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INTRODUCTION

The Project Gvervi:g}w Report of the JNC' HI2 study has been peer reviewed by a group of
international experts™ assembled by the Nuclear Energy Agency of the Organisation for Economic
Co-operation and Development {OECD/NEA). This review was meant to fulfil a specific
recommendation made to JNC by the Alomic Energy Commission of Japan and, in the process,
help JNC to assess their own achievements, The review is documented n
NEA/RWM/PEER(99)2

The conduci of the CECD/NEA international peer review was as follows:

¢+ The Project Overview Eeporl and other supporting documents were received in mid-May
1999,

+ A meeting of the IRG 100k place in Paris in early June. Al this meeting, JNC represeniatives
made two presentations about the “General Background and Specific Features of JNC's
Second Progress Report”. [n addition to providing a description of the approach used in the
HI12 study, (hese presentations also described, 1o the IRG, the general policy framework in
Japan within which the HI2 study was prepared.

* Preliminary comments and questions were provided during the months of July and August,
and JNC offered written responses ta all commentis and questions.

» A week long workshop with JNC staff took place in Japan the 4th week of August. During
this rime, the IRG also visited the INC R&D facilives at Tokai. The workshop allowed in-
depth discussions of all fopics identified in the preliminary comments and questions and
allowed, as wetl, to identily and discuss new lopics. The workshop was attended also by
observers froim Japanese institutions other than JNC. After the workshop, two members of the
IRG visited the Tono mine.

» Preparation of the review document went through several nerations within the IRG, uniil
finalization and submission 10 JINC mid-Qclober 1999,

The present document collates the preliminary comments and questions by the IRG as well as the
initial responses by JNC. These comments and questions were put forward, recognizing that, at
this stage in development of the Jupanese reposilory program, an Opponunity exisis to promote
discussion in the hope of making improvements. Some comments and questions reflect as well
that, although the review is restricted to technical matrers, it is not always possible to separate
technical considerations aliogether from the societal requirements that will impinge on them as
the program proceeds.

' Sapan Nuclear Cyele Development fnstiute

Referred to ax “the IRGY, tor Inlernaconal Review Group
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It 15 to be understood that:

1, these comments, questions, and responses were produced in the June-August 1999 time frame,
before the visit of the IRG in Japan;

2. only very limited editing has been applied:

these comments and questions represent unstructured first impressions by the individual
members of the team, and initizl replies from JNC; and

4. on specific issues, changes in views and perspectives may have taken place after these
comments, questions, and responses were produced.

These comments, questions, and responses are made available in order to help interested readers
to comprehend better the depth of the review that ook place, as well as to allow them to have
more detailed information on specific items. The report NEA/RWM/PEER(99)2 documents the
official, finul views and review of the IRG.
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1 GENERAL COMMENTS

0-1 The overall document is very well donc and reflects an approach to the solution of high
level radioactive waste disposal in line with other national programmes and international
perspectives. INC is to be commended for the meticulous care with which the programme is
described. In addition, the quality of the translation is superb.

=> This acknowledgement is gratefully noted.

0-2 The comments and questions are put forward, recognising that, at this early stage in
development of the Japanese repository programme, an opportunity exists to promote
discussion in the hope of making improvements, and that, in the future, the programme will
be subject to the more sceptical reviews and criticisms, which must be anticipated. Some
comments and questions reflect as well that, although the review is restricted to technical
matters, it is not possible to separate technical considerations altogether from the societal
requirements that will impinge on them as the programme proceeds.

=> We believe that this set of comments makes a number of thoughtfu} statements that are relevant o the
development of an acceptable solution to the waste-disposal issue, and we thank the reviewer for this
valuable input. Miny of the paints will, however, contribute more o posi-H12 research, rather than H12
uself.

0-3 Storage versus disposal

In discussing fundamental principles, the issue of fiming for disposal is discussed. The belief i3
stated that, from an institutional point of view, HLW can be stored safely for hondreds of years. The
statenent of this belief is common among waste management practitioners and regulators
internationally. This is an important issue as regards the time frame for proceeding with disposal,
and ls often used in political and public circles to delay progress on disposal. Such an important
issue requires more analysis to make human factors a more legitimate part of the discussion on
storage versus disposal, and ox the nature and timing of the transition from stovage to disposal.

=> We agree with the importance of this issue. and would like to treat il in the Supplementary Report,
which ts planned w provide o more general buckground on basic issues relating to geological disposal,
since this issue is not be directly incorporated in the scope of H12 (although this report is in only
Japanese), '

0-4 Retrievability

One reason given for the suitability of the peological disposal concept is that retrieval would not be
impossible; however, no specific provision for retrieval of waste from the repository is required in
the programme. Retrievability is a most important issue with beth lay persons and techinical experts
in society. A more explicit analysis of retrieval under various conditions would be appropriate.
Design madifications that could assist retrieval, as long as they do not adversely affect safety, should
be considered in the future. The cost of retricval and its practicality under realistic physical and
institutional conditions will be important issues for implementation.
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=>» Retrievability is certainly a key outstanding issue for future research, but it was not appropriate 1o
consider it in great detail in H12 because of its generic nature. We discussed this issue a little, however, in
Chapter [V,

(-5 Independent review

It is important for success that the broad scientific community supports the repository plan. The
programme reflects a substantial involvement of experts from many areas and institutions, which
serves well to bring in a range of technical viewpoints. However, it may be beiter perceived and
advantageous to the programme to highlight some independent views in the progress reports. An
independent report of an academic committee not aligned with the proponent or the nuclear
industry ceuld, for example, be included as an appendix or a separate volume, The independent
view is especially important as the safety case relies very heavily on expert opinion.

=> We agree, and this is an important role of the NEA review. Complementing the NEA review, there will
also be a deniled assessment by independent expents. This is currently ongoing.

(-6 Role of isolation barriers

To provide flexibility in future siting, the repository concept places emphasis on the engineered
barrier systemn (EBS) and places less reliance on the barrier functions of the geosphere. Moreover,
the safety analysis for the normal evolution of the reference case assumes a very high reliability of
the engineered barriers. JNC is to be commended for the analysis of the processes affecting the
performance of these barriers and for the high caliber of science and engineering that support the
analysis. Nevertheless, it must be expected that the emphasis on the reliability of the EBS will be &
focus of criticism in the future, The inapplicability of standard engineering methods to Jong-term
disposal and the relatively short history of engineering can be used as arguments in spite of the best
scientific informatlon. As well, drawing inferences from scientific information Inevitably involves
judgment and can thercfore be debated among scientists. Redundancy is a strong argument in such
circumstances and thal argument is weakened by de-emphasizing the geosphere barrier functions.
Therefore, there would be a significant advantage (o developing a stronger case for the barrier
functions of the geosphere, while continuing to strengthen the case for the EBS.

=> We think the idea of a robust EBS is now widely accepted. For countries like Japan and Switzerfand, it
15 the most logical approach, especially in the absence of site data. The geosphere has a critical role, but it
is principally that of praviding a suitable environment for the EBS, ensuring its longevity and favouring its
performance. The practicality and robustness of such EBS concepts may be further improved as we
progress from 1" generation feasibility demonstration designs to 2™ generation optimised designs. and as
we accumulute site data in future stages. We agree that it may be possible (ard would cerainly be
desirable) to take more credit for the geospbere trunspart bartier, as site-specific data becomes available,
We do not, however, wish to pre-judge the findings of «ite characterisation, since this may not only reduce
uncertainhies, but may also reveal unanticipated features.

-7 Safety standards

Could some clarification be given regarding safety standards? Individual risk is directly related fo
individual dose. In Section 2.3.1, the individual risk standards mentioned {10 ?(" to 10 }*"] would
correspond to mean individual dose rates of roughly 0.01 mSv y”' to 0.1 mSv y'. The lower end of
the range is an order of magnitude below the lower end of the range (0.1 y' to 0.3 y'') to which it is
slated that guidelines of each country generally conform. As well, standards are sometimes explicitly
conmected in regulatory documents with time frames of the analysis, and this is not discussed.
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= The connections between safety standards and timeframes of the analysis are covered, to some exient,
in Chapter VI. We will, however, describe these issues more carefully in the final version. [t will be
emphasised that HI 2 is designed 10 contribute to the fonmation of regulations.

0-8 Collective dose

In spite of the generally held view among international practitioners in waste management that
individual dose {or risk) is the appropriate indicator of safety of disposal, there exists a strong deslre
among many persons, including some informed scientists, to focus on collective dose {or risk). I
would be beneficial to be prepared with some discussion of collective dose.

=> We recognise that collective radiation dose have ofien been considersd in optimisation studies for
present day operations, but have not usvaily been considered i any detail in performance assessment
studies for HLW. This is even more the case for collective risks. It is, however, acknowledged that
collective doses and {partial} optiumisation are now of growing importance in the radwaste community {z. 2.
the new 551 regulations and criteria in the USA for limiung the release into the accessible enviranment,
that were derived, in part, on the basis of limiting the collective health impacts of such refeases). Thus, this
may need to be considered when formulating Japanese reculations. We will mention these discussions on
coliective dose (or risk}, but only in the Project Overview Report or Supplementary Report in HI2,

0-% General evaluation of SA

Given the assumplions made for the salety case, the resulis are genmerally consistent with similar
anelyses carried out in other couniries. That is to say, with all sysiems operating as intended, the
estimaled exposure of the public is extremely low. The methods used for the treatment of imporiant
factors in the normal evolution scenario are consistent with the state of the art Internationally.

=z Great pleasure for s,
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(-1 Maobile long lived radionuclides

An important consideration in achieving the low dose estimales is the absence of the mobile, long-
lived components 1-129, C-14 and CI1-36 from the waste inventory. Some discussion of the fate of
these nuclides in the fuel cycle may be warranted.

== We agree that this point ngeds 10 be clanified in the HI1Z nventory section. We will add a sentence as to
why there are insignificant amounts of these nuclides, compared to spent-fuel disposal, allowing them o be
screened out in the performance ussessment. These radionuclides, which are separated from high-level
radioactive waste during reprocessing. are also discussed in the context of TRU waste management. The
averall radionctive waste managernent programme will be discussed in the Supplementary Report.

0-11 Critical group

The estimation of dose in the safely analysls does not employ the critical group concept. An analysis
employing the critical group concept would b more conservative, and some safety standards
internationally are specified for the critical group. As an example of where this may affect the
analysis, the reference case assumes a dilution of nuclides in 10° m” v of river water. This may not
be a conservative assumption in the case of a critical group close 1o the release from the geosphere.
Also, is it obvious that using well water only for drinking is more conservative than use of the well
for irrigation of a small garden by a relatively small critical group?

=> Although use of the critical group concept is not explicitly stated, the approach taken in HI2 is. in fact,
to identify a range of hypothetical {critical) exposure groups {page V-45 to V-5i). Since the "eritical
group” would be the group that received the largest dose for any given release, calculations have been
presented in Hi2 that allow the eomparison of the impact of the differenl exposure pathways/geosphere-
bicsphere interface combinations {page V-B0 10 82 and V-98).

Taking account of the JRG comment. we think this point needs te be made more explicitly and we will
include a discussion along the fallowing lines:

The ixsue o {critical) exposure proup definition is the subject of many national and inlernational discussions,
since there are many problems associated with trying to define future hypothetizal groups of peaple wha
might be expoxed 10 rudionuclides released inw the biosphere. Unfortunately, a single international
definition of (©rticaly exposure groups cunnot be dchieved since there are ditferences in regularory
guidonceferieria, potentinl future biospheres, repusitary locations and types. and assessment approaches, e.g,
relales] o the stage in repository developinent, such a8 proct of concept as opposed 10 full regulmiory
compliance required for tinal disposal.

In Japan, the AEC Guidelines do not specify the approach 1o be used for the definition of exposure groups.
In practice. une of twe approaches is normally adopled for performing exposure group dose assessmeants. In
the first approach, the locations and characteristics of the potentially exposed individuats are defined first.
together with consistent assumptions about the appropriite exposure pathways. Thus ¢xposure groups and
therr characleristics (suwh s size, age. and behaviour) are defined before 1he conceptual model of
contuninant migration 15 developed.  The problem s that the critical exposure media may not have been
recopnised s the stam, and so critical exposures omitted,  Inothe second approach, exposure pathways are
defined aecording o sssumptions abour how ponicuiar radionuciides emerge from the geosphere and migrate
through various biosphere media. Human characteristics are then assumed which asre appropriate to human
interactions with those biosphere media. This latter approach was used for HI2, since it is more logical o
identify the important media first, withouwr prejudicing exposure group assumplions.  Although the AEC
Guidelings do mext specify the approach to be used for the definition of exposure groups, they do state that
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cominuation of current human litestyles is to be assumed. From this guidance. it is assumed For HIZ that
there will be constant present-day environmental and societal conditions {including climate. and farming and
fishing practices). Thus any byputhetical exposure groups identified will be assumed to behave according (o
Japanese current lifestyles associrued. bur with the use of Tocual resources amd consumption of locally
produced and consumed produce.

We suppose the ast comment refers to the last paragraph of page V-B(, which mentions the comparison of
different concepiual models, namely the H3 (only drinking water pathway) and H12 {a range of exposure
pathways), by using “flux to dose conversion factors”. This paragraph is not intended to say which modei
15 conservative, bul rather to illustrate. via flux o dose conversion factors, the sensitivity of assessment
results to certain biosphere model assumptions, ¢ is Found that both conversion factors for almost of all
radionuclides are within one order of magnitude in spite of different exposure pathways. We will
therefore replace the following sentence in the paragraph:

" ... Figure 5.5.1-3). Thus, the inclusion of a range of exposure pathways is conservative.” with

“ ... Figure 5.5.1-5). although beth conversion factors lie within an order of magnitude of each other for
almost all radionuclides.”

0-12 Durabliity of waste containers

The assumption is made in the normal-evolution scenario that all containers last for thelr design 1ife
of 1000 y. The use of this assumption in the normal evolution scenario would force defense of the
proposition that all manufacturing defects and emplacement errors can be avoided. A more easily
defensible conservative analysis for normal evolution would have a small fraction of the containers
with initial defects.

== Such an analysis has already been covered on page V-99. The initial-defect case is treated as a
perturbation scenario where it is assumed that all overpacks fatl after 100 years,

0-13 Gas generation

The argument is made, on the basis of estimated rates of gas preduction and diffusion as well as
experimental evidence from the Swedish programme, that gas generation is not an issu¢ in the safety
case. There would seem to he some difference of opinien interpationally on this point. While some
countries believe gas peneration is a sufficiently resolved issue to use carbon steel containers, seome
avoid the wse of carbon steel altogether, even internal to the containers because of the perceived
difficuity of analyzing the Fate of the gas reliably.

=» We recognise that there are various opinions internationally, as pointed out. The debate on this issue
will be explicitly described in the final version.

{-14 Siting requirements

The assnmptions made in the safety analysis for the reference case put significant limitations on the
characteristics of a future site. A partial list of the requiremenis imposed follows:

* The owter boundary of the repository must be located at least 10 km from any major eetive Tault.

= All containers must be located at teast 104 m from any Fault or fracture zone that could have
enhanced hydraulically conductivity, This implies locating in an area where inter-zone bBlocks
have a linear dimension of over 2 km or segmenting the repository, which could present practical
difficulties.
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¢« The site must be sufficiently remote from underground resources {to be consistent with the
discussion on human intrusion).

+ The rock must not have a high fracture density.

« The maximum hydraulic gradient over any important zone must be less than 0.1.
* The site must be at least 30 km from volcanic regions.

« Failure of isolation by any means is not a realistic possibility at the site,

Such limitations on the qualities of an acceptable site could present difficulties in selecting a site,
which must be socially and politically acceptable as well as technically acceptable. As the margin
between the results of the analysis and the safety standards is very large, it is likely that the
assumnptions for the reference case can be made far more conservative, thereby easing the limitations
on the characteristics of an acceptable site. Furthermore, 2 more detailed analysis of disruptive
events {e.g., risk from proximity to an active fault} could serve to ease the burden 16 prove that such
events are not possible. An easing of the limitations on site characteristics would alse ease the
burden of proof that characterization methods can reliably establish that the required
charactleristics in fact prevail at a specific site,

=> [n the Workshap, we will present details of how 10 deal with the influences of fault movement and
volcanic activity in the safety assessment, mainly focusing on the time scale over 100,000 years, We will
also discuss the acceptability of the concept due 10 the flexible siting.

The distances mentioned in the Overview Report, such as 10 km around an active fault and 30 km from a
volcanic centre conservatively define potential areas to be avoided in an initial generic siting approuch.
The distance was chosen to demonstrate that there exist suitable areas for the repository in Japan, even
using very conservaive criteria. The influence of individual fault movements and volcanic activilies could
be lirnited to smaller regions than those defined by the distances mentioned above. Thus, when more data
become available, much greater areas could eventually prove suitable, compared to those mentioned in the
report. [t should be noted that the distances are not specified in terms of ‘exclusion distances’, but
‘separation distances’, The aim was not to exclude any area, but rather to include areas with the highest
possible degree of certainty. 1n other words, areas further away from active faults than 10 km and further
away (rom volcanic centres than 50 km are highly likely 10 be suitable and age “included’. This ts NOT g
say that areas cleser than these distances are excluded.

Regarding layout of the repository, emplacement panels in smaller blocks of good rock are considered in
mast repository designs,

0-15 Scenario analysis

The scenario analysis relies heavily on judgment that the FEPs considered are comprehensive and
complete, and to eliminate FEPs from consideration in the safety analysis. Consequently, the
characteristics of the team conducting the analysis have enhanced importance. It would be
beneficial to document both the methodology for establishing the team, including qualification
procedures, and the methods of seeking expert opinion. The most defensible analysis would involve
technical experts from a very broad range of backgrounds and personal views. Finally, it should be
recognized that analysis of some scenarios, even if not required from a technical perspective, may be
required to satisfy persons in the general public.

== The FEPs and scenarios have beets developed through discussions within experts from different fields,
for instance, at internally organised workshops. Thay have been alse compared with international studies
including FEP lists developed by NEA and BIOMOVS. Developed FEPs and its procedures were
internally documented {Umeki ef af., 19952 and 1996b: Naite of gf., 1996). However, this documentation
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does not expand to aspects such as methodolosry for establishing the ream, gualification procedures, or the
methods of seeking experlt opinion. We have ulso presenied our scenario approach at imemational
conferences and at bilateral meetings with other international repository programmes.

Analysis of some scenarios which are not required from the technical scope of HI2 were excluded. We
would concur, however, that the requirement to gain the confidence of the general public must guide
consideration of future scenario analyses.

0-16 Nuclide and chemotoxic inventory

-16.1 The nuclear fuel cycle produces - apart from HLW - long-lived low and intermediate level
waste, Is this type of waste planned to be disposed of in the same geological repository? 1ts impact on
the environment may not be negligible,

== The discussion on co-disposal of long-lived low and intermediate level waste (LLW and ILW) with
HLW is out of the scope of HI2. We will mention both LLW and [LW by adding sentences to the 3 and
4" paragraphs on page 1-1 in relalion to Figure,

0-16.2 The selection of nuclides considered in the safety assessment is hased on 2 potential hazard
index related to the dilution water volume. The relation between the volume limit and » dose of 1
uSvfy is difficult to understand. Why a velumetric flow rate of 10° m?/y. What ahont solubility? To a
wide extent, the selected nuclides correspond to the nuclides investigated In other studles. In the
reference case of the German safety assessment on the EU project SPA [1], the two nuclides Mo-93
and Rb-87, which were not selected here, caused a significantly higher dose than e, g. Zr-93 and Te-
99,

[1] Spent luel Performance Assessment (SP4 ), EUR xxx EN, to be published.

Luehrmann, U. MNoseck, R. Siarck: Spent Fuel performance Assessment (SPA) for » hypothetical
repasitory in crystalline formations in Germany. Gesellschaft fuer Anlagen- und Reakiorsicherheit
(GRS) mbH, GHRS-155, (o be published).

== Taking account of this IRG comment, we think this point needs to be made more explicidy to avoid
confusion, and we will modify the text along the following lines;

The radionuclides 1o be considered in the nuclide migration analysis were selected taking into account their
half-lives and a screening criterion based an a maximum nuclide concentration in hypothetical well water.

The following assumplims were made in the simple sereening caleulations;

# The dissolution of the nuclides from the gluss waste will not occur until 1,000 years after disposal
.when the overpack fails;

«  Waier containing dissolved nuchdes 15 immediately transported into an aquifer nzgar the ground
surface;

+ The contaminuied aquifer water 15 ingested as drinking water via a well.

Under these conservative assumplions, only the glass dissolution rate and the dilution volume in the
aquifer affect the nuclide conceniration in the well water, The effects of radioelement solubilities. as well
as nuclide retardution in the engineered and natural barriers are conservatively neglected. The
concentration in well water for each nuclide, C [Bg/m'|. is calculated by the expression:

c-(t52)
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where!

A [Byfcanister] is the muximum activity of radionuchde per canister after 1,00} yeors after repository
closuyre;

N [¢antster} is 40,000, the wotal number of canisiers;

T [y] is the necessary 1ime for the viwnfied ulass 10 dissolve compleely. This value is conservatively
catculated to be around &.500 [y, 10 which the gluss dissolution roe 5 10 times greater than the vilue used
in the Reference-Case:

0 [m'fy) is the volumetric flow rate in the aquiler. set 1o 10" mqa’y. which is determined based an the order of
magnitude For extraction raes of deep wells in Jopan.

The calculated congentration in well water for each nuclide are compared with the maximum permissible
concentration in water. The Science and Technalogy Agency (STA) specifies this concentration limit for
each radionuclide for the routine releases from nuclear facilities, assuming human consumption, and thiy
limil correspords ta 1 mSw/y for each nuclide.

Our screening crilerion i based on the ratio of the calculated concentration in well waler to cheir maximum
permissible concentration in water. The nuclides whose ratio is greater than 107 are included in the safeey
assessmenl. However, daughter nuclides with half-lives of less than one year are excluded from the
nuclide migration calculation on the uassumption that they wre in equilibrium with their parent nuclides.
The remaiming selected nuclides included in the migration calculations for the engineered and natural
barriers were verified by comparison with assessments in other countries, and are histed in Table 4.E.3-1 of
Supponing Report 3 {page IV-11),

Rb-87 was screened out by this critetion.

We think that the Mo-93 comes mainly from the imadiated structural material of fuel assemblies, and its
rransfer 1o a vitnfied waste through reprocessing 15 limited. According to the SPA project, its inventory in
spent fuel is on Lhe order of 10°|Bg/MTU), whereas its inventory in vitrified waste is lower by two orders
of mazgtitude .

0-16.3 Water protection repulations usually require concentration limils or constraints for
chemotoxic substances in the waste package. How is this taken into account?

=> Regarding Japanese water prolection regulations for chemotoxic substances in water, there exists the
Water Works Law, which was established in 1938 to provide the national drinking water standard. This
law contained mainly microbislogical indices, limits for inorganic substances and aesthetic items.
Revisians to this standard and several supplementa criteria have been added by the Miaistry of Health and
Welfare {MHW) in the form of temative guidelines taking account of effects arising from hzlogenated
organic compounds and pesticides.  MHW is now discussing recanstructing the standard to take into
account of the second edition of “Guildelines lor drinking-water quality” published by the World Health
Organization (WHO), which specifies the permissible uranium concenatration from the viewpoint of is
chemotoxity.

We have used this permissible uranium concentration to compars the calculated releases of (4n+2) natural
decay series nuclides 10 a river. as shown in Figure 6.2-3 (page VI-11 of Project Overview Report).
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0-17 Legal framework

The legal framework and the respective requirements (e. g. lime scales, human intrusion,
safeguards) may have an impact on R+D, design, sitc selection and safety assessment. How will this
be teken into account?

=> By the term ‘legul framework’ we assume the reviewer means ‘regulatory basis® and enabling
legislation. The buckground informalion on these issues is summarised in Sectien 1.3, Note that Figure 1-
3 indicates that decisions on the development and establishment of final safety standards in Japan are
scheduled by the basic policy described in the “Long-Termn Programme for Research, Development and
Unlization of Nuclear Energy 1994 by the Atomic Energy Commission, Japan™, to be after the completion
af this HIZ report. We fully expect that such regulations will be developed with full recognition of their
impact on R&D, design, siting and site charactenzation, as alse shown in Figure -3,

(0-18 Time scales

0-18.1 The radiotoxicity is said L¢ be similar to that of a natural uranium ore body within tens of
thousands of years. Has e. g. MOX fuel taken inte account? A more conservative comparison of
spent fuel with natural enrichments (K, Th, U) shows a time period of 10° years for the actlvity, heat
production and toxicity of a repository to decrease to values in enrichments. Even after much longer
time scales, however, the concentration of nuclides is much higher in 2 waste package f2].

[2] Rithemeyer H, Herrmann AG, Salewski H (1996): The influence of radionctive waste disposal on
natural activity, heat production, and radiatoxicity. Kerntechnik 61: 245-25).

= The issue of MOX fuel and potential for direct disposal touches upon the sensitive issue of Pu-cyele in
Japan. While the comment is technically very seasible and appreciated, the entire matter of direct disposal
of any type of spent fuel, LWR or MOX, falls outside the proscribed scope of the H12 report, which is
restricted solely to censideration of disposal of processed HLW in borosilicate glass. Of course, if in the
future political decision is made regarding Pu-recyele, the potential for MOX disposition may have to be
considersd. '

(-18.2 The report raises the question whelher the geological environment and/or the constancy of
the stress field can be predicted. A stability for the next 100,000 years is exirapotated from the
observation of the stability of the conditions over the past several hundred thousand years. This
appiies to earthquake activilies as well as to the location of volcanoes and active faults. 1t is peinted
out in the text that this predictability must be supplemiented by tectonic research activities. [t
remains open, however, to what extent results are already available. Extrapolation to the next
100,004 years based solely on the past constancy of conditions over a similar time scale may not be
sufficient for the aspects of velcanism and earthquakes.

=> The basic concept 1o consider ihe (future} evolution of the geclogical system for a time of 10X
years is based on the statement of the AEC Guidelines. This concept was also accepted as reasonable by a
technical review team of Jupanese geclogists as being consistent with geological evidence and well-
accepted plate tectonic model for the tecionic development of the Japanese islands {for the last several
hundred thousand vears) (see ext 3.2.2).

Geclogical evidence for past volcanic activity shows Lthat the active regions in Japan have not migrated
significantly (<10 km) for the last several million years (see section 2.4.1 of Supporting Report 1). This
suggests the passibility that the active volcanic regions will not show much change in future, On the other
hand. the consequences of earthquakes have not been extrapolated from the past geological evidence
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because of the limited influence of ground motion associated with fauliing om any deep repository
environment. Allowance can be made for earthquakes by the engineering design of the repository system.

We feel that at 2 reginnal sczle, such extrapolation of past geological evidence to constrain geological
events in the next 10” years is reasonable and justified on the basis of available evidence and the current,
well-accepted plate tectonic model of Japan. However, we agree that on a logal scale, site-specific studies
will be needed to strengthen and confirmm that evidence of geological siability in the past can be
exlrapolated with confidence to the next 107 years ar more.

0-18.3 In the H 12 veport and in the , Guidelines* of 15 April 1997 information up to the time
period of maximum influence on man ard his environment is required. This time period may be
considerably longer than 100,04} years, Does the requirement refer to the expecied value output of 5
performance assessment only or does it include the uncertainty range of the results?

=> Yes, the AEC Guidelines {Part |, Section 3.1 {2}, page |3) require to evaluate the uncertainty range of
the dose calculanon results ax follows:

“In the second progress report, the safety assessment will proceed on the basis of a main scenaric which
ncludes the key phencmena expected to determine the performance of the disposal system (reference
scenarin} and additional scenanios which take into consideration alternative assumptions and parameters
falterncitive scendrios).”

Based on these requirements, we have developed Lthe “reference seenario” as a Reference Case of Normal
Evelution Scenanos, which includes the key phenemena expected to determine the performance of the
disposal system. As the aliernaiive scenarias, additronal calculational cases that take snte consideration
alternative design cases, alternative genlogical environment cases, data vanation cases, aohemative
conceptual model cases. and “Perturbation Scenarios™ are made to evaluate uncertainties related 1o data
uncertainty, conceptual model uncertainty, and scenano uncertzinty related o extremely long-term
phenomena {see Figure 5.3.1-2).

Along these framework, maximum dose and peak arrival time are evaluated for 32 calculational cases and
same alternative cuses in the totul sysiem performance analysis (see Figures 5.5.3-3 and 5.3.3-4).

0-1% General Comments on Safety Assessment

0-19.1 a) The extension of the Safety Aszsessmenl chapier in report JNC TN1400 99-010 is small in
comparison with the extension of the other parts of the document. It is deemed more information
about the Safety Assessment is needed in the Overview,

=> Based oo discussion in the Workshop for our response to speafic comments {(e.g. comments on
scenario analysis and defining culculational cases) in arder to improve transparency and traceability of
Chapter ¥V, we would exiend this chapter to include adequate level of informaion,

3-19.2 b} To Follow the Safety Assessment chapter it would be suitable to present a small
description of the design and parameters used in the analysis like a basis design data and parameters
for the assessment. Some information about the consideration of the geometry of the repository Is
necessary.

= Geometries of the engineered barriers and repository layvour for the safety assessment are shown in
Figure 4,1.2-1 and Figure 3.2.2-3 of Supporting Repon 3. respectively. A sumimary of repository design
parameters will be also presented in the final varsion of Lhe Project Overview Report, '
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193 ¢} It would be useful for the reader to have a brief description of the codes used in each
analysis (for example, FINAS, ABAQUS, DACSAR for the thermo-mechanical analysis) and in the
case of the THM coupling to know the name of the code and its description.

= We appreciate this comment and will add brief descriptions of each code as well as the name of the
THM coupling analysis code in the final version,

0-19.4 d) There is information about the analysis of the TM response of the near field, but there is
no information about the TM behaviour of the far ficld for the long-term,

=> With respect o thermal behavior of the far held, thermal effect on the groundwater flow will be
negligibie if low permeability of the rock mass is considered. In addition, the reposinory temperature does
not affect the ground surface 1emperature from our past T response analysis [1}.

Thermal stress of the rock mass around the engineered barriers are roughly estimated as 1Mpa for soft rock
and 11Mpa for hard rock. These values are smaller compared to the averburden pressure { | | MPa:for soft
rack system. 2IMPuafor hard rock system).

For soft rock systeny, Gy = E¥0*AT=3500 (MPua* i(0.0e-6% 1 5(°C=0.5MPs ~ IMPa
For hard rock system; Oymg = E*o*AT=37000 (MPuj* 10.0e-6"30(°C)=I | .iMPa ~ | IMPa
Therma! load is stiun-cantrolled; so o smail amount of rock deformation can relieve the stress.

[1] Okamoin, V. Fujita. T.. Hara. K. and Sasaki. N. (19917 Effect of Heat from High-Level Waste on
Performance of Deep Geological Repository. Prec. drd Ink. Conf. an Nuclear Fuel Reprocessing and Waste
Management. RECOD 91, val. [1. pp. 1034 = 10K,

{-26 Thus, even if Mo and Rb are nol present in Japan’s HLW, three relevant questions
regarding the H12 study are: '

0-20.1 Decisions to analyse the fate of any particular nuclide, as well as to screen any particnlar
radionuclide, should, in principle, have been documented. Has this been done? [s this
documentation also available as part of the H12 study?

=> We are preparing a wechmical report {although in Japanese) on a procedure of identifying the inventory
including its histary. This report s one of technical reports for providing detail information for Supporting
Report 3.
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0-20.2 How well has the radicactive inventory of the waste been established?

== The inventory in accordance with the fuel reprocessing flow chart is shown in the following Figure.
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0-20.3  Similar to the the previous guestion: important decisions to screen this or that scenario, to
screen Lhis or that mechanism, to use this and not that code, should have been documented. Is the
decision trail - and the rationale for decisions - generally documented?

=> The rationale for decisions is summarized in Supporting Report 3 and INC Technical Repart, which are
publicly avaitable. [n addition. the main decision trail has been recorded internally a5 follows.

The H12 project has started since 1995 with establishing a project management structure, which has a Core
Grovp and nine Working Groups.

More than 700 Technical Memoranda according o the work breakdown structure (WBS) whach is
corresponding to the preliminary table of contents for three H12 Supperting Reporis had been prepared in
order to sumimareze the rationale Tor decisions made in the Core Group and the Working Groups. Important
decisions in the meetings of these Groups had been recorded with signature of the Core Group leader for
approval.

The FEPs and scenarios have been developed through discussions with experts from different fields, for
instance, at internally organized workshops. They huve been also compared with intermational studies
including FEP lists developed by NEA and BIOMOVS, Developed FEPs and its procedures were
internally documented {Umeki e of., 1996a and 1996b: Nawo er af., 1996). However, this documentation
does not extend 10 aspects such as methodology for estublishing the team, gualification procedures, or the
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methods of seeking expert opinion. We have also presemted our scenario approach #t international
conferences and at bilateral meetings with other international repository programmes.

Since the Coordination Conference on R&D for Geological Disposal was set up in {997 (see Page [-10),
drafting of H12 Reports have been initiated. A Working Group and three Task Forces, established by the
Coordination Conference, have carried out detailed technical reviews of identified key issues and the
feedback from these reviews has been incorporated into revising the drafts. Important decisions in the
meetings of these Groups have been recorded and finully approved by the Conference.
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2 COMMENTS ON CHAPTER 1

1-1 Page 1-4: last paragraph before section §.2

Hazard of the waste expressed as volume of water required to dilute the activity to drinking water
limits. This index is obsolete. If hazard indexes are mentioned it might be worthwhile to refer to a
more recent review [LILJENZIN J1.-0., RYDBERG J., Risks from Nuclear Waste, Revised edition,
SKI report 96:70, Stockholm (1996}].

== We will include the above recent review document for the hazard index as one of the references.
However, we would not oecessarily agree that the index we refer 1o is obsolete: it depends on the
iNustrative purpose that is imended. Our tex1 says only thit it is one altermative given as an example,

1-2 Number of waste packages

Which number of waste packages will be disposed of in the repository? There are no indications in
this chapter for which volume of waste the repository is to be designed. The number of waste
packages to be disposed of may be an important factor to consider in siting the repository. 1s more
than one repository foreseen? On page 1V-70 a scenario of emplacing 40,000 packages is discussed.
What is the background to the number and why is it not discussed in Chapter 1.1.17

=> {n HI2, 40.000 waste packages are assumed for design study and performance assessment, The number
is based on the following discussion in the Nuclear Subcommirtee of the Advisory Committee for Energy,
which was established under the MIT] {also see puge [11-9 of Supporting Report 2).

“Assuming that a disposal facility will have a capaeity of equipment 9 receive L0 waste packages in 4 year. the
relationship between the scale of the disposal faciliry {i.e. the towal number of vitrified waste packape received in the
digpasal facilivy) and rhe disposal cosi per one package s estimated. Tn result, if the number of waste packags
exceeds 40,000 packages. the disposal cost is almost independent of the number of waste puckage. Therefore, it is
approprizte that the scale of the disposal facility is assumed te be 40,000 wasie packages as the premise tor the cost
estimarion of the gealugical disposal project,

[n addiron, 40000 waste packages comesponds o the il eleciric power that is peneraled at the nuciear power
planis in Japan from 1960, when the first domesiic and commercial reaclor siarted operations, 10 around 204 5.7

We don't think this is really essential for Chapter 1. alhibough the fact should perhaps be mentioned that the
lotal inventary to be emplaced in o single repository is not. as yet, defined and that the inventory assumed
for H1Z is hypothetically based on reactor opermions until 2015, The above paragraph (“in additien,
40,0¢X) ..."y could perhaps also be included as 2 foownate on page [V-70, In addition, options for further
repositeries should probably be explicitly mentioned in Chapter §.

1-3 Comments on 1.1.1
This section is meant to be widely readable but it isn't; instead it turns out to be confusing.

1-3.1  Is5 it true that 50 kg of U are “consumed” per MTU ? Please specify initial enrichment
Wouldn't it be simpler to say that a certain amount, Y, of U is transformed in energy, X, in fission
products, Z, and in transuranium actinides, W? s it not worth mentioning alse the production of
activation products thal end up in HLW?

== We understand this suggestion. We believe it will be sufficiert to add text that notes formation of
aclinides in addition to Pu as well as fission praducts and ackvation products, but to avoid citing specific
numerical amounts. Remember, this is merely a background section within a summary volume.
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1-32  “Spent fuel” is not nermally meant to include fuel being burnt in reactors. If it is defined
that way, then one should intreduce the category of “spent {uel in storage”.

=> We will make the foliowing changes o clanfy the text: "...,spent nuclear fuel is discharged from a
reactor and is lefe...”

1-3.3  Have you checked for readability by the intended audience ? If the target andience are “the
aulhorities and other interested parties in Japan™, they will not need this type of introduction.

=> Based on extensive discussions with policy and technical representatives in lapan, we feel that this
matenal is appropriate for this overview volume. Remember that a separate Supplemeéntary Report,
written only in Japanese, 15 being written to provide more mformation to the wider zudience of the
lapanese public.

1-4 Comments on 1.1,

1-4.1  Perhaps it is worth noticing that after about W years, radioactivity is only a factor ten
higher than “natural’ gre.

=> We will add this clarifying remark to the text.

1-4.2 It may be worth noticing that high heat release rates would occur during the first 1,000
years, thus there would be a *‘thermal period™ to the repository.

=> We feel that this comment regarding impacts on reposilory temperature is somewhat pre-mature in this
section, because the concept of geological disposal has not yet been introduced. This matter is addressed
on a techmical basis in Section 4.3.2.

-5 Comments on 1.2.1

This section s¢ems week. Two references only, one of, which is very old and minor. Does the report
need to mention principles? If yes, more and better has to he done. On the other hand, the mission
of JNC is to fulfill the AEC mandate; it is there that principles should be found, as well as the
rationale behind those principles.

A betier reference lo [OECD/NEA, 1977] is ICRP-77 (§2(c): Sect. 6.2.3)

=> We count three references. but will gladly alse include your cited additional reference.  Again, please
recall that @ much deeper analysis of this some topic is included in a separute Japanese only volume
Supplementury Report of H12: we think that this admittedly brief treaztrment here is approprizte for the
purpose of this averview volume.

1-6 Comments on 1.2.2

Same general comment as in 1.2.1. Besides, some of the itemized statements seem to pre-judge the
results of the present waork.

=> Please se¢ our response to comment [-5. The comment an “pre-judge”™ was not clear to us, and perhaps
it could be amplified.
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1-7 Comments on 1.3
1.7.1  The report could well do without sections 1.1 and 1.2 and start with this section,

=> The Coordination Conference on R&D for Geolagical Disposal {see Figure 1.4, page -1} desired
these sections should be briefly described on the top of Project Overview Report so as 1o nemind reader's
understanding of the background on HLW disposal in spite of recognising that the imended audience are
expens and involved crganisalions.

1-7.2  Qnly in this section - and at the end of it - the reader finds out that geologic disposal is the
“favored option for high-level wasie in Japan™, Can’t this be said earlier? Can’t a reference be
given to Japanese sources, including why this is the favoured option in Japan?

=> As described in section 1.2.2 {page [-3), the AEC decided in 1976 that the focus should be placed on
geological disposal “for the time being™ and this was later adopled ax official Japanese government policy.
Since then PNC {now JNC) and other invoived organisations have been developing R&D programmme on
this pelicy, The policy has been not yet changed. This seciion is intended to briefly summarize the history

and the current status of Japanese R&D programme for HLW disposal, especially toward HI12. As a result
of these R&D programme so far. geolagical disposal can be regarded as the most feasible and practicad
aption in Japan. This AEC {1976} reference 15 also ciled at the beginning of seetion 1.3.2.

A23 Comments on Chapter 1l

2-1 Section 2.3.1: Definition of safety goals

Terminology in this section is not consistenl with inlernational vse. Principles about protection of
future generations is not a ‘rule’. Mention alse difficulty of predicting future environmental
conditions. 0.F mSv y"' and 0.3 mSv ¥ are not dose limits but constraints,

=> We will modify the text in section 2.3.1 so that 1he terminology is consistent with inlernational use.

Concerning the protection of future generations. we will modify the following text in page 11-3:

“The lAEA has suggested a rule (1TAEA. 1989) which stales that the safety of future generations should mot Rl belaw
4 level which is acceptable to the current generation.”™. w

“The LAEA has sugpested a principle (JAEA. 198%) that states that the safety of future generations should nat fal
below a level which is acceptable to the curment zeneration.”

For the second comment, we should modify the following text in page [1-3 10 [1-4:
“Inclividual dose 15 generally calculated ...7 to

“Due principally to the difficulty in predicting Future environmental conditions, individunl dose 15 generally
caleulared .7

“Moreover, the safety standards and guidelines applied m each cownry generally conform w the recommendations of
the ICRE (ICRP, 1983}, which spevily that the annugl duse limin for individuals should range fram 0.1 mSv ¥ 10 0.1
mSy ¥ 10 :
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“Moreover, the safery standards and guidelines applied in each country generalty specify annual dose constrainis for
individuals that range from Gl mSv ¥ to 0.3 mSv 'L laking account of the recommendations of the ICRP (ICRP,
1977, 1985, 199117,

and add the Foflowing references.

- ICRP (1977). Recommendations of the ICRP, ICRP Pub.26, Annals of the WKCRP 1(3), Pergamon Press,
Oxford. UK.

- ICEP (1991 1990 Recommendations af the International Commission on Raodiological Protection, [CRP
Pub, 60, Annals of the ICRP 21 {1-31. Pergamon Press. Oxford, UK.

2-2 Section 2.3.2: Measures to be taken: middle of page I1-6

I would add a few words about the need to develop conceptual models, Valldation of modelling
results regarding long term performence of disposal system is impossible. Reasonable assurance is
the best that can be achieved. Page II.7; Oklo is not necessarily the best natural analogue; it is
quoted too much.

=> We would add few words on coencepiual model development in the middle of page IE-6. 1.e. "Next.
conceptual madels are developed that represent the evolution of the system. From these, mathematical
models are derived. for which relevant input data are acquired™..

Congcerning the comment on “validation”, we think our usage here is consistent with the reference given
([AEA: Radioactive Waste Management Glossary, [993). We recognise that Full validation of all
assessment results can be delined as an impossible ideal. We may, therefore, modify the text:

... moadels and data are Tully veritied and alidated. .. w

“... computational codes are fully verified and models and duta are adequately validuied for the purposes of 1he
nssessment

If as here, the inwent ix to vialidate 1he confidence in the interpretation of the model results within the
contexl of the assessment, then validation 15 an entirely appropriate word (see £ 2. Kristallm-I}.

The last comment on the Okla swdy is true, bug it is the best analogue of the fundamental feasibility of
geological disposul, even if it is much less vseful for "supporting modelling of radionuclide migration
behaviour”,

We may, therefore, modify the text;
*_.. the Oklo depasil is used 1o suppon nwdelling 7 o

“... the Oklo deposit is used o support the fundamental teasibility of geological disposal. whereas other abservalions
of natural systems ane used 1o support modelling L7
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2.3 Comments on 2.2.2 and 2.2.3

2-3.1 Figure 2-1 does not capture the complexity of the geologic environment in Japan, In
particular, the rock could be pictured as being fractured at several scales.

=> This figure is not intended to capiure such complexity; it’s purpose is o illustrate the key components
of a geclogical disposal systern in Japan. Pictures of the potential fracture complexity are adequately
shown in Figures 3.3-1 and 3.3-20, for example.

2-3.2  One condition for gradual dilution and long transport times is situating the waste packages
sufficlently far-away from important fracture zones. The ability of finding sites with sufficient
‘“‘respect distances™ is an important consideration not mentioned here,

= We will udd a cross-reference to the information contained on page IV-G, as well as Figure 4.5-1T1 and
section 5.4.1, Figure 5.4.1-1. and page V-38 subsection 2) of seciion 5.4.1. We will add text in section
4.2.2 that discusses the need for adequate “respect distance™ between the EBS and major fractures.
Firally, we will alzo note that as part of our calculational cases, we have evaluated the retative impact of
“respect distunces™ on repository performance and safety: see Figure 5.5.1-8,

2-3.3  Overall, the role and functions of the individual barriers does not seem to be clearly
captured in these sections. See SKB's SR-95 {and perhaps SR-97) for a typical description.

== The safety functions of the varous barriers, as summnurized in Table 5.2-1, will be cross-referenced in
this section,
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A COMMENTS ON CHAPTER 111

3-1 Page II1-1; paragraph 3

Statement that evolution of geological system should be predicted for 100,000 years is inconsistenl
with PA requirement to assess peak impact. It needs to be reworded. It could become a discussion
point where it is explained how reliability of predictions decreases with distance in the future, This
should be done throughout the report.

=> There is apparently some confusion regarding the 100.000-year figure thut must be clarified within
E12. The AEC Guidelings identify 100060 yeurs as un inifial targer for the confirmation of geological
stability for a potential disposal sike with respect 10 natural events (velcanism, earthquakes, uplift and
grosion, and, climate and sea-level change). Based on well-accepted plate wctonic models by Japanese
geoscientists and supplemented by cotlected and interpreted data reparted in H12, we conclude that it will
be possible 1o idemify geologically stable sites in which significary perurbanion by natural events will be
unlikely for the next 100,000 years.

There is no intent by either the AEC or INC, however, to use this figure of 100000 years in a performance
assessment. Consislent with internationgl safety assessments of HLW, HI2 safety calculations extend far
into the fulure te capture peak dose release rates. Because H12 considers perturbation scenarios ocourring
over a range of initiation times or rates, some calculations extend as far as 107 yeurs into the Future.

We believe it will be possible o jdentify and confirm cundidate disposal sites that will geologicully siable
for the next 1O0.UKK) years. Hence, most of the H12 perturbation scenarios are initiated after that rime. We
recogrtize, however, that there may be concern rezarding potential unexpected perturbation events earlier
than 1000KK) years. Therefore. we have also included cenain perturbation scenano calculations that are
initiated before 100,00 years. But in all cases. we intend to extend the calcutbation time 1o encompass the
time of peak daose release rate.

3-2 Section 3.1.2: Long-term stabitlity of the geological environment

1 suggest to modify list; it should have 5 points. A point iv. should be added as follows: iv.
erosion/denudation,

=> The list is based on the Hems given in the AEC Guidelines. The propoesed point iv) is, we believe,
already covered by paint iti).

3-3 Section 3.2.3: Fault movement: page 111-11

Apparent belief that faulting risk can be handied by staying away from active faulis may be overly
optimistic. In a tectonically active region like Japan the risk of faulting can be reduced by careful
siting but not eliminated. 1T believe this section will need to be revised to a certain extent and the
changes reflected in the safety assessment.

=> Japan is lecated in ane of the most tectonically active areas in the world, and fault movement is more
significant than in most ether countrics. In Japan, the study of major fault mavement (“active Faults™) has
therefore progressed and a lot of knowledge has been collected. Accordingly, evidence for fault movement
in Japan during the past several hundred thousand yvears suggests that future fault movement in the area of
interest can be estimated (reasonubly and reliably) by extrapolating information on existing faults. These
findings also suggest that the possibitity of generating new major faults without any retationship to existing
Faults is slight. 1f this message is misleading in the text. it will be revisad.
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This treatment is consisient with that in other countries: eg Switzerland, where tectonic movement is also
significant.

The possible influences of new fauli generation is under consideration as an optional scenario for safevy
assessment. In the Workshop, we would like to present examples of the influence-analysis of fault
movemnent on safety assessment, mainly facusing on a peried of 100,000 vears.

3.4 Oxidizing conditions; page I11-26

In the performance assessment for a granitic reposilory in Sweden, the consequences of intrusion of
oxidizing waters after a glaciation will have 10 be analyzed even if it is not a main scenario. The
volcanic waters in Japan have very low pH (down to pH 2) and probably also contain aggressive
solution species. Has the consequences of temporary ("accidental") intrusion of such waters into the
repository been analyzed? 1f nol, what is the reason?

=» Conceming the first comment, we think 1t s reasonable only for locabions i which continental ice-
sheels are expeacted.

As shown in the Overview Report, page [I]-23. the influence of volcanic activity for groundwater
chemistry can be expected up 1o around 20 km atl maximum from the voleanic centre. The intrugion of the
valcanic water, therefore, can be excluded by appropriate siting (excluding volcanic areas).

The accidental intrusion scenano of voleanic waler in repository system is under consideration as an
optional scenarin for the safety assessment. In the Workshop, we are going 1o present the possible
influence by voleanic activity focusing on the time after 100,000 years.

2-5 Fault movement

It is assumed that future fault movements take place in existing faults, Even IF that is the case in an
overwhelming number of situalions, it cannot be 103% true since the active faults musi also have
been created once. Has the consequences of rock movement through the repository been considered
as an accident scenario? 1f not, what is the reason?

=> See responses Lo comments 3-3 and 3-3.

3-6 Section 3.2.5. Uplift/subsidence and denudation/sedimentation
Not encugh consideration is given to localized erosion processes.

=> As 4 localised erosion process, deepening by rivers is particularly important in Japan. The process of
river bed denudation progresses linearly o the long-term, while repeated short-term filling and degpening
processes develop within the glacial-interglacial cycie. The geological (1opographical) evidence suggesis
that, in Japan, the denudation rate of a river bed is typically several tens of meters during a2 100,000 years
(see 1L[-32). We think this level of information is enough for the present generic stady.

3-7 Section 3.2.6. Climatic and sea-level changes

I believe that too much importance is given lo future climate. Firstly, impact en repository of
climatic change can be expected to be fairly insignificant Secondly, predictions of future climate in
consideration of possible major modifications caused by human actions are quite questionable.

=» We agree, Discussions are, however, required by Lthe AEC Guidelines. We therefors need o take into
account future climatic change, even though it is relatively unimportant, and difficult to predict, compared
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to other natural phenomena. in this chapter, the evidence for climate change that has been observed (e.5.
changes in temperature, rainfall and sea-level) is described. The influence of these changes on a repository
system is discussed and analysed as an example in chapter V {safety assessment, see V-99), We may,

however, consider adding a brief discussion of the uncertainties related to the effects of present and future

human activities an the chmate,

3-8 Faulis

The question arises if active Tault zones can also develop at larger distances than 10 km from fault
zones that are active today during the time periods of concern. The answer to this question may
require o special safety assessment of possible effects of future tectonic processes at the active faults,

=> See response 1 comment 3-3,

39 Yolcanoes

Should the safety distance around a known volcano be based on a radial distance or on a distance
from volcanic belts?

=» The mfluenging distance of volcanoes estimaled from the geological evidence written in the report is
the distance from the center (or central area) ol 2 volcuno. The distance mentioned Le. 5Gkm js the most
conservative (or unrealistic) length, Realistically. any actual repository site will be chosen to be a a
sufficient distance from voleanic influences after the characterization of influences of each specific
volcano or volcanic region.

The safety distance will operationadly be defined as o dislance from a voleante front of a volcanic region
(page I[1-18), although effectivelv this distance is derived from analysis of thermal perturbations measured
in a radial distance from volcanic centers as shown. for example, in Figure 3.2-12. The actual safety
distance is xomewhere between 10 and 50 km, the latter number being a conservative upper bound.

3-10 Groundwater

3-10.1 Data referring to the movement and chemisiry of groundwater are mainly based on the
Tono and Kamaishi area. Are they representative for a possible dispesal sile?

It is generally assamed thal the permeability decreases with depth. This is not confirmed in

Supporting Report 1, chapter 3.3.1 (see fig. 3.3-6). It may have an impact on the assumed decrease
of the gronndwater movement with depth. Fractures and fluid compenents have been observed in

several 1080 m in Germany [3]

[3] Kessels W (1994): Geahydraulische Eckenntnisse aus der kontinentalen Tiefbohrung {KTH)
Oberpfalz, DGG Mittlg 4: T7-81. '

=> Most data used in H12 SA analvses are denived from a number of data obtained from Hterature
including Tono and Kamaishi data. Although Tone and Kamaishi are not necessarily representative for a
possible disposal sile, some data that are not found in literature {.g., transmissivily distribution} are guided
by data obtained at these sites,

We also recognized (hat permeability oblained belaw sea level at Tone is smaller than those obtained
abave sea level at Kamaishi. The permeability of host rock at the depth of future repositocy is expected to
be smaller than Lhose abtained at shallow depth. We would like to know further infermatien about the
permeability decremses with depth observed in Germany.
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Finally, general summanzed data such as Figure 3.3-6 should not be over-interpreted, as claiming that all
potential sites will display decreasing permeability with depth. Such measurements of permeability vs.
depth will be of prime importance for cotlection i any Tuture site-specific characterization programme.

3-10.2 The groundwater chemistry depends e. g. on the sea-level changes and the boundaries and
the mixing of salt and freshwater. Do reliable long term predictions need further investigations?

=> Al this slage of generic assessment for HI2. it 15 probably meaningless to evaluate any long-lterm
extrapolation when site specific information on geological environment conditions is lacking. Therefore, ot
this stage we have introduced simple but bounding assumptions for perturbation scenarios 1o ilustrate
possible impacts of external perturbation factors on 1he expecled system performance under the normal
evolution scenarin.: «.g. for the climate/sea-level change scenario, the 10%-year cycle climate change
which will cause the change of groundwater type from the saline-type water {SRHP) to the fresfi-type
water (FRHP) in the repository is assumed. Verifyving the credibiliy of such an assumpuen would form an
impottant part of any fulure site-specihic characterisation study.

311 Minor commments

3-11.1 Page 1T1-4}: There is an inconsistency between parameter (intrinsic permeability) and units
(m*/s) for fractures measured at Kamaishi.

=> Paramneler is nt “intrinsic permeability”™ but “transmissivity”. We will correct the 1ext,

3-11.2 Page §11-60: Table 3.3-2: There is a negative value for the linear thermal expansion
coefticient of crystalline rock (-4.534

== This data is bused on the data from basaltic lave. Negative values of thermal expansion coefficient are
presumably ¢aused by contruction of the test sample due (o the dehydration of water in hydrous minerals
by heating.

4 COMMENTS ON CHAPTER IV

4-1 Emplacement configuration: page 1¥-4

Canfigurations (i} and (li} have been to “provide a good conirast with one another'. To me they
seem to be nearly identical. The only difference is 4 90 depree lurn, while {iii) and (iv} are different
from (1) and {ii) by having one package per deposition hole rather than may. Flease explain the
"contrast™ between (i) and (i),

In configuration (ii}, how is it foreseen that the weight of the column of gverpacks is supported
during emplacement?

=> “{11)" actually should be ~(iv}" in the first and second paragraphs on p.lV-4 in the Project Overview
Report {Lypos; see Supporting Report 2. where the descriplion is correct).

[n configuration (ii}, the weight of the column of overpacks could be supporied. because the lower
canstruction tunnel would be backfilled before emplacement commences.

The “contrast™ relates 1o engineering, rather than long-term performance. This should be ¢larfied in the
text.
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Finally, general summarnized data such as Figure 3.3-6 should not be ¢ver-interpreted, as claiming that all
potential sites will display decreasing permeabitity with depth. Such measurements of permeability vs.
depth will be of prime importance for coilection in any Tuture site-specific charactenzation programme.

3.10.2 The groundwater chemisiry depends e. g. on the sea-level changes and the boundaries and
the mixing of salt and freshwater. Do reliable long term predictions need further investigations?

=> Al this slage of generic assessment for HI2. it 15 probably meaningless o evaluate any long-lterm
extrapoiation when site specific information on geological environment conditions is lacking. Therefore, at
this siage we have introduced simple bat bounding assumptions for perturbation scenarios 1o ilustrate
possible impacts of extemnal perturbation factors on the expecled system performance under the normal
evolution scenarin.: «g. for the climate/sea-level change scenario, the 10%-year cycle climate change
which will cause the change of groundwater type from the saline-type water (SRHP) to the fresh-type
water (FRHP) in the repository is assumed. Verifving the credibility of such an assumption would form an
important part of any future site-specific charactensation study.

3-11 Minor comments

3-11.1 Page 111-4}: There is an inconsistency between parameter (intrinsic permeability) and units
(m°/5) for fractures measured at Kamaishi.

=> Parameler is nt “intrinsic permeability”™ but “transmissivity”. We witl correct the 1ext.

3-11.2 Page §11-60: Table 3.3-2: There is a negative value for the linear thermal expansion
coefTicient of crystalline rock (-4.53%

== This data is bused on the data from basaltic lave. Negative values of thermal expansion coefTicient are
presumably caused by contruction of the test sample due to the dehydration of water in hydrous minerals
by heating.



4 COMMENTS ON CHAPTER 1Y

4-1 Emplacement configuration: page 1V-4

Configurations (i} and (li} have been to "provide a good contrast with one another”. To me they
seem to be nearly identical. The only difference is a 90 depree lurn, while {iii) and (iv) are différent
from (1) and {(ii) by having onc package per deposition hole rather than may. Please explain the
"contrast™ between (i) and (i),

In configuration (ii}, how is it foreseen that the weight of the column of gverpacks is supported
during emplacement?

=> “{11)" actuatly should be =(iv)" in the first and second paragraphs on p.JV-4 in the Project Overview
Eepon (Lypos; see Supporting Report 2. where the descriplion is cormrect).

[n configuration (ii}. the weight of the column of overpacks could be supporied. because the lower
construction tunnel would be backfilled before emplacement commences.

The “contrast™ relutes 1o engineering, rather than long-term performance. This should be ¢larified in the
ex[.
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4.2 Oxidizing conditions of groundwater: page [V-16

The granite groundwater is not reducing until at a depth of 500 - 1000 m. This is considerably
deeper than in Swedish granite. Is the reason for this difference known?

=> A¢cording to data from the Tono area on current properties of granitic groundwater at about 200m 1o
300m below ground surface, the Eh is around 0 mV, which is reducing with respect o the Eh at the ground
surface, The groundwater ai depths greater than 50X m is more strongly reducing, at about ~300 mV (see
Project Overview Report p.ll-34). Though the reason for the difference compared to Swedish granite is
not known, an indication is provided by tritium, which has been found in the Tono groundwater at a depth
of about 1) m. This indicates that surface water cun permeate relatively quickly along faults and fracture
bands. The permeating water becomes more strongly reducing with increasing depth, as it reacts with the
rock. There is. however, a significant possibility that strongly reducing groundwater will also be found in
granite at shallower depths in the fulure. The contents of the first paragraph on page 1V-16 in the Project
Overview Repont is intended to mean that “it is highly likely that groundwater is strongly reducing at
depths of about 5(H) m. even in grunite”.

The descnphion will be maodified in the final version w aveid confusion.

4-3 Buffer: page 1V-19

There are po design requirements on the ability of the buffer to mechanically buffer minor shear
movements in the rock. Are such movements totally excluded as possible events or are they
considered as upset conditions for which no safety margins are required?

The buifer must have good thermal conductivity to avoid overheating of the glass wasteform with
crystallization as result. What is the maximum allowed temperature for the glass?

On page 1V-23, the maximum overpack surface temperature is sel to 150°C. 1s this constraint the
deslgn hasis and not the wasteform temperature?

=> Active fuuhs, with shear deformation of the rock mass, are assumed to be avoided by site selection.
The ability of the bemionite 1w mechanicaily buffer minor shear movements in the rock is implicitly
considered as a design requirement for stress buffering. In order 1o estimate the influence of shear
movements in the surraunding rock on the EBS, test equipment is being prepared, referring to the results of
a study by SKB.

The maximum allowable lemperature for the vitrified wiste is sel a1 aboul 500 *C, as indicaied in the
footnote on page [V-67 of the Project Overview Report, The thermai conductivity of the buffer is o more
important Factor in ensuring 1hat the lemperature constraint on the bentonite is mel, than it is for the
lemperaiure constraint on the glass.

The temperature of 150 °C is set conservatively in order to evaluale the material strength of carbon steel,
which is used for culculating the pressure resistance thickness of the overpack. [t is not a constraint on the
EBS design. and this will be clarified in the text. As shown on page 1V-69 of the Project Overview Report,
the design ensures 1that the maximum temperature of the overpack does not exceed 100 °C {since it ensures
that the maximum temperature of buffer material is below 100 °C).

4-4 Overpack thickness

There is a slight logical problem in the way the corrosion depths are estimated. To do this, the
surface area of the container must be known and this will require knowledge
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of the container’s actual wall thickness. Have you considered as a differant approach to determining
the overpack thickness to:

1. determine the thickness necessary for mechanical reasons.
2. determine the thickness necessary for radiation shielding.
3. determine the thickness necessary for corrosion protection.

=> The thickness of the overpack is estimated taking account of carrosion resistance, pressure resistance
and its radiation shielding function. These aspecis are imerrelaied, The corrosion allowance of the
overpack is, for example, used as boundary condition for the calculation of pressure resistance, because the
consolidation reaction foree due 1o comesion expansion 15 applied to the buffer. In the procedure indicated
in the reviewer’s comment, if the mechanical interaction between the overpack and the buffer is
considered, the thickness necessary for pressure resistance is determined based on an assumed corrosion
allowance, and the thickness necessary for radiation shielding is assessed against pressure resistance
thickness plus cerrosion resistance. The thickness of the overpack is, therefore, determined in an iterative
way.

4+3 Corrosion due lo oxygen: page [¥-24
Equation 4.3-2 is incorrect. It should read: P = Xm + 7.5Xm"* (see Supporting Report 2).
Please explain the reasons for the choice of this equation. Equations of the type:
P=kt"
have been tried by others, including your ref, Honda (1995),
=» Equation 4.3-2 will be corrected according to the reviewer's comment.

In the evaluation of corrasion, it has been conservatively assumed Lhat atl the oxygen trapped in the butfer
and backfill matenals in the disposal tunnels comributes 10 the corrosion of 1he averpuck after
emplacement. Average cormmosion depth can be calculated by assuming chemical reaction with all the
trapped axygen. To obtain from this the maximum depth of comosion front. the equation, P = Xm +
7.5Xm" *has been used. Hondu er al (19935) appiied an equation of the type P = kn' to deseribe empirically
expenimental results obtained for 1ime dependency of maximum correston depth.  n H12, however,
corrosion by reaction with trapped oxygen is assumed to be a rapid. so that we conservatively neglect the
time-dependengy of this process.

4-6 Bacterial corrosion: page 1V-24

The current understanding is that the baclerial processes are not tetally dependent on the amount of
organic matter. The presence of hydrogen and methane may also contribute. Would this change the
estimaled corrosion attack due to bacterial processes?

=z There is the experimental evidence thal the activity of the sulfate reducing bacteria (SRB) is low in the
compacted bentonite (see p.[V-16 of Supporting Repor 2). In H132, the effect of the SRB on comosion is
assessed based on the general understanding that the SRB are heterotrophic bacteria, and the transport of
sulfate ions does not affect the estimated corrosion depth. However, even if it is pessimistically assumed
that:

- all the sulfates ions in the bentonite are reduced to sulfides,
- the iron is corrnded (o ferric sulfide (FeS),

- the concentration of sulfide in the groundwater is very high (3.0 x iy b and contributes to comosion,
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- the transpart of sulfide determines the corrosion rate,

then, even in the severesi case of disposal pit vertical emplacement in a soft rock system, the comosion
depth 15 estimated 1o be anly 53 mm in VKH) years (compared (o 2 mm given in HI2).

[n H12, the comrosion rate due 1o water reduction is set 1o two times the measured value. to take account of
the uncertainties in the environment {see p.IV-2| of Supporting Report 2). Based on the measured value,
however, the corrosion depth obtained after 1(KK) years is approximately 3 mm (compared 10 H) mm in
H12),

Thus, even il a highly pessimistic estinite of bacterial corrosion is made. the conservatism in the corroston
due to water reduction suggesis that there is no need to chunge the estimated value of the comesion depth.
This discussion wil! be incorparated into the final version,

4-7 Containers resistance; page 1V-27

The pressure resistance calculations are based on the provisions for second-class containers
documented in "Notification No. 501, Technical Standard for Construction of Nuclear Power Plant
Components"'.

Do these provisions take into account the lpad situation in the repository? A brief account for the
design basis cases in Notification No. 501 would be appreciated,

== Nop, Notitication No. 530 is not directly applied.  Rather, we refer 1o ASME Code Section I11, as
described at pages |V-27 of Project Overview Report and [V-41 of Supporting Report 2,

4-8 Radiation shielding: page I'V-28
4-8.1 Whait is the dose rale at the waste-farm surface al the time of disposal of the waste?

== Calculated absorbed doses on the overpack wall surface, at the time of repositery closuce, are shown in
Figure 4.1.1- 19 [p |V-42) of Supporting Report 2.

4-8.2 The reference Marsh e al. 1989 seems to be incorrect. [ can find no contribuiion from
varsh in Corrosion vol, 45 (1989). Please advice.

=» Concerning Marsh e of 's paper (hereinafter. the Marsh paper} entitled “Corrosion of Carbon Stegl
Muclear Wauste Containers in Marine Sediment™ {Marsh, G. P., Harker, A, H. and Taylor, K. } {I989),
Corrosion Vol.45, No.7, pp379-589.), the following four points are referred to in the text from page ['V-28
10 IV-29 of Project Overview Repon,

- Equarion 4.3-3 is derived from two equations presented in the paper. This derivation process is described
on page 1V-44 of Supporting Repon 2,

- The A (the radiation attenuation faclor) value of 6.23 comes from the description i p.581 of the Marsh
PAPEr.

- The & value of 2.13 {converted for bivalent oxidizing chermcal species) comes from the description in
p-381 of the Marsh paper.

- In the first paragraph on page 1V-29 of the Praject Overview Report. it 15 stated that “Localised corrosion
of iron due o radiolysis dose not develop if the cithodic current densily is lower than the passive carrent
density of carbon steel.”™ This is based on the following fact presented in the paper.

“Assumiag lur the munmenl that a proleciise layer will form on the comainers, 1then the mirimum
requirgmeni for the bulk of the metal surtaee to act as cathede to the focalised corresion sites is 1hat the flux
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aof oxidizing species 1 the metal surfuce should support 2 cpbodic current Lhal at least balances the anudic
dissolution current flowing through the protective luyer. The mass transport of oxidizing species to the
conrainer surface will be under diffusion control, and therefore 1he above balance can be expressed as:

Iow =-nF Dl

Where Ly 15 the maximum cathodic currenr Jensiny: 2o/« the concentration gradienl of oxidising spevies o
the comtainerfsediment ioerface: and D, the valence and diffusion coefficient of the oxidising species: and F,
Faraday's constant.”

4-8.3 The dose rate will decrease with time and the highest dose rates will occur at the time when
there is oxygen frem other sources present in the repository. The radiolysis will not be important for
the corrosion processes {j.e. pitting) until the oxygen level in the repository has dropped to levels
when passivity cannol be maintained any longer. When does this happen? Also, adding the corresion
allowance to the radiation protection seems overly conservative. The dose rate drops te nearly zero
during 1064 years. That is after the corrosion allowance has been used, there Is no longer a need for
radiation protection. Please comment.

== As pointed out in page 1V-21 of Supporting Report 2, the transport of oxygen in compacted and water-
suturgied bentonite 15 extrernely limited. Our experimentul results (Honda er af., 1995) suggest that the
Alux of oxygen is insufficient o drive localised corrosion when the thick compacted bentonite {e.g. over
100 mm} is saturited with groundwater. Because compacted bentonite acts as a strong barrier for mass
transport, the oxygen flux equivatent to the passive current density therefore cannot be maimained under
such conditions, and localised corrosion will thus not be propagated.

Table 4.4-4 {page 1V-89) of Project Overview Report showsy that estimaled time for the buffer to resaturate
would be in the runge of 5 years to 50 years afler repositary closure excepl for an extreme case. Around
this time scale dose rate arising from gamma and neutron radiation is still so high that oxidants praduced
by radinlysis at the overpack surface could replace the oxygen flux from other sources in terms of driving
localised corrosion. The calculated highest dose rate {ui the time of repository closure) is therefore used
taking account of uncertainty on bath the resaturation tlime and the radiolysis process, and, from this, the
required radiation shielding thickness for the overpack 1 determined o be 150 mm (page 1V-29 of Praject
Overview Repont).

To determine the thickness of overpack, three factors are taken into acceunt, nzmely, corrosion resistance,
pressure resistance and influence of radialion, Ax described in page [V-29 of Project Overview Repon, the
overpack thickness is specified by sumiming the corrosion allowance (40 mm) and the required radiation
shielding thickness (150 mm). The resolting thickness can satisfy the required pressure resistance
thickness (30 - 110 mm}. A unifonn thickness ol 190 mim will be adopted for both the end and ¢ylindrical
shell seclions for both hard rock and soft rock (Table 4.3-9. page [V-29 of Project Qverview Repor).

Adding the corrosion allowance (40 mm} to the reguired radiation shielding thickness {130 mm}) might be
conservitive as pointed out in the comment of the reviewer, but the pressure cesistance thickness (30-110
mm) and corrosion allowance are independenily required a least up 1o 1000 years after closure. Taking
account of uncenainties in the other influgnces of radiolysis, we have concluded that the difference of
thickness (40-120 mm] between pressure resistance and influence of radiation could be accounted for in
the safety margin for corrosion allowance, as the dose rae will decrease with time.,

4-9 Page [V-34
A better reference for Hallberg e al. is: Applied Geochemistey Yol. 3 (1988) 273-280.

== We will refer 1o i1, Thanks.
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4-10 Page [V-34

All sulfates in the bentonite have been converted to sulfide, How does this take place? 1s microblal
activity expected in the bentonite? If so, how has this been taken into account for the steel
corrosion?

=> In the calculation of porewater chemistry in the buffer marerial, it is assumed tha an
oxidation/reduction equilibrium in the sulfatefsulfide system is achieved. even though there is the
expetimental evidence that the activity of the SRB is low in the compacted bentonite. In the case of the
seawater systemn, because sulphate in the groundwater 15 reduced to sulfide, it is assumed that sulphate in
the bentenite would be also reduced 1o sulfide. This assumption is conservative even if the mechanism is
undefined. Stress corrosion cracking (hydrogen induction crucking) of the carbon steel 1s examined based
on this assumption. With respect to the effects of the SEB on the corresion depth, please refer o the
answer [0 comment -6,

4-11 Mechanical properties; page 1V-38: point d)

"...to alleviate the effect of mechanical changes that may occur around the engineered barrier
system". Which mechanical changes are design bases?

=» The corrosion cxpansion of the overpack and creep deformation of the rock mass (espedally in the soft
rock syslem} are considered as mechanical perturbations o the engineered barrier systemn, in both the
overpack and buffer design. For example, the curve e. of stress-buffering function for the soft rock system
in figure 4.3-19 {page IV-47) of the Prajeci Overview Reparnt has been calculated taking into account these
mechanical changes.

4-12 Drisposal configuration: page [V-53

In figure 4.3-23 it looks like the pil dispesal version has only one package per pit. (See also figure 4.3-
41} This is different from what was discussed on p. 1V-4, where the pit disposal concept had more
than one package per pit. YYhat is the reason for this difference?

== The confusion was given by the typographical ereor in the first and second paragraphs on page [V-4
when read in connection with figure 4.2-2, equal to the comment on the emplacement cenfiguration at page
IV-4 (see the answor to comment 4- 1,

4-13 Swelling pressure of bulfer

It is not clearly described how the swelling pressure of the buffer contributes to the whole exiernsl
pressure applied to the overpack (table- 4.3-7}. The consolidation process force of buffer material
due to creep deformation and rock mass and corrosion product expansion pressure (0.86 MPg)
seems to be low. The bases for this value should be explained

=> Swelling pressure is included in the consolidation process force.  As described on page 1Y-26 of the
Project Overview Repori, the consolidation process force of the buffer is deterrmned from the relationship
hetween void ratio of buffer matenial (e} and effective siress {P) (as shown in the following e-tog P curve)
obtained from consolidation tests (see Figure 4.1.2-37 at page 1V-82 of Supporting Repont 2). The
swelling pressure ot the buffer (70 wi% bentonite and 30 wi% guariz sand with a dry density of 1.6 Mg m’
*y is about 0.SMPu shown ar point A an the e-log P curve, The veid ratio {2) will decreases as rock mass
creep deformation und corrosion products expansion proceeds. For the hard rock system, the void ratio {e)
of the buffer at 1INK) years after emplacement 15 calculated to be (1.64 due solely to overpack cormosion
expansion (high strengith of bard rock system prevents contribution by creep). The veid ratio 0.64
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corresponds to the consolidation process force of the buffer, 0.86 MPa, that is obtained by using a linear-
approximated fit; e=0.62-0.27logP for the e-log P curve (point B on the line}. In a similar manner, Lhe
consolidation process force of the buffer for the saft rock system is calculaled o be 1.87 MPa at a void
ratio of 0.33 {poim C on the line), considering both overpack corrosion expansion and the effect of rock
mass creep.
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(Figure 4.1.2-37)

Note: void rvalio {2) = Vv/Vs
where:
Vv Volume of void (pore) in buffer matenal

Vi Volume of solid in bufler material

4-14 Convergence limitation criterion

In order to calculate the characteristics of tunnel liners (width and stiffness} a convergence
limitation criterion should be Included as design requirement.

== We think that tunnel stability can be checked by local safety factor {from the viewpoint of rock stress)
and shear strain of rack {from the viewpoint of rack deformation). And tunnel convergence will be checked
in the construction process in terms of “observational procedure {construction)” as shown in tnl:-le 4.5-5
{page [V-112 of Project Overview Report).



NEA/RWM/PEER(%9)3

4-15 Sorption capacity of buffer materizl

4-15.1  Justifications should be done on assumptions in the third paragraph of page IV-39
{Properties relating io movement of substances) “If the quartz sand mixing ratio Is 30 wt %, the
distribution coefficients of various radionuclides that are high in 100 wt % bentonite are not
appreciably affected by the added quartz sand™.

=> We agree, The distribution coefficients must decrease theoretically in batch sorption system, when
quartz sand which is inert for sarption s added. In HI2 safery assessment, distribution coefficients for
buffer matenal are denved from measured apparent diffusion coefficients (Da). which represent non-steady
state diffusion including retardation by sorption, and effective diffusion coefficiems {De), which represent
steady state diffusion. 1t is confirmed for some elements that the influence of ¥ quantz sand mixture in
not significam with respect to Ba and De values obtained by diffusion experiments.

It is also noted thal changes in the retardation by the buffer has no impact on the peak dose release rate of
long-lived solubility limited radio nuclides and a relatively minor impact on peak dose of long-tived nen-
solubility limited nuclides,

We will modify the text in this puragraph as follows,

“The results of diffusion experiments for the compacied bentonite mixed with quartz sand show that the
0% mixure of quartz sand doex not significantly reduce the retardation performance of the buffer (f.e..
Idermitsu, 1994: Sara, 199617

4-15.2 A lost of sorption capacity due to the addition of quariz sand in the buffer, would be
difficult to detect if the distribution coefficient is high and it have a large variability, but
theoretically, distribution coeflicients would be lower than for pure bentonite .

= S&e comment 4-15.1,

4-16 Backflilling and sealing

A consideration about the need to remove the concrete lining, at least in the seal zones, should be
done In order to prevent that degraded concrete become a migration pathway.

=> The degraded concrete effect is considered in the safety analysis as alternative geological environment
cases (table 5.4.2-1 on page V.53 in Project Overview Report). Based on these preliminary results, we
believe it may be unnecessary to remove the cancrete lining.

4-17 Thermal conductivity: page 1V-14

The thermal conductivity value for seft rock in table 4.3-2 (2.2 W/mK) seems to be a little bit high.
Figures used in other performance assessments for clay material are about 1.5 W/mK.

=> The thermal conductivity value for the silica sand rich buffer material is the same order of the thermal
conductivity value for soft rock sysiemn, when the buffer materiak has higher density as shown in following
table. The actonal themmal conductivity will, therefore, be a function of clay and clastic components
composing the “soft rock”™, as will factors such as density, This is illustrated by the data above collected
for clay and quariz sand, which shows the value of 2.2 W/mK 1o be within this range of thermal
conductivities,
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Dry Densiry Quartiz Sand Mixing |Degree of Saturation Thermal
|gfemn’] Ratio [5] %] Conductivity
{W/mK]
Rock 1.5 - 100 2.2
{Soft {Saturated
Rock Density
System) =2 2 glem’)
Bufter 1.6 {) 3.1 |.438
30 1{¥) 2144
() 96 3 2.192
| R 0 104 t.434
30 94.4 1.972
) 072 2,403
80 952 3153

4-18 Corrosion due to oxygen: page 1¥.24

In the H3 repori, the amount of oxygen trapped in the buffer material was estimated considering the
oxygen in the pores of the benlonite and the oxygen absorbed on the surface of the bentonite
(estimated as 4 limes greater than the amount contained in the pores). Why in this exercise the
amount absorbed has not been considered? {if it would had been taken into account, the maximum
corrosion depth would be 31 mm)

What is the correct transcription for the equation 4.3-17

In the H3 and in the Project Overview Report 99 appears as P= Xm+7,9-Xm* . Using this
expression, the maximum corrosion depth should be P=12.39 mm

In the supporting report 2 (Repository Design and Engineering Technology) this formulation is P=
Xm+7,5-Xm™, that seems to be the correct expression.

In any case, it seems that P is very sensitive to the value of Xm, and this introduces a large
uncertaindy,

=> In the analysis. the adsorbed oxygen on the bentonite is taken into accounl. The amount of adsorbed
pxygen is assumed to be 002wt of the bentonite weight in both the H3 and Project Overview Repert. In
the H3 cuse. the bufter consists of benlonite and anly horizonlal unnel emplacernent method is considered.
In this case. the amount of absorbed oxygen corresponds w4 Limes of the amount of oxygen in pore spuce.
In the Project Overview Report, however, the buffer consists of a mixture of bentonite and silica sand. In
addition, the content af the bentonite in the backfilling material for pit disposal i only 15%. The ratio of
adsorbed oxygen to the oxyeen in the pore space of the buffer is reduced in Project Overview Repont
because (he contenls of bentonite both in the buffer and the backfill is reduced in ¢comparison with that in
H3 case. Furthermore the dimensions and geamelry of the EBS are different berween these cases.

The surface area of an overpack in the Project Overview Report 15 changed lrom that in H3. Therzfore the
equation for the relution between averaged corrosion depth and maximum corroston depth is changed from
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P=Xm+7.9Xm"" to P=Xm+7.5Xm"". We would view the relationship not as introducing “uncertainty™,
but rather as previding a conservative bounding value for potential early failure by pit formation.

4-19 Inerease of corrosion rate: pages 1V-24 and 25

The averape corrosion rate was set to 5 pm/y based on long-term test results and doubling it
{corrosion rate 10 um/'y} to take into account heterogeneity in the overpack. Later, in the summary of
the assessment of the lifetime of the carbon steel overpacks it is said again that the average corrosion
rate is doubled to account for heterogeneity. Lt looks like corrasion rate is doubled twice for the same
CEAsSon.

=> We agree that this descripnion is inadequate in the Project Overview Report. The average corrosion rate
of 0.0053mmfy ( s measured in lab tests ) is doubled for covering the uncertainty of environmental
conditions. For example, if we assume the groundwater of very lhigh sulfide concentration {(about
0.03mol/) and also employ the same analysis procedure as that applied in the copper case, Smm/1000y
will be corroded by the sulfide arising fram natural groundwater concentration and sulfide produced by the
potential reduction of sulfate in bentonite,

The average corrosion rate of (LOImm/y is doubled again in order 10 take localized corrosion into account.
The factor of 2 for localization is abtuned from the acceleration tests (Tanmguchi et af, 1999, We will
add clarifying text into the report to resolve this confusion,

d-20 Comments on pages [V-27 and -28

4-20.1 Figure 4.3.6 should present a detailed zone for the consolidation reaction forces between 0
and 5 MPa.

=> We agree. Detuiled ligure between (& and 5 MPa will be added in figure 4.3.6.

4-20.2 1t seems that there is an error in table 4.3.7. The values for the external pressure for hard
rock should be 0.91 MPa instead of 0.86 Mpa, according to the text,

== {).86 MPu is the correct value, and the text will be corrected.,

4-21 Calculation results for the pressure resistance of the overpack: page 1V-28

Table 4.3-8 gives values for the required pressure resistance thickness. However, in the text below
the values given for the thickness are different (it scemns that the values are rounded up, but in the
case of the hard rock this rounding is very rude {10%%:).

== We will revise she 1ex1 to state: “The required averpack thickness (rounded 1o the nearest 10 man) for
pressure...”
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4-22 Radiation shielding properties; page 1V-28
d4-22.1 The equalion (4.3-3) should be:

F PGE P
can 100 - Av A

G G value (number of molecules of a given species produced per 10 ¢V of absoerhbed
energy) converted for bivalent oxidising chemical species (molecules/cY)

Av: Avogadre's number (= 6.023-10* molecules/mol).

== It is true, and we will modily the above equation including netations and their unit as pointed out,

4-22.2 It should be justified why the required overpack thickness is specified to be 130 mm instead
of 130 mm obtained according to figure 4.3-7

=> As described in the second paragraph of [V-29, we have not so much availakle information, especially
on the validity of the passive current density of curbon steel. We will add the following tex!; "Considering
these uncertainties, about 20 mm is added as a sufery mirgin for the overpack thickness in case the passive
current density decreases by ubout one order of magnitude.”

4-23 Specification of thickness: page 1V.29

4-23.1 1t seems that there is an error in table 4.3-4%. The values of column h) for “seft rock™ should
be 80 mm for the end section and 30 mim in the shell section, according to the text.

4.23.2 The paragraph above should say: “because the required thickness taking the influence of
radiolysis into consideration, is greater than the pressure resistance thickness.”

=>» Table 4.3-9 and the paragraph will be corrected in ngreement wilh the above comments.

4-24 Overpack corrosion

4:24.1 On p, IV-24.25 the corrosion of the overpack due to water reduction is discussed. It is said
that average measure rate is 0.005 mm/y. Because of heterogeneity in the overpack, this is doubled
to 0.01 mmfy. Then further down that page it is said that the average corrosion rate was set
conservatively to 0.01 mmfy and doubled tom 0.02 mm'y o account for heterogeneity in the
overpack (1). This seems overly canservative to account for heterogeneity twice. Please explain.

= See previous response o comment 4-7. The 1ext will be revised to clarify our approach.

4-24.2  On page 1V-80, when the Overpack corrosion expansion analysis is performed a corrosion
rate of 0.04 mm/fy is used. Why are different corrosion rates used?

=> Qur overpack design objective ix 10K years of contasinment, Based on initial evaluation of corrosion
pracesses, including corrosion by triapped oxygen. micrubial corresion and general anaerabic corrosion. we
gstimated a corrosien allowance of 40 mm (o achieve the 10(K)-year conlainment abjective. We, therefore,
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adopted a value of 0.04 mm y'' as a conservative initial bounding value in our investigations on potential
impact arising from corrosion product expansion.

4-24.3  As [ see it, already 0.005 mm/y is a very conservative estimate of the corrogion rate, at least
in bentonite equilibrated fresh water. In SKB:s SR-97 safety analysis, we use 0.000] mm/y as most
probable value and 0.001 mm/y as conservative value, These data are based on experiments
performed at AEA Harwell/‘Culham.

=> In HI2 repont. averaged corrosion rate of carbon steel obtained by the immersion experimenis in
compacted bentonite placed a1 anaerobic environment have been used for the life assessment of carbon
steel overpack. We are now compiling data from laboratory and long-term analogue data to derive and
confirm a leng-term corresion rate. We would welcome receiving a more detailed reference to the Harwell
study. '

4-25 Bacterial corrosion: pages 1V-34 and 1V-24

4-25.1 [n page [¥-24 the value given for the hacterial corrosion of carbon steel overpack is the ene
that had been calculated for the H3 report (that is, 2 mm). However, in page [V-34 {copper carbon-
steel overpacks) a calculation is done to evaluate the corrosion by sulphide that diffuses through
bentonite from groundwater, Why it hasn't been used the same method to calculate the bacterial
corrosion in both cases. If the same calculation method would be used, the loss of thickness of carbon
steel overpack for corrosion due to sulphide would be 4.6 mm instead of 2 mm

4-25.2 In the document: “Repository Design and Engineering Technology” the equation 4.1,1-27
(page 1V.36) for the length of buffer correspending to one should multiply calculating the steady
state flux overpack.

=> We will discuss this point a1 the Waorkshop,

4-26 Thermal conductivity: page {V-42

In table 4.3-17 (that should be renamed as table 4.3-11) the thermal conductivity of the buffer
material in the case of 100 % bentonite (0,96 W/mK) is higher than in the case of the
bentonite/quartz sand mixture (0,78 W/mK). A reason te add quariz sand 10 bentonite seems to be
the increase of the heat transfer capacity,

=2 Table 4.3-17 i typo. and it will be renamed ax table 4.3-11.
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As described in Section 4.3.3 2) {1} b) of the Project Overview Report (page IV-36), the thermal
::Dncluctmty Increases as the density increases. In table 4.3-11, the dr}f density of 100% bentomite (1.8 Mg
m™) is {arger than that of bentonite/quanz sand mixture (1.6 Mg m ) 50 that the thermal conductivity of
the buffer material in the case of 100 % bentonite (0.96 W m™ °K'') is higher than in the case of the
bentonite/quanz sand mixture (0.78 W m'' °K™'} due to the difference of the dry density. The following
figure shows our test results in relation o abeve comment.

4-27 Overpack corrosion expansion analysis: page V.80

1t should be clarified which is the reason for using 2 corrosion rate of 0.04 mm/y. In fact, this value
doesn’t correspond to a physical corrosion rate because it comes from:

0.02 mm/y - LW ¥ + 12 mm + 2 mm = 40 mum in 10{4} years
Waler corrosion {rate} + oxygen ¢corrosion + bacterial corrosion

=2 3&€ previous respanse to comment 4-24.F . when the overpack corrosion expansion ...".

4-28 Evaluation of diffusion of disselved hydrogen: page IV-90

4-28.1 Tn the Repository Design and Engineering Technology {page IV-399} it is said that the
equation of linear diffusion of hydrogen is solved numerically by a finite difference methed bat the
name of the code used for the calculations is not given.

=> This simulation code was originally made vsing a finite difference equation. The code is not named.
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This resulted needed to be checked. Therefore, we referred 1o a bibliography which was presented by Roel
Nottrot er af. " who solved the heat transfer process for the ventilating air and the rock - wall around the
vertical shaft in an underground mine. These concepiual models are showed in the following figure. The
maximum difference in values between the two metheds was less than (.3%. This conceptual model also
satisfied this diffusion problem. Therefore, we applied this simulation code for the diffusion problem. We
will add the sbove information to the final version of HI2,

Vertigal Khafl Civerpack
. 4 Ny ¢
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Strict Solution Maode! by K. Mottror 2t al. Finste Delerenoe Model for [affusion

Conceptual model of Strict Soluuon and Finate Difference

where:

Bw  Temperature al shaft wall

B Temperawre at voluntary point ot r}

Byu : Temperaiure at far disunee

Co : Concentratiun of disselved hydrosen ar overpack wall
CComcerunsiion of dissolved hydriogen an voluntary point (21 1)
Cinf : Concentration of dissolved hydrogen at far distance

1) Rowel Motrot und Constant Sadee: Abkuhlung homogenen isotropen Gesteins um eine zylindrische Strecke
durch Werer von konstanter Temperatur Gluckauf-Forschungshefie,27 Jahrgang H.4.Augwst PP.193-
2000 1966}

4-28.2 Corrosion rates of 1 pmfy, 2 umdy and 10 pm/y are used for the calculation of gas diffusion,
but how is the gas generation rate evaluated?

=> The gas generaiion rale is calculated from:

Re-p 4
Rg=2E 8 2 5 alwmor" 11000 1w
M3

where:

Rp ; gas generation rate |m’ y']

A surface area of overpack [’

Re ; comrosion rate [m ¥ |

pi ; density of iron [= 7.8EH 2 m™|

M ; malecular of iron [= 559 ¢ mal ')
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The corrasion reaciion is as follaws:
iFe + 4H.0 —» Fe;(; +4H> tHonda &1 af., 1997)

We will add the above information to the final version of H12,

4-28.3 It's no clear why at the depth of 500 m the production and accumulation raie of H; is
higher than at the depth of 1HH} m, and the evolution volume and accumulation pressures tend to

become smaller.

== We are now checking the caleulation,

4-28.4 In any case, the gas production rate would be the same at 500 m and 10{{ m, because this
value is calculated as o function of the corrosion rate. (“*At the depth of 300 meters, meanwhile, the

produettonund accumulation ratio of hydrogen would be.....")

== "Production”™ means accumulation volume of hydrogen at averpack-buffer interface. This sentence will
be revised as follows:

“AL the depth of 300 meters. meanwhile. the accumulation volume and ratio of hydrogen would be a little
larger than ar the depth of LKW meters, but the elution volume and accumulation pressure would tend to

become smaller.”

4-28.5 It should appear as a conclusion that hydrogen will probably accumulate (for the values of
gas peneration and diffusion coefficient used as base values)

== Gas diffusion analysis wus firstly carried owt for the purpose of confirming whether hydrogen gas is
dissipated by only diffusion without accumulation in the buffer.

The parameter swdies for corrosion rate and diffusion coefficient described in Section 4,341 of
Supporting Report 2 show that, for the case of the corrosion rate 10um y”', the hydrogen is estimated to
accumulate ut the overpack-buffer interface after 104XX) years (see figures 4.3.4-6 and 4.3.4-10) in
Supponing Reporl 2).

Following zas diffusion analysis. gas transpon analysis was conducted by using TOUGH2 code for the
sarne condition in which gas would accurmnulale due to lunited diffusive flux of the dissolved hydrogen.
The resutts of gas transport analysis are described in Section 4.4.4 2) of Project Overview Report (pp.¥-
90-91) and Section 4.4.4.2 of Supporting Report 2 {pp.[V-406~418).

We will modify the texl along this conlext.
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4-29 Evaluation of gas migration behaviour: page 1V-91
4-29.1 Which is the gas generation rate used in the TOUGH calculations?

== See [‘rl':’."ﬂl‘l-lJﬁ response (o comment 4-28.2 on gas generation rate equation

4-29.2  a) case of pit disposal (depth: 500 m) for the soft rock data set
In the Repository Design and Engineering Technology (page 1V-414) Figure 4.3.4-21 why the
saturation of gas is lower for point 2617 than for point 26187

=> For the case of analysis for soft rock system (disposal pit vertical emplacement method). the backfill
matenal is used in the disposal tunnel over the disposal pit. Water permeability of this backfill material is
very low (6E-19 m™). Also, the water intrinsic permeability of rock is very large (1E-16 m’). On the other
hand, gas permeability of both is the same value (9.5E-16 m’). In these conditions. gas will be itially
generated around the waste puckage and will diffuse into the buffer and accumulate in the buffer,
Afterwards, owing to the low intrinsic permeability of backfill, gas will accumulate in the surrounding rock
without penetrating to the upper rock (shown in the following figure). For the case of analysis for hard
rock system (disposal wnnel honzontal emplacement method), this phenomenon does not occur because
the disposal tunnel are filled with only buffer materials.

4-29.3 1t is said “the saturation degree of gas would be about 99.6-99.8% in all locations...."”. This
values seems to be wrong, because, in the document Repository Design and Engineering Technology
(pages 1V-413 to 414) the gas saturation level rise up to 2 to 4% (water saturation level 96 to 98% ).

=> These values are tyvpos. The night value 15 "96-98% .

4-29.4 Further on, it’s said “"Examining the cumulative discharge volume of gas migrating from the
disposal systent into rock mass, it is found that a gas production rate of 2.3x10" m’ y' would almost fully
migrated into the rock mass”. The value of gas generation rate seems to be wrong because in the
document Repository Design and Engineering Technology (page IV-413 and Figure 4.3.4-22) the
value for gas generation is 2.3x 10" m v,

- - . uk - L | a1
=> This value of gas generation was typo. The right value 1s "23E-1 m™ y
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4-29.5  b) case of tunnel disposal (depth: 10d00m) for the hard rock datasel

The latter two comments for the case of pit disposal can be applied to tunnel disposal

=> We acknowledge this connection and will make the appropriate changes.

4-30 Thermo-hydro-mechanical analysis

4-30.1 (Pages IV-88 and IV-89): THM analysis: In order to be conservative in a thermal analysis,
the data for the thermal conductivity of the buffer material should be those corresponding to the
lowest water content state. This value does not correspond with the initial water content of the buffer
(sece Figure 4.3.3-18 (a) of the "Supporting Report 2: Repository Design and Engineering
Technology™).

In Figure 4.3.3-18 (a) the water content of the inner part of the buffer material is lower than the
initial water content during the first 25 vears. Therefore, the initial temperatures of the inner part of
the bentonite in a THM analysis should be higher than in the case of an uncoupled thermal analysis
with the initial water content state of the buffer but in Figure 4.3.3-20 (a) is the opposite.

Then, it should be more conservative to use the THM coupled analysis than the uncoupled thermal
analysis with the initial water content of the buffer. In the case of using a thermal analysis the water
content should be the lowest value of the THM analysis, but no the initial water content.

== We carmied out the parametric study to compare the maximum temperature in the buffer between the
thermal analysis and coupled T-H analysis, This result is described in the JNC technical report * Coupled
thermal. hydraulic and mechanical analysis in the near field for geological disposal of high-level
radioactive waste”. The parameters were water content. thermal water diffusivity and pore pressure in the
rock mass. The water contents for analysis were 7%, it is natural water content. and 17%, it is optimum
water content of in-situ compaction. The thermal water diffusivity ot buffer (D) was determined by back
analysis of luboratory test and was 7.0x10™ em™/s/°C. In the parametric study, we set four cases, case | is
D, =005, case 245 D _x1.0, case 3 is D, %20 and case 4 is D, x3.0. As a pore pressure in the rock mass, we
used 0.0 MPa. Of course, the pore pressure in the rock mass is higher than 0.0 MPa. However, we
considered that 0.0 MPa 1s a conservative value. The reason is that water content becomes low because
waler inflow rate into the buffer from the rock mass is low when the pore pressure in the rock mass is low,
Lastly, we considered the case that rock mass was no flow as the special case, that is, water did not inflow
into the buffer from the rock mass. In this case (Case 5). the thermal water diffusivity (D, ) was 7.0x10°
cm’/s/°C. Analyses were performed using a simple model, as shown in Figure 1. Because the analysis
model was simple (quasi-one dimensional model). we decreased the heat output of waste as the maximum
temperature in the bufter approximately reached 10U-C. In the case of an initial water content 7%, the heat
output was 2/5 of the original heat output, and in the case of an initial water content 17%, the heat output
was 1/2 of the original heat output.

tﬂg)kw,)k .3 »

100000 H

i

Figure 1 T-H analysis model.
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Figure 2 shows the time history of water content in the buffer at the inner part of the buffer in the cuse of
an mitial water coment 7% and Figure 3 shows the nme history of temperature at the same point, I all
cases of coupled unalysis, waler contents decrease from the initial vaives for a long time {3-20 years).
However, the maximum temperatures of each coupled case are lower than that of the uncoupled case.
Figure 4 shows the distribution of water content in the buffer for Case 2 {the initial water content is 7%).
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Figure 2 Time history of water content in the buffer {Inner part of the buffer).
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Figure 3 Time history of temperature in the buffer {Inrer part of the buffer}.
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Figure 4 Re-distribution of water content in the buffer {Case2).

At the inner patt, the water content clearly decreases due to the thermal effect. However, il the outer part
of the buffer. the water content increuses due to the water movement fram the inner part and water mflow
fram the rock mass. As results. the 1otal water content in the buffer increases. We consider that this is a
reason that the maximuin emperature by the coupled anulysis 1s lower than that by the uncoupled analysis,
because the average value of the thermal conductivity among the overall buffer area increases with
increasing the water contents by the groundwater infiltrition from the rock mass.

All resulis are shown in Table 1. In mast cases. the maximum temperaiure by the coupled analysis 1s lower
than the uncoupled case. When water does not inflow into the buffer from the rock mass {Case 5) or both
an initial water content and thermal water diffusivity are high, the maximum lemperature predicled by the
coupled analysis is higher thun uncoupled analysis. We consider that Case 3 to be an unlikely bounded
case. Therefore, we conclude that the use of the thermal property with an inibal water content 7% is
conservalive in the thermal analvsis. A the reviewer poinled out, the use of the thermal propenty with the
lowest water content is more conservative, However, we consider that the use of the thermal property with
the imtal water contenl 75 is sufficiently conservative,

Table I T-H analyses results.

[nitial water content 7wi% [nitial water conwent | 7wise
Minimum Time Maximum Time |Minumum Time Maximum Time
Water content | [year] | temperawre | |year| |watercontent| [year] |temperature] [year]
{%] [°C) [%] 1°C]

Uncouple 7.0 - P32 4 7.0 - 102 .4 5
Case | 5.0 ] 101.4 b 14.4 | 08.3 3
Case 2 3.5 } 103.4 l 11.7 2 09.6 3
Case 3 26 3 106 0y 1 6.6 4 103.5 4
Case 4 20 4 1034 ] 14 1) 106.9 5
Case 5 2.8 10 113.4 3 5.8 1) 1030 5
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4-31 Resaturation time: pape IV-89

The analysis concludes that the re-saturation time is 52 years, but in page [V.78 the value considered
is 100 years, Why is there this difference?

=»> THM modeling shows a range of re-saturation times. ranging batween 5 and > 1000 years depending on
boundary conditions, especially intoinsic permeability of the rock mass. The 50 year value for case (-1 in
Table 4.4-4 on page TV-39 of the Project Overview Report should not be overinterpreted as a reference
value. We adopied a re-saturation time of ) ye=ars based on the THM caleulation as a reasonable value
within the expecied range, and we vsed this value for overpack corrosion expansion analysis. In fact. the
difference of 50 year and (0} year is expected 10 cause liltle effect on the corrosion expansion analysis
resuits,

4-32 Retrievability

4-32.1 Retrievability could be a design requirement. This requirement would be decisive to choose
the “disposal pit vertical emplacement meilhod", which have better retrievability festures than the
“‘disposal tunnel horizontal emplacement method”. Otherwise the advanlages of the disposal pit
vertical emplacement method are arguable,

=> Because retrievabthity is not a fonmal systern or satety requirement in Japan, we have not formally
analyzed the differences between desipn concepts based on gase of retrievability. 1t is our understanding
that retrievability for both design options are at least [easible.

4-32.2  Retrievability is only mentioned as a “long-term countermeasure” {page IV-113). In this
paragraph retrieval of waste before full closure is assumed to he possible following a series of steps
in reverse order of those taken for construction and emplacement. Safety concerns related with the
disposal methed before closure should be considered.

=> If and when retrievability formally becomes a formal safety requirement in Japan, analysis of the
relationship amang design, safety and retnievability will be needed. At this generic stage of analysis and in
the absence of formal requirements. however. no analysex have yet been conducted to include in this H12
report. See ulso response to the comment "One reason given for the suitability of the geological disposal
concept is that rétrieval would ... (see commenlt (1)

4-33 Radiation protection areas

4-33.1 One of the most important fealures of a disposal facility for HLW for the operational phase
is the radiation designation of the areas that comprises the underground Ffacilities (in aorder to
develop the radiation proteclion sirategy of the whaole system) and the separation between them.

=> The basic idea of radiation proteciion is that the radiation control zene during operation is separated
from other activity zones such as conslruction and closere zone. Section 5.2.1.3 Radiation control zone
(pp-¥-45-49 of Supporting Report 23 and Section 4.2.2.5 Position of the main and connecting tunnels
(pp.FV-276~277 n Supporting Repont 2) show the example of radiation protection sirategy.
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4-33.2 Of particular significance is the separation of the conventional mining works {construction
activities) from the areas where disposal activities are carried out (operation areas) This seems
difficult given the limited number of access foreseen . On the other hand , the optimisation of the
radiological protection of the facilities would be one of the main reasons for dividing the dispesal
area in panels, but this is net clearly mentioned in subdivision 2 of 4.4.2 {page [V-5),

=> As described in subdivision 2 of Section 4.2.3.4 (page [V-275~276} in Support Report 2, the number of
access lunmels is discussed taking into account the path way for each work activity during construction,
operaton and closure phase, and the transportability and ventilation route.

The following anicle will be added in the subdivision 2 of 4.3.2 (page IV-5 of Project Overview Report)
and Section 2.2.2.2 {page I[-8-9 of Supporming Repart 23,

“The operation areu can be separated as a radiation control area from the construction and closure area.”

4-33.3 The statement in paragraph 2) on page 1V-103, “A radiation controlled zone for the time of
waste package and the buffer empilacement is not required”, should be ¢larified further.

=> In buffer design, radiation shielding is considered as shown in Section 4.3.3 2} (23 ¢) Buffer thickness
required for radiation shielding function (page IV-48 of Project Overview Report) for vertical
emplacement method.

This sentence witl be revised as follows:

“In disposal wenels with engineerad barriers Tor the verical pit emplacement method, radiation is buffered o
shielded by the design-based thickness of the engineered barriers. described in Section 4.3.3 1) {2) c), below the
racdiation level that it does not affect the human body,”

4.34 Excavation damaged zone (EDRZ)

The characteristics of the excavalion damaged zone | EDZ}, should be given in relstion with the rock
geomechanical characieristics and the selected construction methed {i.e. TBM or boring and smooth
blasting method}, preferably in paragraph 4.5.2 Construction Phase.

=> The characteristics of the excavation disturbed zone (EDZ) are reported in retation with the excavation
methods in Section 3.3.5 3) of Project Overview Report {pp.1T[-65-69) and Section 3.5.3 of Supporting
Report | {pp.[H-93~1{4). Hydraulic charscieristies of the EDZ are also discussed in sectons 4.1.3.8 and
3 113 of Supporting Report 3. Here it Seclion 4.5.2. 1t 15 only described that construction method is
selected in gualitative manner so that the EDZ becomes smaller. We will cross-referenge to the appropriate
secrions,

4-35 Transportation and emplacement of wasie packape

There is no consideration about the alignment requirements of the waste transport vehicle for the
emplacements operations.

For the horizontal emplacement oplion, a justification for the achitvement of the altgnment required
to place the waste package with a rail-less vehicle should be done.

=> As shown in Section 7.2.3 Specilic goals of the R&D programme {page VIE3 of Project Qverview
Report}. these above paints are considered to be the future study item. We recognise that demonsiration of
alignment should be carried out in the Muwure stage and will add this staement in the text.
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4-36 Repository layout

Hard rock alternative. Ventilation has shown to be a problem in Sweden in some potential sites and
potential repository layouts. The main reason is high radon levels that have to be vented out. The
ventilation will be a bigger problem in the Japanese concept, with higher amblent temperatures in
combination with a larger repository (40,080 packages). Are radon problems foreseen in the
Japanese hard rock?

=>> We recognise that the ventilation of the underground factlity is an important 1ssue. Radon problems will
be discussed in the future stage of formation of regulations, We will address it in Supplementary Repoet. It
will be appreciated a specific referenee to any studics of this issue so it can be cited in HI2.

4-37 Disposal pits

Levelling of the bottoms of the dispoesal pits will be necessacy. If the bottom is not borizontal {within
some tolerances), emplacement of the bentonite blocks around the overpack will not be poessible. Has
this been considered and are there crileria for acceptable leveling of the pit bottoms? Are there
tolerances for the acceptable dimensions of the disposal pits?

=> We also think that leveling of the bottoms of the disposal pits or tolerances for the acceptuble
dimensions of the disposal pits are important. In this repart. 40 mm is assumed as a telerance to emplace
bentonite biock between rock surface and bentonite biock. Constructing Errors in construction of the pit is
not included in the assumed wlerances of 4 mm. This issue will be further considered in the detailed
design after HI 2.

4-38 Minor Comments to Project Overview Report
4-38.1 Page I'Y-42: Table 4.3-17 should be table 4.3-11

== That's right. 1t ix typo, and we will correct it as potnted out.

4-38.2 Page [V-116:  header’s date. May 19999

== Thanks. We will cowrect the header’s date.

4-32 Minor Comments to Supporting Report 2
4-39.1 Title: Technology instead of Technoplogy

=2 Thanks. We will correct the tile.

4-39.2  Page [V-385: In Tabie 4.3.3-1 the number of the equation for the thermal conductivity
expression for buffer and backfll material is 4.3.3-19 instead of 4.3.3-18. The same applies for
specific heat, 4.3.3-20 instead of 4.3.3.19.

== We will correct Lhem as pointed out.
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5. COMMENTS ON CHAPTER ¥

3-1 Section 3.1.1

Features of the safety assessment and general methodology: page V-1: first paragraph: The
statement that codes are then validated against experimential results is not acceptable as writlen.
Validation is only possible in a very limited way and only for short term processes. Maost codes used
in safety assessments cannot be validated.

= See also response to comment 2-2,
We may replace Lhe statement with:

“The models and data sets are tested be a variety of means. including comparison with observations of
natural systems and with the resuits of field and {aboratory experiments.  This process is refemed 1o as
validation, which aims o ensure that, under relevant conditions, the models and data sets can adequately
predict, or bound, the future performance of a reposttory’,

5-2 Section 5.1.2

{Objectives and scope of the safety assessment in H12: page ¥.3: third paragraph: In agecement with
international developments a staterment should be added to the effect that impacts on the
environment may also need to be assessed.

=> AEC Guidelines implicitly require the protection of the environment. by reguiring the pratection of
human beings. We wili discuss this interpretation of the AEC Guidelines, as well as refeming to
international safety principles such as LAEA safety standards for the protectton of the environment, There
is certainly a growing intemational trend (¢ g. 551 in Sweden) to require the impact on flora and fauna 10
be assessed. This is not within the remit of HI2, but it should, perhaps, be considered in the site-specific
R&D programme beyond HEZ.

5-3 Haif-life of Se-79

Please observe that the “old™ half-life for Se-T9 has been found to be incorrect (p. V-35). Instead of
6.50E+4, the correct value is 1.13E+6. (see e.g. Li Chungsheng et el J. Radicanal. Nucl. Chem. Vol.
220 (1997} 69-T1.)

=> We recognised the half-life of Se-79 may possibly be changed o approximately 1.1x10° years, as
shown in the footnote to Table 4.1.32-2 of Supporting Report 3). Although the value for the curmrent safety-
assessment calculations is tuken from the DECAY library of the ORIGEN2.1 code, we will presemt
caleulational results using the proposed new half hife for Se-79 at the Review Workshop.

5-4 Table 5.4.1-1: third column, second bullet
1 don't like the hazard index expressed as volumne of diluting water.

=> We will refer to a recent review on hazard indices in the final report {see the response to comment |-13.
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5-5 Section 53.4.1: the Reference Case: page V-38: second paragraph

The assumption that 100 m separation between repository and active fault may be sufficient to
eliminate faulting risk may be overly oplimistic. It is obvious that a significant uncertainty is
attached to the assumption,

=> See also respense to comment .3-3 on Section 3.2.3. The bulleted list on page V-38 is currently
misleading, and will be revised along the following lines:

... 1t is assumed thal:

» the repository is sited at o locution where there is no influence from active fauls. as defined in Section
3.2.3, and at least 100 m from major (inacuve) fauhis that comprise large, highly permeable crushed
Zones,

« no new faults are generated that may adversely affect the stability and performance of the reposttory:
and

« nuclides carried fram the repository by groundwaier eventually reach a large (inactive) fault, thal is
assumed to be located

Calculation results for scenanos in which new laulis are generated will be presented in the Review
Workshop.

5-6 Section 3.4.3: analysis of perturbation scenarios: page V-69
Faulting scenario needs to be analysed.

=> See response 10 comment 5-5,

5-7 Section 5.6.1: findings from safety analysis: page V-117: first paragraph
Yalidity of the models was confirmed.....I don’1 believe it! See previous comments.
=> 5e¢e response to comment 2-2 aboul section 2.3.2.

We will replace:

“Walidity of the imodels was conlinmed throueh (.7, by

“The adequacy of the musdels for their imended purpose was confirmed 1through a variety of validation measures,
including .7

5.8 Safety assessment

5-8.1  The representation of the near field is short and sometimes not clearly comprehensible.
This applies e. 2. 1o the conversion of the cylinder lid sucfaces into an enlarged coating surface area
Furthermwore, the term initial volume* is not clearly defined. What is the value used for the water
volume available for mobilisation? How is the time dependence of the plass volume taken into
account?

=> The deuiled representation of the near field s noted in Supporting Report 3. For instance, the
conversion of the cylinder lid surfuce into an enlarged coating surface area is carried oul conservatively 10
take account of radionuclide release Trom the 1op and botwom ends of the vitrified waste in one dimensional
model (see section 4.1.2.2 of Supporting Report 3).

The initial glass volume of 0.15 |m’| (see Table 3.2-1 in Supporting Report 2) is referred in the analysis,
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We neglected the decrease of the glass volume with time due to dissolution conservatively as noted in
Section 4.1.2.2 of Supporting Report 3. '

In final version, more comprehensible overview of the near-field representation will be also included in
Chapter V of the Project Overview Report.

The hypothetical water-filled volume around the vitnfied waste and hypothetical volume between the
buffer and host rock are introduced to define s mathematical boundary condition that connect glass
dissolution vx diffusion in the buffer und diffusion in the buffer vs release to host rock. In the calculatien,
10 [m'tl is used us a conservative volume and we confirmed thal the sensitivity of these volume on
calculated release rate i negligible. This explanation will be noted in the final version.

5.8.2  The solubility values of most elements are in the same order of magnitude as these from
Kristallin-I. Exceptions are Th and Zr with differences of more than two orders of magnitude. These
dilferences are, however, explained comprehensibly.

=> Thank you for your thorough analysis. To brielly summarize, the solubility values in HI12 assessment
were determined by the procedure described in 4,1 3.3 of Supporting Report 3. The detailed review of the
thermodynamic database and the solubility setting in H12 from view point of cross-comparison with the
other salety assessment reporis are ongoing, and have not been completed. However, the rason for the
outstanding discrepancy for Zr and Th s clear as follows;

Zirconmm

In the development of thermodynamic data base for HI2 assessment (JNC-TDB), we found that
thermadynamic data for Zr are not maure and current experimental data show higher solubility than the
calculated one. Therefore, the solubility tor Zr used 1n H12 assessment was determined based on solubility
experiments in bentonite co-existing sysiem (Shibutani and Yui, 1998). The maximum wvalue of the
scaltered experimental data was used us o conservative value, and 1x O™ M was set.

Thorium

In HI12, the solubility for Th was determined bused on the solubility caiculation with INC-TDB. [n this
cilculation, hydoroxo-carbonate complexes was considered and the solubility was calculated as 4.3x10°
M. The dominam species was ThiOHWCO, and second dominant species was Th{OH)(aq) with the
concentration of 6.3x107'° M. The dominant species of Th solubitities reported by different organizations,
2.2 Kristallin-1 (Pearson ez ai., 19921 and SR27 {Bumao ¢t af., 1997), were Th{iOH){aq) and the difference
af the dominant species caused the discrepancy.

The data for hydroxo-carbonale complexes have been reported recently (Osthols(1994); Felmy er of
{1597y} and their reliability wius confirmed by the peer review in the development of the JNC-TDB,
Therefore, we added the data for hydroxo-carbonate complex into the JINC-TDB and used them in the
selubility calculation,

5-8.3 Maost initial parameters used in far-field modelling are of the same order of magnitude as
those in other studies. Compared to the reference cases of the SPA {1] and Kristallin-[ study [4], the
data for the matrix diffusian depth of 0.1 m with a matrix porosity of 2 % and a pore diffusion

coefficient of 1.5« 10" m /s are relatively high.

=> Ayx discussed in Section 4.2.2.2.3 of Supparting Report 3, the matrix diffusion depth derived from
natural analogue sdies (see Table 4.2.2-13 is the minimum estimated value (Mitler er al., 1992) and is
considered b be a conservative value in terms of evaluating nuclide mgration. On the other hand, it has
been canfirmed by labaratory tests that matrix diffusion accur even for unaltered granite, Therefore. for the
Reference Cuse it is assumed that matrix diffusion ocours also in unaltered zones, but s limited to a depth
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0.1 m from the fracture surface. For a Data Variation Case, the minimum estirnated value based on natural
analogue stucdies is 1aken into account {see Section 5.2.1.5 of Supporting Report 3}. Porosity and pore
diffusion coefficient are obtained based on literaiure review (see Sections 4.2.2.2.3, 5.2.16 and 5.2,1.7 of
Supporting Report 3).

5-84 A random sampling comparison of the dose conversion factors with the project 5PA [1]
shows that the values of H-12 are¢ one to two orders of magnitude lower.

== We have checked the dose conversion Faciors {in H12; we refer to flux to dose conversion factors) in
Tables 22 and 23 of SPA project (page 46). and made comparison with the gcormsponding GBI
(geosphere/biosphere interface) cases of HI12, specifically { 1) reference case (river water GBI) and (2) deep
well GBI case, as shown in Fig.l and Fig.2. In both fTigures, the SPA values are normalised by the
cenversion fuctors of H12 so as wo facilitate a relative companson. ‘

Concerning the well case. since the unit of conversion factors are different between H 12 {{Sv/y ) (Bgfy)}
and SPA ((Sw/v)A Rg/m’}), we have corrected the factors of HI2 by using the extraction rate of the deep
well {2x10° m'fy). which is derived from 1he log-mean value of the distribution of waterworks capacity,
where water is extrugcted mainly from the deep well {Japan Water Works Association, 1996) (page V-39,
Y-62 in Supporting Repon 3)

From both figures. it seems that the dose conversion factors of H12 are slightly kigher than the
carresponding values in SPA. except for some of lssion products {notably Pd- 107 and Sn-126). Looking
at Figure 1, 1L can be seen that the factors for virtually ull radionuclides lie within an order of magnitude of
the HI12 values {ig within the mnge [E+1 and 1E-1) with mast lying in the range 1E+0 to 1E-1. For Figure
3, the same pattern occurs with slightly mare Iving ubove the 1E+0 ling and a few falling below the iE-|
line (thase fulling below the 1E-1 line are primariiy the ¥VTT WELL-97 doses which only consider the
drinking waler dose - as nated in the SPA project, these doses are consistently lawer than other doses due
ta the impartance of pathways other than drinking water).

According to the Table 20 of SPA project {page 441, there are no significant differences in the annual Tlow
rate between H12 and SPA (xee below Table 1. although well water extraction rate is nat explicitly
described in SPA. except VTT case (a lraction of 3x1(7" of the total release annyally inlo the biosphers is
assumed}. In addition. both propects make some simdar assumptions; use of biospheric compartments,
cansideration of variely of exposure pathways, e,

Table 1 Annual flow rute used in river type Biospheres

I H12 IPSN NRG SCK/CEN
IAnmm] flow rate { m*/y) 10" 19° 7.75x10° ~10"

However, we recognise that the cornparison of flux to dese or concentration o dose conversion factors
from different projects must be undertaken with EXTREME caution. In particular, it is vital to be aware of
any differences in the [llowing areas between projects:

¢ the assessment context

the conceptual models

the mathematical moedels

the diata values used,

Indeed some of these issues are touch upon in the SPA report.  In order to compare dose factors from
different projects. it is necessury to compare and contrast each of these aspects of the project in a
systematic way. Only then can a truly meaningtul comparison of dose factors from different projects be

undertaken.
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5-8.5  The effect of oxidising vonditions in the near-/far-field are only considered in the case of the
uplift/subrosion scenario and for the near field of 4 containers in a humman-intrusion scenario {see
groundwater).

== There is strong and abundant evidence for well-buffered, low redox potentials in deep geological
formations in Japun. As long as the repository remains at depth, it is credible that the assumption of
reducing conditions be made {See also response o comment 3-4).

5.8.6  The maximum annual radiation exposure is determined by Cs-135 in the reference case and
is about 5 ¢ 10" Sv/a. The annual radiation exposures of the reference cases in SPA [1] and
Kristailin-1 [4] caused by Cs-135 are approximately a Factor of 160 and 40 higher. This is caused by a
strong retaining effect during the transport through the far field in the host rock in the case of H-12.
A reason is the higher matrix diffusion depth, logether with a higher vatue for the effective diffusion
coefficient in the matrix and an interstitial velocily that is lower on average. [n the case of a site-
related study it would have to be examined if corresponding values are realistic,

[1}] Spent fuel Performance Assessment (SPA ), EUR xxx EN, to be published,

L. Luehrmann, L. Noseck, R. Storck: Spent Fuel performance Assessment {SPA) for a hypothetical
repository in crystalline Tormations in Germany. Gesellschaft fuer Anlagen- und Reaktorsicherheit
(GRS) mbH, GRS-155, (to be published).

[4] NAGRA: Kristallin-1 Safety Assessment Report. Technical Report NTBI 43-22, Wettingen, July
1994,

= The values for ransport parameters are defined and defended in Suppeorting Report 3. We agree that
ihese values should be confimmed as appropriate in a rexl site, as you commented. Note also, that the
sensibivity of repository safely o potentiaily ditterent values for these parameters are considered in HI2
(see Table 5.42-8).

5«9 Further comments

5-9.1  The chapter of Scenario Analysis seems 1o be more focussed towards defining a large
amount of calculation cases, in order to obtain different alternatives of the disposal system, than to
the proper definition of pure scenarios. We think that this can give origin to the confusion ef the
reader, Maybe, li could be more adequate to define the large amount of the different calculation
cases {up to 92 cases for sensilivity analysis and 32 for the total system performance analysis) just in
the subsequent chapiers dedicated to the consequence analysis.

=» As mentioned in Chapter [Il of Supporting Report 3, in order o avoad a nsk of imroducing
inconsistency and of losing raceabihity ot the inertace between scenarios and caleulation cases, the scope
of the scenurio analysis s expanded to include the developmemt of a number of calculation cases
corresponding aliernative geologicul disposal systems and uncertaimties in scenarios, models and data.

Scenarios for safety assessment caleulation are briefly deseribed in Section 5.3.2 of the Project Overview
Report, which were obtained based on system understanding described in Section 3.2 of Supporting Repon
3. According to the scenarios. each calculation case was derived.
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5-9.2 Features of the disposal system which are not generally accounted for in -performance
assessment of an unperiurbed repository system, such as undetected geological structures or
undetected pasi human intrusions, are not considered in the FEP list of Table 5.3.1-1.

== Perturbation scenangs are developed 1o illustrate possible impacts of external perturbation factors
fnatural phenomeny, future human azctivines and ininad deficiencies of repository components) on the
gxpected system performance under the normal evolution scenaric.

The likelihood of these situation can be made low by selection of an appropriate site and design. Therefore,
an illustrative assessment relevant to these scenarios was made solely on the assumptions listed in Section
5.3.3.

If there are undetected geological structures or undetecied past human intrusions. these features may cause
disturbance of hydrology around the repositery. These features are included implicitly in a.FEP,
"hydrological properties of host rock”, and possible impact of these features on flow around the repository
couid be examined implicitly by the consequence culculations regarding the uncertainties of hydrological
properties of host rock (see Section 5.4.2 of the Project Overview Report and Section 5.2.1 of Supporting
Report 3).

593  For some screened FEPs of Table 3.1.1, that may give origin to significant conseguences
{thermal expansion of host rock, gas generation effect, gas driven mediated transport), fulfilment
with ihe criteria ¢1) to {4} of page V-14, is not evident and should be proved.

=> We recognize und ogree thal decisions on FEP screening will eventually require a formal methodology
and documentation of the objective evidence and subjective judgements used m decision making, as well
2% documentation on the technical training and bisses of the “experts”. Given the generic site basis for
HI2, however, at this slage we have necessarily made decisions on a more subjective {expent judgment}
basis with less than adecquate data in many cases. We will add text in Section 2 on page V- 14 1o note that

“The entire scenario methodalogy 15 an iterative process.  Decisions and judgements regarding the
inclusion or exclusion of FEPs are always open to re-mterpretation as new information is obtained.
Because of the genenc site information and preliminary design concepis in this HI2 report, none of the
following FEPs analysis shoutd be construed as a final decision at this time ™

5.94  Possible mechanical and thermo-mechanical effects on the behaviour of the disposal system
are not considered. Processes, as thermal stresses, that can change the permeability of the fractures,
or thermally induced groundwater movements, should in some way be assessed,

== It 1w not strictly comect to assert that such affects are “not considered™.  Under slightly different
terminology. such effects have been considered (for example, “thermal expansion of host rock™ and
“deformation of host rock™). We cancuer that such effects have the potential to be important under cemain
conditions, especially for waste packages that might display fabrication failures, with the potential for
release of radionuclides during the early thermwl period. Within the context of the AEC guidelines
emphasizing groundwater scenarios and based on limited available infermatien, however, some of these
impacts have been judged to be insignihconl,
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595  On the text can be read “Isolation failure and significant impact due to natural phenomena
and human activity could be avoided by appropriate site selection and repository design' (page V-
17). This is very questionable, since for example, “Meteorite Impact™, up te a certain extent, can be
regarded as a sitefrepository independent scenario. The same happens with *“Direct Human
Intrusion®™ scenario, having int¢ account that future human subsurface activities can not be
scientifically predicited.

=> We will clanfy that some isolation Tailure scenarios can be avoided by appropnate site selection and
repository design. Other isolation failure scenarios. notabily meteorite impact, can be excluded based on its
extremely low probabilily of occurrence as well as its cutastrophic, non-radiological impacts (see Seclion
3.2.4.5 of Supporting Report 3).

The possibility of human intrusign Into repositonies s expected 1o be reduced by the measures such as
avoiding pluces where underground resaurces occur by site selection and cheosing sufficient depth by
repository design.  MNevertheless, the possibility of such an event can not be scientifically precluded.
Therefore, the possible consequences of human inteusion scenarios were carefully analyzed based on
probability of drilling and consequence ol @ drill worker assuming that a borehole will hit a waste package
and core the vitrified waste. The result shows Lthe obtained nisk is lower than foreign guidelings (see
Appendix of the Project Overview Report and Supporting Report 3), therefore this FEP was screened out.

These evalualions will be ¢lanfied in the final version of HI 2.

3-9.6 It seems o be more adequalte to treat biospheric subsystern FEPs as a part of the whole
Scenario Analysis (See Supporting Report 3, where the biespheric FEP list and interaction matrix
are treated in a separated chapter “vodels and Dataset for the Reference Case”™).

== For the HI2 biosphers assessment, the nuclide migration processes and exposure pathways were
incorporated into the compartment model, The interaction matrix 12 useful (0 show the relation between
FEPs and the main biosphere compoments which compose the compartment. Therefore, it is convenient Lo
include biospheric subsystem FEPs in the biosphere modelling secticn.

597  In the perturbed scenarios “Deficiencies of reposilory componenis™, just the “overpack
defect’” scenario has been considered. However, a scenario as broadly considered in performance
assessment, as is the “Repository Seal Failure™ has not been defined.

=> Quality control will make it possible to detect, avoid or repair any initial defects in the repasilory.
Therefore, an illustrative assessment relevant to the inital defects will be made solely on the assumption
that sealing of the overpack is incomplete (see 3.4.3 2) of the Project Overview Report and Sections 3.3 3),
5.4.2 and Tuble 3.2.5-3 of Suppoening Report 3.

Atlthouph a scenarico as i the “Repository Seual Failure” has not been defined explicitly. the impact of this
assumption could be examined by the results of consequence calculations assuming high flow mte or noe
retardation in host rock, which have been discussed in the Project Gverview Report and in Supporting
Report 3.

598  Perturbation scenarios of the type “Future Human Activities” as deep wells and boreholes
have been considered in the evaluation, but they have been modelled using very simple and not
proved to be conservative assumplions (see pages V-73 and V-4),

=> Al this generic-site stage that is the basis for Hi2, the generarion of a detailed human intrusion model
was judged 1o possibly arouse concern withoul recourse to our ability to justity specific data or model
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assumptions. Therefore the human intrusion case, as an unexpected isolation Failure scenario, is treated in a
simple, illustrative manner, The likelihood of the direct human imrusion into the disposal site can be made
low by selection of an appropriale site and design, Therefore, an illustrative assessment relevant to the
human intrusion was made solely on the assumption of & well drilling.

As mentioned in Secuon 3.2.4.3 of Supporting Repont 3. in accordance with the viewpoint described in
NAS (1995}, perturbation scenarios of the type “Future Human Activities” focus on the danger caused by
damaging the planned design functions of a geological disposal system due o one borghole drilled from
the surface through a region in the vicinity of emplaced waste packages. We agree with the statement in
NAS that "One can always conceive of worse cases, such as mulriple boreholes with each penetrating a
canister, but this single-borehole scenurio seems o us 1o hold the promise of providing considerable insight
into repository performance with the minimum complication™ {see page 111 in NAS (1995)). This meets
the purpose of perturbation scenarios toillustrate possible impacts of exiernal perturbation factors on the
expeciled system performance under the narmal evolution scenario.

NAS{1995); Technical Bases for Yucca Mountuin Swancirds,

®-9.9  Scenario Analysis should define clearly the period of time considered in the evaluation and it
should correspond to the time cut-off used for the calculations. However, there is an inconsistency
between the chapter describing genlogical environment, where it is stated that JNC should consider a
future time interval of 100,000 years after repository closure (see page [11-1), and the radiological
assessment chapter, which considers far longer time-scales, up to 100,000,000 years.

=> There is o misconception that the 10" years value represents an assessmeni-lime cut-aff. The value of
L0” years is & figure proposed in the AEC Guidelines as target with respecl to the ability to confirm the
geological stabilty of a patential waste disposal site over such a period. The HI2 SA calculation was
conducted without specifying any cut-off time according 1o the AEC Guidelines which requires to present
information in such a way thai the nsks {or hazards) ar the time period of muximum influence on man and
his environment,

Regarding the inconsistency between the chapter describing geological environment, please see the
response lo comment 3-1.

5-10 Additional comments

5-10.1 Figures 5.3.%1 of the “Project Overview Reporf” and J.4-1 of Supporting Report 3 -
“Salety Assessment” are the same. In Figure 5.3.3-1, instead of “AD. Alternative design' for the
Natural Barrier it should be “CNL.Alternative mode] cases™,

=» Thanks. The figure wili be corrected.

5-10.2  PageV-38: The temperature in the rock at 1080 m after 10{0) vears is not 45 °C like the text
indicates. 45 °C Is the initial temperature in the rock and the emplacement system recovers this
temperature after 10000 years, not 1{NH) years.

== As described in Section 2.2.2 1n Supporting Repon 3. emperature at disposad site of 1.000m depth in
crystalline rock wiath a ground temperature of 43°C is estimated  reach about 55°C at 1,000 years after
dispasat. In the cuse of sedimentury rock of 3U0m depth with an initial ground temperare of 30°C,
temperature ol disposal site is estimated to reach about 30 w0 50°C,
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The influence of heat release from the repository will be limited in the near-field rock. At 10000 years
after disposal. the rock temperature recovers the initial temperature. In addition, most of radionuclides will
be retained and retarded in the EBS for a very long time as shown in Figure 6.4-1 in Supporting Repont 3.
Therefore, for simplicity in the analysis the ambient temperature of the host rock is congidered after 1000
years.

We will modify the fotlowing textin page V-38. “The repository is located at a depth of 1,000 meters and
the temperature of host rock around the repository is 43 °C at 1000 years after disposal.”™ to “The
repository is tocaled at a depth of 1000 meters and the initial temperature of host rock arcund the
repository is 45 °C".

5.10.3 Giass leaching: For glass dissolution rate, 0.001 g/(m’d) was used based on long term glass
leaching experiments. For the overpack corrosion, “"safety factors” were used resulting in a much
larger corrosion rate than the long-term rate measured in the laboratory. Are the measured steel
corrosion rates considered as less reliable than the glass leaching rates?

== It is more a queslion of different design functions requiring different degrees of conservatism than a
question of different relizbility. Three aspects must be considered. First, the overpack has a containment
function, whereas the glass has 2 controlled release  funciion. Locglised differences in
disselution/corrasion rates (pils). therefare, have the potential for 2 much more significant impact on the
overpack function (early faiture) than on the glass function. Second, the release of most radioelements 15
insensitive to glass dissolutian rate because of solubility limits. For the few radioelements that may be
constrained by glass disscdution. their peak release rate from the EBS s rather insensitive to dissolution
rate {see Figure 5.5.2-1} because of attenuation and dispersion of by sorption. Third, there are a greal
number of processes affecting iron overpack corcosion (e.g.. corrosion by imitially trapped oxygen, long-
lerm anaerobic corrosion, pitting, mass-transfer of reacred species, and microbial effects), whereas the
longz-term zluss dissolution is controlled by formation of a gel layer/alieration products and mass transfer
of reacted species. The larger number of potential process intreduces a somewhat higher degree of
un¢ertainty for iron comesion rate.

5-10.4 Solubilities: The solubilities used in safety analysis seem to differ grossly between different
organizations. Partly, it can be ascribed to differences in groundwaler compositions, but there are
discrepancies that are mere difficult to rationalize. In your reference case, the solubility of Zr is
glven as 107" M, while using SKB's dalabase it comes out as 2.5-10% M virtually independent of pH
and water composition for fresh water. An even greater discrepancy is found for Th. These
deviations may be of little consequence for the safety of the repository, but will need some discussion.
Could you please comment this situation?

== See response to comment 3-8.2.

5-10.5 The overpack Failure times are postulated (o be 1000 years after disposal. Variations are
made upwards from this number {10040, 100080 years etc,). The overpack is deslgned to last for at
leasi 1000 years hased on conservative assumptions. Why is no analysis based on a best estimate of
overpack life time”

=> The prime factor in the relationship between corrosion rate and overpack thickness is the design
objective of [KK) years for complete contunment.  This value is selected tn prevent release of
radionuclides during the period of highly elevited thermal conditions and high tetnperature gradeents. 1f
future measurements on cormsion rates for overpack material confinm a lower corrosion rate, the thickness
of the overpuck would be accordingly decreased 1o met the design objective of 1000 years, rather than
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claiming a longer containment time for the original overpack thickness. Therefore it would be somewhat
misleading to cite calculations of a more extended containment Lime based on a lower, “best estimate™. for
carrosion rate.  Furthermore, such calculations are somewhat irrelevant because containment times up to
100,000 years will have little impact on dose rates of key dose-contributing radionuclides that have half-
lives much longer than this.

3-10.6  The total dose is dominated by Se-7Y far the flrst several thousand vears. The half.life of
Se-79 used in the analysis is 65,000 years. New infermation shows that the actual half-life is
1,140,000 years. Whal consequences will this have for the safety analysis?

=> We are aware of the newer data fram Chinese researchers. Unfortunately, this information reached us
atter considerable catculational cases were already completed. Furthermore, additional adjustments would
have been required in the biosphere model. Given the severe lime constraints for completing the HiZ2
report, we found it impassible to accommaodate this change. However, the infarmation of sich new dain is
noted in Table 4.1.3-2 of Supporting Repert 3.

Furthermore. we have conducied scoping calculations regarding the potential impact of this change in half
life. With respect to impact on release rates through the EBS and geosphere, the change in peak release
rale for Se-79 is negligible because the peak release occurs at a time only slightly greater than the old half-
lite. Furthermore, the non-sorbing character of Se means that essentially none of @ is trapped on buffer or
rock, so that combined retardation rapid™ radioactive decay is rot significantly contributing to limiting the
peak relgase rate of this nuclide,
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5-11 Table 54.1.5: Kd values: page Y-37

The buffer is set as a mixture of 70 wt%: bentonite and 30 wi%e guartz sand. Kd values in the buffer

should be averaged with the same relationship.

Kd values used are higher or are near the higher range given in other Performance Assessmenis
{Kristatlin in ENRESA-98 for Clay).

AP Clav* NALREA® JNLr

Ac -3 |
Am l=-3 1-3 1
Cm I-3 L
Cs 2 -03 0.1 - 0,2 L1
Nb —12 002 - 2.5 i
Np 01—} 0.1- I :
Pa ] -2 d.1-1 L
Ph i =IL5 i1
Pd 0=19.0] 01307 - 0,045 0.1
Fu -3 -3 10
Ra i1 = (.5 002 - 0.2 3.1
Se 0 - 0.3 NA01 — 0,005 1]
Sm in2- | |
sn Al -3 (L) | — 8,05 ]
Tc ] -l 1.01 =0.25 0.1
Th in]~3 0.i1-1 1

U i1 -1 o -1 ]
Zr n2-1 3- 25 10

* Evaluaciin del comportamiente ¥ de ka seguridad de un almacenamiento profundo en arcilla.
Publicacion Técnica ENRESA U344 (tabla &.15).

¥ " Kristallin-1 Safety Assessment Report”. Technical Report 93-22, NAGRA (1994),

*+* HI1Z Project to Establish Technical Basis for HLYY Disposal in Japan “Project Overview Report™,
Table 5.4.1.5.

Kd values in bentonite for Am, Cm, Pd and Pu are higher than the ones used in the ENRESA-Y8
(AGP Clay) and in Kristallin exercise. The values for Nb and Zr are also higher than the ones used
in ENRESA-98 {AGPF Clay) and are included in the range given in Kristallin,

Kd for Ra is lower that the one wsed in ENRESA-US (AGP Clay) and in Kristallin. The value for Cs
is lower than the one used in ENRESA-98 (AGP Clay) and is included in the range given in
Kristalfin
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=> The reference values for Kd are based on direct laboratory measurement of sorption on miact buffer
samples normalised by measurement of effective diffusion coefficient on the same intact buffer samples.
We believe that our values are the most representative values that have yet been collected, especially when
compared to the “batch” Kd values coltected on disaggregated bentonite samples that are the data sources
for the other assessments cited. Furthermore, an independent review team evaluated these Kd valyes.
Supporting Report 3 contains further discussion of this approach, which is suramarized as follows.

In H12, the distribution coefficients (Kd) for buffer material are derived from measured apparent diffusion
coeffictents (Da). which represent non-steady state diffusion including retardation by soTption, and
effective diffusion coefficients {De), which represent steady state diffusion, by the following equation.

Kd=—I[E~£)
o\ Da

Because we believe that this methodology can reflect the nuclide retardation in the buffer material better
than using batch Kd (see Supporting Report 3, 3.2.1.5and 4,1 .3.7).

When silica sand, which is generally inert with respect 1o sarption, is added. the distribution coefficients
must decrease theoretically. When Kds are derived from bateh sorption experiment, the weighted average
Kd values considering the bufter constituents should be discussed. However, in the HIE2 methodology. the
effect of silica sand mixture is directly Factored into our direct evaluations of Da and De. From the
measured D values, with a vanation of silica sand content, results show thal the effect of 30% sand
mixture is not significant (e.g. Idemitsu er af. 1994, Sute. 1999). As for De. o smali effect is recognized
only for anionic species for the 30 wt% mixture (Fujiwara er of. 1998).

The Kd values pointed out as high in comparison with the other reports are also derived from measured Da
and De values (Cm is determined by chemical unalog to Am). On the other hand the Kds are basically
derived form batch experiments in the other reports. This is probably the reason for the discrepancy. Note
also that our buffer is composed of lapanese benlonite that may intreduce some differences in Kd values
when compuared to different bentonite-bused buffers,

In our Kd derivations, Da values measured for the specific element with relevant redox condition are used.
Hawever De for tritiated waler {HTO) was used for the most elements due to lack of data,

For the cationic species such as Cs and Ra, the derived Kds from Dz and De tend o be significanty
smaller than batch experiments in fresh conditions. This may be because the porewater in compacted
bentonite m the diffusion experiments is rather salinc due to soluble impurities accompanied with
bentonite.

Referances

Fujiwara, H.. Yasutorm, 1., Kaw. H. and Ueta. S. (1998); Effective diffusivities of iodine. chlorine and
carbon in bemonite bulfer material, 1998 Annual Meeting of the Awmie Energy Society of Japan. L23 (in
Japanese).

Idemitso, K., Furuys, H.. Tachi. Y. and Inagaki, Y. {1993} : Diffusion of Uranium in Compacted Bentunite
in the Presence of Carbun Steel.. Mat. Res. Soe. Symp, Proc, Vol 333, pp939-946.
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5-12 Hydraulic transmissivity

1t's difficult to understand why the “host rock™ transmisivity, {and therefore the fracture aperture),
is the only parameter defined by a distribution function, when there are many parameters affected
by variability and/or uncertainty. The rest of the parameters are fixed in the reference scenario, and
they are only varied when doing the sensitivity analysis. This applies to the fault parameters too
(even lts transmisivily is fixed).

=> Radionuclide transport in a fractured rock is evalugted using a fracture network model. In the three-
dimensional fracture network model, fracture parameters including orientation, size as well as
rransmissivity {aperture) are defined by distributions. The result of radionuclide transpont in a three-
dimensional fracture network systemn is approximated by multi-one-dimensional model described in
Section 4.2 of Supporting Report 3. In the Project Overview Report, only the parameters for the multi-one-
dimensionzal model are described. This may cause misundersiandings like the one respensible for comment
3-12.

513 Natural barrier parameters

The description on the conceptual model and how the natural barrier parameters are obtained (pag.
¥-38) we think is rather poar. It's necessary to review “Safety Assessment” report t0 understand the
methodology and the modelling strategy. In general, the information provided in report JNC
TN1400 99-010 falls short of the minimum needed, There is room for traceability and transparency
improvemenis.

= The description of the natural barmer tn the Project Overview Report can be improved and we will
revise 1 to make rmore understandable. We would welcome whatever specific suggestions you could make.

5-14 Sensitlvity analysis

There is a lack of transparency in the list of the calculation cases and the presentation of sensitivity
analysis results (Tab, 5.4.2-1 & 5.4.2-8). In the sume way, the set of scenarios considered in the safety
assessment is confusingly presented in the summary.

=> This is an important portion of the Project Overview Report, so0 we are anxious to discuss, ¢lanfy and
reselve your concerns. Perhaps the table formats are oo comprehensive and wordy: we would welcome
your specific suggestions on how we might improve transparency and reduce canfusion of this matenal.

5-15 Alternative media

The treatment of alternative media is over simplified, as the conceptual model used for the geosphere
in the reference scenario 15 not modified. Only the hydraulic gradient, some rock-type dependend
parameters and the reference water are modified,

=3 The conceptual model used for the geosphere in the Reference Case i5 not medified in the aliemative
geological environment cases. because fraciure properiies in various rock types except granilic rock have
not yet been clarified and the connectivity of fractures in granitic rock is considered relatively high. Thus,
adopting fracture praperties in granitic rock for another rock types is conservative (see Section 3.2.2.1 (1)

of Supporting Report 3,
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5-16 Geosphere

In all the cases for the normal evolution scenario, there is no change In the geological barrier along
calculation time, 1t's like a fixed and simple photography of the geological medium. FThe justification
for this approach should be given.

== As shown in Section 3.2.2.9 and 3.2.2.2 of Supporting Report 3, thermo-mechanical, hydrogeological
ancd chemical effects on host rock zround repository afier emplacement are considered as insignificant,
Conservative and simplifted tregtment of geological barrier conceptual models is introduced in H12, which
is relevant for the generic 8A siage. Therefore, time-dependent changes in mechanical, hydrogeological
and chemical properties of the rocks are nol considered in the Reference Case.

[t should be noted that other previous reposiory safety assessments have alse adopted a time-invariant
reference case as a baseline {¢.g.. Kristallin-] Reference Scenario; SPA).

5-17 Geological changes

When assesslng the consequences of changes in the peological barrier induced by wnatucal
phenomenas:

if the calculations were done for 1,084),08{ years (instead of 100,00 vears) and 1he erosion and nplift
rates were | mmyyear, the repository would be exposed to surface, as it’s 1,000 m deep. Which would
be the consequences of this?

in the “Climate and sea level changes” scenario, changes in the dilution Factors in the biosphere are
not considered (only changes in the chemistry of water are). Which is the justification for this?

== Exposure of the repository to surface was taken into account in the uplififerosian scenaric {see Section
552 2y (1} ). [n the climate and sea-level change scenanio, eyclic change of groundwater chemistry in the
repasitory fraom SRHP to FRHP was assumed. However. changes in the dilution factors in the biosphere
were not considered. Even if sea-sediment is considered as the geosphere—biosphere interface (GBI} for
SRHP in this scenario, maximum dose increases at most ane order of magnitude. which is still much lower
than the regulatory guidelines in foreign countries.

5-18 Deep well scenario

The “Deep well scenario” is not quite well described. [t doesn’t seem to be changes nor in the
groundwater flow directions neither in the hydraulic gradients induced by the water extraction.
Nothing is specified about the extraction location and characteristics, only the water uses and
dilution are modified.

== Taking accoum of the [RG comment, we think this point needs to be made more explicitdy and we wil)
include & discussion aleng the following lines: '

Groundwater aguifers that can be used for well water {including deep wells) in Japan are generally limied
1 sediments post-Pliocene and recent volcanic rack {The Geographical Survey Institute, 1977). Lowlands,
such as alluvial fans, flood plams and deltas consist of Holocene deposits, including sand, pebbles, silt and
clay. Generally, groundwater is found an abendance in the shallow parts of the Inwlands. Tabletands and
benches mainly consist of Pleistacene deposits, and produce a considerable amount of groundwater from
depth. [n general, thick Pleistocene formation exists beneath the Holacene in the plains. More than 90%
of groundwater which can be utilised in Japan is considered to exist in the relatively shallow Holocene and
the Pleistocens formation (Kurata, 1962). with little being produced from deeper Pliocene deposits. Thus,
unless there is significant Future uplift of an initially deep repository, we believe a scenario mvolving
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penetration of a well to repository depths is highly unlikely. Nonetheless, we feel it is prudent to at least
examine the potential consequence of a "deep well scenano™,

To evaluate a “deep well scenario™. 1t 15 assumed that radionuclide release from the geosphere 1o the
biosphere are taken to the surface environment from a deep well sunk into a contaminated deep aquifer
(right Figure). The flux from the agquifer into the deep well is assumed to be the same as the flux from the
major fault into the aguifer with no addition occurning in the aquifer. Implicit in this assumption are two
further assumptions: (1) the deep well intercepts the radionuchdes discharged into the aquifer; and (2) there
is no sorption in the aquifer. The contuminated well water is assumed to be used mainly for drinking and
irrigation. The extraction rate of the decp well 15 set as 2x10° m'/y. which is derived from the log-mean
value of the distribution of waterworks capacity, where water i1s extracted mainly from deep wells (Japan
Water Works Association. 1996) (page V-39, V-62 in Supporting Report 3),

In the alternative cuse when a new well 15 dnlled downstream of the repository after disposal {Perturbation
scenario, page V-99 of Project Overview Report). there would be some impact on groundwater regime in
an aquifer, especially on groundwater flow rate and direction, as pointed out in the comment of reviewers,
However, it could be considered that these changes would be neglected due to the above assumptions.

Agricultural Structure Improvement Bureau ot the Minisiry of Agniculture, Forestry and Fisheries (1977}
Investgation on Actual Stus of Agricultural Water, (in Japanese)

Geogruphical Survey Institute (19771 Groundwater. Natonal Atdas of Japan, p.25. (in Japanese)
Japan Water Works Association { 1996 ) Statistivs of waterworks in FY 1994, {in Jupanese)

Kurata, N 01962y Groundwater in Japan, Chemistry of Underground, Series 1 Jitsugyo Koho-sha, p. 117, (in
Japanese)
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5-19 lsolation barriers

Cmne of the conclusions in point 5.6.2 is that: *“...even where no credit is taken for the geological
transport barrier, the system is sufficiently robusi that the calculated dese maxima remain low,
provided that the host rock continues to provide a svitable envirenment for the EBS. The EBS Lhus
plays a particularly important role given the inevitable variability, and associated uncertainties, of
the gealogical environment™,

Above conclusion is apparently based on Figure 5.5.1-8 “Change of maximum dose with increasing
migration distance in the host rock {Reference Case, 40,000 waste packape)” where doses with
“migration distance in the host rock={0" remain acceptable. Comparison of Th229 peak dases in
Figures 5.5.1-6/7/8 shows that, apparently, in calculations for Figure 5.5.1-8 the 800m Jong fault has
been bypassed.

Figure 5.5.1-8 caption should state clearly that “no credit is given to the Fanlt”, and justification For
above mentioned statement should be provided in the texi.

=> As described in Section 5.5.3 1) {3), in order to illustrate the efficiency of the EBS performance, a
totally hypethetical calculation case that assumes direct radionuclide release from EBS 1o the bigsphere,
i.e.. reteation of radionuclides in the natural barriers 1s ignored, is also considered in the total system
performance analysis. The result of this “robust case™ is included in Figure 5.5.3-3. We will explain the
result of this robust case to support the conclusion in Section 5.6.2 in the final report.

The text related to Fipure 5.5.1-8 will cleariy state that no credit for attenuation by the fault is included sn
these analysis.

5-20 Impact of waste package number on dese

In Page V-81 of the “Project Overview Report” il would be useful to explain that doses caused by the
400 waste packages (Figures 5.5.1-&%7) are calculated multiplying the release rates per waste
package (Figures 5.5.1-2/3) by the total number of waste packages (40} and the steady state flux-
to-dose conversion factors {Figure 5.5.1-4).

== We will add such text to this report. Alse adding the term “conservatively calculated”.

5:21 Geochemistry of Reference Case

In Figure 5.5.3-3 of the “Project Overview Report™, it would be useful to identify the case “fresh
reducing high pH+0.01 hydraulic gradient+silicic crystalline rock™ as the “REFERENCE CASE”,

== The Reference Case will be ideniified in the hzure.

3-22 Impact of geosphere on results of SA

3-22.1 In Section 3.5.3 of the “Project Overview Report” doses are calculated for several
alternative geological environment cases. It's assumed that radionuclide transport is controiled by
advection along the fractures, and the characieristics of the fractures are the same in all the cases.
Only the properties of the “rock matrix available for matrix diffusion change from one case to
another, as shown in Table 5.5.3-2.
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Since transport modelling is the same and transport parameters are quite similar for the 6 rock
classes, it can be seen from Figure 5.5.3-3 that peak doses {for the same groundwater and hydraulic
gradient) are practically the same for the 6 rock classes.

=> See response to comment 5-13.

5-22.2  In the “sofl rocks™ (Neogene sandstone and Neogene mudstone/tuff) radionuclide transport
prabably will be controlled by diffusion through the rock, not advection along [Mractures.
Fracturation probably will be different for each hard rock class. As & consequence, the simplified
maodelling used in H12 to study alternative geological environments is not realistic and can lead to
wrong conclusions about the influence of the geological formation characteristics on the repository
performance,

=> It i5 possible (hat sedimentiry rock systems will have a different balance of matrix diffusion and
fracture transport than crystailine rock.

According to our observations conducted at various sites, in some Neogene sedimentary rack fracture
dominaied flow. However. there are few investigations an the fracture properties in Neogene sedimentary
rock and thus these properties are not well known, Therefore. the fraclure properties in granitic rock are
adopted to simulate Neogene sedimentary rock where fractures dominate.

On the other hand, in some Neogene sedimentary rock fracture flow is not dominant. Thus, radionuelide
iransport in porous media wus also evaluated using equivalent continuum models. Since it is found that
performance assessment evaluated by Fracture network models is more conservative than that evaluaied by
contmuurn models, we choose (o represent rudionuclide ransports in all rock types by fraclire network
madels for sufety case evaluation (see Section 5.2.3.2 of Supporting Report 3).

Finally. as yau note, it might be possible that diffusion ruther than adavective flow could be the dominant
transport mechanism of radionuclides through unfractured low-permeability “soft-rocks”. Clearly this
would lead 10 strong reduction in peak dose rates for the repasitory. But in the absence of site-specific
information on fracture characteristics and permeability. we have decided not 10 illustrate this more
favourable case.

5.23 Te.99

In Figure 5.5.1-7 of the “Project Overview Report” the label for Tc-99 should be included, because
doses due to Tc-99 are shown in the graphic.

=> We will lubel Tc-99 i Figure 5.5.1-7.

5-24 (Cs-135 doses

In Page V90 {conclusions about the EBS) it’s said that Cs-135 doses are sensitive to the glass
dissolution rate and relatively insensitive to the flow rate in the EDZ. From results in Table 5.5.2-1 it
can be seen that effect on peak doses due to Cs-1335 of changing one order of magnitude the glass
dissolution rate is smaller than the effect of changing one order of magnitude the Now rate in the
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EDZ. As a consequence, Cs-135 doses are more sensitive to the flow rate in the EDZ than to the glass
dissolution rate, and above conclusions should be written in a different way.

=> See response o comment 5-25,

5:25 Radionuchde concentrations

In page Y-8 [t is said that “if the nuclide concentrations outside of buffer were set io zero
(equivalent to a high flow rate in the EDZ), the maximum release rates of Se-79 and Np-237 from
EBS were approximately two orders of magnitude greater than those in the Reference Case™.
Concentration equal to zero outside the buffer is not one of the variants considered in H12, and this
assertion seems arbitrary (although probably correct),

Conclusion 3 in page V-90 seemis to be based on calculations done assuming concentration equal to
zero outside the buffer, which should be clearly stated.

Perhaps the best solution would be io include a new “alternative model case™ for the EBS, with
concentration equal to zero outside the buifer.

== Release rute of Cs-135 13 no Bnearly sensitive to glass dissolution rate and the flow rate in the EDZ,
when both parameters ure increased one order of mugnitude compared with the values for the Reference
Case. The foliowing inlerpretation is deseribed in 6.2.1 1) of Supporting Report 3

[t the tormer case. this response may be because the shurp peak in the release rate from the glass that
appears as the glass lifetime (and hence the Cs-1335 leaching time) becomes srnall is significantty modified
by transient diffusion rewarded by sorprion. In the lutter case, release rate of Cs-135 is limited by the glass
dissolution rae.

Based on the results of the daa varanon cases. release rates of many puclides from the EBS vary
approximately in proportion o the fAlow rate in the EDZ. The release rate assuming concentration equal 1o
zero outside the buffer, that is a mathematical treatment a5 a hypothetically extreme boundary condition,
was presented as an information to show the upper limit of release rale due to varialion of the flow rate in

the EINZ,

As pointed out in the comment, conclusion 3 in Page V-90 should be derived from explicitly defined
calculation cases. Therafore, we will noie in V-86 thit the release rate assuming this hypothetically
extreme boundary condition is presented in order 1o disxcuss the sensitivity of this parameter variation o
release rates from the EBS.

According to these comments, the conclosion in Project Qverview Report will be written in the following
way.

+ The releases of nuclides that are limired by solubility are not sensilive to the rate of glass dissolution,
but are sensitive o changes in solubility resulting from variations in pore waler composition. The
release rates of these nuchides [romn the EBS are sensitive to the flow rate in the EDZ,

« The release rate of Cs-135 is sensitive to bath the glass dissolution rate and the flow rate in the EDZ
when 10-fold decrease from the Reference-Cuse data, but not linearly sensitive 10 10-fold increase
from the Reference-Case duta.
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326 Diffusion coefficient: page ¥-91

Conclusion: “The correlation that is assumed beiween the effective ... a greater diffusion
coefficient should be revised.

In my opinion, what really happens 15 that:

« transport is practically independent of the value of De {in the studied range), because diffusion
into/from the rock matrix is faster than advection in Lhe Fracture. As a consequence, it’s correct
to assume that the concentration in the fracturc water and the rock matrix porewater are the
SAME,

¢ gince the minimum value of the Kd in granite is guite high (0.01 m3/kg for Selepium), the
radionuclide traveltimes in the host rock and the fracture are independent of the rock matrix
porosity,

¢+ the radionuclide traveltimes in the hosl rock and the fracture are proportional to the rock dry
density. Since in the data variation cases this parameter is changed only 1%, the effect on doses
is negligible,

Conclusion can be written as follows: “Changing the rock matrix porosity has no effect on doses.
Results are insensitive to small changes in the rock dry density. Four orders of
magnitude......... maximum dose equivalent™,

=> Although the correlation among porosity. dry density and De are possible. there are still quite large
uncertainties within this corralasion. Therefore. we would like o revise the conclusion based on the
comment as follows,

“Resufts are insensmive w osmall changes in the rock mateix porgsity and the reck dry density, Four orders of
magnitude difference in the effective diffusion dose net change the maximam dose equivalent sigrificantly. either in
cases with or without the fault. whereas one order ol mugnitude differgnce in the grourdlwater velocity within the
Fault results in around one order uf magnitude difference in the maximum dose eguivalent™.

5-27 Minor comments
5-27.1 Page V-6: Figure 5.1.3.2: Geological environmental

=» The figure will be corrected,

5-27.2 Page V-34: Table 5.4.1-1: distribution coeffictent — effective diffusion Circumference

=> The table will bc cormmected.

5-27.3 Page V-44: Table 5.4.1-8; length us 2t host rock

=> The table will he comected.
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6. COMMENTS ON CHAPTER ¥I

6-1 Section 6.2.3: Requirements for safety assessment: page VI-8: last paragraph

Statements about ‘tremendous changes in the next glacial epoch’ and “this giacial epach will have a
relatively small impact on the geological environment of Japan’ seem ito convey contradictory
moessages. Last part of paragraph on next page contains another contradictory message about time
frame of the assessment.

=> We will modify the following sentence in page VI-&:

“Man’s lifesiyle and environmental congitions will undergo remendous changes in the next glacial epoch
that is expected to arrive around 1en thousand years from now. There will thus be inherently greater
uncertainties involved in the resulis of a sufety assessment for this period and thereafter. As noted in
chapter T this glacial epoch will have a relatively small impact on the geolegical environment of Japan.™,
L

“Man’s lifestyle and environment will underge tremendous changes in the nexl glacial epoch that is
expecled 1o arrive around ten thousand years from now. There will thus be inherently greater uncertainties
involved in the results of a salety assessment for this period and thereafter. However, as noted in chapter
[11, changes that occur during this zlacial epoch will mostly affect the near-surface environment, and will
have a relatively small impact especially on the deep geological environment of Japan.™

We will also consider adding at the end of p. VI-9, paragraph 2, a sentence along the following lines:

“Predictions related to the deep zenlogical environment are, however, possible over considerably longer
timescitles, due ta the lesser impact of these chimatic influences”™.

6-2 First point of first list on page VI1-8
Comment about use of reference biosphere is confusing,
=> We will modify the following sentence in page VI-9:

“UUse of reference biosphere as a tonl for measuring the performance of a geclogical disposal system in
terms of a radiation dose yardstick (IAEA, 199617, to

“Use of reference biosphere 1o uvoid speculative discussion on the future evalution of the biosphere by
providing a simple and robust approach to representing transter through the biosphere to humans (IAEA,
199917,

and replace IAEA ( 1996) for the following reference.

IAEA (19991 . Critical Groups und Biospherss in the Context of Radioactive Waste Disposal. Fourth Repart
of 1he Working Group on Principles and Criteria for Ridivactive Waste Disposal, IAEA-TECDOC- 1077,

6-3 Page VI-12: last paragraph

The use of complementary safety indicators has no impact on repository safety; il can only improve
the presentation of the safety case.

=> True. We will modify the follawing sentence in page VI-8:

“Application of complementary safety indicators can increase the reliability of long-lerm safery discussed in Chapter
[ B L R
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Applicution of complementary sufety indicators can increase confidence in long-term satety and improve the
transparency of 115 présentalion.”

It is also noted that the presentation of the safety case is itself a key issue, in order that it is accessible to a
wide audience. Thus, indicators that are not directly related to safety should also be considered.

-4 Slte selection

Requirements on a site are defined with the help of physical characteristics of the geological system.
To what extent can these characteristics be explored and/or proved with sufficient certainty for a
conceplual model? This can vary for different rock types. Can . g., the fracture system determining
the permeability of 2 jointed solid rock be described with sufficient certainty? Deficiencies in
exploration may lead to conservative assumptions within the performance assessment. The aspect of
explorability/provability should, therefore, be taken into account in the selection of a site.

=> We agree thai the explorubility/praovability of geosphere characteristics are important in the selection of
a site. But, we only noted in page 11-5 (Project Overview Report) 1) the characteristics that a favourable
ceological environment should have.

Since explorability/provability is site specific and is unknown at present, we are considenng the interactive
relationship wmong sile charicterization, repository design and performance assessment in a reai field [ [
et al., 1999 at 4" GEOTRAPI.

6-5 General comments on Chapter &

6-5.1  This is the key chapler of the Overview Report, for it is meant to address the two primary
objectives of the H-12 study:

e  Qutline the technical basis for the reliability of geological disposal in Japan.

s Provide inpul inlo the siting and regulatory procedures,

The chapter is not convincing. In particular it gives little solid material on which a decision 10 go
forward could be articulated., The treatment of lopics is almost scholastic. What are the real
difficulties of gaining technical confidence not only by the specialists but also by the local public;
what are the difficulties of managing a long-lterm project; how to keep focused on safety culture;
how to ensure fexibility;: which are the current challenges internationally ai technical and
regulatory level; and why is there confidence that these challenges can be met. What is the general
thinking in Japan? What merit those apinions have?

=> We cancur with your peint that Chapter V1 does not deal with all of the issues that will emerge after
Japan makes a decision to develop a deep geological repository. This orssion from Chapter VI, however,
is intentional. The H12 Coordination Group, composed of representatives from Japanese universities,
government. private industries and wtilities. examined the intended scope of this HIZ report. It was
recommended that the H12 report must establish the weehnical feasibility and reliability for supporting a
decision to proceed with geoiogical disposal. It was further recommended thas the H12 report should focus
on R&D information needs issociated with the development of site selecrion ¢riteria, creation of safety
standards, and Lhe technical basis for management of an eventual disposal site.

The key non-technical issues you cite, such as dealing with the local public, non-safety aspects of site
selection {¢.x.. land ownership}, establishing a safety culture, etc., are indeed potentially imporant and
need to be considered within the cantext of nuclear waste mianagement in Japan. It was the judgemenl of
the H12 Coordination Group. however, thai neither the H12 report por JINC as a lead organisation were
appropriate for this evaluation of non-technical issues.
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We would, however, appreciate further diziogue with the [RG regarding improvement in the treatment of
the technical aims and accomnplishments of the HiZ repon, and especiaily in Chapier Vi. We can also
consider your suggestion regarding a separate high-level repent that might examine other, non-technical
factors that may affect site selection and confidence building between the technical and public
communities.

6-5.2 It would seem that, in order to meet the primary objectives, JNC could usefully put
together a high-level report where the necessary information - JNC's, national ard international - is
abstracted, commented upon, and recommendations made. JNC could pattern this report, e.g., an
Ch. % of AECL-14711 of 1994, or on the siand-alone AECL-10721 of 1994,

=» See response 1o comment 6-3.1.

6-6 Siling

This section i5 rather “light"” and states the obvious. Indeed, what we read is not necessarily the
result of this study. Also, this section reflects a technical-only point of view, whereas site selection
will be influenced by consideration other than long-term safety, e.z., all considerations that are
typically included, in Europe and North America, in an environmental assessment report. Can.one
do without commenting on those aspects?

== According the requirements of the AEC Guidelines, this section mainly focuses on the technical basis
of siting rather than the sociat aspect of siting.

Detailed requirements for siting will be discussed and prepared separately with the frumework of safety
regulation.

6.7 Comments to 6,1.2

6-7.1 Do you plan to identify - for screening - major crush zones ? How to you suggest
topography should be factored in lor selecting sites 7 How aboul criteria on conservation and
ground water areas, land use plans, land ownership, etc.?

=> The answer to the first question is: Yes. crushed zones and ather zones of wealness will be identified
and avoided as part of site screening.  Second. Yes. topography is considered as part of determining
hydraulic gradients and ratex of erosion. Third, the various criteria you discussed will certainly be used for
screening but are not part of the technical basis.

-7.2 A more generic questions is: which are the eriteria to move forward that you considered
initially, and which ones you did not retain and why 7 Should this information not be communicated
as well ?

=> The criteria mentioned in chapter 6 are the basic and primitive ones. Categorization of the criteria is not
within the scope of HI 2.

-8 Comments to 6.1.3

6-8.1 This section is also rather “light” and states what seems lo be obvious, i.e., what we read is
not necessarily the result of this siudy. At present, this section reads as asking for carte blanche for
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deing research. The issues here are: is the technology mature {0 go ahead to site selection and
characterization? What is needed **de minimis" to make an acceptabie environmental safety case?

=> Detailed descriptions of siting criteria and/or siting approach are not within the scope of H12. Specific
tools for site characterisation are discussed as pan of the Supporting Reponis.  Additionaily,
characterisation methods as broadly described by many proprammes. Therefore, we feel that there is an
adequate techmical basis for site selechion and characterisation. Adequacy of the safety case is dependent
on the regulatory framework.

6-8.2  Whatever is suggested in 6.1.2 and 6.1.3 should be put in perspective with the results of the
present study: where are the uncertainties; how to deal with them; why can we have confidence that
these uncertainties can be dealt with; what could be a step wise implementation process of geologic

disposal; eic. -

== Descriptions required in this section are the basic technical requirements for siting and the présent siate
of the methadology R&D for site charucterisation.

6-% Comments to 6.2.1

6-9.1  We learn that the layout and design of the repository is flexible,"as explained in Ch, V",
But, in fact, that is not so obvigus, and the issuc of flexibility deserves a whole section to itself in
formulating recommendations to the implementor, the regulator, and the policy maker.

=> See response o comment 6-5.1.

6-9.2  Similar comments to section 6.1.3 apply here. For instance, why is there confidence that the
buffer material with desired propertics can be obtained?

=> See response to comment 6-3.1,

6-10 Comments to 6.2.2

This section seemns rather light. 1t doesn’t really summarise lessons learnl. Should it be part of the
report? Time needs to be taken to explain the difficulties of decision making in a step-wise manner
where not only technical institutions will be involved.

=> See response to comment 6-5.1.

G-11 Comments to 6.2.3

G-11.1 1In 1), is a case being made, or to be made, to decouple uncertainties in natural and
engineered barriers from uncertainties in the biosphere?

=> Due to the uncenainties in the biosphere, the "reference biosphere™ approach is used for the biosphere
modeling. This tends to decouple the assessment of the biosphere from that of the near-Field and
geosphere, although the nawre of the geosphere-biosphere interface is always emphasized, as is the need
for consistenl treatment of all componants of the disposal system.
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6-11.2  In 3): (i) the NEA has more recent references than the 1991 Collective Opinion: the 1PAG-1
and - 2 studies, and the Confidence Report of March 1999. (ii) a safety assessment is just more than
technical analyses and calcnlations: it is also a collection of technical judgements made that are to
some extent subjective and whose bases have to be stated. Confidence aspects of producing a safety
assessment should be addressed. A safety assessment also provides a basis for dialog amopagst
stakeholders. This aspect and its implications should also be mentioned.

=>  See response 10 comment 6-3. |
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