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Executive Summary

In compliance with a request by the Atomic Energy Agency of Iapan (AEC), the Japan Nuclear Cycle
Development [nstitute (JNC) approached the Muclear Energy Agency (NEA) of the Organisation for
Economic Co-operation and Development to carry out an independent, internationat peer review of the
Froject Overview Report of the HI2 study. The latter is described as the “Drafi Second Progress Report on
Research and Development for the Geological Disposzal of HLW in Japan™.

The main cbjectives of the H]12 study are:
- to outhne the technical basis for assessing the rehability of geological disposal in Japan;
- to provide input into the siting and regulatory procedures following the initial R&D phase.

The acceprance of the HI2 study by the Japanese governmeni would allow the programme to move frem
the present R&D phase to a new phase where siting and regulatory procedures would be formulated, and a
new implementing uzency would commence work.

The NEA accepted to undertake the review according to an agreed upon terms of reference, and assembled
an intemational review group (the "[RG") of experts. The review took place between mid-May and mid-
October 1999, An important part of the review was a week long workshop in Japan where the IRG could
interact, in depth, with the JNC staff and could visit the technical facilities of INC. The review workshop
was open to other interested parnes, and it was attended by observers from other lapanese institutions.

The NEA review is al an executive level and is complemented by olher, more specialised reviews of
modelling teols and data to be carried oul by other groups. The NEA review is meant to help JINC assess
their averall achievements and to provide suggestions that would be useful to prepare an updated report to
be submitied te the AEC.

The general conclusion of the review is that the 1echnical basis fer geological disposal in Japan has been
autlined and convincingly assessed in a gencric way, miving a sufficient level of confidence, at the present
stage, that the 1oolx have been developed 1o proceed to an adequate site characlerisation and assessment in
the next phase, The present H12 reports and analysis need o be updated, hawever, in ways that have been
discussed with JNC, and are documented in this report. The main findings of the review are as follows:

Geology The description of the geology of Japan in H12 is competently done and adequately
comprehensive for the purposes of the report. It must be recogmised. however, that, at this stage. actual
purpose-specific data and field observations ure relatively Iimited and that the greatest part of the
geological information is derived from a review of the literature. Significantly mare detailed investigations
will be necassary Lo proceed Lo suceessive stages within the siting process.

The structurai geology of Japan is determined by the position of the Japanese wislands on plate collision
zones, which leads to tectonic activity that is relatively intense and generally higher than in other parts of
the world where the geolopical disposil of radicactive waste 15 considered. The potential impact of this
rectonic activity on long term safety is a recognised concern of the AEC Guidelines and of the HI2 study.
The IRG 1s of the view that, while it is reasonable and believable to identify areas where the probability of
Faulting will be Tow, it is nol acceptable, at the present stage, to ignore faulting scenarios in the safety
assessment of the repasitory. [t is thus recommended that a fauliing scenario be added 1o the safety
assessment in order to expiore and illustrale better the robustness of the proposed disposal concept.

Repository teclmodtogy and engineered barriers The HI2Z study places emphasis on the design and
performance of the engineered barrier sysiem and less reliance on the barrier tunctions of the geosphere.
This is acceptable. considering that in the early, conceptual phases of repository design a relatively high
uncertainty exisis in the performance of the geosphere. It is noted that the wark of JNC is of a panticularly
high lavel in the areu of design and performance of the engineered barrier system. The latter is competently
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designed with ample margins for later optimisation and can likely accommodaie a varety of faulting
SCENArios.

Safety Assessment The safety assessment is at the core of the HI2 study. The general methodology applied
i5 comparable & similar studies published in other countries and in general agreement with the guidelines
of international organisations. Beaning in mmnd Lhe penene nature of the dala base and the relatively
preliminary stage of the Japanese geological disposal programme. the work performed 15 impressive and
very encouraging for the future steps. The IRG recommends a closer look ar some specific aspects, in
particular o clarity the degree of completeness of the scenario analysis, and a more cautious approach in
the selection of data and assumptions. Special complexities affect the HI2 study because of its wide scope
of diverse geologicul and surface environments, as a consequence there arg high demands on traceabiliny
and transparency. Improvements, to this effect, are needed throughout the Project Overview Repont.

On the presentativn of the HI2 sty and lessons learnt A sufficiem technical basis has been established 10
provide the input into future siting and regulatory procedures. but this input has not been used adequately
tn formulating 3 logical and well structured proposal in respect of the future steps necessary for advancing
to site selection and to the definition of an adequate regulatory infrastructure, In particular, it is imponant
thal the nature of the HI2 study and its main findings be made iotally unambiguous, and that the lessons
learnt from the conduct of the study be summuarised better for the decision makers and their technical
advisars. The discussions between the IRG and INC have identified useful avenues for summarising this
informatien. and the final HI2 report should be able o fuifil the two most important objectives ot the
study. Namely, 1o provide useful tnput into both the sitling process and the accompanying regulatory
procedures,
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1L INTRODUCTION

Background to the review

Research and development into geological disposal of high level radicactive waste has been ongoing in
Japan for the past lwenly years. At present, a key role is played by the Japan Nuclear Cycle Development
Institute (INC), This organiszation, which has been in existence since October 199K, is the successor of the
Power Reactor and Muclear Fuel Development Corporation {PNC). The charter of JNC is 1o carry out
R&D activities to establish nuclear fuel cycle technologies relevant to fast breeder reactor development,
spent fuel reprocessing, plutonium fuel fabrication, and disposal of high-level rodicactive waste (HLW)
ensuing from the reprocessing of spent nuclear fug].

In 1992, PNC published a report enlitled Research and Development on Geological Disposal of High-
Level Radiouctive Waste, First Progress Repornt’, generally referred 1o as the H3 report [BNC, 1992, This
repart has been the object of numerous reviews.

[n 1997 the Aromic Energy Commission (AEC) of Japan issued their "Guidelines on R&D Relating to
Geological Disposal of High-Level Radinactive Waste in Jupan® (the "Guidelines™ hereafter) [AEC, 1997].
According to the Guidelines, a second progress report would need to be produced. This report is expected
i further demonsirite

“the rechaicol feasibiline and reliabitite of the geological dispasal concepr and to provide
kev input for site selection and development of regularions,”

Accordingly, JNC prepared a Droft Second Progress Report on Research and Development for the
Ceological Disposal of HLW in Jupan, generally referred to as the H12 repont. In its present form, the H12
repart consists of four documents: a Project Overview Reporl and three supporting repons on the
geological environment of Japan, on repository desten and engineering technology, and on the safsty
assessment, respectively.

The Guidelmes alsa stipulate that:

"The secomd progress report will be reviewed by fnternational experts and the reviewed
verston will be subinted fo the Japanese Governmens for evaluarion”,

In compliance with the AEC indications, JNC approached the Nuclear Energy Agency of the Organisaion
for Economic Co-operation and Development (OECI/NEA) 1o carry out an independent, interaational peer
review of the HI2 Project Overview Reporl. This review would complement other, more specialised
reviews of tools and data to be made by extemal groups.

The NEA accepted to undertake the review according to agzreed upon lerms of reference, and assembled an
intermational review group {the "[RG". or the "Group”, hereafter). This repen documents the review,
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The Terms of Reference

The Terms of Reference (ToR) of the review [ JNC, 199%a] state that:

“The NEA review should focus on assessing the adequacy of the HI2 study, taking into
account the relativels early stage of development of the Japanese geological disposalt
programumie and, in particifar. the generic nature of the geological datobase, which
itherently consirgins the possible depth of treonmens,  Thus, the NEA review should be
canditcred i an execiitive feved, fociised on findamenteals and principles, and on verifving
that the concepts, methodology and systeni understanding represent the current state af
the art.  JNC will complement the NEA executive review with another more specific
review of models and databases.”

"The review meteriod 1y the final drafi of the H12 main report. Supporting docimentation
i e g
would be made cvailable as needed by the reviewers,”

The Project Overview Report [JNC, 1999b] waus thus the main source of informdlion for the present
review. The supporting reports [JNC. 1999¢: 1999d: 1999¢| were also distributed to the members of the
IRG, and were consulted but not reviewed in depth.

As the AEC Guidelines specily the purpose of the HI2 repont and identify its main issues, they were also
used as a further base for the IRG review.,

The OECD/NEA International Review Group

The IRG was comprised of six members: four with experience in national waste management programmes;
one independent international consultant; and one technical representative of the QECD/NEA. Prof.
Helmut Réthemeyer (Germany} acted as the Chairman of the Group. The names and quakifications of the
Group members are provided in the Appendix.

All members of the [RG familiarised themselves with the entire study. Furthennore, working us a team,
they divided among themselves the detailed evaluation of the Project Overview Report and other
documents, such 1hat each nwember could focus his auention on the subjects closest vo his professional
€xpertise. Some limited recourse was made to colleagues in the respective reviewers' organisations. or
their subcontrictors, when speciatised technical insights were considered necessary.

Principles and conduct of ithe review

The principles of the review were discussed early on, at the first meeting of the IRG, and were refined in
later discussions, The following undersianding wus reached:

I. The presenl review represents the inernational review recommended in the 1997 Guidelines. The
Guidelines stress the aspect of confidence building. Accordingly, this review focuses on the technical
and confidence building aspects of HLW disposal in Japan, paying only limited attention to the policy
ksSUEs,

2. The review will be kept at an execulive level with most attention being paid to the Project Overview
Report, This is the best course in accordance with the ToR.
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3. The information provided in the HI2 documentation is generic in nature. No site has been proposed

for the location of the repository and the potential host rocks are defined only as crystalline rock. such
as a granitic intrusive body. and sedimentary rocks. such as Tertiary mudrocks and sandstones. In
accordance with the ToR, this lack of specific data is to be bome in mind when evaluating the
conclusiens of the 1echnical analyses,

Specific attention is to be given to whether the two main objectives of the H12 swudy are achieved,
They are:

- 1 outline the technical basis for assessing the relinbility of geological dispasal in Japan:
- ta provide input inta the siting and regulatory procedures following the initial R&D phase.

The technical documentation addresses three main subjects which are closaly linked in the assessment
of the feasibility of safe disposal of HLW in Japun. It is considered important to make sure that
different parts of the assessment make use of logically consistent assumptions, and that priorities are
adequately identified.

The review documents were received in mid-May 1999, Thereafter the review proceeded as follows:

A meeting of the review tearn took place in Pans in carly June. Al this meeting, JNC representatives
made two presentations about the “General Background and Specific Features of JNC's Second
Progress Report”™. In addition to providing  description of the approach used in the HI2 siudy, these
presentations ulso descnbed. 1o the IRG. the general policy framewark in Jupan within which the HI12
study was prepared. Thus, it was clarified thai the H!2 study is to deal with the geologic disposal of
only HLW: that, a1 the present stage. the dixpasal concept is not te rely on post-closure institutiona)
controls, including moniternng: and that waste retrievability is not o be factored in the study. These
aspects may have to be considered a tater stages. at which time the JNC disposal concept may require
apprapnate madifications,

Preliminary comments and questions were provided by the IRG guring the months of July and August.
INC offered written responses to all comments and questions. These preliminary comements,
questions, and responses were collated in order to fucilitate the discussion ar the subsequent meeting
between the IRG and the JNC stafl. After o JNC request, it was secepied that they may be mude
available to parties external to the review'

A week long workshop with INC swff, avended as well by observers from other Japaness
organisations, ook place in Japan the 4th week of August. The workshop aliowed in-depth discussions
of all 1opics identified in the preliminary set of comments and questions. New areas were also
identified and discussed. The IRG also visited the JNC R&D facilities at Tokai. During the workshop,
INC indicated that they agreed with most of the IRG general and specific comments. and that they
would mmend the HIZ decumentation accordingly. Al the end of the workshop Dr, Réthemeyer
presented, orally, the preliminary conclusions of the review. The following week. two members of the
IRG vistled the Tono mine.

A most important cbservation made at the workshop. and to be borne in mind when considering this
review, was that the HI2 study und, in particular, the Project Overview Report, were still evoiving:

This s document NEA/RWM/PEERIF93. Tt is to be undersiood that the latter contains the unstruciured. firse
impressions by the individual members of the IRG and first INC replies. Some of thess views and replies were
révised  during, and aler. the IRG and the INC sl meeting in Japan. The presenl  dovunenn
NEA/RWM/PEER(YY12 is the only one giving the fingl, ofiicial vigws and judgement of the TRG as a whale.
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data were shill being gathered: JINC was producing additional documentation in lapanese; and the
comtents of the Project Overview Report was being determined. in part, by angeing consultations
within the Japunese Co-ordination Conference on R&D in HLW Disposal.

* Preparation of the review report went through several iteratons within the IRG, until finalization and
submission to JNC on 20th Ociober 1999,

About this repori

This report documents the peer review of the May 1959 draft of the Project Overview Report of the HI2
study on behalf of INC. in order 1o help 1his organisation to assess their own achievements and to produce
an updated report in order to fulfil their oblization towards the AEC of Japan. This report has thus been
writen mainly for the JNC staff and management. /.e.. for an audience who is Fully familiar with the H|2
study. The report has been kept, however, ar an executive level, as much of the detailed comments and
discussions have been collected elsewhere, f¢.. in document NEA/RWM/PEER(99)3 and in the minutes of
the workshop that took place in Japan. The ext of this report is thus sufficiently general to be accessible to
informed readers not necessarily familiar with ali the details of the H12 study and its documentation.

The review is structured in six parts. for which titles and bearings on specific chapters in the H12 Project
QOverview Report are as follows:

l. Introductuon

2, The Geology of Japan and the Safely Concept
broadly covering Ch. Il of the Project Overview Report

3. Repository Design and Engineering Technalogy
broadly covering Ch. IV of the Prafect Overview Report

4. Safery Assessment
breadly covering Ch V. of the Project Overview Report

3. Presentation of the HI2 Study and Lessons Learnt
broadly covering Chapters LILVL and VLI of the Project Overview Repon

6. Owerall Judeement

The present report has been prepared with the concourse. and final approval, of all members of the 1RG.
The report has nal been checked by JNC. and the IRG wkes fult responsibility for any factual inaccuracy.
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2. THE GECLOGY OF JAPAN AND THE SAFETY CONCEPT

General aspects

The structural genlogy of Japan is determined by the position of the Japanese islands on plate collision
zones, which leads to a tectonic activity Lhat is relatively intense and generally higher than in other parts of
the world where the geclogical disposal of radioactive waste is considered. The potential impact of chis
tectomic activity on long term safety 15 a recognised concern of the Guidelines and of the Hi2 siudy. As no
part of Japan can be considered as being iectonically siable, in the sense generally accepled in other
countries, the development of a safe geological repository represents a particular chalienge to the Jzpanese
programme. To some exlent, this challenge is Tuced also by other countries. e.g.. ltaly, Taiwan and
Switzerland.

Overall, the description of the geclogzy of Japan in H12 is competently done and adequately comprehensive
for the purposes ol lhe report. It must be recognised. however, that, al this slage, actual purpose-specific
data and field observations are relatively limited und thut the greatest part of the geological information is
derived from a review of the Literature.

The main issues considered in the HI2 report arc valcanie activity, fault displacement and resulting
seismic activity, uplift and subsidence. erosion and sedimentation. Consideration is given aziso to climaric
change and sea level variations. These, however, are believed to be somewhat tess impartant in respect of
the long term performance of a geological repository. despite their potential impacts on the biosphere.

Some of these points were addressed repeatedly in written comments and were discussed extensively
during the workshop in Tokyo, The most imponant aspects of those discussions are briefly summirised
below,

Yolcanism

The analysis of existing data on volcanism in Japan is adequate and the conclusion that areas exist in the
country, where the risk that o repository might be disrupted by volcanic activily is negligible, appears 1 be
weli founded.

Uplift and subsidence

The data, presented in the Hi2 study. on vertical tectonic movements in Jupan indicate that there is a
prevalence of uplift, meaning that most of the territory s subject o 1ectonic siress with a2 significant
upward component. There are, however, also zones underzoing subsidence. The reported rates of uplift
are generally high and occasionally much higher than known rates of epeirogemc/orogenic movernents n
other tectonically active regions. Considering the obvious impact of upliftfsubsidence on the estimated
rates of future erosion and, therefore. on the potential thickness of overburden that might be removed from
above a geological repository, the IRG stressed the importance of o reliable dutabase on these geological
Processes.

The uplifi data are useful in Wdenbifying areas where future erosion may remove significant 1hickness of
overburden. In the site selecnion phase of the programme, the uplifi daty should be considered for ranking
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candidate sites and for defining some features of repository dasigm, for exampie minimum depih.
Consequentiy, the quantitative knowledge of these processes might be an important repository siting factor.

Faulting

The database on active faults in Japan is based essentially on surface observations {aerial photography and
field surveying) and seismic historical data.  Both approaches are likely to produce significant
underestimates of the actunl number of active faulis. Conseguently the [RG has reservations about
discounting the potential impact of faulting on a suitably sited repository in the next 100,000 years. The
distribution of faulting probabiiity in Japan seems to be un aspeci of the programme requiring additional
work,

Accordingly. the [RG expressed reservations about the way faulting has been handled within the HL2
report, namely thut the expectation of faulting in speciftc areas will be largely predictable in the next
106,000 years. The inlormation on active faulis presented in H12 45 cenainly useful to define areas
characterised by higher or lower probability of faulting. but cannct be used to identify areas where Faulung
can be excluded.

The assumption is made in the HI2 report that future fault activity, during the next 100,000 years, will be
restricted Lo the identified active faults and, consequently. that any repository at least 10 km distant from a
known active faull is not exposed to the risk of disruption. The IRG does not consider this critical
assuenption to be scientifically defensible. [n addition, the way faulting is treated in the various pasts of the
HI2 report 15 not fully consistent. Some of the assumpiions used in the chapter on safety assessment seem
to contradici the hypothesis described above.

It is, therefore, recommended thar faulting, either displacement along existing faults or generation of new
ones, is considered as a stochastic process and handled accordingly. JINC is now addressing this issue und
that a faulting scenurio is being evaluaed.

The general evolution of the geological environment

Regarding the likely fulure evolution of' the geological environment in more general terms, and on the basis
of available and presented information. it is believed that reasonable estimates can be preduced, at least in
the more stable parts of Japan. However, the level of uncertainty of such estimates increases in proportion
to their distance in the future.

Hi2 uses the assumption that the evolution of the geological environment can be estimated teliably up to
100,000 years, on the basis of what is known about the geological events in the past several hundred
thousand years, and much fess reliably afterwurds. However, the assumption that after 100,000 yEars snme
geological processes or events. previously considered negligible, will become mare likeiy, is arbitrary. h
would be mare logical and scientifically defensible o estimate the future evolution of the gealogical
conditions as the result of gradual and progressive changes. No scientific ground exists to assume that the
behaviour of the geosphere wili change patiern past one hundred thousand years.

Consideration of alternative geological formations

The HI2 repon develops the geclogical disposal concept for two generic host rocks: granitic intrusions and
sedimentary formations. Little use has been made of the extensive internaticnal literature an the potential
merits and problems associated with the various types of host rock. In particutar, the different response of
the various rock lypes o tectonic displacements would appear to be very relevant in the structural
condittors of the Jupanese islunds. For example, many cluy-rich formations araund the world are known to
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exhibit a melatively plastic behaviour and o be able o sccommodate some faulting displacement with little
or no increase in hydraulic conductivity. The clay content does not need to be especially elevated. It would
be beneficial if this aspect were taken into account in present or future desenptions of potential host rocks
andfor potentially favourable formations in the overburden of a repositary in Japan.

Comments about geology and repository siting

Throughouwt the H12 report. stalements are repeated 1o the effect that minimum distances from potentialky
negative geologicul features will be wsed as criteria for siting the geological repository. Thus 10 km is
quoted as the minimum distance from major active Faults and 50 km as the distance from volcanic
SLrUChures,

In consideration of the relatively preliminary stage of the geological disposal programme and of the fact
that aciual site selection is not in the remit of the HI2 report. atiention is called on the potential drawbacks
of giving the impression that guantilative siting criteria can be defined at this preliminary stage, While i1 is
tree that screeming factors, including the estimated distance from particular geclogical features, will be
used in the selection ol potentially favourable areas. il is aiso true that the numerical values to be used in
any siting criteria will depend on site specific features and will need to be supported by detailed and
realistic safety assessments.

Al the present time it would be preferable to discuss the spatial relatiomships between a repository and the
potentially negative geological Features as siting fuctors, which might be transformed in siting criteria
when specific information on the candidate site will be available,

Additional siting factors which seem to deserve consideration in the eventual ranking of potentially
favourable areas are: subsidence, nccurrence of formations with relatively high clay content, and siting on
minor and remote islands.

*  With respect o subsidence. it may be worthwhile 10 consider that the laner might be a Favourable
feature for a candidate repository site, as it would lead to increased isclation with time.

»  As described above, formations relatively rich in clay. if availabie at depth or in the overburden, are
believed to present additional favourable features in respect of long term sufety in a tectonically active
ared,

* The focus of the HI12 report 13 on geological disposal in a still undefined site located on one of the
main Jslunds of Japan. [tis believed that the minor islands, many of which are remaote from populution
centres, should also receive serious consideration. I some of the small islands were found to present
acceptable genlogical features. mainly with respect (o tectonic stubility and hydrautic conditions of the
potential host rock. then the beneficia! aspects related to the distance fram humans and Lhe great
ditution potential of the marine environment should be carefully evaluated with site specific safety
assessments,

Recommendations

Bascd on the preceding remarks und on the discussions at the meeting in Tokye. the IRG offers the
following recommendations.

»  With respect Lo faulting, it would be more defensible to acknowledge that in a lectonically active
region, sych us Fapan, fuuh disptacement, either ax activity of existing discontinuities or along newly
generated fraciures, is possible everywhere. The database on knawn active faulis and on hypocenters
of earthquakes could then be used 1o mnk the territory in relation to the probability of future fault
aclivity. As a result of this approach, and for the purpose of safety evaluation. Faulting should be
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considered to be stochastic in nature and faulting scenarios should be considered in safety assessmem
(this has been already accepted by JNC duning the Tokyo meeting). It should be also pointed awt that
any quantitative estimate of faulting probability is always and unavoidably characterised by significant
uncertainty, therefore the robustness of the isolalion barners, both engineered and natural ones, with
regard 1o faulting should continue to receive careful consideration and should be used as a decision-
making factor in both repository design and site selection,

«  With respect 1o the selection of suitable host rocks there are ebvious relatiomships with the preceding
recommendation on faulting. Since 1t is difficelt. if not impossible, to fustify a quantitative value for
the probubility of faulting. the response of different rocks to faulting should be considered as an
important site selection factor. It is a known fact that clay-rich formations may exhibit plastic
behaviour and preserve low bulk permeability even when intersected by fawlts. Clay-rich formations
have the additional advantage of a generally higher retention capacity. being therefore more effective
geochemical bartiers. On the basis of these eonsiderauons it is recommended that, if available etther at
depth or in the overburden, clay-nch sedimentary tormations be seriously assessed in Japan.

=  Whih respect to repository siting, it is recommended that, in due time, consideration be given to
potentially favourable features that, so far, have not received the necessary attention, namely: the
progressively enhanced isolation potentially pravided by subsidence and the remoteness of some small
islands.

¢ Finally it is recommended that no quantitative siting criteria, e.2. regarding distance 1o potentially
active geolagic features. be defined at the present stage of the programme, and to postpone any
definition of numerical criteria until such a time when site-specific data and safety assessmenis wilt be
available.
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3. REPOSITORY DESIGN AND ENGINEERING TECHNOLOGY

General aspects

The safety of a deep geological repasitory depends on both a suitable gealogical environment and properly
designed and selecled man made barriers. While the choice of geology may be sirongly limited by the
conditions in the country, the engineered barrier system offers ppportunities for optimisation and
adaptation 10 the local environment. The performance of the engineered barriers can be 1ested. These tests
allow long-term predictions, if the stability of the hydrogeochemical environrent can be reasanably
assured.

The engineered barrier system and the repository desion ure of fundamentai importance to the development
of the safety case for the repasitory, especially in the early. conceptual phases of repository design because,
at that time, u relatively high uncertainty exists in the geosphere model. Accordingly, the HI2 study places
emphasis on the engineered barrier system and less reliance on the barrier functions of the geasphere. In
the H12 repor, this is reflected in the choice of muerials for overpack and buffer and backfill, and in the
design and construction of the repository.

The INC swudies of overpack and bufferfbackfHl muterials appear to be of high intemational standard and,
in some cases, at the leading edge.

Overpack

The choice of overpack material und the design of the overpack are clearly described. Three different
matenals are considered: htanium. curbon sieel and copper. The choice of carbon steel is based on an
evaluation of the material against a set of design requircments. These requirements as well as those on
service life of the overpack are shown to be et with sufficient confidence.

The corrosion behaviour has been determined using both  synthetic chloride dominated and
carbonatefbicarbonate water. which simulate the typicel deep groundwaters in Japan. For both types of
waler, reducing ¢onditions are expected. The extent of the corrosion s estimuted conservalively gnd,
therefore, reasons may evenwally become evident et relax from the present level of conservatism when site
spectfic data become available.

The final cheice of wall thickness should also wke inte account Factors like the feasibility for reliable
fabricavion of the overpack and the non-destructive verification of the quahity of the material used and the
welds in the final product,

[t13 noted that shear movements in the rock across o waste package has not been considered as design busis
load. Nor have any transient or permanent non-uniform loads been considered. With present design and
wall thickness, there is no reason (o believe that foreseeable non-uniform loads would be a threat to the
integrity of the overpack. However, even if sheur movements in the rock are not considered as design
basis loads, the confidence in the design would increase if the Limits for the strength of the overpack were
detennined.

Buffer and backfill

In the HI2 study. o quartz-bentonite mixture is proposed for buffer material instead of the pure bentonite
evaluated in H3. This materigl is shown to meet the design requirements.
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The wchnical feasibibity of manufzeturing and installing methods for beffer has also been confirmed in
laboratory tests. It should, however, be borne in rmind that the installation in 4 moist environment in the
repository may be less straightforward than expected from the laboratory tests.

Repository design

The description of \he design and consiruction of the repository is done at a level that is quite sufficient for
the purpose of the report. The descriptions are currently i@t a generic level and may have to be reassessed
when the programme has moved into a more site-specific phase.

To some extent the actual repository lavour will have to be determined once ihe site has bean salecied and
as the investigations proceed. This process may also have an impact on the final requirements on the
number and location of shafis for access and ventilation, It will adso affect the needs for the division
between radiologically controlled areus and other areas.

Concluding remarks

It is regreutable thut much of the technical studies are not published in international journals and are,
therefore, inaccessible to a wider, non-Japanese speaking audience, Some of the results certainly merit
publicaiion, and INC is encouraged to give to its studies and results a wider circulation in the future.
Having the reports and papers published in international joumals will lead to a continuous peer review
process and also contribute aclively Lo the pracess of confidence building. The work that has been and will
be performed in the excellent liboratory facilities ENTRY and QUALITY at Tokai Mura will be of great
value not only to the Japanese programme but ulso to waste management programmes eisewhere in the
world.

Compared to other high-level waste disposal progrummes, the present repository design appears. in fact. to
be more advunced than the usual level of development when entering the site selection phase. One reason
for this is that. in the Japanese programme, full advantage has been tuken of the experience in other
countries and also of intemmational co-operation. International co-operation is also an essential part in
establishing confidence in the concepts and methods used for the design, the construction and, later on, the
aperahon of deep geological repositories.
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4. SAFETY ASSESSMENT

(xeneral aspects

The safery assessment (SA) is al the core of the HI2 study and has been performed on the basis of genenc
information ubout the geological and envirenmental conditions of large parts of Japan. Bearing in mund the
generic nature of the data base and the relatively preliminary stage of the Japanese geological disposal
orogramme, the work performed is impressive and very encouraging for the future steps. In particular, the
results of the safety assessment show that the proposed system is expected to meet the relevant dose
constrants, and that, in general, ample margins are available to accommodate variations tn the final data.

Natwilhstanding the objective merits of the INC safety assessment, the IRG has noted areas whers
impravements can be achieved both at the present staze and in the future:

* The general methodology applied is comparable o similar studies published in other countries and
general ugreement with the guidelines of mternational organisations. The [RG recommends a cioser
look at some specific aspects. in particular in relation 1o the compleleness of the scenarios considered,
and a more cauticus approach in the selection of duta and assumptions. {see sections on scenarios and
datia)

= Special complexities affect the H12 study because of its wide scope of diverse geological and surface
environments.  As a consequence there are high demands on traceability ang transparency.
Improvements are needed in the amount of information provided. in the prerentation of the matenal,
and in assessing the lessons to be drawn fram the assessment {see section on documentation).

* In contrust with design-specific informanan available for the near field, geclogical data are penernic,
‘Thus, the results obtained have o be interpreted with caution,

These sreas will be identified and commenmed upon below. Additional comments are also previded in order
ta foster 2 more explicit application of the safety ussexsment in the decision making process for repository
development.

The documentation of the safety assessment

As it presently siands, the documentation of the safely assessment in bath Chapler V of the Overview
Report and in the Supporting Report 3 [JNC, 1999} needs to be completed with additional information
and explanations. The problem s especially imponant in the case ol the Project Overview Report. The IRG
had to receive special presentations in order to understand some of the essential points of the assessment,
The situation is more satisfaciory in the supporting docurnent, but the comments referring 1o additional
explanations and improvements on methodologicul and concepiual aspects apply there tog.

While it is recognised that the organisation and structure of a safety assessmens are a demanding task, this
i even more 50 in the case of the HI2 swdy because many different disposal systems are assessed at the
same time. A practical approach 1o favour readability is o introduce at the beginning of the chapter a
section describing the contexl of the assessment. This should present the different aliemative disposal
systerns, the criteria and the general merhodology along with the structure of the chapter. The latter should
be explained more comprehensively than in the present draft.
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It is recomemended, in particular, thut the documeniation in Chapter V be revised in order to assure an
orderfy and gradual presentation of its contents, All relevant information on the same topic should be put
together, and the consistency between the section headings and the relative text should be checked. As an
example, at present, the description of the “Reference Case™ is found scattered throughout Chapter V.
Most of the relevant information is found in the section on “Conceptual models™. whereas, in this section,
very little information is provided on the conceptual models themselves. Cross references should be used
widely in arder o facilisate reading of the repon.

The IRG has remarked thas the conclusions of both Chapter V of the Project Overview Report and of the
Supporting Report 3 [JNC 1999¢] do not contain enough discussion of the Jessons to be drawn regarding
futwre work. Further analysis of the resulis obtained from the assessment should be carvied out in order to
dentify, e.g., basic assumptions of the assessment that have to be cenfirmed in order to be applicabie o
real sites; the importance of relevant site characteristics. as groundwater flow or uplift rate, in onder 1o
provide grounds lor the future development of site selection criteria. This does not mean that it is
recommended that quantitative values be set at this stage, bur rather that there be a discussion ot a
qualitative level on the relevance of site related issues to the safety of the repository system.

Scenarios

Scenario analysis is a cornerstone in any safety assessment, and il poses special difficulties at the level of
both its perfarmance and documentation. The chailenge is even greater in the HI2 study because of the
multiple contexts covered (different designs. genlogical settings, surface environments. EXposure groups)
and the specific nuture of the Japanese geology. Accordingly. the earlier recommendations as to the
structure and organisation of the documentation are especially relevant here,

In general, it appears that much emphasis was placed on the description of calculution cases and in
providing the supporting information.  This information, however, is so prolific that the overal} picture 15
somewhat obscured. More discussion should be provided, rather, of the rationale for the decisions taken.
as well as a discussion of the compleleness of the scenarios that have been identified.

Additional desirable clarifications and/or review regarding some conceptual and methodologicul ISpects
are as follows;

*  The concept of scenarios related to the future evolution of a disposal system should be distinguished
from other relaied concepts. The potential reviewer will have difficulties in understanding the
management of scenarios thal concern alternative systems: Lhese are not “alternative scenarios” but
rather “scenarios of akermative systems™. The loose use of terms can lead to even more confusion. For
instance, the wrm “altemative scenario” is sometimes used 1o mean “sensitivity case” and “uncertainty
analysis™ (alternative models. data, ..). Overall, this raises difficulties when trying to understand the
methodology and its application.

* More attention should be given w0 the steps of the analysis dealing with the development of
ground witer seenanas, ie. how and why the different FEP's are combined 1o form scenarios. This is a
critical step (ax is the identification of FEP's} in achieving a sufficient degree of completeness. With
regard Lo this cruciai aspect little information is given in the repans on the busis and on the criteria that
were followed. whereas detailed and satisfuctory information is provided regarding the FEP lists. It
appears that the process i performed in two cycles: in the first, single variations are done on the
reference case, Even at this level. all linked consequences of a single assumption have to be considered
simnultanecusly. For exampte. a higher groundwater flow means a fasier transport in the geosphers, and
al the same time a different boundary condition for near field release calcuiation. In.a seeond phase,
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called Total System Performance Apalysis. seme multiple varianons are considerad simultansously,
but the justification for the variations considered or not considered is not explicit. Regarding, for
exampfe, the choice of a given geosphere-biosphere Interface, for an inland site, it is only said that it is
regarded as a suitable base Line [INC 1999¢; section 7.1 ]

+ Inthe HI2 study. the term “rotal systern™ is used differently from its use in other international sudies.
Its role in the methodological appreach should be explained as par of the introduction to the
methodolegy. The reatment given in the Project Overview Report (2 subseciion in the presentation of
resulisy is nok futly consistent with the one in the Supporting Report . What is referred 1o here as first
cycle seems only un interim step aimed at supporling lhe choices made in the second (Total System)
cycle, the results of which provide the performance measure of the system. This understanding may or
may not be the comect one, but the important thing 10 neke is that the text needs 10 be unambiguous in
this respect.

¢ The classification of the scenarios could give rise o controversy as the category of “perturbation
scenarios” is presented as distinet from “natural evolution scenanos”, whereas the FEP's giving rise to
the former are, or at least may be. part of the normal evolution of the system: climatic change, limited
number of early canister failures, some trivial humun actions, and even, for a large part of Japanese
temitory, uplift-denudation,

+ Besides the conceptual aspects mentiongd above, it can be asked whether all relevant combinations of
FEPs are considered. For example, uplift is only combinad with the reference case of crystafline host
rock. On the other hand. in the case of a repository tn sedimentary rock, the change o oxidising
conditions in the near field (as well as exhumation) would happen earlier for the same rate of uplift.

+ The eventual exhumation of the wastes due 10 the combined effect of uplift and denudation is 3
specific feature of the H12 study. The accepiability of this can only be assessed within the framework
of regulation, which, in the case of Japan, needs to be formulated. The use of a hypothetical uranium
minerafisation at the surface is certainly useful. as a natural analegue, wilth the intent to interpret the
meaning of the sitvation, but significant differences are lost this way as, for example, the local specific
radicaclivity would be different in the two cuses.

Regarding other scenarios. or scenario generating FEPs, additienal consideration could be given to the
assumptions on the degradation of the tunnel supports and on the characteristics of wells”, Also, the
potential relevance of repository seal failure should be analysed. Regarding the latier, it must be observed
that quality assurance cannol be relied upon one hundred percent,

Some comments have been made already. in Chapter 3. on the analysis of a faclting scenario. In this
respecl, il should be stressed that the main strategy for site selection should be the avoidance of areas
where the nisk of faulting 12 high. and that emphasis should be given to studies aiming to show confidence
that the probability of a faul directly affecting the repository is sufficiently low. [In this case the faulting
scenario could be treated as an illustration of a low probability event,

The scrutiny of the application of screening crileria to FEPs cannot be addressed within the scope of a
review at an executive level. Nevertheless this is an area of great importance, and it is recommended that
the report deaf mare widely with the uncertainties in this area, as they are important to define futare lines
of work.

* Sea also the biosphere section below in this document
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Modelling
* Near field: The analysis of the FEP's for the near field is very comprehensive and detailed, in line

with the state of the art.

More discussion would be advisable on the EBS-rock mutual influences, due o0 thermomechanical
and geochemical {as an alkabine plume} effects, und on specific aspects as the assumptions an lhe
degradation of nnel supports. or ultemative lay outs {disposal drifts parallel to groundwater flow,
drifts intersecting faulis, e1c. ).

The radionuelides selected for numerical calculations are cansistent with the type of wastes assumed
(high level vitrified wastes) but the presentation of the screening method is somewhat obscure and
needs to be improved. A screening approach based on potential dose might be more straightforward.

Regarding the assessrment of the performance of the near field it is recommended that the uncertainties
rernaining about certain processes. as gas flow and wransport through EBS, long term stability of
bentonite, or near field-host rock influences, be discussed in the light of future R&D programmes.

Far field: A simplified geometrical arrangement of the repository and of the significant features of the
natural barriers is used for the modelling of groundwater flow and mass transport through the bost
rock. This simplified approach is reasonable at the present stage where no specific data are availoble
from patential sites. The methods and databuase will have to be upgraded as site specific informalion
becomes available.

The same basic model developed for fractured cevstalline rock is applied to sedimentary rack, with
adjustments 1o fake inlo gecount the differences in bulk permeability and small scale properties as
porosity and sorption. This 15 a very rough approximation; move in depth analysis for each type of
rock will be necessary in the future. The potential relevance of transport mechanisms through the
porous matrix should be discussed in the swidy. especially in the case of relatively permeable rocks, as
sandstane,

The models and assumptions for ransport thoough the rock merit a more exieaded descriptien in the

Project Owerview Report. At present, only the recourse to the Supporting Report  provides
meamingful information.

Bearing in mind the construints mentioned above the implemented approach is siate-of-the-art and
approprialg.

Biosphere: The metheds far biosphere modelling follow the work developed in the BIOMASS project;
they are then well placed within infernationa trends. and appear to be quite comprehensive in terims of
FEF's and exposure groups. Climate change has not been accounted for in the treatmenm of the
reference biosphere. However, this is not necessarly 2 iimitiation at this stage as Japan is not going to
undergo glaciation,

The IRG recommends that the treatment of the biosphere be more integrated within the overail
assessment. In parhcular, more detailed analysis and discussion of the different biosphere contexts in
the framework of general scenarios are warranted. Also in this case it is recommended 10 give more
mformabion in the Project Overview Report. The IRG had the benefit of additional explanations on the
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assumpticns about dilution capacity of the biosphere, and geosphere-biosphere interface (wefl
characteristics) thar should be documented in the report.

The selection of a nver as the geosphere-biosphere interface For the wotal system analysis rather than
the more conservative case of 2 well 15 questionable. Shallow wells can be expected to be a likely
situatton and it would be appropriate to take these as the basis for the illustration of long-term safety.
Alternatively, & more solid case must be made for the river as the geosphere-biosphere interface for
the total systemn analysis,

1t is noted that, if a very large amount of dilution 15 used, e.g., for the river or a deep industrial well as
the geosphere-biosphere interface, then the sulety assessment must employ the critical group concept,
It is very unusual to use such a large dilution factors - as they are used in the HI2 siudy - 1o derive a
dose estimate that is then compared to individual exposure criteria. [t is suggested that JNC give
consideration to the use of a critical group concept for analysis. Such a group would have a lacation,
lifestyle and diet that would cause its risk from the repository to be greater than or aqual to that of any
actual group. Estimated exposure of members of the group would more appropriately be compared
with individual risk criteria,

» V¥alidation The IRG disagrees with the repeated wse of the termn “validation” in relation to the outputs
of long term madelling of the perfonmance of particular barriers andfor of repasitory impacis. This use
af this term can be misleading. It is currently agreed at the international level that “model testing™ and
“confidence building™ are less demanding and more defensible expressions and that, as far as the
substance of the argument is concerned, the best that cun be achieved with long term modelling and
performance/safety assessments is ‘reasonable assurunce’ of the safety of the repository. (see alse
[NEA 1999])

Data

The data tsed in the study are well documented. Some more specific numerical values on relevant
paramelers should be brought o the Project Cverview Report, as for example, those related to the
eepsphere-blosphere interface (as river flow).

In general, the sekection of data is supported by an analysis of available information, much of it generated
within the Japanese programime. Overall the work perfurmed is extremnely valuable,

The nature of the present review does not allow an evaluation of the justification of each parameter value
used in the calculutions, A general comparison with values found in other recentty published Safety
Assessments shows that. in some cases, the data in H12 are more tavourable 10 a desirable performance.
Examples are the solubility limils of some elements (Zr. Th. Ra) and parameters related o retention in the
geosphere, ¢.g.. diffusion penetration depth in the rock matrix, Valuzes more in line with intermational
references might be used in the main calculations, and more favourable ones for best calcelations, while
awaiting addittonal confirmation und general acceplince,

As TSe is a relevant radionuclide in the HI2 study. at least some scope calculations with the half life
recently praposed in the literature should be appropriate.

Finally, # is impartant lo emphasise that the consideration of the chemotoxic inventory or other types of
radioactive wastes would give rise to additional demands on the repository system not covered in the
present study. A relevant example would be the inclusion of wastes containing high soluble, long lived,
low sorption radianuclides as "I or *ClI,
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Concluding remarks

The results of the genenc safety assessment indicate Lhat the proposad disposal systerm is expected to meet
the relevant dose constramts, and that, in general. ample margins are available to accommodate variations
in the final data. As a consequence, the cnitical part of the assessment is confirmation that appropriate sites
can be found. where the probabilily of isalation failure scenarios can be estimated o be adequately low.

It is desirable that the safety assessment chapier should be reviewed critically with the objectives of
improving the logical presentation of the arguments. enhancing transparency and discussion of results. The
relevance of the different parameters. understandings und assumptions should be commented upon and
highlighted.

it i$ recommended that the conclusions of the study be based on a robust case. and that calculations based
on less conservative estimates be used to allow potential gains when enough evidence and consensus are
gathered on altemative approaches and data.

It is important 1o bear in mind the generic nawre of the HI2 safety assessment. {n the absence of real site
data, the appbcability of the safety assessment is unavordably conditioned w the confirmation of the
assumptions made and to the actual selection of an "appropriaie site” as the Swudy itself acknowledges. It
15, of course, important at this stage o identify critical 1ssues at a generic level. This should allow the
defininien of useful guidance for future stages of the programme. Once & candidate repository site will be
identified, the safery axsessment procedure will have to be revised on the basis of specific information on
the natural features aof the site and the adeptation of the repository 1o those feawres. In the long process
going from site selection to repesitory licensing, several safety assessments will be required. They wili be
performed on the busis of progressively better datubases about the disposal system.

The HIZ approach 1o safety assessment is somewhit conventional by focusing on the estimation of
radiclogical impacts on humans. This s fully consistent with the mraditional position of ICRP and oher
international organizatons, as well as the AEC Guidelines, However increasing attention is being paid,
bath within specific eountries and at the internauonal levei, to a broader range of potential environmental
impacts. In the fire, it can be expecied that increased attention will be paid to the non-radiological
tmpacts, e.g. impacis due to the chemotaxicity of the waste,
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5. PRESENTATION OF THE H12 STUDY AND LESSONS LEARNT

General considerations

The acceptance of the H12 study by the Japanese Government would allow the national programme to
move (¢ a new stage, teading to the tormulation of siting and regulatory procedures, and the creation of a
new implementing organisation. The HI2 study is thus of pivetal importance for the progress of
development of a HLW reposilory in Jupan.

In order 10 contribule positively in the decision-making. it is important thar the nature of the H12 study and
its matn findings be made unambiguously clear to a varied audience comprising waste disposal specialists,
technical expents, as well as the interested public. The AEC Guidelines do not mennon a specific audience
for the H12 study and repert. but indicate the need to build confidence in the concept proposed by INC.
The latter curries with it the requirement of transparency to different audiences. The Project Overview
Report is very much wanting in this respeet. This is especially true of the sections that are less technical
and meant 1o be accessible 1o the non-specialist. An importart effort needs to be made o improve those
sections of the repart.

Specific items

Durtng the workshop in Japan. the IRG indicated w JNC that:

= regarcing the intreductary chapter af the Project Overview Report:

L. il wis ot clear to the IRG who was the intended audience for this chapter, although JNC replied
that i was for the technical community;

2. basic information on lang-lived waste, in generitl, and on geologic disposal, in particular, was not
well presented, and could be confusing even to a knowledgeable reader,

Fuithertnore,
¢ recarding Chapter 11

I. the technical aims of the H12 sludy, especially in relation 1o the H3 study, should be made clearer.
For instance, the [RG had 10 request a special presentation o have INC explain what is meant by
“techaical reliabiluy™. which s requesied of the HI2 study, versus the “technical feasibility”,
which was established in the HI stady:

2. the basic features of the disposal concept. ie.. the multiple bartiers system and their safety
functions should be presented clearly, This description should not be referred to later, more
specidlized chapters.

3. terminclogy regarding basic concepis for illusiraling safety, fe., doesfrisk constraints versus
does/nsk limits. should be properly applied;

4. desirable characterislics of sites should be determined as a result of the study, rather than being
mentioned in this early chapter. Furthermore, care must be exercised not (o suggest, without the
necessary firm basis, characteristics that might be difficult to find, all together. at one single site;
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3. undue expeciations shoeld no be raised regarding future developments, e.g. that models and data
should be “{ully verfied and validated™:

6. analogues other than Oklo. ¢ g.. Cigar Lake. would be more fitting 1o show the isolation capacity
of certain geological conditions. Even the natwral analogues currently investigated by the Japanese
programme would be movce wseful in supponting the effectiveness of specific isolation barriers.

» Regarding Chupler VI, wherg the basic lessonys of the study have 10 be drawn as input 10 decisions on
siting and the development of a regulaory framework in Japan, it was readily conceded, by INC, that
the present chapter is insufficient und lacks the necessary synthesis and suggestions.

» Regarding Chapter VI, it must be cbserved that the latter was not discussed direcily dunng the review.
[t is proposed. however, thar it should be re-evaluated once, in the earlier chapters, the basic aims of
the HI2 study are properly described. the relevant terms are appropnately defined and consistently
used, and a surnmary of lessons learnt has been provided.

In fairness to INC, i1 should be said that, during 1he workshop in Japan, it became clear 1o the review team.
thate the HI2 study was still under completion: data were still being gathered, 2. g, on solubility of
radionuclides, and the contents of the chapiers dealing with the presentation of the study and the lessons
learnt were being defined, e.g.. within the framework of the Co-ordination Conference for HLW disposal
R&Ly in Japan. JNC was also in the process of drafting a document, in Japanese, meant to explain to the
Japanese public many of the items identified earlier as needing clarity in their presentation.

Suggestions

[t appears expecially important w the IRG that a proper assessment of the lessons leamt be made in
Chapter VI of the Praject Overview Repord with a view 10 provide input into siting and the development of
a regulatory framework. At the workshop, it was suggested that both the revised Chapter VI and the
exéculive summary proposed below should include « clear and concise discussion of the following points:

|. The basis of the judgement for the technical refiability of geological disposal. In particular, the
reasons for the progress in confidence since the H3 study should be discussed. identifying remaining
issues and items that shouid be clurified in future stages of the Iapanese programme. In is emphasised,
to Lthis effect. that ut a particular stage. having sufficient confidence does not imply that all the issues
that affect repository siting. planning and development have been resolved, but rather that these issues
are not judged us critical in the decision to progress o the next stage and there are good prospects 10
resplve them in future stapes,

I

Methodologivs for site investigations. Thev need a clear structure and the relevant proceduraf
processes have to be assessed. Within this cantexl the role and impact of the regulatory aspects on the
eviluation of the sile and the 1ual repository system need 1o be clarified,

3. Sire characteristics influencing the safety and environmental performance of a disposal facility.
These characlenistics should be described and statements should be given of how they would tend 1o
influence the safety of the sysiem. Besides technical factors, general and environmental Factors, such
as population density and protecled areas, should also be considered. [t is emphasised that, at the
present stage in the programme, these Factors do not need to be expressed in the form of quantitative
siting criteris.
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Factors affecting engineered barriers effectiveness. For example, the maximum emperature of the
bentonitic clays that would not cause illitization, a guaranteed degree of purity in some of the raw
materials and therefore a quality assurance programme in the acquisition of materials 10 be used in the

repository,
Availebifity of engineering technologies. This includes an evaluaiion of the matwrity of proposed
engineering selutions and an assessment of their cost effecliveness.

Safety criteria for assessing radiological and other potential impacts. This includes, for instance,
"dose” as an indicator of safety rather than actually received doses; the identification of credible time
scales for quantitative versus qualitative analysis: means to assess impacts other than radiological ones.

Uncertainty versus confidence. ]t should be stressed that proof of performance over the leng time
scales involved cannot be achieved in the ordinary sense of the word. It must be bome in mind that
observations and natural laws do nat describe “real nature™ but our knowladge of nature. The standard
for decision making is thus the achievernen al "reasonable assurance” of adequate safety, in view of
the quality of the information that is gathered, the credibility of the persons and institutions involved,
and the openness of the decision making process. A safely assessment should make clear the
procedures thut were gone through in order 1o gain technical confidence in the gathering and
organization of the given information. Thus a strutegy for identifying uncertainty, and avoiding or
reducing it by relevant meuns, has to be developed in the future and documented. Examples of how
uncertainty has been dealt with in some cases within the H12 would be useful, These examples could
be patterned afler 1he methodology described in [NEA 1999]. The robustness of the H12 disposal
concept should be illustrated and siressed.

Special scenarios. A special difficulty is encountered in dealing with: i} the uncerainty arising from
the possibility of human actions that may interfere with the normal funclioning of the repository: ii) the
lack of knowledge of human habits in the future. 1t is undersiood that scenarios involving inadvertent
human intrusions are to be dealt with it a siylised Tashion, in order to explore the uncertainties arising
from the evolution of natural and engineered barricrs versus those arising from human actions.

Finatly. it is observed that the H12 report contains a large amount of information, and is too technical for a
wide readership, Even the Project Overview Report is ruther Turge to afford a good overview of the project.
Consequently, INC should give consideration to the preparation of a more easily readable executive
summary of suitable dimensions. Such a summary could serve a very useful purpose in communicating the
nature of the Hi2 study, the propesed approach, and the main findings to a varied audience, including the
mformed public. On the other hand. JNC is preparing a supplementary document in Japanese. This
document may well serve the need rhat was just identified,
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6. OVERALL JUDGEMENT

Overall, the H12 drafl reperts’ of May 1999 constitute a remarkable technical achievement, particularly
considering the relatively early development stage of the Japanese geological disposal programme. In
refation o the first progress report of 1992, the H12 swdy represents a significant advancement. The
improvernent of Lhe dutabase on the engineered barvier syslem is particularly relevant,

The description of the geology of Japan in HI2 1s competently done and adequately comprehensive for the
purposes of the report. It must be recognised. however, that, at this stage, scwal purpose-specific data and
feld observations are relatively limited and that 1he greatest part of the geclogical information 15 derived
from a review of Lhe literature. Significantly more detailed investigations will be necessary to proceed 10
successive stages within the siting process.

The structuril geology of Japan is determined by the position of the Japanese islands on plate collision
zones, which leads o tectanic activity that is relatively intense and generzlly higher than in other parts of
the world where the geologicat disposal of radioactive waste is considered. The potential impact of this
tectomc activity on long term safzly is a recognised concern of the AEC Guidelines and of the H12 study.
The IRG is af the view that, while it i3 reasonable and believable to sdentify areas where the probability of
faulting will be low, it is not acceptable. at the present stuge, o ignore faulting scenarios in the safety
assessment of the repository. 1t is thus recommended that a Faulling scenario be added 10 the safety
assessment in order to explore 2nd illustrate better the robusiness of the proposed disposal concept.

The HI2 study pluces emphasis on the design and performance of the engineered barrier system and less
reliance on the barmier functions of the geosphere. This 1s accepizble, considering that in the early,
conceptual phases of repository design a relaively high uncenainmy exists in the performance of the
geosphere. [t 1s noled that the work of JNC 15 of a particularly high level in the area of design and
performance of the engincered barner system. The later is competenlly designed with ample margins for
later optimisition and can likely accommodate a variety of faulting scenarios.

The safety assessment is at the core of the HI2. The general methadalogy applied is comparable to similar
studies published in wother countries and i general agreement with the guidelines of international
organisations. The [RG recommends a closer look at some specifie aspects, in particular to clarify the
degree of completeness of the scenario analysis, and a more cautious approach in the selection of data and
assumplions. Bearing in mind the generic naturg of the daty base and the relatively preliminary stage of the
Japanese geologicul disposal programme, the work performed is impressive and very encouraging for the
future steps.

Special complexities affect the HI2 study because of its wide scope of diverse geological and sucface
environments. as i consequence there are high demands on traceability and trmnsparency. Improvements, to
this effect, are needed throughout the Project Overview Report. In particular, it is important that the nature
of the H12 study and its main findings be made totally unambiguous, and that the lessons leamt trom the
conduct of the study be summansed better for the decision makers and thewr techmical advisors, The
discussions between the IRG and JINC have identilied useful avenues For suminarising this infoemation,
and the final H12 report should be able to fulfil the two most important objectives of the study. NMamely, 1o
provide useful input inte bath the siting process and the accompanying regulatory procedures.

This refers o both Project Qverview Report and supporting decuments, notcing, however, ibat \be JIRG has
examined the Project Overview Repon in greater debil.
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With respect to confidence building, the high guality of the Ht2 report and the further improvemenls
anticipated as 2 resull of the present review, and of other ongoing more technical reviews, are both very
positive factors. Additional favourable impacts could be obtained if, in the presentation of the programme
achievernents, use could be made of the most recant concepts presented in the technical literature in the
area of confidence development and communication.

Owerall, the technical basis for geological dispasal in Japan has been outlined and convincingly assessed in
a generic way, giving a sufficient level of confidence. at the present stage, that the tools have been
developed to proceed to an adequate site characterization and assessment in the next phase.

Concluding statement

The acceptance of the HI2 study by the Jupanese government would allow the programme o move from
the present R&D phase to a new phase where siting and regulatory pracedures would be formulated. and a
new implementing ugency would caommence work.

The [RG is of the opinion that the scientific and techmical basis is sufficiently mature to start Lo put in place
a step-wise decision making structure and process in Japan in order to formuiate relevant regulations to
HLW disposal and 1o proceed with siling of a HLW repasitory. Indeed, it can be said that Japan is more
advanced than other nations when they entered siting stuches for a geological repository.

As tepository development will progress through successive stages, the tusk of achieving sufficient
confidence in long-term safety will not necessariby become simpler, since the decisions (o be supported
will lend to demand a higher commitment. Thus. efforts will need 1o be made continucusly to ensure that
confidence in the safety remains sufficient to support the decision-making process. We are optimistic for
lhe contmued success of this endeavour.
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APPENDIX

THE MEMBERS OF THE IRG

Jésus Alonso

Mr. Alonso holds o degree in energy engineering from the Paolitechnical University of Madrid (Spain) and
a specialisanon certificate from the Ecole Supérieure d'Eleciricité, Paris (France). He has over 27 years of
experience in the nuclear field. including 14 yeurs in power plant mdustry, He has devoted the last 13
years to radioactive waste management {both low- and Ilngh-level).

Mie. Alonso stzned his professional career in 1972 joining the French nuclear power plant constructor
Framatome, with which he worked unnl 1976 when he joined the Spamsh Architect Empeesarios
Agrupados us head of the Safety Analysis Section. in that position he participated tn the design,
construction and operaticnal analysis of four Spanish Nuclear Power Plants (both PWR and BWR).

In 1986 he joined ENRESA, the Spanish Agency for the management of radioactive wastes, which had
been created the yeuar before. His initial commitment was the Safety Analysis, construction follow-up and
licensing of the El Cabrl radioactive low level waste disposal facility, and subsequently the analysis of
operation and first renewal of the operation permit. From the beginning he was also involved in the safety
studies of the management of radicactive high level waste. He is in churge of Safety Assessment Studies
for geclogical disposal and has led ENREESA™s participation in the European Project Spent Fuel Disposal
Safety Assessment (SPA), as well a5 other R+D intemational projects in the area of disposal of radioactive
Wwastes,

He is a member of NEA-PAAG, has participated in a number of NEA-RWMC Working Groups. and has
been appointed as un expen to different [AEA advisory groups, taking part in the RADWASS Programme.

Kennelh W. Dormuth

Dr. Dormuth received a Ph.D. in Theoretical Physics from the University of Alberta in 971, and has more
than 23 years’ experience in various aspects of technology related to nuclear energy and the environment.
Dr. Dormuth joined AECL in 1971 as a reactor physicist on a eam developing and assessing advanced
CANDU reactar designs and nuclear fuel eycles. Subseguently, he worked as a mathematical analyst,
modelling the behaviour of radioactive materials in the atmosphere and groundwater. and led the
development of a risk assessment methodology for radicactive waste disposal.

[n 1981, Dr. Dormuth was appointed Manager of Applied Geoscience for AECL. responsible for research
and development of technelogy for siting and designing a nuclear fuel waste disposal facility. Among his
responsibilities was the development of the Canudian Underground Research Laboratory near Lac du
Bonnet, Manitoba.,  [n 1983, he became Director of AECL's Geological and Environmental Science
Division, direciing R&D on the siting, design, risk assessment, and bicsphere effecis of 2 nuclear fug)
waste disposal facility,

Dr. Dormuth was appointed Director of AECL™s Nuclear Fuel Waste Management Program in 1994, In
this position. he led AECL's participation a5 proponent in the review of the nuclear fuel waste disposal
concept under Canada’s Federal Environmental Assessment and Review Process,

He assumed his current position as Director of CANDU Environmental Studies for AECL in 1998, He
directs programs lor continual improvement of  AECL-supphed CANDU reactors in the argas of
environmental emissions, waste management, and decommissioning planning. He is also responsible for
enviranmentul assessments of AECL's CANDL reactor projects.

Dr. Dormuth was the Canadian representative an the Joinl Technical Committee of the NEA Entermnational
Stripa Praject, is currently the Canadian representative on the Waste Technology Advisory Committee of
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the JAEA and wax Canadian Project Director for a cooperative program of waste management ressarch
under an agreement beltween the United States and Canada. He has served on numerous ather international
committees and studies related o nuclear waste management.

Ferruccio Gera

Dr. Gera obtained his doctorate in gealogy from the University of Rame in 1961.0In 1961-1962 he spenl
five months ut the CEN in Mot, Belgium with an EC fellowship working on the migration of radionuclides
in sandy aquifers. In 1962-1963 he spent one year a1l the Oak Ridge National Laboratory (ORNL),
Tennessee, USA, with & post-doc fellowship 1o work on near surface disposal of radicactive waste.

After a briel Ieaching experience. in 1966, he joined the regulatory branch of the ltalian nuclear
organization, at the time called CNEN ({National Commitize for Nuclear Energy). During the following
period with CNEN he spent appraximaiely four more vears as a visiting scientist at ORNL working on
various aspects of safety assessment of radioactive waste disposal in salt formations. In the period between
1974 and 1976 he was head of the Waste Disposal Section at the Casaccia Center of CNEMN. where he was
mvalved with the ltalian R&D programme on disposal of HLW in ¢clay formations.

[n 1976 he joined the Nuclear Energy Agency of OECD, where he remained for approximately five years
working on various aspects of the Agency’s programme related 10 geological disposal of radioactive waste,
In 1981 he joined ISMES, un lalian company of which ENEL. the national eiectricity generating
company, 15 the major stock holder. with managerial functions. In the 16 years with ISMES he has
managed many projects dealing with the feasibiliry assessmenl of disposal of long lived radiocactive waste
in Italian ciay formations. In the same peried, he was alse involved in o variety of additional activities
related to different aspects of radinactive and hazardous waste management and enviconmental protection.
Since leaving ISMES, in April 1997, he has been working as & consultant. Most of the consultant work has
been on behadf of the internationa! Alomic Energy Agency.

Over the years he has participated in the activities of numerous committees, groups of expents and
consultancies on behalf of various orginizations including the International Alomic Energy Agency, Lhe
Nuclear Energy Agency of OECD and the Europeun Commission. Most of the groups deult with some
aspect of radioactise wiste disposal,

He is the authar of aver 60 publications dealing with the management of radivactive and bazardous waste
and other environmentiak issues.

Claudlo Pescatore, Secretariat

Dir. Pescatore holds a Ph.D. in nuclear engincering from the University of Hlinois, Urbana-Champaign
(USA). He has 20 years® experience in the field of nuclear waste covering low-level waste, high-level
waste and spent-fuel storage und dispasal.

Dr. Pescatore joined the Brookhaven National Laboratory in 1982 and was directly invoived in the study of
high-level waste and spent-fuel disposal concepts in basalt, salt, and wif formations: reliability and
modetling studies of waste package materials during storage and disposal, analyses of gaseous and aqueous
pathways for radionuclide migration. peer reviews of environmental impact assessmemts studies and site
charactensation plans. At Brookhaven. he was group leader for Radicactive Waste Performance
Assessment. Till 1995, he was also adjunct Professor of Marine Environmental Sciences at the University
of New York, Stony Brook,

Dr. Pescatore jeined the NEA/QECD in 1992 i ihe Division of Radicaciive Waste Management and
Radiation Protection, where he has been Acting-Head of the Division. He has been al the centre of several
recent intermilionai initidlives such as the ASARR and GEOTRAP projects. the GEGVAL 34 symposium,
the [PAG studies. etc. On behalf of the NEA he has organised numerous intemational peer reviews of
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national studies, Namely: SKI's Project-90 (Sweden), AECL's Environmental Impact Statement of the
Disposal of Canada’s Nuclear Fuei Waste, the 1996 Performance Assessment of the US Waste Isolation
Pilot Plant (WIPP), the SKI's SITE-94 project (Sweden). the Nirex methodology for scenario and
conceptual model development (LK), and the present INC's H-12 study (Japan).

Helmuot Riothemeyer , Chairman

Dr. Rithemeyer read physics and reacior technology at the Technical University of Aachen (Germany) and
the University of Bristol (United Kingdom) and conciuded his studies with a diploma in physics and s
doctorate degree in (nuclear) engineering. After additional qualification as research reactor operator he was
appointed Head of the laboratory “Reactor Cperations™ of the Federal lnstitute for Science and Technotogy
(FTB) in Bruunschweig (Germany).

From 1973 - 1977 Dr. Riithemeyer worked in the department “Reactor Safety and Radiation Protection™ of
the German Federa! Minister for the [nterior (BMI)", Within the supervisery functions of this departrent
he was responsible for safety-related questions concerning the concepis, sites, construction and operation
of pressurised water reactors.

Since 1977 Dr. Réthemeyer has been appointed director and professor in charge - as deputy director and
since |983 director - of the department “Long Term Storage and Final Dispasal of Radioactive Waste™ of
the PTB, and since 1989 of the depurtment “Nuclear Waste Management and Transport™ of the newly
founded Federal Otfice for Radiation Protection {BFS).

Dr. Ridthemeyer 15 u member of the Radinactive Wasie Management Commiltee (RWMCO) of the OECD-
NEA and of the Sub-group on Principtes and Criteria lor Radicactive Waste Manogement of the IAEA for
many years. He was also a member of the former Intemational Radioactive Waste Management Advisory
Committee [ INWAC) of the [AEA

Lir. Rthemeyer is editor and co-author of the book “Final Disposal of Radicactive Waste - Guide for
responsible Waste Management in Industrialised Societies”™, VCH 1991 (in German}, and,together with
Prof. Herrmann, author of the book “Long-term Safe Repositories™. Springer 1998 (in German).

Lars Werme

Dr. Werme holds & Ph.D. in physics from Uppsala University, Sweden, where he has also been associate
professor since 1973, He has been working for the Swedish Nuclear Fuel and Waste Management Ca,
(SKB}on materials seience issues in nuclear waste management since 1979, :

Dr. Werme joined SKB in 1979 us munager of SKB's muterials science research programme: a position he
stili holds. The research has been focussed on the chemical stability in groundwater of high level wasse
glass und spent nuclear fuel and the chemical und mechanical stability of waste containerfoverpack
malerials. From 1983 1o 1988 he wax project manager for a joint Japanese-Swiss-Swedish {*JSS-Project™
far the study of the chemical durability of a radicactive high level waste glass similar to the waste glass
produced at COGEMA's "Alelier de Vitrification de La Hague”. From 1992 1o 1993 Dr. Werme was
project manuger for “Canister (container/foverpack) Design” within SKB:s Encapsulation Plant Project.
Since 1994 Dr. Werme i1s editor of the Journal of Nuclear Materials.

These responsibililies rest now with the Federal Minisier for Environment, Nature Protection and Nuclear Safety
(BMLD
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