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1 INTRODUCTION 

This report is a translation of the original Japanese Safety Case (SC) Report, however it is 

important to note that it does not represent an exact 1:1 translation. The content has been 

slightly modified in places to make it more easily understandable to an international audience, 

who may not be fully familiar with the Japanese radioactive waste management programme. 

 

1.1 Basic concept of geological disposal  

The use of nuclear power generates a range of radioactive wastes. It is the ethical 

responsibility of the current generation to identify specific measures for the safe disposal of 

such waste and to ensure steady progress towards implementation of disposal projects. 

In Japan, where energy resources are scarce, the basic policy involves a nuclear fuel cycle 

in which uranium and plutonium from spent fuel are reused after reprocessing. Reprocessing 

results in highly radioactive liquid waste, which is vitrified to produce a stable, solid, 

borosilicate glass high-level radioactive waste (HLW) that is suitable for disposal. In some 

other countries with nuclear programmes, direct disposal of spent fuel is also adopted as a 

method of waste management. Although the radioactivity of HLW decays over time, it 

remains significant over an extremely long time, as shown in Figure 1.1-1. However, after a 

few tens of thousands of years, this becomes equivalent to the radioactivity of the uranium ore 

from which it was produced.  

 

Figure 1.1-1 Temporal change of radioactivity for vitrified HLW 
(modified from JNC, 2000 [1], 1 MTU = 1 metric tonne uranium). Note that the weight of the 

vitrified waste generated by JFNL is 400 kg (see Section 2.1.1) and its canister loading is 0.8. 1 
MTU corresponds to 500 kg of glass for fuel reprocessed by JNFL 
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As a result of numerous studies on methods for disposing of long-lived radioactive wastes, 

mainly by countries using nuclear power, it is internationally recognised that geological 

disposal is the most promising strategy that has no significant impact on the living 

environment and requires no direct human control (OECD/NEA 1995 [2]). 

Repositories for the disposal of higher-level radioactive wastes generally adopt a system of 

multiple engineered barriers (engineered barrier system - EBS), within a suitable deep 

geological setting. Together, the EBS and the natural geological barriers ensure isolation of 

the waste from the biosphere for a significant period of time (1 to 10 ky or more) after 

repository closure. During this period, most radionuclides (RNs) will have decayed 

completely or to a level where any radiological risk is acceptably low. In addition, the 

environment deep underground is less susceptible to human activities and various natural 

perturbing phenomena affecting the surface, such as floods and landslides.  

 

1.2 Background to deep geological disposal in Japan  

In Japan, the Japan Atomic Energy Commission (JAEC) promulgated the “Basic concepts 

for high-level radioactive waste disposal” in 1998 [3]. Further to this, “H12: Project to 

establish the scientific and technical basis for HLW disposal in Japan”, (hereafter the “H12 

Report”), produced by the Japan Nuclear Cycle Development Institute (JNC; now Japan 

Atomic Energy Agency - JAEA) in 2000 (English edition) [1], compiled the results of 

research and development (R&D) conducted since 1976 and established the fundamental 

feasibility of geological disposal.  

Based on these reports, the “Act on Final Disposal of Specified Radioactive Waste” 

(hereafter the “Final Disposal Act”) was enacted in 2000. “Specified Radioactive Waste1” 

initially referred to vitrified high-level radioactive waste resulting from the reprocessing of 

spent fuel, but was extended to include what is termed TRU waste, produced from both 

reprocessing and MOX (mixed U/Pu oxide) fuel fabrication. Although some TRU waste 

contains significant quantities of transuranic RNs, it also contains a wide range of other RNs 

and the term TRU waste as used in this report refers specifically to the fraction of such 

material intended for geological disposal, unless otherwise specified. “The second progress 

report on research and development for TRU waste disposal in Japan” [4] (hereafter the 

“TRU-2 Report”), compiled by JAEA and the Federation of Electric Companies of Japan 

(FEPC) in 2007, formed the basis for this revision of the Final Disposal Act.  

Based on the Final Disposal Act, the Nuclear Waste Management Organization of Japan 

(NUMO) was established in 2000 as the organisation responsible for project implementation. 

The site selection process specified in the Act consists of three phases of investigation: 

literature surveys (LS), preliminary investigations (PI) and finally, detailed investigations (DI). 

In 2002, NUMO issued a nationwide call for volunteer municipalities to initiate the repository 

siting process.  

Since its establishment, NUMO has been conducting R&D to enhance the reliability of the 

technical basis presented in the H12 report, with the focus on safety and feasibility. In 

addition, JAEA has also been carrying out research in order to advance the Japanese 

geological disposal programme – in particular in two underground research laboratories 

 
1 The term “specified” radioactive waste was changed in 2015 when the Basic Policy on Final Disposal of 

Higher-level Radioactive Wastes was revised (see Section 1.3). The term now used is “designated” radioactive 

waste. N.B. This footnote is not included in the Japanese version of the report. 
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(URLs), Mizunami (in crystalline rock) and Horonobe (in sedimentary rock) - to further 

improve geological disposal technology and develop safety assessment methodology. 

Results of the research performed by NUMO were compiled and published in a series of 

technical documents (in Japanese) leading up to publication of the report “Safety of the 

geological disposal project 2010” [5] (hereafter the “2010 Report”), which summarises 

NUMO’s progress in establishing technologies for safe geological disposal. NUMO has been 

continuously developing the technologies required for safe implementation of the disposal 

project and, in coordination with National Government, the electricity utilities and other 

relevant organisations, has made significant efforts in communication, in order to build public 

acceptance for geological disposal (e.g., public hearings and public information activities). 

Early efforts resulted in Toyo town in Kochi prefecture coming forward to make an 

application for a literature survey in January 2007. However, soon after the results of a 

mayoral election held in April 2007, the application was withdrawn and no literature survey 

was initiated. 

The accident at the Tokyo Electric Power Co., Ltd. (TEPCO) Fukushima Daiichi Nuclear 

Power Plant occurred as a result of the Great Tohoku Earthquake in March 2011, causing loss 

of public trust in both the nuclear industry and associated organisations. For the geological 

disposal project, the Science Council of Japan recommended in 2012 that the policy on 

disposal of HLW should be fundamentally reviewed. The Science Council also suggested that 

extended storage of waste should be introduced in order to allow more time for both progress 

in research to enhance the safety of geological disposal and building of social consensus. In 

particular, based on the lack of consensus among geoscience experts regarding the concept of 

long-term safety and the presence of suitable geological environments in Japan, the Science 

Council insisted that the limitations of scientific knowledge and associated technology should 

be recognised and a forum for specialist deliberations be established [6]. In response to this, 

the Japan Atomic Energy Commission (JAEC) proposed research on the feasibility of 

geological disposal that reflected the latest findings in the field of geosciences and sharing of 

results with the public [7]. 

 

1.3 Revised strategy for geological disposal 

Based on the situation described in the previous section, two expert working groups were 

set up in 2013 by the National Advisory Committee for Natural Resources and Energy; one 

covering radioactive waste and the other geological disposal technology. 

The Radioactive Wastes Working Group (hereafter the Radioactive Wastes WG) discussed 

re-establishing policies on geological disposal with the aim of highlighting areas to be 

addressed in advancing the project [8]. Key conclusions include: 

• It is internationally recognised that geological disposal remains the most appropriate 

final disposal method for higher activity radioactive waste. Even in Japan, despite the 

challenging boundary conditions, geological disposal is based on an extensive 

scientific knowledge base and its feasibility has been demonstrated. Geological 

disposal is the sole implementation method defined in law.  

• A mechanism for reversibility (capability to reverse or change decisions later) and 

retrievability (capability to recover the emplaced waste from the repository) should be 

ensured to allow reconsideration of the decision on final disposal by current and future 

generations, considering both existing uncertainties and enhanced social consensus on 

geological disposal. 
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• To improve the site selection process, the Government should provide an explanation 

of the required geological environment characteristics from a scientific point of view 

and promote understanding of site selection, showing areas that are considered to be 

more suitable from a scientific viewpoint. 

• It will be important for the implementing organisation and the scientific community to 

establish the technical reliability of geological disposal by continuously reviewing and 

utilising the latest scientific knowledge, establishing R&D on alternative disposal 

options in parallel with site selection and promoting stepwise social consensus-

building regarding the acceptability of geological disposal. 

Characteristics of the geological environment in Japan and its long-term stability were 

discussed by the Geological Disposal Technology WG [9], based on the latest knowledge 

obtained since the H12 report. Key conclusions include:   

• From the viewpoints of thermal, rock-mechanical, hydrogeological and geochemical 

characteristics, potentially favourable geological environments that provide the 

necessary conditions for hosting a geological disposal system have been identified and 

are widely distributed throughout Japan.  

• Through appropriate stepwise site investigations, sites with a favourable geological 

environment and assured long-term stability can be selected, despite the effects of 

long-term evolution in all such settings.  

Taking such input into account, the Government revised the “Basic Policy on Final 

Disposal of Designated Radioactive Wastes” (hereafter the “Basic Policy on Final Disposal”) 

in May 2015, and the following points were clearly stated: 

• Clarification of the current generation's responsibilities and assuring flexibility for 

future generations for decision-making (e.g., technological developments, including 

alternative options, and making progress in geological disposal are the responsibility 

of this generation (i.e., burdens should not be passed on to the next generation), while 

ensuring reversibility and retrieval options for future generations)2. 

• The need to foster both nationwide and regional understanding of the issues involved 

(e.g., by establishing regular, open dialogue). 

• The National Government is to take the lead in key areas, such as presenting regions 

that are considered to be scientifically more suitable, making proposals to relevant 

local governments to support their understanding and cooperation in research, etc. 

• Supporting relevant regions (e.g., establishing dialogue for building consensus). 

• Improving the implementation system (e.g., strengthening NUMO’s management 

system, increasing the involvement of JAEC in order to carry out continuous 

evaluations of progress in technological development and thus ensure reliability, and 

to support the Nuclear Regulation Authority (NRA) in gradually developing 

appropriate safety guidelines). 

It has thus been confirmed by the Government that geological disposal is the most 

technologically promising approach to managing the designated wastes and, in the light of the 

latest scientific findings, there is a good prospect of finding an environment suitable for 

 
2 Technology development is to include alternative options, as indicated in the Basic Policy on Final Disposal, 

which involves, e.g., research on the feasibility of direct disposal of spent fuel [10] and on the partitioning and 

transmutation of longer-lived radionuclides [11], implemented by JAEA and other organisations. NUMO focuses 

on geological disposal of designated wastes as defined in the Final Disposal Act and hence carries out no R&D 

on such alternative options. 
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geological disposal in Japan. Advancing this to implementing such disposal is the 

responsibility of the current generation. 

In response to the revision of the Basic Policy on Final Disposal, the Radioactive Wastes 

WG decided to summarise the scientific characteristics of regions in the whole of Japan and 

discussed how to best establish dialogue and promote consensus building on this basis. The 

purpose is both to contribute to the selection of suitable sites and to provide an opportunity 

and materials for the general public to recognise and understand the need for final disposal 

and the significance of the project [12]. In addition, the Geological Disposal Technology WG 

discussed the requirements and criteria for scientific features of suitable regions from 

geoscientific and technical viewpoints.  

 As a result of these discussions, the Geological Disposal Technology WG published a 

report on the scientific features relevant for geological disposal [12]. In this report, as shown 

in Figure 1.3-1, the requirements and criteria for assessing site characteristics based on current 

knowledge prior to initiation of site investigation are described.  

Figure 1.3-1 Relationship between sharing the scientific features of regions with municipalities 

and the site selection process, as defined in the Final Disposal Act [from 12] 

This report considers the degree of confidence that safe geological disposal can be 

demonstrated based on future on-site work. Considering long-term stability, safety during 

construction and operation, safety during transport, and implementation practicality, 

requirements and criteria for identifying “preferred” and “non-preferred” sites are developed. 

For areas where there is a high probability that desirable characteristics can be confirmed, an 

additional positive criterion is that the distance from the coast is sufficiently short, 

recognising the advantages (e.g. relating to logistics and nuclear security) of waste transport 

from a coastal port to the repository site [12]. 

These requirements and criteria [12] led to publication in July 2017 of the ‘nationwide map 

of “scientific features” relevant for geological disposal’ [13] (Figure 1.3-2), hereafter the 

“Nationwide Map”. This classified the whole of Japan into the following four regions: 

• Those probably unsuitable from the viewpoint of long-term stability, such as those 

near volcanoes or active faults, 
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• Those with mineral resources such as oil fields and gas fields, which are undesirable 

from the viewpoint of future potential human intrusion, 

• Those with a relatively high probability of being suitable due to lack of the above-

mentioned undesirable requirements and criteria, 

• Of the likely suitable areas, those preferable also in terms of transport advantages. 
 

 

Figure 1.3-2 Nationwide map of “scientific features” relevant for geological disposal 
(Source: Ministry of Economy, Trade and Industry, 2017 [13]) 
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In October 2020, the town of Suttu in Hokkaido prefecture applied for a literature survey to 

be undertaken. Additionally, another village in Hokkaido prefecture, Kamoenai, accepted a 

proposal for a literature survey by the Japanese Government. NUMO initiated literature 

surveys for both municipalities in November 2020. Currently, the Japanese Government and 

NUMO are continuing to promote dialogue throughout Japan to deepen public understanding 

of geological disposal based on the Nationwide Map. This may lead to further municipalities 

accepting to undertake a literature survey. 

 

1.4 Overview of this report 

1.4.1 Purpose of the report 

When explaining site3 selection activities based on the revised Basic Policy on Final Disposal, 

it is important for NUMO to be an organisation that is trusted by society and, in particular, by 

local communities that may accept a literature survey. Emphasis is thus on establishing 

dialogue that will convey how NUMO will assure safe geological disposal in a manner that 

will gain public confidence. 

In addition, regarding the technical reliability of geological disposal, continuous evaluation 

based on the latest knowledge is required, as described in the Basic Policy on Final Disposal. 

Describing the methods for assuring safe disposal for relevant geological environments is thus 

an important requirement for NUMO. 

Therefore, based on the latest scientific findings and technological developments, the study 

reported here was conducted for sites typical of those with a relatively high probability of 

being suitable, as indicated in the Nationwide Map. In accordance with the IAEA glossary, a 

safety case at this early stage of development should acknowledge the existence of any 

unresolved issues and should provide guidance for work to solve these issues during future 

stages of development. More specifically, this report has the purpose of: 

• Illustrating the technology for surveying and evaluating sites with conditions 

necessary for isolating and containing designated radioactive wastes and ensuring no 

significant impacts on the human living environment for a variety of relevant 

geological environments in Japan.  

• Presenting site descriptive models (SDMs) that capture key characteristics of 

information obtained from studies of deep geological environments in Japan, 

illustrating repository designs and engineering safety measures tailored to these which 

fulfil required safety functions. 

• Demonstrating the safety of a potential repository site, both pre- and post-closure of 

the repository. 

• Based on integration of the above input, identifying technical issues for further 

improvement and the required R&D needed for geological characterisation, repository 

design and safety assessment. 

Based on this work, a methodology is outlined which focuses on assuring the safety of the 

implemented repository and involves stepwise tailoring to site-specific conditions. This 

methodology will be refined as the staged siting process progresses and updated to reflect 

future advances in science and technology. 

 
3 NUMO uses “site” as a term broadly referring to the area to be surveyed and, thereafter, the area finally 

selected as the location of the repository. 
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1.4.2 Production of the report 

(1) Compilation as a safety case 

In order to continually increase the confidence in the safety of geological disposal 

throughout the project period, at programme milestones we will summarise the evolving 

“safety case”, which reflects the boundary conditions and incorporates the knowledge base at 

that time. The safety case4 is a concept that involves structured demonstration of important 

repository safety aspects, providing this information in a manner accessible to key 

stakeholders [14]. This safety case has been prepared by NUMO as the project implementer. 

Its conclusions will be judged by Japanese stakeholders (regulatory bodies, National 

Government, local residents, general public, etc.), complemented by an international technical 

review, in terms of the credibility of the repository safety case presented.  

This approach is consistent with the stated objectives of gaining the public confidence 

needed to advance the project to the next phase of siting by showing both the feasibility of 

safe geological disposal and NUMO’s technical preparations for implementation. NUMO 

plans [5] to develop the safety case further, based on the characteristics of specific sites after 

the preliminary investigation phase. It will be updated again at later project milestones: site 

selection, disposal facility construction and subsequent licence applications. Thus, this report 

forms a basic safety case before any site has been identified, presenting the framework and 

information base for further safety cases to be produced in the future. NUMO has thus named 

this report “the NUMO Pre-siting SDM-based Safety Case” (hereafter the “NUMO SC”). The 

approach to safety case development has been described by several international organisations 

[14] [15] [16], resulting in the general structure shown in Figure 1.4-1 [16].  

After establishing the “purpose and context” for a specific phase of the project, a “safety 

strategy” presents the approach to achieving the required safety level in terms of management 

of the whole project, site selection, repository design and safety assessment. Next, the 

“assessment bases” are documented, which include the disposal system concept (site 

characteristics and associated repository design), the scientific knowledge and methodology 

that form the basis for this, and the models, codes and databases supporting design and safety 

assessment. Safety will be demonstrated in a logical manner by way of a “safety assessment”, 

together with “supporting evidence”, such as that provided by natural analogues, that will 

reinforce/support the assessment results. Synthesis of both the safety assessment and the 

supporting arguments will demonstrate that NUMO can build/develop a safety case that is fit 

for purpose given specified boundary conditions. 

This report is generally consistent with the role and basic structure of safety cases 

presented by a number of international organisations [14] [15] [16], considering not only the 

period post-closure of the repository but also that pre-closure, to ensure consistent treatment 

of safety as a whole. 

 

 
4 The IAEA (2012) [14] defines the safety case as follows: “The safety case is the collection of scientific, 

technical, administrative and managerial arguments and evidence in support of the safety of a disposal facility, 

covering the suitability of the site and the design, construction and operation of the facility, the assessment of 

radiation risks and assurance of the adequacy and quality of all of the safety related work associated with the 

disposal facility.” 



1-9 

Figure 1.4-1 Structure of a safety case as shown by OECD/NEA [from 16] 

 

(2) Structure of the report 

For Japanese boundary conditions, the NUMO SC is modified from the basic structure 

shown in Figure 1.4-1, resulting in Figure 1.4-2, which also shows the relationship between 

each component of the safety case and the section of this report in which it is covered, as 

discussed further below. 

Chapter 2 describes specific strategies and concepts devised by NUMO to facilitate 

progress towards safe implementation of a deep geological repository, managing site selection, 

repository design and safety assessment. Regarding the assessment basis, in response to the 

strategies shown in Chapter 2, methodologies and techniques for analysis along with 

associated models and data are used to illustrate the selection of appropriate sites, repository 

design and evaluation of pre-/post-closure safety.  

Chapter 3 describes the geological investigation techniques used for characterisation of 

relevant sites and development of the site descriptive models (SDMs) that incorporate 

resulting site understanding. From these SDMs, tailored designs for the disposal system and 

associated safety assessment can be developed. 

Chapter 4 describes repository design and engineering (including waste packages), based 

on a design philosophy and associated methodology to ensure that the required safety 
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functions are both provided and are effective. This is illustrated by tailoring designs to the 

SDMs for the representative host rock types outlined in Chapter 3. The assumed construction, 

operation and closure procedures are illustrated and the engineering feasibility based on 

current technology assessed. 

Chapter 5 evaluates operational safety, based on the repository designs presented in 

Chapter 4, and the procedures for repository construction, operation and closure. 

Chapter 6 presents the required methodology and uses it to assess safety after repository 

closure for the concepts outlined in Chapter 4 in geological settings defined by the SDMs 

from Chapter 3. 

Chapter 7 summarises input from previous chapters and describes its integration into a 

safety case. Based on this, it highlights topics for future R&D, with special emphasis on 

overarching issues not captured in the specialist chapters, and outlines how the safety case 

will develop further as siting progresses.  

Chapter 8 concludes by summarising the key messages and perspectives in the report. 

Figure 1.4-2 Adaptation of the NEA safety case outline to fit NUMO programme boundary 
conditions (with indication of the chapters of this report in which issues are addressed). QA: 

quality assurance, QM: quality management, RMS: requirements management system 

 

(3) Report documentation 

 The safety case documentation is prepared at several hierarchical levels, as shown in 

Figure 1.4-3, so that the information can be accessed by readers depending on their needs and 

the level of technical detail they require.  
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Figure 1.4-3 Overall structure of the safety case documentation 

The safety case arguments are supported in more technical detail, progressing from the 

upper level to the lower level, while links and cross-references ensure traceability. The 

present report corresponds to the “Main Report”, forming the central part of the safety case, 

but is also linked to detailed information contained in the “Supporting Reports”. 

A “Summary Report” has also been produced (in Japanese) in order to allow less technical 

readers to quickly and easily grasp the main points of the safety case. Many individual 

technical reports and scientific papers are referred to in this report, forming the technical 

fundamentals of the safety case. The Main Report and Supporting Reports together, are 

collectively called “the NUMO Pre-siting SDM-based Safety Case Report” as mentioned 

previously. It should be noted that this technical report assumes a readership with a certain 

level of technical expertise and background knowledge of geological disposal.  

 

(4) Organisation of report preparation 

For the production of this report, which required input from relevant research institutes and 

domestic and international experts, the systematic approach illustrated in Figure 1.4-4 was 

implemented. This ensured that the latest findings and technical development results were 

effectively captured, together with technical review and advice from experts outside of 

NUMO. These efforts were aimed at ensuring the technical quality of this report. 
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Figure 1.4-4 Overview of safety case report production 

In addition, NUMO published the ‘NUMO Safety Case Report for Review’ in October 

2018 and the report was then peer-reviewed by the Atomic Energy Society of Japan (AESJ), 

in order to obtain an objective evaluation of its technical content. Based on the comments and 

suggestions from the AESJ review team in December 2019 [17], the report was subsequently 

revised (resulting in the present document). 

 

(5) Abbreviations 

The abbreviations given in Tables 1.4-1 to 1.4-3 are used throughout this report, for laws, 

report titles and organisations relevant to geological disposal (both Japanese and international). 

In principle, the units used in this report are SI (SI base and derived units). However, non-SI 

units are also used as needed. A list of these is given in Table 1.4-4. 
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Table 1.4-1 International organisations relevant to geological disposal 

 Full name Abbreviation 

In
te

rn
a

ti
o

n
a

l 
o

rg
a

n
is

a
ti

o
n

s 

International Atomic Energy Agency IAEA 

International Commission on Radiological Protection ICRP 

Organisation for Economic Co-operation and Development/Nuclear Energy Agency OECD/NEA 

Nuclear Waste Management Organization (Implementer, Canada) NWMO 

Säteilyturvakeskus (Regulator, Finland) STUK 

Posiva Oy (Implementer, Finland) Posiva 

Autorité de sûreté nucléaire (Regulator, France) ASN 

Agence Nationale pour la Gestion des Déchets Radioactifs (Implementer, France) ANDRA 

Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit  

(Implementer, Germany) 
BMU 

Gesellschaft für Anlagen und Reaktorsicherheit (Regulator, Germany) GRS 

Strål Säkerhets Myndigheten (Regulator, Sweden) SSM 

Svensk Kärnbränslehantering AB (Implementer, Sweden) SKB 

Eidgenossisches Nuklearsicherheitsinspektorat (Regulator, Switzerland) ENSI 

Nationale Genossenschaft für die Lagerung Radioaktiver Abfälle 

(Implementer, Switzerland) 
Nagra 

Environment Agency (Regulator, UK) EA 

Radioactive Waste Management, a subsidiary of the 

Nuclear Decommissioning Authority (Implementer, UK) 

RWM 

NDA 

Nuclear Regulatory Commission (Regulator, USA) US NRC 

US Department of Energy (Implementer, USA) US DOE 
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Table 1.4-2 Domestic organisations relevant to geological disposal 

 Full name Report abbreviation 

D
o

m
es

ti
c 

o
rg

a
n

is
a

ti
o

n
s 

Nuclear Waste Management Organization of Japan NUMO 

Japan Atomic Energy Agency 

Previously: Japan Nuclear Cycle Development Institute 

Before that: Power Reactor and Nuclear Fuel Development Corporation 

JAEA 

JNC 

PNC 

Radioactive Waste Management Funding and Research Center RWMC 

Central Research Institute of Electric Power Industry CRIEPI 

National Institute of Advanced Industrial Science and Technology AIST 

National Institute of Radiological Sciences NIRS 

Japan Nuclear Energy Safety Organization JNES 

Federation of Electric Companies of Japan FEPC 

Atomic Energy Society of Japan AESJ 

Nuclear Regulation Authority NRA 

Japan Atomic Energy Commission JAEC 

Japan Nuclear Fuel Limited JNFL 
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Table 1.4-3 Abbreviated list of key Japanese reports, laws and associated documents relevant 

to geological disposal 

 Full name Abbreviation 

L
a

w
s 

et
c.

 

Designated Radioactive Waste Final Disposal Act Final Disposal Act 

Law Enforcement Regulations on Final Disposal of 

Specified Radioactive Waste 

Final Disposal Law Enforcement 

Regulations 

Act on the Regulation of Nuclear Source Material, 

Nuclear Fuel Material and Reactors 
Nuclear Reactors Regulation Act 

Basic Policy on Final Disposal of Designated 

Radioactive Wastes  
Basic Policy on Final Disposal 

Designated Radioactive Waste Final Disposal 

Program 
Final Disposal Program 

Regulations for the Safe Transport of Radioactive 

Material* 
Transport Regulations 

R
ep

o
rt

s 

H12 Project to establish the scientific and technical 

basis for HLW disposal in Japan – second progress 

report on research and development for the 

geological disposal of HLW in Japan 

H12 Report 

H17: Development and management of the technical 

knowledge base for the geological disposal of HLW  
H17 Report 

Second progress report on research and development 

for TRU waste disposal in Japan 
TRU-2 Report 

Safety of the geological disposal project 2010 - safe 

geological disposal based on reliable technologies  
2010 Report 

*Defined by NRA referring to ‘Regulations for the Safe Transport of Radioactive Material 2012 Edition, 

IAEA Safety Standards Series No. SSR-6’. 
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Table 1.4-4 SI units and non-SI units used in the NUMO SC 

Quantity Unit system Unit symbol 

Time SI base unit s 

Length SI base unit m 

Mass SI base unit kg 

Thermodynamic temperature SI base unit K 

Amount of substance SI base unit mol 

Force SI derived unit N 

Pressure, stress SI derived unit Pa 

Energy, work, heat SI derived unit J 

Power, radiant flux SI derived unit W 

Potential difference SI derived unit V 

Celsius temperature SI derived unit ℃ 

Radioactivity SI derived unit Bq 

Dose equivalent SI derived unit Sv 

Time Non-SI unit min 

  Non-SI unit h 

  Non-SI unit d 

  Non-SI unit y 

Plane angle, phase angle Non-SI unit ° 

Volume Non-SI unit l 
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2 SAFETY CONCEPT 

As described in Section 1.4.2, NUMO’s current strategy for developing the safety case 

describes the basic approach to ensuring safety, and shows how it intends to achieve safe 

geological disposal during each phase defined in the implementation programme [1]. In this 

chapter, after first setting out the requirements to be considered at the current stage of 

geological disposal planning, the technical considerations for site characterisation, repository 

design and safety assessment are described. Finally, the required management concepts and 

tools for integrating this work in an effective and quality assured manner are described and 

the structure of the following, more detailed documentation is summarised. 

 

2.1 Requirements to be considered when planning geological 
disposal in Japan 

The required safety features for geological disposal of radioactive waste at specific sites 

depend on the characteristics of the waste and the specifications in laws and regulations, as 

outlined in this section. 

 

2.1.1 Radioactive waste subject to geological disposal 

As mentioned in Section 1.2, radioactive waste for geological disposal in Japan includes 

vitrified HLW and TRU waste1 (see Supporting Report 2-1 for details of the definition of 

these “designated wastes”). Immediately after production of HLW, both activity and the 

resulting thermal output are significant, so the waste is first safely stored for about 30 to 50 

years before it can be accepted for disposal. In addition, TRU wastes are solidified, sealed and 

stored in containers before disposal, as specified in the Basic Policy on Final Disposal. 

In order to carry out the design and safety assessment of the repository, further information 

on the amount of waste generated and its characteristics are required, as provided below. 

 

(1) Basic information on vitrified HLW 

There are four sources of HLW: vitrified waste reprocessed and returned from overseas (by 

Orano (formerly AREVA NC) in France and Sellafield Ltd. (formerly BNFL) in the UK) and 

vitrified waste produced in Japan by JAEA and JNFL (Japan Nuclear Fuel Limited). Table 

2.1-1 shows the standard specifications of such HLW [2] [3]. Further details of the properties 

of HLW are given in Supporting Report 2-2. 

 

  

 
1 The definition of TRU waste to be disposed of in a geological repository is slightly different according to the 

Final Disposal Act and the Nuclear Reactors Regulation Act. The treatment of this is summarised in Supporting 

Report 2-1. 
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Table 2.1-1 Standard specifications of HLW and fabrication canisters2 and number currently in 
storage (based on [2], [3], [4] [5], [6], [7]) 

Producer JNFL JAEA Orano Sellafield Ltd 

Total 

radioactivity  

(Bq - at time of 

production) 

  ≤ 2.17 × 1016  

α ≤ 1.29 × 1014 

  ≤ 1.5 × 1016 

α ≤ 2.6 × 1014 

(Representative) 

  ≤ 2.8 × 1016 

α ≤ 1.4 × 1014 

(Representative) 

  ≤ 4.5 × 1016 

α ≤ 3.5 × 1014 

Thermal power 

(kW) 
≤ 2.3  

(at time of production) 

≤ 1.4 
(at time of production) 

< 2.0  
(at time of transportation) 

< 2.5  
(at time of transportation) 

Dimensions of 

fabrication 

canister (mm) 

Height: 1,340 

Outer dia.: 430 

Canister thickness: 6 

Height: 1,040 

Outer dia.: 430 

Canister thickness: 6 

Height: 1,340 

Outer dia.: 430 

Canister thickness: 5 

Height: 1,340 

Outer dia.: 430 

Canister thickness: 5  

Weight of filled 

HLW canister 

(kg) 

500 380 492 550 

No. of HLW 

canisters in 

storage 

(December 2020) 

346 316 1,310 520 

Information on the evolving heat generation rate and radioactivity inventory of waste from 

the time of receipt in a repository is necessary for repository design and safety assessment. In 

this report, such properties are established based on the following assumptions, with details 

given in Supporting Report 2-3. 

• When the JNFL reprocessing plant is operational3, the generated HLW from 

existing spent fuel (SF) or the SF generated by future nuclear power plants will 

account for the majority of the total inventory. Therefore, in this report, as in the 

H12 report, JNFL specifications of typical vitrified HLW [8] will be used as a 

reference for repository design and safety evaluation. This can be used to define the 

thermal output and radionuclide (RN) inventory of the waste at the time of disposal.  

• The standard specification of SF is that used for the design of the JNFL 

reprocessing plant (fuel type PWR, burnup 45,000 MW days, initial enrichment 

4.5%, specific power 38 MW, initial cooling period four years until reprocessing4) 

in order to calculate the thermal output and RN inventory.  

• The storage period after fabrication of the HLW until it is received at the repository 

is expected to range from 30 to 50 years according to the Basic Policy on Final 

Disposal, but it is difficult to be more specific at the present stage. For this reason, 

two storage periods, 30 and 50 years, are considered. 

 

  

 
2 N.B. During the reprocessing of spent fuel, liquid HLW is calcined and then vitrified within a fabrication 

canister – together referred to as a HLW canister for subsequent handling. 
3 Construction of the JNFL reprocessing plant is planned to be complete in the first half of FY 2022 [9]. 346 

HLW canisters are in storage as of December 2020 (produced during active tests of the reprocessing plant). 
4 JNFL is currently planning to specify an initial cooling period 15 years or more until reprocessing [10]. For 

studies of repository design and safety assessment in this report, a cooling period of 4 years is considered to be 

the current standard specification for spent fuel. The study regarding the influence of these different cooling 

periods on the inventory is shown in Supporting Report 2-3. 
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(2) Basic information on TRU waste 

TRU wastes are low-level radioactive wastes generated during the operation and 

decommissioning of SF reprocessing facilities and MOX fuel plants at JAEA and JNFL, and 

during the reprocessing of SF outsourced to other countries. These wastes include various 

types of materials such as metal, mortar, bitumen etc., which differ in their form and RN 

content. For this reason, wastes are classified into four groups based on their characteristics 

[11] [12], as shown in Table 2.1-2, referring to the TRU-2 report [13]5.  

 Table 2.1-2 Group classification and characteristics of TRU waste 
(expanded from NUMO, 2011 [12]) 

 

The following characteristics of each group should be taken into account in the design of a 

repository and associated safety assessment. 

• Group (Gr.) 1 comprises the silver adsorbent used to capture off-gas iodine, which is 

immobilised with mortar and has extremely low heat output. It contains a significant 

amount of radioactive iodine (I-129), a long-lived radionuclide with assumed high 

solubility and low sorption. 

 
5 The TRU wastes generated in the reprocessing process of spent fuel in France have been returned as “CSD-B”, 

containing vitrified residues from low-level enriched liquid waste, and “CSD-C”, containing solidified materials 

such as hulls. These were included in Gr.2, which has a similar waste form, considering convenience of 

operation [12]. The TRU wastes generated in the course of reprocessing in the UK will be substituted for 

vitrified high-level radioactive wastes with equivalent radiation effects [14], and these wastes will be included in 

the HLW inventory. 
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• Gr.2 comprises compressed metal cladding stripped from SF (hulls and ends), sealed 

in a stainless steel canister. Its thermal output is relatively high and it contains a large 

amount of radioactive carbon (C-14), which is an intermediate half-life nuclide with 

assumed high solubility and low sorption. 

• Gr.3 results from the solidification of liquid waste generated during reprocessing. It is 

conditioned in a matrix of bitumen or mortar and has a relatively low heat output. It 

contains nitrate, which can affect the engineered barrier and host rock containment. 

• Gr.4 consists of miscellaneous wastes generated during reprocessing and MOX fuel 

fabrication, which are solidified or encapsulated in mortar, etc. There are two types of 

such waste: one with relatively low (Gr.4L) and the other with relatively high (Gr.4H) 

thermal output [11]. 

More details on the characteristics of TRU waste are provided in Supporting Report 2-4. 

The thermal output and RN inventory at the time of waste production were documented by 

NUMO in 2011 [12] [15]. Further, since the TRU storage time before disposal is not defined, 

in line with the TRU-2 report [13] thermal output and RN inventory are calculated at 25 years 

after production [9] [11], which is taken as the assumed emplacement time (see Supporting 

Report 2-3 for more background). 

The thermal output and radioactivity inventory of HLW and TRU waste described above 

will be regularly reviewed to reflect production, storage volume and storage period of based 

on the evolution of nuclear energy utilisation and the operational status of reprocessing 

facilities. 

 

(3) Waste acceptance criteria 

In order to construct a safe repository, NUMO will establish the acceptance criteria for 

HLW and TRU waste, based on the progress of site selection and the design of the repository, 

with sufficient time before the application for the project licence. The relevant laws and 

regulations that should be taken into account in setting these acceptance criteria, and the 

acceptance criteria for HLW in similar projects for reference, are documented in Supporting 

Report 2-5. It is understood that part of the HLW is already vitrified, whereas most of the 

TRU waste is not yet conditioned. There is no decision as yet on how to condition these 

wastes and whether additional conditioning (e.g. of bituminised waste) or repackaging would 

be needed. Such potential needs will strongly depend on what repository concepts are finally 

selected. 

 

(4) Required repository capacity 

As shown in Table 2.1-1, as of December 2020 a total of 2,492 HLW canisters are stored 

safely at reprocessing facilities at both JNFL in Rokkasho-mura, Aomori prefecture, and 

JAEA in Tokai-mura, Ibaraki prefecture. However, it should be noted that spent fuel, 

corresponding to approximately 25,000 canisters of HLW, has already been generated. 

According to the “Plan for the Final Disposal of Designated Radioactive Wastes” (hereafter 

the “Final Disposal Plan”) published in 2008, about 3,231 m3 of TRU waste is stored at both 

JAEA and other facilities in Japan as of 2007. 

The Final Disposal Plan requires that a disposal site can accommodate of the following 

volumes of waste: 

• HLW: 40,000 canisters or more (to be disposed of at a rate of about 1,000 per year). 
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• TRU waste: ≥ 19,000 m3. 

It is difficult to estimate the total generation of radioactive waste to be disposed of because 

such numbers depend on future nuclear power policies to be established in Japan. In this 

report, based on the above, 40,000 canisters of HLW is assumed for repository design and 

safety assessment. For TRU waste, the total estimated amount generated in Table 2.1-2 is 

18,084 m3, so this is modified to obtain a disposal volume 19,000 m3 or more specified by the 

Final Disposal Plan.  

 

(5) Co-disposal of HLW and TRU waste 

There are clear practical advantages of co-locating repositories for HLW and TRU waste – 

for example in terms of reducing required efforts for site characterisation and sharing of some 

infrastructure, although the potential interactions between these wastes needs to be considered 

[12]. With a focus on safety, assuming that conclusions would be applicable also to separate 

disposal facilities, in this report co-located repositories for HLW and TRU waste are assumed. 

 

2.1.2 Required safety functions of the repository 

(1) Safety features of geological disposal 

As described in Section 1.1, a deep geological setting has the function of physically 

isolating waste from the biosphere whilst also suppressing release and migration of RNs 

contained in groundwater. A repository comprises both engineered and natural barriers in a 

suitable geological setting, which function together to safely isolate the radioactive waste 

from the human environment, and contain RNs until long after closure, during which time 

most will have decayed and any residual radiological risk is acceptably low. Such a safety 

concept is based on a multi-function/multi-barrier system and is common to all advanced 

national programmes (in addition to being the international standard), and is explicitly 

specified in the Basic Policy on Final Disposal. 

 The basic concept of ensuring post-closure safety by geological disposal can be specified 

in terms of the key safety functions of “isolation” (removal from humans/the biosphere) and 

“containment”6. These functions can be related to the roles of different components of the 

repository system in ensuring safety. In recent years, this concept has proven important for 

directly demonstrating the link between conceptual explanations of the repository as 

mentioned above and practical actions, such as repository design and safety evaluation, within 

the framework of a safety case [16] [17].  

In order to ensure safety during construction and operation to the point of closure, the 

safety features required are generally similar to those necessary for other nuclear facilities or 

underground structures. The post-closure, multi-barrier safety features described here are 

fundamentally the same as those commonly used in other repository concepts for HLW and 

TRU waste developed in other national programmes. 

 

  

 
6 In this report the word “containment” includes both complete containment and the ability to constrain/retard 

releases. In many other safety cases the latter is called “retention”. See also further discussion in this section. 

N.B. This footnote is not included in the Japanese version of the report. 
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(2) Required operational safety functions 

During the operational phase, safety functions ensure the safety of local residents and 

repository workers from both radiation risks and hazards other than those associated with 

radiation. 

Those safety functions related to radiation protection during the operational phase are 

summarised in Table 2.1-3. Operational containment refers to the confinement of radioactive 

material in a restricted area to prevent its release outside the facility during the operational 

period of handling the waste until closure.  

Table 2.1-3 Required operational radiological safety functions 
(based on NUMO, 2011 [18]) 

Basic concept Safety function Description 

Containment 

during 

operation 

Prevention of leakage of RNs from 

waste 

Complete containment7 of the waste during 

the operational period 

Prevention of release of RNs from the 

repository 

Prevention of release of radioactive material 

due to any perturbations during waste 

handling operations 

Radiation 

shielding 
Reduction of radiation dose 

Effectively complete shielding of external 

radiation from the waste 

Containment of radioactivity within the waste results primarily from the waste 

conditioning and packaging, complemented by the robust systems used to transport waste to 

and within the repository.  

Although transport, storage and handling systems are designed to minimise the risk of 

perturbations, these can never be completely precluded and hence a further safety function is 

containment within the surface or underground facilities of the repository in case of any 

accident that breaches the waste package. For such cases, containment measures will be 

established for all relevant facilities after evaluation of both the probability of perturbations 

that could lead to leakage of radioactivity and the consequences of such an event. 

Even when RNs are contained within the waste package, there is always a potential risk 

due to the penetrating nature of particular radiation (gamma rays and high energy neutrons). 

Any such health hazard to workers is reduced by assuring that sufficient shielding is present 

to reduce external radiation dose rates to acceptable levels, and that this is complemented by 

appropriate use of monitored, radiation-controlled zones and monitoring of worker doses. The 

layout and design of the repository assures that there is no dose to surrounding populations 

from this source.  

Incidents not involving radiation, referred to as industrial accidents, include those 

impacting the public around the facility and those impacting only the workers engaged in the 

construction, operation, and closure of the repository. The former can include secondary 

impacts around the facility due to fire or other incidents (smoke, fumes, etc.) and also traffic 

accidents involving off-site vehicles during the construction and operation of the facility. 

 
7 Complete containment is generally assured when the container and/or matrix is intact. N.B. This footnote is not 

included in the Japanese version of the report. 
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With regard to industrial safety of workers, the repository is designed to prevent accidents 

from developing and ensuring maintenance of a healthy working environment during the 

period from the geological survey, construction, operation until final closure of the site. The 

safety functions related to industrial safety of the repository during the pre-closure phase are 

shown in Table 2.1-4.  

Table 2.1-4 Required operational occupational safety functions 
(based on NUMO, 2011 [18]) 

Basic concept Safety function Description 

Prevention of 

industrial accidents 

Prevention of occurrence and 

propagation of incidents 

Establish counter-measures to prevent 

occurrence of events which could lead to 

work-related accidents 

Evacuation routes 

established in case of 

accidents 

Safe havens and evacuation routes 

established for all relevant accident 

scenarios 

Maintenance of 

healthy working 

environment 

Maintain conditions 

appropriate to worker health 

and safety 

Ensure comfortable and healthy working 

conditions 

Prevention of industrial accidents includes safety measures to reduce the impact of natural 

perturbations caused by earthquakes, tsunamis, pyroclastic flows, landslides, etc., as well as 

possible operational incidents such as rock-falls, fires and explosions. Included here are also 

measures taken to respond to incidents (so that they do not develop further to accidents) and 

protective actions in the event that accidents do occur, such as safe underground evacuation 

routes. Special activities related to maintaining a healthy working environment are 

particularly associated with controlled surface or underground facilities, where temperature, 

humidity, particulate concentration, noise level, etc. are set at levels established to be 

comfortable for workers.  

Required pre-closure safety functions can be subdivided in terms of safety features of 

repository design components, as discussed further in Section 4.2.4 (1). The safety functions 

to be assigned to each component and the design requirements for the safety of the repository 

before closure are given in Chapter 4. 

 

(3) Required post-closure safety functions 

After closure, the repository will have isolation and containment roles, as summarised in 

the safety functions shown in Table 2.1-5. 
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Table 2.1-5 Required post-closure safety functions  
(based on IAEA, 2011 [19]) 

Basic Concept Safety function Description 

Isolation 

Protection from significant 

effects of natural perturbing 

phenomena 

Assuring sufficient depth to avoid risks due to surface 

perturbations for the time when waste toxicity is high 

Reduction of the likelihood of 

human intrusion  

Emplacement deep in a suitable geological 

environment reduces the risk of inadvertent human 

intrusion 

Containment 

Restriction of RN leaching 

Retention8 within the waste package for the period of 

highest toxicity and slow release thereafter, assured by 

hydrogeology and geochemistry of the deep 

underground setting 

Restriction of RN migration 
Delay and reduction of releases to the biosphere due to 

retardation during geosphere transport 

In terms of isolation, the assurance of protection from geological perturbations is 

particularly important in Japan due to its location relative to active tectonic plates, which 

results in significant potential for volcanism, fault movement and uplift/erosion at some 

locations. Careful siting and disposal at sufficient depth is thus required to ensure that the 

selected geological setting would not be significantly perturbed over the assessment timescale.  

In addition, the geological environment should contribute to reduction of the risk of 

anthropogenic perturbations – predominantly by excluding areas containing mineral resources 

that might be exploited in the future, when knowledge of the repository has been forgotten. 

The depth of disposal is also a factor here, ensuring that it is sufficient to avoid potential 

impacts due to conventional civil engineering activities at times when there is no longer 

institutional control of the disposal site. These safety functions related to isolation are one role 

of the geological environment, which will be confirmed through investigation and evaluation 

during site characterisation, as discussed further in Chapter 3. 

Containment will be ensured by safety functions that involve, firstly, containment of most 

RNs in and around the engineered barriers for an extended period and, secondly, restriction of 

the rate of RN release thereafter. In terms of containment of RNs, the low water flow at depth 

and suitable geochemical conditions (e.g. chemically reducing groundwater) support the 

longevity of containers that completely contain the waste. This ensures a decrease in toxicity 

and thermal output due to radioactive decay of shorter-lived isotopes [17] and, thereafter, 

together with buffer, backfill and plugs, limits the rate of RN release from the engineered 

barriers for the expected natural barrier properties.  

After release from the engineered barriers, the site geology plays further roles in delaying 

and reducing RN release concentrations due to slow groundwater flow rates, long transport 

paths, retardation and dispersion during transport (see Chapter 3, Section 3.1.1 (2)) and 

dilution at the geosphere-biosphere interface. 

The safety functions assigned to each component and the design requirements for the long-

term post-closure safety of the repository are discussed further in Chapter 4. 

 

 
8 Here the definition of retention means highly effective immobilisation (containment) within a specific barrier 

or zone, but allows for trace releases. N.B. This footnote is not included in the Japanese version of the report. 
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(4) Spatial scales over which safety functions apply 

The size of the planar repository area (footprint) for disposal of 40,000 HLW canisters was 

estimated in the past to be about 3 km × 2 km and that for 19,000 m3 of TRU waste to be 

about 0.5 km × 0.5 km, with the surface facilities requiring about 1 × 1.6 km, assuming co-

disposal [12]. Although the actual footprint will depend on site geological and environmental 

conditions, on the basis of past study cases this would be in the order of a few km2, even 

assuming co-disposal. 

Depending on the geological setting, the surface facility may be directly above or 

somewhat displaced from the disposal panels, which themselves may lie at a set depth (below 

300 m and up to depth of a km or so) or be distributed between multiple levels within this 

range. Taking into account the barrier roles of surrounding rock, the investigations to confirm 

the isolation and containment functions would cover an area of several km × several km and a 

depth of around 1 km or more.  

 

(5) Safety function timescale 

Considering that the radioactivity of the waste remains significant for an extremely long 

time (Figure 1.1-1), it is necessary to consider the timescales over which repository safety 

functions should operate. The disposal system will be put in place during the construction and 

operational phases and then slowly evolve post-closure, with recovery of the original 

saturated hydrogeological and reducing chemical environment, long-term degradation of the 

engineered barriers and gradual alteration of the geological environment due to tectonic 

movements. It is thus necessary to set the repository safety functions considering such 

temporal changes, as discussed below. 

The time required for the disposal project will depend on site environmental conditions, 

but can be roughly estimated as follows: 20 years for site investigation, 10 years for 

repository construction, 50 years for operation, and 10 years for repository closure [18]. 

During the period from repository construction until closure, the expected radiological safety 

and general occupational health and safety functions, as given in Tables 2.1-3 and 2.1-4 

respectively, will be assured by appropriate site selection, design, construction and operation 

of the repository, and confirmed by operational safety assessment. 

Following backfilling and closure of the repository, any open void space will gradually re-

saturate and trapped oxygen will be consumed, to allow recovery of original reducing 

conditions. The extent of the transient phase in the natural and engineered barrier system 

(EBS) depends on the amount of heat generated and the specification of particular engineered 

barriers, with past studies suggesting periods of several tens to a few hundred years [12][20]. 

When considering the potential for gas generation, these times could be even longer. 

Quantification of the performance of the multi-barrier system for high thermal output waste 

during the initial transient period is complex and, to reduce uncertainties, it is thus preferable 

that the EBS has the function of excluding contact between the waste and the groundwater 

during this period, so that release and transport of RNs do not have to be assessed. However, 

it should be noted that this may not be the case for Gr.4H – releases could occur before the 

thermal transient has passed. 

Only after the complete containment function is lost, will waste come into contact with 

groundwater and RNs begin to dissolve. In practice, the containment functions of the EBS 

will gradually evolve, with changes in performance being very slow and the retardation 

function of the engineered barriers lasting for a very long time, if the favourable geological 
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environment persists. In a properly selected geological environment with favourable 

characteristics (e.g., low groundwater flow), it is considered that the migration-inhibiting 

function of the engineered barriers can be assured for a very long period of time, especially as 

the multiple barriers provide robust performance even when the functions of some individual 

components are degraded. During this time, most RNs will remain within, or in the vicinity of, 

the engineered barriers s. Furthermore, any RNs released will be retarded further in the 

geological environment. Thus, during site selection, it will be important to verify (in addition 

to its isolation functions) that the long-term retention function of the geological environment 

is assured. However, it will still be necessary to evaluate the transport behaviour of RNs from 

the EBS to the surface, and to assess the impact (dose) of RNs released to the biosphere, in 

order to confirm whether the safe functioning of the repository can be ensured. 

Continuous plate tectonic movement which causes phenomena such as volcanic activity, 

faulting, and uplift and erosion, is expected to proceed at a uniform speed in one direction, 

and the occurrence of such natural phenomena and their effects on the geological environment 

are likely to continue for a period of up to 100 ky [21] [22] (see Supporting Report 3-1). Such 

an assumption, which was also in the H12 Report [20] and reviewed by the Government [23], 

is considered to be acceptable [24], and its validity has been reconfirmed in the latest 

compilation of findings [25] since the H12 Report [20]. Therefore, it is considered that the 

favourable characteristics of the deep geological environment at appropriately selected sites 

can be maintained, avoiding significant effects of perturbing phenomena, and that the long-

term isolation and containment functions expected of the geological environment can be 

ensured (see Section 3.1).  

Between around 100 ky to 1 My, evolution of the geological environment characteristics 

will be assessed by models or extrapolations of paleo-geological observations, based on 

evidence for the long-term continuity of events and processes governed by tectonic plate 

movement over the last several million years [26] [27]. Current tectonics show a generally 

consistent picture over a period of several 100 ky to 1 My, although regional differences may 

be found [22] [28]. The safety of a future repository can thus be evaluated on the basis of this 

knowledge base, bearing in mind the inherent uncertainties associated with geological 

evolution over such a long period of time.  

The occurrence of natural perturbing phenomena and their effects on the geological 

environment at a site can be assessed, together with their uncertainties, using a combination of 

extrapolation, analogy and probabilistic methods (see Section 3.2.3 (2)). In areas that have not 

been significantly affected by disruptive natural phenomena, it has been found that 

hydrogeological and chemical conditions favourable for geological disposal have been 

maintained for more than a million years [29] [30], despite the effects of inevitable fault 

movement, uplift, erosion and sea-level change (see Section 3.1.3 (2)). Such paleo-

hydrogeological evidence indicates that there is little likelihood of sudden or abrupt changes 

in the characteristics of the deep subsurface environment, because disturbances are 

constrained by the inherent buffer functions of the geological environment [31]. By 

integrating these findings with the results of the previous assessments, it can be argued that 

the expected isolation and containment functions of the geological environment are likely to 

be maintained for several hundred thousand years or more and this can be confirmed by 

rigorous site-specific assessment. In addition, it is necessary to assess the transport behaviour 

of RNs in the geosphere, taking into account associated uncertainties, and to assess the effects 

of radiation on the biosphere (dose), in order to confirm that the required safety functions of 

the repository can be assured. 
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For longer timescales, beyond a few hundred thousand to a million years, the uncertainties 

associated with the assessment of the required safety functions of a repository are even greater. 

Both the scientific evidence for the occurrence and impacts of natural perturbations and the 

persistence of driving tectonic plate movements is inherently more limited. Over such very 

long timescales, it is less useful to assess future human safety by calculating doses, and more 

important to discuss safety in terms of other indicators, such as the relative toxicity of 

remaining radioactivity in the repository and that naturally occurring in the host rock. 

The basic concepts for site selection, repository design, and safety assessment are 

described in detail in Sections 2.2, 2.3 and 2.4 respectively, taking into account such safety 

functions for different timescales. 

 

2.1.3 Meeting the requirements of laws and regulations 

Geological disposal of radioactive waste in Japan is regulated by the Final Disposal Act, 

the Basic Policy on Final Disposal and the Final Disposal Plan set by METI. In addition, 

safety regulations will be separately determined by the Nuclear Regulation Authority (NRA), 

which is the regulatory body. NUMO is responsible for formulating and implementing the 

project in accordance with these laws and regulations. 

 

(1) Phased implementation 

Figure 2.1-1 illustrates the stepwise site selection process as regulated by the Final 

Disposal Act. This involves Literature Surveys (LS) of volunteers, selection of Preliminary 

Investigation Areas (PIAs), from these, selection of Detailed Investigation Areas (DIAs) and, 

finally, a site for application for a repository construction licence (which also covers the 

operational phase).  
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 Figure 2.1-1 Japan's phased implementation process for geological disposal 
(Based on Advisory Committee for Natural Resources and Energy, 2014 [32]) 

When selecting an area to move to the next stage of investigation, it has to be ensured that 

the selection requirements (statutory requirements) specified in the Final Disposal Act (Table 

2.1-6) are met. In addition, it is necessary not only to satisfy such statutory requirements, but 

also to comply with any requirements for ensuring safety that will be specified by regulatory 

bodies in the future. Progressing from one investigation stage to the next involves intensive 

interaction with stakeholders, in particular aimed at obtaining the understanding of the region.  

For implementation, METI will determine the acceptability of sites selected for 

investigation, taking account of opinions of the prefectural governor and the mayor of the 

municipality with jurisdiction over the site. Also, NUMO must provide the results of each 

investigation stage in the form of a report for review by relevant prefectures, and, if issues are 

raised, it is stated that sites should be selected with consideration of these. Thus, NUMO will 

not proceed to the next siting stage if the mayor of the municipality or prefectural governor is 

opposed, regardless of the result of the investigations. 

In order to increase the transparency of the selection process and enhance safety-related 

considerations, NUMO will establish selection criteria for both the preliminary investigations 

(PIs) and detailed investigations (DIs) to judge eligibility, based on the statutory requirements. 

The selection criteria established will be announced before the start of each survey stage. 
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Table 2.1-6 The selection requirements specified in the Final Disposal Act 

Siting stage Selection requirements 

Selection of PIA 

(during LS) 

• There should be no record of significant movement in geological 

formations due to earthquake or fault activity, igneous activity, uplift, 

erosion and other natural phenomena 

• The possibility of significant movement in the future due to earthquake or 

fault activity, igneous activity, uplift, erosion and other natural phenomena 

should be small 

• There should be no record of unconsolidated Quaternary deposits at 

appropriate depths 

• There should be no record of mineral resources that are economically 

valuable 

Selection of DIA 

(during PI) 

• The host geological formation has not been subject to significant 

geological change for a long period of time due to natural phenomena such 

as earthquakes 

• The host geological formation is suitable for excavation 

• If there are active faults, fracture zones, or groundwater flowing in the 

subject stratum, etc., there is little risk that these will adversely affect the 

tunnels and other underground facilities 

• Other matters specified by an Ordinance of the Ministry of Economy, 

Trade and Industry 

Selection of repository site 

(during DI) 

• The underground facilities are not likely to be subjected to abnormal 

pressure in the target formation, and its physical properties are expected to 

be suitable for repository implementation 

• The underground facilities are not likely to be subjected to abnormal 

corrosive effects in the target geological formation, and the chemical 

properties are expected to be suitable for repository implementation  

• There is no risk of groundwater flow interfering with the functioning of 

the underground facilities 

• Other matters specified by an Ordinance of the Ministry of Economy, 

Trade and Industry 

 

For the LS phase, in 2002 NUMO published siting factors for selecting PIAs [33]. Since 

then, as described in Section 1.3, the Nationwide Map was published which, together with the 

associated reports produced by the Geological Disposal Technology [21][34] and Radioactive 

Waste Working Groups (WGs) [32], provides confirmation on how to proceed with the LS 

stage and subsequent site selection. If a municipality applies for a LS, this will be initiated 

based on the report of the WG on Geological Disposal Technology [34] and an established 

procedure [35]. 

After the selection of a repository site, NUMO will move to a licensing process, starting 

from project permitting, through subsequent safety reviews for construction, operation, 

closure, management after closure and, finally, discontinuation of any management role in 

accordance with the Act for the Control of Nuclear Source Material, Nuclear Fuel Materials 

and Nuclear Reactors (hereafter the “Nuclear Reactors Regulation Act”). After 

discontinuation of NUMO’s role, the Japanese government will assume all responsibility for 

site access control, record-keeping, etc9. Currently, project implementation is estimated to 

 
9 Regarding “post-closure monitoring” illustrated in Figure 2.1-1, there is no established scientific rationale for 

continuing monitoring after the completion of closure measures and associated confirmation of long-term safety. 
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take over 100 years. Therefore, NUMO identifies intermediate milestones and implementation 

items to achieve the goals of each phase, based on an overview of the total project. This 

allows required technology development to proceed in a systematic and stepwise way. In the 

2010 technical report [18], a project implementation plan for ensuring safety and development 

of required technology was presented in the form of a road map. 

 

(2) Assuring reversibility and retrievability 

The OECD/NEA has compiled an international assessment of disposal concepts and the 

current status in terms of reversibility and retrievability [36]. Reversibility is defined as a 

means of leaving options open for future generations and providing flexibility in waste 

management, thus leaving the possibility open to reverse decisions if required. In addition, 

this option is also considered to increase confidence in the implementation process. 

Retrievability is a technical measure to provide reversibility of waste emplacement, in 

particular the ease and safety of such a reversal, were it required. However, any increase in 

social acceptance of geological disposal resulting from technical modifications to ease waste 

retrieval needs to be balanced against both a potential decrease in operational or post-closure 

performance and financial costs. Thus, efforts to improve reversibility and retrievability will 

require trade-offs with other fundamental project requirements, which differ depending on the 

boundary conditions of different national programmes [36]. 

Also, on the basis of such international debates, in Japan there has been discussion on the 

appropriate level of reversibility and retrievability for geological disposal projects – for 

example, by the Nuclear Safety Commission (2000) [37] and the Advisory Committee for 

Natural Resources and Energy (2008) [38]. There is a consensus that it is fundamentally 

possible to recover waste until repository closure but, in order to carry this out safely and 

efficiently, adopting a design that explicitly includes this functionality is considered important. 

As a result, NUMO will develop designs that maintain practical retrievability until the closure 

plan is approved [18]. As noted by the Radioactive Waste WG [33], this provides an option to 

review and include future generations in decision-making related to final disposal. Further, in 

2015, the revision to the Basic Policy on Final Disposal specified that reversibility and 

retrievability should be assured until closure of the repository, in order to give future 

generations the ability to implement an improved disposal concept should one arise. Thus, the 

government and various research institutes conduct studies on the effects of maintaining such 

retrievability until final closure for all designated radioactive wastes. 

NUMO is aware that assessing reversibility and retrievability for such a long project period 

has to consider the possibility of changes in social conditions, policies and stakeholder 

requirements. As the implementing agency, it is thus important to ensure the robustness and 

flexibility of NUMO’s organisational system, including considering the human and economic 

resources required. 

 

(3) Safety regulations 

Basic policy on the formulation of safety standards and guidelines for geological disposal 

of radioactive waste was issued by the Nuclear Regulation Authority [37], noting that it 

would be important to formulate required detailed safety standards and guidelines in steps, in 

 
However, monitoring may be carried out as necessary to improve public confidence in the geological disposal 

system [18]. 
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response to the progress of site selection, site-specific situations and developments of science 

and technology. In the amended Nuclear Reactors Regulation Act (2007), a regulatory 

framework was established in accordance with progress of the project, as shown in Figure 

2.1-1, involving obtaining a permit for the implementation of the project; authorisation of 

design and construction methods and the closure plan; and regular reviews of the 

implemented repository (safety reviews). The 2011 accident that occurred at TEPCO’s 

Fukushima Daiichi Nuclear Power Plant has resulted in a review of the entire safety 

regulatory regime in the nuclear industry: a major revision of the Nuclear Reactors Regulation 

Act was carried out in 2012 and regulations concerning measures to prevent serious accidents 

have been implemented for nuclear facilities. 

In a revision of the Nuclear Reactors Regulation Act in 2017, a system has been 

established to limit the underground disturbance of land above and around the repository. 

Currently, the Nuclear Regulatory Authority is developing new regulatory standards that are 

expected to be available at the time of selection of PIAs and will be extended to cover later 

project milestones. NUMO will follow such developments together with relevant international 

trends to ensure the availability of the necessary technology to be able to respond 

appropriately. 

With regard to the environmental impact aspects of the geological disposal project, it 

should be noted that, as currently specified, a repository based on the Final Disposal Act is 

not subject to the Environmental Impact Assessment Act [39]. Nevertheless, in each phase of 

the investigation, environmental impacts will be assessed and NUMO will take all actions 

required to protect the environment around the repository. 

Based on the requirements noted in Sections 2.1.1 to 2.1.3, Section 2.2 expands on site 

selection, Section 2.3 on design of the repository, Section 2.4 on safety assessment and, 

finally, Section 2.5 on the management tools needed for effective implementation of the 

programme. 

 

2.2 Site selection strategy 

Site selection aims to ensure that the geological setting provides the key safety functions of 

isolation of radioactive waste from the human environment, ensuring that engineered and 

natural barriers form an effective multi-barrier system to ensure RN containment and avoiding 

or preventing the effects of natural perturbations on the safety of construction and operation 

of the repository. The long-term stability of the geological environment is a key factor, 

assured by extrapolating site-specific geological evolution from the past to the present and 

thus build understanding of how it will develop in the future. 

 

2.2.1 Siting aspects to ensure operational safety 

The integrity of the repository needs to be maintained in order to secure its operational 

safety functions. Factors that influence the integrity of both underground and surface facilities 

include natural hazards, such as earthquakes, tsunamis, pyroclastic flows and landslides. In 

addition, factors such as rock-falls could impact underground facilities. These will be 

evaluated with respect to the legal requirements to exclude areas with: 

• Unconsolidated Quaternary sediments at a depth of 300 m or more, considered to 

pose a problem for construction, maintenance and operation of the underground 

facilities. 
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• Likelihood of perturbing events such as rock bursts, significant flooding, gas 

inflow, etc., which influence the practicality and safety of construction and 

operation over a repository lifetime of about a century. 

• An unacceptable likelihood that major natural perturbations, such as tsunamis or 

pyroclastic flows, could occur. 

After recognising the level and extent of the possible influences at a proposed site, 

engineering measures will be considered based on those already developed for related nuclear 

facilities, underground civil engineering structures, etc. In cases where significant 

perturbations are likely, and these cannot be managed by engineering counter-measures 

should they occur, the location would be excluded from further investigations. 

 

2.2.2 Siting aspects to ensure post-closure safety 

(1) Assuring isolation functions 

Features that assure the isolation of waste in a repository from the human environment are 

the depth below the surface ensuring siting within a stable rock formation and the absence of 

natural resources that could lead to inadvertent human intrusion. Factors that could impair 

isolation include uplift/erosion and magma intrusion, the extent and probability of which will 

be very site specific. 

In order to acquire sufficient information about such perturbing phenomena, natural events 

and processes with the possibility of impairing the isolation function are investigated over 

wide areas (approximately tens of km × tens of km) surrounding any site being investigated. 

Areas with risks of significant perturbations over the next 100 ky are excluded. From this 

wide area, based on literature review and site investigations, a potential site with minimal 

probability of such hazards will eventually be selected to host the repository (several km × 

several km). It also has to be shown that the risk of human intrusion is low, due to the absence 

of potentially exploitable natural resources. If it cannot be concluded that a sufficiently large 

potential repository construction site is free from such risks, even considering tailored 

repository concept options to reduce the areas of favourable rock required (e.g., compact or 

multi-level repositories), the location would be excluded from further consideration. 

 

(2) Assuring containment functions 

The geological environment is intended to effectively confine RNs, i.e., most RNs remain 

or decay away within the repository EBS and its vicinity over relevant timescales. The small 

fraction of RNs that migrate to the biosphere are released in sufficiently low concentrations 

that they do not have a significant radiological impact on humans or the environment, being 

well below the permitted levels. Such a containment function results from the mutually 

complementary action of the natural barrier provided by the geological environment and the 

specific engineered barriers of the repository, as discussed in Section 2.3. The strategy for 

repository design is presented in the following section but, from the viewpoint of containment, 

a site needs to be selected with a geological environment which provides both conditions that 

allow the designed EBS to fulfil required safety functions and also has favourable features 

that limit migration of RNs (with a focus on groundwater release scenarios).  
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Thermal, hydraulic, mechanical and chemical (THMC10) conditions, including their 

potential evolution over time, will be characterised during investigation of the geological 

environment [21]. The conditions of the geological environment favourable to engineered 

barrier performance and/or restricting RN migration include:  

• Lower temperatures at repository depth (e.g., ensuring buffer longevity). 

• Slow groundwater flow (reducing solute transport rates). 

• Sufficient mechanical strength (reducing deformation of tunnels). 

• Favourable groundwater chemistry (reducing corrosion or waste degradation rates).  

A repository is designed such that it sufficiently fulfils multi-barrier safety functions. If 

such a design is possible, even when considering various other design requirements and 

restrictions, a specification of a repository concept (or concepts) needs to be assessed to 

ensure that long-term safety will be provided. 

For any repository design, the safety functions of the multi-barrier system should be 

verified by safety assessment (see Section 2.4). In addition, if necessary, the results of the 

safety assessment are fed back to the design of the repository, to iteratively improve specific 

safety functions. If it is shown that repository safety can be demonstrated, the site may be 

selected as a potential repository host and specification of a disposal system tailored to it 

developed. If more than one suitable site is found, several sites may go forward to the DI 

stage. The procedure for subsequent site selection is not further discussed in this document; 

the findings of the safety assessment will be a key, but not the only, input to such a selection 

decision. 

 

2.2.3 Spatial scales during stepwise site selection 

Chapter 1 presented the Nationwide Map (Figure 1.2-2), which identifies regions with 

preferred geological characteristics and also those suitable from the viewpoint of waste 

transport. This is a good starting point for NUMO’s site surveys, but these need to be 

systematically developed from a nationwide scale to regional comparisons. The regional 

databases also include material that is not more widely available, such as chemical properties 

deep underground, which could not be assessed in the map [34]. The stepwise assessment of 

all relevant geological conditions during the LS, PI and DI stages is shown in Figure 2.2-1, 

indicating how they are analysed in terms of repository construction and safety in order to 

determine the scientific suitability of sites. 

 
10 N.B. C also implicitly includes biological processes. N.B. This footnote is not included in the Japanese version 

of the report. 

http://scct.numo.or.jp/GeoCom/ws/references/REF000988
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 Figure 2.2-1 Stepwise characterisation of the geological environment, design of the repository 
and safety assessment 

(Modified from Advisory Committee for Natural Resources and Energy, 2017 [34]) 

At the LS stage, the focus is on using information available on a nationwide scale to assess 

exclusion factors, such as distribution and activity of Quaternary volcanoes and active faults, 

extent of likely uplift and erosion, and presence or absence of natural resources. In addition, 

for non-excluded areas, the geological environment characteristics are synthesised in a three-

dimensional site descriptive model11 (3D SDM) which also schematically represents its 

expected long-term evolution.  

At the PI stage, a series of geological investigations will be systematically implemented, 

targeting both the PIA and its surroundings [33]. Specifically, geophysical and borehole 

surveys will determine the local extent of the influence of Quaternary volcanoes, active faults, 

and uplift and erosion to confirm the LS assessment of eligibility. In addition, geological 

structures and characteristics of the deep environment will be determined to improve site 

understanding and evaluate its long-term evolution. This allows the 3D SDM to be refined, 

and a conceptual model for the long-term evolution of the geological environment to be 

developed (“4D SDM”).  

In the first half of the DI phase, more detailed information about the candidate host rock(s) 

is obtained by surface-based investigations, to further refine the 4D SDM. In the second half 

 
11 A SDM is a synthesis of geology, rock mechanics, thermal properties, hydrogeology, hydrogeochemistry and 

the surface system, describing geological structures and various properties, considering past and on-going 

processes”. However, the SDM has several different parts (e.g. geological structures, hydrogeological properties, 
thermal properties,…), that can be differently represented on different scales (with higher resolution in the more 
detailed scales), and aspects of the SDM could be represented by numerical simulation models (like a DFN 

groundwater flow and migration model for a part of the system). Still all these components need to be consistent 

(e.g. features of different hydraulic properties in the hydrogeological representation should reflect the geological 

features of the site). 
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of this phase, geological characterisation is extended by constructing an underground 
investigation facility (UIF) to confirm that the candidate host rock meets the legal 
requirements, and to obtain detailed information important for repository design and safety 
assessment, such as that related to RN migration and retardation. Based on the results of these 
investigations, repository designs and safety assessments are updated to support selection of a 
repository construction site. 

Figure 2.2-2 schematically illustrates the scope of such three-phase site characterisation, 
narrowing in to the preferred repository location as it progresses from LS to PI to DI, while 
the level of detail increases. During all stages, �W�K�H���V�X�U�I�D�F�H���H�Q�Y�L�U�R�Q�P�H�Q�W���D�Q�G���R�W�K�H�U���³�Q�R�Q-
�J�H�R�O�R�J�L�F�D�O�´���I�D�F�W�R�U�V���R�I���L�P�S�R�U�W�D�Q�F�H���I�R�U���W�K�H���V�L�W�H���V�H�O�H�F�W�L�R�Q���Z�L�O�O���D�O�V�R���E�H���F�K�D�U�D�F�W�H�U�L�V�H�G�� 

Figure 2.2 -2 Three stages of site investigation and their  relationship to site descriptive model  
scales  (regional, repository and panel) . Not illustrated in the figure is that regional studies  (e.g., 

of tectonics and seismicity ) may need to continue also in the DI stage . 
(Modified  from Advisory Committee for Natural Resources and Energy, 20 17 [34]) 

 

2.2.4 Development of site descriptive model s (SDMs) 

NUMO has to integrate key properties of the geological environment into a representative 
model, incorporating attributes of a site that extend over large areas and depths and which are 
inherently heterogeneous on all scales. Characterisation needs to consider all relevant spatial 
scales, although the level of detail required is different, being greatest for the volume of rock 
containing the repository and, in particular, the most critical parts of the geological barrier 
from a safety assessment viewpoint. The key features of the geosphere and their spatial extent 
are site- and design-specific and are determined from the output of the associated safety 
assessment. These are captured in a site descriptive model (SDM), which is presented in the 
form of a series of nested representations on different scales and levels of detail. 

From the viewpoint of the design of the repository, SDM representations on the following 
scales will be required (see Figure 2.2-2): 
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�x Tens of km × tens of km around potential sites (regional scale), aimed at determining 
suitable isolation functions of potential repository locations in terms of natural hazards 
and the regional groundwater flow field. 

�x Several km × several km (repository scale), containing the entire potential repository 
footprint and all underground facilities, to assess constraints on the layout of 
emplacement zones. 

�x Several hundred metres × several hundred metres (panel scale), defining the near-field 
environment as required for design and configuration of engineered barriers and 
associated emplacement zones. 

Meanwhile, from the safety assessment viewpoint, the following scales will be required: 

�x Tens of km × tens of km (regional scale) containing the potential site for identifying 
transport paths from the repository to the discharge point of RNs to the biosphere. 

�x Several km × several km (repository scale), for evaluating nuclide migration in the 
repository according to the layout of emplacement zones and the impact of repository-
induced features such as the excavation damaged zone (EDZ). 

�x Several hundred metres × several hundred metres (panel scale), for evaluating nuclide 
release and migration depending on specifications of the EBS and the characteristics 
of the host rock immediately around the repository (near-field). 

Thus, the SDM is developed on three spatial scales; regional scale (tens of km × tens of 
km), repository scale (several km × several km), panel and near-field scale (several hundred 
metres × several hundred metres). For the sake of completeness, it is noted that, for safety 
�D�V�V�H�V�V�P�H�Q�W�����³�P�L�F�U�R-�V�F�D�O�H�´���P�R�G�H�O�V���R�I���I�O�R�Z���S�D�W�K�V���D�U�H���D�O�V�R���U�H�T�X�L�U�H�G���L�Q���R�U�G�H�U���W�R���T�X�D�Q�W�L�I�\���5�1��
migration processes. These nested models are developed to ensure sufficient consistency of 
THMC conditions within and between them, with a level of detail of geological information 
and relevant processes and their couplings that is appropriate to the investigation phases 
considered, the technology availability, the features of analytical models and capabilities of 
calculation codes, etc. 

As discussed in Section 3.2, the LS, PI and DI stages of site characterisation and evaluation 
are planned and implemented based on such a hierarchical model. 

 

2.2.5 Approach adopted for  site assessment  and SDM construction  

Prior to the availability of candidate sites, establishing the basis for demonstration of the 
capacity to model relevant geological environments at a level appropriate for site selection as 
discussed in Chapter 3 is based on: 

�x Systematic appraisal of the current state-of-the-art of the science and technology 
required for site suitability assessment in order to establish a basis for the approach 
adopted. 

�x Presentation of a concept for stepwise site characterisation along with demonstration 
of the technology for interpretation and integration of expected output to form the 
basis for design and safety assessment. 

�x Illustration of �³representative host rock types� ,́ as preparation for the literature study, 
taking account of the requirements and standards of scientifically preferable and 
unpreferable areas [32] and utilising a compilation of geological information on a 
nationwide scale, with a focus on selecting areas that are potentially suitable among 
�-�D�S�D�Q�¶�V���G�L�Y�H�U�V�H���J�H�R�O�R�J�L�F�D�O���H�Q�Y�L�U�R�Q�P�H�Q�W�V. 
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�x For each representative host rock type, constructing an illustrative SDM that includes 
all key features (e.g., major fault zones) that are required for realistically assessing its 
advantages and disadvantages in terms of repository design and safety assessment. 

Construction of representative SDMs is based on the following considerations. 

1. For the construction of the regional scale SDM, as indicated in Figure 2.2-2, surface 
topography and underlying geological structures are represented for a large enough 
area to capture all key factors influencing a repository �± generally including an entire 
river catchment basin. 
 

2. The SDM should take into account the long-term changes in topography and 
geological structure due to uplift and erosion and the associated changes in the 
characteristics of the deep environment. These processes are strongly dependent on 
site-specific conditions and, in this report, appropriate site selection as described in 
Sections 2.2.2 and 2.2.3 should ensure that the repository host rock considered is 
sufficiently deep to be unaffected by uplift and erosion, and that favourable geological 
characteristics will be maintained over a long period of time. The SDM is constructed 
for such a deep host rock, which is assumed to change slowly but have little impact on 
the design and safety assessment of the repository. In the assessment of safety after 
closure, the possible effects of uplift and erosion on the safety function of the host 
rock in the long term, relative to the depth considered in the design, would be 
considered (see Section 2.4.4). 
 

3. In actual site selection, investigations are carried out at sites that do not clearly fail 
with respect to the exclusion criteria [32]. In this report, the SDM is constructed based 
on the geological environment information collected on a nationwide scale as 
described above, despite the fact that some of this information is obtained from the 
areas that would be excluded, such as in the vicinity of active faults, where significant 
uplift/erosion have occurred and where mineral resources exist. Although these areas 
are not acceptable, they were included in order to represent the characteristics of deep 
rocks that are widely distributed in Japan. Nevertheless, the SDM is developed 
excluding geological information from areas within a radius of 15 km of the centre of 
Quaternary volcanoes and areas with extensive depths of Quaternary sedimentary and 
volcanic rocks - which have clearly unfavourable characteristics for geological 
disposal (see Section 3.3.2). 

At the panel scale (several hundred m × several hundred m), assessment of engineered 
barrier specifications and tunnel shapes/layouts requires a detailed model of the three-
dimensional fracture distribution in the surrounding host rock. To provide the input for the 
calculational models used, a representation of the SDM of 100 m × 100 m × 100 m is 
specified. In this report, this is called the near-field scale�´���W�R���G�L�V�W�L�Q�J�X�L�V�K���L�W���I�U�R�P���W�K�H���S�D�Q�H�O��
scale representation. 
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2.3 Repository design strategy  
Repository design for a specific geological environment should assure safety (radiological 

and general occupational), during construction, operation and for a long period of time after 
closure, while minimising impacts on the surrounding environment. 

2.3.1 Stepwise repository design approach  

In a repository design, the specifications of the repository (engineered barriers, surface 
facilities, underground layout, etc.) are determined so that the safety functions of the 
repository are assured for the defined SDM. A particular focus is containment of RNs and 
restriction of their migration.  

In addition to ensuring safety (radiological safety, general occupational safety), the design 
of the repository should also take into account environmental protection of the area around the 
facility. The engineered barriers, which play an important role in ensuring safety after closure, 
should be designed to be robust by assigning important safety functions to each of the system 
components and providing sufficient margins for these functions to allow for inherent 
uncertainties. In order to ensure the robustness of the repository, even if the expected safety 
functions of one barrier element are degraded, the complementary safety functions of other 
barriers will ensure sufficient safety. 

The design of a repository takes into account various factors, such as safety and 
engineering feasibility, based on the increasing geological knowledge base obtained during 
site investigations, together with associated general developments of scientific knowledge and 
available technology. Design is also constrained by regulatory requirements for the repository, 
which will be refined as the project progresses. In addition to scientific and technological 
advances, it is recognised that the socio-political boundary conditions surrounding the 
disposal project may change. In designing a repository, the design should adapt to these 
changing conditions and be gradually optimised from an illustrative concept to a conceptual 
design and then to a detailed design, in line with the phased investigation, as shown in Figure 
2.2-1. To enable the design of a repository to be flexible enough to take this into account, the 
following approach is taken [40] [41] [42]: 

�x Incorporating multiple requirements as design factors, so that the repository can be 
designed and optimised in a consistent manner. 

�x Repository design options will emphasise flexibility in terms of their ability to be 
tailored to the variety of geological environments expected and the progress of science 
and technology during the long implementation period. 

�x Designing a repository with detail appropriate to the level of understanding of the 
geological environment, which increases during stepwise narrowing down of the 
investigated area. 

The term �³design factors�  ́denotes the features and capability that the repository design is 
required to have, e.g. long-term post-closure safety, operational safety, engineering feasibility, 
retrievability and economic efficiency [40]. This is further elaborated in Chapter 4. 

Design options include layouts of the underground facilities and the emplacement zones, 
waste emplacement configurations (e.g. vertical, horizontal) and materials of the EBS 
components, such as the overpack and buffer (see Section 4.2.3). A HLW repository concept 
catalogue including examples of such design components has already been developed [41]. 
Such a range of design options facilitate tailoring to geological conditions better than 
conventional reference repository designs. Even technologies without demonstrated 
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engineering feasibility at present can be considered, given expected future progress of science 

and technology over the period before the repository is licensed. Such a design concept is 

consistent with the aim of improving reliability of geological disposal based on Best 

Available Technology (BAT) [43]. 

 

2.3.2 Availability of engineering technology 

In order to ensure implementation feasibility on the basis of technology currently available 

or under development, it is necessary to assess practicality of construction, operation and 

closure based on the specifications of particular designs. 

For surface facilities, relevant technology is well established and experience has been 

gained in the construction, operation and waste transport of existing nuclear facilities, such as 

those for HLW interim storage, in Japan and abroad. For underground facilities, the 

knowledge base includes experience in the construction of other large-scale underground 

structures and testing of technology in domestic and international underground laboratories. 

This will be complemented by demonstration tests of technology related to construction, 

operation and closure in a UIF constructed at candidate sites in the second half of the detailed 

investigation phase. In addition to technology development, quality control checks prior to 

and during operation (e.g. pre-service inspections, regular facility inspections), together with 

demonstrations in the UIF, will provide the verification necessary to ensure safety of 

construction and operation. 

 

2.3.3 Retrievability, environmental protection and monitoring considerations  

As stated previously, disposal facilities should allow for reversibility and possible waste 

recovery during the stages of construction and operation, while assuring environmental 

protection that is confirmed by monitoring, as noted below. 

 

(1) Assuring reversibility and retrievability 

As described in Section 2.1.3 (2), the Basic Policy on Final Disposal specifies that the 

repository operator shall ensure project reversibility, to enable future generations to provide 

input on decisions on the implementation approach and respond to advances in science and 

technology. NUMO will also ensure practicality of waste retrieval during the period before 

repository closure, without compromising other safety requirements. Also as required by the 

Basic Policy on Final Disposal, research institutes will develop safe and technically practical 

methods to recover all designated radioactive wastes should this ever be required. 

 

(2) Environmental protection 

Studies of potential repository impacts on the atmosphere, water, soil, biodiversity, etc. 

will aim to introduce appropriate measures to reduce the burden on the environment (for 

example, reduce emissions of greenhouse gases). This will particularly consider the 

construction of the UIF in the second part of DI and subsequent repository construction, 

operation and closure and will capture experience in other major construction projects. In 

addition, recent laws and regulations related to the enforcement of environmental 

conservation will be fully reflected in the geological disposal implementation plan. For more 

details, see Supporting Report 2-6. 
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(3) Monitoring 

In a geological disposal project, various types of monitoring are carried out from the 

initiation of site investigations to final closure to contribute to safety and environmental 

protection. Monitoring is an important means of confirming that the project is being carried 

out properly, and is essential for enhancing confidence in it. The closure of a repository is a 

prerequisite for achieving a passively safe condition that does not require active management, 

such as monitoring, from the point of view of safety. However, monitoring may continue as 

necessary, based on the needs of society and other stakeholders, for the period between 

closure and the end of any subsequent institutional control [18]. 

Monitoring objectives are classified into the following four categories [44], assuring: 

• Radiological safety during operation. 

• A suitable working environment during construction and operation. 

• Environmental protection of the surroundings. 

• Long-term safety after closure, by confirming the expected behaviour of the 

engineered barriers (for example, saturation of buffer material after backfilling) and 

surrounding host rock (for example, recovery of groundwater level).  

Monitoring commences at the stage when field work is initiated, tailored to site properties 

(surface environment, social conditions of the region, geological setting) and associated 

repository design and construction/operation plans. The monitoring programme also takes 

into account the needs of the safety assessment to confirm or characterise specific phenomena 

and, if required, provide feedback to improve design and operational methods. Monitoring 

focuses on quantifying temporal changes in parameters and thus it is important to fully 

characterise the initial, undisturbed state (baseline) along with its inherent variability before 

invasive actions commence on site.  

Monitoring technology for environmental protection is well established for similar major 

construction projects, while that for radiological safety can be taken from the long history of 

such work in the nuclear industry. Confirmation of post-closure safety is more challenging, 

and will possibly require modification of existing technology or development of new 

approaches - for further details, see Supporting Report 2-7. 

 

2.3.4 Approach for the development of repository design 

As the conditions of the geological environment cannot be specified in detail before 

candidate sites come forward, development of repository design is an iterative process and 

involves the following (described in more detail in Chapter 4): 

• Demonstrating the availability of state-of-the-art design technology for establishing a 

safe repository with flexibility to respond to a variety of site conditions and social 

environments (systematic design requirements methodology, reference designs and 

design options). 

• Starting from the H12 [20] and TRU-2 [12] reports, focusing technology development 

to target SDMs, illustrating repository design specifications that meet pre- and post-

closure safety requirements and also demonstrate engineering feasibility for 

construction, operation and closure. 

• Applying a methodology in which specific features of SDMs, such as major fault 

zones, are specifically assessed to determine their impacts – both positive and negative 

– on different disposal concepts. 
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• Assessing the specifications for illustrative repository designs to determine if 

implementation (including any required reversibility/retrievability) is practical, based 

on existing engineering technology or that reasonably expected to be developed in the 

future. 

• Developing plans for environmental protection and monitoring, based initially on 

information about the surface environment and social conditions of the site 

accumulated during the LS phase. As this is very site-specific, it is not specifically 

discussed in this report. 

 

2.4 Safety assessment strategy 

Operational and post-closure safety will be assessed based on the information on selected 

sites and associated repository designs and available scientific and technological knowledge, 

in the light of relevant regulatory standards and the requirements of stakeholders. 

 

2.4.1 Operational safety assessment 

The objective of the operational safety assessment is to confirm, on the basis of regulatory 

standards to be developed, that the safety of the workers and local residents around the 

repository is ensured during the construction of the repository (surface and underground 

facilities), handling operations such as waste transport, acceptance/inspection/encapsulation, 

waste emplacement and closure. It should be noted that disaster prevention and industrial 

safety measures against perturbations without radiological impacts will be addressed by 

conventional risk management throughout the periods of construction, operation and closure 

of the repository.  

The safety of disposal facilities is generally assessed, as in other facilities that handle 

radioactive waste, based on regulations contained in the Nuclear Reactors Regulation Act. 

However, it is noted that the mining operations involved in constructing and operating the 

repository may involve hazards not usually considered for nuclear facilities. Since the 

accident at the Fukushima Daiichi Nuclear Power Plant, new regulations aimed at reviewing 

the design of reactors and other nuclear facilities have been formulated. This has resulted in 

new regulations for HLW management facilities, enacted as “Rules Concerning the Criteria of 

Location, Structure and System of the Waste Management Facility” (hereafter the 

“Programme Licensing Rules”). The Programme Licensing Rules require not only designing a 

repository that ensures normal safety requirements, such as shielding and containment, but 

also demonstrating that it has taken into consideration major perturbations, such as 

earthquakes, tsunamis and other external impacts (other natural hazards, anthropogenic 

hazards such as plane crashes), when defining the location of the repository and designing 

appropriate counter-measures. It also requires installing measures to protect against illegal 

access or introduction of hazardous materials such as explosives into the repository. In the 

evaluation of a maximum design-basis accident, it is required to evaluate the likelihood that 

the local residents around the repository site could be exposed to radiation by accidents, such 

as dropping of waste packages, in spite of the various safety counter-measures implemented. 

The IAEA [45] has also published a guide on safety case development and safety 

assessment  for radioactive waste conditioning and storage facilities and their operations. In 

this guide, the approach to the safety assessment is based on the analysis of the design and 

operation of the facility, the establishment of a series of scenarios of conditions and events 
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that may lead to radiation exposure of humans and contamination of the surrounding 

environment during operation, and the development of a safety case based on these scenarios. 

Based on the set of scenarios, the radiological effects on humans and the surrounding 

environment are to be analytically assessed and the results of these analyses are to be 

compared with radiation protection standards to confirm that the repository and the operating 

method are designed to ensure sufficient safety. 

NUMO will develop technologies to identify events that may affect radiological safety 

before repository closure, to establish safety assessment scenarios, and to develop models and 

data sets for analysis and assessment, taking into account these international guidelines and 

relevant future safety regulations. Based on this, NUMO will identify appropriate measures to 

mitigate these risks and incorporate these into the repository design. 

 

2.4.2 Approach for operational safety assessment 

At present, criteria for geological disposal facilities have not been formulated within the 

Programme Licensing Rules. Further, in the absence of a specific repository site, the extent to 

which the relevant surface environmental conditions can be defined is very limited. This, in 

turn, constrains sensible evaluation of the impact of site-specific external perturbations, such 

as earthquakes or tsunamis. In addition, with regard to prevention of illegal entry into the 

repository, as implementation will occur only in the future the emphasis is on monitoring 

developments in setting standards for geological disposal facilities and relevant measures 

implemented in other nuclear facilities. Nevertheless, evaluation of safety is possible for 

maximum design basis accidents. 

Therefore, as described in detail in Chapter 5, this report will: 

• Illustrate the concepts and methodology of radiological safety assessment for 

operational processes on both workers and local residents with reference to the safety 

regulations for other relevant nuclear facilities. 

• Present results of the illustrative operational safety assessments for specified disposal 

concepts, while assessing the practicality of potential counter-measures to reduce 

associated risks. 

 

2.4.3 Post-closure safety assessment 

NUMO’s evaluation of long-term post-closure safety adopts methodology compatible with 

that used internationally. For repository designs tailored to geological environments at 

selected sites, such assessments will define representative scenarios to evaluate the 

radiological impact on the surrounding populace, with consideration of uncertainties involved. 

Such analysis should confirm that the repository meets safety standards over the assessment 

period and will not have a significant impact on the biosphere. 

Safety assessments are not intended to predict future repository evolution or the associated 

human exposure to radioactivity, but rather to comprehensively assess whether the required 

isolation and containment of radioactive waste can be achieved. Inherently, such safety 

functions will gradually degrade with time and eventually be lost, but representative credible 

future evolutions (scenarios) can be defined that capture current scientific knowledge along 

with associated uncertainties.  
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Such scenarios allow potential future release and migration of RNs to be quantified 

although, due to particularly large uncertainties in the future surface environment and human 

lifestyles, idealised biosphere representations need to be used to convert radioactivity releases 

into possible radiological impacts. Numerical values of calculated doses need to be used with 

great care, but can serve as indicators of expected repository performance, which can be 

complemented by other supplementary indicators and arguments. 

In accordance with the aim of safety assessment, it is important to consider all possible 

conditions that may occur in a repository, but focus on likely conditions that are important for 

determining the safety of the repository. For this purpose, a “FEP” catalogue is used, which 

describes the characteristics of each element of the repository that may be relevant to its 

safety function (Feature), the events that affect these characteristics (Event), and the process 

of the repository's evolution over time (Process). In order to estimate resulting dose, 

mathematical models and data sets are used to describe the release and migration of RNs from 

through the EBS and host rock, and into the biosphere. The future human exposure to RNs 

migrating into the biosphere depends on the transport of RNs depending on surface conditions 

(topography, land use, etc.) and the mode of exposure as a result of human lifestyles (sources 

of drinking water, extent of consumption of local crops and livestock, etc.).  

NUMO has been working on technology development related to fundamental components 

of the safety assessment: scenario development, modelling and preparation of required data 

sets [18]. Additionally, for the PI stage of site characterisation, a preliminary safety 

assessment manual that systematically outlines required procedures and methods has been 

produced [46]. With a view to subsequent site selection, extension and refinement of this 

safety assessment methodology and confirmation of its applicability for specific sites will be 

necessary.  

Preparation of an appropriate safety assessment analysis toolkit is especially important to 

allow objective evaluation and comparison of the performance of alternative disposal 

concepts, where the methodology must also handle different uncertainties in terms of site 

conditions and repository specifications.  

 

2.4.4 Approach adopted for post-closure safety assessment 

The regulatory framework for safety assessment in Japan will be developed in the future 

and thus, in this report, guidelines on safety standards and indicators indicated by 

international organisations (e.g. IAEA Safety Standards Series [17] [19] [43] and ICRP 

recommendations [47] [48]) and safety regulations in other countries with similar projects are 

used to provide reference performance targets for future human exposure.  

In recent years, the need for radiation protection of both the environment and non-human 

organisms has been discussed (e.g. ICRP recommendations [49]). In addition, non-radioactive 

hazardous substances contained in the waste could have post-closure impacts on humans and 

the environment. Such issues are not considered in this report, but will be addressed in the 

future. 

For the scenario framework, a risk-informed approach that combines the disaggregated 

likelihood of occurrence and the significance of the consequence of the scenario has become 

popular among international organisations and regulatory bodies since 2000 (see Section 

6.1.5(1)). While the scenarios leading to radiation exposure via groundwater flow are the 

main focus of the assessment, scenarios that include events that lead to the loss of the 
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isolation functions or a significant reduction of the containment function are developed as 

these may need to be considered for specific sites.  

The safety evaluation period can be determined by consideration of the following points in 

general, referring to IAEA [43], OECD/NEA [31] and the safety regulations in relevant 

countries: 

• The time of the maximum estimated dose to the general public. 

• The time at which the potential hazards of radioactive waste have decayed to a 

negligible level. 

• The time at which uncertainty of evaluation becomes too large for models to be 

meaningful. 

• The time required to assess impacts of slow processes and occurrence of extremely 

rare events. 

• Timescales of stakeholder concerns. 

In some countries, the period for quantitative assessment, taking into account the above 

aspects, is specifically indicated in safety regulations and, in many cases, a time frame of 1 

My is adopted (e.g. [50] [51] [52]). In Japan, the safety evaluation period for geological 

disposal is under discussion and will be specified in future regulatory standards. Therefore, in 

this report, the safety evaluation period is not selected on a scientific basis, but is taken to be 

long enough that it will cover the maximum impact from credible groundwater release 

scenarios. 

Based on the above, post-closure safety assessment, as discussed in more detail in Chapter 

6, includes the following: 

• A risk-informed approach, introduced in order to appropriately deal with various kinds 

of uncertainties. The focus is on an appropriate concept and methodology to 

qualitatively assess safety on the basis of international guidelines and other 

considerations. 

• A safety assessment analysis method is developed in order to allow the objective 

evaluation and comparison of performance of different geological environments and 

associated repository designs. 

• Post-closure long-term safety assessments for the SDMs developed in Chapter 3 and 

the repository designs tailored to them in Chapter 4, considering the likelihood of 

relevant scenarios describing their future evolution. Results are discussed in the light 

of tentative performance targets, accepting current limitations on available knowledge 

and hence the models and databases used. 

• By appropriate site selection, it is assumed that the host rock is little affected by uplift 

and erosion, and that favourable geological characteristics will be maintained for a 

sufficiently long time (see Section 2.2.5). However, to ensure this, the potential effects 

of long-term uplift and erosion on the safety functions of the host rock are considered 

(see Supporting Report 6-10). 

• Matters that depend on the site-specific geological environment and construction and 

operating methods, such as the degree of disturbance of conditions during construction 

and operation of the repository and the process of their recovery, are presented as 

issues to be considered after site identification, unless they could be conservatively 

disregarded in the safety assessment. 
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2.5 Management systems 

Responding to the challenges faced when developing a safety strategy under the 

requirements described above is facilitated by appropriate management tools and 

methodology. These integrate all the actions carried out and ensure consistency in the 

repository concepts developed for a variety of geological environments, with respect to 

construction, operational and post-closure safety, feasibility, economic efficiency, and social 

acceptance requirements, whilst also considering trade-offs among them. 

A geological disposal programme continues for a long period of time and needs to be 

flexible so that it can respond not only to progress in technology but also to changes in 

societal boundary conditions. This has been discussed at a conceptual level in the “NUMO 

structured approach” [53] and in the 2010 report [18]. The key components of the strategy for 

ensuring safety while maintaining flexibility can be summarised as follows: 

• Development of management methodologies for close coupling of the geological 

investigations and site evaluation, repository design and safety assessment work, 

facilitating good communication between the staff involved in each field (Figure 2.5-

1). This coupling will evolve naturally as the programme progresses, from site 

selection and the subsequent licensing phases, through construction, operation and 

closure. 

• Comprehensive assessment of conventional and radiological risks to both workers and 

the general public at all programme stages. Setting and analysing appropriate 

scenarios allows identification of potential hazards from both normal and perturbed 

operations. Counter-measures are thus identified that could be implemented wherever 

required. 

• Regular reviews to ensure that technology is maintained at state-of-the-art levels, 

reflecting developments in system understanding and advances in science. Any 

technical work performed by NUMO, including site selection and technology 

development, is subject to regular checks and review by external experts. 

• Re-evaluation and updating of the safety case, including major decisions made based 

on it, in each phase of the programme. This is conducted to check that current 

regulatory guidelines and standards are complied with and also to provide continuous 

reassurance to the general public. Technical issues are also identified that should be 

reflected in subsequent updates of the safety case. 
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Figure 2.5-1 Coupling of site characterisation, repository design and safety assessment  
(based on Figure 4.2 in the 2010 report [18]) 

The design of the repository should be based on this information and incorporate sufficient 

safety margins. The safety assessment should confirm that radioactive material in the 

repository will not have a significant effect on humans, taking into account the various 

uncertainties inherent in the SDMs and in the repository designs. If it is judged that the 

required level of safety is not met, or if the uncertainty in the results of the assessment is so 

great that confidence in the results needs to be improved, the design and safety assessment of 

the repository should be re-examined, for example by expanding the geological information 

available to reduce the uncertainty.  

If information is added or revised during the course of these activities, it is necessary to 

understand the extent to which this affects the investigation and assessment of the site, the 

design of the repository and the safety assessment and the integrated safety case. In order to 

achieve this, it is important for NUMO to have the overview required to lead integration of 

results and determine the direction of the work, as well as to ensure close communication 

between project managers in different disciplines, so that changed information and data can 

be passed between them and the decisions made reflect the consensus of all involved.  

Coordination between technical disciplines, preliminary assessment of conventional and 

radiological risks and the preparation of response measures, repeated review of geological 

disposal technology, and the development of safety cases are all essential management tasks 

for ensuring safety. At the same time, the following issues should be addressed:  

• How to deal with changes in the social environment and uncertainties in safety over 

the long term after repository closure.  

• How to ensure the quality of all technical studies. 

• How to share the vast amount of accumulated knowledge, information and data 

within and between generations. 

• How to promote continuous technical development.  

• How to ensure the availability of human resources in a variety of technical fields. 
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2.5.1 Uncertainty management 

As already mentioned, the handling of uncertainty is extremely important, particularly 

because geological disposal involves unusually long timescales, both in terms of the duration 

of the project and in terms of ensuring safety after closure, and because the geological 

environment has inherently heterogeneous characteristics on all spatial scales. 

The four basic approaches to dealing with uncertainty in geological disposal have been 

termed “identification”, “avoidance”, “reduction” and “assessment” [54]. Uncertainties are 

“identified” and “avoided” or “reduced” in the safety case developed at each stage of the 

project. For example, uncertainties in properties or events that are difficult to understand or 

predict, such as the distribution of geological characteristics over large spatial scales or the 

predicted evolution of a future geological disposal system over time, can be addressed by 

designing a robust repository that assures sufficient safety despite such uncertainties as 

determined by realistic and/or conservative assessments. Uncertainty should also be “reduced” 

by continual extension and improvement of the technical and scientific knowledge base. 

Nevertheless, uncertainty cannot be completely eliminated, so it is necessary to “assess” 

remaining uncertainty and decide whether it is acceptable while ensuring the safety of the 

repository. In staged site selection, uncertainty is quantified and reduced by refining the 

geological knowledge base as captured in SDMs, tailoring design of the repository to them 

and specifying the engineering techniques for implementation, while the remaining 

uncertainty is taken into account in the safety assessment, introducing conservatisms when 

required (see Supporting Report 2-8 for details). 

In general, uncertainty is defined as aleatory uncertainty, due to inherent differences or 

variations in observed values of the system considered, and epistemic uncertainty, due to lack 

of knowledge or information about it [55]. In the site investigations, for example, in addition 

to aleatory uncertainty due to the inherent temporal and spatial heterogeneity of the geological 

environment, there is epistemic uncertainty involved in its conceptualisation within SDMs 

due to uncertainty in data (e.g. caused by measurement errors) and its resulting interpretation.  

Over relevant spatial scales in the order of several kilometres and timescales of hundreds 

of thousands of years or more, it is clearly impossible to obtain enough observations to fully 

quantify all uncertainties [54]. Nevertheless, quantification of the heterogeneity of geological 

characteristics is carried out to the extent practicable (e.g., statistical analysis to define means, 

variances and standard deviations of data). In the case of important geological structures and 

natural events/processes that impact repository implementation and post-closure safety, the 

types, causes and degrees of uncertainty and the factors associated with these (e.g., the 

network structure of faults and fractures) are identified and responded to through the 

knowledge communication as shown in Figure 2.5-1.  

In the design of a repository, the specifications of engineered barriers and underground 

facilities will be set in such a way that the required functions can be assured even if 

uncertainties in the site geology and in the analytical models and parameters used in the 

design process are taken into account. In addition, the quality of fabrication and its variability 

will be assessed through demonstration tests (e.g., mock-up tests, large-scale tests in URLs, 

etc.), and associated quality assurance protocols defined to ensure that as-built repository 

components meet specified requirements. 

Uncertainties in safety assessment are often categorised and treated as being associated 

with scenarios, models and data. Scenarios are developed for credible evolutions of the 

disposal system, based on information integrated into the SDMs and associated repository 

design, taking into account uncertainties arising from lack of understanding or knowledge of 
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phenomena and processes. Specifically, scenarios are classified into those that are likely to 

occur based on best current understanding, those that take into account uncertainties that can 

be reasonably established based on current scientific knowledge, and those that consider 

events with a low probability of occurrence. In this way, some impacts of uncertainty on the 

safety of a geological disposal system are taken into account.  

As a starting point, the FEP catalogue is expanded based on the latest domestic and 

international knowledge and, to the extent possible, realistic scenarios should be derived from 

this. If realism is not practical, scenarios should be sufficiently conservative, utilising expert 

opinions on their appropriateness and completeness, if required. In this way, the risks of 

overlooking safety-critical scenarios or developing inappropriate scenario descriptions can be 

reduced.  

In addition, since it is inherently impossible to predict human activities in the distant future 

(as noted in Section 2.4.3), or even assess any uncertainties involved, the biosphere 

assessment approach is based on internationally accepted concepts of stylised scenarios (e.g., 

IAEA (2012) [43], ICRP (2013) [48]). Stylised scenarios based on current human activities 

are also developed for potential future perturbations (human intrusion scenario).  

Key uncertainties in the safety assessment models and associated databases for radiological 

consequence analysis of defined scenarios should be compensated for by including sufficient 

conservatism. For example, if it is difficult to establish sufficiently reliable models/databases, 

analyses should be carried out in such a way that conservative results can be obtained, e.g. by 

ignoring some of the expected positive functions of barriers or by using models and data that 

clearly give pessimistic results despite these uncertainties. 

Important uncertainties are identified in the safety case developed at each siting stage and 

reflected in the investigation and technology development plan for the next stage. This step-

by-step approach to uncertainty reduction ensures that the repository is constructed in a safe 

manner. Prior to the closure of the repository, periodic safety reviews, as stipulated in the 

Nuclear Reactor Regulation Act, will be carried out to capture the latest knowledge and the 

results of monitoring, thus reducing uncertainties associated with operational optimisation and 

post-closure safety. 

During the 100-year lifetime of the project, there may be changes in socio-political and 

economic boundary conditions that affect its implementation. In the light of such uncertainties, 

a range of technical options will be developed (e.g., various disposal concept options) to allow 

for flexibility in responding to changes and minimise associated management risks for 

NUMO. 

In general, the variability of geological characteristics is site-specific, while uncertainties 

about the quality of engineered barrier systems depend on the materials and manufacturing 

methods involved. Therefore, in this report, representative characteristics of the host rock are 

set by assessing nationwide literature, and uncertainties are generally not directly captured in 

the SDMs (exceptions involve groundwater chemistry, which plays an important role in 

performance of both engineered and natural barriers). Clearly, this is a limitation that would 

be addressed in updates to the SDMs. Similarly, for the physical properties of engineered 

barrier materials, representative values are set based on reported experimental data and 

uncertainties in these properties are currently not considered, but will be in the future. A 

summary of the treatment of the uncertainties in this report is given in Section 7.3.2. 

 

  






