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PREFACE 

BIOPROTA is a forum for international collaboration that seeks to address key uncertainties in the 

assessment of environmental and human health impacts in the long-term arising from release of 

radionuclides and other contaminants as a result of radioactive waste management practices. It is 

understood that there are radio-ecological and other data and information issues that are common to 

assessments required in many countries. Collaborative research within commonly focused projects is 

intended to make efficient use of skills and resources, to draw on international experience and to provide 

a transparent and traceable basis for the choices of parameter values, as well as for the wider 

interpretation of information used in assessments. A list of sponsors of BIOPROTA and other 

information is available at www.bioprota.org.     

The general objectives of BIOPROTA are to make the best sources of information available to justify 

modelling assumptions required within radiological and related assessments of radioactive waste 

management. Particular emphasis is placed on key data required for the assessment of long-lived 

radionuclide migration and accumulation in the biosphere, and the associated radiological impact, 

following discharge to the environment or release from solid waste disposal facilities. The programme 

of activities is driven by needs identified from previous and on-going assessment projects. Where 

common needs are identified amongst BIOPROTA members, a collaborative effort can be applied to 

finding solutions. 

This report describes presentations and discussions held during the eighteenth annual BIOPROTA 

meeting held 8-9 May 2017. The meeting was hosted by the Swiss Federal Nuclear Safety Inspectorate 

(ENSI) in Brugg, Switzerland. Technical inputs were provided by a wide range of organisations via 

presentations and discussions, as described in this report.  

The report is presented as working material for information. The content may not be taken to represent 

the official position of the organisations involved. All material is made available entirely at the user’s 

risk. 

Version History 

 
Version 1.0: Draft meeting report prepared by Karen Smith (RadEcol Consulting Ltd) based on 

participant contributions, and reviewed by Russell Walke (Quintessa) prior to distribution to meeting 

participants on 26 July 2017.  

Version 2.0: Final meeting report prepared by Karen Smith (RadEcol Consulting Ltd) based on 

participant comments arising from review of version 1.0. Distributed to meeting participants and forum 

members 14 September 2017. 
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1. INTRODUCTION 

The nineteenth BIOPROTA meeting was hosted by the Swiss Federal Nuclear Safety Inspectorate 

(ENSI) in Brugg, Switzerland from 8-9 May 2017. The support of ENSI in the organisation and hosting 

of the meeting is gratefully acknowledged by the BIOPROTA members. 

BIOPROTA participation is aimed at national authorities, agencies and other organisations, including 

technical support organisations and independent research institutions, with responsibilities and 

interests related to achieving safe and acceptable radioactive waste management. The member 

organisations at the time of the meeting included: 

 ANDRA, France  

 ARAO, Slovenia 

 AREVA, France  

 BfS, Germany  

 EDF, France 

 ENSI, Switzerland 

 FANC, Belgium  

 FMBC, Russia 

 IRSN, France   

 JGC Corporation, Japan 

 KAERI, Korea  

 KORAD, Korea 

 LLWR, UK  

 NAGRA, Switzerland 

 NRPA, Norway   

 NUMO, Japan 

 NWMO, Canada   

 POSIVA, Finland  

 RWM, UK  

 SCK·CEN, Belgium 

 SKB, Sweden  

 SSM, Sweden 

There are additionally two academic members; Oregon State University, USA, and the University of 

Life Sciences, Norway. 

1.1 OBJECTIVES AND SCOPE OF THE MEETING 

The primary objective of the annual BIOPROTA meetings are to provide an opportunity for members to 

come together and discuss issues of commonality.  

There has been a long history of international collaboration aiming to improve assessments and 

exchange knowledge on biosphere assessments and, where appropriate, provide guidance. 

Collaborative programmes have been organised at the level of the IAEA (e.g. EMRAS, MODARIA etc.), 

but also European Commission (EC) supported programmes (e.g. BIOCLIM, BioMoSA). Such 

programmes have allowed a range of interested parties to discuss common issues and to further 

advance understanding and approaches to addressing those issues. The ‘stamp’ of these international 

organisations can be very beneficial, both in terms of raising the profile of programme outputs and in 

supporting the organisation of programme funding and wider participation. There are, nonetheless, 

some constraints, such as bureaucracy and inflexibility in terms of participation and in the time that can 

be required for publication of final programme outputs, which can take several years. This can represent 

a difficulty where the information and guidance produced in these programmes is needed to support 

on-going assessments. There is, therefore, a role that exists outside of these institutions for 
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independent collaboration relating to biosphere assessment and research, which is where BIOPROTA 

fits. BIOPROTA does not replace these formal international mechanisms (nor was it ever intended to 

do so), but rather sits adjacent to these and works without the constraints imposed by these larger 

institutions.  

The concept behind BIOPROTA is to provide a collaborative biosphere forum, following previous 

programmes such as BIOMOVS, that operates independently of either the IAEA or EC. The forum was 

established in 2002, following the completion of the IAEA BIOMASS project. The overall objective of 

BIOPROTA is to support the resolution of key uncertainties in long-term assessments of contaminant 

releases into the environment arising from radioactive waste disposal. This is achieved by providing a 

forum for exchange of information to support the resolution of key issues and through making available 

the best sources of information to justify modelling assumptions and support data selection.   

A key document for BIOPROTA is the Concept and Definition Document that is revised on an annual 

basis and distributed to member organisations at the end of each calendar year. This document 

describes the structure of the forum, sets out organisational arrangements for the coming year, provides 

information on progress with activities throughout the past year and plans for the coming year’s 

activities.  

Membership of the forum is open to organisations with shared interests in biosphere assessments. 

Funding organisations are invited to participate in the sponsoring committee; the committee is 

supported by a chairperson selected from within those funding organisations. The forum is supported 

by a technical secretariat (TS) that provides technical and administrative support to the forum. The TS 

in 2017 is provided by RadEcol Consulting Ltd and Quintessa Ltd. An annual meeting is held to which 

all member organisations are invited to attend. These meetings are intended to allow for exchange of 

information between organisations and their technical support contractors and to identify key shared 

issues. On-going and recently completed work programmes are also discussed, along with ideas for 

future projects. The overall aim of the meetings is to stimulate discussion among the membership.  

Where common issues are identified, focussed proposals can be developed and are distributed to the 

member organisations to invite both technical and financial support. Where sufficient funding is made 

available, projects move forward and are reported during these annual meetings. Further project-

focussed workshops may also be organised throughout a calendar year. Proposals for work 

programmes and/or focussed workshops can come from any member organisation. The proposals 

should include a financial estimate for technical support and propose an associated technical support 

team that will draw on the financial contributions to achieve the project objectives. Sponsors of each 

work programme are invited to form a project steering group to provide oversight and to approve the 

project output for wider dissemination.  

A wide range of deliverables has been produced as a result of past BIOPROTA work programmes and 

workshops. Initially, the work programme focussed on process modelling, but has moved in more recent 

years to a greater focus on modelling the behaviour of different radionuclides and on topical workshops. 

Over the 15 years of the BIOPROTA forum, more than 30 reports have been produced with each being 

made available on the forum website. In addition to the production of topical reports, there has also 

been considerable exchange of information, coordination of research and discussion.  

The overall objectives of the 2017 annual meeting were therefore:  

 to provide an informal forum for continuing exchange of information and discussion about biosphere 

topics of interest to the member organisations;  
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 to update interested parties on progress since the last annual meeting in April 2016 on the various 

activities and projects supported through BIOPROTA; and 

 to identify common scientific issues relating to the assessment and analysis of safety for radioactive 

waste disposal, upon which collaborative tasks may be developed.  

The meetings are intended as workshops rather than seminars and active discussion was therefore 

encouraged. 

1.2 PARTICIPATION 

The meeting was attended by 30 participants from 12 countries, representing a range of operators, 

regulators, researchers and technical support organisations. Participants are listed in Appendix A, along 

with affiliations and comments on particular biosphere assessment interests. 

1.3 REPORT STRUCTURE 

Section 2 of this report summarises the presentations from meeting participants. Section 3 then 

provides an overview current BIOPROTA work activities. Future work programme suggestions, 

information on other relevant international developments, and forum arrangements in 2017-18 are 

presented in Section 4. 
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2. MEETING INTRODUCTION AND PARTICIPANT PRESENTATIONS 
AND DISCUSSIONS 

Presentations from meeting participants on their biosphere programmes, issues and uncertainties are 

summarised, including related discussions, in the remainder of this section.  

2.1 STATUS OF POSIVA’S SPENT NUCLEAR FUEL PROGRAMME 

Lauri Parviainen presented. 

There are currently two nuclear power companies in Finland that together have 4 operational reactors 

and a further reactor is under construction on Olkiluoto Island. Each of the power stations has its own 

L/ILW repository. The disposal of spent nuclear fuel from all the reactors is the responsibility of Posiva.  

The site selection process for a repository for spent nuclear fuel began in the early 1980’s with over 100 

candidate sites being identified, several sites were then subject to preliminary site investigations. Each 

municipality for which a potential site had been selected had the right to withdraw from the process until 

a construction license was granted. The final site (Olkiluoto) was selected in 2001 and a construction 

license application was submitted in 2012.  

Onkalo tunnel excavations began in 2004 and have now completed (Figure 2-1). The tunnels will be 

used for in situ testing over the next couple of years, such that the whole disposal method can be tested 

using dummy canisters with internal heaters. The first phase of the repository area is currently being 

excavated (detailed in red in Figure 2-1). However, in a change of plans, operational L/ILW will now be 

disposed of in the same location, but at a shallower depth (ca. 180m) compared to the spent fuel (ca. 

400 m). The operational requirements for the L/ILW facility are such that it can be constructed at a later 

date with current on-site disposal facilities associated with the nuclear power plants being of sufficient 

capacity for current operational wastes.  

 

Figure 2-1. Onkalo and repository excavations for the spent nuclear fuel repository and co-located 

L/ILW repository. 

Surface facilities to support disposal activities are illustrated in (Figure 2-2). Construction work for 

facilities is well underway with the foundations for the encapsulation plant having been laid and other 
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buildings having been constructed. The encapsulation facility construction will be completed over the 

next few years. The design of the facility is illustrated in Figure 2-3. Spent nuclear fuel will be received 

in the receiving and storage area for new canisters (area 1) prior to being lifted to the fuel handling cell 

(area 2), where fuel will be removed from the transport canisters and placed in copper disposal 

canisters. Within the copper lid welding chamber (area 3), copper canisters will be sealed prior to 

inspection (area 4). Canisters will then be cleaned (area 5) prior to transport into the repository via a 

canister lift (area 6).  

 

Figure 2-2. Illustration of the planned surface structures for the disposal facility at Olkiluoto. 

 

 

Figure 2-3. Schematic of the encapsulation facility. 
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The Posiva programme is currently undergoing a concept and cost optimisation phase prior to moving 

to the manufacture of the specialist equipment that will be required. An operational license submission 

is to be submitted in 2020 with disposal test operations planned by the end of 2023.  

The safety case in support of the 2020 operational license submission is progressing. Biosphere models 

are currently being tested and assessment parameters to support those models are being determined. 

Nearly all field work undertaken in support of the safety case has been reported. The remainder of the 

field work reports will be published by the end of 2017. Biosphere assessment modelling will start in 

2018 with results being available by 2019. 2020 will be reserved for the finalisation of reports with 

submission to STUK taking place by the end of December 2020. 

Several models have been updated since the 2012 construction license application submission. For 

example, terrain and ecosystem models have been updated such that a sedimentation model has been 

implemented based on new reference lake data and a new statistical approach has been implemented 

within the overburden model that now includes soil stratigraphy. The climate model has also been 

updated for a 120-thousand-year period and work is continuing for later timeframes (up to 1 million 

years). Two climate cases for terrain ecosystem models have been completed, but a third (coldest) 

climate case is still to be done. Modelling of terrain and ecosystem development will provide input to 

the performance assessment of engineered barriers (informing on the surface hydrology). 

Climate is modelled over a 120-thousand-year timeframe with timesteps of 1,000 years with the 

exception of the first 10,000 years for which a 10 year timestep is used. Three reference climate cases 

are being considered (corresponding to IPCC RCP cases 2.6, 4.5 and 8.5, with 8.5 being the warmest), 

as illustrated in Figure 2-4. 

 

Figure 2-4. Long-term climate modelling using three reference climate cases (RCP 2.6, 4.5 and 8.5). 

In terms of hydrology, permafrost is assumed to occur when the temperature falls below that of a 

northern Finnish municipality (Inari,  -0.4 °C). For the RCP 4.5 climate case, this is modelled to occur in 

around 45-50 thousand years from present. Precipitation and potential evapotranspiration are also 

modelled. The amount of precipitation will moderate the flow rates of rivers at the site. A large change 

in flow-rate or two rivers is modelled after around 5,000 years due to a change in discharge location 

from a large lake occurring as land uplift continues.  
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The RCP 8.5 climate case minimum sea level is similar to that from the 2012 assessment, with the 

exception that lakes are now projected to disappear due to sediment infilling in the north of the island. 

Reduced sedimentation in the south of the island means that one large lake is projected to continue to 

be present in this area. The amount of peat bogs are considered more realistically represented in the 

current models that in the 2012 assessment, when peat bogs modelled at 50,000 years are compared 

with the reference area. The shape of the peat bogs is not realistic, however, due to artefacts in the 

terrain model. 

Preliminary exit locations for particles have been calculated. These are similar to those in the 2012 

assessment with potential releases occurring to both the north and south of the island. The particle flux 

calculations were based on discrete fracture modelling.  

Biosphere assessment models are currently being updated. For example, landscape modelling will 

have some probabilistic features. Object delineation updates are also underway and the number of 

biosphere objects within the model is being optimised. Parameters for radionuclide transport modelling 

are being determined, along with distributions for probabilistic modelling. The model for C-14 in the 

biosphere is being updated. In the 2012 assessment, the C-14 model was quite simplistic, with some 

atmospheric mixing being neglected. The inclusion of upper atmosphere mixing in the revised model is 

expected to reduce the dose from C-14 in the 2020 assessment. The differences in the C-14 models 

are illustrated in Figure 2-5. The revised model is being validated against Hyytiälä forest station data. 

 

 Figure 2-5. Old (2012) C-14 terrestrial assessment model (left) and the new version (right), updated 

to consider turbulent fluxes through different plant canopy layers and the upper 

atmosphere.  

A separate modelling tool (SIPRO) has also been developed for stylised radionuclide transport 

modelling of the disposal system. This will allow combined releases from the spent fuel repository and 

from the L/ILW repository to be considered and will allow investigation of important parameters through 

uncertainty and sensitivity analyses, as required by STUK. The model will also be applied to longer 

assessment timeframes (i.e. beyond a few thousand years). The model is discussed in Posiva report 

2016-1, which was published in March 2017.  

Further development of the management system for data has also taken place to improve data reliability 

and transparency. All input data for the 2020 assessment are to be included within a single database. 

Wiki-style reporting will also be used to allow linkages between different reports to be made, again to 

increase transparency and assist in the regulatory review process.  

The main reports for the 2020 safety assessment will be as follows. 
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 Site description report. This will be produced in the latter half of 2018 and will be equivalent to the 

old (i.e. 2012) biosphere description. 

 Models and data report. To be produced from mid-2019 and encompasses what was the old 

biosphere data basis report.  

 Analysis of releases. To be produced from mid-2019. This report will be equivalent to what was the 

biosphere assessment report in 2012. 

 PAFOS (performance assessment and formulation of scenarios) report. This will be produced from 

the end of 2018.  

All reports will be reviewed both internally and externally prior to submission to STUK for regulatory 

review in December 2020. 

Discussion 

The new biosphere object delineation was to be discussed at a workshop in June. A large area was to 

be delineated, resulting in a large number of objects. However, this approach was changed to allow a 

greater focus on biosphere objects close to the release locations. Objects further from the release 

location will have a different delineation approach applied.  

Some of the climate modelling results were considered uncertain and further investigation of these 

scenarios is planned.  

The Wiki approach to reporting is intended to make searching for paragraphs, results etc. more 

straightforward, allowing papers/reports to be co-linked, but also allowing data and flow charts to link 

between models etc. Overall the approach is intended to make reporting more transparent.  

2.2 CURRENT STATUS OF NUMO’S BIOSPHERE ASSESSMENT 

Sanae Shibutani presented. 

In Japan, the process of site selection began in 2002. A step-by-step process for selection of a site is 

to be followed, involving literature surveys followed by preliminary site investigations (e.g. geophysical 

surveys and borehole drilling) and then detailed site investigations, with the intention that a site will be 

selected by 2030 and operational by 2040.  

Initially, NUMO initiated the siting process through open solicitation of volunteer municipalities, but no 

municipalities came forward as a result. To promote the procedure, the government established an 

additional procedure to that of volunteering, whereby municipalities could be proposed. A government 

working group was established to identify potential areas based on preferable area criteria such as 

stable geology, transportation and sites being absent of geological mineral resources. These criteria 

are to be used to develop a map of graded site probability and show potentially preferable areas. The 

potentially preferable area criteria will be used to actively engage with the public to promote 

understanding and acceptance across Japan.  

If the public are accepting of the preferred areas, then literature studies will be started and areas 

identified for preliminary investigation.  

NUMO has recently produced a safety case report that has been undergoing review and is currently 

developing their biosphere model to include a greater variety of migration processes and geosphere-

biosphere interfaces. 
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Discussion 

The motivation behind the expansion of exposure groups in the revised model was largely for 

communication purposes. The use of conservative (H12) in conjunction with more realistic (new model) 

exposure assumptions could provide a useful input to the BIOPROTA/MODARIA 2 BIOMASS 

enhancement project, particularly with regard to public consultation and drivers for improvements in 

realistic representation of habits rather than highly conservative assumptions.  

2.3 WHAT IS HAPPENING AT SKB OVER THE NEXT DECADES AND WHAT HAPPENED LAST 
YEAR? 

Ulrik Kautsky presented. 

SKB is the organisation responsible for the final disposal of all types of radioactive wastes in Sweden. 

There are currently two sites in Sweden that have been characterised for the disposal and potential 

disposal of radioactive waste; Forsmark for which a spent fuel repository is planned and where the 

operational SFR facility for L/ILW exists, and Oskarshamn, which was studied in support of the spent 

fuel repository and which is being used as a hypothetical basis for initial assessments exploring the 

feasibility of a new ILW disposal facility.  

In September 2016, SKB submitted their research and development programme (FUD 2016) to the 

Swedish regulator, SSM. There is a regulatory requirement for such a submission to be made in the 

September of every third year. The research programme provides a summary of the last 3 years 

research, along with the plan for the next 3 years and an overview of activities for the following 6 years.  

An English translation of the R&D programme was made available in November 2016 (report SKB-TR-

16-15). 

Review comments on FUD 2016 have been received both from SSM and external reviewers. Many of 

the comments received were around the topics of model validation, field data, model complexity and 

discretisation; overall, the comments were positive, such as observations that the programme is at the 

forefront of research in this field. The programme for research activities will need to be revised to take 

into account the feedback received.  

In addition to the research plan, several interesting reports have been produced recently, including a 

report on a workshop on toxicants other than radionuclides in the context of geological disposal of 

radioactive wastes (report P-16-11) and a report on Mo-93 from the grave to the cradle (report P-16-22). 

Mo-93 is a dose dominating radionuclide for the SFR facility that has interesting behaviour. Results 

from the workshop highlighted that there is a lot known on Mo outside of the field of radioecology.  

A further report published in 2016 was on the subject of models of C-14 in the atmosphere over 

vegetated land and above a surface-water body (report R-15-09). This was a supporting report to the 

SFR safety assessment (SR-PSU) in support of the license submission for an extension to this 

operational facility. The model was also used in the most recent BIOPROTA C-14 exercises. 

The fate of methane is also a topic of interest and a postdoctoral research project has begun on this 

subject with support from SKB. Previously, it has been assumed in assessments that, following release 

of C-14 methane from the SFR facility it would immediately be oxidised to carbon dioxide, which is a 

conservative assumption since methane reaching the surface would reduce doses. To investigate the 

actual fate of C-14 release from SFR, cameras that scan and measure methane fluxes along with 

lysimeters have been installed with support from researchers from the Swedish research society.  

Organic chlorine has been a topic of interest for some time. Cl-36 is a dose dominating radionuclide for 

ILW. Traditionally, Cl has been thought of as being inert and therefore a good tracer for calibrating 
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models. Over the last twenty-five years, however, the presence of organic forms has been recognised 

that do not behave similarly to inorganic forms. This therefore gave rise to interest in terms of the fate 

of Cl-36 in the biosphere.  

Storage of Cl in soils is dominated by organic Cl, whereas fluxes in soils are dominated by inorganic Cl 

(Figure 2-6). It is also recognised that volatilisation occurs; taking this process into account could reduce 

the importance of Cl-36 in terms of repository doses. Most of the studies undertaken to-date on Cl have 

focussed on the terrestrial system. Releases are, however, more likely to occur to aquatic systems. 

Further work is therefore planned to consider how Cl behaves in aquatic systems.  

A license application has been submitted for an extension to the SFR facility for short-lived radioactive 

waste. This was a renewal assessment to take account of the effects arising from the planned 

extension. In support of the safety assessment (SR-PSU) for this facility, the biosphere model was 

extended to include organic compartments for C-14 in both terrestrial and aquatic ecosystems.  

The SR-PSU report has been reviewed by SSM and questions have been raised where clarification is 

required. The main questions arising relate to the complexity of models and parameters and their 

documentation rather than the complexity of understanding. It is interesting to note in this context that 

the Japanese context has illustrated that confidence may be reduced where models are too simple – a 

certain level of complexity and realism is required to support understanding and confidence.  

 

Figure 2-6. Pools and fluxes of Cl in soils (Reservoirs are in g m–2 and fluxes represent g m–2 yr–1, 

from SKB Report TR-13-26). 

The application for a spent nuclear fuel repository (supported by the SR-Site assessment) continues to 

progress. The application was submitted in March 2011, with a subsequent regulatory review period 

taking place that has required a number of clarification responses to be submitted by SKB. A final 

response from SSM is anticipated in the summer of 2017 with an environmental court hearing taking 

place between September and October. This court hearing requires additional considerations to those 

within SR-Site, such as construction impacts through nitrogen release during blasting and consideration 

of the toxic effects of elements such as uranium that is present naturally in the rocks that will be 

excavated. Site investigation work has been particularly useful in helping to address some of the 

additional issues raised as being of interest to the environmental court and careful consideration is 

being given to the environmental court hearing. However, there remain issues around the subject of 

uranium entering the environment from rock excavations. The concentration limit for uranium in Sweden 

is 1 order of magnitude lower than that in natural rock, which suggests no releases can be permitted.  
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It is hoped that a decision from the environmental court will be available in 2018. After this time, a report 

will be prepared detailing any revisions that need to be made and to consider the implications of new 

knowledge gained. This will feed into future assessments, for example the scoping assessments being 

undertaken for a potential separate facility for intermediate long-lived radioactive waste (SFL).    

The SFL repository programme is currently in the conceptual stages with a preliminary safety 

assessment being undertaken for which data derived from site studies at Laxemar are being used, in 

the absences of a specific site. There are several tricky radionuclides and other components associated 

with the SFL wastes that could give rise to high doses (which could be due to pessimistic assumptions), 

particularly for agricultural systems. As such, there is work on-going to test new transport methods such 

as considering river networks as a direct route of discharge; in previous assessments river discharges 

were disregarded and discharges were assumed to occur to lakes / land, which is conservative. This 

will allow consideration around how changes in the hydrological regime can affect the whole system. It 

is hoped that the facility construction could occur in around 20 years’ time. 

It is expected that, in the assessment of ILW disposal, there will be an opportunity to undertake iterative 

assessments. This will allow knowledge to be refined and assessments simplified, where possible. It 

will also provide the opportunity to ensure that knowledge has been well documented. With the plan to 

potentially construct the repository several decades from now, there will be considerable staff changes 

at SKB and knowledge transfer is therefore an important consideration.  

Discussion 

It is not considered feasible to co-dispose of L/ILW within the KBS-3 concept for spent nuclear fuel 

disposal due to the presence of organic components in L/ILW which are to be kept separate from the 

spent nuclear fuel. Whilst decommissioning is already underway at some nuclear power plants, 

estimates must be made as to the wastes that will need to be disposed of in the future. There are also 

historical wastes that require disposal and the contents of these wastes are not well known, potentially 

including non-radioactive materials. 

The use of Laxemar site data was intended to allow an initial assessment to be undertaken whilst using 

realistic parameter data for Sweden. The use of different data from those used for SR-Site and SFR 

could also lead to new knowledge being gained, such as where site data are required and where generic 

data can be applied. This could also help inform on site selection by identifying important parameters 

for radionuclide transport and taking this into account during the site selection process.  A further output 

could be to better understand whether doses are close to limits due to assessment conservatisms or 

whether it is a factor of how well it is possible to do assessments (i.e. model limitations). 

With the decision to close nuclear power plants in Sweden, ILW storage will be required, adding to the 

cost of ILW management. This may change priorities such that the timescale for an ILW repository may 

move forward.  

For the SFL assessment, it is more important than ever to be clear on where conservatisms are being 

made, because this will have important implications for the location and depth of the repository. Being 

able to dispose at a lesser depth could have important cost implications.  

It is interesting to note that the greater assessment issues largely relate to lower level wastes rather 

than higher level wastes and spent nuclear fuel. This largely relates to the greater C-14 concentration 

associated with lower level wastes. There is, therefore, greater pressure in undertaking L/ILW 

assessments to ensure assumptions are appropriate and not overly conservative and to consider what 

can be done to reduce conservatisms and address uncertainties.  
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2.4 REGULATING THE NON-RADIOACTIVE COMPONENT OF RADIOACTIVE WASTE 

Candida Lean presented. 

The non-radiological hazards associated with radioactive wastes have been of regulatory interest for a 

number of years and yet the effects of non-radioactive materials within such wastes has historically 

been under researched.  

In the UK, environmental regulation is devolved. In England, the Environment Agency is the 

environmental regulatory organisation. In England, the European Groundwater Daughter Directive 

(GWDD) is enacted through the Environmental Permitting (England and Wales) Regulations 2010 

(EPR10). Schedule 22 of EPR10 requires the Environment Agency to take all necessary measures to: 

 Prevent the input of hazardous substances to groundwater; and, 

 Limit the input of non-hazardous pollutants to groundwater so as to ensure that such inputs do not 

cause pollution to groundwater. 

Hazardous substances are defined as those that may be toxic, persistent and liable to bioaccumulate 

(or give rise to an equivalent level of concern), and non-hazardous pollutants are defined as any 

pollutant other than a hazardous substance, essentially a catch-all definition. Pollution is then defined 

as causing harm to people or the environment or impacting use as a future resource. The EU leaves it 

to Member States to define lists of hazardous substances, which in the UK has been the responsibility 

of the Joint Agencies Groundwater Directive Advisory Group (JAGDAG). In January 2017, JAGDAG 

published their methodology for the determination of hazardous substances in groundwater for the 

purposes of the GWDD and an updated list of substances, together with their minimum reporting 

valuesa. 

The hazardous substances list currently contains around 200 substances, the majority of which are 

organic substances, but some inorganic substances are also included. Lead, for example, has recently 

been added as a hazardous substance, which is of concern for landfill operators and developers. 

Arsenic and mercury compounds are also included, as are radioactive substances. However, it is 

recognised that radioactivity is naturally present in the environment at very low levels. As such, a 

substance isn’t classified legally as being a ‘radioactive substance’ until it exceeds an ‘out of scope’ 

value, which is defined in the Radioactive Substances Regulations (RSR). When ‘in scope’, radioactive 

substances are classed as hazardous substances in terms of the Water Framework Directive (WFD) 

and its daughter Groundwater Directive (as amended). 

The approach to evaluating impact for radioactive and non-radioactive hazardous substances differ, as 

do the endpoints. For radionuclides, groundwater is treated as a transport pathway with radiation dose 

being assessed for people and non-human species, taking into account all potential exposure pathways. 

For non-radioactive hazardous substances the groundwater is treated as the receptor and compliance 

is demonstrated according to whether measurable concentrations are present. 

“Prevent” is a key requirement of the GWDD for hazardous substances and regulators are required to 

take all necessary and reasonable measures to achieve it. It is, however, recognised that it is not 

possible to apply this requirement absolutely, for example, over the timescales that a radioactive waste 

disposal facility will operate. Facilities should therefore be designed such that long-term inputs of 

                                                      

a https://www.gov.uk/government/publications/values-for-groundwater-risk-assessments/hazardous-substances-

to-groundwater-minimum-reporting-values.  

https://www.gov.uk/government/publications/values-for-groundwater-risk-assessments/hazardous-substances-to-groundwater-minimum-reporting-values
https://www.gov.uk/government/publications/values-for-groundwater-risk-assessments/hazardous-substances-to-groundwater-minimum-reporting-values
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hazardous substances to groundwater will be insignificant from an environmental and human health 

perspective. Environmental permitting guidance on groundwater activities, which provide the basis for 

considering impacts of hazardous substances from radioactive waste disposal facilities, states that:  

“An input of hazardous substances to groundwater would be prevented, for example, if: 

 there is no discernible concentration of a hazardous substance in the discharge…; or 

 there is no discernible concentration of hazardous substances attributable to the discharge in 

groundwater immediately down-gradient of the discharge zone...; or 

 there are (or are predicted to be) discernible concentrations of hazardous substances in the 

groundwater down-gradient of the discharge zone attributable to the discharge but all of the 

following conditions apply: 

• Concentrations will not result in any actual pollution or significant risk of pollution in the 

future; and  

• There is no progressive increase in the concentration of hazardous substances outside the 

immediate discharge zone, i.e. there will be no statistically and environmentally significant 

and sustained upward trend of significant increasing frequency in pollutant “spikes”; and 

• All necessary and reasonable measures to avoid the entry of hazardous substances into 

groundwater have been taken”. 

The measures taken should not, therefore, be disproportionate in terms of costs.  

Guidance on requirements for authorisation (GRA) has also been developed separately by the UK 

environment agencies for both near surface (including landfill) and deep geological disposal facilities. 

The GRAs include five principles and fourteen requirements for waste disposal, including radiological 

protection requirements and guidance on environmental safety cases (ESCs). Supplementary guidance 

to the GRA was issued by the Environment Agency in 2012 on the implementation of the GWDD. This 

requires demonstration that radioactive doses to members of the public through the groundwater 

pathway are consistent with, or less than, a dose of 20 mSv/y during period of authorisation and a risk 

of 10-6/y after the period of authorisation and that radioactive doses to people are as low as reasonable 

achievable (ALARA) subject to economic and societal factors, i.e. a proportionate approach should be 

taken. It is also necessary to manage radiological risks to non-human species. For non-radiological 

hazards, there is less advice around the management of impacts; the level of protection is required to 

be no less stringent than if national standards for disposing of non-radioactive wastes were applied. 

There is no formal requirement to optimise in terms of non-radiological impacts. 

There are a number of potential challenges for radioactive disposal facilities in terms of assessing non-

radiological hazards, including: 

 Ensuring an appropriate level of environmental protection is delivered for both radiological and non-

radiological components of the waste. 

 Super-imposition of a non-radiological performance assessment onto a radiological assessment 

and vice versa, taking account of different compliance points and assessment criteria, different 

regulatory end points and potentially the effect of additive and/or synergistic effects. 
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 The hazard associated with the non-radioactive component of radioactive waste may be greater 

than that of the radioactive component. Permit surrender criteria for non-radiological hazards will 

need to be considered. 

 Conventional landfills are subject to declining source terms due to leaching and biodegradation; 

however, the leaching potential in a radioactive waste repository will be much lower due to waste 

conditioning treatments such as cementation of radioactive wastes. There is also likely to be a lack 

of appropriate analogue leachate data for non-radioactive components of radioactive waste. 

There is also a further inconsistency in that non-radiological environmental impacts are not usually 

assessed over such long timescales as radiological impacts. For longer-term assessments, 

consideration may need to be given to site erosional processes.  

Operators are required to demonstrate through assessments that impacts are acceptable throughout 

the lifetime of a repository. Whilst the radiological characteristics of a radioactive waste inventory are 

normally reasonably well understood, the non-radioactive components of the wastes tend to be less 

well known. Operators are therefore required to develop appropriate waste acceptance criteria that are 

practicable whilst being protective of groundwater. In determining waste acceptance criteria, 

contaminants of concern are to be identified (both hazardous and key non-hazardous pollutants in both 

the waste and any waste packaging) and an appropriate inventory of those contaminants has then to 

be determined. This is to be substantiated through an ESC that demonstrates that, when concentrations 

of hazardous materials do reach groundwater, that pollution will not be caused on the scale of the 

groundwater body in question. It is furthermore required that all reasonable measures be taken to 

prevent the discharge of hazardous substances. Ultimately it is the Environment Agency that 

determines whether measures taken are necessary and reasonable.  

Two case studies were presented. The first focussed on the Low Level Waste Repository (LLWR) in 

northwest England and the second was focussed on a generic safety case for a geological disposal 

facility (GDF) for higher activity waste, submitted by Radioactive Waste Management Ltd (RWM). 

The LLWR submitted an ESC in 2011 that included a non-radiological risk assessment. Due to a lack 

of source-term information, some conservative assumptions were necessarily applied in relation to the 

form of contaminants and their leachability. The groundwater and gas pathways were both considered, 

along with human intrusion and coastal erosion. The results were used to derive waste acceptance 

criteria for hazardous substances and certain non-hazardous pollutants.  

The assessment of non-radioactive contaminants was considered by the Environment Agency to be 

one of the most significant challenges in the 2011 ESC. This was, in part, a result of the differing 

requirements between radiological and non-radiological assessments (compliance points etc.). The 

LLWR is optimised to ensure that radiological impacts are ALARA, but some assessment criteria for 

hazardous substances in groundwater were exceeded (e.g. for lead, chromium, molybdenum, nickel 

and zinc after a few hundreds of years post-closure). There was also concern relating to the potential 

for asbestos to be present on the local beach following coastal erosion, however, the risks were 

analogous to those of other coastal landfill sites. Discharges of organic substances were projected to 

be close to zero at the time of repository closure. Impacts as a result of other pathways (e.g. landfill 

gas) were considered acceptable.  

Following review and considerable internal debate, the Environment Agency’s position on the 2011 

ESC was that the requirements of the GWDD had been met. Whilst some exceedances of criteria were 

noted in the ESC, these were not deemed sufficient to result in impact on receptors in line with the 

GWDD definition of pollution, since they would occur on a very localised scale. The findings of the ESC 

were also supported by on-going monitoring of groundwater at the site that indicates no significant 
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current impacts. It was also noted that, whilst there were exceedances, the assessment was 

conservative and potential impacts were associated with the longer term, such that there is opportunity 

to refine assessments and to take action, if needed. An updated hydrogeological assessment has been 

requested and this is to be presented to the Environment Agency later in 2017.  

The Environment Agency has been liaising with RWM over the future permitting of a GDF for ILW. To 

ensure that RWM is able to apply for a future permit, they have been asked to establish a common and 

clear understanding of regulatory expectations relating to the treatment and assessment of the non-

radiological hazardous component of radioactive wastes and to ensure that wastes containing 

chemotoxic or hazardous substances are appropriately packaged. Furthermore, waste acceptance 

criteria need to be developed for protection against non-radiological hazards within radioactive wastes. 

In response to these requests, RWM submitted a generic disposal system safety case (gDSSC) in 2016. 

This included a review of hazardous substances present in the UK radioactive waste inventory and a 

prioritised list of hazardous substances that are known to be present in higher activity wastes. The 

maximum allowable inventory of each substance that could be safely disposed was then calculated, 

using very conservative assumptions. These calculations will inform the levels of controls that may be 

required for a GDF.  

The Environment Agency is currently reviewing the 2016 gDSSC. RWM is also working to improve its 

understanding of the non-radioactive component of the inventory, its evolution and mobility, and has a 

research and development programme underway to address these points and to develop the 

methodology for application to a full site-specific assessment. 

The Environment Agency has therefore already permitted some disposal sites, taking into account 

groundwater impacts and has clarified expectations in terms of necessary and reasonable provisions 

around the GWDD “prevent” requirement. Further work is required nonetheless, in particular relating to 

improving non-radioactive contaminant inventory data and determining requirements for release of sites 

from regulatory control.  

Discussion 

JAGDAG will continue to maintain and update the UK list of hazardous substances as necessary and 

to derive minimum reporting values. The list will be important for RWM in screening the waste inventory. 

A further requirement for inventory screening will be minimum reporting values for hazardous 

substances. These have been defined for some, but data are missing for others. Background 

concentrations can be used as an alternative, but whether measured background concentrations are 

available will depend on the measuring laboratory’s limit of detection. Where specific substances are of 

concern for an assessment, JAGDAG can be requested to define minimum reporting values. 

Discernibility is a key criterion for substances in groundwater, but for some substances minimum 

reporting values are set lower than limits of detection. The Environment Agency’s groundwater 

specialists liaise with JAGDAG and provide guidance to nuclear regulators on meeting the GWDD. 

The substances for which minimum reporting values are available are those most prevalent in 

groundwater and contaminated land sites. Whether or not there was a prioritisation of those substances 

was uncertain. To-date, assessments have been carried out by JAGDAG for around 50 substances 

with assessments undertaken for new substances on an ‘as needed’ basis.  

The term ‘prevent’ and its definition have caused concern, both for regulators and operators. Clear 

regulatory guidance is therefore required and the suggestion was made that long-term assessments 

could provide useful input to regulators in developing guidance around prevent and its definition in a 

regulatory context. For example, if it can be demonstrated that harm does not occur in the long-term 

then this could support the definition of polluting and non-polluting substances.  
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There is a range of different drivers for compliance criteria from toxicity through to visual impacts. In 

setting criteria, non-human biota and human impacts are considered, with the most stringent of the 

protection criteria being adopted. 

In the UK, different criteria are applied for the period of authorisation and post-closure. Groundwater is 

a resource that is independent from humans and their habits and yet radioactivity protection criteria are 

set in terms of dose, which is habit dependent. Whilst radionuclides are included within the category of 

hazardous substances in the UK, they are regulated under a separate area of the EPR10 regulations, 

hence the approach to compliance demonstration differs from that of non-radioactive hazardous 

substances.  

2.5 UPDATE OF IRSN ACTIVITIES – ECOLOGICAL RISK ASSESSMENT OF MIXTURES OF 
RADIOLOGICAL AND CHEMICAL STRESSORS: METHODOLOGY TO IMPLEMENT AN 
MSPAF APPROACH 

Rodolph Gilbin presented. 

Nuclear activities release both radionuclides and stable chemicals to the environment under normal 

operating conditions and IRSN have been requested to develop, for regulatory application, an overall 

risk assessment approach that takes into account the hazards associated with both radioactive and 

stable chemical compounds.  

Four nuclear power plants in France discharge liquid effluents under authorisation into the Rhône river. 

These discharges contain 13 radionuclides and 22 stable chemicals. These discharges have been used 

as the basis for a case study application of an integrated risk assessment.  

The EU STAR programme included a deliverable to review different methods for radionuclide and 

chemical ecological risk assessments and to consider an integrated approach to mixed ecological risk 

assessments. A tiered approach resulted whereby, at the first tier, mixtures are not considered and a 

very conservative assessment is undertaken using safety factors. The fourth and highest tier 

incorporates the use of mechanistic models with interactions between chemicals and radionuclides 

being considered. The different tiers are illustrated in Table 2-1. 

Table 2-1. Proposed methods for the ecological risk assessment of mixtures. 

Tier Method Assumption Info. required 

0- Conservative 
assessment 

Safety Factor Mixtures not considered none 

1- Sum of PEC/PNEC 
HI (Hazard 
index) 

Point estimate on dose-effect 
curves 

Reference values (EC50, NOEC…) 

2- CA or IA model msPAF,… Full curve-based approach Species Sensitivity Distribution 

3- Mixed CA/IA model msPAF,… 
Full curve-based approach + 
subgroups 

Species Sensitivity Distribution +  
Mode of Action 

4- Mechanistic     
models 

PBPK, … As tier 3 + interactions 

Predicted no effect concentrations (PNEC) derived from ecotoxicity studies are commonly applied in 

chemical risk assessments and, depending on the tier of assessment and level of conservatism, may 

be used directly as benchmarks or a proportion (e.g. 50% or 10%) may be applied. Each chemical is 
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compared against its own criteria. For radiological risk assessments, radionuclides are summed prior 

to comparison against a single PNEC (or proportion thereof). Where values are below the respective 

PNECs, it is considered that there will be no hazard for the ecosystem. However, for an environmental 

discharge, several contaminants, including metals and radionuclides may be released. In such a 

situation, comparison of individual elements against PNECs may not be protective; hazards associated 

with mixtures need to be considered together.  

One approach is to consider the ratio of predicted environmental concentrations (PEC) to PNECs for 

each substance and to sum these to derive a hazard index (Tier 1 in Table 2-1). However, PNECs are 

not derived with a consistent level of protection among substances; the robustness of PNEC will depend 

on the effects data available, different methods may be applied in their derivation and different safety 

factors applied. 

The field of ecotoxicology recommends the use of more detailed assessment approaches, such as the 

use of concentration addition (CA) or independent action (IA) models and/or mixed CA/AI models, 

corresponding to Tiers 2 and 3 in Table 2-1, respectively. These provide for a cumulative risk 

assessment based on robust additivity concepts and species sensitivity distributions (SSD). The SSD 

approach to deriving PNECs allows a consistent level of protection to be set across different 

substances, such as protection of 95% of species (the hazardous concentration for 5% affected species, 

HC5, to which a safety factor is then applied), as illustrated in Figure 2-7. 

 

Figure 2-7. Species sensitivity distribution approach for consistently deriving benchmarks across 

stressors.  

An alternative approach is to make a quantitative assessment for a given scenario where the effect of 

a given concentration, in terms of the potentially affected fraction of species (PAF), is evaluated and 

hazard units (HU) defined. These HU’s can then be summed to calculate the additive effect of 

contaminants. CA and IA concepts for addition can also be used in a multi-substance PAF (msPAF) 

approach. These require the following assumptions to be made: 

 The effect of each substance is additive (i.e. there are no interactions between chemicals and their 

effects); and 
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 Species are uncorrelated in their sensitivity to the toxicants.  

The CA approach is generally recommended as a default model, but the IA approach can also be 

applied independently or combined with the CA approach. These three options (CA, IA and CAIA) were 

tested in the French case study of authorised discharges from nuclear power plants into the Rhône 

river. For each of the chemicals and gamma radiation, SSD curves were obtained with a very different 

slope being observed for gamma radiation as compared with chemicals (Figure 2-8). The value of slope 

from each curve was calculated and used to test the use of CA, IA and CAIA approaches. With the 

exception of Cr and sulphates, the slopes of other chemicals were very similar and were therefore 

grouped together for the CA approach, whereas each was considered independently for the IA 

approach.  

 

Figure 2-8. SSD curves (a) for chemicals and gamma radiation and mean slope value (b). 

Two different release scenarios were considered, a mean flow scenario and a lowest flow scenario. 

Results are illustrated in Figure 2-9. Results of the IA and CAIA approaches were most similar under 

both mean-flow and lowest-flow scenarios, with CA giving the lowest risk levels with the exception of 

one discharge (Cruas) for which risk levels were higher than for either IA or CAIA approaches. The use 

of all approaches is therefore recommended to derive a range of msPAF and ensure that overall effects 

are captured. The differences observed are largely due to the different SSD slopes. If effects are 

additive then use of the same mean slope will sometimes over- and sometimes under- predict.    

Contaminants were also ranked in terms of their contribution to toxicity. For the CA approach, this was 

achieved by calculating the hazard unit (HUi) according to the ratio environmental concentration of a 

substance (i) against the hazardous concentration affecting 50% of species in an ecosystem and then 

comparing that hazard unit to the summed hazard units across all substances (sum(HUi)). For the IA 

approach, the individual PAF for each stressor / group was used.  
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Figure 2-9. msPAFs for mean-flow and lowest-flow scenarios using CA (orange circles), IA (blue 

triangles) and CAIA (green diamonds).   

Results of hazard ranking for each nuclear power plant were variable. For example, copper was the 

highest-ranking substance for both Bugey and Cruas stations whereas radionuclides were second 

highest for Bugey, but fourth for Cruas using the HUi/sum(HUi) ranking approach. If the individual PAF 

for each stressor/group of stressors is used, a different ranking is observed and radionuclides are 

ranked highest for both stations (Figure 2-10). 

 

Figure 2-10. Hazard ranking of radionuclides and other substances in nuclear power plant 

discharges to the Rhône river using a hazard unit ratio (upper figures) and PAF 

(lower figures). 

From the case study, it was concluded that the msPAF approach is feasible for an integrated cumulative 

risk assessment, but that results are influenced by the method (CA or IA) and the individual SSD slopes, 

with the slope for radiation being much lower than that for the chemicals in the study. It should be noted, 

however, that synergistic interactions are not considered by this approach and it would not therefore be 

appropriate for application in a Tier 4 (Table 2-1) assessment context. Whilst the method does not 

provide a direct ranking of substances, such a ranking can be readily obtained through simple 

calculations, although the results of these approaches can be variable. 
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It should be recognised that there are limitations around the use of SSDs, notably with limitations in the 

number of species for which toxicity data are available. As an example, it was only possible to include 

8 substances out of 22 of interest from the nuclear power plants due to limited data being available. 

There has also been some criticism around the limited ecological relevance of SSDs.  

There is on-going work on this subject by IRSN in response to new requirements within the French 

National Plan for the Management of Radioactive Materials and Waste. A methodology and possible 

criteria for assessing the hazard of radioactive materials and waste is to be produced by IRSN by the 

end of 2017 that will allow the hazard of non-radioactive materials within radioactive waste to be 

estimated. The methodology will consider the overall ecotoxicity of both radionuclides and non-

radioactive substances and the evolution of the short, medium and long-term characteristics of 

radioactive materials and waste. 

Discussion 

A gentle slope is observed for the SSD for radiation with species sensitivity spanning several orders of 

magnitude. This is not observed for chemicals however as the species sensitivity spanned less than 1 

order of magnitude for those substances for which sufficient data were available to support SSD 

analysis. There was some concern that this may stem from a lack of taxa being represented in chemical 

SSD analyses due to bias brought about from the use of standard suites of species being used in toxicity 

studies. This is not always the case however since there were over a hundred species represented 

within the SSD for copper, as compared to 15 in the SSD for radioactivity. Nonetheless, the data within 

a SSD analysis will affect the output, as will the mechanism of action of a substance. A plateau would 

be expected around the level of effect that can be tolerated by a cell or organism before a process falls 

over. The toxicity of each substance is expressed relative to water concentrations, but expressing 

toxicity in different terms, such as taking account of a range of mechanisms, including bioavailability 

and exclusion, could affect the slope. 

Work was undertaken within the EC STAR programme on synergisms and antagonisms between 

radionuclides and other chemicals (uranium with cadmium or fluoride). Toxicity of these mixtures were 

tested for invertebrates, plants and fish. No obvious synergistic or antagonistic effects were observed 

with a maximum of a factor of 2 difference being observed between actual toxicity and that expected 

using an additive assumption. Results of that study led to the conclusion that an additive approach 

would be quite conservative when considering combined impacts of radionuclide and chemical 

exposures. This may not always be the case however, since there are many different mechanisms of 

action associated with the many different stressors. Work is on-going to consider a variety of different 

stressors, such as combined effects of temperature fluctuations with chemical stressors.  

2.6 NON-HUMAN BIOTA DOSE ASSESSMENTS FOR REPOSITORIES IN CRYSTALLINE AND 
SEDIMENTARY ROCK 

Neale Hunt presented, on behalf of Chantal Medri (NWMO), a presentation that had been given at the 

International High-Level Radioactive Waste Management Conference that was held in the US from 9-

11 April 2017. 

NWMO was formed in 2002, as required by the Canadian Nuclear Fuel Waste Act, and is responsible 

for the long-term management of Canada’s used nuclear fuel in a way that is socially acceptable, 

technically sound, environmentally responsible and economically feasible. Whilst formed through an act 

of government, NWMO is not a government agency, operating on a not-for-profit basis under funding 

from Canada’s nuclear energy corporations.  

A repository site selection process was launched in 2010. There are currently 9 potential host 

communities, reduced from an initial 22. The potential repository sites are in areas of granite crystalline 
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bedrock or sedimentary bedrock, as illustrated in Figure 2-11. With no single site having been selected, 

post-closure safety assessments are performed for hypothetical illustrative sites in each of these rock 

types. There is an expectation that post-closure safety assessments should consider both people and 

the environment and both radiological and non-radiological hazards. The presentation focussed on the 

impacts from radiological hazards on non-human biota. Work is on-going to develop acceptance criteria 

for non-radioactive hazards through a literature review of data for a wide range of elements and this 

work will be published in the near future.   

 

 

Figure 2-11. Location of potential host communities and the associated geology. 

Two scenarios were considered in terms of analysing effects on non-human biota: a normal evolution 

scenario that assumed the inadvertent placement of 3 defective containers (out of a total of 

approximately 12,000) and reasonable or likely extrapolation of site and repository conditions; and, a 

bounding disruptive event scenario that assumed all containers fail at 10,000 years (crystalline rock) or 

60,000 years (sedimentary rock) with other assumptions around repository and site evolution remaining 

consistent with the normal evolution scenario. The disruptive event scenario was intended to support 

communication by demonstrating that, even with all containers failing within the repository, safety 

criteria would still be met. 

Three ecosystems were considered that are representative of a range of Canadian conditions: boreal 

forest, inland tundra and southern Canadian deciduous forest. A temperate climate was assumed with 

the species present in these three ecosystems being used to define a representative species list for 

assessment. The representative biota considered covered, with some exceptions, the main taxonomic 

categories included in the ERICA and ICRP RAPs assessment approaches. The representative aquatic 

and terrestrial groups are illustrated in Figure 2-12. Whilst individual species may vary depending on 

the ecosystem, the overall groups remained the same. In some instances, the same species was 

representative across the different ecosystems. 
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Figure 2-12. Representative aquatic (left) and terrestrial (right) biota groups. 

Environmental media concentrations (soil, water, sediment and air) used as input to the biota dose 

assessment were obtained from contaminant transport models. Two approaches were then applied to 

derive biota tissue concentrations. For all biota, including mammals and birds, a concentration ratio 

(CR) approach was applied. Complementary to the CR approach, a transfer factor (TF) approach was 

then also applied for mammals and birds. Internal dose conversion coefficients (DCC) were then applied 

to derive internal dose rates and external DCC applied directly with environmental media concentrations 

and biota-media occupancy factors to derive external dose rates. Total dose rates were then derived 

from these in combination with area occupancy factors.  

The CRs used in the methodology were expressed as ratios of tissue concentrations relative to the 

concentration in environmental media. The TFs were based on known transfers of contaminants to 

tissues from the intake of foods and environmental media (e.g. water). Both CRs and TFs were derived 

from national databases and supplemented with international databases, where necessary, including 

those of the IAEA, ICRP and that within the ERICA assessment tool for CRs and the US National 

Council on Radiation Protection and the United States Department of Energy for TFs. Ingestion rates 

of food and water were based on allometric scaling equations from the US Environmental Protection 

Agency, which relates the rates of food and water ingestion to the mass of mammals and birds and 

food fractions (i.e. the proportion of different prey items consumed by predators) were obtained from 

references, where available, supported by expert judgement. The DCCs, both internal and external, 

were derived using the ERICA assessment tool.  

Expert judgement was applied on the behaviour of non-human biota in selecting appropriate media and 

area occupancy factors where the area occupancy relates to the relative time spent in the potentially 

contaminated assessment area and media occupancy relates to time spent in water, on the sediment 

or soil surface or in sediment. 

Expert judgement was also applied in assigning acceptance criteria. A two-tier approach was adopted, 

with the ERICA/PROTECT screening value of 10 µGy/h being applied as a lower generic screening 

value and the upper end of the ICRP derived consideration reference levels (DCRL) being applied as 

upper species-dependent acceptance criteria. Dose rates calculated to exceed these acceptance 

criteria would trigger further investigation (Figure 2-13). 
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a) 

 

b) 

 
Figure 2-13. Screening criteria (a) and their application in a two-tiered risk based approach (b). 

For the normal evolution scenario, dose rates were below the generic screening criterion for all 

representative species, irrespective of whether a CR or TF approach was applied. However, for the all 

containers fail scenario for a crystalline rock repository, the CR approach gave dose rates below the 

generic screening criterion whereas, for some representative species such as mink, peak dose rates 

fell between the generic screening criterion and the species dependent acceptance criteria. Dose rates 

falling between these criteria were to be interpreted within the context of the likelihood of the exposure 

situation, the conservatisms in the dose rate estimate and the intended protection endpoint. With this 

disturbance scenario being deemed to be highly unlikely, it was therefore concluded that the calculated 

dose rates to mink were very likely of no radiological concern. Dose rates calculated for both release 

scenarios for a sedimentary rock repository were all significantly below the screening criteria.  

The results of the assessment have been presented in different ways to aid communication. For 

example, dose rates themselves have been presented as well as risk quotients, calculated as the ratio 

between the peak dose rates to the acceptance criteria. The risk quotients for the all containers fail 

scenario for a crystalline rock repository were all below 1, irrespective of whether a TF or CR approach 

was applied. Dose rates over time were also presented (Figure 2-14). 
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Figure 2-14. Dose rate over time for mink using a CR (left) or TF (right) approach for the all 

containers fail scenario.  

The current approach of using both CRs and TFs is to be maintained for future assessments, but 

consideration will be given to dose rate criteria revisions. The dose rate criteria applied in this 

assessment have not been reviewed by the regulator and so changes may be required following 

regulatory feedback. Revisions may also be made to ensure that the criteria and the way they are 

applied are in line with ICRP recommendations etc.  

Discussion 

The use of representative species rather than reference organisms was seen as a nice approach that 

would be better for public communication.  

The highest environmental concentration of each radionuclide accumulating in the environment (i.e. in 

different compartments) was used to calculate the contribution of each radionuclide to dose over time. 

The output was then used to calculate overall dose as a function of time. The biosphere is relatively 

constant, since there are no land uplift processes of significance and the sites were not close to the 

sea, so a time-dependent biosphere was not considered.  

Whilst the generic screening value was exceeded for mink in the disturbance scenario for crystalline 

rock, it is the public exposure that is of greatest interest and the criterion (public dose limit) was not 

exceeded. The mink and public dose are part of different regulatory regimes and this led to the 

difference in whether there was an exceedance of assessment criteria or not, with applicants being 

responsible for proposing appropriate criteria for licensing purposes. For the public dose assessment, 

different criteria have been proposed depending on whether a normal scenario or unlikely event is being 

assessed. Irrespective of whether a public or biota dose is being evaluated, the likelihood of the event 

is taken into account if criteria are reached for the unlikely event case.  

For the all canister fail scenario in crystalline rock, the travel time to the surface environment was short 

for radionuclides. This was based on the assumption that it could take time for radionuclides to migrate 

to a fracture, but when the fracture was reached, the travel time to the surface would be short. When a 

site has been identified, the hydraulic properties of the rock will be considered in more detail and 

sensitivity studies undertaken as appropriate.  
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2.7 CONFIDENCE BUILDING IN A BIOSPHERE ASSESSMENT INVOLVING ENVIRONMENTAL 
CHANGE – A REGULATORY PERSPECTIVE 

Shulan Xu presented. This presentation had also previously been given at the International High-Level 

Radioactive Waste Management Conference that was held in the US from 9-11 April 2017. 

Geological repositories are the preferred option for the final management of spent nuclear fuel in 

Sweden, removing hazards from the surface environment. The complexity of assessments for such 

disposal facilities increases as programmes move from a site-generic to site-specific focus. 

Complexities also increase where climate change and its impact on the future evolution of a site needs 

to be taken into account. The degree of complexity in assessments must be justifiable and it is important 

that the approach taken is both understood and approved by stakeholders, both regulatory authorities 

and members of the public. 

SSM has been conducting a review of a license application from SKB for a spent nuclear fuel repository 

at Forsmark for the past 5 years. During the review, SSM also participated in working group 6 of the 

IAEA MODARIA programme to gain knowledge in support of the review process and to share 

knowledge and experience gained during the review process.  

The SKB license application was submitted in 2011. The proposed repository will be located at 500 m 

depth in granitic bedrock and is designed to hold 12,000 tonnes of spent nuclear fuel. The application 

was supported by a post-closure safety assessment, SR-Site. The modelling chain for consequence 

analysis in SKB’s post-closure safety assessment is illustrated in Figure 2-15. The transport of 

radionuclides in the biosphere is decoupled from transport in the near-field and far-field, and is used to 

derive landscape dose factors (LDFs), defined as the annual effective dose to a representative 

individual resulting from a constant unit release rate (Sv/y per Bq/y). Dose for any given scenario is 

then calculated by multiplying the release from the geosphere with the LDFs. 

Long-term climate change was considered in SR-Site using a reference climate evolution in the form of 

a modelled reconstruction of the Weichselian glacial cycle for the Forsmark site. The timescale for the 

glacial cycle was 120,000 years and this was then repeated over the 1-million-year assessment 

timescale. The climate cycles have an important influence on the biosphere. 

 

Figure 2-15. Modelling chain for consequence analysis in SR-Site.  

The Forsmark site is projected to continue to rise as a result of post-glacial land uplift. parts of the 

landscape will therefore transition from marine to lake to mire to forest areas, with some having the 

potential for agricultural exploitation. The evolution of the ecosystem has been modelled over a 10,000 

year timescale (Figure 2-16). 
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Figure 2-16. Projected ecosystem transition at the Forsmark site over the next 10,000 years (from 

SKB Report TR-10-06). 

The approach to biosphere assessment has been to estimate risks on as realistic basis as possible, 

with models being supported by site knowledge and data. Landscape development models have been 

used to evaluate the change in landscape over 10,000 years, with various models and steps resulting 

in over 10 reports that provide the background and methods supporting LDF values. For example, 

groundwater flow models are used to identify potential release areas that are then delineated as 

biosphere objects. The water fluxes between compartments within the biosphere objects are evaluated 

with surface hydrology models and the LDFs are calculated within an LDF model to give the dose per 

biosphere object for each radionuclide when multiplied by geosphere releases. The maximum LDF 

across biosphere objects was selected for dose evaluation. The approach was therefore complex and 

this complexity posed a challenge for the regulatory review process, particularly since it was difficult to 

understand all model details through document review alone. The approach taken was therefore to try 

to reproduce the LDFs and to use alternative biosphere models to explore model uncertainties.   

In reproducing the LDFs, SSM identified a number of areas for which complementary information 

requests were required. Issues for which in-depth review would be necessary were also identified.  

In terms of alternative models to explore model uncertainties, two models were developed and applied: 

a simple reference biosphere model; and, the GEMA-Site model that includes biosphere evolution.  

The simple compartment model was developed to represent the most plausible processes using an 

approach consistent with the IAEA BIOMASS methodology, with each object (marine, lake, mire, forest 

and agricultural land) being represented as a static system (i.e. without environmental change). Data 

from SR-Site was used to support the model, with the output being a set of dose conversion factors. 

Agricultural land with use of a deep groundwater well was found to give the highest dose conversion 

factors with consumption of water from a deep well contributing more than 50% of the dose associated 

with agricultural land for the majority of radionuclides studied. These findings were consistent with those 

of SKB that the deep well pathway was dominant.  

The GEMA-Site model was also parameterised with site data. The model allowed sensitivity studies to 

be undertaken around the time of transition of the landscape to agricultural use and the effect of 

catchment basin geometry. Four radionuclides (Se-79, Nb-94, I-129 and Ra-226) were studied using 

this model. The transition time to agriculture affects the potential for accumulation of radionuclides in 

soils, but was found to have little effect on dose for any of the radionuclides investigated. However, the 

size of the object was found to affect dose, depending on the Kd of the radionuclide. For example, the 

magnitude of the dose from Ra-226 in the central part of the biosphere object, which has a high Kd, 
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was increased by 1 order of magnitude when the overall catchment area increased by 2 orders of 

magnitude. 

Overall, SSM concluded from their regulatory review that SKBs description of the biosphere assessment 

methodology was comprehensive and the work was scientifically interesting. The model comparison 

showed that LDF values were not generally underestimated for important radionuclides for releases to 

surface soils/sediments via groundwater, and served to increase confidence in the assessment results.  

Due to the long timescale of post-closure safety assessments and the heterogeneous nature of the 

geosphere and biosphere, uncertainties in assessments are unavoidable. Whilst supporting process 

models can be used to look at the complexities of processes, it is important to note that these models 

represent a snapshot in time and only one realisation of the possible evolution of a system. Their 

application can however provide illustrative projections that can help in confidence building. Alternative 

models can then be applied to address uncertainties around conceptual and process models. The 

alternative models do not need to be full alternative models of the system, but can focus on key aspects 

of interest. From the review of SR-Site, it was concluded that a key issue relates to the number of 

compartments used when discretising a biosphere object. This discretisation should be discussed and 

justified in the model formulation. 

Discussion 

Agricultural drinking water wells were an early consideration in terms of exposure scenarios for 

repository safety assessments. For some radionuclides, however, other pathways of exposure are more 

important and this would not have been identified if the overall transport of radionuclides in the 

biosphere had not been considered. A range of different pathways should therefore be considered in 

assessments to ensure that important exposure pathways are addressed. Inclusion of a range of 

pathways is also important in improving confidence, illustrating that results can be trusted and that no 

important omissions have occurred. Processes, even if they are not thought to be particularly important, 

should be reviewed to allow clear demonstration of whether or not they are important in assessments 

and provide a basis for inclusion/exclusion from assessment models.  

When undertaking assessments, decisions about where to start and also consideration of when enough 

research has been done can be challenging. There is now a lot of information available from 

assessments that have been undertaken to-date; these can be drawn upon to inform developing 

programmes. Communication between operators and regulators can also be very useful since 

perspectives can differ. Early communication can help to align perspectives around assessment 

development and review.  

2.8 UPDATE ON ACTIVITIES AT THE UK LLWR 

Alex Proverbio presented. 

The Low Level Waste Repository (LLWR) has had a long history with various disposal phases. The first 

disposals occurred in 1959 with tumble tipping being used with some engineering in the trenches, such 

as the use of clay to make good deficiencies in the geology. The early engineering was not, however, 

up to today’s standards. In 1988 Vault 8 was constructed, which was the first engineered vault. Previous 

trenches were capped in 1995. Vault 9 was constructed in 2010 and was initially permitted for storage 

only, but is now permitted for disposal. In 2011, the site consisted of 7 capped trenches, 1 almost full 

disposal vault and 1 open storage vault. Higher stacking in Vault 8 has led to increased capacity. Vault 

9 is almost empty in terms of disposal. The disposal concept is more advanced now as compared with 

historical disposals. Half height ISO (HHISO) containers are filled with waste and then grouted prior to 

emplacement.  
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There are three key elements to the permitting process for disposal. These are the permit application, 

the environmental safety case (ESC) and planning permission. All three are interlinked. An ESC was 

submitted in 2011 and was deemed adequate by the Environment Agency, with forward issues and 

recommendations being noted. A revised environmental permit was granted in December 2015 that 

allowed Vault 9 to move from storage to disposal and allowed for higher stacking in Vault 8 (8 layers 

compared with the previously authorised 4 layers). The capacities defined in the permit are based on 

the ESC and the disposal inventory assumed within that ESC. 

Planning permission was also required alongside the permit, with the application being reviewed by the 

County Council. The application from LLWR was to allow construction up to Vault 12, which will allow 

safe disposal of the entire inventory of LLW in the UK. Permission was granted in 2016 and the 

repository development programme began in 2017 and is due to complete in 2129. The first stage of 

enabling works are currently underway, and work has begun on the capping of the overall repository. A 

final cap is added immediately after the closure of a vault.  

The next major deadline will be in 2021, when a revised ESC is required to be submitted. There were 

29 forward issues and 205 recommendations from the 2011 ESC that will need to be taken into account. 

Collaborative work is on-going with the Environment Agency to ensure that these issues and 

recommendations are appropriately addressed and to ensure the submission deadline can be met. A 

technical development plan for the next 5 years has been produced. 

Key areas of the development and assessment plan relate to optimisation of the repository design, work 

to reduce uncertainties and bias in the waste inventory, site characterisation activities, and groundwater 

assessment work to ensure that a hydrological risk assessment can be delivered by October 2017, 

which is a permit condition. There is also a lot of on-going work to develop and update the conceptual 

model for the near field and to take account of spatial variability. 

Due to the coastal location of the LLWR there is a particular interest in assessing landscape change 

due to coastal erosion and ensuring that potentially exposed groups are appropriately selected to take 

account of coastal erosion pathways. An assessment manual is being developed that will inform 

assessors about how assessments should be approached. The manual will include assessment maps 

to provide structured visual descriptions of assessments and underpinning models. An integrated 

assessment model is also being developed for the period of authorisation and the post-closure period.  

For previous assessments, it has been assumed that the near field is homogeneous, but there are 

different properties of wastes throughout and a current work programme aims to look at heterogeneity 

in more detail. Aspects such as chemical evolution of containers and the degree of saturation in vaults, 

including the coexistence of saturated and unsaturated conditions are to be investigated.  

The ESC team also support a number of other projects and programmes within the company, to ensure 

the requirement on design optimisation is fulfilled. Different design aspects may affect environmental 

performance and good communication between teams is therefore required. 

The hydrological risk assessment that is due to be submitted in October requires the integration of 

groundwater models of the period of authorisation and the post-closure phase, since there is no clear 

delineation between the phases with some vaults remaining operational whilst others are capped. 

Integration of the models will help to ensure that a continuous evaluation of potential groundwater 

impacts can be achieved. A new groundwater compliance point from that considered in the 2011 ESC 

is also to be taken into account for hazardous contaminants, and additional contaminants, including 

organics, are to be included. The hydrological assessment is therefore a large on-going project.  
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Consideration is also being given to the best way to present the 2021 ESC, potentially to include a more 

web-based approach to allow additional information links and maps to source data rather than using 

standalone reports, as was the case for the 2011 ESC. Overall the intention is to optimise 

communication with regulators and the public.  

Discussion 

Coastal erosion is anticipated to affect the site within hundreds to thousands of years in the future. The 

assessment is undertaken assuming that no further work is done to the facility following the period of 

authorisation, hence the objective is to ensure a high level of safety for people and the environment 

over the lifetime of the facility. Under a worst-case erosion scenario, the Environment Agency has 

judged that there would not be unacceptable impacts to people or the environment. It is, however, likely 

that future generations would take action to prevent erosion through construction of coastal defences. 

The potential for such future actions is not taken into account in the safety assessments. To mitigate 

risks further, there is a drive to reduce the waste assigned to the LLWR through the use of onsite 

disposals elsewhere or re-routing of wastes (e.g. very low-level wastes) to other disposal facilities. At 

present, around 85% of current arisings are diverted. 
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3. CURRENT BIOPROTA WORK PROGRAMMES 

In 2016-2017, three BIOPROTA work programmes have progressed. These have included model-data 

inter-comparisons for C-14, review and enhancement of the IAEA BIOMASS methodology, and a study 

of issues affecting the assessment of impacts of disposal of radioactive and hazardous waste. Progress 

on each of these work programmes was presented by the project Technical Support Teams (TSTs). 

These presentations and the associated discussion are summarised below, along with suggestions for 

next steps, where appropriate. 

3.1 C-14 TERRESTRIAL MODEL-DATA COMPARISONS AND NEXT STEPS 

Laura Limer presented on behalf of the TST, comprising Quintessa, RadEcol and Mike Thorne and 

Associates.  

There have been several work programmes in BIOPROTA over the years that have focussed on C-14 

modelling, primarily focussing on the soil-plant system. These programmes have informed model 

developments by participating organisations with significant conservatisms being reduced in some 

models. Independent work has also been undertaken by organisations, such as RWM and IRSN, to 

investigate important processes through field research.  

The most recent C-14 project aimed to identify real data sets that models could be compared against 

to further investigate key processes and pathways for C-14 transport and uptake into plants, and to 

further build confidence in assessment models. Four data sets were identified: 

 La Hague atmospheric source to pasture; 

 Nottingham sub-soil source; 

 Duke Swamp historical groundwater source to wetland; and 

 Boreal Scots pine forest C-14 data from Hyytiälä SMEAR II forest station of University of Helsinki, 

Finland. 

The project has been supported financially by ANDRA, EDF, KORAD, Nagra, NUMO, NWMO, Posiva, 

RWM, SKB and SSM. 

Data availability meant that the Hyytiälä forest data set was not applied in the current programme of 

work, but could be used in further stages. Each of the other data sets and their application within the 

current C-14 work programme are summarised below.  

3.1.1 La Hague scenario from IRSN field measurements 

This scenario was developed from field measurements taken by IRSN between 2006 and 2008 at a site 

close to the La Hague nuclear fuel reprocessing plant in France. The data set includes high resolution 

C-14 data in air above pasture (derived from Kr-85 hourly and monthly measurements, monthly C-14 

measurements and known C-14/Kr-85 ratios), high resolution meteorological data and monthly 

sampling and analysis of soil and grass C-14 concentrations. The data set is summarised in Table 3-1. 

The monthly soil C-14 concentrations were relatively stable over time, unlike the C-14 concentrations 

in grass and air (Figure 3-1). 
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Table 3-1. La Hague C-14 scenario data set. 

Data type Variables Units Time period Frequency 

Source term 14C releases from 3 chimneys Bq 07/1/06 – 31/12/08 Weekly  
85Kr measurements at the field site Bq 01/10/06 – 01/1/08 Hourly 
85Kr measurements at the field site Bq 31/1/06 – 21/12/08 Monthly 
14C measurements at the field site Bq 31/1/06 – 21/12/08 Monthly 

Plant biomass Biomass grass harvested g m-2 fw 01/8/06 – 04/12/08 ~ Monthly 
14C activity at the site Specific activity of soil surface  

(0-3 cm) 
Bq kg-1 C 01/8/06 – 31/8/07 ~ Monthly 

Specific activity of deeper soil  
(0-20 or 3-20 cm) 

Bq kg-1 C 29/6/06 – 31/8/07 Jun, Aug, Nov 

Carbon content of the soil % 29/6/06 – 31/8/07 As 14C meas. 

Grass Bq kg-1 C 01/8/06 – 01/3/07 ~ Monthly 

 

 

Figure 3-1. C-14 specific activities in air, grass and soil. 

The available field data and a prior bilateral IRSN-SSM comparison provided a clear scenario for model 

application, based on hourly C-14 and meteorological data and the calculation of C-14 uptake into 

pasture.  

Five models were applied to the scenario: Aqua_C14 (Andra); PRISM (FANC): TOCATTA-χ (IRSN); 

SSPAM14C (SSM); and, SVAT (SKB). Results are presented in Figure 3-2a for C-14 grass activity 

concentrations and Figure 3-2b for C-14 soil activity concentrations. Further details of the SVAT model 

and results for this scenario are provided in section 3.1.2 below. 

All models showed the correct trend in C-14 activity concentrations. The Aqua_C14 model used 

bicarbonate in water as an input, so adaptations were needed to allow for an atmospheric input. This 

led to soils not being able to retain C-14 due to volatilisation from the soil and calculated soil 

concentrations were much lower than observations (Figure 3-2b). 
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a) 

 

b) 

 
Figure 3-2. Modelled versus measured grass C-14 activity concentrations (a) and soil concentrations 

(b). 

Whilst the models for simulation of C-14 atmosphere-plant transport and associated parameter values 

can be considered validated, processes leading to transfer into soils (e.g. deposition via rain or solid 

organic matter, storage in soil and recycling between available and unavailable carbon pools) are less 

well understood. A longer time series of soil data, if available, may allow these aspects to be further 

investigated.  

3.1.2 SKB/Posiva C14-SVAT model and test results for the La Hague case 

Ari Ikonen presented on behalf of Rodolfo Avila (Facilia). 

The C-14 SVAT (soil to vegetation to atmosphere transport) model has been developed on behalf of 

SKB and Posiva to improve the atmospheric component of the earlier 2008 Avila and Pröhl model. 

Details of the model are provided in SKB report R-15-09. The model assumes that C-14 in the form of 

CO2 behaves as a tracer with vertical transport through the plant canopy occurring as a result of 

turbulence and horizontal transport from wind advection. The previous model had only 1 canopy layer 

whereas the new model has 3 canopy layers.  Processes that are explicitly represented in the model 

include advective and turbulent transport, release from soil (including soil degassing and litter 

respiration) and uptake to primary producers from air. A factor is used to account for root uptake.  
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The model has been compared against a more elaborate Lagrangian model and has been validated 

against two data sets. These include data from a boreal mixed Norway spruce and Scots pine forest in 

Sweden for which half hour resolution CO2 data over a 3-year period were available and a wheat field 

data set from a Beijing agro-ecosystem experimental station that had data available for CO2 and 

additional momentum and heat flux data for a few days. Comparisons have also been made against 

more stylised models. 

Sensitivity analyses have been undertaken. Results indicate that the tracer assumption is cautious, but 

not overly so, and the vertical compartmentalisation introduces only a very small error. Results also 

demonstrate the importance of setting the reference height at which C-14 is assumed to be zero high 

enough, especially if the horizontal advection is low. Given the time scales typical of biosphere 

assessments, the stylised model is considered to perform well. 

The model was applied to the La Hague scenario, with modifications to address the need for time-

varying C-14 specific activity in air rather than a flux from soil. The results for C-14 in grass were a good 

fit against measured data, although some slight over and under estimates were observed. The soil 

concentrations from the model were constant and close to the measured data.  

A version of the model has also been developed for aquatic environments. The model considers the 

transfer of C-14 from water to atmosphere. This model has again been demonstrated to work well, 

without being overly complex for the purpose for which it was developed. 

3.1.3 Nottingham scenarios – RWM funded laboratory and field experiments 

A series of field and laboratory studies have been undertaken whereby carbon, in different forms (13CH4, 
14CH4 and 13CO2), was injected at depth (~ 50 cm) into soil columns and field study plots. Injections 

were pulsed so as not to perturb the systems and concentrations were low to avoid over-stimulating 

microbial populations. Migration through the soil column at 10 cm intervals and uptake into plants was 

studied up to 15 days post-injection. Both vegetated and unvegetated soil columns were used in 

laboratory and field experiments. Some detailed process modelling was also undertaken.  

The studies provide good detail about methane oxidation through the soil profile with close to full 

oxidation occurring over around 30 cm in agricultural soils. Uptake into plants was not detectable, but 

this may be due to the small pulses of methane input and potential delays between microbial uptake 

and release as carbon dioxide from respiration, which may have occurred when plants were not 

photosynthesising.  

For the purpose of the model-data C-14 exercise, two experiments were selected from which to develop 

modelling scenarios. These were Laboratory Experiment 3 that considered undisturbed vegetated and 

unvegetated soils with 13CH4 injection, and Field Experiment 2, again with 13CH4 injection and a spring 

wheat crop. Four models were applied to the Field Experiment 2 scenario (EDF C-14, SOLVEG II 

(JAEA), T2Plants (RWM) and a TST developed model) whereas only the latter two were applied to the 

Laboratory Experiment 3 scenario. 

The EDF C-14 model represented the CH4 inputs and decay reasonably well, but there appeared to be 

greater retention in soils than measured in the field experiment. The modelled loss of CO2 was also 

more rapid than in the field data, this could result from the assumed oxidation rate.  

The JAEA SOLVEG II model was good at picking up the initial spike in activity. When an assumption 

was made that there was no oxidation to CO2, then the model simulated concentrations throughout the 

soil profile that were significantly higher than observed data. Consideration of oxidation improved the 

model fit, but there was still over prediction. This could however relate to lateral movement of methane 
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under field conditions whereas the model was 1-dimensional. The CO2 results were close in terms of 

flux, with differences again likely to result from lateral dispersion in experiments. 

Results of the bulk gas predictions from the RWM model when applied to the Field Experiment 2 

scenario were close to experimental data. However, the peak in CH4 was higher than the measured 

peak and took longer to reduce. This was also the case for CO2, which may reflect a rate of oxidation 

in the model that is too low and/or assumptions around diffusion out of the system. For the laboratory 

experiment scenario, the results were similar in that bulk gas predictions were a good fit, but there were 

slower dynamics relative to the observed data.  

The TST model, developed by Mike Thorne, was a 1-dimensional advection-dispersion model. This 

model was used to calculate CH4 in the soil column assuming a continuous input for the laboratory 

experiment scenario. Higher attenuation of CH4 in the soil column was calculated than the field data 

would suggest. It could be that, in the laboratory soil column system, fast transport pathways may be 

present (potentially at the boundary between the soil and the column wall) that would allow more rapid 

gas removal from the system. 

3.1.4 Duke Swamp Scenario 

Duke Swamp has been subject to historical inputs of C-14 resulting from releases from a waste 

management area and resultant groundwater contamination. A tritium and a strontium plume are also 

present, with the latter originating from a different waste management facility. The tritium plume is 

assumed to be consistent with the C-14 plume.  

Boreholes have been used throughout the area to monitor the contamination plumes with the focus, 

historically, on higher contamination areas. A number of studies have been undertaken in the area, but 

not all of the information is publicly available. Tamara Yankovich has however published a number of 

papers on moss and soil C-14 concentrations across the swamp and a former Oregon State University 

PhD student also undertook a sampling campaign to measure C-14 in groundwater, soil gas and 

bracken. Stable carbon measurements were also made. The PhD study indicated that the highest C-

14 concentration occur close to Waste Management Area C (WMA-C), but that closer to the swamp, 

plant concentrations are increased. This is possibly due to the transport of C-14 in groundwater that 

approaches the surface close to the swamp, giving rise to greater off-gassing.  

The scenario for Duke Swamp was relatively clear – contaminated waste is leaching C-14 with 

subsequent transport in groundwater and de-gassing down-gradient and contamination of the swamp. 

There are a number of uncertainties however. For example, the source term is not known and it was 

necessary to pull together two different sets of field observations.  

Only one model was applied to the scenario, a transect model developed by the project TST, which 

used AMBER to model a transect through the WMA-C to the swamp (Figure 3-3). 

It was assumed that C-14 becomes available from WMA-C over a fixed period as contaminated material 

degrades, and that C-14 leaves WMA-C as a result of infiltration. Further assumptions for the transect 

model were that sorption does not occur and that, below the water table, carbon is present in solution 

only whereas above the water table it may be present in solution or in a gaseous form. Beyond 

infiltration, groundwater advection was assumed to be lateral, whereas diffusion could be upward or 

downward with the exception of within the swamp where lateral diffusion only was assumed.  
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Figure 3-3. Transect from WMA-C to Duke Swamp (upper left), the spatial model constructed in 

AMBER (upper right - yellow highlights the WMA-C) and the compartmental model 

structure (bottom - purple is the WMA-C, orange is the vadose zone, grey is a clay lens 

above an aquifer (red) and green is the swamp. 

A 1 TBq C-14 release over a 150-year period was assumed and the first 30 years were simulated. 

Consideration was given to the degree of saturation in the vadose zone.  

When saturation in the vadose zone was set at 50%, higher activity in the surface system near the 

WMA-C resulted as compared to when a 70% saturation level was assumed, since a greater proportion 

of C-14 becomes trapped in the aquifer with increasing saturation (Figure 3-4). As saturation increases 

in the vadose zone, it becomes more difficult for C-14 to de-gas from the system and greater 

concentrations of C-14 are transferred to the swamp. If saturation is lower in the vadose zone, diffusion 

is increased closer to WMA-C and less C-14 is pushed toward the swamp. 

 

Figure 3-4. C-14 concentrations in groundwater assuming 50% (upper) and 70% (lower) saturation 

of the vadose zone. 
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To compare the model output against field data, the measured data from the PhD study were grouped 

into different zones, broadly consistent with the model discretisation. With the source term not being 

known, comparison of model output to field data was in terms of trends in concentrations rather than 

absolute values. Differences between model output and measured data were exacerbated by some 

known measurement issues. For example, there was a discrepancy evident between CO2 measured in 

soil water and that in soil gas; this could result from the active pumping method applied to sampling that 

may have led to greater mixing between CO2 in air and that in soil gas. There was also a lack of a 

distinction between dissolved inorganic carbon and dissolved organic carbon in the C-14 activity 

measurements. 

3.1.5 Next steps in C-14 model-data comparisons 

The report of the C-14 model-data comparisons was close to completion and a proposal has been 

distributed for further model-data comparison tasks, including: 

 Further modelling of C-14 from an historical near-surface waste disposal facility and its migration 

to the Duke Swamp area within the Chalk River site in Canada, along with comparison against 

observational data; and, 

 Modelling of C-14 within the Hyytiälä boreal forest and comparison against a high resolution 

observational data. 

The proposal also encompassed a task to review carbon uptake by fish, including timescales for 

potential equilibrium with the surrounding water/sediment environment and their food source. The work 

plan (subject to funding and sponsors interest areas) was as follows: 

 Data and modelling scope for Duke Swamp and Hyytiälä forest model-data comparison exercises 

to be issued by 21st July 2017. 

 Review of carbon uptake by freshwater fish, including implications for quantitative modelling to be 

completed by 30th September 2017. 

 Two-day workshop to be held in autumn 2017 to discuss model-data comparison results, and to 

present the review of carbon uptake into fish. 

 A draft final project report to be distributed to sponsoring organisations for review by 31st December 

2017. 

As always, there is scope to modify / adjust the scope of the work programme in line with the interests 

of sponsoring organisations.  

Discussion 

For the La Hague data set, providing modellers with the first monitored point of soil C-14 concentrations 

as a background would ensure that all models had the same starting point and could help address some 

of the variation seen in model output for soil concentrations. The scenario has nonetheless provided a 

useful check that models are providing reasonable estimates of atmospheric uptake and gives 

confidence in the models by comparison of their output against real data. 

The draft final report of the current C-14 project is being prepared, which requires further analysis of 

the results of model-data comparisons, particularly with regard to the RWM field studies. One particular 

question that can be asked in relation to these experimental data is how can the kinetics of the system 

be interpreted to inform on modelling of long-term continuous releases?  
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For the Duke Swamp scenario, participation from a wider range of modelling groups would be beneficial. 

The initial modelling would need to be extended to review the processes and carbon speciation 

assumptions. Its status as a test-bed for models of C-14 leaching from near-surface disposal and 

subsequent environmental behaviour means that there is value in taking this forward to investigate what 

can be learned in terms of transport processes and what confidence can be gained in relation to 

groundwater transport models. Further consideration of the data itself would be beneficial, including 

information on the chemical environment, since this will have a large influence on C-14 behaviour and 

may help to explain some of the field measurement observations.  

In terms of next steps for C-14, the review of carbon uptake by fish is not intended to be an exhaustive 

literature research activity. C-14 uptake to fish from water has been shown in assessments to be a 

dominating exposure pathway for human and biota dose assessment. If equilibrium with water is 

assumed, then high concentrations in fish are calculated.  The amount of C-14 that fish will see will, 

however, be determined by where they obtain their carbon from. The aim of this task is therefore to 

consider where fish obtain their carbon from, taking account of different species groups and behaviours, 

in order to motivate discussion about how uptake of C-14 in aquatic assessments is represented. Work 

on addressing conservatisms for terrestrial assessment models has proved very successful and it was 

therefore considered timely to address remaining C-14 assessment conservatisms in aquatic 

environments. The review is intended as a first step toward discussion around this topic. It was noted 

that SKB have done a lot of work on carbon balances in aquatic systems and this could provide a very 

useful starting point in looking at carbon balances for fish. There may also be data available on C-13 

as a tracer for how C-14 moves through the food chain and data on C-14 in foods from studies at NIRS 

in Japan. A first task should be to discuss and refine the scope of the work with sponsors and to ensure 

that the most appropriate sources of data are identified.    

3.2 BIOMASS METHODOLOGY: PROGRESS AND FORWARD PLANS 

Russell Walke presented on behalf of the TST, comprising Quintessa, RadEcol, GMS Abingdon, Mike 

Thorne and Associates and Amphos21.  

The BIOMASS methodology was developed as part of an IAEA programme and describes the 

development and justification of biosphere assessment models. The programme ran from 1996 to 2001, 

with the report of the methodology being published in 2003. The methodology is widely accepted and 

provides very helpful guidance on the development of biosphere assessment models for long-term dose 

assessments. The methodology is supported by a range of inputs, including a list of features, events 

and processes (FEPs) that can be used in the development of conceptual models and/or used to audit 

models. There is clear recognition of the need for iteration through the methodological steps. There 

have, however, been a number of developments since the publication of BIOMASS, including:  

 Experience from examples of practical application; 

 Experience of site characterisation at real sites; 

 Scientific developments, such as: 

• understanding of climate change and landscape evolution; 

• ecosystem understanding and representation; 

• methods in toxicology and multiple stressors; 

• mathematical representation of processes; 
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• modelling for special radionuclides, e.g. Cl-36, Se-79; 

 Experience of regulatory scrutiny of assessments; 

 Experience of balancing complexity and transparency; 

 Consideration of a wider range of assessment endpoints, including non-human biota, 

complementary indicators and non-radiological impacts; and, 

 Updates to international recommendations and guidance from the IAEA and ICRP. 

The need to ensure the integration of biosphere assessments within the overall performance 

assessment rather than assessing aspects independently has also been recognised. Additionally, it has 

been recognised that the methodology has potential for wider application, for example, with regard to 

contaminated land and near-surface disposal facilities. There has also been significant further 

international collaboration on topics of relevance, such as climate and landscape change and on 

processes at the interface between the geosphere and biosphere, since the publication of BIOMASS. 

It was therefore considered timely to pull together all of this new knowledge and experience and to 

reflect this in updated guidance.  

A BIOPROTA work programme began on this topic in 2016 and is envisaged to continue until the end 

of 2017. The project has been supported financially by ANDRA, ENSI, NRPA, NUMO, NWMO, Posiva, 

RWM, SKB and SSM. 

The BIOPROTA programme is running in parallel with MODARIA II Working Group 6 (WG6) on the 

same theme. The project is independent of WG6, but is intended to contribute by developing material 

that can be used by the working group to support enhancement activities and the development of 

updated guidance. The MODARIA II programme will run until the end of 2019. It should be noted that it 

is not an intention to change the overall methodology, but rather to enhance the methodology and add 

guidance, where appropriate, to take account of new knowledge and experience. 

The first workshop of the BIOPROTA work programme took place in Brussels in April 2016. There were 

32 participants from 22 organisations in attendance with 16 presentations made on topics including 

climate and environmental change, the geosphere-biosphere interface, protection of the environment, 

site investigation and characterisation, and on experience of the application of the BIOMASS 

methodology and the review of assessments. The presentations were aimed at motivating discussion 

around key enhancement topics, but also served to highlight just how useful the methodology has been 

within a wide range of assessments, with the methodology being adapted to fit different assessment 

contexts and circumstances. The BIOPROTA TST delivered presentations and a report of the 

workshop.  

A second workshop was held in Vienna from 31 October to 3 November 2016 as a combined 

BIOPROTA / WG6 meeting during the first Technical Meeting of the IAEA MODARIA II programme. 

There were 28 participants at this meeting and presentations were given on practical experience and 

application to near-surface facilities, along with presentations focussing on particular topics such as 

terrain modelling, effects of climate on hydrology and the use of independent modelling in support of 

regulatory review. This meeting was again supported by the BIOPROTA TST in terms of presentations 

and reporting.  

Potential enhancement areas for the methodology were identified during the meeting in Vienna (shown 

in red text in Figure 3-5). Several actions were placed on the BIOPROTA TST for delivery at a third 

workshop to be held following the annual BIOPROTA meeting in 2017. These actions included 
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reviewing ‘Section B’ of the methodology to identify where enhancement areas would fit, and to develop 

thoughts around enhancements on the topics of: 

 Protection of the environment; 

 Confidence building; 

 Site characterisation (experience and iteration); and, 

 Review relevance to shorter timescales.  

These activities formed part of the 2016 BIOPROTA work programme. 

A proposal for the 2017 BIOPROTA work programme in support of the BIOMASS update was 

distributed in March, with activities again being integrated with those of WG6. The scope of activities 

includes support to the joint BIOPROTA / WG6 interim meeting (May) and the 2nd Technical Meeting 

(Oct/Nov) and technical work targeted towards enhancement activities, including agreeing and 

documenting real case study examples to illustrate specific parts of the methodology. For example, 

case studies could be used to illustrate good practice in undertaking assessments at different stages of 

repository programmes and to illustrate the iteration between these different stages. Examples could 

also be included to address topics for which examples were lacking in the original methodology, such 

as assessments for facilities in coastal locations. A report is to be produced by the end of 2017 that can 

be used in the WG6 forward programme. 

 

Figure 3-5. Steps in the BIOMASS methodology and identified enhancement areas (in red). 

The report from the third project workshop will be shorter than from previous workshops, focussing on 

discussion around presentations and any agreed actions, in order to allow project resources to be 

targeted to technical work on enhancement areas. A BIOPROTA programme draft report will be 

prepared prior to the MODARIA II technical meeting in October/November and finalised by the end of 

the year. Participation and contributions are actively encouraged. The final technical work programme 
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will be developed for agreement between project sponsors, once the level of financial support in 2017, 

and any additional technical contributions, are known. 

Discussion 

The level of ambition with regard to what is needed to support a safety case will change as projects 

develop, leading to an evolution of the assessment with each iteration between stages of repository 

development. There are many assessment examples available and these can be drawn upon to 

highlight aspects of the methodology. Not all of the methodology detail need be reflected in each of the 

examples.  

Since the publication of the BIOMASS methodology, there have been considerable advances in 

knowledge around the practicalities of site characterisation and how this information is applied within 

assessments. The BIOMASS methodology included ‘shopping lists’ for site characteristics; these need 

to be enhanced to take account of site-specific aspects and the need to capture information that will 

support other aspects of disposal programmes. For example, operational assessments will require a lot 

of the same or similar supporting information. The need to ensure consistency in assumptions between 

operational and early and long-term post-closure assessments must be highlighted. Consistency must 

be maintained throughout the safety case.  

The term ‘site understanding’ is often used with regard to site characterisation and assessments, but 

‘system understanding’ is considered a better term, incorporating the total system rather than inferring 

that the biosphere is a separate aspect. 

The BIOPROTA report, to be produced by the end of 2017, will be an interim update, developed in 

cooperation with the IAEA MODARIA II programme. Further development work will then be progressed 

post-2017 within WG6 on areas identified as requiring further enhancement. Further support may be 

requested in 2018 to take forward remaining enhancement areas as BIOPROTA tasks, but these 

activities would be outside the current programme and deliverable.  

3.3 RADIOACTIVE AND HAZARDOUS WASTE DISPOSAL: ASSESSMENT ISSUES 

Graham Smith and Mike Thorne presented. 

The harmonisation of radioactive and hazardous waste disposal assessments has been a subject of 

interest intermittently over several decades. As the issue has re-emerged, in part due to matters arising 

in legacy site management and decommissioning activities, two workshops have been held within the 

BIOPROTA framework, with the following reports being published: 

 BIOPROTA (2013). Scientific Basis for Long-term Radiological and Hazardous Waste Disposal 

Assessments. Report of an International Workshop, Ljubljana, Slovenia, 22 - 24 May 2013. Hosted 

by ARAO and GEN Energija d.o.o. 

 BIOPROTA (2015). Comparison of Safety and Environmental Impact Assessments for Disposal of 

Radioactive Waste and Hazardous Waste. Report of a workshop held 10 – 12 February 2015, In 

Asker, Norway, hosted by NRPA. Published by NRPA as StrålevernRapport 2015:8 

The topic was also discussed during a continuing issues workshop that was hosted by CIEMAT in 

Madrid in May 2015. 

These workshops resulted in a number of issues being identified for further study, including:  

 The feasibility of developing a single toxicity index that addresses chemical and radiation hazards; 
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 Criteria for human health and environmental protection from the non-radiological hazards: e.g. what 

is the equivalent quantity to x mSv/a or mGy/hour for Hg, and what would you need to consider in 

order to determine the value? 

 Methods for defining criteria for determining limits on package content of hazardous chemicals in 

radioactive waste packages; 

 Application of groundwater protection legislation to radioactive waste repositories, e.g. the EU 

Groundwater Daughter Directive; 

 Assessments to address waste containing NORM and other radioactive waste in the same disposal 

facility; and 

 Disposal of LLW/VLLW with other waste in facilities not specifically intended for radioactive waste. 

These topics provided the basis for the development of a BIOPROTA project on assessment issues for 

radioactive and hazardous waste disposal that began in 2016, the scope of which was as follows: 

 Overview of objectives and derived criteria for environmental and human health protection;  

 Review of assessment methods and data requirements for non-radiological assessments of waste 

disposal; 

 Review of content and application of groundwater protection legislation as applied to waste disposal 

facilities; 

 Review of design and use on toxicity indices; and, 

 Factors to consider in design of effective assessments. 

The project has been supported financially by LLWR, NRPA, NUMO, NWMO; POSIVA and SKB. The 

TST for the project was comprised of experts from Quintessa, RadEcol Consulting, Public Health 

England, Amphos 21, Mike Thorne and Associates and GMS Abingdon. Important technical inputs have 

also been provided by many other organisations.  

Overall approaches to risk assessments are similar for radioactive and hazardous substances, with 

source-pathway-receptor analysis often being applied. There are, however, major differences in terms 

of receptors and compliance criteria. For radionuclides, the human receptor has been well defined in 

terms of a hypothetical person that allows effective dose to be evaluated and, for non-human biota, 

absorbed dose to the whole organism (represented by an ellipsoid) is evaluated. In contrast, receptors 

for non-radioactive hazardous substance assessments show greater variation, with habitats, 

communities, groups and individuals being the focus of protection depending on the legislative 

framework, the protection objectives, the substance of interest and its mode of action.  

Several assessments have been undertaken to identify key non-radioactive hazardous substances 

associated with radioactive waste disposal, with metals such as cadmium, nickel, lead, chromium, 

uranium, molybdenum and beryllium being among the top-ranking substances in assessments 

undertaken by SKB, Andra and RWM. Asbestos has also been identified as a key substance in some 

assessments. Interestingly the key hazards are not always associated with the waste itself, but may 

arise as a result of waste packaging.  

Some of the criteria that have been used in prioritising substances for initial consideration include 

significant quantities present, significant potential for release and transport out of the near field and into 

the geosphere, potential for relatively rapid transport through the geosphere without degradation to less 
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toxic forms during transport, potential for transport through the biosphere without bio-exclusion, and the 

degree of understanding of the mechanisms by which they induce toxic effects, particularly at relatively 

low concentrations.  

The transport of metals can be modelled in assessments using consistent principles and models, but 

the parameterisations may vary. The definition of critical receptors may also vary. For example, for solid 

radioactive waste a representative adult is commonly used in evaluating risk and, whilst a reference 

person is also used by the WHO in the application of their drinking water standards, the characteristics 

of that reference person are different from those used for radiation risk assessments.  

In setting protection criteria for chemicals, safety factors are commonly applied to toxicity data that may 

be reported as, for example, no observable adverse effects levels (NOAEL) or lowest observed adverse 

effects levels (LOAEL). This process is illustrated in Figure 3-6. The different effects levels add 

complexity due to their representing different levels of risk that can be difficult to interpret. For example, 

the NOAEL does not provide any information on the concentration at which effects might be observed, 

whereas the LOAEL indicates the lowest concentration at which effects within a study were observed, 

but does not provide information on the concentration below this value at which no effects occur. The 

‘effect’ observed can also be highly variable, ranging from subtle biochemical changes through to 

damage at the level of an organism. Where multiple effects data are available for chemicals, the most 

stringent normally takes precedence with uncertainty factors then being applied to derive protection 

criteria. The value of the uncertainty factor applied varying depending upon factors such as the 

availability and robustness of toxicology data with factors of 100 or more being applied in some 

instances.  

Unlike the approach for chemicals, where any observed adverse effects are considered in terms of 

setting criteria, radiation risks tend to focus on clinical disease and triggers for cancer. Cautious 

assumptions tend to be applied in evaluating exposure risk assessments, rather than applying safety 

factors when deriving compliance criteria.  

 

Figure 3-6. Process for deriving drinking water guidelines and conservatisms. 

An alternative to the safety factor approach for chemicals is to calculate the margin of exposure to 

evaluate the significance of exposure to a substance (Figure 3-7). This approach uses the same effects 

inputs as the uncertainty factor approach, but the data are used to derive a point of departure that, 

together with exposure estimates, allow the margin of exposure to be derived. Whilst this approach 

excludes the use of uncertainty factors, there is still uncertainty, particularly over where a point of 

departure should be set.  
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Figure 3-7. Evaluating the margin of exposure.  

Human toxicology depends on the chemical form of a substance, its bioaccessibility (the degree of 

release from an environmental medium following ingestion) and its bioavailability (the degree of uptake 

of the bioaccessible fraction from the gastrointestinal tract. The health effects are therefore evaluated 

by considering the intakes of substances. In contrast, the health effects of radioactive substances are 

evaluated in terms of tissue and organ doses. A further difference is that all radioactive contaminants 

are treated together through their contributions to equivalent and effective doses whereas each non-

radioactive contaminant (or group of chemically similar contaminants) is treated separately. 

Furthermore, Slope Factors are not universally accepted for regulating non-radioactive carcinogens, 

whereas the Linear, No-threshold (LNT) hypothesis is generally accepted in regulating radiation 

exposures (though its scientific basis is regularly challenged). 

Cancer does not develop directly as a result of a bad effect on a cell, there are various stages of cellular 

development that determine whether or not cancer forms. Both ionising radiation and chemicals can 

induce cancer as a result of effects on the genome (i.e. genotoxic effects) that may be direct genetic 

effects (modifying gene structures) or epigenetic (modifying gene expression). Non-carcinogenic effects 

may also be genotoxic, but, at low levels of exposure, carcinogenic effects tend to be of dominant 

importance as other effects often exhibit exposure thresholds. The target cells for carcinogenesis are 

typically stem cells. 

Stems cells are undifferentiated cells that sit in micro-niches in the body where they remain quiescent 

until required to act as a long-term repair system for the body by supplying large numbers of functional 

cells. By remaining quiescent, replication-mediated mutations are minimised. There are three different 

types of stem cell: 

 Embryonic: Totipotent – giving rise to all types of tissue; nearly always symmetric division; 

 Foetal: Lineage committed to some extent; usually symmetric division, but some asymmetric 

division; and, 

 Adult: Mainly fully committed with restricted differentiation capabilities, usually asymmetric division. 

Cancer inducing damage to stem cells by radiation is believed to occur through double strand breaks 

that are misrepaired, although alternative mechanisms are recognised, such as bystander effects.  

There are, however, substantial uncertainties in our understanding of the mechanisms of cancer 

induction.  

Genotoxic chemical carcinogens have diverse chemical structures, but all are electrophilic, either 

directly or after enzymatic conversion and interact with negatively charged electron-rich groups on 
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proteins and nucleic acids forming covalent adducts. If these are not repaired, these can lead to errors 

in DNA replication and fixation of the damage. 

Therefore, whilst there are differences in the initial mechanisms leading to DNA damage, it is errors in 

the repair of DNA and fixation of damage during cellular divisions that can ultimately result in cancer 

induction by both radiation and genotoxic chemicals, which provides a common start point for comparing 

damage. It should, however, be noted that an initiated cell is not a tumour cell, because it has not yet 

acquired autonomy of growth. The DNA alteration may remain undetected throughout the lifetime of the 

organism, unless further events stimulate development of a tumour. 

In looking towards a common measure of insult, double strand breaks provide a good measure for 

ionising radiation and many toxic chemicals. Today we can achieve relatively pure cultures of stem cells 

that could allow the mechanisms of action to be further investigated and exposure-response 

relationships to be established for agents either singly or in combination. Relationships would not 

necessarily translate directly to exposure-response relationships at the level of the whole organism 

however since, for chemicals, a substrate may be needed to convert them into an active form that 

causes harm, which may not be done in tissue cultures unless additional steps are taken. Furthermore, 

interactions between genotoxic and non-genotoxic agents or initiators or promoters would not be 

addressed. 

For non-human biota, impacts resulting from chemicals and radiation are again very complicated, as 

they are for stem cells and cancer induction in humans. Ecosystems are complex and affected by a 

wide range of factors. Discerning the local effects of exposure to toxic agents in communities that are 

strongly influenced by external factors would be difficult unless the effects of exposure were 

pronounced. 

A multi-stage model of carcinogenesis has been applied to consider the implications of carcinogenic 

agents on target cells and whether effects of multiple agents are additive or multiplicative.  From this 

model application, along with the overall research undertaken as part of this project it is concluded that 

the challenges identified at earlier workshops remain real. It is also clear, however, that operators and 

regulators are working pragmatically to address the challenges. For example, in Norway there is a clear 

structured process in place on how waste containing different hazards should be treated.  

The challenges that are being considered in the project report include: 

 Issues around and possibilities for developing a single toxicity index; 

 Suggestions for a common base of protection objectives; and 

 Suggestions for design of assessments so that they address protection objectives according to a 

common methodology. 

Illustrations are being provided within the report of safety assessment methods that could contribute to 

the above. Illustrations are also provided with regard to the protection of groundwater.  

Discussion 

The project has led to more questions being raised and further tasks may be warranted. The output 

from this work could be discussed within the COMET programme, with many of the research issues 

falling naturally within the Strategic Research Agenda and may therefore merit longer-term research 

programmes being developed. Issues could also be raised within the IUR FORUM. 
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4. FUTURE PROJECTS, OTHER INTERNATIONAL DEVELOPMENTS 
AND FORUM ARRANGEMENTS FOR 2017-18 

This section provides information on international developments of relevance and provides an overview 

of topics of interest identified from discussion sessions that could be taken forward as future projects. 

The forum arrangements for 2017-18 are also set out and feedback from the 2017 Sponsoring 

Committee meeting is summarised. 

4.1 UPDATE ON INTERNATIONAL ACTIVITIES AND PROGRAMMES OF RELEVANCE 

4.1.1 Brief on some Nuclear Energy Agency activities 

Graham Smith presented. 

An international conference on geological repositories was held in December 2016. The aim was to 

examine the latest issues and challenges and to consider the social, political, scientific and economic 

aspects of geological repositories to advance the understanding of the complexity of implementing 

repository programmes. BIOPROTA was mentioned during the conference as a route for joint studies 

and pooled research. There was no particular emphasis on biosphere and dose assessment 

challenges, but communication experience examples were covered which are relevant to the biosphere 

as part of the overall safety assessment. A report of the conference has been produced (NEA report 

7345-2017). 

Communication has also been covered in a further NEA report (7336-2017) on ‘communication on the 

safety case for a deep geological repository’. This sets out stakeholder communication objectives, along 

with major messages such as:  

 “there is a basis for confidence in deep geological disposal as a safe solution based on extensive 

research and development”; and, 

 “there is a sound technical basis for the worldwide consensus that geological disposal is the most 

practical, practicable, and ethically acceptable way to remove risk from the “biosphere”. 

The use of a range of safety indicators is also promoted as a means of communicating safety messages.  

NEA report 7305-2016 then considers radioactive waste after a nuclear power plant accident. This 

focusses on waste characterisation for management after an accident with a key message being to be 

prepared for unexpected source terms. The report recognises that further guidance could be useful that 

addresses the degree to which possible future accidents and incidents should be built into radioactive 

waste management strategies, as a contingency. This includes how to address chemicals alongside 

radiological risks.  

The same issue was also mentioned in NEA report 7290-2016 on strategic considerations for 

sustainable remediation of nuclear installations where it was recognised that the assessment of 

exposure to multiple contaminants was the subject of on-going studies and an internationally agreed 

approach has not yet been developed. It was therefore recommended that the NEA organise a 

conference to address the risk assessment of such radioactive and chemical contaminant mixtures. 

The report also recognised the need for integrated protection of people and the environment, including 

groundwater, from radioactive and non-radioactive contamination.  

Two further continuing programmes of potential interest were identified: 
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 “International Mechanisms to Support Records, Knowledge and Memory Preservation Over the 

Short and Medium Term” for which the continuing programme is available from https://www.oecd-

nea.org/rwm/rkm/; and, 

 “The OECD Nuclear Energy Agency’s Forum on Stakeholder Confidence, radioactive waste 

management and public participation. A synthesis of its learnings and guiding principles” 2015, for 

which the continuing programme is available from https://www.oecd-nea.org/rwm/fsc/.  

4.1.2 COMET (Coordination and implementation of a pan-European instrument for 
radioecology) 

Mike Thorne presented. 

COMET is a combined collaborative project and co-ordination and support action under the 

EC/EURATOM 7th Framework programme following-on from STAR, which produced a strategic 

research agenda (SRA) that set out a long-term (20 year) vision of radioecological research and that 

was itself used to develop a short-term (5 year) roadmap for radioecology.  The SRA and roadmap feed 

into the European joint programming project CONCERT, in which scientific programmes for 

radioecology are overseen to help ensure that it is harmonised with other radiation protection 

programmes and research such as EURAMED (European alliance for medical radiation protection 

research) and SHINE (social sciences and humanities in ionizing radiation research).  

Three key challenges were identified: 

 Challenge 1 – predict human and wildlife exposure in a robust way by quantifying key processes 

that influence radionuclide transfers and exposure. 

 Challenge 2 – determine ecological consequences under realistic exposure conditions. 

 Challenge 3 – improve human and environmental protection by integrating radioecology.  

Within each challenge area, several research lines have been identified.  

The criteria for research prioritisation fall into four broad categories – impact (e.g. addresses major 

unresolved issues), good science (i.e. hypothesis driven and innovative), achievability (e.g. achievable 

on a 5-year timescale), and relevance and public perception. BIOPROTA could be a good forum to 

inform the issues that need to be prioritised to address assessment issues.  

Topical roadmap working groups have been established on marine radioecology, radionuclides in the 

human foodchain, NORM, and transgenerational effects and species radiosensitivity. Radioecological 

observatories have also been established that will allow a range of radioecological techniques and 

analyses to be applied over continued and extended periods. The observatories are the Chernobyl 

exclusion zone, the aquatic environment of a previous coal mining and processing site in Poland, a 

forest in the Fukushima prefecture, and a waste landfill (Kepkensberg) from the Belgian phosphate 

industry. 

ALLIANCE working groups will continue to develop and promote the issues identified under COMET 

(which ended in May 2017). There are four working groups: 

 SRA and roadmap; 

 Infrastructure and sustainability; 

 Education and training; and 

https://www.oecd-nea.org/rwm/rkm/
https://www.oecd-nea.org/rwm/rkm/
https://www.oecd-nea.org/rwm/fsc/
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 Stakeholders.  

The infrastructure and sustainability working group aims to identify facilities and equipment to facilitate 

the sharing of resources.  

The COMET programme achieved better integration within radioecology by encouraging a wide variety 

of organisations to collaborate on radioecological studies and will continue to aid integration through 

the SRA and roadmaps. There was, however, only limited progress made on integrating radioecology 

with ecological and other environmental sciences, but programmes involving research and development 

into health and safety issues relating to ionising radiations did see improved integration. Key studies on 

epigenetics on organisms under field and laboratory conditions were achieved and significant 

contributions were made to marine radioecological modelling post-Fukushima. 

4.1.3 Towards a European Joint Programming on Radioactive Waste Disposal (JOPRAD) 

Ray Kowe presented. 

The EC is moving away from the funding of small programmes toward joint programming of research 

between Member State programmes. For geological disposal, JOPRAD (Towards a European Joint 

Programming on Radioactive Waste Disposal) has been established to look at the feasibility of joint 

programming of research and development. JOPRAD began in June 2015 and will end in November 

2017. There have been three steps in the programme: 

 One of requirements of Council (“Waste”) Directive (2011/70/Euratom) is that each country has its 

own R&D programme. The first step of JOPRAD was to engage with Member States’ 

representatives to identify how their national R&D is organised. 

 The second step was to identify existing (or developing) research programmes or research agendas 

that could contribute to a common set of scientific objectives and activities. 

 The third step is to draft the joint “Programme Document” that is the technical background for Joint 

Programming. 

The programme document is the main objective of the project and aims to set out the scientific and 

technical basis for the development of large programmes that are focussed on agreed priorities of 

common interest between waste management organisations and researchers on radioactive waste 

management and disposal. The document will also define a joint SRA that will support the EC in the 

preparation of future calls for a joint programme and support the development of radioactive waste 

management and disposal capabilities in Member States with less advanced programmes.  

There have been several meetings held during the project. These have included a regional meeting in 

Bucharest in February 2016, which was aimed at informing less advanced programmes; a mid-term 

workshop to gauge interest in joint programming that was held in Prague in September 2016; and a 

workshop that was aimed at defining the programme and activities that took place in April 2017 in 

London. A final workshop is being held in Prague in November 2017 at which the outcomes of the 

project and next steps to move towards joint programming will be presented.  

Stage 1 of the project was the development of individual SRAs involving research (14 institutes in 10 

countries), waste management (14 organisations in 13 countries) and technical support organisations 

(9 organisations in 9 countries). These SRAs were amalgamated to identify common interest topics 

supported by an integrated knowledge management system. 

Three key strategic themes were identified with various sub-domains: 
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1. Building understanding – data, experiments, modelling and testing: 

a. Inventory, waste form and waste characterisation; 

b. Waste package; 

c. Consequences of storage; 

d. Near-field and engineered barrier systems; 

e. Gas generation and transport; 

f. Radionuclide and chemical species transport; and 

g. Geosphere. 

2. Building confidence – tools, assessment and demonstration: 

a. Safety case; 

b. Post-closure processes and upscaling;  

c. Numerical tools; 

d. Operational safety; and 

e. Practical implementation. 

3. Integrated knowledge management system. 

Within strategic theme 2, there is a biosphere models sub-domain (within numerical tools), as well as 

one on performance assessment tools that could form a large research project. Core groups are taking 

forward potential topics. It is envisaged a first Euratom call will be made in September 2017 for joint 

programme proposals with submission of proposals due in September 2018. If successful, the first joint 

programming will begin in 2019. Budgets are expected to be between 25 and 45 million euros split 

between 7 and 8 projects, with each receiving 50 to 70% of total project funding. Projects are expected 

to last between 36 and 48 months. A second wave of projects is then expected to start in 2021, lasting 

up to 36 months. Potential projects that are coming up are detailed on the website www.joprad.eu where 

interest in the topics can be expressed.  

Discussion 

JOPRAD is independent of what will be the joint programme, and proposals submitted for joint 

programme funding will be reviewed by the EU with an internal EC review process having been 

established. 

4.1.4 Brief highlights from the international high-level radioactive waste management 
conference (IHLRWM), Charlotte, April 2017 

Graham Smith presented. 

A biosphere session was held at the IHLRWM conference in April 2017 at which several papers were 

presented, including one on MODARIA I WG6 work. A paper was also presented on international 

cooperation within BIOPROTA. A number of observations were made at the conference, including: 

 There is renewed interest in the Yucca Mountain repository proposal; 

http://www.joprad.eu/
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 There is recognition that the nature of safety assessments may change at each stage of step-by-

step assessment programmes, in line with new developments; and 

 Concerns were expressed that too much attention has been given to assuring long-term safety and 

security at the expense of making waste safe for today for both workers and the public, hence a 

more holistic view of optimisation is required.  

4.2 PARTICIPANT INTEREST AREAS 

The annual meeting included a discussion session on forthcoming research and potential topics for 

future collaborative work. 

SSM are hoping to support a research programme that is due to begin in 2018 and will analyse C-14 in 

various biota samples from around Swedish nuclear power plants. Participants were invited to provide 

suggestions on what samples would be good to target in terms of common interests, with the thought 

that data generated could support model validation exercises. The C-14 measurements will be 

undertaken using a technique developed by the Swedish Defence Research Agency. All the power 

plants are coastally located and the programme can include terrestrial and/or marine species. 

Information is available on C-14 releases from the nuclear power plants, along with meteorological data. 

Matched soil and water analyses could also be made. The BIOPROTA C-14 project group are invited 

to consider this further and provide suggestions for the sampling programme.  

Safety assessments require complex documentation and take a long time to both produce and review. 

There may therefore be some merit in considering optimisation in reporting and whether there are 

alternative formats from printed documents that could support the review process. Safety case material 

could be reviewed to see what different approaches have been taken and what new approaches are 

available (e.g. electronic linkages between reports and data etc.). Discussing experience around this 

would also be advantageous. Consideration should also be given to the longevity of techniques and 

how much reliance can be placed on technology. Knowledge management is also an important topic 

and a challenge for many organisations as people retire.  

Interest was expressed for further work on radioactive and hazardous waste issues. Sponsors of the 

project were invited to identify any areas of further interest when reviewing the project report and to 

come forward with suggestions and ultimately steer the development of a proposal. It may also be 

appropriate to put forward research topics to the EU ALLIANCE programme that could provide the basis 

for a research call or a topical workshop.  

SKB is facing challenges around environmental limits that are being imposed due to European 

regulations, for example, in relation to the release of nitrogen during blasting activities. Others may also 

be facing similar issues and joint consideration of how to address these may therefore be of merit. 

Correlations continue to be an interest area, applying not only to parameters (e.g. Kd and CR), but also 

to overall assumptions to help ensure that consistency is maintained throughout assessment 

programmes. Correlation issues are a sub-component of handling uncertainties and can arise whenever 

choices are made. 

Other topics of interest fall within the overall scope of the on-going BIOMASS enhancement project. 

These include: 

 The importance of defining exposure groups; 

 Iteration in models and assessments, including the development of models during review phases 

and how to handle model freezes; and 
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 Transparency in documenting and justifying conservatisms throughout assessments to help in 

communicating results.  

4.3 FEEDBACK FROM THE SPONSORING COMMITTEE MEETING  

Koen Mannaerts presented feedback from the 2017 BIOPROTA Sponsoring Committee meeting. 

The Sponsoring Committee would like to see greater transparency in the BIOPROTA work 

programmes. Where there are multiple stages to work programmes (e.g. C-14), if practicable, it would 

be good to identify the overall objectives and funding commitments over the entire length of the studies 

rather than having separate shorter annual projects. It was recognised that this may not always be 

possible however, since new tasks can be identified to address new areas of uncertainty identified as 

projects progress. Optimisation in the project output is also requested from the TSTs to meet 

expectations on timing and content of the deliverables, including interim and progress reports.  

For future proposals, a set template for proposals would be beneficial and member organisations should 

identify ‘hot topics’ that could be of common interest and taken forward in projects or become the subject 

of topical biosphere sessions. Information on upcoming biosphere related conferences could also be 

disseminated, where identified. Such biosphere related conferences could be organised on single topics 

with input from all participants to support lively exchange of knowledge and experience, potentially with 

key speakers also invited.  

Overall, the key messages were that transparency and project management are the key areas for which 

improvements are required.  

Discussion 

A template for proposals is already available. Proposals, which are invited from anyone, are distributed 

to all SC members to invite support. Once information is available on the organisations interested in 

sponsoring a project, they are invited to form a project steering group. There is potential to improve 

interaction between the TST and the project steering group by having a sponsor play an active role in 

the management of the project. This could help ensure on-going engagement between sponsors and 

with the TST and provide increased motivation for keeping projects on schedule.  

Greater transparency in estimated budgets could be included in the proposals. The budgets are subject 

to change, depending on the level of support that projects receive. Work plans are developed in light of 

the available budget and in discussion with sponsors to align the scope with available funds and 

technical support available.  

4.4 FORUM ARRANGEMENTS IN 2017-18 

There has been a change in the TS of BIOPROTA in 2017 with Graham Smith stepping down from his 

role in the TS. Karen Smith continues in the TS and is now supported by Russell Walke (Quintessa). 

The contribution from Graham over the years to BIOPROTA from its very beginnings in 2002 was 

gratefully acknowledged. Whilst stepping down from the TS, Graham will continue to support work 

programmes, where appropriate, and we look forward to his continued participation.  

Lauri Parviainen (Posiva) has kindly offered to chair the forum in 2017-18 and to host the annual 

meeting in Finland. Dates and location are to be agreed. 

. 
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APPENDIX A. MEETING PARTICIPANTS 

The annual meeting was attended by the following participants. The background of participants and 

their main interest areas in terms of the BIOPROTA meeting, as given during participant introductions, 

are also summarised.  

Participant Organisation, country 
Participant background and biophere 
assessment interest areas 

Alex Proverbio LLWR, UK 

Working within a team of 10 people in LLWR, 
supported by contractors. Particular interest 
areas are in-house development of radioactive 
and non-radioactive impact modelling expertise, 
with a focus on the groundwater transport 
pathway. 

Alexander Diener BfS, Germany 
Working within the biosphere modelling group 
of BfS, the current focus of activities is on 
nuclear waste disposal site calculations. 

Andreas Poller Nagra, Switzerland 

Nagra is responsible for geological disposal of 
radioactive waste in Switzerland. Currently the 
biosphere is not the main focus of the work 
programme, although a watching brief is being 
maintained. 

Ari Ikonen EnviroCase†, Finland 

With an environmental physics background and 
experience gained from leading Posiva’s 
biosphere team, support is now provided to a 
range of organisations internationally on various 
biosphere topics. 

Candida Lean Environment Agency*, UK 

Working within the nuclear regulatory group that 
is responsible for radioactive waste site 
licensing. Involved in environmental safety 
cases and the scrutiny of work submitted by 
operators. The regulation of non-radioactive 
components of radioactive waste is a particular 
focus area at present. 

Donghee Lee KORAD, Korea 

Having recently moved to the safety 
assessment team of KORAD from having 
previously been a construction supervisor, 
biosphere modelling is a new post and key 
interest is on knowledge sharing. 

Olle Hjerne SKB, Sweden 
Working in the biosphere group at SKB for 1.5 
years with a particular focus on marine 
ecosystems. 

Rodolph Gilbin IRSN, France 

Background in ecotoxicology and has worked 
for IRSN for 15 years in the ecological risk 
assessment department with a focus on non-
human biota assessments and currently 
working on C-14 modelling. 

Graham Smith GMS Abingdon†, UK 

Background in radiation protection with a 
particular focus on radioactive waste and 
biosphere assessment. Having worked on 
various international collaborative programmes 
it is good to see continued cooperation between 
science and policy. 

Jürgen Hansmann  ENSI, Switzerland 

The focus in ENSI is currently on comparison of 
geological conditions rather than biosphere 
assessment, but this will change as the Swiss 
radioactive waste disposal programme 
continues. Current work in the safety analysis 
group is largely focussed on numerical 
modelling and on reviewing the Nagra research 
and development programme. 
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Participant Organisation, country 
Participant background and biophere 
assessment interest areas 

Karen Smith  
RadEcol Consulting & 
BIOPROTA TS 

An environmental consultant since 2001 with a 
background in environmental science and 
ecotoxicology and a member of the BIOPROTA 
TS since 2004. Key interest areas are long-term 
biota dose assessments and behaviour of 
radionuclides in the biosphere.  

Kelly Jones PHE*, UK 

With expertise in both chemical and radiological 
assessments, Kelly has provided support to the 
BIOPROTA project on hazardous chemicals 
and radionuclides assessment project. PHE is 
also interested in working again on their overall 
biopshere modelling system that was developed 
some time ago. 

Koen Mannaerts FANC, Belgium 

With a wide range of background experience 
(process design, agricultural engineering and 
working in the petrochemical industry), currently 
working in the biosphere team of FANC. 
Collaboration within BIOPROTA has been of 
great benefit, particularly the informal 
discussions on common issues. 

Laura Limer Quintessa†, UK 

A mathematician by background and a 
consultant providing biosphere and total system 
assessment support to a range of operators and 
regulators and support to BIOPROTA C-14 
projects. 

Lauri Parviainen Posiva, Finland 

Initially working for Posiva on the environmental 
and groundwater sampling programme prior to 
moving to the biosphere team, responsible 
initially for field monitoring and now to head up 
the biosphere assessment group team. Current 
work is focussed on biosphere assessment for 
the 2020 operating license submission for a 
spent fuel repository.  

Mara Watson Clemson University*, USA 

A researcher within the team of Nicole Martinez 
who focusses on effects of radiaiton on the 
biosphere, including dosimetric modelling and 
radionuclide uptake to plants and the influence 
of plants on radionuclide mobility. 

Maria Norden SSM, Sweden 

An environmental chemist working in SSM 
since 1996. Particular work areas are on the 
review of SKBs SFR extension and spent fuel 
disposal license applications. Particular interest 
in C-14 biopshere projects and the 
BIOPROTA/MODARIA II BIOMASS 
enhancement project.  

Mike Thorne Mike Thorne & Associates†, UK 
Over 30 years experience of biosphere 
assessment for radionuclide releases. 

Neale Hunt NWMO, Canada 

Working since 2010 for NWMO on dose 
assessment and contaminant modelling. From 
the use of simple models the work programme 
is developing with borehole drilling beginning to 
gain site information to support further model 
development.  

Ray Kowe RWM, UK 

RWM is the UK implementer for geological 
disposal of radioactive waste. With a long 
background in safety assessments and as the 
person responsible for the biosphere research 
area at RWM, all topics on the agenda were of 
interest.  
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Participant Organisation, country 
Participant background and biophere 
assessment interest areas 

Russell Walke 
Quintessa & BIOPROTA TS, 
UK 

An environmental consultant since 1999, 
providing support to both operators and 
regulators on radioactive waste management 
programmes, particularly in the field of 
biosphere modelling and total system 
modelling. Newly joined the BIOPROTA TS in 
2017. 

Sanae Shibutani NUMO, Japan 

Background in radiochemistry and working in 
NUMO which is a small organisation and 
technical staff therefore have knowledge in a 
variety of areas. Particular focus on 
radionuclide migration and biosphere 
assessment and groundwater chemistry. Public 
acceptance and performance assessments are 
also key areas of interest. 

Shulan Xu SSM, Sweden 

Background in hydrology and currently working 
on the review of SKB’s license submissions for 
radioactive waste disposal facilities. Particular 
interests are modelling radionuclide transport in 
groundwater in the near field, far field and 
biosphere. 

Taku Tanaka EDF, France 

A researcher at EDF with a background in 
agricultural engineering, environmental science 
and ecotoxicology. Radionuclide fate modelling 
and non-radioactive substances such as metals 
in the foodchain are current focus areas.  

Ulrik Kautsky SKB, Sweden 

A systems ecologist working for SKB for 20 
years. Currently the coordinator for the 
biospehre programme for research and involved 
in safety assessments and dose modelling. 

Notes: 

* Participating in the 2017 annual BIOPROTA meeting by invitation (not a BIOPROTA member). 
† Technical support organisation. 


