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EXECUTIVE SUMMARY 

During historic reprocessing operations associated with research programmes at Dounreay 
particles were released into the environment, mainly via the active liquid discharge system.  

Since 1983 over 1400 small fragments of irradiated nuclear fuel and irradiated steel, referred 
to as ‘particles’, have been found and removed from the environment around the Dounreay 
site.

UKAEA and SEPA have investigated the source and fate of particles in the environment and 
UKAEA has now developed a strategy for clean-up.  Independent experts have also provided 
major reports on particles and their potential health effects. 

UKAEA adopted the best practicable environmental option (BPEO) method as an aid to 
decision-making.  The BPEO is an open and transparent process that assesses options 
against pre-selected criteria that include environment, health and safety, technical, social and 
economic, and cost considerations.  The approach encourages the participation of 
stakeholders throughout the development and implementation of the BPEO. 

This document describes how UKAEA has arrived at the point where the outcome of the 
public consultation process can be recorded and a recommendation for implementation can 
be made. 

Stage 0 of the process (started in 2003) identified the particles issues and set up a team of 
people, independent of UKAEA, known as the External Consultation Steering Group (ECSG) 
to oversee the consultation process.  

Early in the BPEO development, Entec UK Ltd was contracted as independent facilitators to 
the BPEO process. This, combined with input from the ECSG, provided an unbiased 
approach and ensured the development of the BPEO was highly visible. 

Stage 1, undertaken in early 2006 with full public consultation, explored how the issue 
impacted on everyday lives and determined the completeness of the list of possible options 
and the assessment criteria.  As a result of feedback a number of changes/additions were 
made to the options and criteria. 

Stage 2 An expert team known as the Scoring Panel was established, which consisted of 
independent experts as well as UKAEA personnel.  After a number of iterations, the Scoring 
Panel identified a list of feasible combined options (an on-shore option with an off-shore 
option) to go forward for appraisal and scored these against the assessment criteria.  The 
combined options were carried forward to Stage 3 consultation.  

During November 2006, the Dounreay Particles Advisory Group (DPAG) set up to provide an 
advisory role on scientific and technical issues to SEPA and UKAEA in respect of particles in 
local sediments, published its Third Report.  The document is extensive in its coverage of the 
particles issue, and importantly classifies particles as Minor, Relevant and significant, with
respect to human health effects. 

Stage 3 of the BPEO process presented the output from Stage 2 along with information from 
DPAG’s Third Report to the public during the first part of 2007. The purpose was to gain an 
understanding of the relative importance of the assessment criteria to allow the scored 
options to be weighted.  

Feedback from the consultation processes showed that the preferred options from Stage 2 
and Stage 3 are removal of particles from the beaches (onshore individual Option 2) 
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combined with clean-up of the seabed by recovery of particles (offshore individual Options 11 
and 13).

It was recognised during the consultation stages that a ‘one-option-fits-all’ approach is 
probably unrealistic and that the selected clean-up methodology applied should be flexible,  
and subject to regular review.  

At this point, the end of Stage 3, it was recommended that an onshore Option 2 be 
combined, as appropriate, with offshore Options 11 and/or 13.  

Stage 4 - In parallel, technical work had been ongoing to review technologies for both the 
onshore and offshore environments. Studies have continued to ensure a greater 
understanding of the issue, coupled with independent expert reports, notably DPAG’s Third 
Report and the Dounreay Particles Technical Résumé published by UKAEA. 

This document provides details of the extensive work undertaken through the BPEO process 
to arrive at a recommendation for the long-term management of particles.  

This document the BPEO will be submitted to the Scottish Government, the Scottish 
Environment Protection Agency (SEPA) and the Nuclear Decommissioning Authority (NDA) 
for their approval.
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ECSG FOREWORD 

Bill Fernie, Chair of ECSG: 

"This has been a long process but I feel we did all we 
could to ensure that everyone in the whole 
community had the  chance to make comments and to 
have as much information to be able to feel informed 
on what is a complex subject.  I would like to thank 
everyone involved from the BPEO group to the wider 
public for their contributions.”

The External Consultation Steering Group (ECSG) for Particles was formed in December 
2003 with the remit of overseeing the transparency of the Best Practicable Environmental 
Option (BPEO) public consultation process.  The steering group comprised Chairman Bill 
Fernie (Caithness Councillor), John Thurso (MP for Caithness, Sutherland and Easter Ross), 
Rick Nickerson (KIMO, the Local Authorities International Environmental Organisation), Fred 
Barker (Consultation Expert, a member until November 2006), Ian Clark (Dounreay Unions) 
and Prof. Iain Baikie (Technical Consultant).  

The original facilitator company was NNC/University of Lancaster represented by Sam 
Usher.  In November 2004 this function was taken over by Daren Luscombe of Entec UK Ltd.  
The United Kingdom Atomic Energy Authority (UKAEA) senior project managers on the 
project were Dr. Frank Dennis (to April 2006) and Phil Cartwright (from April 2006). The 
UKAEA project managers were Graham Morgan (to July 2005), Fiona Henderson (Entec UK 
Ltd, from July 2005 to June 2006) and Martin Howse (from June 2006).  June Love (UKAEA) 
has managed communications throughout and Dr. Paul Dale represented the Scottish 
Environment Protection Agency (SEPA) as an observer. 

The consultation can be broken down into four stages: Stage 1 Initial stakeholder 
consultation on options and evaluation criteria; Stage 2: Establishment of a Scoring Panel 
and the short listing and assessment of options against the criteria; Stage 3: Stakeholder 
consultation on the shortlist of options and criteria importance and finally Stage 4: 
Consultation on the preliminary BPEO. 

The ECSG has, at each stage, discussed the proposed consultation approach, questioned 
and amended (as required), the goals and targets and reviewed the accuracy and 
transparency of consultation documents including summary reports, newsletters and 
supporting technical material.  Where appropriate, the ECSG has observed, at first hand, the 
delivery of the consultation process such as exhibitions, workshops and scoring panel 
meetings.

Where recommendations have been made, for example by the Scoring Panel, the ECSG 
strived to ensure that underpinning data albeit technical, legislative, geographic, etc. have 
been fairly recorded so that the basis upon which decisions were made was clear.  The 
external members of the scoring panel comprised a wide range of experts including Dr. 
Douglas Clarke (Engineering), Gary Watson (Highland Council), Dr. George Reeves 
(Environmental), Jim Walker (Health and Safety) and Ron Bisset (Socio-economics).  
UKAEA representatives on the Scoring Panel were Phil Cartwright, Dr. Joe Toole, Bill 
Thompson (Health Physics) and John Deighan (Dounreay Unions). 

The ECSG has also been directly involved in the discussion of the outputs of each Stage and 
has overseen the accuracy of the associated reporting of the conclusions of each phase.   
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The final stage of the BPEO will occur towards the end of the first quarter of 2008 when all 
relevant parties have formed a consensus on the way forward.  Thereafter the BPEO will be 
delivered by UKAEA to SEPA, the Nuclear Decommissioning Authority and the Scottish 
Government. 

All the ECSG meetings have taken place in a very positive and constructive atmosphere 
allowing all participants to freely express their opinions and if appropriate, concerns.  
Councilor Bill Fernie chaired all meetings and the UKAEA delegation was in attendance to 
explain the process, present the latest findings and answer questions from the panel.  It was 
most helpful to have Dr. Paul Dale (SEPA) in attendance and his input into this process has 
proved invaluable.  

Throughout this process UKAEA staff have been exceptionally helpful in answering our 
queries and in implementing changes to procedures or documentation where the ECSG has 
expressed guidance.  To date there has been no single issue that has not been addressed to 
the satisfaction of the ECSG.  The Group noted that the potential timescale for clean up of 
particles in the BPEO is significantly shorter than presented during the consultation process, 
following assessment of the latest information available to define the initial area for targeted 
recovery. The process has been robust and transparent throughout.  The ECSG has noted in 
its meeting minutes that the work has been groundbreaking in the nuclear industry due to its 
inclusion and involvement of stakeholders being drawn from the public rather than more 
typical consultation involving often consulted ‘institutional’ groups. 

The ECSG realises that the publication of the BPEO for a particles management strategy in 
2008 is both very topical and highly relevant.  Great effort from a wide variety of sources has 
gone into its production and this document with its recommendation is its output.  

ECSG for the consultation on a BPEO for a strategy for managing particles 
14th February 2008 
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1. INTRODUCTION 

The United Kingdom Atomic Energy Authority (UKAEA) operated three experimental 
nuclear reactors at the Dounreay site in Caithness since 1958. Now undergoing 
decommissioning, these reactors were at the forefront of the UK’s fast breeder 
reactor research programme. During historic fuel re-processing operations 
associated with this research programme, small fragments of irradiated nuclear fuel 
elements, hereafter referred to as ’particles’, were released into the environment. 
Particles have subsequently been found on the beach at Sandside Bay, 
approximately 2km to the west of the site, on the Dounreay foreshore, and on the 
seabed offshore from Dounreay. In 2005 one particle, of Dounreay Fast Reactor 
(DFR) fuel origin, was found on Dunnet beach and in 2007 a particle of Materials 
Test Reactor (MTR) origin was found on Murkle beach, these two beaches are 
approximately 20 km east of Dounreay. 

Figure 1 - Dounreay Materials Test Reactor was just one of the 
MTRs whose aluminium/uranium alloy plate fuels were 
reprocessed on the Dounreay site. 80% of the ‘hot 
particles’ detected and recovered from the local marine 
environment are of MTR origin.  

The occurrence of these particles outwith the nuclear licensed site, on publicly 
accessible beaches, has given rise to public and regulatory concerns. UKAEA 
considers the management of the particles within the marine (offshore) and littoral 
(onshore) environments to be its most important environmental issue. UKAEA’s 
current particles management strategy involves scheduled monitoring of the offshore 
and onshore environments, recovery of detected onshore particles and extensive 
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programmes of research and modelling. Particle detection and recovery and marine 
modelling coupled with ongoing research is undertaken to meet the requirements of 
UKAEA, SEPA, in consultation with the Dounreay Particles Advisory Group1 (DPAG),  
the Committee on Medical Aspects of Radiation in the Environment (COMARE) and 
local stakeholders.  In addition, the Foods Standard Agency (FSA) established in 
1998(?) a fishing exclusion zone with a 2km radius, centred on the diffuser outfall, as 
a result of particle finds on the seabed.   

The International Atomic Energy Agency (IAEA) established safety requirements for 
risk management or “intervention” in situations where past activities and accidents 
have given rise to contamination. The IAEA indicates that in identifying a 
management strategy for dealing with contamination arising from past activities and 
accidents, account should be taken of a variety of issues, including environmental, 
health and safety, technical, social and financial factors. UKAEA is therefore 
undertaking a Best Practicable Environmental Option (BPEO) appraisal of options for 
the Particles Management Strategy in the offshore and onshore environments.  

UKAEA routinely utilise the BPEO assessment process as a tool to aid strategic 
decision-making for implementing its decommissioning programme.  BPEO 
assessments are widely used elsewhere in the UK, and are recognised as good 
practice for the decision-making process. 

UKAEA recognised the importance of public and stakeholder views when deciding 
the strategy for particles in the marine environment. UKAEA established an 
independent External Consultation Steering Group (ECSG) to oversee the 
transparency of the consultation process, held exhibitions and stakeholder 
workshops and produced information newsletters containing feedback 
questionnaires.  

The BPEO is itself a record of the journey taken from initial definition of the project, 
through stakeholder consultation, to recommendation of a final workable option after 
screening from environmental and practicable stand points.  The course of action not 
only has to solve the issue from an environmental and technical point of view, but 
also with a full understanding of what the local community and stakeholders would 
deem acceptable. 

2. SETTING THE BPEO METHODOLOGY 

2.1 Overall Approach 

The main stages for the particles BPEO appraisal process are outlined in Table 1 
and are based on the approach defined by the UKAEA procedure, UKAEA-
PRC0102. [1]. The BPEO assessment process develops through a number of 
stages, from identification of issues and options through analysis, to 
recommendations on the way forward. The stages in this process are: 

1 DPAG was convened in May 2000.  The role of DPAG is “to impart expert scientific advice 
on the UKAEA and SEPA research programmes in respect of particles in the Dounreay local 
environment.”
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1 Define the Objective The overall objective of the BPEO study is to 
assist in the identification of the best overall 
management strategy. 

2 Generate the candidate options All possible options are identified.  

3 Exclude impracticable options Options must comply with laws and 
conventions, therefore impracticable options 
are discarded.  

4 Establish criteria for comparing 
options 

Criteria (or attributes) to be considered include 
safety, environment, technical, socio-
economics and cost. 

5 Score the Options Evaluate performance based on the 
established criteria. 

6 Compare the Options Options are compared to identify key factors. 

7 Determine the BPEO Determining the BPEO can be assisted 
through stakeholder workshops or the 
cascading of information. 

The particles BPEO consultation process has been broken down into a number of 
Stages based on stakeholder consultation (see Table 1).   

Figure 2 - Reprocessing DFR fuel lead to the production of approximately 20% of the hot particles 
detected and recovered from the local marine environment.  
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Table 1 - Particles BPEO Process Stages 

BPEO stages for particles 

The objective of the BPEO study was to help to identify a preferred 
strategy to deal, in the long-term, with the presence of particles in the 
environment.

STAGE 0 Beginning in 2003, the process identified the particles issues and set 
up a team of people, independent of UKAEA, known as the External 
Consultation Steering Group (ECSG) to oversee the transparency of 
the consultation process.

January 2006: initial stakeholder consultation held on the 
completeness of the list of potential options and assessment criteria. 

STAGE 1 
Feedback from this consultation resulted in recommendations made 
by Entec UK Ltd and UKAEA's responses to these 

June 2006 – Scoring Panel established. 

July 2006 – Scoring Panel met to agree methodology and again to 
carry out an assessment of agreed feasible combination of options. 

November 2006 – ECSG reviewed process to date and made 
recommendations for 2007 stakeholder consultation. 

STAGE 2 

November 2006 – DPAG’s Third Report was published providing 
independent information on the particles issue. 

2007 consultation: Exhibitions and workshops held to discuss the 
pros and cons of the relative importance of the main assessment 
criteria.STAGE 3 

Feedback was assessed and recommendations by Entec were 
submitted.  UKAEA provided a response. 

UKAEA drafted the Preliminary Particles BPEO to take into account 
the results of ongoing studies, independent expert reports and public 
views to present a recommended management strategy for the long 
term.

The BPEO document was updated to incorporate UKAEA’s current 
thinking. This was made public to provide the opportunity for 
stakeholders to comment on this Preliminary Particles BPEO (and for 
UKAEA to consider comments) prior to finalising the BPEO for 
submission to SEPA, NDA, and other key stakeholders. 

2007/2008 consultation: stakeholders consulted on the strategy for 
managing radioactive particles in the environment. 

STAGE 4 

Feedback was assessed and recommendations by Entec were 
submitted.  UKAEA provided a response. 
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Application of the methodology to this appraisal of long-term management strategies 
for the particles is complicated, because the spatial distribution of the contamination 
dictates that the overall strategy must be considered in terms of two linked 
components:

1. A strategy for the offshore environment (the seabed).   

2. A strategy for the onshore environment (inter-tidal beach sediments and rocky 
foreshore reefs). 

The overall management strategy will consequently be a combination of at least two 
components, with one or more components addressing each environment. The effect 
of combining various onshore and offshore component options will result in a wide 
range of potential holistic, or combined, particle management strategies.  

Fundamental to the success of any combined strategy is the recognition of the 
dynamic interaction between the onshore and offshore environments. For example, 
beach accumulation, as a result of a flux of sediment from the offshore to the 
onshore environment (sand tends to move onto the beaches during the summer), 
may be accompanied by a transfer of particles. Similarly, beach erosion (sand tends 
to move off the beaches during winter) may result in particles being released from the 
onshore to the offshore environment. These dynamics dictate that the choice and 
success of a given option in one of the two environments will depend on the choice 
and success of the option in the other environment. The appraisal framework must 
therefore be capable of accounting for these interactions.  

The appraisal involved systematically screening and scoring the individual options 
and repeating the process for combined options against a comprehensive set of 
assessment criteria [2 and 3].  

In the present case, systematically combining all offshore options with all onshore 
options would give rise to an overwhelmingly large number of combined option 
strategies with no obvious and direct way to reduce the number of strategies for 
detailed evaluation.

This report describes how the number of potential combined options was reduced, 
how evaluation was achieved, and takes the process through the stages summarised 
in Table 1.   

3. PARTICLES BPEO STAKEHOLDERS 

3.1 External Consultation Steering Group 

The External Consultation Steering Group (ECSG) was established by UKAEA in 
2003 as an independent body set up to oversee the public consultation and 
preparation of the BPEO used to determine a long term strategy. The make-up and 
remit for this group may be found at the UKAEA website.  
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Figure 3 - The last ECSG meeting in Thurso. Members of the group shown include from L to R; 
Prof. Iain Baikie, Rick Nickerson, Daren Luscombe (Entec UK, Facilitator), Phil Cartwright 
(observer), Bill Fernie (Chair), June Love (observer) and Ian Clark.  

The make-up of the Steering Group was wide ranging and included: 

�x Bill Fernie, Member of the Highland Council 

�x Professor Iain Baikie, Director of KP Technology, Wick 

�x Rick Nickerson, Shetland Island Councillor (representing KIMO UK at the ECSG)  

�x Ian Clark, Trade Union Safety Representative, UKAEA Dounreay  

�x John Thurso, MP for Caithness, Sutherland and Easter Ross 

�x Fred Barker, Independent Consultant specialising in Stakeholder Engagement on 
Nuclear Issues.  

3.2 Scottish Environment Protection Agency (SEPA) 

SEPA regulates the discharges to the environment from Dounreay.  This is by means 
of authorisations granted under the Radioactive Substances Act, consents issued 
under the Control of Pollution Act, and permits issued under the integrated Pollution 
Prevent and Control regulations. These means of control contain limits and 
conditions with which UKAEA must comply. 

Dounreay Particles Advisory Group (DPAG) was convened in May 2000.  The role of 
DPAG is “to provide impartial expert scientific advice on the current UKAEA research 
programme in respect of particles in the Dounreay local environment.”  

The members of the Group have expertise in the fields of Health Physics, Medical 
Physics, Environmental Sciences, Geology, Statistics, Marine Biology, Nuclear Law, 
Chemistry and Radiometrics.  
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DPAG acts in an advisory role on scientific and technical issues. The group's main 
objective is to make recommendations to SEPA and to UKAEA about ways to 
improve the monitoring and research programmes for particles in local sediments. 

3.3 Nuclear Decommissioning Authority (NDA) 

The NDA is a non-departmental public body, set up in April 2005 under the Energy 
Act 2004 to take strategic responsibility for the UK’s nuclear legacy.  Its core 
objective is to ensure that the 20 civil public sector nuclear sites under its ownership 
are decommissioned and cleaned up safely, securely, cost effectively and in ways 
that protect the environment for this and future generations.  UKAEA is now 
contracted to the NDA for the clean up of the Dounreay site which includes the 
'management' of particles. 

3.4 Health Protection Agency (HPA) 

The HPA (previously known as the National Radiological Protection Board) is an 
independent body with responsibility for protection of the health and well-being of the 
population.  The Agency plays a critical role in protecting people from infectious 
diseases and in preventing harm when hazards involving chemicals, poisons or 
radiation occur. 

3.5 Committee on Medical Aspects of Radiation in th e Environment (COMARE) 

COMARE is an independent expert advisory committee with members chosen for 
their medical and scientific expertise and recruited from universities, research and 
medical institutes.  The Committee offers independent advice to all Government 
departments and devolved administrations, not just the Health Departments, and is 
responsible for assessing and advising them on the health effects of natural and 
man-made radiation in the environment.  It is also asked to assess the adequacy of 
the available data and advise on the need for further research. 

3.6 The Highland Council (HC) 

The Highland Council is the Planning Authority responsible for appraising 
developments in the Scottish Highlands, including at Dounreay. 

3.7 Scottish Government Rural Payments and Inspecti ons Directorate (previously 
SEERAD)

SGRPID (previously known as SEERAD) is responsible for advising Ministers on 
policy relating to agriculture, rural development, food, the environment and fisheries, 
and for ensuring the implementation of these policies in Scotland 

3.8 Nuclear Installations Inspectorate (NII) of the  Health and Safety Executive 
(HSE)

Safety at Dounreay is the responsibility of UKAEA which must comply with its 
Nuclear Site Licence and other relevant health and safety legislation.  NII regulates 
site activities under the Nuclear Installations Act. 
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3.9 Private Landowners 

A number of individuals own part of, or access to, local beaches in the area.  These 
private landowners are affected by the particles issue and the monitoring surveys 
carried out on or via their land. 

3.10 The Dounreay Stakeholder Group (DSG) 

The DSG has been set up under the Energy Act to give the community a greater say 
in the decommissioning plan. Over 20 different organisations representing every 
aspect of community life are represented. The group is expected to monitor the 
performance of the site contractor and the NDA in areas such as programme 
delivery, safety, environment and security, and play an important role in the 
economic regeneration of the area. It will be part of the network of site stakeholder 
groups across the UK, with each site group represented at meetings of a national 
stakeholder group set up by the NDA. 

3.11 The Local Community 

Having lived with the Dounreay site for the past 50 years the local community is an 
important stakeholder, who are fairly well informed on the activities of the site, past 
and present.  

3.12 The General Public 

These are those people who do not live in the local area but have an interest in the 
activities of the Dounreay site in particular or of nuclear activities in general.

4. FACILITATION OF THE BPEO PROCESS 

Public consultation for the different stages within the particles BPEO process was co-
ordinated by Entec UK Ltd, an independent consultancy, selected in competition by 
UKAEA to facilitate, manage and report on the Particles BPEO Public consultation 
programme. The particles issue requires a technical resolution but because of the 
impact on the local community any recommendation identified requires to be 
environmentally and public acceptable. 

A paper was presented by Daren Luscombe of Entec at the 2005 Nairn particles 
conference titled “Involving Stakeholders in the Development of a Long-term 
Management Strategy for Particles” [4]. The paper sets out how to involve the public 
in this type of consultation and the reasons for doing so. 

5. STAGES IN THIS BPEO PROCESS 

5.1 Initial Stages 

In October 2002, UKAEA committed to consult with stakeholders in a two-staged 
process consistent with internal procedures and external guidance.  However, taking 
account of an external review and recognising the environmental impact and public 
opinion it was felt that additional stages of consultation for this particular project 
should be included. 
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In December 2003 an External Consultation Steering Group (ECSG) [5] was 
convened by UKAEA to oversee the transparency of this consultation. It was agreed 
with the Group that an engagement phase, involving stakeholders, would be 
beneficial before consulting on the specific options.   

5.2 STAGE 1 – 2006 Public Consultation 

In December 2005, facilitated by Entec UK Ltd, UKAEA presented a set of candidate 
options, for both onshore and offshore clean-up, initially using a newsletter [6]. 

The newsletter had two aims; one was to provide information about the work to 
determine a particle clean-up strategy. The second aim was to establish the views of 
the stakeholders regarding the objectives of the work planned, possible management 
options and the criteria to be used to calibrate those options.  

Public exhibitions [7] (attended by 219 people) and fifteen workshops were held in 
January 2006 where stakeholders could provide feedback on the process. A 
questionnaire was also provided with the newsletter where stakeholders could give 
their feedback (121 responses resulted, plus two letters) [8, 8a, 8b]. Also provided on 
request at workshops and exhibitions was a draft copy of the Technical Résumé [9] 
and the initial list of candidate options and criteria [10] (‘criteria’ are also known as 
‘attributes’).  

The workshops and exhibitions were facilitated by Entec UK, who provided a record 
of the Stakeholder Workshops (Outreach Meetings) and Exhibitions [11], and an 
analysis of feedback from these and the questionnaires [12]. 

 The questionnaire feedback was significant as it showed a wide range of 
stakeholder views and comments. Examples of these views include: 

�x “OK, the particles are out there but they cause me no concern….”   

�x “…the boffins have no answer…. Fly the particles to the moon….. No more 
atomic power stations until this environment problem is totally resolved….”

�x “What concerns me is the adverse publicity the topic is giving to Caithness in 
general through the continued press coverage” 

�x “if the HRPB equivalent safety report shows no significant health risk, then 
this should be the permanent demise of the topic” 

�x “if this whole issue is dealt with successfully then perhaps we can have a 
benefit in that there will be a useable model on how to deal with such 
problems.”

�x “..what is the end point…” i.e. at what point should particle recovery be 
deemed complete?

�x “At what point in time have the particles dissolved/eroded to have an 
insignificant effect” 

Such views and comments showed that UKAEA needed to cater for a wide range of 
views in future public consultations, but also some stakeholders recognised that the 
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particle issue is there and that something may be gained from it, notably in 
educational and business areas. Similarly, if pursued without due care and attention, 
the issue could harm the local area and affect the quality of life of the people actually 
living there.  

Other replies highlighted technical issues which UKAEA were already addressing 
through contract work and investigations in Dounreay’s own laboratories. 

UKAEA is currently carrying out a programme of beach monitoring with recovery of 
any particles found. The seabed is being surveyed to map the extent of the particle 
issue offshore, but without recovery of particles located.    

Figure 4 - Tracked ROV equipment being trialled offshore to monitor for particles. 

A programme of work is underway to trial methods to detect and recover particles 
remotely from the marine environment. It was recognised both by the Scoring Panel, 
and also in the DPAG Third Report, that it will not be possible to collect every 
radioactive particle on or in the seabed. So the question ‘When will the particle issue 
be deemed finished?’ will require regulator agreement.  A suggested end to the 
offshore and beach monitoring regimes is however, proposed in Section 6. 

5.2.1 2005 – 2006 Analysis of Stakeholder Engagement (Entec UK report)

The Entec report made a number of recommendations [11, 12 and 25] based on the 
feedback from the consultation process.  
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Some of the recommendations were key to the progression of the BPEO e.g.: 

�x UKAEA [should] incorporate into such information, information regarding the 
absolute and comparative hazards, risks and health risks from particles to 
enable stakeholders to understand the risk in context. 

This was addressed by SEPA and COMARE and features strongly in the DPAG’s 
Third Report [13]. 

Vision; the recommendations in this section can be grouped into a single 
observation:

�x What do the stakeholders want to see happen to the local area during and 
after the clean-up period? 

This recommendation is addressed in the BPEO process, was considered by the 
Scoring Panel and formed part of the information presented at the January 2007 
consultation. 

The report also confirmed that UKAEA should also: 

�x Continue its commitment to involve stakeholders in the development of a 
management strategy in which to meet stakeholders expectations 

5.2.2 Additional Information Gained from the Questionnaire

There was additional information gathered from the returned questionnaires (123 
responses) which, at that time, was not specifically requested. This was summarised 
by Entec as a key message :

“Option preference was not explicitly asked in the questionnaire…..  Initial indications 
from those who stated preferences are, however, that there would be support for the 
monitoring and recovery of particles both onshore and offshore (i.e. Option 2, 
Onshore monitoring with recovery, plus, Option 11, Offshore monitoring with 
recovery) above all other options ”.

5.2.3 Additional Information Gained from the Stakeholder Workshops

In the workshop environment the facilitator was able to interact with the workshop 
delegates. This allowed a much greater flow of information between the delegates 
and the facilitators and particles team (at least one member of the UKAEA particles 
team was on-hand at each workshop to answer questions about the project).  

The delegates were asked for their preferred options from the list. Again, Option 2, 
Onshore monitoring with recovery, plus Option 11, Offshore monitoring with recovery,
were the preferred options.  

5.2.4 Review of Options and Criteria in View of Consultation Comments

The feedback resulted in the revision of 3 of the options, plus the addition of 3 new 
options. The criteria which were to be used to calibrate the candidate options were 
also revised following this feedback. The revised lists were presented to the Scoring 
Panel for consideration. 
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A point frequently made at the workshops was that the least preferred options were 
those which entailed heavy engineering solutions resulting in damage to the 
environment. 

5.3 UKAEA response to December 2005/January 2006 St akeholder Engagement 

The UKAEA response document [14] noted the additional suggested options. A 
response to each suggestion was provided. 

5.4 ECSG Workshop 25 April 2006 

5.4.1 Stage 2 Review

The ECSG congratulated UKAEA and Entec UK project teams for the work carried 
out in Stage Two (the December 2005 – January 2006 stakeholder consultation) 
including the response document. One group member commented that he 
“considered the work groundbreaking in the nuclear industry due to its inclusion and 
involvement of stakeholders being drawn from the public rather than more typical 
consultation involving often consulted ‘institutional’ groups” - and commended the 
team for this approach.

5.4.2 UKAEA, Dounreay Particles Technical Résumé

A draft version of the Technical Résumé was produced and made available at 
exhibitions in 2005, containing technical information as known at that time.  The 
Technical Résumé has subsequently been updated and restructured, in line with 
DPAG’s Third Report, following external reviews and was released in July 2007 [9]. 

5.4.3 Stage 3 Outline Proposal

Entec presented an outline of the forthcoming Stage 3 Public Consultation for 
discussion to the External Consultation Steering Group.  The advice from the group 
was that two stakeholder group workshops outside Caithness should be considered. 
Groups from Inverness and Edinburgh fulfilled this requirement along with a 
workshop for the Reay Group, which also included Sutherland residents. 

5.5 STAGE 2 – 2006; The Scoring Panel 

A Scoring Panel was established by UKAEA in July 2006. The aim of the panel was: 

�x Evaluation/comparison of the options resulting from the 2005 work 

�x Assessing, screening and scoring the individual options 

�x Assessing, screening and scoring combined options (an onshore and offshore 
which compliment each other). 
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5.5.1 The Scoring Panel

The Scoring Panel was composed of a panel of professional people, 5 from external 
sources and 4 from within UKAEA [15 and 16]. The areas of expertise included: 

�x Civil and industrial marine engineering  

�x Socio-economics  

�x Health and safety 

�x Industrial engineering 

�x Environmental 

�x Local Council 

�x Health physics 

The workshop was facilitated by D Luscombe of Entec UK Ltd, maintaining continuity 
of process.  The workshop was also observed by a member of the External 
Consultation Steering Group. 

5.5.2 Scoring Panel Workshop 13 July 2006 – Initial Workshop

The Scoring Panel first convened on 13 July 2006 to discuss, plan and agree an 
outline methodology to use for screening, combining and scoring the BPEO particle 
management options [16].  Preparatory information was provided to Scoring Panel 
Workshop delegates in advance of the first meeting.  

5.5.3 Scoring Panel Workshop 25-27 July 2006

The Scoring Panel met again over the period 25-27 July 2006 to carry out the 
methodology agreed at the 13 July workshop.

The extensive collective knowledge and experience of the Panel enabled the 
methodology to be thoroughly taken through to conclusion and is fully reported in the 
workshop minutes [15]. The Panel discussed, in great depth, the information that was 
currently available. A number of the Scoring Panel were not closely familiar with the 
particle issue and brought fresh thinking to the process. 

In view of the initial discussions the document listing the criteria was reviewed and 
updated to reflect comments made by the Panel.  

The output of the workshop was a systematic assessment of the potential combined 
options for particle management and is shown in Table 2.
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Table 2 - Summary of combined options following the  Scoring Panel workshop 

Onshore / 
offshore 
option 
number 

Description  Normalised
score 

* 2 and 10 
Onshore monitoring with recovery plus
Offshore monitoring without recovery 74

2 and 11 Onshore monitoring with recovery plus
Offshore monitoring with recovery 75

2 and 13 Onshore monitoring with recovery plus
Targeted recovery of detectable individual particles offshore 73

2 and 15 
Onshore monitoring with recovery plus
Recovering offshore particles by the targeted bulk removal of marine 
sediments 

63

3 and 11 Onshore recover all individual particles at all depths plus
Offshore monitoring with recovery 63

3 and 13 Onshore recover all individual particles at all depths plus
Targeted recovery of detectable individual particles offshore 63

3 and 15 
Onshore recover all individual particles at all depths plus
Recovering offshore particles by the targeted bulk removal of marine 
sediments 

55

4 and 13 Onshore bulk removal of beach sediments plus
Targeted recovery of detectable individual particles offshore 55

4 and 15 
Onshore bulk removal of beach sediments plus
Recovering offshore particles by the targeted bulk removal of marine 
sediments 

47

7 and 13 Onshore restrict public access plus
Targeted recovery of detectable individual particles offshore 66

7 and 15 
Onshore restrict public access plus
Recovering offshore particles by the targeted bulk removal of marine 
sediments 

53

*  Current Particle Management Strategy (pre-BPEO)  

Full option descriptions can be found in EPD(06)P263: Particles BPEO complete list 
of options [2]. 

At this stage, the scores from the Scoring Panel workshop, Table 2, were unweighted 
and were not used to draw firm conclusions about preferred option combinations at 
this point in the BPEO process. 

The combined options and their scores were taken forward for public consultation 
(Stage 3 Public Consultation) in February 2007. 

5.5.3.1 The Scoring Panel reviews their output 

At the completion of the Scoring Panel workshops all members, and others present 
at the workshop, were asked, “Based upon the information that they had heard over 
the course of the proceedings, which combined option would they choose as their 
preferred Particle Management Strategy?” The group were allowed to cast a blind 
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vote for one offshore/onshore combination option. The results were collected by the 
facilitator who made known only that one option combination gained 7 votes; one 
option combination gained 3 votes and 2 options each had 1 vote cast.  To ensure 
the result from the Scoring Panel did not influence further consultation this output 
from the Scoring Panel was not released at that time. 

The results were later revealed (as this is further information towards the final BPEO 
recommendation). The option combination 2+13 gained 7 votes; option 2+11 gained 
3 votes followed by 2 votes for different combinations. This was an informed 
assessment of the options available from a group of people who had access to the 
most up to date particle information.  

The proceedings at the Scoring Panel workshop were observed by Professor Iain 
Baikie, who represented the ECSG.  

5.6 ECSG Workshop, 10 November 2006 

This workshop effectively closed Stage 2 of the BPEO process and began the 
transition to Stage 3. The ECSG workshop was held after the completion of the 
Scoring Panel workshops as it was considered essential to have the health 
assessment and recommendations from DPAG’s Third Report to prepare the 
information and to design the Stage 3 Public Consultation. However, release of 
DPAG’s Third Report was delayed due to legal proceedings, and resulted in it not 
being available for the ECSG workshop. 

The ECSG met on 10 November 2006 to discuss: 

�x BPEO Scoring Panel workshop outcome  

�x BPEO Stage 3 – Approach and Planning 

The Scoring Panel workshops had been observed by Professor Iain Baikie, 
representing the ECSG. He reported to the group that during the workshops he was 
“impressed with the thoroughness of the process”.  

Professor Baikie also commented on the final part of the Scoring Panel workshop 
where the group were asked to identify their preferred option. He noted that “60% of 
the people chose the same option and is considered to be significant and worth 
noting” [18].  

UKAEA presented the ECSG with a number of documents (for comment) which it 
proposed to use for preparation of the public consultation engagement planned for 
January/February 2007. The documents were updated and revised following the 
issue of the DPAG Third Report. 

A UKAEA presentation [19] was given to the group describing: 

�x The January 2006 Public Consultation 

�x The Scoring Panel outcome 

�x What is next proposed? 
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The group discussed, planned and agreed the structure of the: 

�x Public Participation Newsletter No. 6, including a questionnaire  

�x Content of the presentation material for the exhibitions 

�x 2007 Public Exhibitions – advertising (newspapers, radio etc) content and 
location

�x 2007 Stakeholder Workshops, including attendees, content and location. 

5.7 DPAG’s Third Report 

UKAEA considers DPAG’s Third Report to be the definitive reference document for 
the particle work, complemented by the UKAEA's Dounreay Particles Technical 
Résumé.

The Dounreay Particles Advisory Group publicly released its third report on 21 
November 2006 (at the Decommissioning and Environmental Remediation Centre, 
Thurso). This is an extensive document which provides information in the context of 
public health, which DPAG describes as its primary concern.   

An important feature of the DPAG report in relation to the BPEO is that it quantifies 
the radioactivity content of the particles into an easily understandable classification 
which can be used by the stakeholders, including regulators, public and UKAEA, to 
plan the clean-up of the environment. The report also quantifies the issue in terms of 
particle numbers and geographical scale of contamination, based on the evidence 
available.

The classification used by DPAG is based on the quantity of caesium-137 (137Cs)
radioactivity in a particle and reflects the potential health effects: 

Significan t: 137Cs activity greater  than 106Bq (1,000,000Bq)

Relevant:    137Cs activity between  105 and 106Bq (100,000 and 1,000,000Bq)  

Minor: 137Cs activity less than  105Bq (100,000Bq)

A full explanation and dose assessment methodology can be found in the DPAG 
Third Report, Section 3.2.  

The report makes a number of ‘Findings and Recommendations’, which are 
reproduced as Appendix 1 to this document.  
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5.8 STAGE 3 – 2007 Public Consultation 

5.8.1 The Aim of the 2007 Public Consultation

The 2007 consultation built on the 2006 work and had the following aims: 

�x To present the BPEO options under consideration 

�x To identify stakeholder views on the relative importance of the criteria 
selected to compare the options 

�x To identify stakeholder views on the importance of the potential impacts 
generated by the management options 

�x To identify stakeholder views on the preliminary scoring (from the Scoring 
Panel workshops) 

The 2007 Public Consultation was launched in January and comprised: 

�x Public Participation Newsletter No. 6 (including questionnaire) [20]  

�x 4 one day exhibitions (Reay, Thurso, Castletown and Wick) 

�x 8 stakeholder workshops (3 outside Caithness) 

The consultation process was, again, facilitated by Entec UK (D Luscombe) who 
provided an analysis of the public consultation.  

Figure 5 - The Stage 3 Team; L to R, Phil Cartwright, June Love, Dr Joseph Toole, 
Daren Luscombe and Martin Howse at the exhibition in Reay Village Hall.  
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5.8.2 Public Participation Newsletter No. 6

 The newsletter (containing the questionnaire) was sent out to over 1200 people. It 
included information from the Scoring Panel workshops and from DPAG’s Third 
Report, and provided an opportunity to respond using the questionnaire [21]. 

5.8.3 May 2007 Entec’s Analysis of the 2007 Consultation

5.8.3.1   One-day Public Exhibitions 

The exhibitions held in January at Reay, Thurso, Castletown and Wick were 
publicised extensively through the pre-information sent out to all stakeholders, 
through UKAEA websites, newspaper and radio and flyers in the local areas. The 
content of the exhibitions [22], which included display panels and printed information, 
is detailed in Entec’s Analysis of the 2007 Consultation [23]. The exhibitions 
presented an opportunity for anyone who wished to familiarise themselves with 
current particles information and included posters describing each proposed 
combination option and giving an indication of such parameters as assessments of 
environmental impact, time, cost and geographical area. Members of the UKAEA 
Particles Team were available at each exhibition to discuss any issues. Seventy-
three people attended the four exhibitions. 

5.8.3.2   Stakeholder Workshops – Criteria Weighting 

Sixty-three stakeholders attended eight workshops.  

The feedback from the workshops, on the relevant importance of the assessment 
criteria at the group level are; 

1. Environmental criteria are generally the highest weighted criteria 

2. Social and Economic – tended to have a very high weighting from local groups. 
Groups distant from the area, or those not involved in the economics of the local 
area, did not consider this an important criterion. As this criterion affects the lives 
of local communities very strongly it may have been skewed to a lower value by 
those outwith the areas who do not have to live with the consequences of actions 
taken.

3. Health & Safety – this had a wide spread in weighting which seemed to depend 
upon the stakeholder group i.e. UKAEA employees in a very safety conscious 
environment would apply a higher weighting, whereas, other groups may just 
expect UKAEA to do this as part of their work ethic, therefore give it a lower 
weighting

4. Technical Performance tends to receive a low weighting, possibly because it is 
expected that the final method recommended for the BPEO is one that will have 
been shown to have a high probability of success. The technologies required are 
not trivial and development and testing of their effectiveness and efficiency is a 
necessary step and therefore work has been ongoing throughout the BPEO 
process to consider the feasibility of technologies and how best to take these 
forward.
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5. Cost tended to have the lowest weighting. Groups generally stated that while cost 
was indeed an important element it was important that the cost of the clean-up 
method should be commensurate with the improvement made. Similarly, 
feedback from some delegates at the workshops frequently posed the question 
that if the DPAG report showed the particle issue to be a low risk issue, then why 
were UKAEA/NDA being asked to potentially spend "a lot of money" correcting a 
problem that is potentially being “blown out of all proportion?” Evidence for this is 
shown in Tables 3 and 4 – cost was not observed in the top two ratings, and is 
invariably the lowest in importance to stakeholders.  

Table 3 - Workshop consensus criteria weights – hig hest two weights 

Group Level Criteria 
Weighting 

DSG Dunnet Edinburgh Inverness Reay 
Schools and 

College 
Students 

Thurso 
UKAEA 

Staff and 
Contractors 

Environment 81 85 86 91 99 86 92 79

Health and safety 60 63 79 57 31 73 30 83

Technical performance 74 57 78 64 88 72 42 51 

Social and economic 84 57 41 63 99 24 83 89

Cost 50 28 22 43 67 50 50 29 

Key:  Highest weighted in workshop group 

 Second highest weighted in workshop group 

Table 4 - Workshop consensus criteria weights – low est two weights 
Group Level Criteria 

Weighting 
DSG Dunnet Edinburgh Inverness Reay Schools and 

College 
Students 

Thurso UKAEA 
Staff and 

Contractors 

Environment 81 85 86 91 99 86 92 79 

Health and safety 60 63 79 57 31 73 30 83

Technical performance 74 57 78 64 88 72 42 51

Social and economic 84 57 41 63 99 24 83 89 

Cost 50 28 22 43 67 50 50 29

Key:   Lowest weighted in workshop group 

 Second lowest weighted in workshop group 

5.8.4 Applying Workshop Weighting to the Scores

A summary of the workshop weighted scores for each option combination under 
consideration is shown in Table 5.  
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5.8.5 Conclusions from the Workshops

The general conclusions drawn from the stakeholder workshops are derived from 
both the weighting exercise and from the comments and discussions;  

�x The environmental criteria are generally the highes t weighted criteria

�x Social and economic criteria generally receive the second highest 
weighting

�x Health & Safety criteria performance is mixed  

�x Technical performance generally receives a moderate  rating.   

�x Cost generally receives the lowest weighting by the  groups.

The Entec report recommended that UKAEA should consider the observations above 
to develop the criteria weights for the particles BPEO. UKAEA believed that there 
would be little benefit in trying to develop the weighting any further as it was quite 
clear from the weighted scores derived from each of the stakeholder groups that 
support for combined options 1, 2 and 3 far outweigh all others (see Table 5).  

It was stated at one of the stakeholder meetings that the BPEO should not be 
‘governed totally by mathematical calculations’.  It was recognised early on in the 
development of the BPEO that this would be the case and that the ‘hearts and minds’ 
of the people (stakeholders) and also the requirements of (all) aspects of the project 
should be taken into account to derive the final best option or options to remediate 
the particles in an environmentally conscious way. This may not result in a single 
option combination but in a blend of options which would best suit certain phases of 
the project over its working period.  

5.8.6 January 2007 Questionnaire

There were 70 responses to the January 2007 questionnaire. The questionnaire not 
only asked for weightings but also for the three most preferred options and the least 
preferred option. 

The most preferred option combinations are 2, 3 and 1 in that order (Table 6). The 
least preferred options recorded tended to be those which involve substantial 
environmental impact on the beaches and offshore, or restriction of access. Local 
people were troubled by the suggestion of access restriction to the beaches for 
obvious reasons associated with leisure and attraction to and/or exclusion of visitors 
to the area.  

5.8.7 Conclusions Drawn from the 2007 Consultation

After applying the weightings at the various workshops, and including the responses 
to the questionnaire, the following option preferences were derived: 

�x A clear message from the majority of stakeholders in the workshop groups 
was that doing nothing offshore is not an option i.e. the status quo is not 
acceptable (Onshore monitoring with recovery plus Offshore monitoring 
without recovery).  It must be noted that the current strategy was temporary to 
allow offshore remotely operated vehicle mapping to be completed over 3 
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years to gather further information on the spread of contamination and meet a 
SEPA requirement. 

�x Options 1, 2 and 3 were preferred both intuitively by stakeholders in the 
workshop groups and through the results of the multi-criteria-analysis 
modelling.  Taking the conclusion above, that offshore monitoring without 
recovery is generally not acceptable, results in Options 2 and 3 becoming the 
preferred management strategy options for the groups.  This was also 
reflected in the views of stakeholders through the questionnaire returns which 
identified Option 2 as the preferred option followed by Option 3 and then 
Option 1. It is also noted that Option 3 could be viewed as a subset of Option 
2.

�x As Options 1, 2 and 3 score well across the complete range of criteria they 
are fairly insensitive to changes in criteria weight. It can be concluded that 
Options 1-3 are therefore robust and would meet the needs of a range of 
stakeholder priorities (with the exception of Option 1 due to the lack of 
offshore particle recovery). 

�x Options with high environmental impact and/or low social and economic 
benefits were not preferred. Examples of these types of options are 10 and 
11, which include restricting public access onshore and 7, 9 and 11 which 
include targeted bulk removal (dredging) of marine sediments. 

�x Some stakeholders saw a combination of options as appropriate.  Rather than 
a one-size-fits-all approach, stakeholders argued that over time, different 
options might be more appropriate. A combination of options may also be 
appropriate at any one point in time at a location such as access is restricted 
along the Dounreay foreshore where high activity particles have been found 
(not easily publicly accessible) whilst monitoring and recovery is pursued on 
publicly accessible beaches.  

�x Stakeholders asked that a flexible approach be taken to managing the issue, 
so that the approach could be reviewed and adjusted as further information on 
the number, location and relative risk associated with particle finds became 
available.

�x Action is still needed to address the perception issue. Whatever the 
management strategy pursued, there will be a crucial and continued need to 
provide independent and timely information to stakeholders that places risks 
into perspective relative to other day-to-day risks. This factor more than any 
other, had been the cause of stakeholders changing their opinions and 
behaviour with regard to the particles issue, their weighting of the criteria and 
their intuitive checking of the outcome of the option scores. 

These option preferences are important in that they show ‘negative’ as well as 
‘positive’ options. This helps to give a clearer view of what the stakeholder groups 
see as being potentially successful options, and what should not  be considered.  

5.8.7.1    Summary of Entec’s recommendations [23]

The Entec report recommends that, in carrying out analysis for the particles BPEO, 
UKAEA should recognise that: 
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1. Stakeholders, almost without exception and regardless of their view on the 
level of risk presented by particles, consider that monitoring without recovery 
offshore is not acceptable 

2. In general, stakeholders consider Options 2 and 3 as both the preferred and 
most acceptable options 

3. In general, Options 7, 9, 10 and 11 are least preferred by stakeholders due to 
either high environmental impacts, low social and economic benefits or both 

4. A combination of options (and combinations that might vary over time) may 
provide the best overall management strategy rather than a one size fits all 
approach

5. An integral part of any particles management strategy is a continued need to 
provide independent information to stakeholders on the risk of contact with a 
particle that would be detrimental to human health.

5.8.8 UKAEA’s Response to Entec Report “Analysis of the 2007 Consultation, May 2007”

The May 2007 Entec report [23] made a number of observations and 
recommendations regarding the outcome of the 2007 Consultation period. UKAEA 
responded to the Entec UK report on a point by point basis [24].  

UKAEA agrees with, or is now addressing the recommendations made by Entec, with 
the exception of: 

With regard to determining criteria weights for the particles BPEO, it is recommended that 
UKAEA:

1. Takes full cognisance of stakeholder criteria weights 

2. Recognises the generally high weighting placed on the environmental and social and 
economic criteria groups together with the interdependency that many stakeholders 
see between option performance in these criteria groups 

3. Recognises that with regard to health and safety criteria, weighting for different 
stakeholder groups varies and hence scenarios using alternative weights for this 
criteria group should be used and the effects on overall option performance reported 
on

4. Recognises that stakeholders placed a moderate weight on technical performance 
when compared to the other criteria groups 

5. Recognises that, although cost is weighted the lowest of criteria groups, stakeholders 
consider that there are thresholds above which they may not wish to proceed with 
regard to funding the management of particles and furthermore, that a proportionate 
cost to the benefit accrued from any implemented option must be demonstrable 

6. Reflects on the overall objectives and required outcomes of a management strategy 
when determining and justifying criteria weights including consideration of for whom 
the outcomes need to best perform in the long-term 
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UKAEA does not intend to carry out a further weighting exercise on the weighted 
scores for the reasons given in section 5.8.5, i.e. option combinations 2 + 3 (Table 5) 
are repeatedly the options favoured by stakeholders throughout this BPEO process.

5.8.9 Overall Conclusions to be Drawn from the BPEO Process, up to and Including the 
May 2007 Public Consultation Process

At different key stages in the process the most preferred course of action for the 
clean-up of the Dounreay particles is shown in Table 6.  It is accepted that Option 1, 
the current management strategy, should not be continued as it does not deal with 
the source of the particles.  Throughout this document, at different stages in the 
process it has been highlighted which options, for whatever reason, are shown to be 
the option(s) of choice at that time. 

The bulleted list below shows the option combinations most favoured during Stages 2 
and 3 of the consultation and scoring process:  

Stage 2 Public Consultation 

�x January 2006 –  Questionnaire responses 
�ƒ Option 2 + 11 are favoured (although from an incomplete list of 

options) – see Section 5.2.2

�x January 2006 –  Workshop responses 
�ƒ Option 2 + 11 are favoured (although from an incomplete list of 

options) – see Section 5.2.3

Stage 2 – Scoring Panel 

�x July 2006 –    Scoring Panel (unweighted scores) 
�ƒ Option 2 + 11, 2 + 10 and 2 + 13 (in that order) are favoured but are 

unweighted scores – see Table 2

�x July 2006 –  Scoring Panel – anonymous vote on preferred option 
combinations;
�ƒ Option 2 + 13 (7 votes out of 12) – see Section 5.5.3.1 and 5.6 

Stage 3 Public Consultation 

�x January 2007 –  Questionnaire responses  
�ƒ Option 2 + 11, 2 + 13, 2 + 10 are favoured – see Section 5.8.5 

�x January 2007 –  Workshop responses  
�ƒ Option 2 + 11, 2 +13 are  favoured - see Table 5 

The least preferred options from Consultation responses are those which involve 
gross disturbance of the beaches and seabed.  

5.8.10 Conclusions from the 2007 Stage 3 Consultation

The conclusions from the 2007 consultation, described above, are summarised in 
Table 6 as the stakeholders preference of options.  
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Table 6 - Stakeholders preference of options, brief  task description and end state 

Entec
UK

Option 
ID

Onshore / 
offshore 
option 

number 

Combined Option  Task Description  End state 

2 2 and 
11

Onshore
monitoring

with recovery 
plus

Offshore
monitoring

with recovery 

These combined options 
would involve the periodic 
surveying of areas of seabed 
and would allow ongoing 
assessment of dispersion 
and hazard reduction. 
Recovery of identifiable 
particles would also be 
undertaken. This would not 
only reduce the risk to 
offshore receptors by 
reducing the potential hazard 
and contact frequency, but 
could also reduce future 
particle migration within the 
offshore environment and 
potential transfer to the 
onshore environment. 

The End State for option 2 would be by 
agreement with the regulator following review 
of the annual onshore/offshore monitoring 
results.

It is likely that the end-state will be defined and 
based on the following parameters: 
�x the annual number of Relevant/Significant 

particles found in seabed areas during the 
reassurance monitoring period 

�x The rate of decrease in particle numbers 
found and recovered 

�x Physical analysis of a proportion of the 
recovered particles 

�x The numbers found on beaches 

This option may take up to an additional 
number of seasons to reduce the particle 
numbers as it is less focused than option 3, but
may attain an overall higher percentage clear-
up of particles. The end state for this option 
may occur during the period 2018 to 2021.  

3
2 and 

13

Onshore
monitoring

with recovery 
plus

Targeted
recovery of 
detectable
individual
particles
offshore

These combined options 
would recover particles from 
areas of high particle 
population density, or in 
areas where the most active 
particles reside. This option 
would be to remove large 
numbers of detectable 
particles and reduce risk by 
focusing effort on the most 
active (potentially harmful to 
human health) particles. 

The End State for Option 3 is expected to be 
achieved during the period 2015 – 2018. This 
option targets the areas with the highest 
activity particles (Relevant/Significant) situated 
close to the main point of release. The aim is 
to systematically recover particles from the 
areas where high activity particles are found 
and is expected to reduce the potential for 
regeneration of lower activity particles outwith 
the areas. This should result in an early 
cessation of significant and relevant particles 
coming ashore. The end state would be by 
agreement with the regulator following a 
review of the annual onshore / offshore results 
and is expected to be based upon the rate and 
pattern of particles detected and recovered. 

1
*2 and 

10

Onshore
monitoring

with recovery 
plus

Offshore
monitoring

without
recovery

These combined options 
would provide an ongoing 
assessment of the particle 
population distribution. 
Monitoring could provide 
evidence to assess whether 
or not particles were 
dispersing naturally into 
deeper water, and whether 
other areas of the onshore 
environment were likely to be 
impacted. 

A combination of radioactive decay and 
particle fragmentation is expected reduce the 
current number of particles in the 
Relevant/Significant range to minor in 
approximately 80 years. Thus, if this option 
were to be followed, monitoring of the local 
beaches with recovery of particles washed 
ashore would have to be continued, with 
annual review of results, to approximately 
2090 when there should be sufficient evidence 
that particles of risk to human health are no 
longer found on any beach.  

*Current Particle Management Strategy (pre-BPEO) 

Options 2 and 3 are fairly similar with option 3 offering the opportunity for the most 
rapid recovery of offshore particles. Both of these options require review of the 
information gathered to determine when to stop.  
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5.9 Stage 4 Consultation 

5.9.1 December 2007 Public Consultation and Entec's Report

This BPEO was revised following the outcome of the December 2007 Public 
Consultation, from recommendations in the December 2007 Entec report [25] and 
other stakeholders. The December 2007 Entec report made a number of 
recommendations which are additional to the recommendations made in the May 
2007 Consultation report (section 5.8.7.1).  These were: 

With regard to the draft BPEO, it is recommended th at UKAEA: 

1. In defining its strategy proposal, takes full cognisance of the overwhelming 
support for discarding Option 1, proceeding with Options 3 and 2 and 
targeting key areas first.  If UKAEA moves away from this position, it should 
fully explain reasons for and consult on any revised strategy; 

2. Provides a clear statement of the strong consultee support for discarding 
Option 1, proceeding with Options 3 and 2 and targeting key areas first when 
making its strategy proposal to the Highland Council (HC), Nuclear 
Decommissioning Authority (NDA), Scottish Government (SG), Scottish 
Environment Protection Agency (SEPA) and other key stakeholders; 

3. Considers how best to address the comments and questions of clarification 
raised by stakeholders on end state parameters prior to finalising the 
parameters in its strategy proposal to SEPA, SG, NDA and other key 
stakeholders; 

4. Responds to stakeholder comments on establishing endstate parameter 
targets by undertaking scoping work to establish whether such targets are 
possible and useful to define.  If the outcome of this work is positive, to 
establish the nature of such targets; 

5. Proceeds with the proposed plan to report on progress with the strategy 
implementation with particular attention to the use of local press and ensuring 
that processes are in place to assure local beach information is kept up to 
date; and 

6. Reviews the comments and suggestions made on the management strategy 
and regarding general issues in the process of finalising the strategy. 

With regard to the process of consultation, it is recommended that UKAEA: 

7. Carries out a review of methods to encourage participation and engagement 
on this type of consultation (i.e. a consultation not supported by exhibitions or 
workshops) with a view to increasing participation rates and achieving a 
greater mix of stakeholder respondees in terms of age, gender and location.  
Such a review should consider appropriate techniques to increase 
engagement and submission of responses across a range of stakeholders 
including those most likely to be affected by the management strategy; and 

8. Considers inclusion of the additional information suggested by stakeholders in 
future communications. 

UKAEA responded to the Entec UK report on a point by point basis [26]. 
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5.9.2 The Preferred Options

The most popular option combination choices are 1, 2 and 3. It is recognised that 
Option 1 will not directly remove particles from the seabed. The DPAG Third Report 
states that unless these particles are dealt with they will continue to come ashore for 
many decades.   

Thus, although Option 1 may be publicly acceptable it should be discounted as an 
acceptable option on the grounds that the particles will continue to be a health 
concern for many years to come.   

Option 1 , the current particle management strategy, is not seen as an 
environmentally acceptable solution.  

Therefore, it is recommended that a combination of: 

�x Option 2;  Onshore monitoring with recovery plus  Offshore monitoring with 
recovery.

Plus

�x Option 3 ; Onshore monitoring with recovery plus  Targeted recovery of 
detectable individual particles offshore.  

Is to be selected as the clean-up option combinations of choice.  

It is considered that a blend of Option 3 and Option 2 (see reference 19, single 
Options 2+13 and 2+11 for a full description) would be the most beneficial particle 
recovery strategy. It is proposed that to carry out Option 3 first, targeting the areas 
populated by the highest activity (and physically largest) particles, would remove a 
continuing source of lower activity particles (resulting from fragmentation). These are 
currently assumed to be ‘feeding’ the lower activity periphery of the plume. Option 2 
would subsequently be employed, using the data collected during Option 3 (the 
targeted removal of particles), to search for and recover other higher activity particles 
outwith the initial area. Option 2 may well form part of the reassurance monitoring 
programme. The combined (2+3) option programme may be completed offshore as 
soon as 2015 based on a demonstrated successful offshore monitoring and recovery. 
Onshore monitoring would then be continued until it is agreed with the Regulators 
that it is no longer required.  

It was also considered by the Scoring Panel, seen in the questionnaire responses 
and concluded in the DPAG Third Report, that the removal of all particles from the 
environment is not possible. The Particle Management Strategy may therefore be 
considered an ‘intervention’ as it does not fulfil the definition of ‘remediation’. If the 
removal of a large proportion of the particles from offshore is successful it is likely to 
considerably reduce the number of particles arriving on the beaches.  

6. BPEO RECOMMENDATIONS

6.1 Management Strategy  

In defining a UKAEA strategy proposal, it is recognised that there was overwhelming 
support for discarding Option 1. Although Option 1 scored similarly to Options 2 and 3 
(see Table 5), Option 1 was inherently unsound as this did not reduce the number of 
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particles at source and thus would not reduce the number of those coming ashore. 
Option 2 scored a little better than Option 3, but it is believed that the best ‘option’ is 
probably to focus on the major source term i.e. the physically larger particles (more 
radioactive) in areas where many are located.  

o Thus the BPEO recommendation is for implementation of Option 3, 
initially, followed by Option 2.

In recommending the BPEO, it has been recognised that the removal of all 
radioactive particles from the environment is not possible. It is essential that SEPA 
and UKAEA should consider and agree the target criteria for the end point of the 
particle clean-up. This will be achieved by the periodic review of the information 
gained from the offshore survey work augmented by information gathered during 
each season of Option 3.  The intention is to target areas known to have a high 
concentration of Significant particles. The information gained on the locations, depths 
and activities of retrieved particles will provide essential spatial data from which to 
plan the clean-up zones for Option 2. 

6.2 Considerations for Offshore Clean-up 

6.2.1 Reduction of Timescales

In July 2006, the Scoring Panel carried out their review of the issue based on a 
timescale of 100 years. At the workshops and public meetings during the early part of 
2007 a shorter potential timescale was presented for some of the options.  This 
followed a UKAEA review late in 2006 where there was an indication of the potential 
to reduce the timescales for some areas of work. 

The Scoring Panel (July 2006) carried out their review of the particle issue based on 
the contemporary understanding of the particles, including their physical and 
chemical behaviour. At that time, it was decided to review the issue, using the 
guidelines from HM Treasury, The Green Book, which indicates that in the review of 
major projects a lifecycle of 100 years should be used. With the potential ‘harmful to 
humans’ life time of 300 years for the most active particles this was not considered 
excessive. This timescale was decided upon before reviewing all of the potential 
single options, some of which were foreseen to potentially have long programme life 
times. The proposed timescale was not reappraised in light of the final combined 
options chosen.   

While preparing for the January/February 2007 exhibitions, with new particle lifetime 
information and the findings of the DPAG Third Report, it was believed that it should 
be possible to reduce the offshore detection and recovery time to 10 years for a 
number of the options, with a potential 10 years reassurance monitoring.  

With further new data on the extent of the offshore particle contamination [27, 28] and 
information on potential ROV coverage rates, it has now been possible to reduce that 
time to a potential total of 7 years, i.e. 3 + 1 years recovery offshore, with 3 years 
offshore re-assurance monitoring.  

The total time for the successful programme of offshore recovery will depend upon 
the annual review of numbers of particle recovered and analysis details. As a result, 
the timescale may extend beyond the proposed 3 years offshore recovery 
programme. The onshore programme will similarly be reviewed but will always extend 
for some time beyond the completion of the offshore programme.  
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6.2.2 Offshore Intervention

In preparation for offshore clean-up UKAEA has asked a number of companies to 
propose methods for detection and recovery of particles on the seabed. Trials are 
being undertaken which are aimed at demonstration of remote recovery of particles. 
At present there are 3 technologies under review; one dredging and two using similar 
ROV techniques i.e. tracked devices with detection and remote particle 
recovery/storage capability.

Dredging (based on air-lift rather than bucket dredging) was excluded from the trials
on cost grounds. The option of ‘targeted dredging’ has currently not been discounted 
from the available clean-up techniques.  

In order to achieve its full potential, ideally, the clean-up method needs to be carried 
out in as short a time as possible to minimise the risk of particle dispersion from ‘un-
remediated’ areas into remediated areas – thus, clean-up in as few seasons as 
possible should be the aim, with minimal damage to the environment. 

On the basis that systems for the remote recovery of particles are successful, 
consideration should be given to the precise definition of an area of seabed for 
targeted particle recovery (Option 3).  

The selection of a particle activity, such as a mid activity Relevant particle, would 
provide a basis for defining the zone encompassed by the spread of 25 x 105 Bq 137Cs
particles. This zone is expected to be in an elongated oval sweeping away to the 
north east (known as ‘the plume’), centred upon the old diffuser outfall. Current data 
shows this area to be of the order 60 hectares of sandy seabed.   

All particles within this area would be targeted for removal on a single pass i.e. the 
ROV will systematically cover the plume area picking up recoverable particles as it 
traverses the region. It is expected to substantially clear the plume of significant and 
relevant particles over 3 seasons (3 years in effect).    

The areas containing the highest numbers of Significant particles are likely to be 
cleared first, maximising the potential for rapidly reducing the total inventory of 137Cs
activity within the seabed. 

Mid range Relevant particles have been selected as this focuses on the health risk. 
This defines an area within 0.5 km of the diffuser, but would extend into areas to the 
west and east where particles of 5 x 105 Bq have been found.  Defining an area in this 
way is offshore single Option 13, targeting the recovery of particles in the densely 
contaminated area. This would be followed by Option 11 in the wider particle plume, 
effectively a combination of the favoured offshore options. 

Following the initial clean-up, the areas would be re-monitored and particles found 
removed. Where further 5 x 105 Bq particles are found the monitoring and recovery 
process would be repeated. The recovery information would also be used to 
determine whether there was a need for a wider area to be monitored.

2 Particles on the seabed containing 5 x 105 Bq of 137Cs are identified in-situ by analysis of the Compton 
spectrum obtained from the particle.  
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6.2.3 Offshore Intervention Timescales

6.2.3.1 Area Surveyed 

With the current knowledge of the particle distribution offshore (see Figure 2), the 
area defined by the spread of 5 x 105 Bq particles would form the initial target for 
‘clean-up’. This area is believed to be in the region of 60 hectares (600,000 m2).  On 
the assumption that offshore working would be confined to the calmer weather 
months between May and September, and using a potential area coverage rate by a 
single ROV of 40,000 m2 per month, the 60 Ha ‘plume’ could be covered in 3 years.  
It is recognised that all particles, even the Significant particles, would not be cleared 
in the first pass, and so the area would be subject to repeat monitoring over a further 
three year period. It is recognised that these timescales are indicative and would be 
subject to review. The information generated during the clean-up work will allow a 
better understanding of the numbers and activity of particles to be developed and will 
permit justification of a longer or shorter programme.   

6.2.3.2  Reassurance Monitoring 

Between the 3 years of clean-up and 3 years of re-assurance monitoring, there would 
be a period of work at the old diffuser for remediation. This currently assumes the use 
of a support jack-up barge, to drill boreholes into the diffuser chamber and to grout 
the chamber and risers. During this time there would be further seabed monitoring 
and particle removal, particularly in areas of known rock fissures to permit particles 
that may be released during remediation to be collected. 

At present, other methods of grouting the old diffuser chamber and rock mass 
fissures without the need to drill into the seabed are being investigated. 

6.2.3.3 Data Review 

Table 7 illustrates the initial time plan. Review of offshore particle data during the 
survey/recovery period may indicate that the initial 3 year recovery plan may not be 
sufficient to clear the particles to a level acceptable to the regulator (SEPA) and 
others. The information gained during the clean-up will greatly enhance the 
knowledge of the situation on the seabed and will permit the definition of the end-
state parameters.  The time taken to clear the seabed particles will be dependent 
upon agreement with SEPA and will probably also take into account the onshore 
survey results.  Review of the particle recovery data should be made in conjunction 
with an independent body, which could be set-up in conjunction with SEPA, and other 
key stakeholders, to allow analysis of the data.  

6.2.3.4 Indicative Cost Profile for Offshore Clean-up 
Following a competitive dialogue process, 3 technologies are under review, one 
offering dredging�
 and two using similar ROV techniques i.e. tracked devices with 
particle recovery, storage and isolation capabilities.  

An ROV ‘Trial’ was carried out by one of the contractors in late 2007 involving a 
nominal contaminated area of seabed known to contain particles. The contractor 
demonstrated that they can detect and recover Relevant and Significant particles 
using remote/robotic technology. A second contractor will conduct their ‘Trials’ 
demonstration in early 2008. These trials are being carried out prior to progressing 
onto the large scale programme of work.  

�
 Dredging using seabed excavation based on airlift rather than bucket dredging. 
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The cost profiles (Figure 6) are based on information provided by the contractors 
together with assumptions on performance. The information is provided as relative
costs (Table 7) since the absolute costs are still under negotiation and are 
commercially confidential. Note; the units are not £ million.

Table 7 - Indicative costs of seabed particle recov ery options (relevant units, 
not £millions) 

Particle Recovery Option ROV (1)
Targeted Recovery

ROV (2)
Targeted Recovery

Local
Dredging

Trials (late 2007) 0.5 1 30 

Year 1 5 10 100 

Year 2 5 10 0 

Year 3 5 10 0 

Diffuser Remediation Year 1 [5] [10] 0 

Year 1 (Reassurance monitoring) 5 5 5 

Year 2 (Reassurance monitoring 5 5 5 

Year 3 (Reassurance monitoring) 5 5 5 

*Indicative lifetime costs 35.5 56 145

*Note: The 'Indicative lifetime costs' are relative and not actual costs and may depend upon 
the time taken to achieve the agreed level of particle clean-up before commencing 
reassurance monitoring. It is anticipated that there may be an additional 1-2 seasons between 
‘Year 3’ and ‘Year 1 (Re-assurance Monitoring)’ depending upon the decision taken for 
diffuser remediation which may increase the total ‘Indicative Lifetime Cost’ (bracketed). 

The main particle recovery campaign could begin as early as 2008 with completion 
dependent upon the clean-up method chosen, the performance of the equipment and 
agreement with the regulator. 

Figure 1 indicates that the dredging option would be expected to take only one 
season, (perhaps May to September) to complete the main campaign of the particle 
clean-up task.

It is assumed that the other two targeted recovery options, ROV1 and ROV2 would 
each take approximately three summer seasons to complete the initial particle clean-
up task. However, depending on the performance and efficiency of the systems 
demonstrated at the trial stage – it could be decided to use more than one method or 
contractor during clean-up. One of the risks is that it may take longer than 3 seasons 
to cover the initial area for recovery.   

The definition of ‘completion of the particle clean-up task’ needs to be agreed with 
SEPA following a number of sessions of recovery. This has also to be acceptable to 
other key stakeholders, including the NDA, Scottish Government and the local 
community. 

It is assumed that there will be at least a further three years of reassurance offshore 
monitoring, retrieving any further particles detected. The cost for this would probably 
reflect the annual cost for whichever ROV option performed best.  An option to have 
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several ROVs operating offshore would be considered, based on their efficiency and 
costs.

The timescale for cleanup depends upon the results of the particle recovery trials to 
be carried out and the performance of the equipment during clean-up.  

Indicative Costs of Seabed Particle Recovery Option s for 60 Hectares
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Figure 6 - Comparative cost of seabed particle clea n-up (excludes potential 
diffuser remediation work described in Table 7)

6.3 Onshore Monitoring and Recovery 

Standard (Statutory) surveys with particle recovery on Sandside beach, Dounreay 
Foreshore, Thurso, Scrabster, Crosskirk, Brims Ness and other beaches would be 
carried out at frequencies recommended by UKAEA and with agreement from the 
regulator (SEPA). The frequency of surveys and recovery may exceed the number 
required to meet the site Radioactive Substances Act (RSA 93) Discharge 
Authorisation. Any changes to the beaches monitored and the frequency of 
monitoring would be discussed and agreed with SEPA. 

It is proposed to continue the present regulatory (statutory) monitoring programme at 
Sandside (monthly) and Dounreay Foreshore (fortnightly) until 2016 throughout the 
offshore recovery period.  Assuming that offshore clean-up has been effective, the 
frequency of monitoring at Sandside and Dounreay Foreshore could then reduce to 2-
monthly until 2021 and thereafter reduce further to 6-monthly for a further 3-4 years. 
The frequency of monitoring is indicative and would be subject to review probably 
with input from an independent body.  
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Figure 7 - The Groundhog™ system mounted on a Hillcat used to monitor beaches 
from low water to the dunes. [Photo by permission of NUKEM] 

In addition, monitoring at Thurso, Scrabster, Crosskirk, Brims and other beaches 
could be reviewed and possibly reduced or eliminated by 2010.  Justification for this 
curtailment would have to be demonstrated from the results of long-term beach 
survey reports and the latest information from the offshore clean-up work.   

UKAEA have presented to SEPA a programme of work on Dounreay particles 
covering the period 2007 to 2008 [29] which gives the current status of the Particles 
programme in the site's Lifetime Plan. 

6.4 The End State 

The End State has not been precisely defined at present as there is insufficient 
knowledge of the actual number of particles on the seabed and the efficiency of the 
retrieval systems. The clean-up process will generate much better information on the 
particle population and will provide more reliable information on the effect of the 
clean-up. Analysis of this information, along with the health effects of particles should 
permit the setting of clearance criteria for areas of the seabed. Areas which then 
demonstrate the criteria are met should be deemed to be ‘clean’. Once the specified 
area for clearance has met the criteria the offshore work should be terminated. 
Onshore monitoring is expected to continue beyond this time until it is agreed that it 
can be stopped. 

7. IMPLEMENTATION OF THE BPEO  

The BPEO will be implemented following agreement with the regulators. Initially, the 
criteria for the achievement of the aims of the project will be agreed with the NDA as 
they have responsibility for UK nuclear liabilities (past and present). Following each 
season the progress made will be reviewed. This review would include operation of 
the equipment, target area monitored (with confirmation of monitoring capabilities) 
and particle recovery capabilities. A number of the particles collected will be analysed 
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to confirm their physical, chemical and radiological parameters.  The majority of the 
particles would be routed directly to approved waste streams on the Dounreay site. 

It is important that the aim of the BPEO is achieved, with implementation in such a 
way that results in minimal damage to the environment.

Throughout the BPEO process there was very strong support from the public and 
from specialist groups for onshore monitoring with recovery in conjunction with an 
offshore option which results in particles recovery without significant environmental 
damage.

At all stages in the implementation of the BPEO, an ongoing review process will be 
carried out by UKAEA to enable appropriate response to changing situations. 
Discussions will continue with key stakeholders i.e. SEPA, Highland Council, NDA, 
HPA, FSA, COMARE and the public to ensure progress is declared to interested 
parties. Minutes of meetings will be available on the UKAEA website. Information will 
be made available to the different stakeholder groups through such means as the 
DSG and via the UKAEA website.  

The strategy for the BPEO is to continue the monitoring and recovery process until a 
satisfactory conclusion is achieved, subject to annual review with an independent 
external body.

8. ADDITIONAL INFORMATION 

Regarding the monitoring and recovery of ‘Onshore’ particles there is a wealth of 
operational experience at Dounreay. The management team for the particles project 
are currently UKAEA staff; monitoring and recovery of particles is by contractors. The 
analysis of the particles, their storage and disposal, is carried out at Dounreay. The 
Dounreay management team are also responsible for reporting particle finds to the 
appropriate authorities.   

Offshore monitoring has been carried out to further understand the spread of 
particles. This has shown a comparatively low concentration of Relative and Minor
particles with no finds of Significant particles to the west of the diffuser [25, 26]. 
Within the area inshore of the diffuser and up to 0.5 km to the east large numbers of 
Significant particles have been recorded.  

A number of the smaller and thus lower radioactivity, particles are thought to be more 
mobile and may have been transported further with the prevailing north-easterly tidal 
current in the Pentland Firth. Such particles will most likely have been deposited in silt 
far offshore, where they no-longer pose a realistic risk to humans. The particles do 
undergo processes of radioactive decay, leaching and fragmentation, all leading to a 
reduction in the total activity per particle.  

In the preparation of the DPAG Third Report, the qualifications of harm referred only 
to human beings and not to sea life and local ecology.  

OSPAR adopted in 1998 a strategy with regard to radioactive materials (OSPAR ref 
No. 1998-17). It sets out the aim for the signatories of the convention (which includes 
the UK) to ban dumping of nuclear waste in the marine environment.  

It is recommended by the OSPAR protocols that investigations into the significance of 
possible radioactive leaks (for example, in this case, it could relate to the particles on 
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the seabed) should be continued. If appropriate, an adequate policy to prevent 
pollution from such sources should be developed and implemented. This is 
demonstrated by the Particle BPEO and that a policy is being implemented by 
UKAEA in agreement with the regulator.  

8.1 Health Risks Associated with Particles 

The DPAG Third Report, drawing on Health Protection Agency’s advice, quantified 
the health risk due to particles and attributed a definition to three ranges, the ranges 
based upon the direct health effect that might be expected. These ranges are 
denoted by the terms Minor, Relevant and Significant and are based on their 137Cs
activity content (see Section 5.7 for Significant/Relevant/Minor definitions).  

In all particle activity ranges, the health effect is in relation to the particle remaining 
stationary against the skin for a number of hours for the effect to occur. This 
information and information on ingestion and inhalation are more fully defined in 
Section 3 of the DPAG Third Report. It should be noted that the health effects 
addressed in this document are in relation to direct contact with the outer layer of 
skin. The harmful effects of a particle being ingested and travelling through the gut 
will cause greater damage to the wall of the gut than to the outer skin. It is accepted 
that the probability for ingestion of a particle is much lower that for skin contact. The 
effects caused specifically by ingestion and inhalation are addressed in the DPAG 
Third Report. Additional work addressing the affects of dissolution of particles in the 
gastrointestinal tract will be provided in DPAG’s Fourth report.  

Significant particles are likely to cause visible effects on the skin within a few hours, 
with serious ulceration visible after 1-2 weeks. This may take several weeks to heal 
along with the associated risk of infection which might require medical treatment. 

Relevant particles would require a minimum of 7 hours stationary contact to have any 
discernable effect. Indeed, time periods of 1-2 days would be required for any 
reddening with small lesion of the skin to be observed. The affected area of skin 
would be expected to heal completely within 2-4 weeks without further problems. 
DPAG considers that anyone coming into contact with the type of particles so far 
found on Sandside beach is unlikely to experience any observable effects.

Minor particles will not cause discernable health effects. In consideration of the health 
effects of Minor particles is also the very low probability of contact.  

It would be the aim of the clean-up programme to target recovery of particles within 
the offshore areas containing Significant and Relevant particles and the removal of 
detectable particles from beaches. Where a particle is detected offshore recovery 
would be undertaken, irrespective of activity, if it can be precisely located. 

To be most effective the offshore programme of work would need to focus on 
recovery of the greatest number of particles with the highest radioactive content in the 
shortest period of time, which is why the particles within the highest populated area of 
the plume would initially be targeted. Unless the significant i.e. large, particles are 
removed there is likely be a constant movement of particle fragments (smaller and 
more mobile) ashore. Also, the aim would be to complete the clean-up and re-
assurance monitoring programme in such a way that it would not need to be repeated 
at a later date, beyond the period of re-assurance monitoring.   
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8.2 Particle locations 

The seabed particles mapping project has shown that the most radioactive particles 
are mainly in a relatively restricted area of the seabed, commonly referred to as ‘the 
plume’ (see Figure 8). It is proposed to apply offshore recovery to these particles first 
in an effort to remove/reduce the number of Significant and Relevant particles from 
the ‘source’. Removing the Significant particles from the source will reduce the 
number of particles arriving on the local beaches and thus, through review, should 
enable an End Point for beach monitoring to be assessed.  
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8.3 Remotely Operated Vehicle (ROV) recovery of par ticles from the seabed 

Remote recovery of particles from the seabed is necessary as it is UKAEA’s stated 
intention to avoid routine use of divers for particle recovery. Systems for remote 
recovery are being developed and the first was trialled in late 2007 to achieve this 
objective. It is expected that the chosen ROV package, which may include more than 
one ROV or ROV system, should be able to monitor and remove particles over an 
area of 60 hectares of the plume (as qualified in Section 6) in approximately 3 years.  

Although the action taken to clean-up the seabed would recover particles in that area 
it may also have the effect of elevating buried particles from within the sediment. This 
may result in an increase in the number of particle finds on beaches local to the 
recovery process for a period of time afterwards. This would also result in the removal 
of more particles. 

8.3.1 Risks Involved Which May Compromise the Project

Although there is a UKAEA Particles Management Project Team, certain risks are 
beyond the management control but may be minimised by being aware of these 
potential risks in advance. The risks may include such factors as: 

�x Weather – poor weather may reduce the time available for the ROVs to work from 
their support vessels, thus limiting time to recover particles in a season 

�x For whatever reason, the monitoring and collection of seabed particles may not 
achieve the recovery rate expected. This may result in an extended clean-up 
programme.  UKAEA will provide the regulator, NDA and the public with evidence 
of progress which will regularly be reviewed. 

�x The contractors may withdraw from the trials leaving reduced or no ability to 
carryout the identified procedure. This would inevitably delay the programme.  

�x The time to complete the monitoring and recovery in the target area is longer than 
planned and as a consequence the programme time is extended, resulting in: 

�ƒ Continued dispersion of the remaining particles in the plume (a natural 
process)

�ƒ Mixing of particles from un-cleared areas back into ‘cleared’ areas 

9. ADDITIONAL WORK TO COMPLEMENT THE BPEO  

To ensure the success of the particle BPEO, some additional work is being carried out in 
advance of the final BPEO publication. This work includes:

�x Beach particle detection and recovery trials (looking for improvements in the 
equipment and techniques used for beach particle surveys)  

�x Seabed particle detection and recovery trials using remotely operated vehicles 
(ROVs)

�x Further investigation of the old diffuser and the rock mass above the old diffuser 
which is known to contain rock fractures may be carried out. Options are currently 
being considered. 
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Figure 9 - A schematic of the old Diffuser structure, 23m below the seabed, 
historically used to discharge low level liquid effluent from site to the 
Pentland Firth.  

�x Visual and radiological surveys of the 4 effluent pipes (now blanked off close to 
where they come ashore) between site and the old diffuser. Options for 
investigation and remediation are currently being considered  

10. COMMUNICATING THE WORK  

During the workshops it was clear that improvement in the public perception of the 
particles issue should be an outcome of the overall BPEO.  It will be important to 
report the intentions of any clean-up widely and ensure that progress is regularly 
reported in a positive way as particles are removed from the environment.  This will 
require a pro-active approach to the prompt release of public information and the 
maintenance of internet based data as particles are removed from the environment.  
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APPENDIX 1: DPAG THIRD REPORT FINDINGS AND RECOMMEN DATIONS. 

Report Findings [ the following is the executive summary from the DPAG Third 
Report].

1.  The continued presence of fragments of irradiated nuclear fuel ‘particles’ in the 
environment has been an understandable cause of concern. In this third report, 
DPAG provides more definitive information on: 

�x �•the sources of particles, their generation and possible routes of release; 
[Chapter 2] 

�x their current distribution in the marine environment; [Chapter 4] 

�x �•the potential number on intertidal areas on the northern coast of Scotland; 
[Chapters 5 and 6] 

�x �•the possibility that they could be encountered by the public; 

�x �•their potential implications for public health. [Chapter 6] 

2.  On the basis of potential health effects (see below) the Group has designated 
particles containing an activity of 106 Bq 137Cs or greater as significant particles, those 
with activities between 105 Bq and 106 Bq 137Cs as Relevant particles and those with 
activity less than 105 Bq 137Cs as Minor particles. [Sections 3.2.5-3.2.7] 

3.  SEPA has recently completed a large amount of research into the hazards of 
particles and the possibility of exposure to the public. This report necessarily draws 
upon members’ evaluation of the resulting information together with analysis by 
members of the Group of the potential distribution and migration of particles. [Chapter 
3]

4.  DPAG has collated numerous reports on the particles and the events that may 
have led to their release. They demonstrate that potentially up to several hundred 
thousand particles were discharged from UKAEA Dounreay. [Sections 2.2.7-2.2.14 
and Appendix C] 

5.  A range of particle types has been discharged from the site including MTR, DFR, 
and particles containing 60Co (neutron activated component of stainless steel) and 
106Ru (tarry agglomerates). The most important of these, both numerically and in 
terms of potential risk, are MTR and DFR particles [Section 2.1]  

6.  MTR particles were generated by milling operations from 1958 until 1973 and by 
‘crushing and cropping’ operations from 1973 until 1996. [Sections 2.2.2 : 2.2.3] 

7.  DFR particles were generated from 1969 until 1979, primarily by fires in a fuel 
processing plant and particularly by a fire on 30 May 1972. [Section 2.2.5] 

8.  Particles have been discharged into the environment by a variety of routes, 
primarily those involving the Low Activity Drain (LAD), Sea Tanks and Diffusion 
Chamber. Other routes include the ‘Non-active’ drains and the Acid Drain. [Sections 
2.4.5 - 2.4.7] 
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9.  There is little doubt that operations and events between 1959 and the mid 1980s 
led to the discharge of the majority of active particles via the LAD route. [Sections 
2.4.5 – 2.4.8] 

10.  Consideration of current operations and sources on site, including the Shaft, 
suggests that a continuing discharge of particles is unlikely, but would, in any case, 
contribute few particles compared with those already in the environment. Filters have 
been fitted to the sea discharge line which should prevent any future discharge of 
particles via that route and the shaft is to be isolated. Without remedial action, 
however, the Old Diffuser remains a potential source of particles. [Sections 1.1.3 : 
2.3.8 : 2.3.27] 

11.  DPAG concludes that a large proportion, especially of the significant particles 
discharged from Dounreay, have been buried in sediment or physically broken up to 
become smaller or fragmented particles and transported predominantly north-
eastwards from the site. [Section 4.3] 

12.  Currently, it is believed that about: 

�x 1,000 significant

�x 1,000 relevant 

�x 3,000 minor

particles are present within the main particle plume offshore from Dounreay. 
[Sections 4.3.29; 4.3.34: 4.3.35] 

13.  Of the significant particles present in the local marine environment, it is estimated 
that about 92% of these are within 0.5 km of the Old Diffuser. [Figure 4.20] 

14.  Of the relevant particles present in the local marine environment, it is estimated 
that about 95% are within 1 km of the Old Diffuser. [Figure 4.21] 

15.  Particles are not uniformly distributed with depth of sand. The proportion of 
significant particles is greater at depth than in the surface sediments, although the 
abundance of particles decreases with depth. [Section 4.4.21] 

16.  Smaller particles, generally having lower activities, are more easily mobilised and 
transported than physically larger (higher activity) particles. This effect may be 
reflected in the nature of particles detected on local beaches. [Section 4.4.15] 

17.  Monitoring of beaches around UKAEA Dounreay, using various methodologies 
has been undertaken for some time. This has enabled the recovery of particles and 
the reduction in potential exposure of the public. Early hand-held and wheel barrow 
monitoring were unsatisfactory, while Groundhog Mk 1 was unable to detect all 
relevant particles under all conditions. Groundhog Evolution is able to detect relevant
particles to a depth of 100 mm and significant particles containing 106 Bq 137Cs and 
greater to a depth of 200 mm on Sandside Beach. [Section 5.4.11] 

18.  The Group regrets interruptions of monitoring at Sandside beach; these have 
made interpretations of findings difficult. [Section 5.1.21] 

19.  Of the local beaches monitored, up to February 2006, significant particles had 
only been detected on Dounreay Foreshore. Relevant particles have been detected 
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only at Sandside Beach and Dounreay Foreshore. Minor particles had only been 
detected at Sandside Beach, Dunnet Beach and Dounreay Foreshore. [Tables 5.1 
and 5.2] 

20.  DPAG considers that the possibility for any member of the public coming into 
direct contact with a particle with potential to cause harm is extremely small. The 
chance is 1 in 80 million per year for a particle with activity of 105 Bq 137Cs at 
Sandside beach. [Section 6.4.7] 

21.  With respect to the potential for particles to cause harm, DPAG has drawn upon 
work recently published by SEPA and conducted by the Health Protection Agency – 
Radiation Protection Division (HPA-RPD) and the University of Birmingham (Harrison 
et al. 2005). This showed that particles with activities of 105 Bq 137Cs or less, typical of 
those currently found at Sandside Beach, would have to remain in stationary contact 
with precisely the same area of skin for at least 7 hours to cause any discernible 
effect and that this would be transient. For ingestion, such a particle, held stationary 
against the gut wall for 6 hours, might cause ulceration which would be repaired by 
natural regeneration. Committed effective dose following ingestion of particles 
containing 105 Bq 137Cs is estimated as 0.1 mSv for an adult male and 0.5 mSv for a 
one-year old child. Particles on the Dounreay Foreshore which have contained 
activity up to 1000 times greater could cause harm, but the Foreshore is effectively 
inaccessible to the public. [Sections 3.2.14: 3.2.20: Table 3.3] 

22.  The Group notes that particles with a composition similar to that of MTR113 
would give rise to a slightly greater long-term hazard than other MTR particles due to 
its solubility in the gut. [Section 3.2.22] 

23 The Group concludes that only significant particles with activities of 106 Bq 137Cs or 
greater pose a realistic potential hazard to members of the public. However, DPAG 
considers it prudent that, in addition to significant particles, relevant particles with 
activities of 105 to 106 Bq 137Cs should also be monitored and removed. [Section 6.2] 

24.  The Group concludes that there is an extremely small possibility of a member of 
the public coming into contact with a relevant particle on local beaches (with the 
exception of the Dounreay Foreshore); if they did so, no significant adverse health 
effects would be expected. [Section 6.4.7] 

25.  Many of the particles detected on the Dounreay Foreshore could cause 
significant health effects, if a member of the public came into contact with them, but 
there is, in practice, no public access to this area. [Sections 7.6.2: 7.6.3] 

26.  It is expected that particles will continue to be washed onto local beaches for 
some decades. [Section 4.6.14] 

27.  The Group was not required to consider potential effects of the particles on the 
ecosystem and has not done so. DPAG is aware that the ICRP assessment that 
“provided man is sufficiently protected then other organisms are adequately 
protected” is under reconsideration; its review is currently incomplete. [Background, 
para 14].
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Recommendations

28.  DPAG considers that UKAEA should mitigate the potential future release of 
particles into the marine environment by isolating the Old Diffuser Chamber. [Section 
2.3.47]

29.  The Group considers that Low Level Waste Pits should either be emptied or 
adequately protected from environmental impacts, including potential breaching by 
exceptionally large waves. [Section 2.3.34] 

30.  Offshore particles should be characterised further in terms of their extent, 
numerical density and distribution. [Section 4.3] 

31.  A larger sample of the particles recovered should be characterised in terms of 
their mass, density, shape, size, composition, chemical reactivity and radionuclide 
content, to test assumptions about the behaviour of particles in the sea. [Sections 
4.2.9 : 4.2.16 : 4.2.23-25] 

32.  Further offshore monitoring should be undertaken to provide information on the 
continuing need for beach monitoring, both in terms of its extent and frequency. 
[Sections 4.6.7 – 4.6.10] 

33.  UKAEA should undertake further work to estimate the number of 60Co particles in 
the environment. [Section 2.1.4] 
34.  The Group recommends that work should be undertaken to establish an estimate 
of the proportion of particles of characteristics similar to particle MTR113 that may 
have been released to the environment. [Section 2.1.18] 

35.  Beach and Foreshore monitoring systems must be capable of detecting particles 
having an activity of 106 Bq 137Cs and 60Co or greater (significant) to a minimum depth 
of 300 mm. The capabilities of such systems should also allow particles with activities 
of between 105 and 106 Bq 137Cs (relevant) and 60Co to be detected to a minimum 
depth of 200 mm. [Section 6.5.1] 

36.  The Group considers that any new monitoring systems must be empirically 
validated and compared directly with their predecessor. [Section 5.8.6] 

37.  The Dounreay Foreshore should be closed to the public until the Regulator 
decides that this is of no further practical value. Access should be available to local 
beaches unless future monitoring shows significant deterioration in their condition. 
[Section 7.8.10] 

38.  The beaches at Scrabster, Crosskirk, Brims Ness, and Thurso should be 
appropriately monitored at the intervals current. The beach at Sandside should be 
monitored comprehensively every two weeks. Melvich, Murkle, Peedie and Dunnet 
beaches should be monitored annually. [Sections 5.8.1 – 5.8.3] 

39.  Monitoring of the Dounreay Foreshore and local beaches should continue until 
the Regulator decides that such procedures are of no further practical value. 
[Sections 7.6.3 – 7.6.4] 

40.  In 1998, the then Secretary of State wrote to SEPA asking that “SEPA ensure 
that there is sufficient monitoring in place to ensure that any particles finding their way 
to the beach at Sandside Bay are promptly detected and removed”. This statement 
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was presumably intended to be interpreted in practice, according to the degree of risk 
entailed. DPAG considers that the removal of literally ‘any’ particle is impractical and, 
in the case of Minor particles, is unnecessary on the grounds of the radiological 
protection of the public. [Section 7.7.3(iv)] 

41.  The extent and nature of the contamination of the environment means that it is 
impractical to aim to return the environment to a pristine condition. Remediation 
should aim to do more good than harm to the environment. DPAG recommends that 
serious consideration should be given to the targeted removal of significant particles 
in the marine environment providing that this causes only minimal disturbance to the 
ecosystem. [Sections 4.6.17: 6.9.3] 




