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ABSTRACT 
 
The Dounreay site, in North Scotland, was opened in 1955 and a wide range of 
nuclear facilities have been built and operated there by UKAEA (The United Kingdom 
Atomic Energy Authority) for the development of atomic energy research. The 
Dounreay Fast Reactor (DFR) was built between 1955 and 1957, and operated until 
1977 for demonstration purposes and for producing electricity. Today, its 
decommissioningis a key part of the whole Dounreay Site Restoration Plan that 
integrates the major decommissioning activities such as the fuel treatment and the 
waste management. 
 
The paper presents the contract strategy and provides an overview of the BFR 
project which consists in the removal of the breeder elements from the reactor and 
their further treatment. It mainly provides particular details of the Retrieval and 
Processing Facilities design. 
 
 

1 INTRODUCTION 

The Dounreay site, in North Scotland, was opened in 1955 and a wide range of 
nuclear facilities have been built and operated there by UKAEA (The United 
Kingdom Atomic Energy Authority) for the development of atomic energy research. 
 
As part of this facility, the Dounreay Fast Reactor (DFR) was built between 1955 and 
1957, and operated until 1977 for demonstration purposes and for producing 
electricity.  Partial decommissioning has since taken place and the main fuel loading 
and a number of breeder fuel elements have been removed. 
 
Today, the decommissioning of the DFR is a key part of the whole Dounreay Site 
Restoration Plan that integrates the major decommissioning activities such as the fuel 
treatment and the waste management. 
 
DFR decommissioning comprises a number of discrete activities, key ones being the 
NaK removal project, the Primary Circuit Decontamination Project (PCD) and the 
Breeder Fuel Removal Project (BFR). 
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The BFR project purpose is to remove by 2008 the remaining breeder elements from 
the reactor and to process them for onward transport for reprocessing or storage.  Two 
independent and competitive studies were carried out in 1999/2000 to determine the 
most suitable solutions to be implemented. They basically reached the same 
conclusions that can be summarised as follows: 
 

• Remove the elements from the reactor using mechanical cutting; 
• Transfer the elements outside the sphere and treat them in an adjacent 

facility; 
• Remove the element cladding then destroy the NaK from both the cladding 

and the uranium slugs; 
• Package the uranium slugs for onward transport for reprocessing or storage, 

and consign metallic cladding waste as ILW. 
The paper explains the contractual strategy which is implemented and provides a brief 
description of the facilities with a particular emphasise of the processing facility 
currently designed by SGN and the retrieval facility designed by Framatome ANP, 
both companies of the AREVA group. 
 

2 CONTRACT STRATEGY 

Following the results of the option studies which were carried out, the UKAEA 
assessment of the contract strategies available concluded that the complexity and risk, 
along with the need for early contractor involvement, favoured the formation of an 
Alliance of specialist contractors to undertake the design and implementation work. 

A. Alliance concept 

This enables all the members, including UKAEA, to have an early input into the 
design process, and is preferred to traditional forms of contract because: 

- It encourages risks to be shared and managed more appropriately, 

- It recognises and rewards the members of the Alliance for good performance 

The parties are incentivised to co-operate with each other and the client for the 
overall success of the project.  

The Alliance has a non-executive Alliance Board that consists of one 
representative from each Consultant participating in the Alliance, and two 
representatives from UKAEA.  The representatives have delegated authority to 
represent and bind their companies with respect to any matter on their Works 
Contracts.  The Board convenes every three months. 

The project is implemented by an Integrated Project Team under the direction of a 
UKAEA Project Manager. 

B. Alliance structure 

1 Alliance Agreement  
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The Alliance Agreement is an agreement between Participants for co-operation, 
joint project execution and setting of objectives.  In addition there are detailed 
provisions for financial payments for the achievement of milestones. 

It is a multi-lateral agreement which embraces all the parties in the Alliance and 
which: 

- Expresses the objectives of the Alliance 

- Details the principles that govern the working relationships of the participants 

- Establishes an organisational structure 

- Defines the details of the Commercial Basis. 

2 Works Contracts 

These are individual contracts between UKAEA and each Consultant co-
existing with the Alliance Agreement and underpinning them. They : 

- Define the services to be provided 

- Establish the rights and obligations of the parties 

- Define the terms of payment 

- Incorporates specific and general terms and conditions. 

 

C. Alliance Participants 

The BFR Alliance comprises the following five companies plus the UKAEA.  
Framatome ANP (retrieval and tooling), Atkins (safety and building architecture), 
Strachan & Henshaw (containment and handling), SGN (element processing) and 
Alstec (construction and plant operations). 

In addition, ENTECH ( a Joint Venture company between SGN and S&H) has  
the role of a co-ordination team on behalf of UKAEA (Cost control, change 
control, planning, QA,…) 

These companies were already working together with the same split of work 
during the Option Study carried out previously.  

 

D. Local benefits of Alliancing 

Approximately 20% of the total contract value is expected to go to locally based 
companies.  A key feature of the Alliance will be the transfer of specialist skills 
from major contractors to local firms. This will improve the latters’ ability to 
compete for future decommissioning work at Dounreay and elsewhere in the 
world. 
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3 THE BFR PROJECT 

3.1 Objectives and challenges 

The objectives of the project are to remove by 2008 the 977 breeder fuel 
elements still present in the reactor as well as the single remaining core fuel 
assembly, then to treat the breeder elements so as to remove the NaK and to sort 
Uranium slugs and steel cladding and finally to evacuate both the slugs and the 
cladding for their appropriate further treatment.  
Three major set of difficulties have to be overcome for the success of the 
removal operations: 
• The specific constraints due to the use of a part of the existing equipment 

and facility such as restricted access to the vessel, restricted loads on the 
sphere floor,… 

• The unknown status of the elements: they are immersed in the NaK primary 
coolant which has remained heated since 1983 but has not been circulated 
since that time.  It is known that some of them are stuck, some have lifting 
heads damaged or missing, some have “pegs” because of the displacement 
of the upper support structure during operations 

• The presence of NaK alloy with its attendant risks of fire and explosion and 
the need to maintain continuously the inert atmosphere in all areas where 
NaK alloy can be found. 

3.2 Brief description of the facilities 

 
The overall solution is illustrated on the following figure: 
 
 
 
 
 
 
 
 
 
 

 
Section of the Sphere with BFR Project facilities 

 
 
 

3.2.1 Retrieval facility 

 
The retrieval facility includes tools and equipment for freeing and transferring 
breeder elements to the processing cell. 
The retrieval facility is described in detail in section 4. 
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. 

3.2.2  Maintenance Glove box 

This box is located within the sphere.  It allows the storage and maintenance of 
the retrieval cutting and handling tools. 
The Maintenance Glove box is maintained in inert atmosphere. 
 

3.2.3 Transfer tube 

A new engineered opening in the Sphere structure allows element baskets to be 
transferred via a Transfer Tube from the ETF to the Processing Facility.  The 
Transfer Tube, which is surrounded by a shielded structure, is maintained under 
an inert atmosphere. 
 

3.2.4 The Processing Facility 

The Processing facility is described in detail in the section 5. 
 

3.2.5 The Flask import/export facility 

The systems that enable the preparation of both the Magnox flasks and the ILW 
drum flask either before or after their loading with slugs or waste from the 
Processing cell are located within this facility. 

3.2.6 The containment building 

The following systems and components  are located within this building: 
• The processing facility, 
• The flask import/export facility, 
• The auxiliary systems ( power supply distribution, nitrogen back up, 

monitoring, access systems and lockers, HVAC system, …). 
 

4 THE RETRIEVAL FACILITY 

4.1 Functional and safety requirements 

The main functions of the facility are the removal of breeder elements from the 
reactor vessel and transfer of these elements to the processing cell. 
 
The condition of the elements cannot be fully established at the moment but it is 
anticipated that a small fraction a breeder elements are jammed in the reactor 
internal structure and some elements lifting heads are damaged or missing. 
There is a requirement for freeing these elements from the support structure 
when necessary prior to handling them in the reactor. It is however anticipated 
that the majority of elements will only required handling without machining. 
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All the operations need to be carried out under a controlled inert atmosphere as 
there will be a residual solid NaK pool at the base of the reactor vessel and 
possible a surface film of NaK on the element cladding.  
 
Because of this hazard and other common safety requirements such as 
protection against radiation and contamination, it is essential that the retrieval 
operations are remotely controlled.  
 
The figure below shows the reactor internals supporting the breeder elements in 
the vessel and the existing large and small penetrations through the reactor 
charge face. The two existing rotating plugs on top of the reactor will be used to 
gain access to each element in the vessel and deploy the retrieval equipment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.2 The facility 

4.2.1 Tools 

A mechanical dry cutting technique has been selected following initial option 
studies. This allow for robust tool design and the use of proven technology in 
the harsh radiological environment. A technical challenge is to develop small 
tools which can be deployed through very restrictive accesses both into the 
reactor vessel and around the core. 
 
Different tools will be used depending on the element location in the vessel and 
the condition of the element. The set of tools comprises grabs for handling 
elements (internal, external or lateral gripping) and tools for machining the 
element (head and tail sawing) or the internal structure (wheel cutting for 
enlarging holes in the reactor top plate, milling of plate ligaments between 
holes, etc.). Consideration has also been given to collection of waste generated 
during the process (swarf, chips) with specific tools. 
 
All these tools will be remotely controlled using lighting, viewing and sensing 
equipment thereby enabling the operators to monitor the process from a 
dedicated control unit.  
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A number of tests have been conducted on a full-size representative rig to 
demonstrate the performance of a number of the tools. The trials will continue 
throughout the successive stage of the project in order to test individually each 
tool and its associated equipment on the mock-up, prior to proceeding to the 
operational stage of the project. 
 

4.2.2 Retrieval Cell and Tool Storage Cell 

 

ELEMENT TRANSFER FLASK
(E-T-F)

3 MASTS

GLOVE BOX

TRANSFERT TUBE

EXISTING CRANE

BASNET GRAB

TO PROCESSING CELL FACILITY

BASNET GRAB

TOOL CONNECTOR ON MAST

VALVES

EXISTING ROTATING
PLUGS ON REACTOR

INTERNAL SUPPORT STRUCTURE

TOOL DEPLOYED IN VESSEL

VALVES

EXISTING CRANE

TOOL TRANSFER FLASK
(T-T-F)T-T-F

STORAGE CELL

RETREIVAL CELL

TOOLS

E-T-F

Because the reactor charge floor structure has an allowable load limit constraint, 
a small facility composed of a retrieval cell and a tool storage cell is designed 
for installation on the existing rotating plugs, used in the past for the re-fuelling 
or de-fuelling of the reactor. The rotation of the plugs will give access to each 
element for deployment of the tools. 

The tools will be introduced into the reactor vessel using 3 masts deployed 
through the existing larger access hole in the reactor rotating shield. The tools 
will be selected according to the sequence of work undertaken and are 
automatically and remotely connected or disconnected from the masts.  
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These devices (masts, connectors) will be part of the retrieval cell of which the 
design will also address the safety functions for containment and radiological 
protection. 
Tool selection will be from a small tool storage cell adjacent to the retrieval cell 
designed to hold 4 tools, considering that the majority of tools will be stored in 
the tool maintenance facility in the Sphere. 
 

4.2.3 Flasks 

In the vessel, breeder elements will be introduced in a basket and the basket will 
be loaded in a dedicated Element Transfer Flask using an existing access 
through the reactor charge face . This flask will enable in-sphere transfers of 
element between the retrieval facility and the processing facility using the 
existing crane in the sphere. 

In a similar way, tools will be transferred from the retrieval facility to the tool 
maintenance facility using a Tool Transfer Flask. 
 

5 THE PROCESSING FACILITY 

5.1 Functional and safety requirements 

The two main functions of the facility are the cleaning of residual Nak deposits 
from the items and the sorting  and conditioning of the washed items before 
their evacuation in an appropriate transfer flask for further processing or 
storage. 
 
In addition to regular safety risks common to all nuclear installations treating 
irradiated fuel, the presence of the NaK alloy poses significant hazard as it is 
highly reactive with water, air and even with its own oxides.  Therefore, its 
handling, storage and destruction require specific measures be implemented so 
as to maintain safe conditions at any time. In particular, the maintenance of a 
controlled inert atmosphere in all areas where NaK alloy can be found is a key 
safety requirement. 

5.2 The cleaning method 

 
The cleaning method is a key point of the overall process.  It has been selected 
on the basis of experience gained by the French CEA ( Commissariat à 
l’Energie Atomique) for similar purposes. 
The cleaning operation is performed in a dedicated cleaning tank which can 
treat of 3 elements at a time. 
 
Water is used to destroy the NaK alloy because it is easily available, cost 
effective and generates well known by products : hydrogen and an effluent mix 
of sodium and potassium hydroxides.  However, in order to limit the hydrogen 
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concentration by controlling the reaction, a limited quantity of water is first 
introduced together with a nitrogen flow thus creating a mist.  In a second step, 
the water is introduced through specific nozzles until complete immersion of the 
items to be washed is achieved.  The absence of reaction during the immersion 
period is checked by hydrogen measurement to prove that the complete removal 
of NaK has been performed. 

 
At the end of the operation, the effluents are filtered and stored in a waste tank 
to be reused several times for the immersion step until they are transfered to on 
site facilities for further treatment before disposal. 
 

5.3 The facility 

The processing facility comprises 3 areas: (see figure) 

 

5.3.1 The “NaK contaminated compartment” 

The operations to be performed on the elements before they are washed are 
carried out in this compartment.  Its main characteristic is that it is maintained 
continuously in inert atmosphere to prevent the risk due to NaK presence.  The 
main operations are as follows : 
 

• Receiving of elements basket and removal of elements from the 
basket, 

• Buffer storage of elements 
• Decladding of element. This operation is done because it assures 

the access of water to all areas which may contain NaK alloy.  It is 
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known that elements having defective cladding will have ingress of 
NaK inside them. 

• Sorting of cladding pieces and of uranium slugs.  Each type of 
material is put into a specific washing basket. 

• Cleaning operations are performed as described above 
• Transfer to the “clean compartment” through an airlock 

 

5.3.2 The Clean compartment 

As the material which is passing into this compartment has no NaK, there is no 
need to maintain an inert atmospher.  
 
The items are assayed within the airlock then transferred into the clean 
compartment.  The cladding pieces are weighed then put in a NIREX drum 
which is tightly connected to the facility. 
 
In order to comply with BNFL requirements, the uranium slugs are inserted in 
recan tubes, weighed and put in a Magnox flask which is also connected to the 
facility. 
 
Both compartments are fitted with a liner which provides the containment 
barrier against any spread of radioactive contamination as well as the required 
tightness level for maintaining inert atmosphere in the “NaK contaminated 
compartment”.  They are also surrounded by a metallic structure which provides 
the radiation shielding protection. 
 

5.3.3 The tank room 

This room is located below the contaminated compartment.  It houses the 
cleaning tank, the settling/filter tank as well as the effluent tank. The required 
level of radiation protection is assured by the concrete structure. 
 

6 CONCLUSIONS 

This paper describes the operations and facilities currently designed for the removal 
and treatment of DFR breeder elements.  The detailed studies have now to be carried 
out before supply, installation, commissioning and operational phases are done but the 
studies and demonstration tests already performed, the use of proven technologies as 
well as the contractual approach with highly skilled companies give a great 
confidence that the outcome of this challenging project will be successful. 


