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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 Third WG6 Meeting held at IAEA Headquarters, Vienna 

11–14 November 2013 

(during the Second MODARIA Technical Meeting) 
 

Objectives 

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 information and context to new participants. 

Introductions 

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

been reminded of the objectives of WG6 through the plenary presentation made at the beginning of the 

Technical meeting (TM). These focus 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. Tobias noted the important point 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. 

Each person introduced themselves and explained their interest in attending. In all, there were 17 

participants, from 15 organisations and 7 countries. A full list of those who persons who participated is given 

at the end of these Minutes. 

Presentations 

Presentations were given on the progress made to date in line with the Work Plan developed from the first 

WG6 meeting in November 2012, as follows. 

1. NDA RWMD work in support of WG6 (Ray Kowe, Mike Thorne, Natalie Lord and Russell Walke) 

Ray noted progress on the following actions taken on by RWMD at the Stockholm Interim Meeting, 28–29 

May 2013. Ray also noted the completion of an RWMD sponsored M Phil., by Andy Wang-Chun Lai, 

Cambridge University, on the subject of Climate Change in the Biosphere and Climate Scenarios for 

Geological Disposal Facilities. The dissertation was published in August 2013; this and provisional material 

underpinning the following work is available for use within WG6: 

 Classification scheme for radioactive waste disposal facilities (Mike Thorne) 

This is intended as input to understanding different implications of environmental change for a wide 

range of potential disposal contexts. A preliminary scheme was supported by a substantial explanatory 

document. This was discussed and comments provided. It was proposed to provide the final version of 

the note on this topic to MODARIA WG3 since many of the issues could be relevant to NORM 

disposals. 
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 Availability of climate data sets (Mike Thorne) 

Mike presented a range of data sets, and how to access them. Such options were not so readily 

available at the time of the BIOCLIM project. These data have potential to support identification of 

analogue sites in the downscaling process and can also be used directly in statistical downscaling. 

 Linkages between climate and landscape modelling (Mike Thorne and Jens Becker) 

A report has been prepared by Jens and Mike for RWMD which addresses: the overall relationship 

between climate and landscape; outputs that may be obtained from climate models; landscape models 

and their responses to climate model outputs; and the effects of climate and landscape development on 

repository sites. A substantial range of conclusions was presented for consideration within WG6. Jens 

and Mike mentioned their intent to publish this material as a paper in a peer-reviewed journal. 

Mike also briefly described another report prepared for RWMD, on the Representation of Climate 

Change and Landscape Development in Post-closure Radiological Impact Assessments. This provides 

an overview of the representation of climate change and landscape development in post-closure 

assessments. This report is scheduled for delivery to RWMD in finalized form by the end of 

December 2013. 

 RWMD’s biosphere dose conversion factors (BDCFs) for different climates (Russell Walke) 

Russell presented BDCFs calculated for a range of climates states and systems relevant to UK, as 

calculated for RWMD. These included temperate, warm humid, semi-arid, boreal and tundra systems. 

A simple two-compartment soil model had been used in all cases, with differences arising in each case 

due to distinctions in: aquifer flow rate; discharge area; soil hydrology (precipitation, 

evapotranspiration, irrigation), and animal and human occupancies. The results are available in a 

spreadsheet for a wide range of radionuclides, with the breakdown by exposure pathway contributions 

to the total BDCFs. The general trend were for doses to be lowest for tundra, then in sequence tundra 

<< boreal < temperate < warm humid < semi-arid. The amount of irrigation is important, a result in 

common with results given in the EMRAS II WG3 report.  

 Overview of Bristol University Project (Natalie Lord and Mike Thorne) 

Natalie and Mike provided an overview of the work being undertaken at Bristol University, which can 

be summarized as follows:  

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

 Perform sensitivity analysis experiments, including the impact of the amount and 

timescale of carbon release, ice sheets, albedo, etc. on the time course of changes in 

carbon dioxide concentrations in the atmosphere. 

 Develop equation(s) characterizing the long-term multi-component response of the 

carbon cycle to a range of instantaneous CO₂ releases and compare with the existing 

literature (e.g. the Archer et al. 1997 equation used in BIOCLIM D3). 

 Uncertainty analysis. 

 Run AOGCM calculations using HadGEM2/HadCM3. 

 Run calculations for snapshots of several key extreme time periods (e.g. warm periods 

and periods with potential for glacial inception). 

 Potentially run long transient calculations from the present-day to provide an overlap with 

early stages of EMIC calculations, facilitating comparison. 

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

projections. 
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2. Current Knowledge on Future Climate Evolution (Jenny Brandefelt) 

Jenny presented information on recent and on-going work that SKB has performed in contribution to safety 

assessments (SA) for a repository for spent nuclear fuel (SR-Site) and for another for low- and intermediate-

level nuclear waste (SR-PSU). The spent fuel repository and the extension to the existing low- and 

intermediate-level repository are to be built within a distance of less than 5 km from Forsmark, The same 

overall strategy for addressing climate change has been employed, but differences arise because of 

differences in waste materials (activity level and total time that needs to be covered by the safety 

assessments) and repository concepts (barrier material and repository depth). These factors influence, for 

example, the significance of the effects of permafrost and shoreline displacement and lead to differences in 

handling of scenarios in the safety assessments. 

3. Handling Climate Changes Information in the Biosphere Modelling for Spanish Site, El Cabril 

(Danyl Pérez-Sánchez) 

Danyl explained the CIEMAT needs for and contributions to MODARIA WG6 as follows: 

 Need to update the biosphere safety assessment of VLW & LILW at El Cabril, Spain. 

 Review the climate evolution in southern Spain and revise the Biosphere Safety Assessment 

considering climate evolution or change scenarios in El Cabril. This will comprise: 

 Discussion of the fundamentals of the long-term safety assessment of waste disposal facilities; 

 Focusing on climate evolution, and evaluate the existing literature on the modelling of future 

climate changes; 

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

of radioactive waste disposal in different countries. 

 Apply a model to different climate conditions to assess: 

 Drainage at the bottom of the earth cover; 

 Groundwater recharge in the vicinity of the site. 

 Use of Soil-Vegetation-Atmosphere Model that considers parameters sensitive to climate change 

(Precipitation, Temperature, Evapotranspiration, Water Content, Kds). 

The current plan is: to undertake downscaling of the climate for the next 100 000 years in the El Cabril 

region according to specified climate change scenarios, using meteorological data series for different climate 

classes and climate domains to determine the hydrological balance in each regime; work out 

geomorphological changes in the soil types and characteristics (ph, density, OM, etc.); evaluate vegetation 

changes, considering the type of crop production for each climate class and crop characteristics (crop 

coefficient, TF, root density and depth, biomass) needed for the model. The approach is to use a combined 

BIOMASS/BIOCLIM methodology, then use an analogue approach with the improvements arising out of the 

MODARIA WG6 project. 

Danyl noted that El Cabril is, on average, quite arid, but that the varied topography creates very 

heterogeneous vegetation and other conditions. 

4. Preliminary Results with Simplified Reference Biosphere Model (Shulan Xu and Russell Walke) 

Shulan reprised the objectives of consideration of confidence and uncertainties 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.  



WG6 Minutes - 2nd MODARIA TM.doc 4 

Two important questions arise: What confidence can we gain from use of radiological assessment models in 

the context of long-term climate change? And, what kind of information is necessary to support biosphere 

models in the context of radiological assessment? 

SSM has undertaken research in review of SKB’s SR-Site assessment that can contribute to these objectives. 

The research includes comparison of the complex landscape modelling approach adopted by SKB with less 

complex approaches. The less complex approaches include a less complex landscape model that can 

represent environmental change and simpler ‘reference biosphere’ models without environmental change. 

The reference biosphere models have been developed and include the most plausible transport processes and 

represent various types of biosphere systems to encompass those relevant to the Forsmark area as the 

landscape evolves with time. This work, done by Russell Walke (Quintessa) will be published as an SSM 

Technical Note in due course. Releases to the following systems have been considered and use data applied 

for the Forsmark Site as much as possible, to help ensure meaningful comparisons with the SR-Site 

assessment: 

 Marine system 2 km by 1 km 

 Lake system 5 ha median lake ( 250 m) 

 Mire and forest have the same areas as the lake, but explicitly recognise wildlife will use larger area 

 Pasture 10 ha 

 Arable 1 ha cultivated area, with water drawn from an aquifer with an area of 5 ha 

Preliminary work and comparison of the (SKB) Landscape Dose Factors values with equivalent dose 

conversion factors calculated with the simple biosphere models, suggests that: 

 potential impacts are generally not underestimated for important radionuclides for releases to surface 

soils/sediments via groundwater; 

 for some radionuclides, the explicit representation of transitions between marine, lake, mire and 

terrestrial systems results in dose factors that are more than an order of magnitude greater than those 

calculated with simple, non-evolving biosphere systems;  

 for six radionuclides, the simple biosphere models resulted in dose factors more than an order of 

magnitude higher than LDF values when equivalent assumptions were adopted; and 

 that a focus on exposure of adults in LDF is justified, but that the potential for doses to children and 

infants that are up to a factor of about seven larger for certain radionuclides should be borne in mind. 

In addition, potential exposures arising from the use of shallow wells for small-scale horticulture, in addition 

to domestic and other agricultural uses, results in dose factors that are higher than the LDF values for 21 out 

of 39 radionuclides for which comparisons were possible. 

Working Discussion 

Participants divided into two groups to discuss and develop future activities, with focus on work prior to the 

2014 Interim Meeting. The group then re-assembled to discuss structuring a WG6 report, built around the 

proposed activities. Some issues arising included: 

 The suggestion that particular sequences and sets of conditions, not the entire future sequence, are 

important for a repository SA. 

 Whether it is possible to anticipate the interesting sequences in advance? Are they repository type 

dependent?  

 For the examples to be considered, few palaeodata may be available. What do you do when you don’t 

have all of the material that you might like? 

A flowchart was developed illustrating the entire methodology. A second diagram was also developed, 

illustrating the process for developing climate simulations, with a distinction made between timeframes of a 

few thousand years and for more than a few thousand years. 
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Concerning model comparison work, the main characteristics relating to climate change to be investigated 

will be for sites exhibiting: (a) land rise; (b) erosion; and (c) marine flooding. 

Overall Conclusions 

Key points were identified for presentation during the closing Plenary Session of the 2nd MODARIA 

Technical Meeting on 15 November 2013. The WG6 approach was summarized as follows: 

 Build on national R and D programmes, supported by post-graduate studies, interfacing with research 

institutes; 

 Ensure practical relevance to realistic types of repositories; 

 Perform new climate model calculations: 

 Up to 1000 years, 

 Beyond 1000 years; 

 Update and illustrate downscaling methods; 

 Investigate narratives for climate change using complex, simple and intermediate complexity models; 

 Undertake example applications. 

A technical structure for the WG6 Report and Associated Work Plan Work Plan was developed, including: 

1. Background, Objectives and Scope  

2. Approach to Carrying Out the Study  

2.1. Typography of Facility Types 

2.2. Controls on Long Term Climate Change  

2.3. Representing the Climate System  

2.4. Palaeoreconstructions 

3. Prognosis of Future Climate 

3.1. Global 

3.2. Regional Downscaling 

4. Illustrative Application to Example Locations: Belgium, Central England, Sierra Morena, Forsmark, 

Other. 

5. Analysing Process Understanding and Confidence  

6. Discussion and Conclusions 

This structure is expanded upon in Annex A (see below). In outline, it is intended to provide a concise 

overview report with a route map through the methodology application. Details describing the modelling will 

be provided in annexes to the report. It is hoped that these annexes will include underlying databases of 

model results, which could be used by Member States as a basis for their own downscaling, to support and 

justify simplifications (without repeating work) in real applications of the methodology. The concept is to do 

a thorough job at international level, with collated expertise, so as to allow optimized use of resources at the 

national level. 

The links to other MODARIA WGs continue to be recognized, along with the links to the BIOPROTA 

project on the geosphere-biosphere subsystem. 

Participants commented that it would be convenient if the EMRAS II WG3 report completed in 2012 could 

be finalized and published by the IAEA. 

Next meeting 

The next (interim) WG6 meeting planned to be held at Bristol University (the United Kingdom), in the week 

beginning 2 June 2014, hosted by the Cabot Institute with the support of RWMD. 
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ANNEX A 

Working Group 6 Report Outline and Associated Work Plan 

The following is a very preliminary outline designed to support planning of WG6 activities, especially 

towards the 2014 Interim WG6 Meeting, while at same time making progress with an overall WG6 report. 

Executive Summary 

Road Map/Flow Chart of Methodology 

1. Background, Objectives and Scope (MCT, GMS initial draft Q1 2014) 

Background: Preamble about BIOMASS – BIOCLIM, and more recent progress in performance assessments 

at specific sites, and other ongoing international work, such as the BIOPROTA Geosphere Biosphere 

Subsystem (GBS) project. M Phil thesis provides good background, as does the forthcoming review report 

for RWMD and the draft Becker-Thorne paper. 

As part of this, it was noted that the Example Reference Biospheres in IAEA-BIOMASS-6 are not 

predictions but scenarios consistent with the narrative descriptions for the system, in particular what is now 

termed the GBS. This is consistent with the development and application, as in WG6, of applying narratives 

for relevant futures (descriptions of site development) to specific sites. It may be useful to check/compare the 

typography assumptions in the GBS and WG6 projects. WG6 participants who are not already engaged could 

be interested in the GBS activities. 

Note the challenge of applying very long-term climatology with very special objectives. The important issues 

may not be those that normally challenge climatological science. 

Objective: The overall objective of WG6 is to further develop the understanding of how the biosphere may 

develop from present to the far future. This objective will be addressed by: 

 Defining the key processes that drive environmental change (mainly those associated with climate and 

climate change), and describing how a relevant future may develop on a global scale. These drivers are 

quantitative and can be extracted from the existing scientific consensus on global historical climate 

evolution. The results can be used to describe the future environments, which we call ‘reference 

futures’ and ‘future variants’. These are not predictions, but relevant examples that provide valuable 

input for solving specific questions in a safety assessment. 

 Developing a methodology (conceptual framework) that is valid on a global scale, and considering 

how that can be downscaled to provide information that is needed for site-specific assessments. 

 Applying the conceptual framework to a number of case studies (sites), that will illustrate the 

evolution of site characteristics and the implications for the dose assessment models, including the 

justification of abstraction into simplified assessment level models. This may address: (a) changes in 

the potentially affected environment prior to any assumed radionuclide release to the biosphere, and 

(b) changes occurring after or while releases are assumed to occur, including possible transient effects 

that may be relevant to resulting potential exposures. 

The outputs are a description of the methodological approach to developing reference futures and variants, as 

well as examples that illustrate application of the methodology. 

Scope: Inclusive of a wide range of realistic potential repository contexts, as being developed in the 

typography document.  

2. Approach to Carrying Out the Study and Outline of the Rest of the Report. (To Be Decided, 

towards end of project, maybe subchapter for section 1, and/or basis for executive summary) 

Outline of the whole methodology and the example and explain how the work was done. 

Focus on sharing information on current methods for assessing climate change and its consequences for 

SA/PA. 
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Should provide not only a home for climate data, but also a library of sources, with pointers as to how those 

sources can be accessed.  

It is important to distinguish: 

 Providing a common global climatological context for CO2 scenarios…etc. 

 Downscaling methods and application in different contexts, leading to narratives for climate and 

landscape change at regional or site level. 

 Exploration of the radiological consequences/implications of climate and landscape change; and 

provision of a mechanism to check that proportionate effort is expended in getting to the aspects of the 

narrative of primary importance to safety assessment. 

3. Typography of Facility Types and Timescales (MCT/all) 

Twelve pages of draft were available for comment and were further enhanced and annotated during the 

meeting (in particular application to five example sites was addressed). This material could be summarized 

in the main text with the details in an annex. 

It was suggested that a decision tree should be developed describing key questions and choices made related 

to climate evolution.  

4. Controls on Long Term Climate Change (NL, Q1 with results before interim meeting, 2014 and 

RK and JB to review) 

1992 Goodess et al. book still relevant (Goodess, C M, Palutikof, J P and Davies, T D, The Nature and 

Causes of Climate Change: Assessing the Long Term Future, Belhaven Press, London, 1992). For us, the 

dominant factors are insolation variation and greenhouse gas forcing. 

Consider the different models used in different timeframes, notably an initial period which relies on 

assumptions for dynamics of CO2 release, followed by a period for which only the integral release is 

relevant. 

5. Representing the Climate System (JB with others, Q1 2014) 

Preamble on temporal and spatial scales. Show pictures of historic climate in different regions of the world. 

Consider projections of continuous climate change from the present day to end of period of assessment 

leading to identification of problem areas/sequences of changed climates. 

Illustrate with a diagram describing how the global climate develops in time depending on latitude.  

6. Prognostic modelling of global climate (Timing Q1 2015…) 

Three sources of information are to be compared, based on work undertaken in the UK, Sweden and Finland. 

Text is to be compiled through SKB, laying out what will be done in detail for the interim meeting, possibly 

with illustrative results. Modify in the light of that information sharing. Need to agree metrics of comparison 

so that we know where disagreements between approaches are of significance. 

7. Downscaling After the Palaeo and the Prognostic Modelling 

Explain the need to go from global to regional to site level. Note that it is not just about numbers coming 

from the models, but most importantly, interpretation of the results. 

Approaches to downscaling (NL to draft for interim meeting) There is a large literature, for example applied 

to IPCC scenarios, but these approaches are not necessarily appropriate for long-term applications. 

C M Goodess (UEA) may be invited to review in view in her work in this area in BIOCLIM and 

subsequently in various EU projects (MICE, PRUDENCE, STARDEX).  
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Application (2015 interim meeting) 

Application is to be made to each of the example sites. This has already been done in some cases, so these 

can be used to see if the methodology is sound and is a significant improvement over previous approaches. 

However, new applications will also be studied, e.g. application of the approach to Swiss situations of 

interest. 

8. Influence of the Climate System on the Geosphere and the Biosphere (MCT, Jens, Q1 for review, 

Interim meeting) 

Inputs include text from D10-12 BIOCLIM, the M Phil., dissertation, elements of the BIOPROTA GBS 

project and a paper already prepared by JB and MCT.   

9. Applying Narratives to Relevant Futures to Specific Sites 

 Belgium, Mol Region (LS, SCK) 

 Switzerland (JB, Nagra) 

 Forsmark, SFR and SR Site (SKB) 

 Sierra Morena, Cabril, (DP-S, CIEMAT) 

 Lowland Britain, (RWMD) 

 Finland (POSIVA, tbc) 

 France (ANDRA, tbc) 

 Others are welcome. 

A one page note for each area of what has already been done is requested for the interim meeting. 

10. Analysing Process Understanding and Confidence (SSM, SCK, CIEMAT) 

Initial work for the 2014 Interim WG6 Meeting: 

 Belgium, Mol Region, note from SCK on availability of alternative models, present the model 

structure and possibly preliminary results… (SCK) 

 Forsmark, Some text for Interim meeting (SSM/with Quintessa) 

 Sierra Morena, Cabril, Some text and illustration results for Interim meeting (CIEMAT) 

11. Conclusions and Recommendations (All) 

Annexes 
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