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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 Seventh WG6 Meeting held at IAEA Headquarters, Vienna 

9–13 November 2015 

(during the Fourth MODARIA Technical Meeting) 

 

1. Objectives and Agenda 

The objectives of the meeting were to present and discuss the work done so far in Working Group 6 (WG6), 

to review the draft WG6 final report and to finalize actions for completion of the report. The Preliminary 

Agenda, Appendix A, was reviewed. Additional presentations were offered and included in the programme, 

as recorded below. 

2. Introductions 

Tobias Lindborg (SKB), leader of WG6, welcomed participants and invited each to introduce themselves and 

explain their interest in attending. In all, there were 19 participants, from 13 organizations and 7 Member 

States. A list of participants is given at the end of these Minutes. 

3. Presentations of WG6 Progress 

Presentations were provided on the following: 

3.1 Projections of long-term future climate change to inform radioactive waste disposal (Natalie Lord, 

University of Bristol) 

Ms Lord presented the output of a project with RWM Ltd which is providing input to WG6, including: 

(a) Future CO2 scenarios: 

(1) Developing long-term CO2 scenarios using a climate-carbon cycle model for up to one million 

years; 

(2) An empirical response function characterizing the long-term multi-component response of the 

carbon cycle to a range of instantaneous CO2 emissions. 

(b) Generating climate descriptions corresponding to the CO2 levels and other climate drivers: 

(1) Running 4 sets of ensembles of ’snapshot’ GCM simulations, testing a range of values for 

atmospheric CO2, the 3 main orbital parameters (obliquity, longitude of perihelion and 

eccentricity) and global ice sheet volume/extent; 

(2) Using an emulator based on the output from the GCM ensembles, to allow interpolation 

between GCM simulations; 

(3) Using the emulator, along with several of the CO2 scenarios, to project a time-series of the 

possible ‘continuous’ evolution of climate over the next few hundred thousand years. 

(c) Apply statistical downscaling to the results to produce regional-scale climate projections. 

It was concluded that the empirical model provides a simple and practical tool for rapidly projecting the 

future long-term evolution of atmospheric CO2, and can be used in place of a mechanistic model. The 
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emulator provides a powerful tool for assessing the possible long-term ‘continuous’ evolution of future 

climate, an otherwise impossible task using conventional climate simulation. 

3.2 Regression Analysis of UK Climate Data for using Downscaling of GCM Results (Mike Thorne, 

Mike Thorne & Associates Limited) 

Mr Thorne presented results of on-going work on how annual temperature and precipitation vary across the 

UK according to Easting and Northing, and mean elevation in each 5 km by 5 km grid square. Overall 

conclusions were: 

 Temperature variations are well fitted using a simple multiple linear regression with plausible seasonal 

behaviour of the coefficients; 

 Precipitation variations are less well fitted, but a simple approach explains much of the observed 

variability; 

 It is possible that the analysis of the precipitation data is too elaborate and that a regression against 

station data instead of gridded data might be more appropriate; 

 Results can be compared against other estimates of climate gradients across the British Isles (based on 

palaeodata and GCM model simulations of past, present and future climatic conditions). 

These results will be used to support illustrations of the down-scaling process in the WG6 report. The 

contribution to this work of D. Roberts (AMEC) was noted. 

3.3 Landscape and Assessment Inputs to WG6 Report (Russell Walke, Quintessa Ltd) 

Mr Walke presented material summarizing his contributions to the WG6 report provided since the interim 

meeting in May 2015, as follows: 

 Inputs to Section 6: Landscape: 

• Canadian DGR for L&ILW; 

 Inputs to Section 7: Assessment Examples: 

• Canadian DGR for L&ILW; 

• Canadian used fuel repository; 

• UK geological disposal facility; 

 Inputs to Section 7: Guidance for Assessments. 

There was a lot of discussion of how to address complex issues and modelling implications associated with 

long-term climate driven environmental change. It was noted that the need to address such matters is derived 

from international recommendations, e.g. see discussion and examples of national considerations in 

Appendix IV of the EMRAS II WG3 report. 

Mr Proverbio commented that the complexity of the model should be proportionate to the hazard being 

assessed, and for example, for low-level waste this may largely be a chemotoxic hazard.  

Mr Thorne commented that the methodology should raise the potentially relevant questions and illustrate 

them, but that the detailed answers will be assessment context specific, e.g. different issues will need to be 

addressed if the intended audience is a wide range of stakeholders as opposed to narrower technical issues. 

It was noted that the word guidance has to be used carefully in IAEA documents. 

Mr Lindborg reminded participants that the questions and illustrations should focus on climate change and 

system features affected by climate change. 

4. Other Presentations 

4.1 Posiva Climate lines of evolution and the "reference" biosphere modelling (Anne Lehtinen & 

Kirsi Riekki, Posiva) 

Ms Lehtinen noted time lines for the climate lines of evolution in Safety Case 2020, as follows: 
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 Time periods are set by the Nuclear Safety Guide (YVL) D.5 and STUK; 

 Climate evolution will be handled in a time periods of 130 years, 10 000 years, 120 000 years and 

1 million years; 

 Different methods and modelling programs will be used for handling each time period. 

In Safety Case 2012 it was assumed that the Weichselian glacial cycle will occur about 6 times in a 1 Ma 

time scale. In Safety Case 2020 the plan is to combine the climate evolution with the projected insolation 

curve. Climate modelling will be based on the IPCC RCP scenarios.  

For the time window out to 10 ka, only moderate changes can be expected: climate type is not projected to 

change and dose modelling will be based on YVL D.5, similar to BSA-2012.  

From 10 ka to 120 ka, one complete glacial cycle will be considered and also address more diverse climate 

conditions (STUK requirement 2). However, no extreme climate cases will be included. “Stylised” biosphere 

modelling is in the planning stage, based on snapshots related to geosphere release time points and climate 

types (and related system changes) that may be relevant at those times. 

The climate conditions that will be considered in BSA-2020 for longer time are: temperate, periglacial 

conditions and submerged conditions (the site is currently coastal). The climate scenarios that will be 

considered are: 

 Global warming: “Reference climate”, RCP 6.0; 

 Variant climate: Extended global warming: Warmer and more humid climate, RCP 8.5; 

 “What if” case: Early periglacial: Expected to be colder, RCP 2.6. 

It was noted that the RCP scenarios are an important base-line to take into acount but that they only extend 

out to about 100 years from the present. Hence the need for the type of climate modelling work considered 

and described in WG6. 

4.2 Simplified transport modelling of a disposal system and doses using probabilistic methods 

(Pekka Kupiainen, Fortnum) 

Mr Kupiainen outlined the methodology and results for release rates to the biosphere (Bq/a) and the dose 

rates (mSv/a) for release scenarios for the Finnish SNF and L/ILW repositories. Based on this work, a 

simplified transport model has been developed for the disposal system (including the biosphere) for both the 

SNF and the LILW repositories. Biosphere transport simplifications are based on previous landscape 

development modelling.  

Using a simplified model (based on Python/Excel) for calculating release or dose rates based on the 

reference/base scenarios of the repositories, a variety of dose calculations have been carried out: 

 Deterministic cases for verification; 

 Probabilistic simulations for uncertainty analysis; 

 Sensitivity analysis for recognizing most influential parameters. 

It was concluded that results were in good agreement compared to earlier assessments for the most important 

nuclides. The most important release barriers are easily identified (‘bottlenecks’ for radionuclide transport), 

and variability in the results caused by uncertain/variable parameter values can be quantified with 

probabilistic simulations. However, these results must be interpreted in the context of the static biosphere 

configuration and the chosen distributions for the input parameters. The model can be extended to other 

repositories and release scenarios in cases where the concepts of equivalent flow rate and pore volume are 

applicable. 

5. Discussion of Papers 

Progress with the following papers was discussed and updates considered: 
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(i) Climate Change and Landscape Development in Solid Radioactive Waste Management: An IAEA 

Initiative; 

(ii) Use of Long-term Climate Data in Landscape Development Modelling for Various European 

Contexts; 

(iii) The Emulation of Long-term Global Patterns of Climate and Climate Change; 

(iv) Long-term Projections of Greenhouse Warming Over Greenland: Implications for Characteristics of 

Ice-marginal Sites and Recovery of the Ice Sheet following Greenhouse-gas-induced Loss of much of 

its Mass; 

(v) A Prolonged Interglacial Ahead?  Implications for Landscape Development in Assessments of the 

Safety of Radioactive Waste Disposal; 

(vi) Use of Long-term Climate Data in Landscape Development Modelling for the Southwest USA; 

(vii) Development of an Emulator of Long-term Changes in Global Climate and Downscaling of its 

Outputs for Use in Landscape Modelling: Case Studies for Switzerland, the UK, Sweden and Spain. 

Outlines and latest inputs have been uploaded to Project Place. If not already involved, participants interested 

in contributing are invited to contact Mr Lindborg. 

6. Progression towards Completion of the WG6 Final Report 

Mr Lindborg chaired discussion of the draft WG6 report, version dated 31 October 2015, and made available 

prior to the meeting. This includes a wide range of new inputs alongside those presented in detail by 

Mr Walke. 

Further changes were made during the meeting and remaining inputs and issues to address were identified. 

Key items include: 

 Replacement of some of the text by reference to papers and reports which have since been published; 

 Transfer of some of the text illustrating experience and methods to appendices; 

 Top end of emissions scenarios are very high. Our focus is to be on results for less extreme emissions; 

 Emulator results to be included in appendix; 

 Presentation of example reference futures and inclusion of illustrations of temporal and spatial 

downscaling; 

 Reorganisation of sections on examples of previous experience; 

 Further work on section on building confidence in radiological assessments involving environmental 

change; 

 Completing conclusions and executive summary (and also, possibly, a summary suitable for technical 

non-specialist readers). 

During discussions it was noted that the reference (global) climate futures can be more or less the same for 

all assessments, but the use of the results varies, e.g. how they are carried forward into narratives to support 

the radionuclide and dose modelling is context dependent. Use of a flow chart to explain this was considered. 

It was also noted that WG6 is only carrying forward the implications for modelling into the biosphere part of 

the overall assessment, not explaining how they are used in modelling the near field and geosphere. 

However, there is a need to show that the reference futures are used coherently throughout the whole 

assessment. 

A further version of the WG6 report dated 7 December 2015 has been loaded to Project Place. This 

incorporates the new material from the meeting presentations and discussions. All WG6 members are invited 

to review this 7 December 2015 version. Please note particularly the yellow highlighted text and shown 

changes indicating where further input is expected, and from whom. However, Mr Lindborg strongly 

encouraged all WG6 members to comment on the whole document and make suggestions for the 

conclusions. Such feedback is invited as soon as is convenient, to be sent to Mr Lindborg, and copied to 

Mr Proehl and Mr Smith, and others as makes sense in the context. 
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7. MODARIA II Follow-up Activities  

The IAEA invited proposals for WG activities for the MODARIA II Programme, due to start in late 2016. 

Mr Smith presented a proposal for a WG for review and enhancement of the IAEA-BIOMASS-6 

(2003) Reference Biospheres Methodology, similar to that presented at the previous WG6 meeting held 

1-3 June 2015. A significant part of the proposed update is to improve the methodology with respect to 

addressing environmental change. 

The MODARIA II WG would operate in parallel with a BIOPROTA project with similar scope and 

objectives. (The BIOPROTA programme is explained at www.bioprota.org.) The expected results and 

benefits of the two projects working closely together include: 

 Sharing of experience and technical results from BIOPROTA projects with the wider MODARIA II 

community; 

 Being able to build on that experience with the wider interests and experience of MODARIA II 

participants; 

 Developing a document at international level, that: 

• informs about relevant considerations based on practical assessment experience, operator and 

regulator, 

• discusses and presents possible solutions in real contexts, and 

• does not unduly constrain decision making at the project or site specific level. 

Mr Smith noted that features of the work are potentially relevant to longer-term assessments for legacy sites.  

Mr Lunt presented a proposal on climate and landscape development in the context of long-term assessment. 

The issues arising and approaches to address them included: 

 There is currently, no assessment of uncertainty in long-term climate evolution projections undertaken 

in support of WG6: 

• Propose to assess model uncertainty through sensitivity studies to climate model resolution and 

complexity (as is carried out routinely by the IPCC for shorter timescales); 

 Emulation results supporting WG6 have yet to be tested: 

• Propose evaluation of results in a paleoclimate context; 

 Implications for sea level change at coastal and near-surface sites have yet to be explored: 

• Propose local sea-level projections using IPCC-class ice sheet and isostasy models; 

 Implications for uncertainties in landscape modelling have yet to be explored: 

• Propose use of alternative models with different complexity. 

Proposed main work steps therefore include: 

 Identify case study sites for carrying workflow through the entire methodology; 

 Implement the workflow with multiple models/model parameters; 

 Test the methodology in a palaeoclimate context; 

 Develop a community tool for site assessment in the context of long-term climate change; 

 Develop a sea level workflow; 

 Investigate how changes in climate can be propagated through quantitative landscape modelling. 

The anticipated results and benefits include a robust, evaluated, community ‘toolbox’ for site assessment in 

the context of long-term future climate and sea level change benefitting a wide range of Member States with 

radioactive waste management and legacy site issues 

Both proposals were presented during a special Plenary Session to all MODARIA participants. 

8. Close of Meeting 

Mr Lindborg thanked all present for their contributions. 
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Appendix A: PRELIMINARY AGENDA 

 

Monday, 9 November 2015 

08:30–09:30 R E G I S T R A T I O N 

09:30–12:30 
Opening Plenary Session (see Provisional Agenda for Fourth MODARIA Technical Meeting) 

(Board Room A, Conference Building “M”, 2nd Floor) 

12:30–14:00 L U N C H   B R E A K 

14:00–17:30 

Introduction of participants 

 

Overview of progress with Final Report and work still to be completed 

 

Presentations on WG6 work since 5th meeting 

 

Presentations on other relevant work 

 
Review of work still to be done to complete WG6 report 

 

Review of Remaining Agenda 

All WG6 participants 

 

Tobias Lindborg 

 

Various, to be 

confirmed 

 

Various, to be 
confirmed 

 

All WG6 participants 

 

17:30 
R E C E P T I O N 
(hosted by the IAEA, 2nd Floor of M Building just outside Board Room A – see floor plan) 

 

Tuesday, 10 November 2015 

08:30–09:00 R E G I S T R A T I O N 

09:00–10:00 
Plenary Session (see Provisional Agenda for Fourth MODARIA Technical Meeting) 

(Board Room A, Conference Building “M”, 2nd Floor) 

10:00–10:30 C O F F E E   B R E A K 

10:30–12:00 

Progress and review of WG6 related draft publications. Papers provisionally 

being developed include: 

• Climate Change and Landscape Development in Solid Radioactive Waste 

Management: An IAEA Initiative 

• Use of Long-term Climate Data in Landscape Development Modelling for 

Various European Contexts 

• The Emulation of Long-term Global Patterns of Climate and Climate 

Change 

• Long-term Projections of Greenhouse Warming Over Greenland: 
Implications for Characteristics of Ice-marginal Sites and Recovery of the 

Ice Sheet following Greenhouse-gas-induced Loss of much of its Mass. 

• A Prolonged Interglacial Ahead?  Implications for Landscape Development 

in Assessments of the Safety of Radioactive Waste Disposal. 

• Use of Long-term Climate Data in Landscape Development Modelling for 

the Southwest USA 

• Development of an Emulator of Long-term Changes in Global Climate and 

Downscaling of its Outputs for Use in Landscape Modelling: Case Studies 

for Switzerland, the UK, Sweden and Spain 

 

All WG6 participants 

 

 

 

 

 

 

 

 

 

 

All WG6 participants 

 

12:00–13:30 L U N C H   B R E A K 

13:30–15:00 
Discussion of subjects for follow-up to MODARIA program which starts in 2016, 

followed by Subgroup work for finalising WG6 report 

All WG6 participants 

 

15:00–15:30 C O F F E E   B R E A K 

15:30–17:30 Continuation of Subgroup work All WG6 participants 
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Wednesday, 11 November 2015 

08:30–09:00 R E G I S T R A T I O N 

09:00–10:30 
Plenary Session (see Provisional Agenda for Fourth MODARIA Technical Meeting) 
(Board Room A, Conference Building “M”, 2nd Floor) 

10:30–11:00 C O F F E E   B R E A K 

11:00–12:00 Plenary Session (continued)  

12:00–13:30 L U N C H   B R E A K 

13:30–16:45 

Joint review of WG6 progress and development of plan for next steps: 

• Presentations of new work 

• Dissemination of results 

• Completion of WG6 report 

All WG participants 

Various, to be 

confirmed 

 

 

Thursday, 12 November 2015 

08:30–09:00 R E G I S T R A T I O N  

09:00–12:00 This time is allocated for participation in other Working Groups  

12:00–13:30 L U N C H   B R E A K 

 

13:30–17:30 
Hands-on training on the use of NORMALYSA software tool (see Provisional Agenda for Fourth 
MODARIA Technical Meeting) 
(Board Room A, Conference Building “M”, 2nd Floor) 

13:30–17:30 This time is allocated for participation in other Working Groups  

 

Friday, 13 November 2015 

08:30–09:00 R E G I S T R A T I O N  

09:00–13:00 
Closing Plenary Session (see Provisional Agenda for Fourth MODARIA Technical Meeting) 
(Board Room A, Conference Building “M”, 2nd Floor) 

This will include summary presentation on WG6 status 

13:00 Meeting close 

 


