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ABSTRACT

This paper considers the fuel removal, transportation and subsequent decommissioning of
the ICI Triga Mark I Reactor at Billingham, UK. This work was carried out on behalf of
ICI by BNFL Waste Management and Decommissioning.

The decommissioning methodology was considered in the four stages to be described;
namely Preparatory Works, Reactor Defuelling. Intermediate Level Waste Removal and
Low Level Waste Removal.

This paper describes the principal methodologies involved in the defuelling of the reactor
and subsequent decommissioning operations, highlighting in particular the design and
safety case methodologies used in order to achieve a solution which was completed
without incident or accident and resulted in a cumulative radiation dose to personnel of
only 1.57mSv.

Figure 1: Conceptual Design for Reactor Defuelling Methodology
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1. Introduction

The ICI Mk 1 TRIGA was a pool reactor which operated at 250kW, using a Zirconium Hydride
moderated fuel containing 8.5wt% uranium at 20% enrichment. It was commissioned in 1971 and
operated commercially until 1996 for the irradiation of specimens and production of tracers.

BNFL were contracted to carry out the decommissioning of the reactor on behalf of ICI. The experience
required in order to complete this work came from BNFL's history of safely operating and maintaining
it's own commercial reactors, which currently total 11 sites, along with the successful decommissioning
and delicensing the Universities Research Reactor at Risley, Warrington, UK and the experience of
completing several major decommissioning projects at its own licensed sites. BNFL have subsequently
used this experience in assisting external clients in Civil Reactor Decommissioning projects both in
Europe and the USA.

2. Decommissioning Methodology

Stage 1 - Preparatory Works

This stage of the work included the assessment of engineering schemes in order to facilitate the removal
and transportation of the reactor fuel from the reactor to dry storage at Sellafield, along with the
subsequent removal of the remaining activated components of the reactor construction.

In order to achieve this aim, a defuelling
scheme compatible with the requirements of
onward transportation was required. Since no
facilities existed at ICI for fuel removal, the
scheme needed to include for fuel inspection,
packaging, shielded removal from the reactor
tank, drying and transfer into a suitable
transport flask. The fuel would then be
transported to Sellafield for dry storage.

Figure 2: Triga Reactor Core

A scheme for the shielded removal of the Intermediate Level Waste was also required, to principally
include the removal of the reactor Rotary Specimen Rack, Argon Activation Vessels and miscellaneous
stainless steel components. This package would then require treatment in order to make it acceptable for
transfer from the ICI Site.

The remaining components, consisting of the Reactor Core, cooling system and instrumentation would
then need to be removed for packaging and transfer from the ICI Site.

The preparatory work included comprehensive safety studies concluding in the production of the Pre-
Decommissioning Safety Report and a detailed design study. These documents included a
comprehensive dose assessment for all planned operations, along with detailed operating instructions,
risk assessments and flask licensing authorisations. The design study took into account all the issues
raised in the safety documentation, which enabled the manufacture of suitable decommissioning
equipment which was tested off site by the decommissioning team to ensure essential training and
experience prior to the on-site operations.
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Stage 2 - Reactor Defuelling

The reactor was defuelled utilising a cylindrical transport flask positioned directly above the reactor
tank. A support frame was manufactured to provide secondary support to this flask in addition to a
mobile lift and carry crane. This support frame also provided shielding in the form of a collimator which
extended into the reactor tank water. The fuel was prepared and loaded into a purpose built fuel
transport basket, positioned on a specially manufactured in-tank frame located next to the reactor core.
The basket, containing 13 fuel elements, was hoisted directly into the transport flask for onward
shipment to Sellafield. The reactor had an inventory of 86 fuel elements and three control rods - hence
seven transport shipments were required.

Stage 3 - Intermediate Level Waste (ILW) Removal

A dedicated shielded container was designed
and built for the purpose of removal and
disposal of this waste. The container, consisting
of steel and lead shielding, was positioned on
the in-tank frame located next to the reactor
core. The ILW was loaded into this container
following remote size reduction by hydraulic
croppers. The package was then grout filled
utilising technology developed at the Sellafield
waste storage plants, to ensure that free liquids
were not consigned with the waste.

Figure 4: On-Site ILW Removal

The support frame positioned above the reactor
tank for the purpose of defuelling was
complemented by the addition of a transfer
shield. The grouted container was then removed
from the reactor tank using the mobile crane.
During removal, the container was designed to
mate with the transfer shield to allow safe
movement of the package to a licensed
transport flask. This waste was then transferred
to Sellafield for interim storage pending
ultimate disposal.

Figure 3: ELW Removal Equipment Testing

Stage 4 - Removal of Low Level Waste (LLW) and Reactor Ancillary Equipment
The remaining waste, consisting mainly of the aluminium clad graphite reflector, primary cooling
system and experimental facilities such as the rabbit systems were dismantled and placed directly into a
10m3 ISO skip for grouting and disposal to the Drigg Low Level Waste Repository.

The decommissioning operations concluded with a detailed radiological survey of the reactor tank and
containment.
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3. Current Status

The results of the radiological survey were assessed by both ICI and BNFL in order that a decision
regarding further work could be taken. Following this assessment, it was agreed that a further stage of
decommissioning should be carried out, namely the removal of the activated reactor tank and
foundations in order that the site could be delicensed in accordance with the UK licensing regulations.

4. Safety

The entire decommissioning project was carried exactly in accordance with the prescribed safety
documentation and operating instructions. At no stage during the project was safety compromised, and
no issues implicating the Environment or Health and Safety of the public or workforce were
encountered. The initial dose estimate for the project was 20.0mSv compared with the actual outturn of
1.57mSv. This reduction was mainly due to the project methodology and sequencing which allowed for
design modifications to take place as the safety case developed and hence ensure that the optimum
equipment was fabricated.

5. Additional Research Reactor Projects

Windscale Advanced Gas Cooled Reactor
The Windscale Advanced Gas Cooled Reactor
(WAGR) is situated on the UKAEA Windscale
Site, which is contiguous with the BNFL
Sellafield facility. WAGR was a development
unit for the UK commercial AGR programme
with the 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 100MW(th)
and a lifetime generation of 217GWhr. The
core was defuelled in 1983 and the fuel was
despatched to BNFL Sellafield. Since then the
reactor top dome and boilers have been
removed in preparation for complete
dismantling of the core.

The dismantling project is now underway
utilising robotics to size reduce and package the
graphite core. The overall aim of the
decommissioning project, being carried out by
BNFL on behalf of UKAEA, is to remove all
the activated components of the reactor,
currently programmed for approximately 2006.

Figure 5: WAGR Heat Exchanger Removal
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Scottish Universities Research Reactor
In 1997, BNFL safely removed the reactor neutron source from the Scottish Universities Research
Reactor (SURR). BNFL have since secured an additional contract for the complete decommissioning of
the reactor. BNFL are now assessing the decommissioning options and in the process of preparing the
Pre-Decommissioning Safety Report. Currently, BNFL are proposing tooling to enable size reduction of
the reactor steel components and the use of remote hydraulic cutting for the removal of the reactor
shielding concrete. The programme for completion of decommissioning is estimated as 2001.
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Korean Atomic Energy Research Institute - Triga Reactors, Seoul, South Korea
The Korean Atomic Energy Research Institute (KAERI) own a Mark II and Mark III Triga Reactor
located in Seoul, South Korea. In 1998, BNFL, in conjunction with Hyundai Engineering won the first
phase of the decommissioning of these two reactors - namely the preparation of the design and safety
case to enable subsequent implementation in Phase 2. The scope of the supply, which included all
aspects of the decommissioning work was completed in 1999, with the final safety documentation being
accepted by the Korean Institute of Nuclear Safety (KINS). The design scheme covered all aspects of
the decommissioning including Intermediate Level Waste size reduction and packaging, Low Level
Waste and reactor construction removal, followed by the delicensing of the site.

Figure 6: Design Scheme for the Decommissioning of the KAERI Triga Mark DDE Reactor

6. Conclusion

Through their experience on the projects outlined in this paper, along with a significant Research and
Technology investment and the ongoing decommissioning of three UK commercial reactor sites, BNFL
have demonstrated that:

• all aspects of the end of life requirements for research reactors are achievable within immediate
timescales of reactor shut down.

• all types of research reactor fuel can be managed, regardless of whether the decommissioning of the
reactor had ever been considered.

• research facility operators have a clear option to delicense their site within a few years of reactor
shut down.

• experience gained on Research Reactor decommissioning can be used to assist in the planning and
implementation of civil nuclear power station decommissioning.
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