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The IAEA’s Programme on 

MOdelling and DAta for Radiological Impact Assessments 

(MODARIA) 

Uncertainties and Variability 

Working Group 6 

Common framework for addressing environmental change in long term safety 

assessments of radioactive waste disposal facilities 

M I N U T E S 
of the 2014 Interim Meeting of WG6 held at 

The Old Council Chamber, Wills Memorial Building, 

The Cabot Institute, University of Bristol, UK 

3–5 June 2014 

 

1. Objectives and Agenda 

The objectives of the meeting were to present and discuss the work done so far in WG6, to review and 

update the WG6 Work Plan and to further develop the structure and content of the WG6 report. In addition, 

the opportunity was taken to present and exchange new information on research and assessment projects in 

various waste disposal and other relevant programmes. The preliminary agenda (Annex A) was reviewed and 

agreed. 

2. Introductions 

Participants were welcomed to the meeting by the leader of WG6, Mr Tobias Lindborg (SKB). Each 

participant introduced themself and explained their interest in attending. In all, there were 20 participants, 

from 14 organisations and 7 countries. A list of participants is given at the end of these Minutes at Annex B. 

Mr Lindborg reminded participants that the key issue is to achieve a consensus on the global climate 

future(s) and develop a common approach to how to use that future in a regional or site-specific context. The 

focus is on: development of common assumptions for global climate change, a key driver of environmental 

change; updated downscaling methods to develop narratives for the dynamic effects at the regional or site 

level, and investigation of the implications of those narratives for dose assessment, using a range of complex, 

simple and intermediate models.  

Mr Lindborg also noted that the scope of WG6 is not just the biosphere; all parts of the disposal system can 

be affected by climate change and we would like to address them coherently and consistently. 

Mr Thorne noted that we are well placed to meet the objectives but there could be a shortage of 

geomorphological input, and that the illustrations and examples investigated so far have a northern European 

bias. 

Mr Proehl noted that it is necessary to address climate change within safety assessments for waste disposal 

and that this represents a significant challenge both in scientific and communication terms.  

Mr Lunt asked who the intended audience is for the report. It was agreed that the report is a scientific report, 

but that a summary for the non-specialist audience could be useful. 
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3. Presentations 

3.1. Climate considerations in long-term safety assessments for nuclear waste repositories 

(Jenny Brandefelt, SKB) 

Ms Brandefelt began by noting that SKB has recently performed a safety assessment for a repository for 

spent nuclear fuel (SR-Site) and is also in the process of finalizing a safety assessment for a repository for 

low- and intermediate-level nuclear waste (SR-PSU). The repositories are planned to be built within a 

distance of 5 km of the Forsmark nuclear power plant in Sweden.  

The key message of the presentation was that although the facilities are located close to each other and the 

same overall approach to addressing climate change has been adopted for both assessments, other factors 

come into play that affect the handling of climate in the respective safety assessments. These include the 

different inventory and half-lives of the more significant radionuclides, the different containment concepts, 

the greater depth of the SR-Site repository and the required longer timeframe for that assessment. Such 

factors lead to differences in critical climate-related issues, for example, the maximum depth of permafrost in 

SR-Site and the earliest possible timing of permafrost for SR-PSU. This in turn leads to different treatment 

of climate scenarios in the assessments, although they are all based on a common set of futures derived under 

different assumptions for CO2 emissions.  

Mr Rübel note that this example showed how the important uncertainties depend on the information that is 

specifically relevant to a particular assessment. 

Mr Lunt commented that a scenario could be based on geoengineering scenario to remove CO2 from the 

atmosphere. This is a Future Human Action based scenario of possible relevance within the IAEA HIDRA 

project. 

3.2. The atmospheric lifetime of anthropogenic CO2 emissions (Natalie Lord, University of 

Bristol) 

Ms Lord is currently carrying out a research project in contribution to a PhD as part of an RWM-supported 

program of research on climate change and implications for waste disposal safety. The project includes the 

following steps: 

 Develop and run long term CO₂ scenarios using the GENIE model for next ~1 Ma; 

 Run AOGCM snapshots of several key extreme time periods using HadGEM/HadCM3; 

 Apply statistical/dynamical downscaling to the results to produce regional-scale climate projections. 

Ms Lord presented details of the CO₂ scenarios and GENIE results for gradual and pulse releases. Multi-

Exponential Analysis had been used to determine the response function to CO₂ injection and the following 

conclusions have been drawn: 

 The long-term carbon cycle is perturbed by anthropogenic emissions of CO2 and other greenhouse 

gases. 

 A number of processes operate on different timescales to restore atmospheric CO₂ towards pre-

industrial levels, mostly arising from the perturbation of the long-term carbon cycle caused by the 

anthropogenic emissions. 

 When considering the long-term carbon cycle (i.e. when there is little interest in atmospheric CO2 on 

timescales less than about 1000 years), simplified pulse emissions can be used. 

 Multi-exponential functions can be applied to characterise the main processes in the long-term carbon 

cycle. 

 A response function that depends only on the time-integrated carbon emissions can be used to predict 

the atmospheric lifetime of emissions of any size and pattern of release. 

In discussion it was noted that apparent errors in the multi-exponential fit are greatest at times of transition 

between the dominance of different controlling processes. 
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3.3. Addressing Environmental Changes in the Campine Area (Lieve Sweeck, SCK-CEN) 

Campine is a candidate site for geological disposal of radioactive waste in Belgium. Ms Sweeck described 

the analysis of the future evolution of the Campine area, taking combined account of the effects of 

geodynamics, climate evolution and the associated sea-level changes. The analysis includes a range of 

possible future climate conditions and transitions between them, as follows: 

 The current climate; 

 A warm interglacial, with and without marine transgression; 

 A cold glacial, with or without permafrost, or with ice-sheet development over Belgium; 

 Warm-cold and cold-warm transitions. 

The likelihood of these different conditions occurring within different time bands out to 1 million years has 

been classified as either: expected, possible, unlikely or very unlikely. The consequences at the site have 

been explored, for example, in the case of global warming with marine transgression: 

 salt-water intrusion in the upper aquifer even before full marine conditions are developed; 

 change of groundwater flow pattern; 

 coastal erosion: 

 change of topography, 

 lower relief (marine erosion estimated < 5 m), 

 coastal-marine deposition (counterbalance); 

 finally, the region will be flooded and the aquifer saturated with sea water. 

The sensitivity of soil water related parameters (infiltration, drainage and irrigation rate) to climate, land use 

and soil changes has been examined, and illustrative results were presented, including examples of dose 

assessments in the different conditions. 

3.4. Evaluating Process Understanding and Determining Confidence (Shulan Xu, SSM) 

Mr Xu reprised the objectives of this activity within WG6 as being to: 

 Compare biosphere models with different degrees of complexity for different stages of repository 

development; 

 Identify uncertainties in key parameters affected by long-term climate change and carry out sensitivity 

analyses for those parameters; 

 Validation through comparison with experimental data and natural analogues.  

The intention is to identify uncertainties of key parameters affected by long-term climate change using: 

 Complex site-specific models; 

 Simple and transparent models; 

 Inter-comparison of models; 

 Model validation through use of: 

 empirical data; 

 analogue data. 

The approach is currently being explored at three sites with different characteristics: in Sweden (SSM), 

Spain (CIEMAT) and Belgium (SCK-CEN). Sharing and discussion of the results contributes to 

identification and understanding of key processes affected by climate and environmental change.  

Mr Xu noted the need to consider further the opportunities and scope for validation of aspects of the various 

models. 
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3.5. How will Climate Change be taken into Account in the Updated Biosphere Assessment of 

the Facilities at El Cabril (Danyl Pérez-Sánchez, CIEMAT) 

Mr Pérez-Sánchez began by noting that the updated biosphere assessment will:  

 Review the climate evolution in the southern Spain region and rework the Biosphere Safety 

Assessment considering climate evolution or change scenarios in El Cabril, Cordoba (Today Cs 

Climate). 

 Focus on climate evolution, and evaluate the existing literature on the modeling of future climate 

changes. 

 Discuss how climate evolution will be treated in the long-term safety assessment studies of radioactive 

waste disposal in different countries. 

There are some important near-surface processes for which it would be useful to have improved information, 

to improve confidence in assessment results, notably: 

 Structure of aquifers; 

 Properties of granite-sediment-soil sequences; and  

 Hydrochemical zonality. 

These processes need to be better understood, taking account of environmental change within the time-frame 

of the assessment.  

Mr Pérez-Sánchez noted a number of biosphere factors affected by climate and climate change and discussed 

them in the context of the expected evolution of the Spanish climate. 

Mr Thorne noted the potential importance of extreme short-term rainfall events in the case of a hotter drier 

climate at El Cabril, both in terms of erosion and in respect of event-driven infiltration. 

3.6. Water balance and hydrological interactions between catchment, lake and talik in a 

periglacial landscape (Emma Johansson, SKB) 

Ms Johansson presented information on the latest field work and results within the Greenland Analogue 

Surface Project (GRASP). Key questions being addressed include; 

 How do periglacial ecosystems behave in terms of transport and accumulation of matter? 

 Can we identify climate specific features and processes important when calculating future effects in 

safety assessments?  

The data and knowledge gained will be applied to Forsmark to better understand hydrological and ecological 

processes in Forsmark under future periglacial conditions at the catchment scale, based on study of the 

Kangerlussuaq catchment which includes a permafrost surrounded lake underlain by a talik. The program 

includes: 

 Site investigations; 

 Time-series analysis, leading to conceptual understanding; and 

 Numerical hydrological modelling. 

Ms Johansson provided information about the conditions at Kangerlussuaq, noting for example that the 

hydrologically active period with running water is very short and that sublimation measurements are needed 

to estimate water mass loss via direct evaporation from snow. 

3.7. Ice-sheet Modelling and Sea-level Change (Tony Payne, University of Bristol) 

Mr Payne described ice-sheet modelling and sea-level change work being carried out at the University of 

Bristol. He presented the projections of 21st-century GMSLR (global mean sea level rise) under various 

representative concentration pathways (RCPs), noting that there is still a rise even under RCP2.6 (a low-

emissions scenario where carbon emissions are rapidly cut) and that stabilising global mean surface 

temperature does not stabilise GMSL. Recent work has focussed on marine ice sheet instability with 
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particular reference to West Antarctica. Collapse of marine-based sectors of the West Antarctic Ice Sheet 

(WAIS) is the only mechanism, if initiated,  that could cause GMSL to rise substantially above the assessed 

‘likely’ range during the 21st century. 

Mr Payne then presented results of analysis of ice streams and outlet glaciers indicating coastal thinning of 

the WAIS (Pine Island, Smith and Thwaites Glaciers) and in East Antarctica (Cook and Totten Glaciers), 

closely corresponding to high ice velocities in ice streams. The dynamics of ice sheets span a wide range of 

scales. Correctly resolving the dynamics of localized regions, such as grounding lines and ice-stream shear 

margins, requires fine resolution (better than 1 km in places). In particular, resolving the dynamics of the 

grounding line (where the land-based ice sheet meets the ocean and begins to float) is critical to 

understanding the dynamics of the ice sheet. Trial application of the BISICLES ice sheet modelling scheme 

to the Pine Island Glacier had confirmed the need for sub-km resolution, which is now being implemented 

using a chain of models from global AOGCMs to regional ocean and atmosphere models  and then to the ice-

sheet model. 

Mr Payne concluded by noting the Universities interest in collaboration in this area and invited further 

comments. 

3.8. Regional Modelling of the Potential for Permafrost Development in Great Britain 

Permafrost Influences (Simon Norris, RWM) 

RWM is interested in determining the potential depth penetration of permafrost over Britain and has 

commissioned work being carried out by the British Geological Survey.  

Mr Norris began by noting that, for the purposes of this work, permafrost is defined as ground which remains 

at or below the 0°C isotherm for at least two consecutive years and that perennially frozen ground is ground 

that remains frozen for at least two consecutive years. Ten sites have been selected across the whole of 

Britain that have a geographical spread over different geologies, varying latitude and elevation, and heat 

flow. Geological site characteristics were presented including the present-day temperature profile. For the 

purpose of analysis of the penetration of permafrost, it is assumed that the temperature of the ground surface 

is driven by the cyclically changing air temperature. An estimate of sub-surface temperatures can then be 

made from the present-day mean annual air temperature, heat flow and the thermal conductivity of the strata. 

Future temperatures and ice cover (relevant to thermal insulation, hence reducing potential for permafrost) 

have been constructed according to the following methodology: 

(i) Reconstruct the shape of the last glacial cycle temperature history over the UK; 

(ii) Scale by estimating the last glacial maximum temperature at each of the 10 sites; 

(iii) Reconstruct ice-sheet presence at each site; 

(iv) Model possible future climates. 

Results for permafrost penetration were determined for so-called average and cold estimate climates, and 

example results were presented for the different sites. Results were also calculated for an anthropogenic 

warming cycle. The overall conclusions were as follows. 

 In a future climate, based on past climate, permafrost development across many parts of Britain is 

highly likely. 

 During the last glacial cycle permafrost development could have been as deep as 180 m (average 

estimate climate). 

 In a future, extremely cold, climate permafrost development could be as deep 300 m. 

 The insulating effect of ice cover has a major impact on restricting permafrost development, the more 

so the colder the climate becomes. 

 The impact of anthropogenic warming will be to delay the onset of the next glaciation, but relict warm 

ground temperatures will not impede permafrost development. 

 Geological evidence for permafrost development during cold stages of glacial cycles is widespread 

across Great Britain. However, there is as yet no known geological evidence for deep permafrost 

beyond a few tens of metres. 
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Concerning the last point, it might be noted that such evidence, if it exists, would likely be subtle and might 

easily be missed in non-specific field investigations. 

Recommendations from the work included the following. 

 Development of a better estimate of basal ice temperatures and how they vary across Great Britain. 

 Investigation of one new site within Britain for biostratigraphical markers that can provide some 

absolute mean annual temperatures from the last glacial cycle. 

 Extend the investigation to modelling frozen ground. 

 Carry out some freeze/thaw experiments on porous rocks where in-situ conditions are recreated in the 

laboratory. Microscopic and SEM analysis of the rocks may reveal micro deformations that may be 

identifiable in core. 

 Consider extending the permafrost modelling across the whole of Britain. 

 Obtain equilibrium temperature logs from any future drilling. 

In discussion, it was noted that even a relatively small variation in temperature could result in significantly 

different permafrost penetration.  

Mr Norris concluded by noting RWM’s interest in collaboration in this area.  

3.9. Simple and Complex Biosphere Models (Russell Walke, Quintessa) 

Mr Walke presented on-going work in contribution to WG6 based on consideration of the Forsmark site and 

SKB’s biosphere model used in its SR-Site assessment. Having described that model and various inputs 

related to site characterisation, Mr Walke went on to present an alternative simpler model based on the same 

input information and using the following features: BIOMASS type approach: ‘Realistic’ systems, but 

cautious about human behaviour; a deterministic approach; drawing on SR-Site descriptions; without 

evolution/succession; initial focus on temperate systems, termed: Marine, Lake, Mire, Forest, Pasture and 

Arable, each with its own exposure group. 

Results were compared with the Landscape Dose Factors from SR-Site for 39 radionuclides. The simpler 

model gave higher results for 16 of these for the Arable system, and lower results for the others and for the 

other systems. 

Explanations for the differences were discussed with a view to understanding how different model 

assumptions, including simplifications, can affect results and confidence. Simpler models might, for 

example, be easier to understand. Mr Walke concluded that since the biosphere is complex, simplification 

and abstraction is necessary in modelling on long time-scales. Significant uncertainties are unavoidable and 

it is appropriate to seek a reasonable representation. In addition, it is important not to underestimate impacts, 

so it can be appropriate to err on the side of conservatism. Comparison of models deploying different levels 

of complexity helps modellers to strike a balance. 

3.10. GEMA-Site (Ryk Klos, Alexandria Sciences) 

Mr Klos outlined SSM’s independent biosphere modelling capability, GEMA. It is considered to be of 

intermediate complexity, between the SKB approach and ‘reference biospheres’, but still designed to take 

account of the specific features of the Forsmark site. Mr Klos described the representation of the evolving 

hydrology at the site and the horizontal and vertical discretization of the regolith and water bodies at sea, 

bay, lake, wetland and agricultural stages. Illustrative results were presented for constant release rates of Se-

79, Nb-94, I-129 and the Ra-226 chain. These results indicated the scope for accumulation of the more 

highly sorbed radionuclides and their subsequent release during or after environmental change, leading to the 

potential for higher radionuclide concentrations and doses. Different radionuclides gave rise to peak doses at 

different times within the assumed evolution of the system. 
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4. Presentation and Discussion of Draft WG6 Report  

Mr Thorne presented the first version of the WG6 report (version dated 29 May 2014) based on the structure 

prepared at the previous WG6 meeting in November 2013. Substantial inputs had been provided by 

participants. The sections were briefly reviewed prior to the commencement of subgroup activities
1
. 

5. Subgroup Activities 

The meeting divided to discuss and progress separately next steps in climate modelling and downscaling 

tasks and the application of narratives to dose assessment.  

6. Plenary Discussion, Conclusions and Actions 

Mr Thorne summarised the results of discussion on climate modelling and downscaling.  

Two diagrams had been developed linking the different modelling tools, their outputs and how the set could 

be used within the developing methodology. 

Concerning use of EMIC models, consideration needs to be given to combining the already available 

simulations and those now due to be made. It is not entirely clear that a sufficiently complete set can be 

prepared within the WG6 program. Mr Thorne agreed to coordinate cooperation between the SKB (Ms 

Brandefelt), POSIVA (Ms Lehtinen) and RWM programs involving AMEC and the University of Bristol and 

coordinate continuing action in related subtasks. Ms Brandefelt agreed to contact the Belgian climate 

modelling group (Marie-France Loutre, University of Louvain-la-Neuve) with a view to engaging their 

further input.  

In response to a question from Mr Proehl, it was noted that palaeodata can be used to validate EMIC results, 

but that this was a big subject of interest to all concerned with climate change. 

Concerning downscaling, Mr Thorne agreed to contact CORDEX so as to be methodologically ready to 

handle results of AOGCM snapshots as they come available. 

Mr Walke summarised the discussion of the application of narratives to dose assessment. As a first step, the 

expectations for structure and content of a narrative had been developed. Section 9 of the WG6 report was 

re-titled, ‘Implications for Radiological Assessment Modelling and Confidence Building’ and a contents list 

had been developed. 

It was proposed to explore a special modelling issue for each example site, e.g. marine inundation at the 

Campine site, or effects at glacial margins.  

Ms Lehtinen agreed to speak to Kirsi Riekki about dose modelling inputs to WG6 from POSIVA. 

Examples can be generalised rather than focussing on progress in specific disposal projects, but supported by 

references to literature which in some cases can be to actual sites (Forsmark etc.). 

Mr Proehl noted the need for care in use of terminology. Mr Walke suggested the use of projections rather 

than predictions. 

Concerning overall next steps in the project, Mr Lindborg agreed to coordinate the continuing development 

of the WG6 report and the solicitation of inputs and/or comments from additional organisations. 

Mr Proehl noted the good progress with the WG6 report and appreciated the links being made between 

climate and radiological assessment. He noted the need for a scientific basis to the assessments, but this is a 

very complex area. Accordingly he asked for development of abstractions from the science which can 

provide the clearest messages. 

___________________________________________________________________________ 

1
 A further version of the draft WG6, version dated 9 June 2014, incorporates these comments and other additional 

material developed at the meeting, and is made available to participants with these Minutes. 
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Mr Proehl expressed his sincere thanks to University of Bristol for hosting the meeting in an architectural 

environment that commands respect, and to Ms Lord for the local arrangements. He also thanked all 

participants and their organisations for the contributions and RWM for supporting an evening meal for the 

participants. 

Mr Lindborg echoed these remarks and all participants expressed their appreciation to Mr Thorne for his 

significant efforts in pulling together the draft WG6 report. 

7. Next meetings 

The next WG6 meeting will be held during the Third MODARIA Technical Meeting, which will take place 

at IAEA Headquarters in Vienna, 10–14 November 2014. 

Mr Proehl confirmed that there will the final MODARIA Technical Meeting in the second half of 2015, and 

invited participants to start thinking of next steps beyond MODARIA.  
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Annex A: 4th Meeting of the MODARIA Working Group (WG6):   

PRELIMINARY AGENDA 

Timings are Approximate and Include Time for Discussion 

 

Tuesday, 4 June 2014: 

09:30–09:45 

 

09:45-10:15 

 

 

 

10:15-11:00 

 

11.00-11:45 

 

11:45-12;30 

Introductions and review of agenda 

 

Overview of Progress in Modaria and in WG6 

 

 

 

Progress in Subgroup 1 

 

Progress in Subgroup 2 

 

Progress in Subgroup 3 

All WG participants 

 

Gerhard Proehl (IAEA Scientific 

Secretary)/ Tobias Lindborg,  

WG6 Leader (SKB) 

 

SKB+ 

 

SCK+ 

 

SSM+ 

 

12:30-14:00 

 

 

Lunch break 

 

14:00-14:45 

 

Permafrost Hydrology SKB 

 

14:45-15:30 Ice-sheet modelling and Sea-level Change 

 

Tony Payne, Univ. of Bristol 

15:30-16:45 Permafrost Influences Simon Norris, RWM  

 

16:45-17:30 Simple v Complex Models 

 

Russell Walke, Quintessa 

Shulan Xu, SSM 

 

Wednesday 5 June 2014: 

Subgroup activities 

  

 

Thursday, 13 June 2014 

09:00-10:30 

 

10:30-12:00 

 

 

12:00-12:30 

Presentation and Discussion of Subgroup Work 

 

Integration of activities and Progression Towards 

WG6 Final Report 

 

Summary and Conclusion 

All WG participants 

 

All WG participants 

 

 

Tobias Lindborg, SKB 
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