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Monday 2 ™ June

Introduction and registration

0930 — 1000 | Coffee/tea and registration

1000 - 1020 | Opening of the course and organisational aspects

Introduction to the ITC and Posiva Oy

Introduction of participants

1020 - 1030 | Course orientation (pre-assignment)

Module I: Basics of Cement Chemistry

1030 - 1130 | Introduction to the basics of cement chemistry: part |

1130 — 1145 | Coffeel/tea

1145 - 1245 | Introduction to the basics of cement chemistry: part Il

1245 - 1300 | Module | wrap-up

1300 - 1400 | Lunch

Module II: Application of cementitious materials in geological disposal — conceptual
view of the use of cementious materials

1400 - 1500 | L/ILW disposal designs — shallow and deep repositories

1500-1600 | HLWY/SF disposal designs

1600 - 1630 | Coffee/tea

1630 — 1715 | Long-lived ILW and special features of co-location with HLW/SF

1715 - 1730 | Module Il wrap-up and preparation for site visits (Module V)

1830 - 2100 | Guided tour of old Rauma and dinner

Tuesday 3™ June

Module 1lI: Long-term safety evaluation of cementit  ious materials in geological
disposal

0830 - 0930 | SA aspects of cementitious systems

0930 - 1030 | Cement related FEPs

1030 - 1100 | Coffeel/tea

1100 - 1200 | Natural and archaeological analogues

1200 — 1215 | Module Il wrap-up




1215 - 1315 | Lunch
Module 1V: Understanding of interactions — cement, the EBS, the geosphere etc

1315 - 1415 | Cement degradation reactions and modelling

1415-1530 | Cement leachate interactions with the EBS: laboratory and modelling

1530 - 1600 | Coffee/tea
1600 — 1700 | Cement leachate interactions with the geosphere: laboratory and modelling
1700 — 1715 | Module IV wrap-up

1715 - 1800 | Briefing and data collection instruction for field visits (introduction to designs)
1800 — 2000 | Sauna and dinner at the Vuojoki Orangerie

Wednesday 4 " June

Module V: Field visits (two alternative sites) - br  iefing

0830 - 1130 | For URCF — ONKALO (grouting, rock support, tunnelling)
0830 - 1130 | For L/ILW — VLJ-Cave (concrete silos, rock support)
1130 - 1300 | Group exercise | (ONKALO & VLJ-Cave): preparation for group presentations
1300 — 1345 | Lunch in Olkiluoto
1345 -1445 | Module V presentations : 4 groups, two topics
Module VI: Development of new cement materials and products
Low alkali/low pH materials
1445 — 1615 | - ongoing work in Finland
- international studies
1615 - 1645 | Coffeel/tea
Case study 1
1645 — 1745 | Applications and long-term safety and performance aspects (LLIW)
1745 - 1800 | Modules V & VI wrap-up
1800 — 2000 | Bronze Age picnic

Thursday 5 ™ June

Module VII: Design of permanent and removable cemen  t/concrete structures and

applications
0830 - 0930 | Types of structures and materials
0930 - 1000 | Coffeel/tea
1000 - 1130 | Design and construction techniques
1130 - 1200 | Group exercise Il (requirements for structures and materials): introduction
1200 - 1300 | Lunch
1300 - 1600 | Working in groups (coffee/tea break during group work)
1600 - 1800 | Group presentations: 4 groups, two topics
1800 — 2100 | Course dinner

Friday 6™ June

Module VII (cont.): Case studies 2 & 3




Case study 2

Example research project (LCS)
0830 - 0930 )
Examples of practical tests

0930 - 0945 | Module VIl wrap-up and introduction to post assignment

0945 — 1015 | Course wrap up and feedback (coffee/tea during discussion)

1015 - Departure from Rauma

1215-1315 | Lunch

Case study 3

12.30 - 1530 | Site visit to cement manufacturer (Parainen quarry and R&D centre)

1530 End of course
Direct transport to Turku airport (flights to Stockholm or Helsinki) or return to Rauma

Course Outline

This is a novel course for the ITC on the useseofi@nt and cementitious materials in the geologlsgdosal
of radioactive waste (radwaste). The 5 day prograrnfon 2008 features seven, interlinked, modulescivhi
cover all aspects of the use of cementitious nmaltemn radwaste disposal. Sufficient time will Hpeated
for questions and discussions in each presentatamule and afterwards, over coffee and lunch.

In addition to formal teaching (including group esises and field visits) each course participameguired
to prepare a pre- and post-assignment related gocolirse. The purpose of the assignment is that the
participants devise a specific cement-related tapfocus on during the course (see details below).

Module I: Basics of Cement Chemistry

This module includes presentations on the fundaaterdf cement chemistry and mineralogy and will
provide enough information for a novice in thisate understand the following 6 modules. Areas mve
will include basic cement chemistry and mineralogistoric development of cements (including pre-
industrial uses), cement production and applicatigwhy are there such a wide range of cement
formulations?). Participants will come to understtéimat, although cement and concrete are ubiquitotise
modern world (and were, to a degree, in the ancaemid), they are complex materials and there &te s
many things to learn about them, especially in ¢batext of radwaste disposal. The focus will be on
‘standard OPC (Ordinary Portland Cement) typespobher formulations will be covered in module VI.

Module II: Application of cementitious materials geological disposal — conceptual view of the uke o
cementious materials

The course participants will be introduced to thecific application of cement in the geologicalptisal of
radwaste, including the historical development ementitious repository design (who first thought of
disposing radwaste in concrete and why?). Whattlaee advantages and disadvantages of the use of
cementitious materials in waste disposal? Couldoviéd and operate our repositories without cemerat a
concrete? What are the strengths and weaknestes different designs for the different waste stisa Are
there any designs or waste streams, which couldaabonsidered for cementitious materials? Conisiger
that industrial cements were first introduced o¥B0 years ago, which areas require further, repgsit
relevant R&D? By the end of this module, the coupseticipants should have an understanding of the



current range of cementitious repository designs #e logic behind the use of cement and concrete i
radwaste disposal.

Module IlI: Long-term safety evaluation of cemaatis materials in geological disposal

Here, experienced safety assessment (SA) modelldrexplain how cementitious material are viewed
within a repository safety assessment - and what itcneeds to fulfill to immobilise radwaste. Ths a
significantly different role from that of desigmrestruction- and operational-related cement andires) the
course participants to see cementitious materiala idifferent light. The participants will also taa
something of the SA approach to evaluating the obleement in a repository and how the SA modellers
assess the strengths and weaknesses of cemepbsitoey systems. Of course, one of the cruciaktjoes
about any man-made material such as industrial ceiméhow long will it last, how long can we depmkan

it to do the job we require of it?. This will albe addressed by the SA modellers and the partisipaiii be
introduced to the methodology of long-term testingamely, natural analogues. Here, the coursecptits

will gain an insight into how examples from natgrewn laboratory can support our short-term lalooyat
experiments and give us confidence that cement camtrete can indeed last as long as we need to
immobilise even the longest-lived wastes.

Module IV: Understanding of interactions — ceméiné¢, EBS, the geosphere etc

Although most people probably view cement and cetecas ‘wonder materials’ with which we can do
almost anything, there are some aspects of cenoerstimaterials which have to be considered mostfaly
when using them in a radwaste repository. In Modyléhe clear advantages of cements were pointgd o
but, here, some of the potential disadvantage®xaeined. These stem from the basic fact that cemen
out of equilibrium with its surroundings when pldda the geosphere: cement leachates have arl ptitiaf
>13, whereas most repository host rocks’ ground- @orewater has a pH somewhere between 6 and 8. Thi
clear disequilibrium leads to reactions which afteto re-assert equilibrium by dissolution of somimeral
phases and the crystallisation of others. This reodull address these changes, beginning with hiogv t
cementitious material itself slowly degrades argl ithpact this then has on the surrounding host ek
other parts of the engineered barrier system (EB@@ence from laboratory experiments will be batke
with model calculations to provide the course pgitints with a clear overview of the likely impdbese
complex cement/EBS/host rock interactions will hawethe long-term performance of a repository.

Module V: Field visits in Olkiluoto

The participants have a choice of sites in Olkibuotelated either to L/ILW (VLJ-Cave; see
http://www.tvo.fi/www/page/1725/ for details) or to HLW disposal (ONKALO; see
http://www.posiva.fi/fenglanti/tutkimus _esittely.htrfor details). The number of visitors to ONKALO is
limited on operational grounds so places will bpaponed on a first-come basis.

In the VLJ-Cave, the participants will get acquéhteth an operating L/ILW repository, where conerbgs
been utilised in a wide range of réles, includingste silo construction, tunnel support, waste esdagon,
tunnel flooring etc. The visit will also includente in the short underground research tunnel usetield
testing of deep geological disposal methods antthtdogies. The participants will also have the opputy

to have a look at the research hall on the ONKALi®, svhere deep borehole cores are characterised in
detail.

In ONKALO, the groups will be taken undergroundsie the application of cementitious materials, with
special emphasis on fracture grouting (to controugdwater inflow) and the R20 programme. In ONKALO
concrete is also used in water collection dams ragdsurement points and rock support. The partitspan
will also visit the research hall as above.



Module VI: Development of new cement materials@ducts

If industrial cements are already over 150 yeads why do we need new formulations? This has ayread
been addressed to a degree in modules I-1V, blbeiexamined more closely here. The drivers behewl
formulations will be explored as will the historicdevelopment of ‘alternative’ cement types. Theirma
focus will be on a range of low alkali cements whiave the advantage of lower pH (~10.5 to 11.&i) the
traditional OPC formulations, but other materiadsich as silica sol and bentonite grouts will ale b
discussed and their role in repository constructiod performance examined. By the end of this neydbk
course participants will have an understandinghaf newer cement formulations and how they can be
employed in a wide range of repository designs e fmeus of this area of R&D in this area is the abe
these cements in HLW and SF repositories, for examp

Module VII: Design of permanent and removable cdfoencrete structures and applications

The patrticipants will be introduced to some examplé repository-relevant concrete structures whiah,
addition to the information provided in the prewsazourse modules, will act as a basis for the gexgocise.
Here, the groups will define design requirements d¢oncrete structures in both L/ILW and HLW
repositories, bearing in mind the different nataféhe repository engineered barriers and the fpadles
which they have to play in the long-term performeant the repository. To add some additional vasrato
the tasks, different groups will be assigned déiferhost rock types with different physico-chemical
properties.

The current state-of-the art in concrete structageiirements for deep geological disposal is délleloping,
so the course participants could make a real dartton to the body of knowledge in this field.

The module will finish with a site visit to a centenanufacturer with an opportunity for the partasips to
get a view of how cement materials are developetfmw their quality is assured in both the R&D and
production environments.

Participants’ profile — is this course for you?

The course is ideal for those involved in any congmt of a national radwaste programme and who have
desire to learn about all aspects of working witment and concrete in waste disposal. While some
background in either cement or radwaste is us#falmodules have been so designed as to ensuraniat
participant who currently only has a rough ideah&f use of cement in waste disposal, will profinfrthis
course. A basic grasp of chemistry is required,rbate important is a genuine interest in being ived in
cement-related issues in waste disposal. If yowasaire if this course is for you, please feel treeontact

the course directors, Russell Alexanderuséell.alexander@itc-school.prgand Marjatta Palmu
(Marjatta.Palmu@posiva)ffor an informal chat.

Course organisers

The course is jointly organised by tHe&C-School (www.itc-school.orgyandPosiva Oy(www.posiva.f) and
is supported by a wide range of organisations amlividuals who are actively involved in the use of
cementitious materials in radwaste disposal.

Teaching



The course will be held in an informal, workshomasphere and participants will be encouraged tract
with and question the tutors at all times. In additto the ITC course director, who will be presantll
times, each module will have a dedicated directtiose aim is to ensure that the participants fully
understand the module contents and are ready te oot the next part of the course.

Each course module will be taught by highly quatifand internationally recognised specialists feorange
of organisations active in the field of radioactivaste disposal. They will provide the most up &edand
comprehensive information currently available oohetopic. To back up the taught information, haogies
of course material will be provided to each pap@éeit. Modules will generally be taught throughdwe day,
but there will also be two field trips to coursderant sites (including Posiva’s ONKALO and VLJ-@av
facilities and a cement manufacturer’s quarry agRacility). In addition, a focussed, group sessiwill
be held where the participants will be split intoadl groups and encouraged to develop their ownghts
on the requirements for cementitious materialepository construction and operation.

And finally......

To help you to get the most out of this course weelld like you to produce a short pre-course assajnt.
But don’'t worry, we are not asking you for muchoeff just a little thought in advance of attendihg
course which will focus your thinking and give usiasight into your requirements. And don’t worfyou
cannot express yourself fluenthiis is not a testrather it is simply intended to help us get towrnyou a bit
in advance. In return, you will be given the courgers’ CVs when you start the course.

Course Assignment please email to Gabi Vonlantheabi.vonlanthen@itc-school.drgy 15" May, 2008
with ‘Cement course assignment’ in the subject line

» why have you chosen this course?
» what are your learning objectives for the course?
» what other objectives do you have for the course?
» tell us a little (a couple of sentences) about yemlurcational and professional background
» tell us a little about your current job — and abaay relevant projects you are currently workingoon
have recently completed. How do these relate teecg¢studies in waste disposal?
» if not covered in the previous question, what isryprevious experience in cement studies in general
and in the field of waste disposal in particular?
* is there any specific area of cement and cememnsitimaterials in the geological disposal of
radioactive waste where you expect to increase koowledge by the end of the course?
-pick at least one topic bearing in mind thas tehould be your ‘guiding theme’ during the
course
-how is this topic relevant to your disposal sgste
-what is already known about the topic?
-what more do you need to know on the topic?

As an outcome of the course, we expect you to peepahort plan on how you are going address your
topic using the additional knowledge gained dutimg course — this will help both you and us asdess
we have addressed your training requirements apptely.



