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Abstract

The Aspd Hard Rock Laboratory (HRL) is an important part of SKB’s work with the design and
construction of a deep geological repository for the final disposal of spent nuclear fuel. Aspd HRL
is located in the Simpevarp area in the municipality of Oskarshamn. One of the fundamental reasons
behind SKB’s decision to construct an underground laboratory was to create opportunities for
research, development and demonstration in a realistic and undisturbed rock environment down to
repository depth. The underground part of the laboratory consists of a tunnel from the Simpevarp
peninsula to the southern part of Aspd where the tunnel continues in a spiral down to a depth of

460 m. Aspd HRL has been in operation since 1995 and considerable international interest has been
shown in its research, as well as in the development and demonstration tasks. A summary of the
work performed at Aspd HRL during 2008 is given below.

Geoscience

Geoscientific research is a basic activity at Aspd HRL. The aim of the current studies is to develop
geoscientific models of the Aspé HRL and increase the understanding of the rock mass properties

as well as knowledge of applicable methods of measurement. A main task within the geoscientific
field is the development of the Aspd Site Descriptive Model (SDM) integrating information from the
different fields. The main activities in the geoscientific fields have been: (1) Geology — completion
of the feasibility study concerning geological mapping techniques and mapping of rock surfaces

in the new tunnel, (2) Hydrogeology — monitoring and storage of data in the computerised Hydro
Monitoring System, (3) Geochemistry — sampling of groundwater in the yearly campaign and for
specific experiments and (4) Rock Mechanics — field tests to evaluate the counterforce needed to
prevent thermally-induced spalling in deposition holes.

Natural barriers

At Aspd HRL, experiments are performed under the conditions that are expected to prevail at
repository depth. The experiments are related to the rock, its properties and in situ environmental
conditions. The aim is to provide information about the long-term function of natural and repository
barriers. Experiments are performed to develop and test methods and models for the description

of groundwater flow, radionuclide migration, and chemical conditions at repository depth. The
programme includes projects which aim to determine parameter values that are required as input to
the conceptual and numerical models.

A programme has been defined for tracer tests at different experimental scales, the so-called Tracer
Retention Understanding Experiments (True). The overall objectives of the experiments are to gain
a better understanding of the processes which govern the retention of radionuclides transported in
crystalline rock and to increase the credibility of models used for radionuclide transport calculations.
During 2008, work has been performed in the projects: True Block Scale Continuation and True-1
Continuation (writing of papers to scientific journals) and True-1 Completion (meeting to plan the
coming analyses of material from the over-coring of two boreholes at the True-1 site performed in
2007).

The Long Term Sorption Diffusion Experiment complements the diffusion and sorption experiments
performed in the laboratory, and is a natural extension of the True-experiments. The in situ sorption
diffusion experiment was started in September 2006 and after injection of epoxy resin the over-coring
was successful in the beginning of May 2007. To allow determination of sorption and penetration
profiles of the different tracers used in the experiment several sample preparation methods and analysis
techniques have been necessary to adopt. During 2008 analyses were performed on sample cores
drilled from the fracture surface on the core stub and from the matrix rock surrounding the test section.

The Colloid Transport Project was initiated in 2008 and is a continuation of earlier colloid projects.
The overall goal for the project is to answer the questions when colloid transport has to be taken
into account in safety assessments. The project comprises field tests at the Grimsel test site in



Switzerland and laboratory experiments to study colloid stability and mobility under different
conditions. Modelling of colloid transport experiments in fractures with different length, filling and
aperture was performed.

Microorganisms interact with their surroundings and in some cases they greatly modify the
characteristics of their environment. Several such interactions may have a significant influence on
the function of a future repository for spent fuel, and are therefore studied in the Microbe Projects.
In the microbe laboratory, located at the —450 m level in Aspd HRL, studies of microbial processes
are on-going within several projects. Bio-mobilisation and bio-immobilisation of radionuclides are
studied in Micomig, microbial effects on the chemical stability of deep groundwater environments in
Micored and bio-corrosion in Biocor.

The project Matrix Fluid Chemistry Continuation focuses on the small-scale micro-fractures in

the rock matrix which facilitate the migration of matrix waters. Understanding of the migration

of groundwater, and its changing chemistry, is important for repository performance. Data from
hydraulic testing of fracture-free and fracture-containing borehole sections in the matrix borehole are
available. Reporting of analyses of matrix pore water chemistry and the matrix borehole hydraulic
studies is ongoing.

The continuation of the project Padamot includes developments of analytical techniques for uranium
series analyses applied on fracture mineral samples and focuses on the use of these analyses for
determination of the redox conditions during glacial and postglacial time. Two laboratories have
carried out uranium series analyses on samples taken from a drill core at Aspd. The results so far are
very promising in that the samples seem to mirror the redox front, both mobilisation and deposition
of uranium are shown.

The basic idea behind the project Fe-oxides in Fractures is to examine Fe-oxide fracture linings, in
order to explore suitable palaco-indicators and their formation conditions. During 2008 the continu-
ation phase of the project entitled: *To establish the penetration depth of oxidising waters below
ground surface’ has been finalised. A new analytical method to determine the penetration depth of
oxidising waters using Fe-oxides has been used in the analyses of a drillcore from Laxemar. The
results suggest that fractures of the upper 50 meters are currently experiencing episodes of oxidising
conditions and that oxidising waters can penetrate down to a depth of approximately 90 meters
without glacial influence.

The Single Well Injection Withdrawal (Swiw) Test with Synthetic Groundwater constitutes a comple-
ment to the tests and studies performed on the processes governing retention of radionuclides in the
rock, e.g. the True experiments. The feasibility study has been finalised and the True Block Scale
Site is one of three candidate sites. The original plan for 2008 was to decide a test site for the project,
but since the ongoing work at the new tunnel in the vicinity blocks the site until June 2009 the selec-
tion of a test site has been postponed.

Important goals of the activities at Aspd HRL are the evaluation of the usefulness and reliability of
different models and the development and testing of methods to determine parameter values required
as input to the models. An important part of this work is performed in the Task Force on Modelling
of Groundwater Flow and Transport of Solutes. Task 6 (performance assessment modelling using
site characterisation data) initiated in 2001 has now been completed and modelling work is ongoing
in Task 7 (long-term pumping test in Olkiluoto, Finland). Task 7 is also addressing the usage of
Posiva Flow Log (PFL) data and issues related to open boreholes.

Engineered barriers

At Aspd HRL, an important goal is to demonstrate technology for and the function of important parts
of the repository system. This implies translation of current scientific knowledge and state-of-the-art
technology into engineering practice applicable in an operational repository. It is important that
development, testing and demonstration of methods and procedures are conducted under realistic
conditions and at an appropriate scale. A number of large-scale field experiments and supporting
activities are therefore carried out at Aspd HRL. The experiments focus on different aspects of
engineering technology and performance testing.



The Prototype Repository is a demonstration of the integrated function of the repository and provides
a full-scale reference for tests of predictive models concerning individual components as well as the
complete repository system. The layout involves altogether six deposition holes, four in an inner
section and two in an outer. The relative humidity, pore pressure, total pressure and temperature in
different parts of the test area are monitored. Although the tunnel is drained, the pore pressure in the
backfill in both sections is continuing to increase. During 2008, the work with the new tunnel near
by the site has affected both the measured pressure and the water outflow from the tunnel.

The Long Term Test of Buffer Material (Lot-experiment) aims at validating models and hypotheses
concerning physical properties in a bentonite buffer material and of related processes regarding
microbiology, radionuclide transport, copper corrosion and gas transport under conditions similar
to those in a KBS-3 repository. Further analyses of the long-term test parcel (A2) have been made
at different laboratories and the three remaining test parcels have been functioning without any
disturbances during 2008.

The objective of the project Alternative Buffer Materials is to study clay materials that in laboratory
tests have shown to be conceivable buffer materials. Three test parcels with different combinations
of clay materials are installed in boreholes at Aspd HRL. The parcels are heated carefully to increase
the temperature in the buffer to 130°C. The heaters in two parcels were activated initially and the
goal value was reached in the end of 2007. In the third parcel the buffer was fully saturated in
August 2008 and the heaters were activated. In addition, analyses of different buffer materials have
been performed.

The Backfill and Plug Test is a test of the hydraulic and mechanical function of different backfill
materials, emplacement methods and a full-scale plug. The inner part of the drift is backfilled with
a mixture of bentonite and crushed rock and the outer part is filled with crushed rock. The wetting
of the backfill started at the end of 1999 and the backfill was completely water saturated in 2003.
Since then testing of flow to measure the hydraulic conductivity in different parts of the backfill and
compressibility tests have been performed. Ongoing monitoring comprises measurements of water
pressure, total pressure and leakage of water through the plug in the tunnel.

The aim of the Canister Retrieval Test was to demonstrate readiness for recovering emplaced can-
isters even after the time when the surrounding bentonite buffer is fully saturated. The canister was
successfully retrieved in 2006. The saturation phase had, at that time, been running for more than
five years with continuous measurements of the wetting process, temperature, stresses and strains.
During 2008, analyses of the retrieved buffer have progressed and are close to being finalised. The
laboratory work has produced data of the mechanical strength, the swelling pressure, hydraulic
conductivity and the chemical/mineralogical constitution.

The Temperature Buffer Test aims at improving our current understanding of the thermo-hydro-
mechanical behaviour of buffers with a temperature around and above 100°C during the water
saturation transient. The experiment has generated data since the start in 2003 and the temperature in
the buffer around the lower heater had, in the end of 2008, reached a value of 150°C. The evaluation
of THM processes is made through analyses of sensors data and numerical modelling. In parallel,
evaluation and numerical modelling are made of lab-scale mock-up tests performed by CEA in
France. The previously planned gas injection test in the upper buffer will not be carried out since
hydraulic tests revealed that the buffer around the sand-shield was not sufficiently tight.

SKB and Posiva are co-operating on a programme for the KBS-3 Method with Horizontal
Emplacement (KBS-3H). A continuation phase of the project is ongoing and the aim of the
complementary studies is to develop KBS-3H to such a level that the decision of full scale testing

can be made. During 2008 several tests have been performed at the —220 m level in Aspd HRL. The
tests with the Megapacker, a grouting device, have been successful and the tests with the deposition
equipment look very promising, however, improvements have to be made to make it more robust. In
addition, preparations have been made for construction and testing of a compartment plug (steel plug).

The aim of the Large Scale Gas Injection Test is to perform gas injection tests in a full-scale KBS-3
deposition hole. The installation phase, including the deposition of canister and buffer, was finalised
in 2005. Water is artificially supplied and the evolution of the saturation of the buffer is continuously
monitored. The preliminary hydraulic and gas injection tests were completed in the first quarter of



2008. Analysis of the hydraulic data indicates only minor or no changes of the buffer properties after
the gas injection tests. In 2009 a second series of preliminary gas injection tests will be made as part
of the ongoing hydration phase. A concerted effort has also been made for the quality assurance of
experimental data during 2008.

Although a repository will be located in rock mass of good quality with mostly relatively low fracturing,
sealing by means of rock grouting will be necessary. The main goal of the project Sealing of Tunnel at
Great Depth is to confirm that silica sol is a useful grout at the water pressures prevailing at repository
level. To achieve this, the Tass-tunnel has been constructed at the —450 m level at Aspd HRL. The
excavation of the Tass-tunnel started at the end of 2007 and has now reached its final length of

80 meters. Grouting has been performed with ordinary grouting fans outside the tunnel contour and
with holes drilled inside the contour. In the project it has been shown that it is possible to limit the
inflow to a deposition tunnel to the required value with injection of silica sol both in fans outside and
inside the tunnel contour.

The objective of the project In situ Corrosion Testing of Miniature Canisters is to obtain a better
understanding of the corrosion processes inside a failed canister. In Aspd HRL in situ experiments
are performed with miniature copper canisters with cast iron inserts. The canisters will be exposed to
both natural reducing groundwater and groundwater which has been conditioned by bentonite. In the
beginning of 2007 all five canisters were installed in the boreholes and a report on the installation
and results obtained until May 2008 has been prepared. The monitoring has continued and data
relating to the chemical conditions, corrosion of the test specimens and dimensional changes are
continuously collected and analysed.

In the project Cleaning and Sealing of Investigation Boreholes the best available techniques are

to be identified and demonstrated. In order to obtain data on the properties of the rock, boreholes
are drilled during site investigations. These investigation boreholes must be cleaned and sealed,

no later than at the closure of the repository. The work performed in 2008 has mainly included the
characterisation of a number of investigation boreholes at Laxemar and Forsmark. The aim has been
to select two boreholes that are representative and can be used as reference holes for further studies
in the project.

The Task Force on Engineered Barrier Systems addresses, in the first phase, two tasks: (1) THM
processes and (2) gas migration in buffer material. However, at the end of 2006 it was decided to
start a parallel Task Force that deals with geochemical processes in engineered barriers. During
2008, two Task Force meetings have been held. In Benchmark 1 (laboratory tests) the modelling of
THM processes and gas breakthrough is finalised. In Benchmark 2 (large scale field tests) the main
work has been within modelling of the Canister retrieval test at Aspd HRL and the finalising of the
modelling of the URL tests. Laboratory experiments and results from the experiment Long term
test of buffer materials have been used as benchmarks for the performed geochemical modelling.
The chemistry group has had two meetings were it was discussed how to adjust existing general
geochemical modelling tools in order to successfully apply them to bentonite modelling.

Aspé facility

The Aspé facility comprises both the Aspd Hard Rock Laboratory and the Bentonite Laboratory.
Important tasks of the Aspé facility are the administration, operation, and maintenance of instru-
ments as well as development of investigation methods. The main goal of the operation of the
facility is to provide a safe and environmentally sound facility for everybody working or visiting the
Aspd HRL. The goal of an operational time of 98% for the underground laboratory was as earlier
years exceeded. The Bentonite Laboratory has been in full operation during 2008, where different
methods and techniques for installation of pellets and blocks in deposition tunnels and tests on
piping and erosion of buffer and backfill material have been performed. The public relations and
visitor services group is responsible for presenting information about SKB and its facilities. During
the year 2008 SKB facilities and the site investigation activities in Oskarshamn and Forsmark were
visited by about 24,000 visitors.



Environmental research

Aspd Environmental Research Foundation was founded in 1996 on the initiative of local and
regional interested parties. The aim was to make the underground laboratory at Aspd and its
resources available for national and international environmental research. The activities have since
2003 been concentrated to the Aspd Research School. When the school’s activities were concluded
as planned in 2008, the remaining and new research activities were transferred within the frame of
a new co-operation, Nova Research and Development (Nova FoU). The aim is to support new and
innovative research, where the extensive SKB data set from geological, hydrogeological, hydrogeo-
chemical and ecological investigations can be used.

International co-operation

In addition to SKB, eight organisations from seven countries participated in the international
co-operation at Aspd HRL during 2008. Six of them: Andra, BMWi, CRIEPI, JAEA, NWMO and
Posiva together with SKB form the Aspo International Joint Committee which is responsible for the
co-ordination of the experimental work arising from the international participation. The international
organisations are participating in the experimental work at Aspd HRL as well as in the two Aspd
Task Forces: (1) Task Force on Modelling of Groundwater Flow and Transport of Solutes and

(2) Task Force on Engineered Barrier Systems.



Sammanfattning

Aspélaboratoriet i Simpevarp i Oskarshamns kommun #r en viktig del i SKB:s arbete med utformning,
byggande (och drift) av ett slutforvar for anvéant kdrnbransle. Ett av de grundldggande skélen till SKB:s
beslut att anldgga ett underjordslaboratorium var att skapa forutsittningar for forskning, utveckling

och demonstration i en realistisk och ostord bergmiljo pa forvarsdjup. Underjordslaboratoriet utgors

av en tunnel frdn Simpevarpshalvén till sodra delen av Aspd dir tunneln fortsitter i en spiral ner

till 460 meters djup. Aspdlaboratoriet har varit i drift sedan 1995 och verksamheten har viickt stort
internationellt intresse. Hir foljer en sammanfattning av det arbete som bedrivits vid Aspdlaboratoriet
under 2008.

Geovetenskap

Forskning inom geovetenskap ir en grundliggande del av arbetet vid Aspdlaboratoriet. Det huvud-
sakliga malet med de pagaende studierna dr att utveckla geovetenskapliga modeller samt att 6ka
forstaelsen for bergmassans egenskaper och kunskapen om anvéndbara mitmetoder. Den huvudsakliga
uppgiften inom det geovetenskapliga omradet ar utvecklingen av en platsbeskrivande modell for

Aspé dir information fran olika Amnesomraden integreras. De huvudsakliga aktiviteterna inom de
olika omradena har varit: (1) Geologi — avslutat forstudien av geologiska karteringsmetoder och

utfort kartering av bergytor i den nya tunneln, (2) Hydrogeologi — 6vervakning och lagring av data i
det datoriserade hydromoniteringssystemet, (3) Geokemi — den arliga provtagningen av grundvatten
samt provtagning for specifika experiment och (4) Bergmekanik — faltforsok for att utvéardera vilket
mottryck som behdvs for att forhindra termiskt inducerad spjalkning i deponeringshal.

Naturliga barridrer

I Aspodlaboratoriet genomfdrs experimenten vid forhallanden som liknar de som forviintas rada
pa forvarsdjup. Experimenten kopplar till berget, dess egenskaper och in situ forhallanden. Mélet
med de pagéende experimenten &r att ge information om hur de naturliga och tekniska barridrerna
fungerar i ett langtidsperspektiv. Ett viktigt syfte med verksamheten vid Aspdlaboratoriet ér att
vidareutveckla och testa berdkningsmodeller for grundvattenstromning, radionuklidtransport och
kemiska processer pa forvarsniva. I programmet ingér att bestimma vérden pa de parametrar som
krdvs som indata till konceptuella och numeriska modeller.

Bergets forméga att fordroja transport av sparamnen studeras i olika skalor i True-forsoken. Syftet
ar att 0ka forstéelsen for de processer som styr fordrdjningen av radionuklider i kristallint berg
samt att Oka tillforlitligheten hos de modeller som anvénds for berékning av radionuklidtransport.
Under 2008 har arbete skett inom delprojekten: “True Block Scale Continuation” och “True-1
Continuation” (framtagning av artiklar for publicering i vetenskapliga tidskrifter) och “True-1
Completion” (mote for att planera de kommande analyserna av material fran 6verborrningen av tva
borrhal vid True-1 som genomfordes under 2007).

LTDE-forsoket ar ett komplement till de sorptions- och diffusionsforsok som genomforts i
laboratorium och ar ocksa en utvidgning av de experiment som genomforts inom True-programmet.
Sorptions- och diffusionsforsoket in situ startade i september 2006 och efter injicering av epoxi
slutférdes 6verborrningen med lyckat resultat i borjan av maj 2007. For att kunna bestdimma sorption
och penetrationsprofiler for de olika sparamnen som anvéndes i forsoket har bade provberedning

och analysmetoder behdvt anpassas. Analyser har under 2008 gjorts pa provkarnor som borrats fran
sprickytan péa borrkdrnan och fran den omkringliggande bergmatrisen.

Kolloidtransportprojektet initierades under 2008 och &r en fortsittning pé tidigare genomforda
kolloidprojekt. Malséttningen med projektet &r att ge svar pa fragor som ror hur kolloidtransport
bor behandlas i kommande sikerhetsanalyser. I projektet ingér féltexperiment i Grimsellaboratoriet
i Schweiz och laboratorieexperiment for att studera kolloiders stabilitet och rorlighet under olika
forhallanden. Transportmodellering gors pd genomforda experiment i sprickor med olika ldngd,
fyllnadsmaterial och sprickvidd.



Mikroorganismer samverkar med sin omgivning och kan i vissa fall ha en betydande inverkan pa
forhéllandena dér. Detta kan vara av betydelse for hur ett framtida forvar for anvént briansle fungerar
och studeras dirfor inom Mikrobprojekten. 1 mikroblaboratoriet pa 450 m djup i Aspd pagar studier
av mikrobiella processer inom flera projekt. Mikrobers forméga att mobilisera och binda radio-
nuklider studeras i1 projektet Micomig, mikrobiella effekter pa den kemiska stabiliteten i miljoer med
djupt grundvatten studeras i1 Micored och bio-korrosion studeras i Biocor.

I fortsdttningen av Matrisforsoket ar fokus pa hur de sméskaliga mikrosprickorna i bergmatrisen
underléttar matrisporvattnets rorelse. Forstaelsen av grundvattnets rorelse och forandringar i
vattenkemin dr viktig for slutforvarets funktion. Data fran de hydrauliska testerna av sprickfria och
uppspruckna sektioner i matrisborrhélet finns tillgédngliga. Rapportering av genomforda kemiska
analyser pa matrisporvatten och hydrauliska tester i matrisborrhélet pagar.

I fortséttningsprojektet av Padamot ingar utveckling av analytiska tekniker for uranserieanalyser
pa mineralprov i sprickor med fokus pa anvindningen av dessa analyser for bestimningen av
redoxforhéallanden under glaciala och postglaciala forhéllanden. Uranserieanalyser har genomforts
av tva laboratorier pa prov tagna fran en borrkirna fran Aspd. Erhallna resultat verkar lovande i det
avseende att proven aterspeglar redoxfronten, bade mobilisering och fastlaggning av uran syns.

1 projektet Jdrnoxider i sprickor undersoks jarnoxidtéckta sprickytor for att hitta lampliga palaeo-
indikatorer och beskriva under vilka forhillanden dessa bildas. Under 2008 har fortsdttningsfasen
med titeln: ’Faststdllande av penetrationsdjupet for oxiderande vatten under markytan’ avslutats. En
ny analysmetod for att bestimma penetrationsdjupet for oxiderande vatten med hjilp av jarnoxider
har anvints pa ett antal prover frén en borrkérna frdn Laxemar. Resultaten indikerar att sprickor i de
Ovre 50 metrarna for nérvarande tidvis utsdtts for oxiderande forhéllanden och att oxiderande vatten
har trangt ner till cirka 90 meters djup utan glacial paverkan.

Swiw-tester med syntetiskt grundvatten utgor ett komplement till testerna och studierna som utforts
rorande de processer som styr fordréjningen av radionuklider 1 berget, till exempel True-experimenten.
Forstudien har avslutats och platsen for True Block Scale” dr en av tre kandidatplatser for testerna.

I den ursprungliga planen ingick att vilja plats for testerna under 2008, detta har dock skjutits pa
framtiden, da det pagdende arbetet med en ny tunnel i ndrheten av ”True Block Scale” blockerar platsen
till juni 2009.

Aktiviteterna vid Aspdlaboratoriet omfattar projekt med syfte att utviirdera anviindbarhet och
tillforlitlighet hos olika berdkningsmodeller. I arbetet ingar dven att utveckla och prova metoder for
att bestimma parameterviarden som kravs som indata till modellerna. En viktig del av detta arbete
genomfors i ett internationellt samarbetsprojekt “Aspé Task Force on Modelling of Groundwater
Flow and Transport of Solutes”. Under 2008 har ”Task 6” (anvdndandet av data fran platsundersok-
ning 1 modellering for sékerhetsanalys) avslutats och modellering pagétt inom “Task 7 (pumptester
under lang tid i Olkiluoto, Finland). I ”Task 7” ingar dven att studera anvéindandet av data fran PFL
(Posiva Flow Log) och fragestdllningar relaterade till 6ppna borrhal.

Tekniska barridrer

Verksamheten vid Aspdlaboratoriet har som mal att demonstrera funktionen hos forvarets delar.
Detta innebdr att vetenskapliga och teknologiska kunskaper anvands praktiskt i arbetet med att
utveckla, testa och demonstrera de metoder och tillvigagangssitt som kan komma att anvindas vid
uppforandet av ett slutforvar. Det &r viktigt att mojlighet ges att testa och demonstrera hur forvarets
delar kommer att utvecklas under realistiska forhallanden. Ett flertal projekt i full skala, liksom
stodjande aktiviteter, pagér vid Aspdlaboratoriet. Experimenten fokuserar pa olika aspekter av
ingenjorsteknik och funktionstester.

I Prototypférvaret pdgér en demonstration av den integrerade funktionen hos forvarets barriérer.
Prototypforvaret utgér dessutom en fullskalig referens for prediktiv modellering av slutforvaret

och barridrernas utveckling. Prototypforvaret omfattar totalt sex deponeringshél, fyra i en inre
tunnelsektion och tva i en yttre. Métningar av relativ fuktighet, portryck, totalt tryck och temperatur
i olika delar av testomradet genomfors kontinuerligt. Portrycket i bada sektionerna har fortsatt 6ka
trots att tunneln ar dranerad. Bade trycket i aterfyllningen och vattenutflddet fran tunneln har under
2008 paverkats av arbetet med byggandet av en ny tunnel i niarheten av prototypforvaret.



I Lot-forsoket genomfors langtidsforsok pa buffertmaterial som syftar till att validera modeller
och hypoteser som beskriver bentonitbuffertens fysikaliska egenskaper och processer relaterade
till mikrobiologi, radionuklidtransport, kopparkorrosion och gastransport under forhallanden som
liknar dem i ett KBS-3-forvar. Under 2008 har ytterligare analyser av langtidsforsokets testpaket
(A2) genomforts vid olika laboratorier och de tre aterstaende testpaketen har fungerat utan nagra
storningar.

Malet med projektet Alternativa buffertmaterial ér att studera olika lermaterial som i laboratorietes-
ter har visat sig vara tdnkbara buffertmaterial. Tre paket med olika kombinationer av lermaterial har
installerats i borrhél i Aspdlaboratoriet. Paketen ska virmas for att forsiktigt hdja temperaturen i buf-
ferten till méltemperaturen 130 °C. I tvd av paketen startades virmarna direkt och méaltemperaturen
uppnaddes i slutet av ar 2007. Bufferten i det tredje paketet var vattenméttad i augusti 2008 och da
startades virmarna i detta paket. Under aret har dven analyser av olika buffertmaterial genomforts.

1 Aterfyliningsforsoket undersoker man den hydrauliska och mekaniska funktionen hos olika ater-
fyllnadsmaterial. Forsoket dr ocksa en demonstration av olika metoder for inplacering av aterfyllnad
och installation av tunnelforslutning. Sektionens innersta del ar aterfylld med en blandning av
krossat berg och bentonit medan den yttre delen dr aterfylld med krossat berg. I slutet av 1999
startade bevitningen av aterfyllningen och den blev fullstdndigt mittad under ar 2003. Dérefter

har flodestester genomforts for att bestimma den hydrauliska konduktiviteten i olika delar av
aterfyllningen samt kompressibilitetstester. Kontinuerliga métningar gors av vattentryck, totaltryck
och vattenutflode genom tunnelpluggen.

Atertagsforsoket syftade till att prova teknik for att aterta kapslar efter det att den omgivande bentonit-
bufferten har vattenmiittats. Under 2006 genomfordes ett lyckat atertag av kapseln. Vattenméttnadsfasen
hade d pagétt i mer &n fem &r med kontinuerliga méatningar av fukthalten, temperaturen och spénningar.
Laboratorieundersokningar pd bentonitbufferten frén forsoket har pagatt under 2008 och &r i det
nérmaste avslutade. Resultat har erhdllits avseende mekaniska egenskaper, svilltryck, hydraulisk
konduktivitet och kemiska/mineralogiska fordndringar i bentonitbuftferten.

Syftet med TBT-forsoket ar att forbattra forstaelsen av buffertens termiska och hydromekaniska
utveckling under vattenuppmaéttnadsfasen vid temperaturer runt eller hdgre dn 100 °C. Experimentet
har genererat data sedan starten 2003 och temperaturen runt den nedre virmaren hade i slutet av
2008 gatt upp till 150 °C. Utvdrderingen av THM-processerna gors genom analyser av sensordata
och genom numerisk modellering samt parallellt genom utvirdering och numerisk modellering av
laboratorieforsok utférda av CEA i Frankrike. Det tidigare planerade gasinjekteringsforsoket i den
ovre bufferten kommer inte att 4ga rum da genomforda hydrauliska tester visar pa att bufferten runt
sandskolden inte ar tillrackligt tét.

Ett forskningsprogram for ett KBS-3-forvar med horisontell deponering (KBS-3H) genomfors som

ett samarbetsprojekt mellan SKB och Posiva. Nu pagar en fortsittningsfas av projektet med mal-
sattningen att utveckla KBS-3H till en sddan niva att beslut kan fattas om fullskaletest. Flera tester har
genomforts pd —220 m nivan i Aspdlaboratoriet under 2008. Genomforda tester med en Megapacker
for injektering har varit lyckosamma och tester med deponeringsutrustningen ser lovande ut, men
forbéttringar méste goras for att den ska bli mer robust. Dessutom har férberedande arbete gjorts for
att installera och testa en stalplugg.

Syftet med ett Gasinjekteringsforsok i stor skala ar att studera gastransport i ett fullstort deponerings-
hal (KBS-3). Installationsfasen med deponering av kapsel och buffert avslutades under 2005.

Vatten tillfors bufferten pa konstgjord vig och utvecklingen av vattenmittnadsgraden i bufferten
mits kontinuerligt. Under forsta kvartalet 2008 avslutades de preliminéra hydrauliska testerna och
gasinjekteringstesterna. Analys av hydrauliska data visar pa ingen eller knappt mérkbar paverkan

pa buffertens egenskaper efter gasinjektering. En andra serie av prelimindra gasinjekteringstester
kommer att genomforas under 2009 som en del av den nu pagaende uppmaéttnadsfasen. Under 2008
genomfordes dven en riktad anstrangning for att kvalitetssdkra data fran forsoket.

Aven om ett forvar kommer att lokaliseras till ett berg av god kvalitet med 1ag sprickforekomst
kommer injektering av berget behdvas. Malséttningen med projektet Tdtning av tunnel pd stort
djup idr att bekréfta att injekteringsmedlet silica sol ér ett anvéndbart injekteringsmedel som kan
anvindas vid de hoga vattentryck som rader pa forvarsdjup. I Aspdlaboratoriet pd —450 m nivan har

10



Tass-tunneln drivits for att visa detta. Utbyggnaden av Tass-tunneln startade i slutet av 2007 och har
nu natt sin fulla lingd om 80 m. Injektering har genomforts 1 vanliga skérmar utanfér tunnelkonturen
och 1 hal innanf6r konturen. I projektet har man kunnat visa att det gar att begrénsa inflodet av vatten
till de nivaer som efterfragas for deponeringstunnlar med injektering av silica sol bade med skérmar
utanfor och innanfér tunnelkonturen.

Malet med projektet In situ testning av korrosion av miniatyrkapslar ar att f en battre forstaelse
av korrosionsprocesserna inuti en trasig kapsel. Vid Aspdlaboratoriet genomfors in situ experiment
med miniatyrkopparkapslar med gjutjdrnsinsats dar kopparkapslarna kommer att utsittas for bade
naturligt reducerande grundvatten och grundvatten som har jadmviktats med bentonit under flera ar.
I borjan av 2007 var alla fem kapslar installerade i borrhdlen och en rapport som beskriver sjdlva
installationen och resultat som erhallits, fram till maj 2008, har tagits fram. Moniteringen av expe-
rimentet har fortsatt och data rérande kemiska forhéllanden, korrosion av provbitar och dndringar i
kapselns storlek mits kontinuerligt och analyseras.

I projektet Rensning och forslutning av undersokningsborrhal ska béasta mojliga tillgingliga

teknik identifieras och demonstreras. I platsundersdokningarna borras undersékningsborrhél och en
noggrann karakterisering genomfors for att erhélla data pa bergets egenskaper. Dessa borrhal maste
rensas och pluggas senast nér driften av slutforvaret avslutats. Det huvudsakliga arbetet under 2008
har varit karakteriseringen av ett antal undersdkningsborrhal i Laxemar och Forsmark. Mélet har
varit att vilja tva undersokningsborrhél som dr representativa och kan anvindas som referensborrhal
i kommande arbete inom projektet.

Det internationella samarbetsprojektet “"Task Force on Engineered Barrier Systems”, omfattar i

den forsta fasen av projektet huvudsakligen tva omraden: (1) THM-processer och (2) gasmigration

i buffertmaterial. Under 2006 beslutades det dock att starta upp en parallell ”Task Force” som
behandlar geokemiska processer i ingenjorsbarridrer. Tva “Task Force” moten har héllits under 2008.
I ”Benchmark 1” (laboratorietester) har -modelleringen av THM-processer och gasgenombrottet
avslutats. I "Benchmark 2” (storskaliga fdlttest) har det huvudsakliga arbetet varit modellering

av Atertagsforsoket i Aspdlaboratoriet och modelleringen av URL-testerna som har avslutats.
Laboratorieexperiment och resultat frdn Lot-forsoket har utgjort "benchmark™ for den geokemiska
modelleringen. Tva méten har héllits 1 geokemigruppen for att diskutera hur befintliga generella
geokemiska modelleringsverktyg kan anpassas for att forbéttra modelleringen av bentonit.

Aspéanliggningen

I Aspdanliggningen ingér bade det underjordiska berglaboratoriet och Bentonitlaboratoriet. En
viktig del av verksamheten vid Aspdanldggningen dr administration, drift och underhall av instru-
ment samt utveckling av undersdkningsmetoder. Malet med driften av Aspdanliggningen ir att
garantera sikerheten for alla som arbetar eller besoker anldggningen samt att driva anldggningen
pé ett miljomassigt korrekt sitt. Malet med en tillgdnglighet i berglaboratoriet pd 98 % uppndddes
som tidigare ar dven detta ar. Bentonitlaboratoriet har varit i full drift under 2008. I laboratoriet har
olika metoder och tekniker for installation av pelletar och aterfyllningsblock i deponeringstunnlar
utforts, men dven erosionstester pd buffert och dterfyllningsmaterial har genomforts. Information
och besoksgruppen vid Aspdlaboratoriet &r ansvariga for att ta fram information om SKB och dess
anldggningar. Under 2007, besoktes SKB:s anlédggningar och platsundersdokningarna i Oskarshamn
och Forsmark av ungefir 24 000 besokare.

Miljéforskning

Aspd Miljoforskningsstiftelse grundades 1996 pa initiativ av lokala och regionala intressenter, med
malsittningen att gora Aspdlaboratoriet och dess resurser tillgéingliga dven for nationell och inter-
nationell miljéforskning. Aktiviteterna har sedan 2003 varit koncentrerade till Aspd:s forskarskola.
Under 2008 avslutades som planerat forskarskolan och padgaende och kommande forskningsaktiviteter
overfordes, inom ramen for ett nytt samarbete, till forsknings- och utvecklingsplattformen Nova FoU.
Malsittningen dr att stddja ny och innovativ forskning dar SKB:s stora dataunderlag fran geologiska,
hydrogeologiska, hydrogeokemiska och ekologiska undersokningar kan anvéndas.
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Internationellt samarbete

Forutom SKB har étta organisationer fran sju lander deltagit i det internationella samarbetet vid
Aspdlaboratoriet under 2008. Sex av dem, Andra, BMWi, CRIEPI, JAEA, NWMO och Posiva utgor
tillsammans med SKB “Asp6 International Joint Committee” vilken ansvarar for att koordinera

det experimentella arbetet som uppkommer fran det internationella deltagandet. De utlindska
organisationerna deltar bade i det experimentella arbetet i Aspdlaboratoriet och i modelleringsarbetet
inom de tva Aspd “Task Force”grupperna: (1) Task Force on Modelling of Groundwater Flow and
Transport of Solutes” och (2) ”Task Force on Engineered Barrier Systems”.

12



Contents

1 General 15
1.1 Background 15
1.2 Goals 16
1.3 Organisation 16
1.4  International participation in Aspd HRL 17
1.5  Allocation of experimental sites 18
1.6  Reporting 18
1.7  Management system 19
1.8  Structure of this report 19
2 Geoscience 21
2.1 General 21
2.2 Geology 22

2.2.1  Geological mapping and modelling 22

2.2.2  Rock Characterisation System 22
2.3 Hydrogeology 23

2.3.1 Hydro Monitoring Programme 24
2.4  Geochemistry 25

2.4.1 Monitoring of Groundwater Chemistry 25
2.5 Rock Mechanics 26

2.5.1 Counterforce Applied to Prevent Spalling 27

Natural barriers 29
3.1  General 29
3.2 Tracer Retention Understanding Experiments 30

3.2.1 True Block Scale Continuation 31

3.2.2  True-1 Continuation 34

3.2.3  True-1 Completion 34
3.3 Long Term Sorption Diffusion Experiment 35
3.4  Colloid Transport Project 38
3.5  Microbe Projects 40

3.5.1 Micored 42

3.5.2 Micomig 45

3.5.3 Biocor 45
3.6  Matrix Fluid Chemistry Continuation 47
3.7 Padamot 49
3.8  Fe-oxides in fractures 49
3.9  Swiw-tests with Synthetic Groundwater 53
3.10 Task Force on Modelling of Groundwater Flow and Transport of Solutes 53
4 Engineered barriers 57
4.1  General 57
4.2 Prototype Repository 57
4.3  Long Term Test of Buffer Material 68
4.4  Alternative Buffer Materials 70
4.5  Backfill and Plug Test 72
4.6  Canister Retrieval Test 74
4.7  Temperature Buffer Test 78
4.8  KBS-3 Method with Horizontal Emplacement 82
4.9  Large Scale Gas Injection Test 86
4.10 Sealing of Tunnel at Great Depth 88
4.11 In situ Corrosion Testing of Miniature Canisters 91
4.12 Cleaning and Sealing of Investigation Boreholes 93
4.13 Task Force on Engineered Barrier Systems 95

13



5.1
5.2
53
54

6.1
6.2

7.1
7.2
7.3

7.4

1.5

7.6

1.7

7.8

7.9

8.1
8.2
8.3

Aspé facility

General

Bentonite Laboratory
Facility operation
Public Relations and Visitor Services

Environmental research

General

Geochemistry Research Group

International co-operation

General

Andra

BMWi

7.3.1 Microbe Project

7.3.2  Prototype Repository

7.3.3 Alternative Buffer Materials

7.3.4 Temperature Buffer Test

7.3.5 Task Force on Engineered Barrier Systems

CRIEPI

7.4.1 Task Force on Modelling Groundwater Flow and Transport of
Solutes

7.4.2  Task Force on Engineered Barrier Systems

JAEA

7.5.1  Tracer Retention Understanding Experiments

7.5.2  Task Force on Modelling of Groundwater Flow and Transport of
Solutes

NWMO

7.6.1  Colloid Transport Project

7.6.2  Task Force on Modelling of Groundwater Flow and Transport of
Solutes

7.6.3  Large Scale Gas Injection Test

7.6.4  Task Force on Engineered Barrier Systems

Posiva

7.7.1  Task Force on Modelling of Groundwater Flow and Transport of
Solutes

7.7.2  Long Term Test of Buffer Material

7.7.3  Alternative Buffer Materials

7.7.4  KBS-3 Method with Horizontal Emplacement

7.7.5 Large Scale Gas Injection Test

7.7.6  Sealing of tunnel at great depth

7.7.7  Task Force on Engineered Barrier Systems

Nagra

7.8.1  Alternative Buffer Materials

7.8.2  Task Force on Engineered Barrier Systems

Rawra

7.9.1  Alternative Buffer Materials

7.9.2  Task Force on Engineered Barrier Systems

Literature

References

List of papers and articles published 2008
Documents published 2008

14

99
99
99
101
102

105
105
106

109
109
110
110
110
113
116
116
121
122

123
128
132
132

132
138
138

140
141
142
142

142
143
143
143
144
144
144
144
144
145
145
145
145

149
149
154
155



1 General

1.1  Background

The Aspd Hard Rock Laboratory (HRL), in the Simpevarp area in the municipality of Oskarshamn,
constitutes an important part of SKB’s work with design and construction of a deep geological
repository for final disposal of spent nuclear fuel. This work includes the development and testing
of methods for use in the characterisation of a suitable site. One of the fundamental reasons behind
SKB’s decision to construct an underground laboratory was to create an opportunity for research,
development and demonstration in a realistic and undisturbed rock environment down to repository
depth. Most of the research is concerned with processes of importance for the long-term safety

of a future final repository and the capability to model the processes taking place. Demonstration
addresses the performance of the engineered barriers, and practical means of constructing a reposi-
tory and emplacing the canisters with spent fuel.

The underground part of the laboratory consists of a tunnel from the Simpevarp peninsula to the
southern part of Aspd where the tunnel continues in a spiral down to a depth of 460 m, see Figure 1-1.
The total length of the tunnel is 3,600 m where the main part of the tunnel has been excavated by
conventional drill and blast technique and the last 400 m have been excavated by a tunnel boring
machine (TBM) with a diameter of 5 m. The underground tunnel is connected to the ground surface
through a hoist shaft and two ventilation shafts.

The work with Aspd HRL has been divided into three phases: Pre-Investigation phase, Construction
phase and Operational phase.

During the Pre-Investigation phase, 1986—1990, studies were made to provide background material
for the decision to locate the laboratory to a suitable site. The natural conditions of the bedrock were
described and predictions made of geological, hydrogeological, geochemical and rock-mechanical
conditions to be observed during excavation of the laboratory. This phase also included planning for
the construction and operational phases.

Figure 1-1. Overview of the Aspé HRL facilities.
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During the Construction phase, 1990-1995, comprehensive investigations and experiments were
performed in parallel with construction of the laboratory. The excavation of the main access tunnel
and the construction of the Asp6 Research Village were completed.

The Operational phase began in 1995. A preliminary outline of the programme for this phase was
given in SKB’s Research, Development and Demonstration (RD&D) Programme 1992. Since then
the programme has been revised every third year and the detailed basis for the period 2008-2010 is
described in SKB’s RD&D-Programme 2007 /SKB 2007/.

1.2 Goals

To meet the overall time schedule for SKB’s RD&D work, the following stage goals were initially
defined for the work at the Aspd HRL:

1. Verify pre-investigation methods. Demonstrate that investigations on the ground surface and in
boreholes provide sufficient data on essential safety-related properties of the rock at repository
level.

2. Finalise detailed investigation methodology. Refine and verify the methods and the technology
needed for characterisation of the rock in the detailed site investigations.

3. Test models for description of the barrier functions at natural conditions. Further develop and
at repository depth test methods and models for description of groundwater flow, radionuclide
migration and chemical conditions during operation of a repository as well as after closure.

4. Demonstrate technology for and function of important parts of the repository system. In full
scale test, investigate and demonstrate the different components of importance for the long-term
safety of a final repository and show that high quality can be achieved in design, construction and
operation of repository components.

The tasks in stage goals 1 and 2 were after completion at Aspd HRL transferred to the Site
Investigations Department of SKB. The investigation methodology has here after been developed in
the site investigations performed at Simpevarp/Laxemar in the municipality of Oskarshamn and at
Forsmark in the municipality of Osthammar.

In order to reach stage goals 3 and 4 the following important tasks are today performed at the
Aspd HRL:

» Develop, test, evaluate and demonstrate methods for repository design and construction as well
as deposition of spent nuclear fuel and other long-lived waste.

* Develop and test alternative technology with the potential to reduce costs and simplify the reposi-
tory concept without sacrificing quality and safety.

» Increase the scientific understanding of the final repository’s safety margins and provide data for
safety assessments of the long-term safety of the repository.

* Provide experience and train personnel for various tasks in the repository.

* Provide information to the general public on technology and methods that are being developed
for the final repository.

« Participate in international co-operation through the Aspé International Joint Committee (1JC) as
well as bi- and multilateral projects.

1.3  Organisation

SKB’s work is organised into six departments: Technology, Nuclear Safety, Site Investigations,
Operations, Environmental Impact Assessment, and Public Information and Business Support. The
research, technical development and safety assessment work is organised into the Technology depart-
ment, in order to facilitate co-ordination between the different activities. Within the Technology
department a Technical-scientific council has been set up in order to prepare technical and scientific
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issues concerning the research and development of the KBS-3 method. The Council shall in different
issues continuously judge the state of development and the need of further work as well as advice

on ongoing and planned new projects aimed at development and scientific verifying of the different
parts of the KBS-3 method.

The Aspd HRL is one of five units organised under the Technology department and is responsible
for the operation of the Aspd facility and the co-ordination, experimental service and administrative
support of the research performed in the facility. The Aspd unit is organised in four operative groups
and a secretariat:

*  Project and Experimental service (TDP) is responsible for the co-ordination of projects
undertaken, for providing services (administration, planning, design, installations, measurements,
monitoring systems etc.) to the experiments.

*  Repository Technology and Geoscience (TDS) is responsible for the development and manage-
ment of the geoscientific models of the rock at Aspd and the test and development of repository
technology to be used in the final repository.

» Facility Operation (TDD) is responsible for operation and maintenance of offices, workshops,
the underground laboratory and the bentonite laboratory, and for development, operation and
maintenance of supervision systems.

* Relations and Visitor Services (TDI) is responsible for presenting information about SKB and its
facilities with main focus on Asp6. The laboratories at Aspo and SKB’s other research facilities
are open to visitors throughout the year.

Each major research and development task is organised as a project that is led by a project manager
who reports to the client organisation. Each project manager is assisted by an on-site co-ordinator
with responsibility for co-ordination and execution of project tasks at the Aspd facility. The staff

at the site office provides technical and administrative service to the projects and maintains the
database and expertise on results obtained.

The organisation described above, which has been in place for a number of years, will be changed
from the beginning of May 2009. The change involves integration of the present Aspd unit into the
unit for Repository Technology, which is currently located in Stockholm. The new integrated unit,
Repository Technology, will be organised into six groups and will include personnel in both Aspd
and Stockholm.

1.4 International participation in Aspd HRL

The Aspd HRL has so far attracted considerable international interest. During 2008, eight organisa-
tions from seven countries in addition to SKB participated in the international co-operation at
Aspd HRL. The participating organisations were:

» Agence Nationale pour la Gestion des Déchets Radioactifs (Andra), France.

* Bundesministerium fiir Wirtschaft und Technologie (BMWi), Germany.

» Central Research Institute of Electric Power Industry (CRIEPI), Japan.

+ Japan Atomic Energy Agency (JAEA), Japan.

* Nuclear Waste Management Organization (NWMO), Canada.

* Posiva Oy, Finland.

» Nationale Genossenschaft fiir die Lagerung Radioaktiver Abfille (Nagra), Switzerland.
» Radioactive Waste Repository Authority (RAWRA), Czech Republic.

Andra, BMWi, CRIEPI, JAEA, NWMO and Posiva together with SKB form the Aspo International
Joint Committee (1JC), which is responsible for the co-ordination of the experimental work arising
from the international participation.
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Task Forces are another form of organising the international work. Several of the international
organisations in the Aspd co-operation participate in the two Aspo Task Forces on Modelling of:
(a) Groundwater Flow and Transport of Solutes and (b) Engineered Barrier Systems.

SKB also takes part in several international EC-projects and participates in work within the [AEA
framework.

1.5 Allocation of experimental sites

The rock volume and the available underground excavations are divided between the experiments
performed at the Aspd HRL. It is essential that the experimental sites are located so that interference
between different experiments is minimised. The allocation of the experimental sites within the
underground laboratory is shown in Figure 1-2.

1.6 Reporting

Aspd HRL is an important part of SKB’s RD&D Programme. The plans for research and development
of technique during the period 2008-2013 are presented in SKB’s RD&D Programme 2007 /SKB 2007/.
The information given in the RD&D Programme related to Aspd HRL is detailed in the Aspo HRL
Planning Report /SKB 2008a/ and this plan is revised annually. Detailed account of achievements to date
for the Aspd HRL can be found in the Aspd HRL Annual Reports that are published in SKB’s Technical
Report series. This report describes the achievements during 2008. In addition, the progress in the
projects during the year has also been reported in four Status Reports /SKB 2008b,c, 2009a,b/.

Joint international work at Aspd HRL, as well as data and evaluations for specific experiments and
tasks, are reported in Aspd International Progress Report series. Information from Progress Reports
is summarised in Technical Reports at times considered appropriate for each project. SKB also
endorses publications of results in international scientific journals. Data collected from experiments
and measurements at Aspd HRL are mainly stored in SKB’s site characterisation database, Sicada.
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Figure 1-2. Allocation of experimental sites from —220 m to —450 m level.
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1.7 Management system

SKB is since 2001 certified according to the Environmental Management System ISO 14001 as well
as the Quality Management Standard ISO 9001. Since 2003 SKB is also certified according to the
upgraded ISO standard 9001:2000.

The structure of the management system is based on procedures, handbooks and instructions. The
overall guiding documents for issues related to management, quality and environment are written as
quality assurance documents.

The documentation can be accessed via SKB’s Intranet where policies and quality assurance docu-
ments for SKB (SD-documents) as well as specific guidelines for Aspd HRL (SDTD-documents)
can be found. Employees and contractors related to the SKB organisation are responsible that work
is performed in accordance with SKB’s management system.

SKB is constantly developing and enhancing the security, the working environment and the quality-
control efforts to keep up with the company’s development as well as with changes in circumstances.
One of the cornerstones of both the existing operations and in the planning of new facilities is the
efficient utilisation of available resources.

1.8  Structure of this report
The achievements obtained at Aspd HRL during 2008 are in this report described in six chapters:

* Geoscience — experiments, analyses and modelling to increase the knowledge of the surrounding
rock.

» Natural barriers — experiments, analyses and modelling to increase the knowledge of the reposi-
tory barriers under natural conditions.

* Engineered barriers — demonstration of technology for and function of important engineered parts
of the repository barrier system.

+  Aspd facility — operation, maintenance, data management, monitoring, public relations etc.
* Environmental research.

* International co-operation.
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2 Geoscience

2.1 General

The responsibility of geoscientists at Aspd today involves maintaining and developing the knowledge
and methods of the geoscientific field, as well as providing geoscientific support to the various projects
conducted at Aspd HRL. Geoscientific research and activities are conducted in the fields of geology,
hydrogeology, geochemistry and rock mechanics.

Geoscientific research is a part of the activities at Aspd HRL as a complement and an extension of
the stage goals 3 and 4, see Section 1.2. Studies are performed in both laboratory and field experi-
ments, as well as by modelling work. From 2006 the work follows a yearly scientific programme.

The overall aims are to:

+ Establish and develop geoscientific models of the Aspd HRL rock mass and its properties.

» Establish and develop the knowledge of applicable measurement methods.

A main task within the geoscientific field is the development of the Aspd Site Descriptive Model
(SDM). The model will facilitate the understanding of the geological, hydrogeological and
geochemical conditions at the site and the evolution of the conditions during operation of the hard
rock laboratory. The activities further aim to provide basic geoscientific data to the experiments and
to ensure high quality of experiments and measurements related to geosciences. A lot of work during
2008 has been related to the excavation of the Tass-tunnel for the project Sealing of Tunnel at Great
Depth, see Figure 2-1.

Figure 2-1. Tunnel front in the excavated Tass-tunnel.
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2.2 Geology

The geological work at Aspd HRL is covering several fields. Major responsibilities are mapping

of tunnels, deposition holes and drill cores, as well as continuous updating of the geological three-
dimensional model of the Asp& rock volume and contribution with input knowledge in projects and
experiments conducted at Aspd HRL. In addition, the development of new methods in the field of
geology is a major responsibility. As a part of the latter, the project Rock Characterisation System is
conducted, see Section 2.2.2.

2.2.1 Geological mapping and modelling
Background and objectives

All rock surfaces and drill cores are mapped at Aspd HRL. This is done in order to increase the
understanding of geometries and properties of rocks and structures, which is subsequently used as
input in the 3D modelling, together with other input data.

Results

The excavation of the Tass-tunnel (the tunnel for the project Sealing of Tunnel at Great Depth) has
continued during 2008 and at the end of the year the tunnel front was at section 80.7 m. Geological
mapping of all rock surfaces (tunnel walls, floor and roof) up to section 64.6 m has been performed.
Data and drawings have been entered into the Tunnel Mapping System (TMS). The same has been
done with all mapped tunnel fronts up to the end of the tunnel. A report concerning the investiga-
tions that preceded the excavation of the Tass-tunnel is in preparation. In addition, laser scanning
combined with digital photography has been performed in the Tass-tunnel, see Section 2.2.2.

A study regarding possible differences in the mapping procedure and achieved results from
geological mapping of a drilled and blasted tunnel and a TBM bored tunnel has been performed and
reported /Hultgren 2008/.

The modelling work that commenced in 2005, concerning water bearing fractures at the —-450 m
level, is completed. Adjustments in the report after being returned from the review are ongoing.

2.2.2 Rock Characterisation System
Background and objectives

A feasibility study concerning geological mapping techniques has been completed. The project
Rock Characterisation System (Rocs) was conducted as a SKB-Posiva joint-project. The purpose
was to investigate if a new system for rock characterisation has to be adopted when constructing a
final repository. The major reasons for the project are aspects on objectivity of the data collected,
traceability of the mappings performed, saving of time required for mapping and data treatment and
precision in mapping. These aspects all represent areas where the present mapping technique may
not be adequate.

Based on the knowledge from the feasibility study SKB has commenced a new phase of the Rocs
project. The project will concentrate on finding or constructing a new geological underground
mapping system. Laser scanning in combination with digital photography or photogrammetry will be
a part of that system. The resulting mapping system shall operate in a colour 3D environment where
the xyz-coordinates are known.

Results

* Project decisions and project plan documents for the continuation phase of the project have been
written during 2008. The project decisions document has been approved and the project plan is
waiting for approval. The work with specification of requirements concerning various parts of the
project has started.
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Three laser scanning events, combined with digital photography in the Tass-tunnel, have been
completed and the data delivered. The laser scan data from the scanning and digital photography
in section 0—-64.6 m of the tunnel has been used to create 3D-models of the Tass-tunnel. Tests of
software that can handle the laser scan data are also being performed. The report concerning laser
scanning combined with digital photography of the Tasq-tunnel has been reviewed and adjust-
ments are ongoing. The report is thus delayed and will be printed in 2009. In addition, tests with
photogrammetry have been executed in the Tass-tunnel. A SheronCam HDR camera equipped
with a light source was used and showed promising results, see Figure 2-2.

2.3 Hydrogeology

The major aims of the hydrogeological activities are to:

Establish and develop the understanding of the hydrogeological properties of the Aspé HRL rock
mass.

Maintain and develop the knowledge of applicable measurement methods.

Ensure that experiments and measurements in the hydrogeological field are performed with high
quality.
Provide hydrogeological support to active and planned experiments at Aspd HRL.

Figure 2-2. Tests with new camera equipment (SheronCam HDR) in the Tass-tunnel.
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The understanding of the hydrogeology of Aspé has developed over time with a first descriptive model
produced 1997 and a second one in 2002. The objective now is to upgrade the existing hydrogeology
model by including data collected during 2002—2008. The main features are the inclusion of additional
data collected from various experiments and the adoption of the modelling procedures developed
during the site investigations. The intention is to develop the model into a dynamic working tool suit-
able for predictions in support of the experiments in the laboratory as well as to test hydrogeological
hypotheses. During 2008, an activity plan for the hydrogeological modelling was drafted.

There is a need to improve the routines and method descriptions for hydrogeological work as well
as the procedures for documentation at Aspd. Work with development of quality control and quality
assurance procedures has been initiated during 2008.

2.3.1 Hydro Monitoring Programme
Background and objectives

The hydro monitoring programme is an important part of the hydrogeological research and a support
to the experiments undertaken in the Aspé HRL. It was conditioned by the water rights court,

when granting the permission to execute the construction works for the tunnel, that a monitoring
programme should be put in place and that the groundwater head conditions should continue to be
monitored until the year 2004.

The monitoring of water level in surface boreholes started in 1987 and the tunnel construction started
in October 1990. The tunnel excavation began to affect the groundwater level in many surface
boreholes during the spring 1991. A computerised Hydro Monitoring System (HMS) was introduced
in 1992 and the first pressure measurements from tunnel drilled boreholes were included in HMS in
March 1992. The HMS collects data on-line of pressure, levels, flow and electrical conductivity of
the groundwater. The data are recorded by numerous transducers installed in boreholes and in the
tunnel. The number of boreholes included in the monitoring programme has gradually increased, and
presently it comprises boreholes in the tunnel in the Aspd HRL as well as surface boreholes on the
islands of Aspd, Avrd, Mjilen, Bockholmen and some boreholes on the mainland at Laxemar.

The scientific grounds of maintaining the hydro monitoring programme are to:
» Establish a baseline of the groundwater head and groundwater flow situations.

+  Provide information about the hydraulic boundary conditions for the experiments in the Aspd
HRL.

* Provide data to various model validation exercises, including the comparison of predicted head
with actual head.

Results

During 2008, the hydrogeological monitoring system has been performing well and the monitoring
points in the tunnels have been maintained. However, in the surface drilled boreholes a gradual
deterioration of the equipment has taken place over the years, to the extent that presently most of the
Aspd boreholes are only measured manually or discontinuously. An investigation of potential sup-
porting and corrective measures for the surface boreholes is underway. The monitoring is reported
quarterly through the quality control documents. In order to further develop the quality assurance of
collected data, work with new quality control documents, activity plans and measurement system
descriptions have been initiated.

Support has also been provided to different projects. For example to the project Sealing of Tunnel
at Great Depth, to assess the impact of drilling and blasting on hydraulic head and water inflow in
tunnels.
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24 Geochemistry
Background and objectives
The major aims within geochemistry are to:

+ Establish and develop the understanding of the hydrogeochemical properties of the Aspé HRL
rock volume.

* Maintain and develop the knowledge of applicable measuring and analytical methods.

» Ensure that experimental sampling programmes are performed with high quality and meet overall
goals within the field area.

+ Provide hydrogeochemical support to active and planned experiments at Aspd HRL.

One of the overall main tasks within the geoscientific programme is to develop an integrated site
description of the Aspd HRL. An important part is the compilation of geochemical data. The use of
the information generated will facilitate the understanding of the geochemical conditions at the site
and the way in which they change during operation. The intention is to develop the model as to be
used for predictions, to support and plan experiments, and to test hydrogeochemical hypotheses. This
is important in terms of distinguishing undisturbed and disturbed conditions.

In order to find suitable sampling and analytical methods for determination of isotopes in the water
and gas phase methods for sampling have been tested in the Aspd tunnel. During the year, sampling
of gases has been performed in conjunction with the Microbe project and isotope data has been
entered in SKB’s site characterisation database (Sicada). Further sampling and analysis are, however,
needed to get more reliable data of concentrations and to evaluate whether sampled volumes are
enough for analysis of the isotopic composition in the gas phase.

241 Monitoring of Groundwater Chemistry
Background and objectives

During the Aspd HRL construction phase, water samples were collected and analysed with the pur-
pose of monitoring the groundwater chemistry and its evolution as the construction proceeded. The
samples were collected from boreholes drilled from the ground surface and from the tunnel. At the
beginning of the Aspd HRL operational phase, sampling was replaced by a groundwater chemistry
monitoring programme, with the aim to sufficiently cover the evolution of hydrochemical conditions
with respect to time and space within the Aspd HRL.

The monitoring programme is designed to provide information to determine where in the rock
mass, the hydrogeochemical changes are taking place and at what time stationary conditions are
established. In addition, all ongoing experiments have the possibility to request additional sampling
of interest for their projects.

Results

Monitoring of the hydrogeochemical conditions in the groundwater of Aspd was conducted in May
and during September/October 2008. The monitoring in May was only a small campaign. The list
of the sampled points has changed during the last couple of years. However, several boreholes in
the upper bedrock (—50 to —100 m) in the tunnel were dried out and discarded from the sampling
programme. In addition, some surface drilled boreholes were discarded from being sampled due to
low or no groundwater pressure and failed packed-off sections or due to lowered groundwater level.
Chloride concentrations measured in the sampling campaign 2008 are shown in Figure 2-3. Elevated
concentrations (>10,000 mg/L) are found in distinct parts of the tunnel at depths between —200 m
and —460 m. These relatively high concentrations can be an effect of up-coning or mixing with more
saline groundwater, but effects caused by experimental activities can not be excluded. In addition,
the chloride concentrations measured in a surface water pond receiving the main outlet water from
the Aspd tunnel are shown in Figure 2-3.
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(2) Conceptualisation of the properties and connectivity of faults and fractures in the model
region by analysis of transient hydraulic test data

During 2008, JAEA evaluated hydraulic interference tests carried out by Posiva within the model
region to understand the hydraulic properties and connectivity of faults and fractures. This analysis
used derivative plots of the transient pressure data to map the spatial pattern of hydraulic connectiv-
ity and boundary conditions.

Example of data from pressure recovery tests in KR17 and KR 18 used for the analyses is shown in
Figure 7-27. Three test phases are used for the preliminary analyses: (a) phase 3 injected from KR18
(53.5-59.5 m), (b) phase 4 injected from KR17 (49-51 m) and (c) phase 4 injected from KR17
(123.5-125.5 m).

Based on these analyses, JAEA derived a model for the connectivity of deterministic flow features
shown in Figure 7-28. The sub-task 7A (so called “old” or “2006 model”’) model for structures HZ19C
and HZ002 are not sufficiently conductive to reproduce observed radial flow, between “old” structure
HZ19C and HZ002 in boreholes KR16, KR17 and KR18. This model also has limited (thin) connec-
tion to KR 15 and no major connection to KR14. This indicates the need to include a conductive zone
between “old” structure HZ19C and HZ002. This zone could be a homogeneous, two dimensional
planar feature, which is consistent with “unison” pressure response zone observed during the pressure
response tests.

Figure 7-29 shows the comparison of the modified sub-task 7B hydrostructual model shown by Posiva
for the sub-task 7B region with the conceptual model based on analysis of hydraulic interference tests.
The modified HZ19C seems to represent a larger conductive feature estimated by the derivative plot
analysis. The HZ002 has also been removed in this modified sub-task 7B model. However, some form
of structure similar to HZ002 needs to be considered to provide observed connectivity at the depth of
70-80 m.

KR18 KR17

l(c) phase4 injected from KR17 (123.5-125.5m)|

[a) phase 3 injected from KR18 (53.5-59.5m)|

(b) phase 4 injected from KR17 (49-51m) |

Figure 7-27. Pressure recovery tests used for the derivative plot analysis.
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Figure 7-28. Hydrostructural model based on analysis of hydraulic interference data. “Old” HZ19C and
HZ002 are faults in the sub-task 74 reference model.
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Figure 7-29. Comparison of sub-task 74 and revised hydrostructural models. HZ002 was removed from the
revised reference model to improve the match to hydraulic interference tests studied.

(3) Sensitivity studies to evaluate the effect of local fault geometry, including both the sub-task 7A
deterministic fracture zone (2006 model) and Posiva’s updated 2008 deterministic fracture zone
model.

Three alternative conceptual models for deterministic faults within the sub-task 7B region were
evaluated as shown in Figure 7-30: (a) reference model 2006 used for sub-task 7A, (b) reference
model 2008 used for sub-task 7B and (c) modified 2008 model, with adding HZ002 to provide the
observed connectivity at the depth of 70-80 m. This analysis was carried out using the simplified
boundary condition described in Figure 7-31.

The alternative conceptual models were evaluated by carrying out steady state flow simulations both
without disturbance such as pumping and with pumping for a series of the pressure interference tests,
and comparing the flow response data and pressure response data. The relative model plausibility

was estimated using the residual sum of squared errors normalised by number of compared points as:

2 (measured — simulated )2
n—1
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Figure 7-32 presents an example of this analysis, comparing the residual sum of squared errors for

the 2006 model, 2008 model, and modified 2008 model. Two measures are shown. The height of

the column represents the residual sum of squared errors normalised by number of compared points.
According to this measure, the 2008 model provides the best match to measurements, since it has

the lowest residual error. The “n” count provided on each column represents number of compared in
situ measurements points along the boreholes matched by the model. According to this measure, the
modified 2008 model is more plausible, because it include structures at a larger number of locations
(58 measurements). Neither the 2006 model (27 measurements) nor the 2008 model (29 measurements)
include a comparable number of connections to the measured boreholes.

(c) modified 2008 model

Figure 7-30. Alternative fault hydrostructural models evaluated in this study.
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Figure 7-31. Boundary conditions and model assumptions used for the sensitivity studies to evaluate the

effect of local fault geometry.
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Figure 7-32. Example comparison of alternative models against hydraulic interference test measurements.
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7.6  NWMO

In 2008, support to projects under the Aspd Project Agreement was performed on behalf of the Nuclear
Waste Management Organization (NWMO) by Atomic Energy of Canada Limited (AECL), Université
Laval and Intera Engineering. The results of this work are briefly described below. In addition, NWMO
also worked with SKB to support the development of the proposed Rock Shear Experiment (Rose).

7.6.1 Colloid Transport Project

The goal of the Colloid Transport Project is to gain insight into the potential and significance of
erosion of clay-based buffer and backfill materials if dilute water was able to reach a deep repository,
such as in a glacial meltwater intrusion scenario. This experiment is being undertaken collaboratively
with SKB in support of their bentonite colloid programme and also the in situ Colloid Formation and
Migration (CFM) experiment being planned at the Swiss Grimsel test site.

In 2008, an experimental plan was developed and initiated to undertake a block-scale experiment to
study bentonite erosion from compacted bentonite borehole plugs intersecting a natural fracture, and
the subsequent transport behaviour of bentonite colloids in the fracture. The experimental plan called
for an initial mock-up test in a transparent synthetic fracture (Figure 7-33) to test the preparation

and installation of a bentonite plug in a borehole intersecting the fracture, to provide insight on plug
expansion, gel propagation and erosion mechanisms, and to determine if fluorescent latex colloids
mixed in the bentonite plug could serve as a suitable indicator of bentonite colloid behaviour in a
fracture. The findings of the mock-up test would be used for planning the actual bentonite erosion
experiment in the Quarried Block.

The protocol for the mock-up tests included different bentonite clay samples, water chemistries,
latex colloid diameters, flow rates, fracture apertures and fracture angles.

The results from a series of mock-up tests provided a valuable contribution to the CFM project and
resulted in significant changes to the design of the final block-scale test. The findings of the mock-up
tests: (1) demonstrated that latex spheres can be used as a marker for bentonite erosion (Figure 7-34),
(2) showed that mobile bentonite colloid concentrations were significantly less in Grimsel water
compared to deionised water, (3) showed that gravitational forces affect bentonite erosion and trans-
port (Figure 7-35) and (4) showed that bentonite deposits may alter groundwater flow in fractures.

Bentonite erosion and transport experiments in the Quarried Block fracture will be completed in 2009.

—— Fracture

Bottom Reflection of Benton ~——  Support

—4 Mirror

Figure 7-33. Mock-up of fracture and borehole intersection showing inlets on the right and outlet on the
left, and borehole packer to contain the bentonite plug.
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Nov 4 14:27 33 h High Flow

Figure 7-34. View from the bottom of the mock-up showing expansion and movement of Na-exchanged
bentonite into a 1 mm fracture under high flow (44 mL/h) from right to left. Fracture down dip was 15 degrees
to top of page.

Figure 7-35. Uniform distribution of fluorescent latex spheres within the bentonite visualised during
post-test analysis.
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7.6.2 Task Force on Modelling of Groundwater Flow and Transport of Solutes

A modelling team from the Université Laval is participating in Task 7, which involves the numerical
modelling of hydraulic responses in the fractured crystalline rock environment located on Olkiluoto
Island in Finland. A large data set is available associated with investigations for Posiva’s Onkalo under-
ground rock characterisation facility. Task 7 modelling activities have been subdivided into two related
sub-tasks: (7A) was focused on simulating a long-term pump test conducted in borehole KR24, which
intersected a domain of several large, interconnected, fracture zones and (7B) considers smaller volume
of an approximately 500 by 500 m? region surrounding a group of boreholes KR 1418 with a borehole
separation on the order of 10 m. The modelling tasks involve simulating hydraulic responses in a series
of interference tests completed at a block scale and in so doing quantify the reduction of uncertainty in
the properties of the fracture network and further assess the contribution of Posiva Flow-logging (PFL)
to the characterisation of the rock mass between the large fracture zones.

In 2008, the Laval modelling team participating in one Task Force meeting (TF#24 hosted by SKB
at the Aspd Hard Rock Laboratory in Sweden) and one modellers meeting (held at the University

of Oxford in United Kingdom). Activities in the Task Force focused on completion of sub-task 7A
and initiating sub-task 7B modelling. The Laval modelling team, along with the other modelling
groups, prepared final reports summarising their 7A modelling approaches and results. The Task
Force secretariat also prepared a final evaluation report compiling and evaluating the results from all
modelling groups.

The 2008 modelling activities for sub-task 7B focused on implementing and testing an approach to
represent the heterogeneity of the geosphere using available site characterisation data sets. The Laval
modelling team has adapted a transition probability-based approach with Markov chains (T-PROGS)
to stochastically generate multiple realisations of equivalent porous media based on rock facies of
variable fracture densities. Compilation of the data sets from the KR14 to KR18 boreholes, as well
as 10 additional surrounding boreholes, resulted in the relationship between hydraulic conductivity
and fracture density shown in Figure 7-36. This relationship can be used as an initial estimate

of hydraulic conductivity distribution within the modelled domain, which is then further refined
through inverse modelling using measured hydraulic test responses.

The Laval modelling team will continue to refine the application of T-PROGS to stochastically gener-
ate multiple realisations of equivalent porous media and complete the hydraulic simulations necessary
to address the sub-task 7B performance measures development by the Task Force secretariat.
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Figure 7-36. Preliminary relationship of hydraulic conductivity versus fracture density resulting from
compilation of KR14 to KR18 and surrounding borehole data sets.
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7.6.3 Large Scale Gas Injection Test

NWMO is contributing to the gas transport modelling in the Large Scale Gas Injection Test (Lasgit). All
modelling is being conducted for NWMO by Intera Engineering. Previously, the Tough2 code was selected
and modified for Lasgit to simulate pressure-induced changes in the properties, such as micro- and macro-
fracturing. In 2006 and 2007, the modified code was applied to laboratory experimental data (MX-80-10
conducted by /Harrington and Horseman 2003/) and predictive simulations of the Lasgit experiment.

In 2008, modelling of the laboratory experiment was further refined with geostatistical heterogeneous per-
meability fields. Geostatistical heterogeneous permeability fields provide structure to a randomly generated
permeability field, and were generated using Sequential Gaussian Simulation (SGS). These heterogeneous
permeability fields improved the representation of gas outflow in the model in comparison to a homogene-
ous model, particularly with respect to the distribution of flow between the upper, middle and lower sinks,
see Figure 7-37. The results also demonstrated that the gas outflow results are extremely sensitive to the
allocation of higher and lower permeability zones, likely due to the use of what are essentially point sources
and sinks in the laboratory experiment. The amount, distribution, and timing of outflows was strongly
dependent on the local permeability near the injection and sink elements.

In 2008, attempts were also made to model the Lasgit experimental results for preliminary gas injection
tests conducted in 2007. However, after analysing the experimental results and examining preliminary
model results, it was determined that the pore pressure responses at the rock wall during the hydraulic and
gas injection tests conducted in 2007 were either non-existent or probably the result of hydromechanical
behaviour. The modified Tough2 code was designed to model gas breakthrough due to pressure-induced
changes to bentonite properties. It is not capable of modelling hydromechanical processes, and the small
pore pressure perturbation at the rock wall observed during the preliminary gas injection tests conducted in
2007 could not be modelled with the current Tough2-based Lasgit model. However, preliminary modelling
highlighted required improvements to the Lasgit model for future modelling of gas breakthrough in the
Lasgit experiment, particularly boundary and initial conditions. The preliminary work also indicates that
improvements in the representation of injection assemblies and pore pressure sensors may also prove useful.

Future modelling in 2009 will improve the Lasgit model by improving boundary and initial conditions.
Assuming the availability of results from hydraulic and gas injection tests to be conducted in 2009,
attempts will be made to simulate results from these tests.

1% Gas Saturatien lsevelume Fraiuen_ it 101811 mde

Time 300 days Time GO0 days Tima 00 days Tima 130.0 dmys

Figure 7-37. Gas saturation isovolume for heterogeneous permeability simulation. The figure shows the
quarter section of model domain of the laboratory-scale bentonite sample, with gas injection point at the
centre of the sample, and three gas sinks (green symbols) at the edge of the sample.
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7.6.4 Task Force on Engineered Barrier Systems

Modelling of large scale field tests (Benchmark 2) is performed in this task force. At the end of 2007
AECL, acting on behalf of the NWMO, submitted their report on THM modelling activities focused
on the completion of modelling of the AECL/NWMO supplied THM data from the Isothermal

Test (ITT) and Buffer-Container Experiment (BCE) done at AECL’s URL during the 1990’s. These
Canadian experiments were numerically modelled by a number of independent groups with the
intention of gaining experience and confidence of various numerical codes to reproduce the observa-
tions gained by direct field experiments. Through this work it is intended to develop abilities to both
reproduce field observations and ultimately develop confidence in the ability of these tools to predict
longer-term behaviour of the engineered barriers system components lying beyond the container. In
2008 work on the ITT and BCE simulations was completed and a compilation of the results from the
various modelling teams is to be prepared in 2009 as a project document by the Task Force secretariat.

In 2008 a new field test for the next stage of numerical simulation was selected. This field test is the
Canister Retrieval Test (CRT) that was completed at SKB’s Aspé facility during 2007 and the THM
data collected in the course of this test have been made available for use by the Task Force. Using
these data AECL/NWMO has initiated the modelling of CRT and preliminary results have been
generated. The modelling of the CRT will be extended into 2009 to allow for further evaluation of
the modelling results.

7.7 Posiva

Posiva’s co-operation with SKB continues with the new co-operation agreement signed in the
autumn of 2006. The focus of the co-operation will be on encapsulation and repository technology
and on bedrock investigations.

Posiva also contributed to several of the research projects within Natural barriers. The implementa-
tion and construction of the underground rock characterisation facility ONKALO at Olkiluoto

in Finland give possibilities to co-operate within the research and development of underground
construction technology. The organisation is participating in the following projects:

+ KBS-3 Method with Horizontal Emplacement

» Large Scale Gas Injection Test

» Sealing of Tunnel at Great Depth

* Long Term Test of Buffer Materials

* Alternative Buffer Materials

» Task Force on Modelling of Groundwater Flow and Transport of Solutes.
» Task Force on Engineered Barrier Systems

» Bentonite laboratory

Posiva’s co-operation is divided between Aspd HRL activities and more generic work that can lead
to demonstrations in Aspd HRL. The work performed during 2008 is described below.

7.7.1 Task Force on Modelling of Groundwater Flow and Transport of Solutes

In 2008, the Aspd Task Force ongoing Task 7 concluded the site-scale modelling with the evaluation
and the extensive discussion of the participants’ contribution and moved on to the block scale, target-
ing to characterise and better understand a series of interference tests, which were performed in 2002
and 2004 in boreholes KR14 to KR18. The main goal of this modelling endeavour was the numerical
reproduction of the characteristic results of the hydraulic tests, with the focus on flow distribution,

to be subsequently compared with the field data obtained with the Posiva Flow Log (PFL). The
interference tests were performed in several setups varying the location of the pumping, monitoring
head and flow in open and packed-off boreholes, etc.

142



The key of this modelling task is the successful creation of the connectivity field of the modelled
rock volume between the hydraulic disturbance and the locations of the observations. This property
of the rock is based on the geometry and the transmissivity distributions of the fractures, thus
numerical tools addressing the objectives of this task are to be capable of developing Discrete
Fracture Networks (DFN). In fact the current sub-task7B is a major, state-of-the art DFN modelling
endeavour, also discussing a lot of methodological issues besides the actual characterisation of the
interference tests.

In 2008 the contribution of Posiva/VTT was the development and documentation of the VINTAGE
(Virtual Integer Arithmetics to Generate Elements) DFN module as part of the FEFTRA program
package, which creates the geometry and hydrogeological properties of DFN models from statistical
distributions, converts them into a finite element models applies boundary conditions, solves the
model for hydraulic head with existing finite element tools and then calculates derived result quanti-
ties like pathlines, flow rates, travel times and the WL/Q retention property.

This tool, together with its Equivalent Porous Medium (EPM) companion was applied in the ongoing
sub-task 7B, comparison and the refinement of the results, as well as the calculation of the required
performance measures are underway. Current findings include the position and the probable extent
of an undocumented structure, which connects KR14, KR15b, KR16b and KR 18b.

An article on Task 6 has been submitted to Hydrogeology Journal /Hodgkinson et al. 2009/. Task 6
showed that retention properties inferred from an in situ tracer experiment cannot be directly applied
to the performance analysis of a spent fuel repository.

7.7.2 Long Term Test of Buffer Material

Posiva’s task in the Long Term Test of Buffer Material project is to study the porewater chemistry in
the bentonite. The task is carried out at VIT. The aim of the work is to obtain data on the chemical
conditions which develop in the bentonite considering the effect of temperature, additives and rock
features. The study gives information about the chemical processes occurring in the bentonite, but
also supports the other planned studies of chemical conditions.

In the year 2008, cation exchange capacity measurements (CEC) of bentonite samples from the
retrieved parcel A2 were repeated because a systematic increase of the CEC in the hot area was
noticed in the analyses performed by Clay Technology AB. The new results show increased CEC but
also increased scattering in the measured values of the hot area.

7.7.3 Alternative Buffer Materials

Posiva joined the Alternative Buffer Material (ABM) project in the year 2007. The clay materials of
interest in the Posiva’s studies are MX-80, Deponit, Asha and Friedland Clay. The focus of the work to
be carried out at VTT is on the chemical processes occurring in the bentonites. In the year 2008, work
comprised studies with the reference materials. The aim of those studies was to get information about
the materials before they have been in the field experiment and to test the research methods, which
will be used when the packages have been retrieved. Laboratory experiments were performed with the
bentonite materials of ABM in order to study the total porosity, the porosity available for chloride as

a function of clay density, and pore structure with XRD and SAXS measurements. Cation exchange
capacity (CEC) of the clays and dissolving components, pH and Eh in the porewater were also studied.

7.7.4 KBS-3 Method with Horizontal Emplacement

SKB and Posiva are engaged in an R&D with the overall aim to investigate whether the KBS-3H
concept can be regarded as a viable alternative to the KBS-3V concept. The project is jointly
executed by SKB and Posiva and has a common steering group. Present stage is complementary
study stage, 2008-2010, where the target is to solve a number of pre-designed issues and conduct
component tests in the field and select the most appropriate design. Also it will be planned full-scale
system tests in a representative environment.

Posiva’s responsibility in the new project phase is to develop further the design so that a reference
design can be selected, this means also solving of the identified remaining buffer related critical
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issues by laboratory testing and modelling. Posiva’s safety case studies focus on the studying of
alternative materials (Fe, Ti, Cu) for the Supercontainer and their possible impact on the safety
function of the buffer, and by evaluating the consequences of the perturbed buffer rock interface.
The work also includes setting up of long-term safety requirements for the developing design.

7.7.5 Large Scale Gas Injection Test

The first phase of the Lasgit project was successfully completed at the end of the year 2007. At that
time a decision to continue the gas injection experiment with a new hydration phase was done.
The related issues have been pursued within the preparation of an EU project, Forge.

7.7.6 Sealing of tunnel at great depth

Sealing of the tunnel at great depth. The project was implemented due to gather information on
applicability of colloidal silica for the sealing purpose at the disposal depth with high groundwater
pressure and to show that leakage requirements can be fulfilled by acceptable materials and methods.
Posiva participated in the reference group of the project. The main part of the project came true
during 2008, with totally 6 grouting fan. The Tass-tunnel was mainly grouted with colloidal silica,
but in some cases the low pH cement grout was also used. The information exchange continued and
the reference group of the project did visit at ONKALO site in Finland.

7.7.7 Task Force on Engineered Barrier Systems

The objective of the Task Force on Engineered Barrier Systems is to develop methods and tools for

THMC analyses of buffer and backfill. The objective for the year 2008 was to continue the work of

the previous years in improving the prediction capabilities of THM simulations and in establishing a
common base for C-analyses.

With respect to THM simulations, the focus has been on simulating the Canister Retrieval Test
(CRT) in Benchmark 2. The model employed in modelling THM behaviour of partially saturated
compacted bentonite has been developed from a continuum thermodynamical description of an
arbitrary mixture. The resulting set of equations is solved with a general purpose finite element
solver, FreeFEM-++. Using this approach some features of the test have been captured, like thermal
and other uncoupled phenomena, but strongly coupled hydraulic and mechanical phenomena present
in CRT have not been captured adequately. The main cause for these deficiencies is currently consid-
ered to arise from the simplifications implemented, like selection of certain conceptual models. To
overcome these difficulties more work on theoretical aspects would be needed.

Regarding the chemical aspect, the most notable contribution has been development of an alternative
conceptual approach, namely multi-porosity model. With the model implemented in PhreeqC
selected physical experiments were reproduced. Furthermore, work has been considering the
interpretation of bentonite microstructure based on XDR, SAXS and anion porosity measurements.
The interpretations done suggest that there are pores of several different characteristic sizes.

7.8 Nagra

The Nationale Genossenschaft fiir die Lagerung Radioaktiver Abfille, Nagra, has the task to provide
scientific and technical basis for the safe disposal of radioactive waste in Switzerland. Nagra has
had agreements with SKB for participation in Aspd HRL since 1994 to include mutual co-operation
and participation in Aspd HRL and Grimsel Test Site projects. The last agreement expired 2003 and
Nagra has now left the central and active core of participants.

Nevertheless, Nagra supports the Aspo activities and participates in specific tasks as shown below.

7.8.1 Alternative Buffer Materials

Bentonite samples from the Lot experiment were analysed by the University of Berne and
pore-water extracted from the bentonite has been characterised. The results were presented in the
Workshop in Lund (December 2008).
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7.8.2 Task Force on Engineered Barrier Systems

Participation in the modelling meetings. The 8" EBS Task Force meeting was held on November
12—13, 2008 in Hergiswil/Switzerland. Nagra’s activities concentrated on modelling of gas transport
processes in compacted bentonite. A task report was delivered and a laboratory study on microstruc-
tural characterisation of compacted bentonite was presented in Hergiswil.

In addition, Nagra is supporting the newly formed group for the geochemical aspects within the
EBS Task Force. In 2008, Nagra sponsored the participation of foreign experts to the meetings,
co-sponsored the development of a dual porosity Crunch flow model and supported the overall
management of this group via the Univerisity of Berne.

7.9 Rawra

Radioactive Waste Repository Authority, RAWRA, was established in 1997 and has the mission
to ensure the safe disposal of existing and future radioactive waste in the Czech Republic and to
guarantee fulfilment of the requirements for the protection of humans and the environment from
the adverse impacts of such waste. RAWRA became a participant in the Task Force on Engineered
Barrier Systems in 2005 and participates also in the Alternative Buffer Materials project.

7.9.1 Alternative Buffer Materials

In the frame of the project there were created two basic material models, later used in the modelling
for the Task force on Engineered Barrier Systems using the Delphin code. The first model is
representing material Febex, which is similar to bentonites of type Rokle in the Czech Republic.
The second one is relevant to material MX-80. To use models for prediction of system performance,
relatively extensive fitting is needed. Results for isothermal test and temperature modelling are
presented in Figure 7-38.

7.9.2 Task Force on Engineered Barrier Systems

RAWRA has participated in Benchmark 1 (Laboratory tests) and the ongoing Benchmark 2 (Large
scale field tests) of the EBS project. Three participants, one research institute and two universities took
part in the model development and verification activities. In the case of Benchmark 1, the activities
were supported with a wide research of alternative buffer materials and/or gas migration experiments.

The simulation code Iserit has been used for coupled heat and moisture transport in the modelling of
the in situ bentonite heating and hydration experiment “Buffer-container experiment” performed by
AECL (Canada). The proposed model uses mobile and immobile zone. The mobile zone represents the
pores and the gas phase in them and the immobile zone represents the solid phase and the water sorbed
in it. The transport is allowed in the mobile zone from one place to another and between mobile and
immobile zone in one place. An example of modelled temperature contours is shown in Figure 7-39.

Even a simple model of linear heat conduction (effectively not coupled to water content) was able to
well capture the measurement data. The differences 1-3° C can correspond to usual uncertainties and
inhomogeneities. In some cases, the solitary difference can be explained by complicated conditions
(e.g. shape of the heater top or large gradient).

Gas transport modelling through bentonite has been described and experimentally supported as a part
of Benchmark 1. The transport processes in the model developed in GoldSim are being described
using the scheme shown in Figure 7-40. The experimental equipment was proposed and operated in
Nuclear Research Institute in conditions as shown in Figure 7-41.

It has been stated, that there exist more problems in gas modelling. In future, a Tough code shall be

used in parallel to GoldSim to verify the simulation of gas transport processes. At present state, there
have been found more difficulties in pressure curves e.g. in dependence on swelling pressure and
breakthrough mechanism. More experiments will follow to verify models with relation to measured data.
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Technical documents

Four technical documents have been published during 2008.
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