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Report of a natural analogue workshop 2023
Wakana FUJITA™, Satoru SUZUKI", Chiho MORI"!, Tsutomu SATO™

In 2021 NUMO published a Pre-siting site descriptive model™ (SDM)-based safety case (hereafter referred
to as the NUMO safety case). The NUMO safety case provides comprehensive descriptions of how to
proceed with site investigations, design, construction, operation and the closure of a deep geological
repository. Furthermore, it lays out how to ensure long-term safety after closure of the repository, by
integration of state-of-the-art scientific knowledge and technology in a non-site-specific manner. In the
NUMO safety case, studies of natural analogues are noted as being able to provide important supporting
evidence to enhance confidence in the long-term safety of the geological disposal system. As the NUMO
safety case will be continually updated with the latest scientific information in the future, NUMO will also
incorporate the latest findings from appropriate natural analogue studies to further improve that confidence.
Against this background, a workshop on Natural Analogue Studies was held on November 28th and 29th
2023, with the following objectives:

*  Integration of state-of-the-art knowledge from analogue studies performed by universities, research
institutes and private companies.

*  Expert discussion on how analogues can be applied to future updates of the NUMO safety case and
how they can be used for communication with a wide range of stakeholders to further improve
confidence in the geological disposal system.

»  Strengthen links between experts within the research network involved in analogue studies in Japan.

The workshop was held as part of a joint research project between NUMO and JAEA, with 27 engineers
and researchers from domestic research institutes, universities, and private companies. During the workshop,
Prof. Sato, Tsutomu of the Graduate School of Hokkaido University served as the moderator. After 13
presentations on the latest findings from analogue studies, all attendees participated in a general discussion
on the theme of "How natural analogues can be used in the NUMO safety cases” and was based on the
current description of analogue studies in the NUMO safety case.

The following is a summary of the general discussion.

It will be of benefit to use analogues to enhance confidence in the NUMO safety case in conjunction with
in-situ tests, laboratory tests and mathematical modelling. It will also be important to select examples of
analogues that avoid “bias” by showing not only favourable cases for a geological disposal system but also
unfavourable cases. These examples should be accompanied by a careful explanation of the differences in

the geological conditions / disposal concepts for both favourable and unfavourable cases.

*1 Science and Technology Department, Nuclear Waste Management Organization of Japan (NUMO)

*2 Division of Sustainable Resources Engineering, Faculty of Engineering, Hokkaido University

*3 Site descriptive model that captures key characteristics of information obtained from studies of deep geological environments in
Japan.
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To enhance the understanding of a wide range of stakeholders in relation to the assurance of safety and
safety assessment of the geological disposal system, it will likely be more effective to tell a “narrative” about
how suitable analogue sites were formed, under what conditions and by which processes. This should be
accompanied by an explanation of how the selected analogue sites are similar to that of the expected
geological disposal conditions in Japan, rather than to introduce analogue cases as a list of scientific
information. Any analogue sites which are able to easily illustrate the basic concepts of the geological
disposal system should take priority for public communication. Proactive communication with the public
through, for example, analogue site visits guided by experts, might be a better solution to promote increased
understanding of geological disposal systems.

For analogue studies, “concrete” similarities between both the analogue site and the geological disposal
system are not necessarily required. If the researcher can rationalise the analogy between the research
objective and the geological disposal system, for example, study of an elementary process that is related to a
single safety function, then the analogue could still yield useful information. Analogues alone cannot
establish all the supporting evidence required to confirm the safety of a geological disposal system, and
therefore, should be used in conjunction with in-situ tests, laboratory tests and modelling.

As described above, compilation of analogue studies as a “catalogue” may be useful in order to integrate
results of analogue studies performed worldwide. The selection of analogues and their associated
descriptions should be well organised and adjusted to the target audience to make the “analogue catalogue”
more than just a list of analogue case information. In such a catalogue, analogues which were formed under
the unique environmental and geological conditions of Japan and studied by domestic researchers should be
included. These studies are expected to be more familiar to readers with knowledge of Japanese geological
conditions and geological disposal as opposed to international analogue examples. In compiling the
analogues into a catalogue, it will be necessary to prepare the associated description of evolution and
relevance in a “narrative” based manner. In this way it is hoped to improve both public communication and
understanding.

To support networking amongst young researchers, regularly taking part in workshops in addition to joint
research collaboration will be important. In the future it is expected that for researchers working on analogue
studies (that are currently scattered throughout a number of institutes and universities) there will be more
opportunities to collaborate, such as through joint work like the compilation of the aforementioned analogue
catalogue. Although NUMO as the geological disposal implementer, may be the primary user of such a
catalogue (at least for the time being), the concept of an “analogue study” is beginning to be adopted in
various fields, such as civil engineering and cultural heritage preservation. The development of links between
the various researchers in analogue studies and across disciplines is expected to ultimately benefit the
geological disposal project.

The analogue approach has already been utilised in scenario development for the long-term evolution of
geological disposal systems, and furthermore, the study of analogue cases by engineers involved in safety
assessment will enable them to form a more concrete picture of the possible phenomena arising during the
implementation of a geological disposal system. This will be useful for the human resource development of
researchers involved in scenario development. Collaboration on analogue research between engineers and

researchers of different ages / experience and also different disciplines, will facilitate knowledge transfer to
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the next generation of researchers. Finally, it might also be worth considering organising hands-on

activities such as field excursions.

Based on the discussion between attendees at the workshop, NUMO will continue to consolidate the latest
findings on analogue research and develop human resources for both research institutes and implementers
through both workshops and the compilation of an analogue catalogue. Such efforts will contribute to the
effective use of analogue studies in future updates of the NUMO safety case and in communication with a

wide range of stakeholders.
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Ra=r—varsilBVTh RERMMEARF S, (3T : Radioactive waste disposal presents a
considerable challenge to safety analysis because of the long timescales over which it is necessary to assure
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considered in laboratory or field experiments. The challenge therefore is to provide evidence that, when
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models are used to extrapolate laboratory or field data into the far future, this is done appropriately and
credibly. One way of corroborating long-term estimates is through the use of natural and archaeological
analogues (or NA). Apart from the scientific insights that they provide, NA studies also have considerable
value in communicating with the public.) |
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BIZIZINTIANY T ORMUERIEZ XFFT 2T F 2 I 07 Fu V7 OFER ENGENnD
(JAXZ : In some cases, uncertainty can be managed by seeking multiple lines of evidence for
particular assessment assumptions or parameters, including, for example, evidence from natural
analogues to support the longevity of engineered materials.) ,
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around the world. Furthermore, there is ample evidence of the importance of the natural processes
of solubility control, sorption and diffusion in attenuating concentrations of species dissolved in
porewater. Archaeological analogues may also be used to evaluate specific interactions between
relevant materials and natural processes.) ,
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interest to the public than, say, the results of complex mathematical model.) ,
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BGS o [E & R AT (British Geological Survey)

DOE TR F—H CKE) (Department of Energy)
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