
all walls and floors by ultra-high pressure water jetting. The equipment was de-
ployed semi remotely to control operator doses. The same techniques were used to
decontaminate redundant plant including fuel element and active waste skips, and
cooling pipe work. Wastes arising from the decontamination have been solidified in
concrete and disposed of as low-level waste.

Phase 2 of the pool decontamination project has utilized dry planning techniques to
remove concrete to a depth typically of 50 mm to get below de-minimums levels.
Thin internal wall sections were contaminated on both sides and have been com-
pletely removed and disposed of as low-level waste. Following decontamination,
the pool structures were demolished completely.

3.6. Operational wastes

There is approximately 1600 m3 of mixed intermediate and low-level waste located
in underground-shielded storage vaults on the plant site. The wastes consist of fuel
element debris (Magnox, graphite and steel), canned sludges, resins and miscella-
neous solids from post irradiation examination studies. The wastes are being re-
trieved using fixed arm manipulators through holes in the vault roof before transfer
to a sorting and processing facility. There the wastes are then separated into LLW
and ILW, and solids and mobile streams. The solid ILW is placed in 3 m3 boxes,
grouted and stored in a dedicated area within the reactor building. Mobile wastes
are stored in modern tanks in the fuel pool effluent treatment building.

3.7. Conventional plant, buildings and structures

Following demolition of the turbine hall, the basement has now been backfilled and
landscaping of this area is completed. Consideration is currently being given to de-
commissioning of the CW culverts and outfall structures in the river.
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4. Decommissioning Experience at Wind scale and Big Rock Point (Prompt)

These reactors are examples of where the «Prompt» decommissioning strategy has
been adopted, involving the dismantling and removal of all major components in-
cluding the reactor vessels and internals by BNFL. Progress on both these projects
is as follows.

4.1. Wind scale Advanced Gas-Cooled Reactor (WAGR)

WAGR was a development unit for the UK commercial Advanced Gas-cooled Re-
actor (AGR) programme with a primary function of developing and testing high
temperature fuels. The reactor first went critical in 1963 and was finally shut down
in 1981. It had a design output of 100 MW (th).

The reactor pressure vessel is manufactured from carbon steel plate, which varies in
thickness from 44 mm to 111 mm. It was originally 16,3 m high and 6,5 m diame-
ters with domed ends.

The main internal components comprise a graphite core surrounded by thermal
shield plates and surmounted by a neutron shield and hot gas collection manifold
(Hotbox). Two hundred and fifty three fuel channels ran from the core upwards to
refueling tubes, which penetrated the neutron shield, hotbox and ultimately the ton
dome, running up to the refueling floor level. A concrete biological shield 2,7 m
thick surrounded the reactor forming the reactor vault.

The dismantling is being undertaken in a series of campaigns, one for each of the
major components, such as gas manifold, neutron shield, graphite core, internal
support structure, and the pressure vessel itself.

Remote handling equipment, including manipulators, hoists, transfer and viewing
equipment has been installed to carry out the work. In addition a waste route has
been set up to assay and encapsulate the dismantled components in self-shielding
boxes for storage on site as ILW, or disposal at the LLW facility.

In order to dismantle each main area of the reactor, a specific methodology, and the
necessary tools, have to be developed and tested for use with the manipulators and
other remotely operated equipment.

To date operational waste and experimental loop tubes have been removed from the
reactor channels, and the gas manifold cut up and dismantled. Removal of the neu-
tron shield is the next campaign to commence.

The remotely operated dismantling techniques used include remote viewing,
plasma arc and oxy-propane powder injection cutting, hydraulic shearing, and
grinding, together with a series of and lifting devices to secure and remove the com-
ponents from the reactor vault.

120



4.2. Big Rock Point BWR

Big Rock Point is a 75MW(e) BWR, located on the east shore of Lake Michigan
that was ini t ia l ly used as a research reactor for fuel types, as well as commercial
production. It closed in 1997.

The scope of BNFL's contract comprises decontamination of the primary circuit,
the removal of the major components (emergency condenser, poison tank, steam
drum, and reactor vessel), and decontamination and demolition of all buildings and
structures.

To date the following has been completed:
• Chemical cleaning of the primary circuit (300 curies removed):
• Turbine removed.
• Reactor vessel characterized.
• Spent fuel stored in pool.

The reactor vessel is being removed complete with internals (except Greater Than
Class С components) to the Barnwell disposal site. It measures 10 m high and 2,75
m diameters. A container has been designed for the transfer, and NRC licence ap-
proval has been received. The reactor head is to be disposed of separately.

5. Supporting Technologies and Developments

The projects described above depend on the use of a wide range of technologies and
techniques to enable them to achieve their objectives. A substantial ongoing Re-
search and Development programme was established in 1989 in support of the
BNLF decommissioning projects and has successfully provided valuable equip-
ment and techniques, which have been employed in many areas. Examples of these
are listed below:

• Plutonium inventory monitoring - DISPIM.
• Plant characterization - RADSCAN.
• Open area monitoring - LARCH.
• Radiation modeling codes.

• Modeling and viewing systems.
• Remote Modular Containment (RMC).
• Foam injection.
• Strippable coatings.

• Mechanical decontamination.
• Chemical decontamination.
• Ultrasonic decontamination.
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• ROVs/Manipulators.
• Crimp shear-cutting tools.
• Plasma arc cutting techniques.
• Concrete scabbling.
• Concrete sawing.

• Portable shower units.

The technologies, processes and initiatives, which BNLF has developed and suc-
cessfully applied to all areas of decommissioning in the nuclear fuel cycle, are con-
stantly moving forward and being updated.

6. Conclusions

The above project represent a snapshot of the reactor decommissioning activities
currently being carried out by BNLF. The successful application of new and exist-
ing technology in this and over very challenging environments over many years has
provided a very firm base of experience. This real experience has been a major fac-
tor in the success of the overall decommissioning program to date.

The approach to decommissioning, and the techniques used, are in essence straight-
forward. However experience is essential in order to reduce the risks and costs. This
includes the ability to carry out the appropriate survey and preparatory work in or-
der to specify the task, knowledge of the range of techniques available in order to
select the most effective approach while minimizing waste handling, and the expe-
rience to cope with any unforeseen circumstances that arise.

Therefore it is important that in order to provide a coast effective approach to de-
commissioning the experience gained and procedures developed during these and
ocher project is automatically fed into subsequent work programmes and method-
ologies to improve safety, operating capability and reduce financial risk. Processes
and initiatives are in place to enable BNFL to leam from experience and constantly
strive for improvements.


