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PREFACE 
BIOPROTA is an international collaborative forum 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 radioecological 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 primary objectives of BIOPROTA are:  

 to provide a forum for exchange of information to support the resolution of key issues in biosphere 
aspects of assessments of the long-term impact of contaminant releases associated with 
radioactive waste disposal and contaminated land management; and 

 to make the best sources of information available to justify modelling assumptions required within 
long-term safety assessments.  

Particular emphasis is placed on key data for the assessment of long-lived radionuclide migration and 
accumulation in the biosphere, and the associated radiological impact, following discharge or release 
to the surface environment.  

The programme of activities is driven by needs identified from previous and on-going assessment 
projects, as discussed at BIOPROTA meetings. 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 2023 BIOPROTA annual meeting, 
hosted by Nuclear Waste Services (NWS) from 15-16 May in Kendal, UK and organized as a hybrid 
meeting to allow both in-person and remote attendance. 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 Ltd) prior to distribution to meeting 
participants on 11 September 2023.  

Version 2.0: Final meeting report prepared by Karen Smith (RadEcol Consulting Ltd), based on 
participant feedback on the version 1.0 draft report. Distributed to meeting participants and forum 
members on 7 November 2023. 

http://www.bioprota.org/
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1. INTRODUCTION 
The annual BIOPROTA meeting provides a forum for continuing exchange of information and 
discussion on topics of interest in national programmes, and an opportunity to update participants on 
progress on the various projects and activities supported through BIOPROTA. It also provides an 
opportunity to discuss topical issues, with the intention that, where there is sufficient collective interest 
among member organisations, those discussions could lead to targeted collaborative workshops, 
research and assessment via specific BIOPROTA projects.  

The 2023 annual BIOPROTA meeting was hosted by Nuclear Waste Services (NWS) from 15-16 May 
in Kendal, UK, as a hybrid meeting to allow both in-person and remote attendance. For those attending 
in-person, a site visit to the Low Level Waste Repository (LLWR) in West Cumbria took place on 17 May. 
The support of NWS in the organisation and hosting of the meeting is gratefully acknowledged. 

The meeting was opened by Kat Raines (NWS) with a brief introduction to NWS. NWS was formed in 
January 2022 through the integration of LLWR, Radioactive Waste Management (RWM) and the 
Nuclear Decommissioning Authority (NDA) Integrated Waste Management Programme (IWMP), 
creating a single business that provides a more integrated approach to radioactive waste management 
across the UK. Over 4 million m3 of waste remains to be recovered, treated and disposed as part of the 
UK’s decommissioning programme and there are over 1,000 different streams of radioactive waste. 
Over time, the UK strategy for radioactive waste management has changed considerably. In 2009, 95% 
of radioactive waste arising in the UK was disposed of. In 2021, this had reduced to just 2% of wastes. 
A siting process is currently underway for a geological disposal facility (GDF). A roadmap has been 
developed for key activities within NWS until 2030, aiming to improve efficiency in radioactive waste 
management. Activities relate to waste characterisation, standardisation of waste containers, thermal 
treatment and deep borehole investigation for the GDF. Various elements feed into the strategy for 
NWS over this timeframe, including building strategic relationships and developing a full, integrated 
picture of radioactive waste management throughout the UK. 

Following the opening of the meeting, a brief overview of the BIOPROTA forum was provided to set the 
scene for the meeting. BIOPROTA is a forum for exchange of information to support the resolution of 
key issues in biosphere assessments of the long-term impact of contaminant releases associated with 
radioactive waste disposal and contaminated land management. A key objective is to make available 
the best sources of information and the latest research to justify modelling assumptions and help build 
confidence and reduce uncertainties in long-term safety assessments. Membership of the forum is 
aimed at national authorities, agencies and other organisations, including technical support 
organisations and independent research institutions, with shared interests in biosphere studies related 
to achieving safe and acceptable radioactive waste disposal and contaminated land management. 
There are currently two grades of membership.  

 Full members pay a membership fee and have a seat of seat on the Sponsoring Committee that 
decides on the direction of the forum and its work programme and is headed by a chairperson who 
is elected each year during the annual BIOPROTA meeting. The current chairperson is Kat Raines 
(NWS).  

 Academic members do not pay a membership fee, but do not form part of the Sponsoring 
Committee.  
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Fees from memberships are used to support the role of the technical secretariat in providing technical 
and administrative support to the forum and coordination of meetings. The structure of the forum is 
illustrated in Figure 1. 

 

Figure 1. Structure of the BIOPROTA forum. 

One general meeting of the BIOPROTA forum is held annually, providing an opportunity for 
organisations to provide updates about biosphere related activities within their programmes and to 
identify challenges and uncertainties where collaborative efforts through projects and/or workshops 
could help their resolution.  

In addition to the annual meeting, topical workshops are held on particular issues of common interest 
that provide an opportunity for organisations to discuss specific subjects in depth. Many topical 
BIOPROTA workshops have been held over the years on subjects including the behaviour of key 
contaminants in the environment and specific aspects of radiological assessments and associated 
modelling. Each workshop is accompanied by a report that provides a record of the presentations and 
discussions. The workshops require a small amount of technical support to organise and to develop a 
workshop report, with those organisations having an interest in the topic contributing towards the 
necessary funding.  

BIOPROPTA projects have also been organised to undertake technical work on specific issues of 
common interest to members. The projects are also supported by pooled funds provided by those 
member organisations with interests in the topic, providing a cost-effective approach to addressing 
issues and knowledge gaps.  

Proposals for collaborative projects or workshops are welcome from members of the forum at any time 
and are distributed amongst members for consideration. Proposals should detail the planned scope of 
work, deliverables, propose a technical support team to deliver the works and provide an estimate of 
the project costs. Member organisations are then invited to consider supporting the projects financially 
and/or technically. If successful, sponsors are invited to form a project steering group to oversee the 
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project and approve project deliverables prior to wider distribution. Results of the project are presented 
and discussed during the annual BIOPROTA meetings and final project reports are, where approved 
by sponsors, made publicly available on the BIOPROTA website. 

Membership invites for 2023 have been sent out by the Technical Secretariat and the following 
organisations have confirmed membership: 

Full member organisations  
 Andra, France  KORAD, Korea 
 BfS, Germany  Nagra, Switzerland 
 DSA, Norway  NUMO, Japan 
 EDF, France  NWMO, Canada 
 ENSI, Switzerland  NWS (LLWR & RWM) 
 EPA, USA  Posiva, Finland 
 FANC, Belgium   SCK·CEN, Belgium 
 IRSN, France   SKB, Sweden 
 JANUS, Japan  SSM, Sweden 
 KAERI, Korea  

Two additional organisations (Magnox, UK, and Ceimat, Spain) have also expressed interest in 
membership. 

The 2023 academic members are as follows: 

 Oregon State University (OSU), USA 
 Clemson University, USA 

 University of Life Sciences (NMBU), Norway 
 Royal Institute of Technology (KTH), Sweden 

 University of Eastern Finland (UEF)  

Current membership therefore represents a good cross-section of operators, regulators, technical 
support organisations and academic institutions.  

1.1 MEETING PARTICIPATION 
The 2023 annual meeting was organised as a hybrid meeting to allow both in-person and remote 
attendance. The meeting was attended by 44 participants from 13 countries, representing a range of 
operators, regulators, researchers and technical support organisations. Participants are listed in 
Appendix A, along with affiliations. 

1.2 REPORT STRUCTURE 
This report provides an overview of the presentations and discussions throughout the meeting and is 
structures as follows: 

 Section 2 of this report summarises the presentations from meeting participants on progress and 
perspectives from member organisations; 

 Section 3 summarises presentations from prospective member organisations;  

 Section 4 provides an update on current BIOPROTA work programmes;  

 Section 5 summarises presentations and discussions around ideas for the forward programme; and 

 feedback from the sponsoring committee and forum arrangements for 2024 are detailed in 
Section 6. 
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2. PROGRESS AND PERSPECTIVES FROM MEMBER 
ORGANISATIONS 

Presentations from meeting participants on their biosphere programmes, issues and uncertainties are 
summarised in this section, including related discussions.  

2.1 INVESTIGATIONS INTO THE POTENTIAL FOR NEW NEAR-SURFACE DISPOSAL 
FACILITIES AT THE LLWR SITE 

Sam Stead (NWS) presented. 

The LLWR is situated on the west coast of Cumbria in northwest England. It is the principal facility for 
the disposal of solid low level waste (LLW) in the UK and has been operating since 1959 with vault 
disposal operating since the 1980s, replacing previous trench tipping. Currently, LLWR is only permitted 
to dispose of LLW, which is defined in the UK as no more than 4 GBq/t alpha and 12 GBq/t non-alpha. 
However, the UK Government has recently launched a consultation on changing policy from a 
classification-based approach (e.g. LLW) to a risk-informed approach. This could potentially enable 
other wastes to be disposed of at the site, such as some intermediate level waste (ILW) if safety can 
be demonstrated. A geological disposal facility (GDF) for ILW is not expected to be available in the UK 
until the 2050s so large volumes of ILW are having to be stored. Having the ability to dispose of some 
ILW at the LLWR could therefore be beneficial in terms of providing a disposal solution for wastes and 
cost savings through avoiding the need for the construction of additional interim storage facilities. The 
vault disposal system at the LLWR would be able to accept some ILW, but disruption by coastal erosion 
in the future restricts what could be accepted. The UK Nuclear Decommissioning Authority (NDA), as 
the parent body, has therefore asked NWS to explore the feasibility of enhanced disposal concepts at 
the LLWR site that would extend the envelope of what can be disposed to include ILW. Feasibility 
studies are therefore underway, but no decisions have yet been made on the disposal of ILW at the 
LLWR. 

The concept that is being investigated is for disposal of ILW in silos constructed to a depth of tens of 
metres such that when coastal erosion occurs at the site, the silos would remain intact below the 
seabed. The silos would be constructed within a shallow local aquifer so submerged construction 
techniques would be required, using specialist borehole drilling machines. Highly effective bentonite-
rich barriers are included within the conceptual design that would mitigate against a groundwater 
transport pathway. Preliminary safety assessment suggests that substantial volumes of ILW could 
safely be disposed of in the silos, which would have significant cost-benefits for the UK.  

Many of the early reactors in the UK were graphite-moderated and decommissioning of these reactors 
could be accelerated if ILW reactor core graphite could be sent directly for disposal. However, the core 
graphite has a substantial C-14 inventory, which gives rise to challenges with respect to a potential 
C-14 gas pathway. Graphite itself does not produce much C-14 gas. The main problem for a gas 
pathway arises when C-14 in graphite is taken up when bulk gases are generated by other wastes 
and/or by repository infrastructure. The concept of a graphite-only silo is therefore being investigated 
to avoid the C-14 gas pathway issue. The concept involves the use of concrete containers (with steel 
removed) that would house the graphite. Dry sand would be used as infill and concrete would be used 
as back fill. The absence of metals and organics mean that a gas pathway would be avoided with such 
a design, but there would be potential for a groundwater pathway. This could, however, be managed 
with engineering, effectively locking C-14 in groundwater within the concrete of the silo. The conceptual 
design looks to be very promising and would again present significant benefits for radioactive waste 
management in the UK. 
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The current LLW disposal vaults are expected to be vulnerable to disruption by coastal erosion within 
a few thousand years and LLW safety assessments do not continue past this point. The silos, however, 
will not be disrupted so this introduces a longer timescale for safety assessments that have previously 
been necessary for the LLWR site. Long-term climate scenarios covering glaciation periods are 
therefore being considered over a timescale of 200,000 years. It is anticipated that, like the last ice age, 
the next glaciation will also give rise to ice cover of the site. This would give rise to some erosion of the 
bedrock and, potentially, removal of the upper part of the silos. Glacial retreat is then likely to give rise 
to new sedimentary deposits which would provide some cover of the remaining wastes. However, post-
glacial environments can be very hydrologically active with rapid stream incision into new superficial 
deposits. Several scenarios are therefore being considered, including a groundwater pathway where 
the entire inventory is retained in silos until the ice sheet retreats, with discharges then occurring to a 
stream and lake that are then used by a community with a hunter-gatherer lifestyle. A further scenario 
considers stream incision and whether this could expose the silos with impacts being assessed for an 
angler standing on the river bank over the silo. It is possible that any silo disposal would be used for 
short-lived ILW rather than long-lived ILW and work is currently underway to screen the inventory to 
help inform, within a risk-based approach, what could be disposed of at the site.  

In terms of the graphite-only silo concept, the design is effective in preventing the C-14 gas pathway 
and in managing the groundwater pathways. As such, human intrusion becomes the limiting scenario. 
However, C-14 is locked within the stable bonds within the graphite lattice and is therefore in a form 
that is unlikely to cross the gastrointestinal tract and will be less available for plant uptake. Consideration 
is therefore being given to the most appropriate biosphere parameters to employ in biosphere 
assessments for such scenarios, including ingestion dose factors for C-14 in graphite, which could have 
significant benefits in terms of justifiably reducing dose implications associated with C-14 in graphite.  

The case for silo disposal at LLWR is being made to the NDA, demonstrating substantial benefits of 
wastes being made permanently safe sooner and avoiding the need for temporary stores to be 
constructed for ILW prior to a GDF being available. The decision of the NDA will then form the basis of 
the next LLWR environmental safety case, which is due to be submitted in 2026. 

Feedback on the any aspects of the programme presented are invited. 

Discussion 

The timescale of 200,000 years for safety evaluation of the silos has been selected to allow for larger-
scale glaciation events than would be expected on shorter timescales of tens of thousands of years. 
The smaller cold-climate events that might occur on shorter timescales are unlikely to have such an 
impact on the site.  

Where there are human intrusion risks, arguments could be made that the repository should not be 
built. However, the design and evaluation process is considering the balance between human intrusion 
risks and construction costs/timings etc. Furthermore, there is no fixed inventory for disposal. Rather, a 
risk-based approach is being taken to inform on what could be safely disposed, with risks associated 
with human intrusion being taken into account. 
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2.2 SWITZERLAND STATUS UPDATE: BIOSPHERE ASSESSMENT FOR THE GENERAL 
LICENSE APPLICATION 

Valentyn Bykov (Nagra) presented. 

The aim in Switzerland is for all radioactive wastes to be disposed of deep underground, including LLW. 
The concept and siting for a combined repository for high level waste (HLW) and low and intermediate 
level waste (LILW) is currently being developed. The geological repository will be at a depth of around 
800 m. There will be no surface or near-surface disposal facilities. There is, however, free release of 
material that is only slightly radioactive. 

The site selection plan for the deep geological repository began in 2008 considering the whole country. 
At the end of Stage 1 of the process in 2011, six potential sites had been identified in the north of the 
country. This was reduced at the end of Stage 2 in 2018 to three sites. The siting process is now 
completing and, in 2022a, Nagra proposed a single site for the repository, located in Nördlich Lägern to 
the north of Zurich. The selected site has sufficiently large Opalinus Clay deposits at a depth of between 
400 m and 1000 m that is free of fault zones. 

Since the announcement of the proposed site, work has been progressing on preparing a general 
license application and supporting documentation that is due to be submitted in 2024. After submission, 
there will be a lengthy review period with the Federal Council scheduled to give their opinion in 2029, 
followed by parliament in 2030. A national referendum on the solution for radioactive waste 
management could then take place in 2031.  

There are several key regulations to be met, including demonstrating that additional individual doses 
as a result of release of radionuclides from the repository will not exceed 0.1 mSv/y and, after 1 million 
years (the period of consideration), effects on the surface cannot be significantly higher than the 
average current radiation exposure of the Swiss population. Furthermore, the analyses are required to 
be based on a standardised biosphere model for northern Switzerland (a reference biosphere) with 
alternative biospheres relating to morphology and climate, being addressed through consideration of 
enveloping cases. 

The biosphere model is not site-specific, but rather is applicable to the three potential sites selected in 
2018 that were in close proximity to each other. The model focuses on the area of discharge of deep 
groundwater to a river valley, with hydrogeological conditions being based on present-day potential 
discharge areas. The aim of the model is to define biosphere dose conversion factors (BDCFs), under 
the assumption that radionuclides will reach equilibrium conditions in the biosphere. A range of 
alternative biospheres have also been explored, with some being excluded by argument (e.g. discharge 
into a large lake which would give rise to much greater dilution than a river discharge scenario). Three 
alternative biospheres were selected for explicit calculation. 

In preparation for the general licence application, the biosphere assessment is being updated. 
Developments include updates to the biosphere sorption coefficient (Kd) databases, general biosphere 
parameters, dose coefficients, update to the biosphere model for C-14, improved modelling of irrigation 
water interception and increased vertical discretisation. The overall aim is to refine the model to reflect 
the latest understanding while maintaining a pragmatic level of detail for the assessment context. Once 
completed, a systematic sensitivity analysis will be carried out. 

 

a Report-the-site-for-the-deep-geological-repository-Nagras-proposal.pdf 

https://nagra.ch/wp-content/uploads/2022/09/Report-the-site-for-the-deep-geological-repository-Nagras-proposal.pdf
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The alternative biospheres being explored include:  

 a warmer and drier biosphere, where there are lower rates of precipitation such that greater 
irrigation of crops is required that, in turn, leads to higher doses; 

 a periglacial biosphere, which is a transitional climate either before or after full glacial conditions 
where permafrost is present; cultivation of crops is feasible (e.g. including use of greenhouses) and 
where meat intake may be higher; and, 

 drained wetland conditions, where the water table is close to the surface, as has been the case in 
the past and so could occur again in the future. The higher water table means that irrigation would 
not occur, but flooding events would be likely, and drainage ditches may be used to lower the 
groundwater level which could give rise to a pathway for groundwater in deep soils to discharge 
directly to rivers. 

The Kd database update aims to take advantage of new knowledge since the previous version from 
1999 and to focus on conditions within the three sites of interest following Stage 2, with Kd values being 
proposed based on sediment type/texture, organic matter content and redox status. The Kd parameter 
is important for biosphere modelling, so changes have had a notable impact on BDCFs with some 
increasing and others decreasing. 

Uptake of C-14 by plants is a key exposure pathway and the biosphere model for C-14 has been 
reviewed and updated, taking account information provided in BIOPROTA C-14 reports and other 
assessments. These studies highlighted the importance of exchange of carbon between soil, plant 
canopy atmosphere and the above-canopy atmosphere. Improved representation of the plant canopy 
atmosphere in the updated model, has allowed previous pessimistic assumptions to be removed. The 
model considers both C-14 in groundwater and in the gaseous phase reaching the local aquifer, with 
C-14 in the gaseous phase then being dissolved in the shallow groundwater. 

Whilst not explicitly considered in the reference biosphere model, the implications of potential for 
repository excavation on extremely long timescales by erosive processes need to be considered under 
Swiss regulations. Radiological consequences for repository excavation by erosive processes are 
assessed at different points in time, including beyond 1 million years, in combination with an 
assessment of the probabilities of excavation occurring at these time points. The approach being taken 
to address these scenarios is to collaborate with geologists to define stylised erosion scenarios. The 
biosphere model is then being extended to represent these scenarios to calculate the potential 
radiological consequences. Model outputs will then be eventuated in combination with geological 
considerations concerning the likelihood of the scenarios occurring.  

Discussion 

To update dose coefficients, the latest Swiss regulations are being taken into account, which include 
recommended dose coefficients based on ICRP publications. These do not take account of the recent 
draft updates to ICRP dose coefficients, so there may be further changes in light of these and in 
response to ongoing discussions around additional updates. 

The repository will be located at a depth of about 800 m, so any erosion processes are unlikely to impact 
upon the repository within the main period of consideration (1 million years). However, it is a requirement 
under Swiss regulations that erosional processes are addressed and the timeframe of the assessment 
therefore has to be extended until erosion could occur. Very long-lived radionuclides would still be 
present within the repository at these times and dose calculations therefore need to be performed. Over-
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deepenings, where focused glacial erosion results in deep valleys are being considered, in addition to 
fluvial erosion.  

2.3 SEA-LEVEL RISE, CLIMATE EXTREMES AND COASTAL FLOODING: THE IMPORTANCE 
FOR NUCLEAR WASTE FACILITIES 

Caroline Roelandt (FANC) presented. 

Nuclear waste storage and disposal facilities can be impacted by climate change, which includes not 
only long-term changes in sea level, but also sea-level rise and storm events over the next decades 
that could lead to coastal flooding and affect facilities located near the coast. A move from the storage 
of radioactive waste to its disposal can help protect people and the environment as a result of isolating 
and containing the waste, but consideration needs to be given to what could happen if flooding events 
occur. One of the main principles of radioactive waste management is to avoid wastes being in contact 
with water, so there is potential for safety to be affected if flooding events occur. Work has, therefore, 
been undertaken to consider timelines associated with coastal flooding for nuclear waste facilities that 
may be affected.  

During the construction and operational phases of waste facilities, the facilities are effectively open 
systems that are at risk of disruption by external events such as flooding. In Belgium, the timeline for 
construction and operation of the cAt facility for surface disposal of LLW runs until 2080 with closure 
construction activities then progressing until around 2120. In terms of a deep geological repository for 
ILW and HLW, construction is anticipated to begin around 2040 with operations progressing from 2060 
until 2120. For both facilities, the construction and operational timeline is around 100 years.  

In terms of coastal flooding, an increase in the near-surface atmospheric water holding capacity of 
around 7% could occur per 1°C of warming. Warming will lead to increases in precipitation and 
intensification of heavy rainfall events, which will increase the severity of flooding events. These events 
are already underway with global sea-level having risen over the last century by an average of around 
3.4 mm/year. The rate of sea-level rise has been increasing with time, from around 2.1 mm/year in the 
period January 1993 to December 2002, to 4.4 mm/year between January 2013 and August 2022. The 
increase in sea level results in part from the warming of the oceans, which results in an increased 
volume, and in part from added water from land-based glacier and ice sheet melting. Overall, global 
sea level in 2021 was around 97 mm higher than in 1993.  

Models have been applied to project global mean sea level rise under different carbon emission 
scenarios ranging from low to high. For all scenarios, global mean sea level predictions are similar for 
2050 (ranging from 10 to 30 cm increases), but beyond 2050 differences become much more prominent 
with increases ranging from between 60 and 90 cm by 2100. Low likelihood but high impact projections 
have less measurements in the literature to support the projections but they are still important because 
high carbon emissions could trigger instabilities, especially with regard to land-based glacier and ice 
sheet melting. Higher global sea level rise could also occur because not all mechanisms may be 
understood, or those mechanisms that are known may be underestimated. For example, a recent 
research article about a glacier in Greenland noted that instabilities have been shown in recent years 
where the glacier was previously stable. This unexpected observation was explained by higher rates of 
grounding melt. Such observations could mean that higher rates of sea level rise could increase in 
probability. Potential for increased sea levels and coastal inundation should therefore be kept in mind 
with respect to the safety of coastal facilities for radioactive waste.  

In addition to global climate, coastal flooding triggers can also be tackled at a regional scale. Factors 
such as topography are important, but also tides (and especially spring tides) and the sinking and rising 
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of land. Heavy rainfall events, storm surges and wind-generated waves can also lead to extreme sea 
levels on a regional scale that are being further exacerbated by global climate change. Some recent 
publications have given worst-case scenarios for tide and sea level rises that suggest extreme rises of 
6 m could occur by 2100 for Europe, East Asia and the USA and that almost 45% of the global coastline 
will experience sea level rise above 4.5 m. 

The frequency of 1-in-100-year flooding events is also changing, with rates varying according to global 
carbon emission scenarios. In Belgium, a factor of 10 or more increase in the frequency of coastal 
flooding events means that rather than once in every 100 years, such events could be seen on a much 
more frequent basis (every 10-years of more) under an intermediate climate change scenario.  

Data from the NASA sea level change portal have been applied to Vlissingen, near Antwerp, in Belgium. 
The evolution of sea level rise over time has been superimposed on the timelines for radioactive waste 
disposal facilities from 2020 through to the closure phases after 2100. By 2040 the range in sea level 
rise for different scenarios is from 15 to 18 cm, but for 2100 this range increases to between 43 and 
79 cm. For each 10 cm of sea level rise the frequency of flooding increases by a factor of three. As 
such, the intensity and frequency of flooding events will increase throughout the next century. It will 
therefore be important to ensure that these changing conditions throughout the construction and 
operational phases of disposals are considered when designing and building new disposal facilities. 

A map of land projected to be below the annual flood level in 2100 has been generated (Figure 2). 
There are uncertainties associated with the models applied, so care needs to be taken with respect to 
the projections. Nonetheless, the map provides an illustration of the extent of the coastal land area that 
could be directly impacted by flooding as a result of climate change.  

 

Figure 2. Land projected to be below the annual flood level in 2100. 

The take home message from the study is that climate change increases flooding risks and these risks 
need to be considered for safety assessments for radioactive waste facilities. Consequences of flooding 
events will be greatest during the operational phases of facilities. Siting of new facilities should therefore 
take climate change considerations into account, including the implications of lower likelihood, high 
impact scenarios. 



  

BIOPROTA 
 

 

Report of the 2023 BIOPROTA Annual Meeting, Version 2.0, Final  
7 November 2023 

13 

Discussion 

The climate projections that were used to evaluate potential coastal flooding scenarios were from the 
IPCC and therefore based on several global climate models that have been developed. There are 
uncertainties associated with the different scenarios, as well as differences in model outputs.  

Models in general are not strictly linear so there is the potential for chaotic behaviour, including tipping 
points. A possible tipping point for global climate models could be the retreat of grounding lines due to 
glacier melting, as reported for the Greenland case study. If such events are also happening in 
Antarctica, then there could be significant consequences.  

2.4 DEVELOPMENT OF A MODEL FOR ASSESSING IMPACT OF RADIOPHARMACEUTICAL 
RELEASES 

Jordi Vives i Batlle (SCK·CEN) presented. 

There are novel radioactive sources in medical facilities etc., many of which are very short-lived and for 
which there are few data available on transfer pathways. However, the use of radiopharmaceuticals is 
on the increase and there is a need to explicitly demonstrate protection of people and the environment 
from radiopharmaceuticals discharged to the environment. This requires consideration of new sources 
and transfer routes, including patient excreta. A model is therefore being developed, as part of a 
European project, to look at the cycle of radiopharmaceutical releases from the point of discharge to 
potential human and biota receptors downstream, based on a Belgian hospital discharge scenario 
involving discharges to a waste-water treatment plant (WWTP) that subsequently discharges to a river. 

A database was established for collation of parameters for the radionuclides of interest to support the 
development of a dynamic river transport model (D-Dat). The database includes information on 
chemical form of the radiopharmaceuticals administered and the form in the environment. It also 
includes information on parameters such as Kd, concentration ratios (CR) and biological half-lives.  

The D-Dat transport model is complex because the river system is hydrologically complex with multiple 
inputs and outputs as well as tidal influence that affects interaction with sediments. The model is fully 
dynamic and comprises three sub-models that interact. It currently includes 17 radionuclides. Dynamic 
calculations are based on monthly flows. 

An Excel dose assessment tool has also been created for the assessment of potential doses to 
personnel at the WWTP. The tool is based on the UK Environment Agency Initial Radiological 
Assessment Tool (IRAT) approach, but with revised dosimetry. Exposure pathways are similar, but 
parameters have been updated to account for Belgian habits. The output from the model includes tables 
that provide fractions of exposure associated with working in different areas of the WWTP. 

Data on concentrations measured at the outlet of the WWTP were provided by FANC and were used 
as the primary input data for the river model. An accident scenario was also considered where hospital 
discharges were direct to the river. 

A conservative assessment scenario was considered, based on hospital discharges during 2018. For 
the biota dose assessment, the WWTP was assumed to be out of operation such that all influx to the 
plant is discharged directly to the river. Biota were assumed to be present near the point of discharge, 
so no dispersion calculations were needed. For members of the public, it was assumed that the plant 
was operational with conservative removal efficiencies. Dose assessment was also performed for 
workers at the WWTP. 
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At the outlet from the WWTP, the highest activity concentrations in sediment and water were for 
thallium-201 (Tl-201) with activity concentrations in water being two orders of magnitude higher than 
other radionuclides. Activity concentrations in water oscillate, whereas they remain more stable for 
sediments. The highest activity concentrations in biota were calculated for radioisotopes of fluorine, 
technetium, samarium and thallium in plankton and for iodine in fish. Internal exposure dominates, but 
overall dose rates were low due to low CRs and short biological half-lives. External dose rates were 
several orders of magnitude lower than internal dose rates. A maximum peak dose rate of 10 µGy/h 
was calculated. The dose rates were calculated over time and then averaged to compare against 
available benchmarks. The highest annual average dose rate was calculated as 3.7 µGy/h. It was 
therefore concluded that effects on biota were not of concern for this situation. 

The same approach was taken to evaluate the annual average potential exposure of people from 
ingestion of food and water and external exposure from swimming. Calculated doses were very low. 
Worker doses were also low. External gamma dose dominated but was within the µSv/y range. Doses 
were also calculated for the use of sewage sludge as a fertiliser and use of river water for irrigation, but 
doses were again very low due to radioactive decay of very short-lived radionuclides. The highest doses 
were calculated for workers dealing with blockages in the WWTP with Tl-201 being the main contributor 
to dose. Actual exposures would be lower, however, due to shielding that was not included in the dose 
calculations.  

Calculated doses were therefore low both for workers and members of the public. Dose rates for biota 
were also below available benchmarks. There are additional radionuclides that have not been included 
in the assessment, some of which are alpha emitters so potential doses and dose rates could be higher 
if all were taken into account. As such, the model will continue to be developed, but biokinetic research 
is needed to provide the necessary information and parameters for unusual radionuclides.  

In further developing the model, uncertainties around water flow in WWTPs will be considered, noting 
that flow will vary between plants which will, in turn, affect radionuclide transit times. Different working 
practices and types of work being undertaken will also be considered, along with shielding conditions, 
as well as factors affecting the physicochemical behaviour of radionuclides. 

Unlike nuclear power plants, there are no monitoring requirements for discharges of 
radiopharmaceuticals from hospitals in many countries and discharge limits are regularly breached. 
However, the consequences of breaches are not explicitly evaluated, and the development of the model 
will help in addressing this gap. 

Discussion 

An integrated approach at the European level is needed to look at medical releases to the environment 
and there is interest in establishing a consortium on this topic.  

2.5 POSIVA’S BIOSPHERE PROGRAM 
Lauri Parviainen (Posiva) presented. 

The Olkiluoto site is home to three operational nuclear power plants, an interim store for spent nuclear 
fuel (SNF) and a low and intermediate level waste (LILW) repository for the power plants. This will also 
be the site of the SNF repository and possibly for a repository for low level waste (LLW) generated by 
Posiva. 
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The Finnish program for constructing a SNF repository began in the 1980’s with the government position 
being that disposals should begin in 2020.  

A construction licence for the repository was issued in 2015, after which the disposal facility construction 
began from the ONKALO underground research facility that was constructed from 2004. An operational 
licence application was submitted in 2021. In the interim period prior to a decision on the operating 
licence, a trial run for final disposal is underway using the actual machines and equipment that will be 
used for SNF disposal. Canisters containing dummy fuel rods are being emplaced in disposal tunnels 
as a means of testing the system. After operations have started, licences will need to be renewed every 
15 years and the next safety case will be required around 2040. 

Machine installations are in progress at the encapsulation plant with a hot cell already having been 
installed. Operations are currently waiting for a canister lift and machine that will move canisters to be 
installed. From June 2023, additional equipment is due to be installed, the elevator is due to be 
operational and personnel are due to be in place. In addition to the encapsulation plant, underground 
construction works are almost complete, but there remain some works ongoing for installations, 
including a canteen. Five disposal tunnels have been excavated. In the first tunnel, pilot deposition 
holes have been drilled. Based on the results from the pilot holes, the positions for the actual deposition 
holes will be chosen.   

The safety case portfolio for the operating licence application (SC-OLA) has been published 
(CMS.Posiva.fi). SC-OLA considers the SNF repository and the co-located LILW repository. The 
portfolio of all of the main safety case reports is publicly available, but registration is required.  

A few questions have been received from the regulatory authority (STUK) on the biosphere assessment 
for which additional information / data needs to be provided and further questions may be received as 
the safety case review continues. Questions so far have related to the release locations and how they 
have been used in the assessment in deriving activity concentrations in the environment. There have 
also been questions relating to hydrological fluxes in assessment models and questions around 
biosphere object data. Independent modelling is being undertaken on behalf of STUK to evaluate 
Posiva’s results. A final statement on the application by STUK is expected early in 2024. 

With updated safety cases being required every 15 years, there is a long period in-between which is 
challenging. In terms of past safety cases, a preliminary safety case was completed in 2009 that was 
then followed in 2012 with the safety case for the construction licence and then in 2021 with the 
operational licence submission. The biosphere assessment is currently in a mature state compared with 
previous safety cases so it is unlikely that a similar level of effort will be needed over the 15 years until 
the next safety case, so preserving knowledge and expertise over this period will be a challenge. STUKs 
statement on the operating licence will be important in determining what biosphere assessment 
research and development (R&D) is required over this time. Based on past experience from other safety 
cases, it is likely that there will be requirements for future safety cases to be based on the latest scientific 
knowledge, which would require ongoing activities. It is also possible that safety margins could be 
increased by further improving models and reducing parameter uncertainties (e.g. CRs and Kds), which 
could help with engineered barrier system requirements.  

Assumptions made in the landscape model around release locations were quite conservative, with it 
being assumed for a simple model (as opposed to a more detailed landscape model) that releases 
occur to only one location. The simple model considers snapshots of ecosystem development where 
releases occur to a particular grid point. There is no transport from the release grid point and calculated 
doses are around 10 times higher than in the detailed landscape model where transport away from the 
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release point is included. The detailed landscape model is used to evaluate doses for the first 
10,000 years against a dose limit of 0.1 mSv/y. The simple model is then applied for the time period 
from 10,000 years up to 1 million years. No dose limit applies after 10,000 years. Calculated doses 
would be reduced by applying the detailed landscape model beyond 10,000 years, but it would be 
difficult to justify the landscape assumptions.   

In terms of work over the near future, the surface and near-surface hydrological (SHYD) modelling 
expert is retiring so the SHYD model is being incorporated to the DarcyTools code and modelling work 
in the future will be undertaken inside Posiva. The model will include hydrology for both site 
hydrogeological modelling and surface hydrology for the biosphere. During 2024, a comparison and 
verification exercise will be undertaken for the biosphere part of the model, comparing output against 
the 2021 assessment.  

A roadmap is being developed for the models that will be used in the next safety case, including which 
radionuclide transport and dose modelling codes will be used. This is likely to include Ecolego that was 
used previously in the simplified model but could be used also for more detailed modelling.  

Finally, a safety case seminar is planned for June 2023, focussing on the operating licence application. 

Discussion 

Rather than the dose limits that apply for the first 10,000 years of assessment, constraints are applied 
for the 10,000-to-1-million-year timeframe that are based around release fluxes to the biosphere. If the 
dose limit is considered for the full million years of assessment, it is exceeded, but the release flux 
constraints are not exceeded, suggesting a different level of conservatism in Posiva’s biosphere 
modelling compared to that used by STUK in calculating the release flux constraints. It is possible that 
this approach could change following STUKs review of the latest safety case, but this hasn’t been 
discussed to date. 

There is a requirement in the UK for knowledge management of a safety case and claims on how this 
will be achieved form part of the safety case. For example, the 2011 LLWR safety case required a 
history of the site to be detailed with clear explanation of how the site has evolved and how 
improvements have been made to meet safety standards. Detailing the continuity of the site over time 
has proved very helpful when engaging with local stakeholders. The safety case was accepted by the 
regulator, although a number of areas of work were identified that had to be addressed on set 
timescales. 

Differences in the level of conservatism in assessment results from Posiva’s detailed biosphere model 
and simplified model for the operational licence submission largely arose due to assumptions around 
the thickness of the overburden. Release locations are expected to occur in topographic lows where 
sediments have accumulated. For the simplified model, averaging of soil layers within a grid area leads 
to an overburden thickness of around 1 m due to the presence of abundant thin forest soil areas, 
whereas the thickness of the overburden in the area of release in the detailed biosphere model is closer 
to 8 m. 

2.6 BIOSPHERE ASSESSMENT CONSIDERING THE LONG-TERM EVOLUTION OF THE 
BIOSPHERE 

Minjeong Kim (KAERI) presented. 

The KAERI safety assessment approach is a total system performance assessment for a geological 
disposal system comprised of an engineered barrier system. Thermohydraulic mechanical behaviour 
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within this system is a major consideration with respect to potential releases of radionuclides. Following 
release, radionuclides can migrate along fractures within the natural barrier system with some sorbing 
to the rock matrix and others migrating through to the biosphere. A time period of over 100,000 years 
is considered in the safety assessment, which relates to the time required for radionuclides in the SNF 
to decay to levels consistent with natural radioactivity.  

An adaptive process-based total system assessment framework (APro) has been developed, consisting 
of five sub-modules.  

 The near-field sub-module involves simulation of the thermohydraulic mechanical behaviour and 
transport simulations within the engineered barrier system.  

 The disposal system sub-module is focussed on the geological disposal concept and aspects such 
as canister erosion and radionuclide release modelling.   

 The geochemical reaction sub-module includes a bentonite geochemical model and considers 
radionuclide sorption to the rock matrix. 

 The far-field sub-module includes application of the natural barrier system hydrogeologic model 
and consideration of site evolution model. 

 The biosphere sub-module involves simulations of surface and near-surface hydrology, as well as 
radionuclide transport within the biosphere. 

The different sub-modules aspects are then drawn together, but this is associated with high computing 
system requirements. 

Key components of the biosphere assessment are illustrated in Figure 3. The assessment timescale is 
long, so understanding of how the climate, the site, and its hydrology could evolve over time is needed.  

 

Figure 3. Key components of KAERI’s biosphere assessment for geological disposal. 

Data on climate evolution over the next 1 million years were obtained in collaboration with University of 
Bristol. Work is in progress with sea level change as a result of changes in solar radiation and 
atmospheric carbon dioxide (CO2) concentrations having been modelled for four CO2 emission 
scenarios. Downscaling from global models will provide important climate variables for the region of 
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interest. Modelling indicates that, in the short term for the natural and low CO2 scenarios (RCP2.6), sea 
level will reduce as the next glacial cycle arrives, sea level will reduce whereas the highest CO2 release 
scenario (RCP8.5) results in high sea level being maintained over time as a result of higher global 
temperatures.  

The climate data are being used to inform understanding around site evolution. No site has been 
selected, so an artificial biosphere called ADioS (Artificial Disposal System) has been generated. This 
is a simple system with a repository located at 500 m depth. Land cover consists of forest, a lake, river 
and the sea. Wetlands are not common in the Republic of Korea so have not currently been included. 
How the shoreline could change has been simulated.  

The climate and site evolution data are then used as inputs to evaluate hydrology evolution using the 
Soil and Water Assessment Tool (SWAT). A particular characteristic of SWAT is that it divides the area 
into small biosphere objects for which hydrology evolution can then be simulated. Simulations for the 
different climate scenarios show an increase in evapotranspiration under a warmer climate that then 
reduces infiltration to the sub-surface. 

To simulate groundwater flows and radionuclide transport, the total timespan of the biosphere 
assessment has been divided into time-independent snapshots based on the evolution data. 
Radionuclide transport is then simulated continuously by interpolating between snapshots. The 
approach is illustrated in Figure 4. 

 

Figure 4. Snapshot approach to simulating groundwater flow and radionuclide transport. 

The COMSOL Multiphysics code has been used to simulate hydraulic heads and groundwater flow 
velocities for each snapshot. The simulations illustrate that, as sea level decreases and shoreline 
retreats, the hydraulic gradient between land and sea increases.  

COMSOL has been used to simulate radionuclide transport. The simulations allow radionuclide fluxes 
to be evaluated on both various temporal and spatial scales. River discharge data from SWAT has been 
used to inform radionuclide transport in the river.  

Radionuclide concentrations have been evaluated for surface waters (river and lake), a shallow aquifer 
and marine waters. These data will be utilised in a dose assessment module that is currently being 
developed on a grid basis through MATLAB. 
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The APro beta version 1.0 is expected to be completed in 2023, after which there will be model 
validation and quality assurance. This is a new topic for KAERI, so sharing of experience and 
collaboration on model validation and quality assurance with others would be welcome.  

Discussion 

At present, exchange between the surface waters and the shallow aquifer is based on downward 
percolation. Capillary rise has not been included as the amount of transfer is thought to be low. 
Radionuclide transport is therefore assumed to be driven largely by irrigation to surface soils and 
downward flux then to deeper soils. This differs from findings at SKB where natural transfer pathways 
have been found to be more important than the irrigation pathway. Bioturbation was also found to be 
important. 

In the early stages of BIOPROTA, projects aimed to investigate when it is most important to consider 
irrigation and when natural fluxes are more important. The critical pathway depends on the 
characteristics of the site. There is no simple answer, but understanding of the characteristics that make 
a difference can help inform on what matters for a site. A workshop on different models and what matters 
for those models would be useful. 

2.7 WHAT IS GOING ON AT SKB? 
Ulrik Kautsky (SKB) presented. 

SKB is responsible for the management of all radioactive waste in Sweden arising from NPPs, medical 
care, industry and research, including the transport and interim storage of wastes. The management 
strategy for wastes involves three repositories.  

 SFR – the final repository for short-lived radioactive waste. SFR is operational and an application 
to extend the facility was recently submitted and is under review by the regulator (SSM). 

 SFK – a final repository for SNF. A licence for the repository and an encapsulation plant at the 
current interim storage facility was applied for in 2011 and licencing discussions are ongoing.  

 SFL – final repository for long-lived LILW for which no site has yet been selected but for which an 
intermediate safety evaluation has recently been submitted for review to illustrate how safety could 
be demonstrated in the future. 

The SNF repository is based around the KBS-3 disposal concept whereby copper canisters containing 
SNF will be emplaced in crystalline bedrock at a depth of around 500 m with bentonite clay backfill. The 
disposal concept aims to isolate the SNF from people for a few million years. Construction of the 
repository is expected to take around 10 years with operations then continuing for 40-50 years. Planned 
production capacity at the encapsulation plant is around 150 copper canisters per year. 

Decisions on licence applications are needed from both SSM and the government before construction 
activities can begin. For SFR, a licence application has recently been submitted and the next safety 
assessment is planned between 2026 and 2029, depending on regulatory feedback on the current 
submission. For SFK, the next assessment is planned for 2030-2036 and for SFL the timeframe is 2036-
2040. 

The biosphere assessment approach has been to subdivide the landscape into biosphere objects that 
then evolve over time with climate and landscape evolution. As such, sea bed areas become land and 
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lakes can transform into wetlands and mires. The drainage of wetlands and mires for agricultural use 
gives rise to the highest potential doses. 

SKB’s biosphere assessment model (BioTEx) simulates transport through sediment layers in both 
terrestrial and aquatic systems and ultimately the potential exposure of people and biota. An internal 
programme (BioSafe) is currently running and is due to complete in 2024. The programme aims to 
prepare for the next assessment and address issues identified from previous assessments. Knowledge 
management by teaching the next generation is also a key consideration with improved ways of 
handling data and passing information to next generations being explored. 

For surface hydrology, alternative approaches are being explored and work is underway to simplify and 
validate models, and to explore uncertainties. This programme is largely being undertaken internally 
within SKB but is supported by some external consultants. Parameters such as CR and Kd are being 
compiled and reanalysed, going back to the underpinning chemistry to look at what gives rise to 
variations and to consider alternative analogues for difficult elements.  

Shoreline displacement is the main force driving landscape evolution. As the drainage of mires for use 
in agriculture gives rise to the highest doses, there is an important focus on looking more at information 
on mires and using new data that haven’t been explored to date. Whether there are alternative methods 
for deriving biosphere objects is also being explored and the BioTEx model is being further evaluated. 
Not all parameters are used in the model so there is the potential that it could be simplified.  

A similar programme is running for the hydro-geosphere group at SKB with close collaboration between 
the groups. 

A simple surface hydrology model (HYPE), developed by the Swedish Meteorological and Hydrological 
Institute is being evaluated for use. The model simulates surface flows, groundwater fluxes and lake 
water levels etc. and is considered reliable. Model results are comparable with observations and the 
model may therefore be used for future safety evaluations.  

A Wetland Identification Model (WIM) is being used to help identify biosphere objects and object 
delineation is being compared against output from other approaches. There is quite good agreement 
between models in many instances, although some discrepancies have been noted.  

Field studies are also continuing at Byle Gård, a natural analogue site for Forsmark. Several 
experiments on uptake of elements by plants have been undertaken at the site with some differences 
in uptake being observed between plant groups that cluster together in terms of element uptake. Some 
issues arose with past field studies with birds consuming cereal seeds, so further experiments have 
recently been undertaken.  

Several reports have recently been published: 

 Technical Report TR-22-11 provides a good summary of recent research and development work 
and sets out the plan for R&D work for the period 2022-2028.  

 Report R-20-08 describes modelling of radionuclide transport and retention in the regolith above a 
hypothetical SFK repository, which was modelled using COMSOL. The report details how sorption 
changes spatially across biosphere objects. Sand is important in terms of redistribution, but has 
little effect on overall storage within an object. 
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 Technical report TR-22-03 describes the biogeochemistry of nickel and molybdenum in the 
biosphere of Forsmark and Simpevarp. Both nickel and molybdenum are redox sensitive and have 
been found to be important in terms of calculated doses from a repository. 

Reports detailing the SFR assessment are also available (TR-23-01, TR-23-06 and TR-23-05). All 
reports are available from www.skb.se/publications.   

Based on work plans, people at SKB will be busy until at least 2040, preparing for and completing the 
next assessments for the three radioactive waste repositories. During this time, it will be important to 
look at the shift in generations and transfer of knowledge.  

Discussion 

COMSOL has been used to help validate simple box models, helping to develop understanding of the 
spatial behaviour of elements and identify what matters. For example, sand was not found to be 
important in the simple model but is shown to be important for radionuclide transport in the more detailed 
COMSOL model. In using COMSOL, the most important aspect is to understand the system and to 
develop the model based on site understanding. 

2.8 POST-CLOSURE SAFETY FOR SFR – MAIN REPORT 
Peter Saetre (SKB) presented.  

SFR is the repository for short-lived radioactive waste in Sweden. The facility is currently operational 
and there are plans to extend it to allow for the disposal of decommissioning wastes. A safety 
assessment has been undertaken for the extended facility. Key conclusions from the safety case are 
as follows. 

 Releases from the repository will not lead to any harmful effects – the risk of cancer is below 1 in a 
million per year for a representative individual in the most exposed group over a 100,000-year 
assessment timeframe. The assessment also demonstrated that biodiversity and sustainable use 
of bioresources are protected.  

 The robustness of the facility was also demonstrated. No radionuclides that contribute the most to 
the radiotoxicity at closure will be released from the repository in any significant amount and the 
post-closure safety is not reliant on any single barrier or function such that if a barrier is removed, 
there is little impact on the results of the risk assessment.  

 Confidence in the results of the safety conclusions has been built by using a systematic and 
structured methodology and by demonstrating understanding of the initial state and the evolution 
of the repository system, through the use of credible or pessimistic assumptions in transport and 
dose calculations and through comprehensive management of uncertainties. 

The safety assessment methodology included several scenarios and calculation cases. There was one 
main scenario for the probable evolution of the facility which included three different climate calculation 
cases – a present-day climate (the base case), a warmer climate and a colder climate. Several 
supporting calculation cases were also included to explore key uncertainties such as the timing of 
shoreline regression, the impact of delayed release from the repository and alternative landscape 
configurations etc.  

Comparison of the present-day climate variant with the warmer variant shows that submerged 
conditions last longer in the warmer variant. Less submerged conditions occur in a colder climate. 

http://www.skb.se/publications
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Groundwater flow in the repository is important in driving releases from the repository and this is slower 
when the repository is located under the sea.  

Evolution of the repository itself has been considered by looking at hydraulic conductivity as barriers 
degrade over time. In the beginning, pH is high but lowers as concrete degrades. The change in pH 
has implications for sorption, with greater sorption being associated with high pH.  

The majority of the radiotoxicity is retained and/or decays within the repository before it can be released. 
C-14 is the main radionuclide released from the repository. Other mobile radionuclides released from 
the repository are U-238, Ca-41, Cs-135 and Mo-93. The inventory of released radionuclides is less 
than 1/10,000 of the total initial radiotoxicity. Mo-93 contributes most to dose, but 95% of the Mo-93 
inventory decays within the repository.  

A compartment model has been developed for the biosphere to evaluate transport of radionuclides 
through the biosphere and to perform dose calculations. Accumulation of radioactivity in wetlands that 
are subsequently drained for agricultural use gives rise to the highest potential doses. For the base 
case, the highest potential doses remain below the regulatory limit of 14 µSv/y with only a limited 
number of radionuclides contributing to dose. Initially, C-14 is the main contributor. Only around 10% 
of the C-14 inventory is released from the repository and most of this is released to atmosphere. 
Following C-14, Mo-93 dominates and is, overall, the main contributor to dose over time. At the time of 
the maximum dose, only 5% of the Mo-93 inventory has escaped from the repository. Over longer 
timescales, the contribution from Mo-93 reduces and Ca-41 dominates calculated doses. Around 2/3 of 
the inventory of Ca-41 escapes. The Ca-41 inventory is associated with the planned extension of the 
repository so relates to decommissioning wastes.  

Effects of data uncertainties were analysed by looking at the mean of 1000 simulations and comparing 
with best estimate deterministic simulations.  Uncertainties around the mean were very tight, illustrating 
that calculations had converged, and the probabilistic calculations were always above the deterministic 
best estimate calculations so there is no risk dilution.  

Under the warm climate calculation case, releases from the facility are delayed because sea level rise 
means that the repository remains under the sea for 3,000 years as compared to 1,000 years in the 
base case. The delayed release initially results in a lower peak dose due to Po-210 and C-14 decaying 
in the repository. However, over the longer term, doses increase above those in the base case due to 
a drier climate that results in higher evapotranspiration and lower groundwater dilution. 

For the cold climate calculation case, doses during periglacial periods are reduced by around two orders 
of magnitude compared to the base case with the peak dose occurring during the initial temperate 
period. It is assumed that, during periglacial periods, mires cannot be drained and well water cannot be 
extracted, resulting in greatly reduced doses.  

Dose rates for biota in terrestrial and freshwater ecosystems in the base case were three orders of 
magnitude lower than the ERICA screening value. Similarly low dose rates were also calculated for the 
warm and cold climate cases. Results therefore illustrate that biodiversity and sustainable use of 
biological resources would be protected. 

Less probable scenarios were also analysed as a means of helping to quantify uncertainties in safety 
functions. All the less probable scenarios gave rise to elevated doses at some point over the 
assessment timeframe with increased doses being accounted for by either increased advection or 
decreased sorption. An earthquake occurring shortly after closure of the facility led to the maximum 
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calculated dose. When doses were weighted with respect to probability, this reduced risks considerably. 
For earthquakes, cumulative probability increases over time. 

Total annual risk was evaluated through summation of the main and less probable scenarios. The 
highest total annual risk was associated with a warmer climate. The contributions from less probable 
scenarios to total risk varied between present-day climate and warm climate cases. For both climate 
cases, risks associated with earthquakes increased over time. 

Results of the safety assessment show that the risk of harmful effects from SFR are low (below 10-6 per 
year) and biodiversity and sustainable use of biological resources are protected. The barriers of SFR 
result in the decay of most radioactivity, but failure of barriers has little impact on release.  

Discussion 

The radiotoxicity of different radionuclides in the inventory was evaluated, but chemical toxicity was not 
considered.  

The safety assessment provides a good example of how results can be presented in different ways.  

2.9 NWMO PROGRAMME UPDATE 
Antoine Boyer (NWMO) presented. 

The siting process for a repository for SNF in Canada is reaching the final stages. The process is based 
on informed hosts, with 22 communities proactively expressing interest in the early stages, which has 
been reduced to two through a gradual site selection process. The two remaining siting areas are 
Wabigoon Lake Ojibway Nation (WLON) Ignace area and Saugeen Ojibway Nation (SON) South Bruce 
area. Both are in the province of Ontario. Selection of a preferred site is planned for 2024.  

For both sites there has been over a decade of engagement with local communities. Key priorities for 
the communities are the protection of water and local areas. The confidence in safety reports published 
in 2022, show that each site can meet the requirements to protect people and the environment. 
Specifically, they integrate years of research and fieldwork demonstrating the geological suitability of 
each site.  

The WLON – Ignace area is located in northwest Ontario and is characterised by a crystalline geosphere 
and boreal forest biosphere. Geological mapping of the site has been completed and 6 boreholes have 
been finished, allowing borehole sampling to be undertaken, along with some vertical seismic testing. 
Environmental sampling studies have also been undertaken to establish an environmental baseline. 
Hydrological studies are expected to be completed soon. 

The SON – South Bruce area is located in southern Ontario and has a sedimentary rock geosphere. 
The biosphere consists primarily of agricultural lands and swamps. A lot of data were already available 
for this site from a previous separate L/ILW repository project in that region. Whilst borehole data were 
available for the region, two further boreholes were drilled to confirm rock strata etc. at the location of 
interest. Environmental baseline studies are also progressing.  

An important milestone was reached in 2022 at NWMO with a full emplacement trial having been 
successfully completed. The trial involved placement of waste containers encased in their bentonite 
boxes into a mock-up emplacement room. The trial was the culmination of 8-years work that included 
in-house development of machines involved in emplacing the bentonite boxes and bentonite gap-fill 



  

BIOPROTA 
 

 

Report of the 2023 BIOPROTA Annual Meeting, Version 2.0, Final  
7 November 2023 

24 

material. Analysis of the results of the trial is still ongoing and results will be used to inform safety 
assessments. 

Following preferred site selection in 2024, the licensing process will proceed with an Impact Assessment 
and application for a licence to prepare site. A centre for expertise at the selected site will be constructed 
and the design will reflect the local system and consider local communities. It is hoped that permission 
to prepare the site will be granted in the 2030’s with operations commencing in the 2040’s. Currently, 
NWMO is working to build up staff and organise departments for the next stages in the programme. 

For biosphere assessment, systems modelled in the safety assessment are being iteratively developed 
with a biosphere model incorporated within the overall model. More focus is also being given to the 
interface between the geosphere and biosphere by adding more catchment areas, farmland, and 
wetlands that will allow sensitivities to be further investigated. Human receptors have also been 
expanded so that in addition to the most exposed group there are other groups considered that are 
representative of the local communities. Groups include hunter-gatherer, Indigenous lifestyles and both 
rural and town residents. For non-human biota, engagement with the local community has resulted in 
species specific to the area of interest being identified for assessment. Discussions have also led to 
recommendations on site-specific plant and animal terminology to use. Work is also continuing on the 
integration of surface water and groundwater models. This more mechanistic surface water – 
groundwater model will be used to inform the more simplified biosphere model.  

Discussion 

A preliminary site-specific biosphere model has been developed for each site. For each site, the 
landscape is divided into objects based on hydrological characteristics. Uncertainties around the 
repository layout have led to an increase in the spatial extent considered, to ensure that any potential 
change in release points to the biosphere will be captured.  

The NWMO has sought to expand the technical safety assessment concepts to include social safety 
within the safety assessment. Examples of this are in the selection of human receptors which has gone 
beyond the most exposed group to take account of habits and pathways of interest to the local 
communities such that there has been collaboration in the development of the receptors. Scenario 
development was also informed by the local community engaging in discussions with technical 
specialists on issues relating to the safety assessment. Another example is the use of complementary 
indicators such as radionuclide concentrations and fluxes to illustrate the comprehensive protection of 
people and the environment.  

2.10 NWS (GDF) BIOSPHERE RESEARCH: PROGRESS AND DIRECTION 
Alex Hughes (NWS) presented.   

NWS currently has a number of Community Partnerships involved in the siting process for a Geological 
Disposal Facility (GDF) for higher-activity radioactive wastes in the UK. Those in West Cumbria are 
targeting a heterogeneous mudstone-evaporite geology. Another is East Lindsay on the Lincolnshire 
coast where the focus is on a claystone geology. All current communities are coastal, and the 
conceptual design involves an inshore (under the sea, close to land) GDF which would be accessed 
from onshore facilities. Challenges faced will therefore include coastal erosion and sea level change. 
Stakeholder engagement is a key part of the GDF strategy. Transparency is a key part of the overall 
programme.  
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The potential impacts of Cold Climate, Glaciation, and Permafrost processes (CCGP) on a GDF are 
being investigated as they have the potential to detrimentally affect GDF safety functions. An 
international list of Features, Events and Processes (FEPs) has been applied to derive the most relevant 
with respect to a GDF. Further investigation of these will be used to inform the location, depth and 
design of the GDF.  

Natural Analogues (NAs) can provide an important source of supplementary evidence that can be used 
to support a safety case. NWS has developed a Natural Analogue strategy. This is currently generic as 
no specific site has been selected, but NAs will become more site-specific as the programme moves 
forward.  

 The Greenland Analogue Project (GAP) has been used to investigate conditions and processes 
impacting the recharge of glacial melt water into the geosphere at GDF depth in a fractured rock 
system. Results of the study indicate that there won’t be direct influence on the repository from 
permafrost, but that permafrost can penetrate close enough to repository depth that it will need to 
be considered to some extent in safety cases. The project also provides information on groundwater 
recharge from ice sheets and recharge and discharge patterns from taliks etc. The GAP project 
was a collaborative project with the output having already been used to underpin other safety cases.  

 The Greenland Analogue Project (GAP) has been used to investigate conditions and processes 
impacting the recharge of glacial melt water into the geosphere at GDF depth in a fractured rock 
system. Results of the study indicate that there won’t be direct influence on the repository from 
permafrost, but that permafrost can penetrate close enough to repository depth that it will need to 
be considered to some extent in safety cases. The project also provides information on groundwater 
recharge from ice sheets and recharge and discharge patterns from taliks etc. The GAP project 
was a collaborative project with the output having already been used to underpin other safety cases.  

NWS is currently developing a research roadmap for the biosphere programme, which will deliver 
required evidence for safety case claims and arguments. This roadmap will also identify ways the 
biosphere programme can begin to progress from generic to site specific. Work to be considered 
includes: 

 Strategy development for sub-surface, near-surface and surface monitoring in terrestrial and marine 
systems. A strategy for environmental baseline and long-term monitoring for terrestrial and marine 
environments is to be developed that will ensure resilient and robust long-term monitoring. 
Innovative techniques and learning from other industries will be incorporated as the strategy 
develops. Development Consent Orders (DCOs) will be needed prior to any intrusive investigations 
and represent a step that is distinct from applications for construction and operation of a GDF.  

 Developing an approach to climate change. Understanding the implications of climate change, such 
as sea level rise and geomorphic changes, will support siting decisions, particularly for a GDF at a 
coastal site. The climate change programme aims therefore to develop an approach to addressing 
climate change that will include a range of informed scenarios. 

 Developing marine ecosystem assessment modelling capability. Modelling approaches for marine 
ecosystems that consider all trophic levels and biogeochemical interactions are to be developed 
that will enable holistic evaluation of impacts from both radiological and non-radiological pollutants. 

 Additionally, NWS funds PhD projects. One PhD, based at University of Stirling, is due to begin in 
the next year and will look at developing a framework for estimating chemical toxicity to wildlife in 
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the context of a GDF. Another ongoing project is focussed on modelling the long-term evolution of 
the UK coast in response to a variety of climate variations.  

NWS is also looking to develop relationships with other WMOs’ biosphere research programmes to help 
further collaboration and growth of the knowledge base. 

Discussion 

Consideration of inshore regions has been driven by a combination of the boundaries of the Community 
Partnerships that have joined the siting process and a regional geological screening.  A coastal site 
gives rise to some additional considerations for the safety assessment that are distinct from those that 
apply if the site were located comfortably inland; these include larger financial and logistical 
uncertainties and a more challenging site investigation process. Whilst inshore sites are the current 
focus, there is still the possibility that further communities come forward and become part of the site 
selection process. This could lead to inland sites being considered, as well as the potential for different 
host rock geologies.  

2.11 UPDATE ON CIGÉO SCHEDULE 
Russell Walke (TS) presented on behalf of Yves Thiry (Andra). 

The Cigéo repository for HLW and long-lived ILW will be located to the northeast of Paris. The facility 
is designed to be reversible for at least 100 years post-emplacement. The facility will be located at a 
depth of around 500 m with access shafts and ramps constructed. The facility is designed for 120 years 
of operation and to receive 85,000 m3 of waste. 

The siting programme for the repository began in the 1990’s and followed an opt-in approach. Whilst 
the Meuse/Haute-Marne district in which the facility will be located is a non-nuclearised area, the local 
municipality was interested in hosting the repository.  

The reversible disposal process over a century is based around concepts of progressivity, flexibility, 
adaptability and retrievability, allowing wastes to be retrieved if necessary. There will be a pilot phase 
to test and assess the disposal process prior to waste emplacement commencing. The closure strategy 
for the facility will be defined at a later stage. 

A licence application for construction of the facility was submitted in 2023, which will be followed by a 
period of review. Ideally, the construction licence will be granted in 2027, with an operating licence then 
being granted in the mid-2030’s. 

The licencing process involves many phases. The process was launched in August 2020 and a 
declaration of public convenience and necessity was signed and published by the Prime Minister in 
June 2022. This allowed land to be acquired for the overall programme. Authorisation for construction 
of facilities in non-nuclear zones is then agreed at the local administration level and allows modification 
of existing infrastructures and natural components of the site. The authorisation for construction of 
facilities in nuclear zones requires nuclear safety authority (ASN) approval and the licence submission 
was made in January 2023. Technical review of the submission is expected to take several years and 
will involve IRSN. ASN will then issue an opinion prior to regulatory consultations and a public enquiry. 
It is anticipated that the consultation and public enquiry will take place in 2026 with ASN then issuing a 
final opinion in 2027 that will result in a Draft Decree. The overall review and approval process could 
take three to five years to complete with lots of engagement with regulators and the public during this 
time.  
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2.12 INTRODUCTION TO THE NWS RESEARCH SUPPORT OFFICE 
Kat Raines (NWS) presented. 

The NWS Research Support Office (RSO) was launched in 2020 to foster, nurture and grow the 
interdisciplinary and collaborative R&D effort in the UK to underpin the GDF. It is also planned that 
LLWR PhDs will be included within the RSO.  

The RSO core management team coordinates and prioritises research that is driven by GDF 
programme needs and academic discipline leads work with NWS subject experts to define the scope 
of research.  The overall aim is to underpin understanding around GDFs safety cases and to develop 
an engaged and informed academic network. The potential benefits of reaching out to international 
partners have been recognised.  

Depending on the scope, there can be either academic or commercial supply chain routes for 
addressing research needs. If the scope is highly defined, then the commercial supply chain route is 
usually used whereas academic routes are used where the scope is vaguer. PhD scopes can be 
developed for annual RSO bursary calls or to leverage funds from the UK Research Council if the scope 
is wider than just the GDF. Research output is then captured in the research tool ViSI.  

From academic research drivers, decisions are made by the RSO core team as to whether the supply 
chain or academia is the best route. For academic routes, a programme executive and strategy board 
comprised of members of the NWS RSO, Research Council, Nuclear Decommissioning Authority and 
stakeholders then meet to discuss, build business cases and develop opportunities. Workshops are an 
important aspect where the RSO engages with academia, and the RSO is looking to include more 
international participation. Once a business case has been developed, the research scope may be 
refined and external funding is sought prior to announcing the opportunity.  

The approach has been successful to date, with the number of PhD and post-doctoral research 
programmes increasing considerably compared with the situation prior to the RSO. The RSO provides 
a more structured way of commissioning research and is likely to expand in the future to include LLWR 
R&D where the potential for expansion of near-surface disposal (see Section 2.1) could see the overall 
R&D scope expand substantially. 

The current research portfolio aims to be multi-disciplinary, including: 

 advanced manufacturing; 

 applied mathematics; 

 applied social science; 

 environmental; 

 geoscience; 

 geotechnical/engineered barriers; 

 materials; 

 radiochemistry; and 

 sub-surface engineering. 
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Social science is particularly important since the GDF programme is based around the concept of 
community consent.  

The recent third annual cycle bursary call resulted in 30 applications from 22 institutions. NWS has 
worked with a group of universities in the past and is looking to expend the group in future; the bursary 
call saw many new institutions apply. Within the bursary call, PhD scopes within each discipline are 
defined, but there is also an open call to allow ideas to be submitted that are then evaluated alongside 
others. Around 80% of the required budget is provided by NWS, with 20% co-funding from universities. 
Successful projects cover a wide range of topics, ranging from welding and inspection technologies for 
the closure of disposal containers to developing a framework for estimating chemical toxicity to wildlife. 
There is also a project running to develop a disposal concept for Ukraine.  

The growth of the RSO community over 15 months has been significant. In 2021, there were 99 
attendees at the first annual conference. By 2023, this had increased to over 135 and numbers continue 
to increase. In addition to direct PhD funding, NWS also offers an affiliate programme for non-NWS 
funded projects to be affiliated by application and, to date, there have been 10 new affiliates. There 
have also been efforts to diversity across universities through community reach programmes, including 
workshops, webinars and facility visits. 

One topic that has been successful is GEODRAW – derisking geological disposal of radioactive waste 
in the UK. This is a multidisciplinary topic involving mathematical modelling, radionuclide behaviour, 
geology and hydrogeology. The topic was co-funded by the UK Research Council, receiving a total 
budget of £5 million for a 4-year research programme. The project is currently going through an 
evaluation process and funded projects are due to commence in Autumn 2023. 

A highlight topic area recently submitted to the Natural Environment Research Council (NERC) is 
‘characterising risks from radioactive contaminants in an evolving marine environment’ (RADCON). 
Highlight topics work by having industry collaboration and interest from a broad range of sectors to 
identify challenge areas. An academic workshop was held with EdF, NWS and the Environment Agency 
as the basis for developing the project scope that was then submitted to NERC. If successful, the topic 
could receive funding up to £6 million. Four key questions have been highlighted for the topic: 

1. What are the key (historic and potential) biotic and abiotic radioactive sinks in the marine 
environment?  

2. How recalcitrant are these sinks to perturbations from climate change and ecosystem evolution? 
Can this knowledge be applied to quantitative sediment dynamics research? 

3. What are the biogeochemical drivers that influence contaminant mobility? How effectively can 
these processes be represented in hydrogeochemical models?  

4. What are the radiological impacts for subsurface and benthic biodiversity? What is the extent of 
bioaccumulation of radioactive contaminants? 

Updates on progress on this topic will be provided at future BIOPROTA meetings. 

Additional topic areas being considered are as follows.  

 Building partnerships, i.e. the GDF – host community interface. This aims to consider how to build 
and sustain trust with communities.  



  

BIOPROTA 
 

 

Report of the 2023 BIOPROTA Annual Meeting, Version 2.0, Final  
7 November 2023 

29 

 Construction engineering and host rock interface. This aims to build understanding of how 
construction practices could impact upon operational and post-closure safety and how the choice 
of construction materials could affect groundwater and radionuclide behaviour. 

One of the topics going forward this year is how climate change could affect protected species and how 
to address this in assessments.  

In the UK, there is net-gain legislation which requires overall biodiversity net gain to be achieved and 
there is consultation of what this could mean in terms of a coastal facility: the GDF programme will need 
to be balanced against biodiversity legislation. For example, structures aimed at protecting boreholes 
could turn into artificial reefs that could increase biodiversity.  

There is interest in reaching out to international partners. Those interested in finding out more and 
keeping abreast of developments can join the RSO mailing list (see www.research-support-office-
gdf.ac.uk).  

Discussion 

The European Radioecology Alliance includes a marine group that could prove to be a useful resource 
for marine projects. The group would be a pool of expertise that projects could be presented to for 
additional input and feedback. 

The GDF programme is currently in between a generic and site-specific stage, which makes it difficult 
to identify research challenges and provide evidence of those challenges in support of PhD funding. 
The most recent bursary call therefore called for research addressing gaps across the programme. For 
example, in the environmental science area, discussions were held with the permitting team to get ideas 
that could then be taken forward. There were also discussions with academics and then with the 
strategy board to identify whether ideas were progressing along the right lines and to tweak ideas where 
necessary and/or decide whether to take ideas forward or not. As the programme moves forward, there 
will be a more formal approach to identifying research gaps and the ViSi system will help in this. There 
is also the potential for researchers to use ViSi to identify gaps themselves. 

2.13 A POPULATION MODEL TO ASSESS THE EFFECTS OF IONISING RADIATION AND 
CHEMICAL POLLUTANTS ON WILDLIFE 

Jordi Vives i Batlle (SCK·CEN) presented. 

The population model is a conceptual modelling exercise and is work in progress. It began as part of 
the IAEA MODARIA II programme and has then continued within the EU RadoNorm project. The 
rationale for including it within the latter is that naturally occurring radioactive material (NORM) 
contaminated sites combine low levels of radionuclides with chemical pollutants and, often, chemical 
pollutants represent the greater hazard. However, often there are different regulators for radioactive 
and chemical pollutants and there may not be good coordination between them, yet a consistent and 
holistic approach is required. The population model therefore aims to explore issues holistically by 
comparing radiation and chemical impacts for biota in order to answer some key questions, including 
the following.  

 How can toxicity and radiotoxicity at the population level be compared at NORM sites? 

 How consistent with ecotoxicology are radiological risk assessments? 

 Can ecological modelling tools developed for radiological assessment be adapted? 

http://www.research-support-office-gdf.ac.uk/
http://www.research-support-office-gdf.ac.uk/
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 How are toxicological processes combined with ecological factors? 

 How can we model the interaction of a concentration and a radiation dose without complex 
molecular mechanistic modelling? 

The modelling of radiation and chemical mixtures impacts on wildlife approach is based on a relatively 
simple population model that was developed initially within the IAEA MODARIA II programme as a 
potential tool to support regulatory screening. The original model was based on the assumption that a 
population contains healthy individuals that can become sick as a result of radiation exposure. Above 
a certain dose rate, individuals will die, but below this dose rate there is a repair pool that can return 
individuals to health. A fecundity pool controls reproduction in both healthy and sick individuals.  

For mixtures impacts modelling, chemicals and radiation remove energy from the recovery and 
fecundity pools with adaptation depending on the cumulative dose/concentration. The model is easy to 
populate with ecological processes such as migration and inhomogeneous aspects of contamination 
etc.  

The population model was validated against the FREDERICA observed radiation-effects database, 
using data for small rodents and fish. A linear response between the dose at which effects occurred in 
the model and published effects data was observed, illustrating that the model was fit-for-purpose for 
screening. 

The model accounts for growth of the population where the growth is proportional to the population but 
takes into account the carrying capacity of the ecosystem. Death of individuals leads to a loss of 
biomass. This is proportional to the number of individuals and is based on a death rate. Adapted 
individuals can return back to health. The rate of damage within the population is the sum of three terms 
– one relates to dose, one to concentration and one is proportional to the product of dose and 
concentration. Synergies between contaminants are taken into account.  

The model has been developed in ModelMaker which allows different compartments to be defined, 
along with fluxes between compartments. There is also the option to couple the model to other codes 
in the future.  

The key parameters in the model are the dose rate or concentration of a chemical and the lethal 
dose/concentration affecting 50% of the population (LD50/LC50). LD50 and LC50 are species, radiation 
and chemical dependent. It was assumed in parameterising the model that repairing processes were 
the same for chemicals and radiation. 

The model has been applied to a defined mixed contamination test scenario. The scenario involved a 
hypothetical population of voles inhabiting an ecosystem and exposed to radiation and sodium 
arsenate. The effect of addition of the chemical progressively for varying radiation dose rates was 
evaluated.  

In the absence of chemicals, increasing radiation dose rate leads to a tipping point at which the 
population is no longer sustainable. When the chemical is added, the tipping point is reduced, illustrating 
the importance of taking account of the different contaminants present in an environment, particularly 
when looking to assign observed effects to radiation exposure.  

The ICRP derived consideration reference levels (DCRLs) were set on the basis of observed radiation 
effects on individual, but are applied in respect of the objective of protecting populations. It is important, 
therefore, to evaluate whether or not the DCRLs are protecting of populations as well as individuals. 



  

BIOPROTA 
 

 

Report of the 2023 BIOPROTA Annual Meeting, Version 2.0, Final  
7 November 2023 

31 

This was evaluated during MODARIA II with results indicating that the DCRLs would be protective of 
populations. There remain questions, however, including whether population level effects could be 
affected by adaptation. The model would allow such questions to be explored qualitatively. 

Sensitivity analysis can be performed to look at the tipping point for different radiation dose rates, types 
of radiation, and chemical concentrations. By setting chemicals to zero, the radiation exposure required 
to reach a tipping point and the effect of adaptation was evaluated. Adaptation was found to be transient, 
disappearing at 100 days for dose rates over 0.03 Gy/d. Increasing the dose rate increased the 
maximum number of adapted animals but the adaptation duration was reduced since the probability of 
adaptation depends on cumulative dose. If the model is also run without radiation dose, then mortality 
is 0%. As radiation dose rate is increased, population loss of around 5% can occur, but the population 
remains stable. By increasing the dose rate further, a population dose response curve can be generated 
that could be used to parameterise the model against experimental dose response curves.  

The model and its parameterisation were based on best radioecological knowledge and the intention is 
to expand further to other non-radioactive contaminants. Experimental data are sought to help validate 
the model; currently predictions are qualitative due to model parameter uncertainty for chemicals. In 
moving forward, instabilities in model solutions will be explored and model-generated dose-response 
curves will be compared against experimental data. Conclusions around the most restrictive solutions 
in terms of effects to the population in mixed exposure situations will then be sought. Importantly, 
dialogue between radioecologists, ecotoxicologists and regulators is needed to progress toward 
consistency in assessing the effects of radioactive and chemical hazards.  

The presentation was dedicated to the memory of Professor Nick Beresford, who died in 2023.  

Discussion 

For experimental verification, rapid-breeding fruit flies (Drosophila) could be used in multi-stressor 
experiments. A research group is known that has undertaken multiple experiments with Drosophila and 
literature may be available that could support model validation.  

For regulatory purposes, a form of index could be created for alpha, beta and gamma radiations that 
could be used to compute tipping points for different situations. 

2.14 UEF PROJECTS AND RESOURCES: PAST, PRESENT AND THE FUTURE 
Soroush Majlesi and Ari Ikonen (UEF) presented. 

Past studies 

Radioecology studies at UEF began around 2006. Studies began with PhD’s on the transfer of elements 
relevant to radioactive waste from soil to plants and animals in boreal forests through both field studies 
and modelling. Various plant species and soil fauna were studied. For plants, transfer of copper, 
molybdenum, nickel, lead, uranium and zinc were studied. For animals, 34 elements were studied. 
Studies have also been undertaken more recently on wider boreal ecosystems through field, mesocosm 
and modelling studies, again focussing on the transfer of elements relevant to radioactive waste, 
including studying the transfer of Cs-137 from water to fish in boreal lakes and modelling transfer of 
U-234, Ni-59 and Pb-210 from soils to plants. Results of these studies have been published as follows. 

 Majlesi S et al. Transfer of elements from soil to earthworms and ground beetles in boreal forest. 
Radiation and environmental biophysics. 2023 Apr17. Doi: 10.1007/s00411-023-01027-2. 
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 Roivainen, P. et al, 2012. Element interactions and soil properties affecting the soil-to-plant transfer 
of six elements relevant to radioactive waste in boreal forest. Radiation and environmental 
biophysics, 51, pp.69-78. 

 Tuovinen TS et al., 2011. Soil-to-plant transfer of elements is not linear: results for five elements 
relevant to radioactive waste in five boreal forest species. Science of the Total Environment 410: 
191–197. 

 Roivainen P et al, 2011. Transfer of elements relevant to radioactive waste from soil to five boreal 
plant species. Chemosphere 83: 385-390. 

 Roivainen P et al. 2011. Soil-to-plant transfer of uranium and its distribution between plant parts in 
four boreal forest species. Boreal Environment Research 16: 158-166.  

 Tuovinen TS et al. 2016. Non-linear transfer of elements from soil to plants: impact on 
radioecological modelling. Radiation and Environmental Biophysics 55:393-400. 

 Tuovinen TS et al. 2016. Transfer of elements relevant to nuclear fuel cycle from soil to boreal 
plants and animals in experimental meso-and microcosms. Science of the Total Environment 
539:252-261. 

 T Tuovinen TS et al. 2013. Transfer of Cs-137 from water to fish is not linear in two northern lakes. 
Hydrobiologia 700:131-139. 

Around the same time, collaborative studies were being undertaken, both in the field and laboratory, on 
uptake of C-14 from soils to terrestrial plants and animals. Novel approaches for partitioning carbon 
sources were evaluated, including use of cutaway peatland as a natural tracer. Results illustrate that it 
is possible to estimate C-14 uptake from soils to a range of plant species, including Scots pine and reed 
canary grass, plus a range of soil fauna. 

 Majlesi, S. et al., 2020. Content of soil-derived carbon in soil biota and fauna living near soil surface: 
Implications for radioactive waste. Journal of Environmental Radioactivity, 225, p.106450. 

 Majlesi, S. et al. 2019. Uptake of soil-derived carbon into plants: Implications for disposal of nuclear 
waste. Environmental science & technology, 53(8), pp.4198-4205. 

A further project, RABIO, looked at the transfer of elements relevant to radioactive waste in boreal 
aquatic food webs. The project aimed to further understand element transfers from water and sediment 
to the aquatic food web based on field studies near a former uranium mine in eastern Finland. Transfer 
of C-14 in the food web was also studied and modelling capabilities for a range of elements were 
developed. Publications arising from the project include the following. 

 Majlesi, S. et al., 2021. Transfer of elements relevant to radioactive waste into chironomids and fish 
in boreal freshwater bodies.Science of The Total Environment,791, p.148218. 

 Majlesi, S. et al., 2020. Is developmental instability in chironomids a sensitive endpoint for testing 
uranium mine-affected sediments? Science of The Total Environment,720, p.137496. 

 Pham, T., 2020. Transfer of sedimentary carbon into benthic organisms and risks for radioactive 
waste disposal (Master's thesis, Itä-Suomen yliopisto). 
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Funding was received from STUK to improve radioecological modelling in boreal ecosystems under the 
REM project that ran from 2019 to 2022. The REM project also aimed to produce new modelling tools 
for estimating risks of radiation under various scenarios, and to produce new data on fungi and red 
wood ants collected from a former uranium mine. Results of the field study on wood ants have been 
published, as follows. 

 Roivainen, P. et al., 2022. Transfer of elements into boreal forest ants at a former uranium mining 
site. Environmental Pollution, 304, p.119231. 

Finally, project NATLAB_14C looked at the rate of C-14 uptake from below-ground sources to plants 
growing in a geothermal field in Iceland. A large difference in isotopic signatures from below-ground 
and above-ground carbon sources provided the opportunity to study uptake from different sources.  

Present studies 

Presently, several aquatic studies are underway, largely looking at the transfer of metals from former 
uranium mines to biota in boreal freshwater bodies and the distribution of metals between different 
media. An article is also being prepared on C-14 transfer from soils to plants and implications for 
radioactive waste from NPPs and GDFs, based on a review study funded by SKB. A paper is also being 
developed on soil to plant transfer of NORM, as part of the RadoNorm project.  

Two further studies are about to start at UEF. This includes the ECOLAB project on laboratory-based 
studies for radioecological modelling of C-14 that will look in more detail on C-14 uptake by different 
species. The project is a collaboration between UEF and the University of Helsinki and aims to generate 
species-specific data sets on C-14 uptake, filling knowledge gaps with respect to uptake mechanisms. 
Once empirical data sets have been generated, these will be compared with predicted datasets from 
computational platforms. Uptake of C-14 in aquatic plants and animals and in soil animals will be 
investigated and the relationship between aquatic and terrestrial ecosystems through the release of 
organic matter from terrestrial sources to aquatic systems will be explored through radioecological 
modelling. 

A PhD project is also due to begin on ‘demonstration of maturity towards various information needs in 
a radiological environmental impact assessment’. The project will be under UEFs shared doctoral 
research position system, with shared sponsorship between UEF and EnviroCase and links with the 
IAEA MEREIA programme. The PhD will run from June 2023 to May 2027. The focus area will be on 
safety assessment methods for radioactive waste disposal and other nuclear facilities, including small 
reactors, and how to undertake biosphere assessments that serve the needs of authorities and gain 
social acceptance. Different quantitative approaches to performing sensitivity and uncertainty analyses 
will be covered and different models and qualitative aspects of assessments compared.  

Future studies 

UEF expertise covers a wide range of topics, including environmental sciences, radiation research and 
applied radioecology, ecotoxicology and radiation biology, biogeochemistry, climate research and 
radioecological modelling, with research having been undertaken on micro-, meso- and macro-
environmental scales. A wide range of facilities and practical skills are available, including radioecology 
and radiobiology instruments and laboratories, and measuring radiation effects on biota. There is also 
a good collaborative arrangement in place with the Helsinki Radiochemistry Laboratory. 

Several field sites are available for continued research studies, including a uranium ore prospecting 
site, a former uranium mine, cutaway peatland and the geothermal fields in Iceland.  
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Continued national and international collaboration is important for UEF. A wide collaborative network 
has been established to date and it is hoped that this will be extended by collaborating with other 
organisations and research institutes to explore further potential sites and opportunities for future 
research studies. Particular interest areas include peatlands, forest ecosystems and agricultural lands, 
and there is interest in producing more ecological data and evaluating the possible impacts of 
radioactive waste on biota through ecotoxicological testing.  

Discussion 

Seasonality has been taken into account in a recent benthic food web study with respect to the transfer 
of elements (particularly uranium) and a paper is currently being prepared on this topic. Similar research 
on C-14 is also planned.  

2.15 CARBON-14 RIVER MODEL UPDATE 
Kathy Higley (OSU) presented. 

A dynamic model has been developed to examine acute versus chronic discharges of C-14 into a 
freshwater river and differences in doses to people. The initial model structure was based on a model 
developed by Steve Sheppard. The model is comprised of parallel compartments for stable carbon and 
C-14, with six main compartments for each (dissolved inorganic, dissolved organic and particulate 
organic, carbon captured in solid phase sediments, atmospheric carbon, carbon in phytoplankton, and 
carbon in fish). A simple food chain is assumed whereby phytoplankton take up carbon from the 
dissolved inorganic carbon pool and phytoplankton are then consumed by fish. The model, illustrated 
in Figure 5, was initially developed as a lake model, but has since been adapted for a freshwater river.  

Carbon inflows include dissolved inorganic carbon, phytoplankton and dissolved and particulate organic 
carbon. There is also input and loss of carbon dioxide from the interface between the water and 
atmosphere. Carbon is treated as a mass moving through the river, expressed in g/m2 for stable carbon 
and pCi/m2 for C-14. The initial assumption is that C-14 is in equilibrium across all compartments, with 
activity concentration of C-14 being calculated as a ratio or pCi/m2 per g/m2 in each compartment and 
at each timestep. 

The scenario considered involved waste buried loosely near the river with C-14 contamination either 
occurring as a catastrophic acute release or as a chronic exponentially declining release over the 
simulation period. For the acute release, this was assumed to occur either at the start of the year or in 
the middle of the year in order to explore differences in phytoplankton uptake in different seasons. River 
flow was assumed to be either constant, based on average flow rates, or varying driven by rainfall over 
the course of a year. Temperature dependence for growth of fish and plankton, food ingestion, and light 
dependence for feeding regimes and plankton growth were taken into account. The influence of rainfall 
on ‘flashiness’ of the creek and variations in human consumption of fish with season were also 
considered. The influence of water quality on fish phytoplankton consumption was not taken into 
account.  
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Figure 5. Dynamic carbon-14 freshwater river model. 

A secondary stream next to the waste area has gauge monitors, providing real-time data on river flow. 
This provided measured data on water volume flowing through the creek over a two-year period. The 
water volume is driven by regional rainfall, with stream height varying from 1 to 4 m. The influence of 
rainfall on river flow complicated consideration of acute releases from the waste area.  

In order to calculate the areal density of carbon, volume change effects on the depth and width of the 
creek needed to be taken into account, with average daily channel water depth being calculated. 
Increasing depth of the river affects both organic and inorganic carbon per m2; the model output was 
checked against literature data and the output was found to be broadly consistent with data available 
for the area.    

Temperature and light affect phytoplankton production and also influence fish consumption rates. Low 
temperature and light in winter mean that uptake of inorganic carbon by phytoplankton is minimal and 
little phytoplankton consumption by fish occurs. Food consumption by fish is strongly related to river 
temperature and an optimal intake rate occurs at around 55 °F with a dampening of uptake and 
consumption being observed with upper and lower temperature extremes.  

Projections of how the stream would behave throughout the year were made in order to explore the 
effect of contaminant introduction at different times of the year. It was assumed that C-14 released into 
the water was instantaneously taken into the phytoplankton compartment.  Both constant and pulsed 
(1-day) C-14 releases were considered.  

The timing of C-14 release (i.e. whether in summer or winter) was important, affecting predicted C-14 
concentrations in fish. The highest C-14 concentration occurred for an acute release during summer 
conditions where phytoplankton production and fish feeding were highest. C-14 concentrations in fish 
were also higher for acute-releases under natural river flow conditions as compared with the same 
release under constant average river flow conditions. Acute summer releases led to higher fish 
concentrations than for chronic releases, but chronic releases gave rise to higher fish C-14 
concentrations than for acute releases during winter. C-14 concentrations in different compartments of 
the model under acute summer release, natural flow conditions are illustrated in Figure 6. 
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Figure 6. C-14 in model compartments for an acute summer release, natural flow scenario. 

Following calculation of C-14 concentrations in fish, adult human doses were evaluated. Regional fish 
consumption data were obtained from US EPA and used to build a probabilistic distribution of mass of 
fish per meal and meals per year. The range of C-14 concentrations in fish from the C-14 model then 
allowed a general distribution of predicted doses to adults eating fish under different scenarios to be 
generated.  

Overall, doses tended to be very low, ranging from close to zero to 17 mrem per year for acute releases 
under normal flow conditions. The timing and duration of the C-14 release were critical.  

The model relies on a number of assumptions, some of which require further consideration. For 
example, it is assumed that there is a net loss of carbon to atmosphere. However, carbon fluxes in 
streams and rivers are very different from those in lakes and there is currently not enough understanding 
on processes in rivers and how climate change could influence fluxes. The model also assumes that  
C-14 is instantly taken up by phytoplankton which will influence calculated doses, but uptake may not 
be instantaneous. Consumption of phytoplankton by fish will also affect uptake and, hence, calculated 
doses, and factors such as age distribution of fish stocks and size of fish will affect consumption but 
haven’t been incorporated into the model. Furthermore, a very simple food chain is assumed although 
it is considered likely that greater depth in the food chain would reduce dose projections. Immigration 
and emigration of fish also needs to be considered. Further work on the model is therefore planned to 
address uncertainties.  

Discussion 

Macrophytes in a river will also take up carbon and these will be consumed by fish and insects. As 
macrophytes will remain within the system rather than being washed downstream, their incorporation 
within the model could result in higher doses due to accumulation.  

As the river is fast-flowing it is likely that flux to atmosphere will be low but is likely to be variable in 
relation to flow with turbulence affecting flux. Depth, turbidity and light penetration will also affect carbon 
uptake into the food chain. The flow regime of the river is very sensitive to catchment rain events, with 
the river ultimately emptying into the Great Lakes.  
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3. PRESENTATIONS FROM PROSPECTIVE MEMBER 
ORGANISATIONS 

Two non-member organisations expressed interest in rejoining/joining the BIOPROTA forum (Ciemat 
(Spain) and Magnox Ltd (UK)), They were invited to participate in the meeting and to provide an 
overview of biosphere programmes and topics of interest for their organisations. Summaries of the 
presentations are provided below.  

3.1 ENRESA R&D AND FUTURE PROJECTS IN ENVIRONMENTAL SAFETY ASSESSMENT 
FOR THE RADIOACTIVE WASTE PROGRAMME IN SPAIN  

Danyl Pérez Sánchez (Ciemat) presented. 

Ciemat last participated in BIOPROTA in 2016, leaving the forum when the ENRESA biosphere 
assessment programme was stopped. However, the programme is likely to restart once again and it is 
hoped that this will enable Ciemat to reengage with BIOPROTA. 

The ENRESA R&D plan is governed by directives mapped out for activities in the general radioactive 
waste plan that considers the situation of understanding the field and the evolution of technology at an 
international level, as well as available in-house capacities and infrastructures. The plan is flexible in 
approach and lasts for 10 years.  The current plan is focussed on providing support for the centralised 
temporary storage (CTS) facility and operating installations and providing support for basic generic 
long-term storage projects.  

In Spain there is the El Cabril disposal centre for LILW that has been operating since 1992. Within the 
radioactive waste plan 2019-2023 there was a project relating to the management of LILW that included 
study of covering layers for El Cabril, the performance of concrete, metallic and clay-based materials 
for barriers and monitoring of site structures and the confinement system. In the medium term, new 
cells are being constructed at the site for the disposal of very -low-level waste from the decommissioning 
of nuclear plants. 

The R&D plan also recognised the need for spent fuel and HLW management solutions. A distinction 
is made between interim and final solutions, recognising the need for further analysis of long-term 
options. Interim solutions could include the CTS or individual temporary storage facilities. There have 
been several candidate sites for storage facilities, and one has been selected. The programme has, 
however, stalled due to differences in views of national and regional governments. It is not feasible to 
store spent fuel at El Cabril or at the NPPs. Currently there is no formal long-term management strategy 
for spent fuel and HLW, but decisions are expected. In the meantime, there is an objective to maintain 
and improve radiological protection capabilities through improvement of measurements of 
environmental parameters and modelling in the biosphere.  

In 2022, ENRESA and the Nuclear Safety Council organised an international workshop on deep 
geological storage for HLW. The objectives were to review the current situation in Spain and the state 
of development in the European field, and to provide a forum for technical debate around options for a 
definite solution for spent fuel and HLW management.  

Safety assessment, radiological protection and modelling are being aligned, with work in the field of 
safety assessment being aimed at improving numerical models used in evaluating the security of 
storage facilities over the short, medium and long-term. R&D areas include assessment methods and 
models, modelling of systems and processes, environmental restoration, radiological protection and 
climate and soils in waste management.  
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There is an aim to analyse the recently enhanced BIOMASS methodology with respect to the Spanish 
situation and to elaborate conclusions in order to improve biosphere assessment capabilities. 
Conceptual transport models in terrestrial environments will be developed for key radionuclides, taking 
into account all receptors of importance. Developments will build upon current model capabilities and 
involve updating assessment codes and parameters. A transport model for soluble redox-sensitive 
radionuclides has not yet been implemented in the overall safety assessment approach and there are 
plans to take this forward. Development of mathematical models for assessing biosphere impacts are 
also planned, taking into account climate extremes. This will include very dry conditions, such as those 
that are currently being experienced, to examine what this could mean for radionuclide transport. There 
are also plans to develop transport models for uranium-series radionuclides and to take account of how 
models should be applied for different situations, such as Palomares site restoration and NORM 
industry situations to support formulation of solutions.  

Recommendations for future development activities include:  

 developing the current 1-dimensional soil-plant models to 2-dimensional hillslope models that would 
relate to the El Cabril area; 

 considering general and gullying erosion for El Cabril through the implementation of an erosion 
model; 

 exploring the significance of using a kinetic representation of sorption and desorption in soils; 

 giving consideration to climate change and future scenarios for safety assessments and to apply 
these to El Cabril; 

 review of the latest models for C-14 behaviour in soils and plants and adaptation to conditions that 
may occur in Spain over the next 10,000 years; and,  

 consider the applicability of the ERICA tool to Spanish conditions and to modify the underlying 
dosimetric and transfer databases, as appropriate.  

Future projects include: 

 BIOMODES - updating biosphere safety assessment methodology, including modelling, climate 
change considerations and parameters, focussing on the El Cabril facility. 

 OPTINORM – optimisation of NORM industry waste materials management. 

 Application of environmental safety assessment knowledge to impact assessment of chemicals in 
LLW and ILW disposal facilities (associated with BIOMODES). 

3.2 OVERVIEW ON THE ESCS FOR A LEGACY SITE 
Alex Proverbio (Dounreay, Magnox Ltd) presented. 

Dounreay is located in northern Scotland and is a division of Magnox Ltd.  

The UK consists of four countries, including Scotland, and environmental regulation is a devolved 
matter. As such, the environment in Scotland is regulated slightly differently from England, under the 
Scottish Environment Protection Agency (SEPA). Other regulators of the Dounreay site include the 
Office for Nuclear Regulation (ONR) that provides nationwide regulation, the local council for matters 
of planning, including permission to build or move material, and the Health and Safety Executive. 
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Overall, the government manages decommissioning through the Nuclear Decommissioning Authority 
(NDA), which provides support, funding and coordination to site operating companies, including 
Dounreay. The overall mission of the NDA is to clean up the UK’s earliest nuclear sites safely, securely 
and cost-effectively. 

In 2018, Guidance on Requirements for Release from Radioactive Substances Regulation (GRR) for 
decommissioning nuclear sites was released. The requirements were agreed between the different 
regulators across the UK and range from managerial requirements through to more technical 
requirements, including in relation to radiation protection. From an environmental perspective, to 
achieve the end of the nuclear life cycle, nuclear liabilities must be removed from a site to allow that 
site to be used for other purposes and a key aspect of the GRR is life cycle optimisation. Guidance 
within the GRR is focussed on the radioactive aspects of regulation. However, whilst the GRR does not 
cover non-radioactive materials, the non-radioactive properties of radioactive wastes are taken into 
account.  

In terms of disposals, the GRR supports leaving material in situ (e.g. leaving subterranean pipes with 
some low level contamination in place with or without some engineering, depending upon contamination 
levels) where it is demonstrably safe to do so. This may be considered more sustainable / optimal than 
digging material up for disposal off-site. A key aspect of the GRR is to look at the different options, to 
explore what would be considered safe, and provide a framework for optimisation. Disposal for a 
purpose is also covered in the GRR; this applies where radioactive wastes can be optimally reused 
(e.g. for physical re-engineering purposes, such as void filling).  

The GRR offers some radiation protection guidance that moves away from the ONR’s “no danger” 
criterion to dose-rate guidance levels for the period of authorisation and with respect to human intrusion 
and risk guidance levels for the period after regulatory control. The guidance is in line with separate 
Guidance on Requirements for Authorisation (GRA) for disposal facilities. 

The Dounreay site is located on the coast in a very rural environment. The site was the home of UK 
efforts on developing fast reactor capabilities and is currently decommissioning. There are three 
reactors on the site (Dounreay Fast Reactor, Prototype Fast Reactor and Dounreay Materials Test 
Reactor). A lot of work took place at the site to develop a full fuel reprocessing capacity, and this has 
led to a lot of complexity with respect to contamination in some areas of the site. In addition to 
contaminated areas, the site is also home to silos, LLW pits, ponds etc., there is also a dedicated 
relatively new LLW disposal facility on site.  

Over the years, there have been a number of independent environmental safety cases developed for 
different areas of the sites, including the LLW pits, a disposal shaft, liquid effluent discharge system 
(LEDS) and an area called landfill 42 that was a disposal area for non-radioactive waste, but where 
some radioactive contamination has been found. Tools have also been developed to help coordinate 
assessments for different parts of the site. This includes site derived concentration guideline levels 
(DCGLs) and a site integrated performance assessment tool (IPAT).  

In developing the site-wide DCGLs, a number of potential exposure groups were considered. The 
DCGLs were intended to provide reference concentration levels to compare against sampling data from 
different areas of the site. Three reference scenarios were considered, including a crofter (a self-
sufficient farmer), a modern family and a keen gardener. Intrusion was also considered under alternative 
scenarios. However, in the UK, sampling efforts tend to focus on problem areas (i.e. where hotspots of 
contamination are known or expected). Without more universal sampling across a site, risks tend to be 
overestimated and this can lead to bad decisions being taken. The site-wide IPAT aims to provide 
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spatial links between contamination in order to provide a greater understanding of the profile of 
radionuclide contamination and migration through the system as a whole and to help reduce unwanted 
conservatisms in assessments.  

The IPAT includes radionuclides of concern from the DCGL and has been developed using the AMBER 
code. Some parts of the models are geometrical whereas the shaft, LEDS and LLW pits are non-
geometrical models. 

The LLW pits are disposal pits that received disposals of LLW from the late 1950’s until the mid-1990’s. 
There a six LLW pits plus a seventh pit that was solely used for disposal of hazardous rather than 
radioactive waste. An interim cap has been constructed over the pits, but the exact location of each pit 
is not known. Geophysical tests have been undertaken to try and identify the exact locations, but with 
the environment being fairly saturated, the tests were not very successful. Disposals were made under 
historical LLW criteria that were focussed on surface dose rate. As such, there is the potential for 
radioactivity levels of interest to be present if there was sufficient shielding available to prevent high 
surface dose rates. 

Three scenarios have been considered for the LLW pits in a simple environmental safety case: 
undisturbed, coastal erosion and geo-erosion. The safety case builds on work undertaken for the new 
LLW disposal vaults and the biggest challenge faced has been to reduce uncertainties in the inventory. 

The shaft is a second disposal area that received LLW disposals from the early 1960s. The shaft is 
around 4.6 m wide and 65 m deep. In the late 2000s a lot of work was undertaken to build understanding 
around the geology of the system and to inform on whether contamination in the bedrock could remain 
following planned retrieval of the disposed waste. A grout curtain was emplaced to limit egress of 
contamination to groundwater, in line with Water Framework Directive requirements. Work has now 
begun on retrieving the wastes, and decisions will be needed on how much of the waste will be retrieved. 
Work on the shaft has (and continues to be) a multi-decade project. 

An environmental safety case for the LEDS has also been developed. The LEDS comprises of a shaft 
and discharge pipe that runs into the sea. There is a historical pipe and a newer pipe within the same 
cavity. The largest part of the pipe is located in bedrock under the sea. The fact that the pipe runs under 
the sea gives rise to various challenges and the optimal strategy is likely to be for the pipes to remain 
in situ but to be grouted in order to limit the outflow of contaminants.  

There are two new LLW disposal vaults present at the site that receive LLW from the Dounreay site 
only. One vault is for containerised LLW and the second is for demolition LLW. The containerised vault 
receives grouted LLW in ISO freight containers. The demolition LLW vault receives only inert material. 
Disposals are made by emptying wastes over the floor of the vault and compacting them before adding 
more wastes. The safety case for the vaults made use of the LLW Repository Ltd capacity and is 
currently undergoing a permit variation.  

Dounreay is a “lead and learn” site for GRR implementation. Defining an end state for the site is an 
essential aspect for decommissioning a site and the Dounreay site is undergoing an end state review 
where the level of clean-up will be decided, taking a site-wide integrated approach to ensure that 
strategic site end states are achieved whilst building the best approach for the site as a whole rather 
than focusing of separate issue areas. Issues to be addressed include legacy disposals and the 
potential for use of existing infrastructure.  

Ongoing work at the site includes review of the environmental safety case for the LLW pits. People 
operating on site at the time of disposals are being interviewed to help improve knowledge of the 
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inventory and new technology is being employed to investigate high density items in the pits. There is 
also a site-wide review of other safety cases to identify gaps and to decide on site-wide arguments and 
ongoing monitoring requirements. 

The Dounreay site has led the way in the UK on taking a site-wide view to end states, with work 
beginning in 1998. 
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4. CURRENT BIOPROTA WORK PROGRAMME  
4.1 CARBON-14 IN TERRESTRIAL AND AQUATIC ENVIRONMENTS: PROJECT UPDATE 
Overview of the final project report 

Mike Thorne (C-14 project TST) presented. 

The ‘Carbon-14 in terrestrial and aquatic environments’ project was completed in 2022 with a 240-page 
report being distributed to BIOPROTA members that directly participated in the project for final review. 
A version 2.0 report was then issued to project participants in April 2023, together with a document 
detailing how comments received on the final draft had been taken into account. The project technical 
support team (TST) is grateful to all those that participated in the project. 

C-14 has been a radionuclide of interest in BIOPROTA for over 15 years and several reports have been 
produced (see www.bioprota.org/publications). The latest report includes a substantial review of carbon 
in the biosphere and development of conceptual models for carbon and C-14 in the biosphere for a 
range of different types of environment. Processes that would be involved in formulating mathematical 
models are also discussed and there is an appendix on selecting dose coefficients for C-14 
(summarised below). 

In terms of the review, source terms of interest have been explored and the overall biogeochemical 
cycle of carbon over different temporal scales described, but with a main focus on the modern period, 
including perturbations from industrial activities. The main part of the review then divides the 
environment into broad ecosystems (e.g. forest, wetlands, agriculture, freshwater, estuarine and 
marine) and discusses the literature pertaining to those.  

C-14 is an issue for many different situations. Both experimental and modelling work is discussed in the 
report, including transport of carbon dioxide and other gases in soils, dissolved carbon in groundwater 
entering soils, carbon storage in forest soils and uptake by plants plus carbon behaviour in the plant 
canopy atmosphere. For carbon transport in soils and uptake into plants, solubilities are a key aspect. 
Whilst only around 1 to 5 % of plant carbon may be taken up via the roots, if C-14 enters the soil 
atmosphere before diffusing into the plant canopy atmosphere, the specific activity of C-14 in soils may 
be much higher than in the canopy atmosphere, which could result in the uptake of C-14 by roots versus 
leaves being more significant.  

In wetland environments, differences in processes and effects of seasonality are considered. Whilst 
there are detailed quantitative models available for agricultural systems, it is largely only descriptive 
models available for wetlands, so more work needs to be done on the development of quantitative 
models for wetland systems. Wetlands are largely associated with unsaturated oxic conditions near the 
surface and reducing conditions at depth. Some modelling work has been undertaken in the past around 
Duke Swamp in Canada and there is potential to revisit this system.  

For freshwater, both rivers and lakes were considered, along with atmospheric exchange. Simple 
models are available for atmospheric exchange across the water surface, but further consideration of 
exchange processes may be worth pursuing. Processes in estuarine and marine environments 
governing carbon transport and behaviour were also reviewed.  

Thought was given during the project as to how best to disaggregate the environment at different levels. 
The approach taken was to unpack the environment into surface water catchments within which 
spatially delimited environments could be distinguished into drainage network, forests, wetlands etc. 

http://www.bioprota.org/publications
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The functional carbon pools within each ecosystem were then focussed upon. Interaction matrices were 
used to develop overall conceptual models. These are useful because they encourage 
comprehensiveness. Key processes mediating transport of carbon and C-14 between principal 
components in each system were assigned and described in a series of tables.  

A key advantage of thinking in an interaction matrix way is that clusters of processes can be readily 
identified. The clusters help identify how the system can be sensibly disaggregated and represented in 
models (e.g. a hydrology model, a soil-plant model considering both water and gas transfers, and a gas 
transfer model to deal with the plant system and interactions with the atmosphere). Interfaces between 
different systems (e.g. linking terrestrial and freshwater systems) are also readily identifiable.   

Mathematical model development has been illustrated for a very schematic surface water catchment, 
comprised of a single stream channel with upper and lower sub-catchments and three different land 
uses in order to consider the interactions between them. All major components from the interaction 
matrices were incorporated and, where appropriate, each land use area had its own soil and 
atmospheric characteristics. The process used in defining the system made the simplifying assumptions 
necessary in developing a mathematical representation explicit. Once the system had been defined in 
appropriate complexity, the fluxes between components could be defined. Representation of the 
processes and fluxes between components mathematically then leads to an overall model. Generalised 
transport equations for the different processes / fluxes have been developed. 

It was not feasible within the project to explore all available carbon/C-14 literature, so the approach 
taken was to explore enough secondary literature to allow well-defined conceptual models to be 
developed. Primary literature will need to be consulted in more detail to support model parameterisation. 
The physical and chemical form of C-14 is fundamental to conceptual model development.    

When the literature had been explored in some detail, it was evident that building a comprehensive 
physical model would not be feasible and that simplifying assumptions would need to be made. All 
simplifying assumptions need to be explicit and scrutable to support examination of if and how changes 
in assumptions can make a difference.  

In many circumstances, equilibrium ‘specific activity’ models will remain useful, but care should be taken 
in their application because kinetics can vary considerably over very short to very long timescales and 
not all processes will be in equilibrium.  

The final report is intended to provide sufficient information to support C-14 model development. Work 
was undertaken at a generic level. As such, it would be useful to look at a site-specific context to 
examine whether or not anything has been inadvertently omitted and to look in more detail at numerical 
modelling. A wide range of different processes have been identified across the different terrestrial and 
aquatic systems and a more detailed numerical modelling exercise within a site-specific context could 
help identify whether there are sufficient data available to allow all processes to be represented in 
models. It may also be possible to identify processes that are inconsequential and can justifiably be 
omitted from models. It may be useful to undertake quantitative modelling exercises to offer 
commentary on those components that are treatable in models under different contexts. 

Outside of the BIOPROTA community, there are many carbon experts in climate and ecology fields etc. 
and there may be merit in seeking review by the wider community to help identify whether anything 
important has been missed and to also identify new sources of information.  
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Appendix on C-14 dose coefficients and comments on ICRP consultation document on revised 
dose coefficients 

Graham Smith (C-14 project TST) presented. 

C-14 is a significant radionuclide in post-closure safety following disposal of several significant solid 
wastes, such as graphite, and also dominates exposures arising due to discharges from many modern 
operating nuclear power plants. There have been many improvements in dose assessment models over 
recent years to ensure environments are characterised sufficiently and thus can be appropriately 
represented in models. However, one area that has seen little attention is the selection of dose 
coefficients that correspond to the form of intake. Rather, ICRP default dose coefficient values tend to 
be applied without consideration of the chemical form. Such consideration is now often possible given 
the improvements in system characterisation and modelling. 

In ICRP Publication 103 [2007], a revised definition of effective dose was published that implied the 
need to update values of dose coefficients to be updated. At the time of the current BIORPOTA project 
on C-14, ICRP had not published such values for members of the public. However, preliminary results, 
and references to support them, were published in the Journal of Radiological Protection in 2016. These 
results were subsequently confirmed in a 2023 consultation document from ICRP on updated values of 
dose coefficients. The old and new values are summaries in the Table below. There are substantial 
differences for both inhalation and ingestion modes of intake, and new consideration has been given to 
ingestion as bicarbonate dissolved in drinking water, as might be the form of intake following ingestion 
of contaminated well water. This value is a factor of 40 lower than would have been suggested by the 
previous default value from ICRP. By contrast, the value for inhalation as C-14O2 has increased by a 
factor of two, while that for C-14H4 has reduced by about a factor of 50. 

Such changes may materially affect judgements on the optimised balance between C-14 discharges to 
air or surface waters and/or disposal in a solid waste repository.  

Table 7. Previous and Updated Values of Dose Coefficients for C-14 

 

The presentation also noted that the ICRP consultation document presented revised values of dose 
coefficients for a range of other radionuclides, some of which are relevant in post-closure safety 
assessments, suggesting significantly lower values for ingestion of Mo-93 and Tc-99, and moderately 
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lower values for Ra-226, alone and in equilibrium with its radioactive progeny. Updated values for other 
interesting radionuclides in solid radioactive waste, such as Cl-36 and Np-237, have still to be consulted 
upon. 
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5. FUTURE COLLABORATIVE ACTIVITIES 
One of the key objectives of the BIOPROTA forum is to provide a platform where topics of common 
interest to member organisations can be identified and discussed and, where appropriate, taken forward 
as topics for focussed workshops or as projects aimed at addressing knowledge/data gaps and 
improving confidence in assessment approaches and models. Several potential focussed workshop 
topics have been identified previously for which there has been enough common interest expressed 
from member organisations to take forward. Of the topics identified, an update on thoughts around 
proportionality in assessing radioactive and hazardous waste was presented, and other topics were 
briefly discussed with respect to possible timing of workshops and identification of potential hosts.  

5.1 PROPORTIONALITY IN ASSESSING RADIOACTIVE AND HAZARDOUS WASTE 
Graham Smith (GMS Abingdon) presented.  

BIOPROTA has been considered the issue of proportionality in assessing risks from radioactive and 
hazardous waste for some time, with the focus on non-radiological contaminants associated with 
radioactive waste. A first workshop specifically on the topic of radiological and hazardous waste 
disposal assessments was held in 2013 in Slovenia, followed by a second workshop in 2015 on 
comparison of safety and environmental impact assessments for disposal of hazardous and radioactive 
waste. A project was then run from 2016 to 2017 to look at issues affecting assessment of impacts of 
disposal of radioactive and hazardous wastes, to make a more detailed comparison of the similarities 
and differences in assessments and to consider whether differences are arbitrary or not. (All three 
reports are available at www.bioprota.org.) 

This work has highlighted significant differences in the management of the hazards from radioactive 
and hazardous waste management, and a range of associated issues to address, notably: 

 different safety and containment strategies and related protection objectives; 

 different safety criteria and related assessment endpoints, including, for example, not only different 
numerical levels of protection but also assessment of those levels for healthy reference persons for 
radioactivity as opposed to susceptible persons for hazardous waste; 

 practical challenges to changes in policy linked to regulatory and industrial inertia; 

 timescales required for safety demonstration; and 

 complex interactions among substances affecting mobility and influence the selection of 
concentration ratios and transfer factors. 

Other key findings were that science and models are available to allow impacts from all contaminants 
to be assessed, but non-radioactive materials in radioactive waste tend to have been less well 
characterised. The risks associated with the chemical contaminants may, however, dominate over the 
radioactive risks, particularly for decommissioning sites with large volumes of very low-level wastes. It 
is also difficult to fit mixed hazardous wastes into current waste management schemes and regulatory 
regimes. Both systems are designed for radioactive waste and hazardous waste to be managed 
separately, but this is difficult when both hazards are present in the same material.  

Key messages were that it would be conducive to proportionate risk management to adopt an holistic 
and integrated approach to setting common protection objectives for all hazards associated with waste 
management and support overall optimisation, in line with the graded approach of the IAEA, but 
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applicable across all hazards. Ideally, common and graded assessment methods would be used so that 
treatment of uncertainties and management of correlations would be consistent to ensure that 
compliance with common safety criteria could be demonstrated. However, this would require protection 
objectives to be set that apply to different types of hazard, i.e., linked to risks of different outcomes 
rather than based on derived quantities such as effective dose. Furthermore, a common language 
should be developed and used for describing levels of risk to avoid confusion, errors and mistrust 
among different stakeholders. 

There has been some parallel evolution of these ideas with the Nuclear Energy Agency (NEA) 
publishing a report on “challenges in nuclear and radiological legacy site management: towards a 
common regulatory framework”b. The report details 13 case studies from across the world and calls for 
the development of an holistic approach to management and regulation of the different hazards and 
risks associated with legacy sites in order to achieve proportionate risk management and overall 
optimisation.  

There are several example sites where there are mixed hazards, including the NOAH hazardous waste 
disposal site in Norway that is permitted for the disposal of inorganic hazardous and non-hazardous 
material, including NORM. The NOAH site was visited as part of the 2015 BIOPROTA workshop on 
radiological and hazardous waste and is described in the workshop reportc.  

In the UK, a policy proposal consultation document has recently been publishedd that would impose a 
requirement to apply a risk-informed approach as a decision-making framework for the management of 
all solid radioactive waste to ensure appropriate and proportionate management in accordance with the 
risks and hazards presented. If applied, this policy would eliminate the link between activity levels and 
disposal routes (as mentioned previously, see section 2.1).  

In responding to these proposals, it would be necessary to determine whether a waste is primarily a 
radiological or chemical hazard. Where waste is primarily a radiological hazard it should be disposed of 
as radioactive waste. Similarly, where chemical hazards dominate, wastes should be disposed of as 
hazardous wastes. It should be recognised that changing the regulations and laws relating to these 
different wastes would not be straightforward, but taking a pragmatic approach to managing the hazards 
would help in delivering a more proportionate risk-informed graded approach to waste management. 

In order to determine the major hazard, a hazard index should be developed that considers all hazards 
on a common basis. The hazard would depend on factors such as the toxicity, mobility, accumulation 
potential and persistence in the environment. Developing such an index would be ambitious but 
necessary if policy objectives are to be appropriately addressed. The science and software tools needed 
for assessing chemical impacts from disposals are already available and we have significant information 
on some of the more significant hazards in radioactive waste based on many case studies. There is 
also a lot of experience that can be drawn from in terms of hazard indices developed separately for 
radioactivity and chemicals that could be reviewed to identify particular commonalities and areas where 

 

b Available at: https://www.oecd-nea.org/jcms/pl_26859/expert-group-on-legacy-management-eglm  

c See https://www.bioprota.org/wp-content/uploads/2012/06/BIOPROTA_RH2-WorkshopReport_version-
2_FINAL_6-May-2015.pdf  

d https://www.gov.uk/government/consultations/managing-radioactive-substances-and-nuclear-decommissioning  

https://www.oecd-nea.org/jcms/pl_26859/expert-group-on-legacy-management-eglm
https://www.bioprota.org/wp-content/uploads/2012/06/BIOPROTA_RH2-WorkshopReport_version-2_FINAL_6-May-2015.pdf
https://www.bioprota.org/wp-content/uploads/2012/06/BIOPROTA_RH2-WorkshopReport_version-2_FINAL_6-May-2015.pdf
https://www.gov.uk/government/consultations/managing-radioactive-substances-and-nuclear-decommissioning
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distinctions would still need to be made. Other work in on-going international projects could also be 
taken into account.  

It is proposed that, as a first step in taking this topic forward, a BIOPROTA workshop be organised with 
the following objectives. 

 Sharing the latest information on modelling chemical impact assessments for radioactive waste, 
including on source terms, screening methods, criteria applied, assessment endpoints and critical 
issues leading to uncertainties. 

 Exploring the scope for developing tools to support proportionate hazard and/or risk assessment in 
radioactive waste management and whether they could be accurate and robust enough to support 
decision-making. 

 Discussion of the practical application of assessment methods that address all hazards from solid 
radioactive waste disposal, to inform on site remediation, decommissioning activities and in situ 
disposal.  

It is proposed that NORM waste from the nuclear fuel cycle be included within the scope, but that other 
NORM waste disposal be excluded at this time to avoid the scope and participation being too wide to 
manage effectively.  

A workshop proposal will be developed and distributed to invite feedback and interest in supporting and 
participating the workshop. Two potential host organisations for the workshop have been identified 
previously and NWS also expressed an interest in potentially hosting the workshop.  

Discussion 

Proportionality is important when reaching out to affected groups. If only radiation hazards are 
discussed or only chemical hazards, this can cause mistrust, so by not taking a holistic and 
proportionate approach from the start, we can create additional challenges that need to be addressed 
later.  

Challenges can also arise with respect to terminology and the communication of risk.  

In Belgium, laws require that any waste containing radioactivity must be removed. However, there can 
be large cost implications which can be impracticable, particularly where radioactivity levels are low 
and/or short-lived. There is therefore interest in looking at on-site storage of waste as a potential 
solution. A workshop on the topic of proportionate management of wastes would therefore be very 
useful and could help in making justified arguments for storage of wastes. Greater consideration of the 
chemical hazards of some waste streams is also needed with solutions to waste issues needing to be 
evaluated on a case-by-case basis.  

The ability to evaluate risks proportionately will, to a large extent, depend on our understanding of 
different types of risk and perceptions of risk. The need to consider extraordinary timescales when 
managing radioactive wastes, along with the level of effort placed on managing radioactive wastes can 
lead to the perception that radioactive waste is far more dangerous than other wastes which, in turn, 
can lead to poor decisions being made.  

Most organisations in BIOPROTA are concerned with radioactive waste management, but for a 
workshop to be effective it may be important to invite others that are not directly involved with radioactive 
waste, e.g., those responsible for hazardous waste management. Previous workshop reports on this 
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topic should be reviewed in preparing for a new workshop to consider what did and what did not work 
well and how to engage broadly on this topic. 

There will be different ways to look at comparing radioactive and chemical hazards. One approach is 
to compare at the level of toxicity and compare impacts. Alternatively, separate evaluations can be 
made before combining within an overall environmental impact assessment. How to integrate 
radiological assessments within an overall environmental impact assessment is a topic being 
considered within the IAEA MEREIA programme. 

In the UK, there was a SAFEGROUNDS project that provided guidance with respect to management of 
contaminated land, but this guidance has not been updated in some time and the need for updated 
guidance, not just on toxicity indices but also on assessment approaches, is becoming urgent. 
Assessments for contaminated land can become incredibly complex, even for sites with low levels of 
contamination. 

In moving toward a harmonized approach for different hazards it is likely that control of one hazard will 
become less restrictive while another becomes more restrictive. If longer timescales were to be taken 
into account, it is likely that controls on disposal of hazardous waste would become more restrictive. 
Debate is needed on the various issues and the sooner this occurs, the sooner we can move forward 
and do the best we can, or admit that differences are necessary but with justification of why.  

In moving forward, it will be important to recognise that there will be differences between countries, not 
least in the way that the different hazards are regulated, and it will be necessary to navigate around 
these differences. Inviting a wide range of participants from relevant fields to discussions will help. 
Focussing on a particular issue may also help in providing an example of how proportionality can be 
achieved and provide a model for future cooperation. It is not intended with respect to the development 
of a hazard index to provide a fully proportionate risk management tool, but rather to provide a 
mechanism that will help in deciding whether waste better falls into a radiological waste or hazardous 
waste category and to provide confidence around appropriately optimised management decisions.  

5.2 ADDITIONAL WORKSHOP TOPICS 
The following topics have previously been identified as being of interest to several BIOPROTA member 
organisations. These are briefly described below and potential workshop hosts identified (note that 
interest expressed during the meeting in hosting workshops and their potential timing is provisional 
only). 

 Biosphere modelling for C-14.  Carbon-14 requires careful consideration in assessments and 
remains a priority radionuclide for several organisations. A workshop to share the output from the 
recently completed C-14 project on terrestrial and aquatic environments, to discuss ongoing model 
developments and assessments to identify priorities for assessments and discuss potential for more 
collaborative modelling and validation exercises would be useful. There would also be an 
opportunity to draw on wider expertise. C-14 is a standalone topic and will be progressed in 
discussion with participants of the recent C-14 project.  

 Biosphere assessment modelling. Each member organisation has a biosphere assessment 
modelling approach or the capacity to review modelling that has been undertaken. Various 
modelling approaches and/or aspects of models have been compared in the past through previous 
BIOPROTA projects and workshops, including comparisons of exposure pathways and modelling 
transfers across the geosphere-biosphere interface. There is continuing potential for further 
workshops to provide an opportunity to present new and updated models and discuss reasoning 
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behind model choices, to describe how assessments have been undertaken, the assumptions 
made and exposure pathways modelled. One of the drivers for interest in this topic is the range of 
newer people involved in biosphere assessments and BIOPROTA for whom understanding of the 
range of models that are applied and their background would be helpful. 

Modelling for special radionuclides (i.e. those with particular behaviours that require special 
attention such as Cl-36, Se-79 and C-14) and the use of detailed models in support of assessment 
studies could also be topics for a biosphere modelling workshop.  

Posiva were noted as potential hosts for a workshop on biosphere assessment modelling, 
potentially in spring/early summer 2024, and potentially combining with the 2024 annual 
BIOPROTA meeting. The topic could also be combined with the role of FEPs and screening (see 
below). 

 Screening of contaminants. Screening of contaminants for explicit treatment is an important step 
in safety assessments and there is the potential to hold a workshop to explore the different 
approaches that have been employed, share experience, and discuss potential for greater 
consistency and good practice/lessons learned. In addition to screening of contaminants, screening 
of biosphere components and features, events and processes (FEPs) could be interesting topics to 
cover.   

 Biosphere characterisation. Over the last few decades, several programmes have moved from 
site-generic to site-specific assessments and there is potential to hold a workshop to share 
experience of biosphere characterisation, including planning, and how information gained through 
characterisation programmes has been used in assessments. A previous BIOPROTA study on site 
characterisation was published in 2006 and could provide some input. A workshop on biosphere 
characterisation has the potential to be combined with a back-to-back workshop on modelling and 
data for sorption and plant uptake (see below), given that site-specific measurements of KD and 
CR have been included in some programmes.  

Andra has previously expressed an interest in hosting a meeting or workshop, potentially in Autumn 
2024 and this could be a good topic. A meeting in Nancy, France, could potentially allow for a site 
visit on the topic of site characterisation. The next International Conference on Radioecology and 
Environmental Radioactivity (ICRER) will be hosted by IRSN in Marseilles, France, in November 
2024. Dates around this time would therefore need to be avoided. 

 Modelling and data for sorption and plant uptake. Sorption and concentration ratios to calculate 
plant uptake from soils are key data for biosphere assessments. There has been discussion in the 
past around how to obtain data and the applicability of data in models, particularly with respect to 
whether data for plant uptake are representative of the bioavailable fraction. Different extraction 
techniques can be applied to soil, plant and water samples that are then used to derive the 
necessary assessment parameters and the different techniques have implications for applicability 
to assessment models and results.  

In addition to potentially combining this topic with a workshop on biosphere characterisation (see 
above), BfS provisionally expressed interest in hosting a workshop on this topic, potentially in 2024. 

 Stakeholder engagement. Biosphere assessment is one part of a safety case on which many 
stakeholders have particular views and areas of interest. There is the potential to hold a workshop 
to discuss experience gained in stakeholder engagement and societal expectations with respect to 
biosphere assessments and communicating the results of biosphere modelling, and the types of 
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engagement used and lessons learned. This would be a new topic for BIOPROTA and a good topic 
for a workshop.  

FANC provisionally expressed interest in hosting a workshop on this topic, including communication 
of modelling and social safety.  

In addition to the topics above that had been identified previously, several new potential topics were 
identified in discussions that have the potential to be taken forward as topical workshops or broader 
projects.  

 Research strategies and agendas. Many organisations have strategic research agendas and 
there would be benefit in bringing people together to discuss how research priorities are identified 
and justified and lessons learned in the identification of important gaps in knowledge (i.e. those that 
can affect decision-making) and what to do where gaps are identified but research to address those 
gaps is not feasible. Sharing experience in the regulatory review of research agendas would also 
be beneficial with regulators often being responsible for identifying gaps in programs / knowledge.  

 Artificial intelligence in data mining and supporting assessments. The use of artificial 
intelligence (AI) is becoming more commonplace and has numerous potential benefits for 
assessments, including an expansion in the ability to process large volumes of data. For example, 
cameras can be used to capture plankton images that can then be processed through computer 
systems to analyse species and abundance and to derive real-time data on communities as a 
function of time and depth.  AI has also been used in evaluating biodiversity and spatial distribution 
of species moving through environments. It may therefore be useful to hold a workshop on the topic 
of AI technology and its application in site characterisation and in support of biosphere modelling.  

 Knowledge management, training and maintaining expertise. This topic links to some extent 
with research strategies and agendas in identifying and addressing knowledge gaps but is more 
focussed toward training of future specialists and wider stakeholders. The need to maintain 
assessment programmes over long timescales was discussed and the meeting involved several 
new participants. It was also suggested that PhD students supporting different programmes could 
be invited to meetings / workshops to provide broader involvement and an opportunity to present 
and explain their research and to mix with researchers from other universities/countries. The scope 
could also include dedicated training programmes, such as a ‘summer school’. This could involve 
introductory seminars from BIOPROTA members alongside site visits that could help illustrate 
‘models versus nature’. Training material for use in the IAEA MEREIA programme (e.g. on topics 
such as biosphere assessment and biosphere characterisation/sampling) could also be developed. 
Working Group 4 of MEREIA includes proposals for webinars on environmental impact 
assessments, including for former uranium mines, and this could be a good place for training 
material related to the BIOMASS methodology and its application to legacy sites. 

5.3 FORWARD WORK PROGRAMME DEVELOPMENT 
Based on the feedback received on the various topics detailed above, the TS will be in contact with 
those organisations that have expressed provisional interest in hosting workshops to discuss 
arrangement and develop proposals. Where topics remain with no potential host identified, volunteers 
are invited to come forward. Alternatively, workshops could be arranged as web-hosted meetings and 
member organisations are invited to express interest in such arrangements being taken forward for 
particular topics. Further topics ideas are also invited at any time.  
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6. FORUM ARRANGEMENTS FOR 2024 
6.1 FEEDBACK FROM THE 2023 SPONSORING COMMITTEE MEETING 
Kat Raines (NWS and BIOPROTA chair) presented feedback from the Sponsoring Committee meeting 
that took place during the course of the annual meeting. Key points, including actions agreed in 
discussion of the feedback are summarised below.  

 BIOPROTA objectives and scope. The objectives and scope of BIOPROTA, including policy for 
membership, are set out in the Forum Arrangements document that is issued annually. The 
objectives and scope were reviewed and endorsed. 

 Membership status. The policy for membership was reviewed and endorsed. ARAO did not renew 
membership for 2023 due to work commitments but have expressed interest in rejoining in 2024. 
New membership from Ciemat and Magnox would be supported. NND, a Norwegian operator, was 
identified as an organisation that could be contacted with respect to potential new membership.  

 Ongoing projects.  The C-14 project has concluded and the final report is ready for sharing with 
the wider BIOPROTA membership. 

 Future meeting arrangements. The hybrid meeting arrangement worked very well, particularly 
because of the effective audiovisual equipment arranged by NWS. Nonetheless, for future meetings 
and workshops, in-person attendance is encouraged. When making arrangements for future 
meetings and workshops, a minimum in-person attendance should be considered where hybrid 
meeting arrangements are taken forward. 

 Potential topical workshops in forward programme. It will be beneficial to combine topical 
workshops to reduce travel requirements and this will be taken into account by the TS when 
discussing workshops with potential hosts. 

 Forum administration matters. A report numbering system is still to be implemented (action on 
the Technical Secretariat) with numbers being retrospectively assigned to past reports. The 
different types of report should be distinguished. The website has recently been updated, and there 
is the potential to move some material (e.g. annual meeting reports) into a restricted password-
controlled area. There is also the potential for reports to be uploaded to the IAEA INIS database. 
How to progress this requires exploration. 

6.2 FORUM ARRANGEMENTS FOR 2024 
Kat Raines (NWS) will continue in the role of forum chairperson for 2023/24.  

No decision was made on a host for the 2024 annual meeting, but several organisations have been 
identified as potential hosts. The TS will follow up with potential host organisations to discuss 
possibilities.  

Finally, Sam Stead and NWS were thanked for hosting the 2023 annual meeting.  
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APPENDIX A. 2023 MEETING PARTICIPANTS 
Participant Organisation Country 
Alexander Diener BfS Germany 
Danyl Perez-Sanchez Ciemat Spain 
Graham Smith Clemson University/GMS Abingdon UK 
Alex Proverbio Dounreay / Magnox Ltd UK 
Jelena Popic DSA Norway 
Naeem Ul Syed DSA Norway 
Niya Grozeva EdF France 
Taku Tanaka EdF France 
Philipp Schädle ENSI Switzerland 
Dan Schultheisz EPA USA 
David Stuenkel EPA USA 
Caroline Roelandt FANC Belgium 
Maryna Surkova FANC Belgium 
Frederic Coppin IRSN France 
Laureline Février IRSN France 
Francois Marsal IRSN France 
Yukiko Fukaya JANUS Japan 
Minjeong Kim KAERI Republic of Korea 
Hyosub Kim KORAD Republic of Korea 
Kongkook Park KORAD Republic of Korea 
Mike Thorne Mike Thorne & Associates UK 
Valentyn Bykov Nagra Switzerland 
Yukiko Kusano NUMO Japan 
Antoine Boyer NWMO Canada 
Jess Burrows NWS UK 
Alex Hawthorn NWS UK 
Alex Hughes NWS UK 
Kat Raines NWS UK 
James Ridehalgh NWS UK 
Sam Stead NWS UK 
Kathy Higley OSU USA 
Lauri Parviainen Posiva Finland 
Jordi Vives I Battle SCK·CEN Belgium 
Olle Hjerne SKB Sweden 
Ulrik Kautsky SKB Sweden 
Sari Peuri SKB Sweden 
Peter Saetre SKB Sweden 
Anki Hägg SSM Sweden 
Maria Norden SSM Sweden 
Karen Smith Technical Secretariat (RadEcol Consulting) UK 
Russell Walke Technical Secretariat (Quintessa) UK 
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Participant Organisation Country 

Laura Limer Teams administrator (Quintessa) UK 
Saroush Majlesi UEF Finland 
Ari Ikonen UEF/EnviroCase Finland 
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