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Annex 8 - Radioactive Substances and Contaminated Land case study


This case study is based on a review of the key documents and on interviews with:

Defra Radioactive Substances Division:

Chris Wilson

Head of Technical Policy and Research Programme Manager, RAS

Dr Malcolm Wakerley 
Technical Support Manager, RAS

Dr Robert Jackson 

Head of Radioactive Waste Management Policy Unit, RAS

Adam Scott 

Head of CoRWM Secretariat, RAS

Independent contractors involved in delivering the RCL programme:

David Nancarrow
WS Atkins Environment – provided technical and management support throughout the RCL programme

James Penfold
Quintessa - specialist mathematical consultancy responsible for developing RCLEA model

The issue of Radioactively Contaminated Land

This case study will examine the evidence base for policy on Radioactively Contaminated Land.  This has been an important major element of the Radioactive Substances Division (RAS) programme since the late 1990s.  

This area of work involves the development of systems for identifying historical radioactive contamination (i.e. not from current sources) and remediation.  One of the key parts of the work in this area is the transposition of the Euratom Directive 96/29 Euratom Treaty to the UK.  The Directive aims to protect workers and the public against exposure to ionising radiation.  However, there are many discretionary areas that required development, including the definition of radioactively contaminated land, the exposure levels at which harm occurs and the management regime for “hot” particles.  Much of the research programme is directed towards establishing these.  In particular, work was conducted to support the definition of the level of “unacceptable risk” from contaminated land.  

The case study reviews how the research needs were determined, how this work was commissioned, how it has been used to inform policy and how the science was disseminated.  The first 30 paragraphs describe the background to this policy area and provide an overview of research conducted; the analysis is included in paragraphs 31 to 85. 

1
The problem of managing radioactive substances on contaminated land

1.
Radioactively Contaminated Land (RCL) is defined as land which has been “contaminated by artificially produced radionuclides or natural radionuclides that had been artificially concentrated as part of an industrial process, whether they were a product or by-product of the process”
.  It results from a wide range of activities, including the exploitation of the radioactive properties of materials (e.g. luminising works), the use of radioactive materials for their non-radioactive properties (e.g. gas mantle production), and the inadvertent or accidental release of radioactive materials (e.g. lead mining).

2.
In 1963, the 1960 Radioactive Substances Act came into force.  Most of the radioactive contamination of land can be attributed to activities occurring prior to this.  Some industries had been aware of the hazards and had managed them accordingly but others had been unaware of the risks associated with radioactive materials, and had treated them in the same way as non-radioactive substances.  This has created a mixed legacy of management practice and of levels of knowledge.

3.
Sites are divided according to the radioactive dose they contain into three categories covered by the milliSievert, microSievert and nanoSievert ranges.  Today, there are estimated to be 179 - 231 UK sites in the milliSievert dose range, and 25,000-35,000 sites in the microSievert dose range
.  Dose exposure in the milli- and microSievert range is typically linked to activities such as former waste disposal sites, radium luminising shops, sewage treatment plants, cemeteries, and miscellaneous laboratories
.

4.
The key policy framework for radioactively contaminated land is provided by a 1996 EU Directive, the Euratom Basic Safety Standards Directive.  This aims to protect worker and the public against exposure to ionising radiation.  Defra has the job of transposing the provisions of the article 53 Directive into UK law and has therefore to ensure that it is interpreted in a manner that is clear and legally enforceable in the UK. 

5.
The work that is described in this case study falls within Defra’s Radioactive Substances portfolio and much of it concerns the technical standard for the transposition of the Euratom Directive.  The case study illustrates how research is used in Defra to inform the transposition of international requirements
 into UK law.  The case study demonstrates some of the mechanisms by which Defra assimilates a wide range of existing knowledge and produces models that fit well with existing approaches.  The case study focuses on the development of the Radioactively Contaminated Land Exposure Assessment (RCLEA) model, and the work of the Steering Committee which amongst other things led to this.

2
Historical development of the issue

6.
The historical development of the issue is summarised in the figure below:

	


	
	1960
	1993
	1990
	1996
	1996-1998
	1998
	2001
	2001
	
	2001-2003
	2004
	2005 
	2005
	2006

	
	Radioactive substances act 1960
	Updated Radioactive Substances Act  1993
	Development of risk-based approach to manage (non-radioactively) contaminated land under Part IIA of the Environmental Protection Act (1990)
	Euratom Council Directive 96/29 (articles 38 and 53) (Aims to protect worker and the public against exposure to ionising radiation)
	DETR identifies implications and potential mechanisms  
	Initial consultation
	Entec and NRPB commissioned to develop indicators for RCL
	WS Atkins Appointed

Steering group established
	
	Working Packages 1-8 conducted
	WS Atkins synthesise Working packages into 3 Working Papers WPs
	RCLEA model developed by Quintessa 
EA, Welsh Assembly, and Defra conduct study to estimate the extent of radioactive land contamination

Formal advice received from HPA
	  Consultation on proposed measures
	Roll-out of new regime


7.
Radioactive substances have been used for a variety of purposes since the start of the twentieth century, but have only been subject to regulation since 1963, when the 1960 Radioactive Substances Act came into effect.  This was consolidated in 1993 through the Radioactive Substances Act 1993
 into a regime which regulates the “use of radioactive substances and the management of radioactive wastes to protect man and the wider environment”
. 

8.
Neither of these Acts, nor the regimes for managing radioactively contaminated land on nuclear licensed sites through the HSE (NII), during operation or after de-licensing
, cover historically contaminated lands, where no current work activity takes place and there is no radioactive waste.

9.
It has been the practice to specify remediation standards for RCL based on interpreting the Radioactive Substances Act of 1993, and to define radioactive materials within two categories: exempt and radioactive.  DETR (the predecessor to Defra) recognised an opportunity to adopt a risk-based approach for determining RCL intervention standards.  This risk-based approach was originally established to manage contaminated land under Part IIA of the Environmental Protection Act (1990) (EPA), although the final Act did not cover radioactivity
.
10.
In response to the need to transpose and implement the Euratom Council Directive 96/29 Euratom (articles 48 and 53)
, and ministerial commitments to modify the EPA (1990) to include RCL
, Defra began to identify the implications and appropriate mechanisms for addressing this issue in the late 1990s.  

11.
The initial public consultation took place in 1998, based on a document titled “Control and Remediation of Radioactively Contaminated Land”, which proposed that the provisions of EPA Part IIA should also apply to radioactive contamination.  Specific recommendations
  included the following:

· As there were comparatively few sites likely to be contaminated with radioactivity, the Environment Agency should be given the regulatory responsibility for site identification and investigation

· Water should be treated as a pathway through which a potential risk could spread to a critical group, rather than as a receptor in its own right

· Where land was contaminated by both radioactive and non-radioactive pollutants, responsibility for remedying the contamination should depend on which hazard posed the greater risk

· Remediation should be undertaken only if it was justified, and its form, scale and duration should be optimised

· The proposals should not apply to users or sites that were already subject to regulation under the Nuclear Installations Act, since such sites could not be de-licensed until there was no danger from radioactivity on the site

· The proposals should not apply to sites prone to naturally-occurring radon

12.
Over 100 responses were received to the consultation in England, Wales and Scotland.  It was clear from these that there was an urgent need to develop clear criteria for designating sites, and the DETR (now Defra) and the Environment Agency (EA) commissioned ENTEC and National Radiological Protection Board (NRPB, now part of the Health Protection Agency (HPA)) to address this issue
 and to come up with some proposals.  The study considered the principles of acceptable risk in radiological protection along with variables such as land-use, homogeneity of contamination, identification techniques, disposal and residual risks.  It concluded that intervention is essential in the case of a life dose of 1Sv or an annual dose in excess of 10mSv, but intervention is not justified for a dose of less than 300 Sv per year.  Optimisation
 would be required in the case of a dose between 10mSv and 300 Sv.

13.
Although the information from the 1998 consultation was collated, further work on this topic was delayed due to work of a higher priority within RAS.  However, the need to meet the obligations to transpose and implement the basic safety standards to protect workers and the general public from the dangers of ionising radiation
 contained in the Euratom Directive put the issue back on the agenda in 2000/2001.

14.
Defra commissioned the consultants W.S. Atkins to provide technical support in 2001 and created a Steering Group for the Work.  The participants comprised leading expert organisations such as the NRPB and the EA.  The EA is the body responsible for enforcing the relevant legislation and, because of its technical expertise, had the dual role of contributing towards developing the evidence base and enforcing the regulation.

15.
This initial Steering Group first met in 2001.  It had no formal terms of reference, but the previous consultation had identified specific issues that needed to be addressed.  The process was supported by the consultants (WS Atkins), who also facilitated the identification of potential Work Packages prior to the first meeting
.  Defra, EA and Atkins subsequently reduced the longer list of studies to eight Work Packages
.  The steering group evolved into a stakeholder group, including the DTI, the Health and Safety Executive (HSE), and the Food Standards Agency (FSA).  

16.
Work Packages and meetings addressed the key issues for developing the guidance, including options for inspections to identify radioactively contaminated land, dose criterion, water ecology, optimisation, liability implications, waste management, and hot particles.  There was also a paper discussing the issues likely to arise during future planned consultation activities. 

17.
The Work Packages were synthesised into three brief papers by Atkins in October 2004.  The first paper looked at human health effects and possible definitions of RCL
.  The second paper considered the regulatory options as well as roles and responsibilities
.  The third paper updated previous conclusions on liability regimes for historical damage and also considered the powers of HSE (NII) within a nuclear licensed site, and those of the EA outside a nuclear licensed site
.

18.
Once the RCL Steering Group had formulated its conclusions, Defra wrote a formal letter to the National Radiological Protection Board (NRPB) requesting its advice on the “additional dose criteria or factors that should be taken into account in a site by site assessment
.”  The response from the NRPB was publicly disclosed and informed the proposed regime
. 

The policy outcome

19.
The policy outcome of this work was an extension of the contaminated land regime under Part IIA of the Environmental Protection Act 1990 to cover radioactivity.  This extension provides a system for identifying and, where appropriate, remediating contaminated land.  The new regime is applied to land where contamination is causing lasting radioactive exposure to people, or where there is potential for future exposure within the permitted use of the land.  Based on the technical and scientific work conducted, the new regime recommended:

· Using a revised definition of contaminated land 

· Treating land contaminated by radioactivity as a “special site” regulated by the Environment Agency

· Local authorities only having a duty to inspect areas where there are reasonable grounds for believing that the land is radioactively contaminated

· Only using remediation if “the reduction in detriment due to radiation is sufficient to justify the harm and costs … of the intervention”
 

· Requiring the enforcing authority to remediate where lasting exposure has been identified and there is no other party liable for the remediation

20.
The proposed regime only considers the risks to humans from radioactivity.  The issues of harm to the wider environment and the pollution of controlled waters were originally considered
, but it was concluded that there is insufficient evidence “of pollution of controlled waters arising from radioactive land contamination nor of ecological system effects”
.  This was informed by studies following the Chernobyl disaster which found that impacts on biodiversity were only discernible in the case of very high exposure.  The initial assessment suggested that a cautious approach might include appropriate regulatory powers in case problems arise in the future.  However, these non-human impacts were not included in the final proposals submitted for public consultation following advice from the Environment Agency that such regulation was unnecessary or disproportionate. 

21.
The proposed assessment approach and recommendations from the Steering Group and the HPA were put to public consultation during 2005.  This included the model for assessing exposures from Radioactivity which closely paralleled the contaminated land methodology.  Defra published the outcome of this consultation in November 2005, and the regulations will come into force in August 2006.

22.
Science played an important role during the development of this legislation.  It provided the foundation for the proposed approach to identify RCL, and informed the decision on when remediation is necessary.  Furthermore, data generated for this programme have supported the initiatives associated with the radioactive waste inventory.  

3
The Defra Radioactively Contaminated Land research programme

23.
The transposition of the Euratom Directive into UK law was the key driver for the RCL Research Programme from 2001 onwards.  Much of the work was required to transpose the Directive into Law, including the definition of radioactively contaminated land, the exposure levels at which harm occurs and the management regime for “hot” particles.  The research programme was designed to clarify these issues and to help define the level at which intervention would be considered.  The work was financed entirely by the RAS division.

Understanding the extent of radioactively contaminated land  

24.
Several studies have been conducted to assist in the redevelopment and management of land.  These would support Defra in understanding the extent of the issue, and also support local authorities, major landowners and non-governmental organisations (NGOs). 

25.
In particular, two studies were conducted on industries whose activities may produce RCL.  The initial project included a report on some of the operations handling radioactive materials before legislation was introduced in 1963
.  The final report by Atkins was published in 2006 and provides information on what stakeholders and the public may want to know about each sector and how they can identify areas where they may find land contaminated by radioactivity
.  

26.
The EA, Welsh Assembly and Defra conducted a study on indicators of land contamination for use in estimating the extent of radioactive land contamination, as well as other applications.  The project cost approximately £90,000.  It proposed the use of four indicators to assist in the management of land contamination: Extent of Industrial Land Use, Identification of Land Contamination, Remediation of Land Contamination and Newly Created Land Contamination.  The project estimated the number of sites with chemical and/or radiological contamination using these indicators.  The work was based on extrapolations from surveys conducted in 12 representative local authority (LA) areas and examination of national data sources
.  This process used the standard classification of 22 different types of local authorities.  For the purposes of this assessment, this was condensed to 12 categories and a representative LA for each category was selected on the basis of median of populations and areas.  A larger sample size was not chosen due to costs involved and the coverage obtained through the above process. This approach was thought by Defra to be satisfactory; it has been used in other assessments outside the RAS division where differences between LAs need to be explored. . 

Science input into the Steering Group 

27.
The key scientific inputs into the working group are captured within three of the Work Packages.  These were conducted by Atkins, supported by organisations such as HPA, EA and other Steering Group members.  These projects all involved synthesising and interpreting existing technical information and included:  

· A framework for human health
.  NRPB and Atkins set out a radiological framework for human health to develop guideline values for defining areas of radioactively contaminated land.  It explored dose criteria to be used for developing the guideline values and reviewed the biological basis of radiation health effects and the principles of radiological protection.  It included a review of national and international advice on dose criteria for intervention

· Framework for Water & Ecology
.  This interpreted previous EU and EA research and considered potential issues associated with the proposed RCL regime.  This in turn built on a previous assessment conducted by English Nature and EA to understand the scale of risk posed to wildlife by radioactive discharges
 and work by the International Atomic Energy Agency (IAEA) on the impact of radioactivity on biota.  It also assessed the work conducted under the EU FASSET programme
 to deliver a harmonised EU framework for future radiation assessments for flora and fauna relevant to European ecosystems

· Hot particles
.  The NRPB (supported by Atkins) provided advice on potential and actual exposures associated with hot particles (situations where the contamination comprises small numbers of highly radioactive particles).  This is a difficult issue as exposure is not homogenous and the dose-response curve is non-linear.  The work asked the question “At what point do you need a case-by-case consideration?”
  In particular, this study explored issues of “what constitutes ‘significant harm’?”; “what constitutes a ‘significant possibility’?”

Defra's role within the research programme included commissioning and managing Atkins who provided technical support to the programme, and identifying (with Atkins) the initial long list of work packages which were then agreed by the Steering Group.  Defra chaired the Steering Group, had ultimate responsibility for the Work Packages, and was responsible on behalf of the UK Government and devolved administrations for requesting formal advice from HPA on intervention criteria  

28.
These studies were supported by a large number of international research projects outside the direct control of Defra.  There were also several research projects commissioned by Defra and the EA conducted prior to 2000 which, although providing high-level information, gave important background to the Steering Group.  In particular, Entec conducted an assessment in 1999 for DETR
 which examined the criteria for the designation of radioactively contaminated land.  This was a £70,000 piece of work, carried out jointly with the NRPB.  It recommended a risk-based approach to the designation of RCL, and referenced previous ICRP and NRPB guidance as well as considering the approach used for the designation of chemically contaminated sites.

The RCLEA model

29.
A major research area was the development of the Radioactively Contaminated Land Exposure Assessment (RCLEA), in a contract valued at £70,000
, based on the existing CLEA (Contaminated Land Exposure Assessment) model for non-radioactive contaminants such as arsenic and lead
.  RCLEA was a key output from this programme and included a “set of calculational models and data that can be used to calculate potential doses from radioactively contaminated land”.  It also enables users to “calculate ‘Guideline Values’ that indicate whether or not land requires more detailed assessment to establish if it needs to be treated as being radioactively contaminated”
.

30.
The way in which radioactive contamination affects human health differs fundamentally from the action of non-radioactive contamination.  For example, radioactive substances do not need to be ingested to have an impact.  However, the existing CLEA model was used as a starting point to avoid the risk of inconsistency between separate non-radioactive and radioactive models.  In addition, similar questions are addressed by both models, such as “what are the health impacts for someone growing crops on a contaminated site?”

4
Management practices 

31.
The following paragraphs describe how Defra managed its RCL research programme, using the ten OST Science Review criteria as a framework.  It focuses on the science input into the programme, specifically the development of the RCLEA model and science related Work Packages.

32.
The RAS team noted that the RCL programme pre-dated the current approach for formal programme management in Defra.  It included much about the use of existing science, as well as commissioning a limited amount of new science.  This case study reflects a useful case study topic of how EU and international guidelines are transposed into UK law.  

Criterion 1: …how effectively has the Department developed a clear, overall science strategy?

33.
This case study addresses a small part of the overall science strategy for radioactive substances.  The overall strategy is described in the ROAME
 statement, which states that one of the objectives of the RAS team is to:

“provide a regime for radioactively contaminated land which mirrors the [EPA] Part IIa regime…… The research work amongst other things will determine the extent to which land is liable to have been contaminated and developing best practice guidance for dealing with it.  This reflects the Department’s aim to promote a sustainable pattern of physical development and land and property use in cities, towns and the countryside and to both improve the environment and to reduce risks from the environment.”

34.
The ROAME statement is clearly articulated, but had not been updated for 6 years.  Nevertheless, the RAS team indicated that the ROAME statement had been superseded by the submission to the Evidence and Innovation Strategy and other more recent publications which place the RCL programme under an objective for “Effective, efficient and legal operation and enforcement of the regulatory regime for radioactive waste substances”
,
.  If this is the case, it is important to understand how ongoing monitoring and evaluation (M&E) of the overall objectives will be addressed.  The RAS team indicated that as a short-term measure, monitoring and evaluation will need to be fed into their EIS, but a process to address M&E (as was conducted by ROAME) is required.  In addition, it is not clear how the overall strategic framework for a programme such as RCL is developed. 

35.
The scope and specification of the RCLEA study was well defined.  It was based on the existing regimes and it was framed such that qualified organisations would be able to understand the requirements.  Expert organisations such as the EA, HPA and, to a lesser extent, the LAs have played a key role in framing the problem and developing a consistent assessment model.  

36.
One of the key requirements of the RAS strategy is that specific initiatives are consistent with existing management regimes.  This is clearly reflected throughout the RCL programme which focuses on ensuring that the approaches for managing radioactively and non-radioactively contaminated land fit closely together.  For instance the initial activities of the Steering Group involved comparing existing models such as CONLAND and CLEA
.  The Group considered factors such as fundamental differences in assessment methodology due to nature of contamination (toxicological criteria and exposure & averaging periods for critical receptors), Convention/Regulatory Approach (land use scenario and pathway) and exposure parameters (gender of receptor, soil ingestion rate and exposure frequency, soil loading on vegetables and home-grown food consumption rates).  This, and other analyses conducted at this stage were used to develop the final recommendation to ensure that the contaminated land and radioactively contaminated land regimes were complementary
. 

37.
A further requirement of the wider science strategy for RAS is the use of risk-based approaches to inform the development of new regimes.  Prior to the work under the RCL programme, there had been many approaches used (both in the UK and internationally) to assess risk and these had been somewhat ad hoc.  The Steering Panel for the RCL programme assessed these approaches and developed an understanding of the underlying assumptions.  This was used to screen common approaches and could form the basis for the development of a robust strategy for the management of radioactively contaminated land: Work Package 2 reviewed approaches for the ‘the biological basis of radiation health effects’; it lays out the key principles that need to be considered such as the optimisation of protection, individual dose and risk limits and is followed by reviewing guidance from ICRP, HPA and others; This analysis was used to recommend a dose criterion and a methodology for calculating exposures.  These recommendations formed the basis for Steering Group discussion.  The Steering Group were presented with the results from the literature search, the analyses and recommendations.  The discussion by the Steering Group included the level of certainty in the data, perceptions on acceptable levels of risk (particularly where the dose and effect curves are not linear) Work Packages 8 followed a similar approach for Hot Particles.  The earlier Work Packages presented management options for the management of radioactive waste
; the Steering Group discussed the problems with each of the options and further papers produced advice on the resolution of these issues. 

38.
There is less evidence of social research to understand and meet the concerns of groups such as communities neighbouring radioactively contaminated land or people potentially affected by remediation activities.  The research conducted by Entec and NRPB illustrates this point
.  The researchers appreciate that “the views of the resident population should therefore be taken fully into account during the remediation exercise to establish an optimum solution that is as widely acceptable as possible”.  This is required with doses of less than 10mSv per year as the acceptable residual risk will vary from site to site, depending on “natural background levels, availability of remediation options, social considerations and expected persistence of contamination and doses
”.  However, the research documents do not include details on best practice for understanding and assessing the views of residents or assessing the distribution of impacts among different populations.  This issue was also captured in Work Package 1 which states that decision-making on priorities should take account of “political factors (both internal and external) including local authorities, voluntary organisations, general public, NGOs, internal Agency priorities etc” among eight other factors.  It was also mentioned in the Paper for the RCL steering group where it states that “the influence of local politics and blight might affect the identification of sites for detailed inspection in some cases (although this is not unique to RCL as it could apply to contaminated land also, albeit radioactivity is sometimes a more ‘emotive’ issue)”.  Guidance on how these issues could be addressed is not discussed in detail. 

39.
Understanding and meeting the concerns of stakeholders has been identified as a priority in more recent activities of the RAS team, particularly within the Committee on Radioactive Waste Management (CoRWM).

	The Committee on Radioactive Waste Management (CoRWM) is an independent committee appointed by the UK Government.  Its task is to review the options for managing those UK radioactive wastes for which there is no agreed long-term solution.  CoRWM has been asked to consult and to make recommendations to the UK Government in 2006.  Future decisions and policies will be made by the UK Government. 


CoRWM consists of a Chair, and 12 Members which will include a Deputy Chair.  It includes people with a range of expertise: people with a perspective of environmental, health, social or ethical issues, as well as people with technical experience and expertise in radioactive waste matters.

Its activities are divided into three phases: preparation and trialling, framing and initial short-listing, and options assessment.  The process is transparent and has involved extensive stakeholder engagement.

Source: http://www.corwm.org.uk/content-0


Following the failed NIREX initiative for the underground storage of waste, Defra realised that the science strategy needed to go beyond a continual assertion of the technical case.  Instead it ensured that the science conducted addressed questions that the public has about the waste and the viability of the different options for management.  The CoRWM secretariat described their aim to “oversee a review of options for managing solid radioactive waste in the UK and to recommend the option, or combination of options, that can provide a long term solution, providing protection for people and the environment”.  The ultimate objective is a policy which is both scientifically well founded and publicly acceptable.  Defra staff interviewed highlighted the importance of the well-documented and auditable processes for assessment to address scientific, technical, economic and ethical questions which have been developed.  The Defra staff interviewed suggested that some scientists have found this process difficult, particularly when the opinions of lay people conflicted with their own experience.  However they stressed the importance of building stakeholder trust and ensuring the non-physical sciences are included.  Similar approaches could be used in the RCL context to establish an optimal solution during remediation through taking fully into account the views of key stakeholders. 

Criterion 2: …how effectively does the department ‘horizon scan’ to identify future science-related issues?

40.
At the divisional level the RAS team has introduced mechanisms to identify the current and future research work required based on the key drivers across the policy area.  This was most recently illustrated by the Future Research Strategy workshop organised by the RAS team which involved a wide range of stakeholders, mainly from the public sector
.  These activities are critical to identify future issues that need to be considered, but will need to have further input from the private sector and other stakeholders. 

41.
There may be opportunities for horizon scanning to play a role in the development of the RCL regime.  For instance, HS could assist in identifying issues associated with exemption orders, factors influencing the governance of RCL, and changing stakeholder perspectives (particularly on how risk is perceived).  Many of the regulatory and technical issues were discussed within the Steering Group who were familiar with many of the emerging issues.  This is illustrated in Work Package 7 which “considers potential issues associated with the proposed RCL regime and addresses the concerns likely to arise”
.  While there did not appear to be any explicit horizon scanning activities built into the RCL programme, one interviewee suggested that it was unlikely that HS activities would provide insight beyond the discussions of the team described above.  

42.
Finally, the consultation process was given sufficient time to ensure external stakeholders would have an opportunity to review, comment on and suggest drivers which had not been sufficiently considered previously.

Criterion 3: …how effectively does the department review and harness existing science and identify gaps and opportunities for future science?

43.
There is an extensive body of existing science on radioactively contaminated land [e.g. see paras.1-30].  All of the papers prepared for the Steering Group and the Work packages demonstrate extensive understanding of the research conducted by leading international bodies.  In particular, the work refers extensively to the International Commission on Radiological Protection (ICRP), the primary international body for recommending radiological protection standards
.  Key sources of information also include the work of the IAEA
.  The HPA (previously NRPB) played a key role in exploiting its existing information and knowledge of these international initiatives.  Access to these data is also enhanced by the active involvement of Defra (e.g. via CIRIA) and other stakeholders in these networks.

44.
Several of the Work Packages illustrate the thorough approach adopted in this programme to understand and use existing data.  Work Package 2, for example, includes a comparison of [EPA] Part IIA contaminated land modelling (using CLEA) and NRPB’s model CONLAND
.  These analyses, based on discussions between Atkins and NRPB, reviewed the data underpinning each model, such as the data supporting the metrics for inhalation rates.  It suggested that older data which reflect more active lifestyles should be updated to reflect the more sedentary modern lifestyle. 

45.
The programme also draws on UK specific datasets, such as pollution inventories, the Historic-land-use database, and Envirocheck reports.  These are analysed and discussed in studies such as the Indicators for Land Contamination project
.  For all the data used in this study, their source and comments are provided, which strengthens the final conclusions by making explicit the information and assumptions on which the study is based.

46.
The thoroughness of the reviews of existing data depended to a large extent on the individuals involved rather than the availability of information.  These key individuals were the contractors (e.g. Atkins) and the Steering Group members (including staff from HPA [originally NRPB], EA, FSA, etc).  The RCL programme did not have a formal process to check that research commissioned would not duplicate existing data.  Instead it relied on the involvement of international experts in several of the projects to ensure existing studies had been included.  While the involvement of international experts reflects good practice, the programme could have been vulnerable to potential bias.  This study found no evidence of this to be the case.  However one challenge associated with being reliant on a small number of specialists is the issue of succession planning and being able to identify emerging experts.  We did not find evidence of these processes. 

47.
On the basis of the response from the HPA, the project had appropriate and sufficient information to obtain approval from the HPA.  If a formal check had been conducted to verify that no relevant study had been overlooked, Defra staff felt it would have been unlikely that the group would have arrived at a different conclusion. 

Identifying gaps

48.
The process of identifying gaps formed a core component of this programme.  The process started at the first Steering Group meeting when the members suggested several work streams based on critical issues related to RCL.  These reports were presented back to the Steering Group either for endorsement by the working group or for revisions if the working group suggested that further work should be conducted.

49.
Several members of the Steering Group made a significant time commitment and were very engaged in the process of assessing and understanding gaps.  They tended to focus on areas in which they had a high level of personal interest.  For instance, the HPA, EA consultants and Defra had lengthy discussions on issues associated with optimisation and justification.

50.
Data from numerous sources were required for the development of the RCLEA model.  This process not only ensured consistency in the approach to manage RCL, but also identified where there were gaps.  As part of this process, the RCLEA work reviewed the background materials on CLEA and the management of radioactive waste, and drew on the advice of experienced members of the Steering Group. 

Criterion 4: …how effectively does the department commission and manage new science?

51.
Atkins supported the Steering Group and provided scientific support throughout the RCL programme.  The firm was selected through a competitive process and retained to provide technical support under a research management contract.  In this tendering process Defra provided technical evaluation criteria which were used to assess the quality of each proposal.  This approach to contracting was appropriate as it would have been impossible to predict at the outset the specific questions to which the Steering Group would require answers.

52.
The membership of the Steering Group was initially decided by Defra, with support from Atkins.  They focused on those involved in addressing key issues in the area, and those familiar with the underlying science.  This included the HSE, HPA, Devolved Administrations, Nuclear Installation Inspectorate (NII), MoD, and the EA.  The final results and recommendations of the RCL programme were submitted to a wide consultation; there appeared to be no comments on the competencies or appropriateness of the membership of the Steering Group.

53.
A long list of potential Work Packages for the Steering Group was developed by Atkins.  This list was informed by:

· “Considering the guidance documents and related research reports published by (or under preparation for) the Environment Agency and Defra  in respect of chemically contaminated land and packages of work needed for the [EPA] Part IIA regime

· Assessing the current availability of relevant guidance for radioactively contaminated land and outline assessment of the extent to which this guidance meets the new requirement 

· Experience of the Part IIA regime through WS Atkins’ work for the Environment Agency and local authorities

· Supplementary information provided by the Environment Agency and Defra on their respective research programmes relevant to Part IIA”

This list of Work Packages was reviewed at a meeting with EA, Defra and Atkins, at which participants focused on whether the work had been conducted previously, the split of work packages between Defra and the EA, and the structure of each work package.  The strength of this approach is that activities could be allocated according to the specific competencies of the participants.  It is not clear from the documentation whether there is a potential conflict of interest due to the regulator (EA) also being involved in the background research.  While Atkins proposed the budget and scope for the activities that it ultimately carried out, their submission was only the starting point in this process - the final Work Packages were scrutinised closely by Defra.  In addition the consultants had gone through a competitive process, to secure a framework agreement covering the full scope of the Division’s activities.  This approach to the commissioning of research could be viewed as an effective and flexible mechanism. 
54.
As discussed above, one of the main areas of new research commissioned under the RCL programme was the creation of the radiological assessment model (RCLEA
).  This work was won by Quintessa following a competitive tender process.  The research was sufficiently complex to require an independent consultant to write the specification, based on an initial specification produced by Defra.  Defra needed independent support from a party with prior experience of the specific technical issues involved in developing radiological models.  Both Defra and the contractor mentioned the value of producing detailed guidance on the specification to ensure submissions were closely aligned with the needs of the programme. 

55.
Once commissioned, a Defra project manager provided a strong link between Defra and the contractors.  During key stages of the project, the contractor had several daily conversations with Defra.  The Defra manager has a long track record in the management of radioactive waste, and the contractors benefited from having a knowledgeable client.  This is a key success factor of this and other RAS programmes.  The leadership of the team clearly understand the importance of maintaining experienced and high calibre staff.  This has not only ensured continuity between programmes but ensures Defra is an “intelligent customer”.  This conclusion is based on comments from contractor organisations and a brief review of the background to the Defra staff. 
56.
Defra relied on the Environment Agency (supported by Atkins) to develop an understanding of the impacts of managing RCL on fauna and flora
.  Whilst there is no indication of omissions from this study, Defra may have needed an independent assessment for this area of research.  An independent assessment for Defra would have been useful in this context because the decision was based on advice from the Environment Agency
.  The EA was also strongly encouraged to exclude this area by the recommendations of the Better Regulation Task Force: “We also believe that restricting the regime to human receptors is in line with the very strong steer from Government, re-emphasised in the Chancellor’s recent pre-budget speech, not to ‘gold plate’ European Directive requirements
”.  The final decision regarding the scope for consultation was agreed at the Cabinet level. 

Criterion 5: …how effectively does the department ensure the quality and relevance of the science it carries out and sponsors?

57.
The quality assessment was carried out by a sub-group of the Steering Group.  The RCL Steering Group closely reviewed progress throughout the progress of the project.  The frequency of meetings depended on the stage in the process.  They were scheduled as and when necessary: at one point the Steering Group met monthly, but this was reduced to annual meetings.  Several interim deliverables were also submitted to ensure that the project was developing according to plan.  These included a report on the existing methodologies (March-April 04), and a formal proposal of the options for presentation to the Defra working group.   

58.
Defra staff had an ongoing technical review role to ensure the quality of the science.  The key success factor was the close involvement of the Defra technical manager, ensuring constant checks on quality.

59.
NRPB (now HPA) both in its role as an expert party, and through its involvement in the Steering Group, played a critical role in ensuring the quality and relevance of the science.  Evidence of this involvement is found in the letter from HPA to Defra which confirms the recommended regime
. 

60.
The methodology for developing the RCLEA model is clearly articulated.  For instance, the methodology report discusses each of the key assumptions, such as radionuclide source characteristics, exposure scenarios (land, use, age groups, etc.), exposure pathways, dose coefficients) and the approach for developing the calculation
.  The audit trail in the development of the model enables external stakeholders to assess the quality of the science based on the data and assumptions.  This approach of developing a thorough audit trail is exemplified on a much larger scale by the CoRWM where each stage in the assessment and the evidence for each decision has, to-date, been clearly articulated.  This serves to avoid problems in the future if there are concerns regarding the decision making process.  While there have been comments from some stakeholders regarding the involvement of the scientific community
, these have not mentioned the issue of transparency and an audit trail. 

61.
The RCLEA model itself is a good example of managing quality in models.  The inputs, results, calculations pages and cells are clearly articulated; rather than using cell numbers in formulae, key parameters are named.  It is therefore straightforward for a user unfamiliar with the model to review it and understand how it works.  
62.
The methodology behind the RCLEA model was also subject to extensive review.  This included peer review from the Steering Group and regular reviews by the Defra technical lead (who also circulated it to the Steering Group).  This input was valuable for the development of the model.  For instance, the Environment Agency shared its experience of the CLEA methodology, including its pitfalls; the Scottish Executive provided advice on how to document and present the information to stakeholders.

63.
The engagement of the Steering Group was considered appropriate.  In hindsight, it was felt by some that there could have been more time made available for the panel to review the work before the software tool was submitted to the second consultation.  This review would have addressed issues of how the policy proposed by the RCL was consistent with other policies, and avoided delays in the second round of consultation.

64.
The relevance of the science provided in the programme can be judged on the basis of whether it assisted in answering the initial problems.  For instance, the RCL programme needed to understand what the terms “best practical” and “reasonable” meant in this specific context.  It is clear that the science was used to help define these terms, and was captured in HPA’s advice to Defra.  While this case study has not identified an explicit process for checking the relevance of all the science conducted for the Steering Group and Defra, the RCL programme succeeded in addressing what it set out to do and the results were used by Defra and others.  At the highest level, the fact that the extensive consultation did not raise any questions regarding the relevance or adequacy of the science indicates stakeholder consensus for the underlying science.  Early in the 1998 consultation process, the level of scientific detail required was discussed.  The relevance of the science was also considered throughout the RCL programme;  for example, the level of evidence required to address the issue of Hot Particles was discussed within one of the Work Packages.
.

Criterion 6: …how effectively does the department use science and scientific advice, for example in formulating policy?

65.
The early assessments within RCL involved broad and high level recommendations.  Through the activities of the Steering Group, a focused and UK-specific regime was developed.  Many of the Work Packages present and discuss the key scientific inputs based on existing science and international best practice. 

66.
There is evidence that these Work Packages formed a key part of the decision making process.  For instance Paper 1 for the Steering Group synthesised all the science related to the human health affects of radioactively contaminated land and presented a series of questions to the Steering Group.  These included questions such as: “Do we agree 3 mSv is an appropriate determination level and one which will encompass the vast majority of situations where remediation would be justified?”  This was agreed by the Steering Group, and formally approved by HPA Radiation Protection Division who selected an effective dose of 3 mSv y-1 for regulatory implementation
 as a level where intervention should be considered.

67.
The RCL programme resulted in interpretation of the existing scientific information.  While the final output was based on international guidelines and consistent with the type IIA appraisal, it was not overly prescriptive.  This is a particularly difficult issue when developing a cost-benefit analysis: Atkins looked at examples of key issues assessed internationally
 and identified some of the difficulties of capturing the social costs and benefits from remediation.

68.
A key issue in the RCL programme is the approach used to understand and report uncertainties within data.  This is illustrated in the “Hot Particles” research paper; while the proposed criterion for designating RCL of 3 mSv y-1 had been proposed,  Defra asked NRPB to “explore the application of this criterion for the definition of RCL where the contamination comprises small numbers of highly radioactive ‘Hot Particles’.  Under such circumstances the probability of doses being received is low (and generally has a high degree of uncertainty associated with it) but the doses that could be received are potentially significant”
.  This appreciation of uncertainty also forms a key component of the assessment for developing the dosimetric basis for exposure and defining radioactive land
.
Addressing issues of uncertainty for documents and models used for use by stakeholders such as LAs is more difficult:  The RCLEA model, for instance is the “first step of a tiered approach for assessing radioactive contamination.  The models and data are simple, consistent with such use, and are generally conservative
”; the technical report goes on say that “RCLEA adopts a deterministic approach.  Cautious but realistic parameter values have been selected for those parameters assigned distributions in CLEA”.  Nevertheless, the RCLEA model encourages the assessment of different scenarios that would enable the user to assess the impacts of different assumptions.

69.
An important aspect of the Radioactively Contaminated Land programme is the impact of RCL on fauna and flora.  The science informing this aspect of the programme drew on previous EU work (under the FASSET programme
) and ICRP guidance.  With regard to management of ecological impacts, internationally, a good understanding of ecological impacts on RCL has been developing over the past 3-5 years The EA members of the Steering Group worked on developing a position on this issue as illustrated by Work Package 3: “There is not considered to be any reason why the RCL regime should not proceed for ecological system effects in a way that is very similar to the existing Part IIA regime”
. Late in the conduct of the RCL programme, it was decided not to consult on the ecological impact topic.  This decision was based on pressure from the Environment Agency for proportionate regulation.  Thus the science strategy for this aspect of the programme could have been better aligned with the position of senior management within the Environment Agency.  
Criterion 7: …how effectively does the department publish results and debate their implications openly?

70.
Throughout the process, the RCL programme has been very open, with both the passive and active sharing of information.  For instance, during the consultation of June and July 2005, consultation materials were made freely available on the Defra website
.  Defra also consulted on the RCLEA summary, technical report and methodology
.  The department also worked to share key documents such as the industry profiles
.  These materials were clearly set out, and were also available in hard-copy.  Defra has also used a range of mechanisms to pro-actively share data and initiate a debate on their implications.  During the consultation, Defra sent the consultation documents to stakeholders known to have an interest in this area
.  Defra also encouraged its contractor, Atkins, to conduct presentations jointly with Defra at conferences.  These included publishing within the Society for Radiological Protection Newsletter, ENDS, Brownfield Sites, among others.  Representations were made at conferences hosted by the National Society for Clean Air among others. 
71.
The considerable effort that the Defra RAS team put into sharing and debating results is also illustrated in CoRWM (see box on paragraph 39).  This process worked to bring science and engagement together.  The engagement helped provide guidance to experts involved in multi-criteria decision analysis; it also involved a fully transparent process and dialogue which will work to build trust between stakeholders.  This is appropriate given the considerable sensitivity of the issues, and past experience.  Nevertheless, some have raised issue such as concerns that “the multi-criteria decision analysis scoring process bring out the nuances in the options”
.

72.
While CoRWM and the RCL programme have not informed each other directly, and are different types of initiatives (CoRWM is an engagement strategy, while RCL is a technical project), the approach documented within this case study does reflect the recent understanding of the need for open and thorough debate on potentially sensitive issues.  One interviewee felt that if the RCL programme had been carried out five years ago, the work would have been restricted to conducting and disseminating the technical research.  Instead this case study shows that several engagement phases were undertaken with both technical and non-technical stakeholders.  This may be because there is greater stakeholder awareness of these issues now compared to five years ago. 

73.
While the consultation has effectively engaged interested organisations, there was less evidence of understanding the views and perspectives of the affected communities, even though the importance of appreciating site-specific issues was acknowledged.  This would have enabled Defra to understand how the problem is framed from the perspective of the wider public: “There is no requirement for social factors to form an input to decisions on Best Practicable Technique…the only factors that should be considered in determining BPT are financial costs, the seriousness of the harm and possible adverse environmental impacts.  This is clearly an issue that will need to be addressed in formulating the regulations for radioactively contaminated land.”
  Nevertheless, this issue was addressed in the regulations for radioactive contaminated land.  The concept of "remediation" includes "social costs" through statutory guidance on assessment methodologies with social effects considered in the context of a particular site.

Criterion 8: …how effectively does the department share, transfer and manage knowledge?

74.
A key success factor in the effective sharing, transferring and management of knowledge is the existence of several experienced Defra staff who have been involved in both this and other programmes, such as SAGTA.  This also applies to the staff of contractor organisations such as Atkins, where individuals are strongly involved in both CoRWM and RCL. (For CoRWM they have provided technical and other support to the secretariat.  This has provided opportunities for cross-fertilisation.

75.
Beyond this approach to sharing and transferring knowledge, key individuals, (in conjunction with the Chartered Instituted of Environment Health) are conducting training on the new regime in March 2006.  This includes visiting EA and LA officers and is a good model of low cost training and knowledge sharing.  Further details on this approach for training and knowledge sharing is available from the feedback from workshop participants and Defra staff attending the meeting.  There will also be a formal feedback report from the Chartered Institute of Environment Health Officers (CIEHO).

76.
A key area of knowledge arising from this programme are the Industry profiles
.  These are clearly articulated to provide: “regulators, developers, consultants and other interested parties with advice on the likely occurrence of radioactive contamination resulting from certain industrial activities” An example of a profile is provided in the appendix to this case study.  They clearly describe the radioactive phenomena, the regulatory regime; for each industry area it discusses:

· Why radionuclides occur in this industry

· What activities have taken place

· How waste has been managed on these sites

· The potential contaminants

· Prevalence and potential impacts

· Implications for the IIA Regime (This is the risk-based approach established to manage (non-radioactively) contaminated land under Part IIA of the EPA, 1990)

This is a clear approach to capturing a large volume of technical knowledge and sharing it with a larger set of stakeholders, and potentially addresses concerns on what can be an emotive issue (see appendix for an example of a profile).

77.
Within the RCLEA project, stakeholders were engaged and knowledge shared appropriately.  The model included very technical material and a wider set of stakeholders would have had difficulty in understanding the underlying structure of the model.  It is difficult to assess how underlying assumptions and structures of models can be effectively shared beyond those who are directly involved.  However the different means the programme used to share and transfer knowledge are discussed in Paragraph 71.  This includes publications such as the consultation materials
, details on the RCLEA model
 and information such as the industry profiles which are illustrated in the appendix
.

Criterion 9: …how effectively has the department implemented the guidance contained in Guidelines 2000 and the Code of Practice for Scientific Advisory Committees?

78.
Even though some activities related to RCL predated the Guidelines 2000, most of the issues discussed in the guidelines have been addressed.  As the topic is very technical it was clear who should participate in the Steering Group and there is consensus that appropriate expertise was obtained.  One challenge raised by this project is the involvement of the Environment Agency; they played a role in both the development of the science base and will also be the regulator.  Given the expertise within the EA, this issue would have been hard to avoid.  Potential conflicts of interest were managed by having a broader membership of the committee, including organisations such as NRPB.  The Division also has various measures in place to avoid conflicts of interest among the contractors.  For instance, CoRWM and the RAS Technical Support Contract use different contractors; moreover contractors are excluded from discussions where they might otherwise gain a commercial advantage in bidding for future work.

79.
One area that did not receive significant attention was the role of lay members and other interest groups in the process.  This is an area that the RAS team has worked on in other programmes - most specifically within the structure developed by CoRWM which brings both technical and stakeholder perspectives together.  In particular this dialogue process was designed to ensure that the technical understanding is placed in a framework determined by the questions that lay people have about radioactive waste and the viability of different options for its management.  While this is an effective route compared to the continual assertion of the technical case, some stakeholders have highlighted the importance of engagement with the scientific community: “We are concerned that the relatively limited engagement of CoRWM with the scientific and engineering communities, apart from in small specialist groups, might result in a negative response to the final CoRWM proposals.  We suggest that CoRWM attempts to avoid this by seeking collaboration with scientific and engineering learned societies…”

80.
Unlike CoRWM, the decision making process for the RCL programme is not presented or explicit in any of the project documents.  The formal Working Packages and papers for the programme do not always record where there were differences of opinion on interpretation of science.  However, there are a few examples of where these discussions were documented  (e.g. the EA comments on Work Package 2 (Framework for Human Health)). 

Criterion 10: …how effectively does the department use, maintain and develop scientific expertise (including both capacity and capacity building)?

81.
As part of the process in identifying the most appropriate assessment and inspection strategy
, the working group considered four options against several criteria.  Two of these criteria included “skills and resources” and “guidance and training.  For the option where local authorities retain accountability for RCL, the steering group concluded that “370+ Local Authorities are unlikely to be able to identify internally or procure the necessary skills to deal with the detailed inspection and remediation of sites determined on the basis of radioactivity”.  Other options taken forward identified the need to build the capacity in the EA to conduct these tasks.  This process illustrates the effective approach used in this area to both understand and develop skills and expertise in emerging policy areas.  Defra was therefore aware that keeping the expertise within the EA rather than the local authorities would be more sustainable.  This point was captured in a response to the 2005 RCL consultation document: “It appears that the expertise and experience for RCL already exists for other bodies….  It is a waste of public resources to make LAs do this especially as the regulatory part will be handed over to the Agency anyway.  I do not expect that any additional ring-fenced funding will be provided to aid LAs.”

82.
Within the RCL programme one contracting company, Atkins, has played and continues to play an important role.  Atkins provided the support to the Steering Group, and has a framework agreement with Defra (through open competition).  One organisation has therefore been able to provide specialist support, and Atkins has had sufficient work in this area to commit people to these specific issues.  There could be concern in creating dependency with one organisation, however, it is anticipated that once the RCL regime is in place a developing pool of expertise in EA and other contractors will reduce this risk.
83.
Beyond the need for an ability to conduct inspections, Defra is also aware of the assessment and modelling skills required within this narrow field and available from only a small number of experienced providers.  While the department is aware of the principal specialists and consultants in this area and has good connections with them, the RAS budget alone cannot maintain these companies.  Fortunately, there are opportunities for these companies, within industry in the UK and internationally, ensuring expertise is maintained.  However in the related area of management of radioactive waste, the Royal Society has raised concerns about the deterioration of the UK skills and research base
. 

84.
Defra is also involved in other programmes that support the maintenance of the UK skills base in this area.  These include:

· CIRIA which was started in 2000 and still continues and shares best practice and methodologies on the management of a contaminated land network (on nuclear and defence sites)
  

· Safe Grounds Learning Network 
(which is also managed by CIRIA) which works to maintain the skills base in radioactively contaminated land (this is funded by Defra among other organisations)

This is also supported by the ongoing activities for stakeholder engagement and knowledge sharing as discussed in section 78

85.
A key success factor in the RCL project was the high calibre of the Defra staff who have extensive experience in radioactive substances.  It is not clear how well this expertise is maintained and developed: One of the contractors involved in this project comments that there are many people within Defra who could oversee this type of work; on the other hand the HSE response to the RAS section in the Defra E&IS stated: “It is not a case of trying to retrain 'environmental scientists'.  It is essential to recruit staff with the appropriate expertise”
. 

Appendix:
Example of a Data Sheet

The following pages are extracted from the report on “Industrial Activities Which Have Used Materials Containing Radioactivity” produced in Jan 2006.  The report contains details on 25 different activities, of which excerpts on one are provided below. 

1.
Excerpt from summary report

	Data Sheet
	Industry
	No. of sites (range)
	Key Radionuclides and main pathways
	Potential for an effective dose >3millisieverts/year

	A2
	Metals mining
	100 – 1000
	Uranium and thorium and decay-chain daughters (including radium-226). 

Airborne dusts from waste heaps → ingestion or inhalation 
	Capable, but only where slag heaps disturbed and high occupancy occurs


2.
Example of a Data sheet 

	DATA SHEET NUMBER A2: METALS MINING

1.
Background

Mining activities were historically carried out in strata that had deposits of naturally occurring radioactive materials (NORM), with varying amounts of uranium, thorium and daughter isotopes.  No metals mining is currently undertaken in the UK on an industrial scale.

Copper ore is extracted from rock of two basic types: white and black rock.  The black rock is more bituminous and contains higher concentrations of uranium.  Copper was one of the first commercial mining activities in the UK and was based alongside tin mines in the South West of England.  Such mining grew from around the twelfth century until the eighteenth century, when many of the uses of copper and tin were replaced with iron.

Iron ore has been mined throughout the UK for many centuries.  In many cases the ores used were found accompanied by coal deposits.  Principal mining areas were located in Cumbria, the North East, Yorkshire and the Midlands.  Mining for iron ore began with the use of bottle necked or bell pits, but these only produced small quantities of iron ore before the pits flooded.  The improvement in mining techniques and the use of engineered drainage in the 1700s greatly increased the production of both iron and coal. 

The most common lead ore found in the UK was Galena (lead sulphide) which occurred in association with minerals such as quartz, fluorspar, calcite and barytes.  Lead was often co-mined with tin.  Lead and tin have been mined in the UK since Roman times, with production increasing between the thirteenth and sixteenth centuries due to their demand for use in the construction industry.  They became important again at the beginning of the nineteenth century during the industrial revolution.  Lead and tin mines were distributed throughout the UK, with mines found in Scotland (Dumfries and Galloway), Wales, Northumberland, Durham, Yorkshire, Derbyshire, Shropshire and Cornwall. 


The mining of zinc ore was also historically carried out in the UK.  Zinc was very rarely mined alone; it often accompanied lead mining.  Historical records show that the greatest number of zinc producing mines in the UK were active around the 1900s.  The majority (23) were located in Wales, with a further 17 located in England and Scotland.  By 1945 there were just two active mines in the UK, in Cornwall and Cumberland, both of which also mined lead.  

2.
Activities

In metal mining activities, materials are mined for their non-radiological properties.  The ore is extracted and crushed ready for transport and subsequent extraction.  In some cases, extraction processes may have been carried out locally.  The practice lead to the generation of spoil heaps and occasional sludges with elevated concentrations of NORM.

Historically, these activities have not been considered as industries with potential radiological impacts on man and the environment, and have not been under radiological control.

3.
Waste Management

Waste rock is the main waste product from the mining of ores, and this was often stored on the site in a spoil heap and can be accompanied by other wastes.  On sites where ore processing has also been undertaken, the spoil heap can also include waste sludges and slags. 

Sizes of the spoil heaps are largely dependent on the size and form of the mining operations.  In some cases, spoil will have been used to infill valley features adjacent to the deeper mines. 

Some of the abandoned sites will have been greatly disturbed due to reprofiling and/or re-mining, with spoil being removed and used elsewhere.  Undisturbed sites have become the habitat for some rare metal tolerant plant species, and consequently any remediation of such sites needs to be appropriately justified and optimised taking account of the presence of these rare species. 

Radioactive concentrations in the feed materials (the original ore) for different metal industries are generally very low.  The refining and smelting process produces slag which, in some cases effectively concentrates the radionuclides, leading to elevated activity.  Wastes from the tin industry do produce slightly higher concentrations of NORM than the other metal industries.  The location of stockpiles or deposits of waste materials will vary from site to site, depending upon land availability, topography and other local factors.

4.
Potential Contaminants

Metalliferous mining wastes can contain higher than normal concentrations of NORM contaminants. 

Soils and spoils of metalliferous mining sites and the surrounding area may also contain considerably elevated concentrations of other (non-radioactive) heavy metals.  The extent of such contamination – both radioactive and non-radioactive - within and between sites may vary considerably.  On sites where ore processing and smelting has taken place alongside mining, spoils can contain deposits with up to 50% total metals, whereas on sites where only barren rock has been discarded, total metal levels may be barely above background.

Tin slag is a very hard, glassy material and has been extensively used in the rail industry to improve drainage under ballast when laying tracks.  The radioactive content of such slag is at a level that the material has to be considered under the Radioactive Substances Act.  This creates waste disposal issues for the removal of rubble and ballast from old railway lines.




5.
Prevalence and Potential Impacts

The number of former metalliferrous mines is large and they are distributed around the whole of the UK.  The majority of these mines were small in scale and operated when there was no control on the use of radioactivity or waste disposal.  Many of these mines have closed and some remain unidentified.  The presence of elevated levels of NORM in the mining wastes is possible on such sites. 

The main contaminant exposure pathway to human receptors is from the inhalation or ingestion of dust containing radionuclides, the most important radioisotope in this pathway being radium-226 due to its high radiotoxicity.  Due to the age of the mines – most have been closed since the early decades of the twentieth century – any spoil heaps remaining are likely to be covered with vegetation, thus providing a barrier to migration for uptake via the ingestion or inhalation pathways.  Furthermore, many of the slags are in the form of a highly insoluble glass, thus restricting environmental transport in, say, groundwaters. 

The main environmental pathway is from the leaching and transport of radium-226 from spoil heaps, although the solubility of radium is low.  The groundwater transport will, however, be retarded by soils, and any radium reaching groundwater and surface water bodies is likely to be diluted to undetectable levels.  Silt in rivers and streams near to metals mines often have slightly elevated radionuclide concentrations, and there have been cases near to such mines, where there has been a build up of radium within fauna and flora.  [Undisturbed sites]

6.
Implications for the Part 2A Regime

The concentrations of NORM are slightly elevated in spoil heaps associated with metalliferous mining such that they are capable of giving rise to an individual effective dose of 3 millisieverts/year above local natural background levels.  However, this is only likely to occur in situations where there is deliberate disturbance of the land, accompanied by high occupancy times.  

7.
References and further information
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� Defra (2005) Contaminated Land: Extension of Part 2A of the Environmental Protection Act 1990 to include Radioactivity. A Consultation Document. Annex F: Summary of 1998  Consultation on Radioactively Contaminated Land


� The procedure for assessing the number of sites was obtained through statistical analysis of a national picture based on area surveys of potential sites, statistical analysis of national data sets related to RSA 93 certificates and radium luminising registrations; and estimates based on limited local data sets.  This was followed by expert elicitation, comprising regulatory, remediation, policy, and radiological assessment expertise. Atkins Environment (Oct 2004) RCL Regulatory Framework and the Relative Roles and Responsibilities of Local Authorities and the Environment Agency. Paper 2 for RCL Steering Group


� From Table 4.1 “Number of radiologically contaminated sites in England and Wales” in W.S. Atkins (2004) Paper 2 for RCL Steering Group. The RCL Regulatory Framework and the Relative Roles and Responsibilities of Local Authorities and the Environment Agency


� In this case the international requirements include the EU Basic Safety Standards (BSS)


� Radioactive Substances Act 1993 (c. 12), HMSO


� Defra (Jan 2006)  Industry profiles – industrial activities which have used materials containing radioactivity


� ibid


� Review of Radioactive Waste Management Policy; Final Conclusions. Cmnd 2919, HMSO, July 1995


� This directive laid down the basic safety standards for the protection of the health arising from ionising radiation


� Command paper 29191 and the 1998 consultation document “Control and Remediation of Radioactively Contaminated Land”, quoted from Contaminated Land: Extension of Part 2A of the Environmental Protection Act 1990 to include Radioactivity - A Consultation Document (2005)


� Summary of 1998 Consultation on Radioactively Contaminated Land in Defra (2005) Contaminated Land: Extension of Part 2A of the Environmental Protection Act 1990 to include Radioactivity. A Consultation Document, Annex F


� DETR Radioactive Substances Division (1999) Criteria for the Designation of Radioactively Contaminated  Land. Report by ENTEC, report number DETR/RAS/99.010)


�  Optimisation in this context is described as  “In relation to any particular source of radiation… all reasonable steps should be taken to adjust protection (using dose and risk constraints) so as to maximise the net benefit, economic and social factors being taken into account. (DETR, 1999)


� Articles 48 and 53 of Council Directive 96/29/Euratom. These were based on the recommendations of the International Commission on Radiological Protection (ICRP).


� W.S.Atkins (October 2001)  Radioactively Contaminated Land. Possible Work Packages to Provide Appropriate Guidance for a New Regime (CJ0040/2000208/R.003/REV1/DJN)


� The Steering Group  papers included: Work Package 1: Information required by Local authorities (Dec 2002), Inspection Strategy Final Guidance (May 2001), Addendum Examination of Options 2&3 (December 2002); Work Package 2: Framework for Human Health (December 2002), Appendix A CLEA and Contaminated Land (Nov 2002);  Work Package 3: Water Ecology (November 2002); Work Package 4: Optimisation (December 2002); Work Package 5: Waste Issues (November 2002); Work Package 6: Liability regimes (November 2002); Work Package 7: Challenges Team Outputs (November 2002); Work Package 8: Hot Particles (October 2003)


� Atkins Environment (October 2004) Paper 1 for RCL Steering Group.  The definition of Radioactively Contaminated Land (1) Human Health Effects (revision 2).


� Atkins Environment (October 2004) Paper 2 for RCL Steering Group.  The RCL Regulatory framework and the relative Roles and responsibilities of Local Authorities and the Environment Agency (revision 1).


� Atkins Environment (October 2004) Paper 3 for RCL Steering Group.  Radioactively Contaminated Land: Interaction with Other regimes – Nuclear Installations Act 1965 and Radioactive Substances Act 1993


� Defra (Feb 2005) Letter from Chris Wilson (RAS) to John Cooper (NRPB); Smith, Mobbs and Cooper (May 2005) HRA-RPD Advice on dose criteria for the designation of radioactively contaminated land, HPA (response to Defra letter)
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