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ABSTRACT  

The excavation of the ONKALO is now entering the deep bedrock regime, where the 
ambient rock conditions are representative of those to be found in the vicinity of future 
deposition tunnels and deposition holes. It is proposed to study the properties of the 
rock under these conditions using specially-excavated rock rooms, investigation niches 
or stations and characterisation holes.  This report provides an overview of these plans, 
which are designed to obtain the relevant site-specific knowledge. This report 
summarises the outstanding issues of the site modelling that are driving the deep rock 
investigations. It also lists the main long-term safety needs from the site characterisation 
and presents a short description of the data needs raised by the RSC (Rock Suitability 
Criteria) programme.  

The report presents the general characterisation programme of the ONKALO access 
tunnel. It includes geological mapping in the tunnel and the shafts and investigations in 
pilot, probe and characterisation hole. It also presents a programme for the pre-grouting 
hole studies in the shafts.  

The main aim of the report is to present the experimental studies that are to be carried 
out in the niches and studies that will be carried out below hydrogeological zone HZ20 
at different locations in the tunnel, in order to obtain information on rock properties that 
are comparable to the rock at the disposal depth. This document provides a detailed 
discussion of the following experiments: 

- the sulphate reduction experiment at a depth of between 300-350 m to investigate 

the production, presence and effects of sulphide in the groundwater;  

- the hydrogeological interference experiment at tunnel chainage 3620 or 3748  for a 

detailed characterisation of connected fracture networks in the rock mass, 

representative of those in the near field of the deposition holes;  

- the rock matrix diffusion experiment(s) below chainage 4000 to determine the 

bedrock's essential retention properties for radionuclide transport modelling; and 

- the stress-induced spalling experiment at chainage 3900, investigating the impact of 

the excavations of simulated deposition holes on the potential for spalling failure. 

 
In addition, the main principles of the EDZ project are presented. 

The experimental timetable is also presented. All the experiments will start in 2009-
2010, but some will last years and will not have been completed when the construction 
licence application for the final disposal facility is submitted in 2012.  

Keywords: site characterisation, hydrogeological interference test, sulphate reduction, 
retention properties, spalling 

  



 

 

Loppusijoituskallion karakterisointiohjelma 

TIIVISTELMÄ 

ONKALOn louhinta on edennyt syvyydelle, jolla kallion ominaisuudet muistuttavat 

loppusijoitustunneleita ja -reikiä ympäröivän kallion ominaisuuksia. Aikaisempien 

suunnitelmien mukaisesti kallion ominaisuuksia aletaan nyt tutkia yksityiskohtaisemmin 

tunnelista käsin louhituista tutkimuskuprikoista eli lyhyistä tunnelin peristä tai tutkimus-

asemilta käsin ja karakterisointirei'istä tehtävillä tutkimuksilla. Raportin alkuun on 

koottu lyhyesti paikkamallinnuksen aikana havaitut puutteet lähtöaineistossa sekä tur-

vallisuusanalyysin tarvitsemat tiedot. Lisäksi raporttiin on koottu kallion soveltuvuus-

kriteerien kehittämisen (RSC, Rock Suitability Criteria) seurauksena tarvittavan 

tutkimustieto tai -aktiviteetti.  

 

Raportissa esitellään ensin lyhyesti suunnitelmat kallion yleiseksi karakterisointi-

ohjelmaksi ONKALO-vaiheen aikana. Tutkimukset sisältävät tunnelin ja kuilujen 

geologiset kartoitukset sekä pilotti-, tunnustelu-, ja karakterisointireikätutkimukset. 

Näiden lisäksi raportissa kuvataan kuilujen esi-injektointirei'issä tehtävät tutkimukset. 

 

Raportin päätarkoituksena on kuvata tutkimuskuprikoista tehtävät yksityiskohtaiset 

tutkimukset hydrogeologisen rakenteen HZ20 alapuolisen kalliotilavuuden ominai-

suuksien selvittämiseksi. 

 

Seuraavat tutkimukset esitellään raportissa yksityiskohtaisesti: 

 

- Sulfaatin pelkistymisnopeuden ja -laajuuden selvittämiseen pyrkivä tutkimus 

syvyysvälillä 300-350 m; 

- Hydrogeologinen vuorovaikutuskoe joko paalulla 3620 tai 3748; 

- Kalliomatriisin diffuusiokoe paalun 4000 alapuolella ja 

- Kallion jännitystilan aiheuttaman kallion pintahilseilyn tutkiminen paalulla 3900. 

 

Edellä mainittujen lisäksi raportissa esitellään EDZ-projektin keskeisimmät tavoitteet. 

 

Raportissa esitetään kuprikkatutkimusten kokonaisaikataulu. Kaikki tutkimukset käyn-

nistyvät vuosina 2009-2010, mutta osa niistä jatkuu vuosia eikä valmistu loppusijoitus-

laitoksen rakentamislupahakemuksen jättämiseen mennessä 2012. 

 

Avainsanat: paikkatutkimus, hydrogeloginen vuorovaikutuskoe, sulfaatin pelkis-

tyminen, kallion pidätysominaisuudet, kallionhilseily 
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1  INTRODUCTION 

As part of the programme to construct and operate the disposal facility, Posiva is now 
preparing to submit an application for a construction licence to the authorities at the end 
of 2012 (Figure 1.1).  The material supporting the application will, inter alia, consist of 
a number of technical documents, which aim to describe the host rock properties 
relevant to the long-term safety of the repository. An intermediate series of reports are  
required by the Ministry of Employment and Economy to be submitted by the end of 
2009, in order to demonstrate Posiva’s ability to submit a construction licence 
application in 2012.  Whilst these reports will follow the form that is to be specified for 
the final licence application, they will also describe the extent of the incomplete 
information and the means of obtaining such information by the time of the submission 
of the construction licence application.   

 

LICENSING

Submission of construction license application

Submission of the operation license application

EXCAVATION & CONSTRUCTION

Excavation of access tunnel, shafts, auxiliary rooms

Excavation of demonstration facilities

Construction works for repository

Test operation of repository

Regular operation

TESTS & DEMONSTRATIONS

Phase 1

Access tunnel (inc. niches)

Characterisation and classification (RSC)

Rock construction (EDZ)

Buffer and backfill testing (potential)

Disposal level -420 m

Characterisation and classification (RSC)

Rock construction (deposition tunnels)

Boring of deposition hole(s)

Reporting

Phase 2

Disposal level -420 m (demonstration facility)

Buffer related demonstrations

Canister related demonstrations

Backfill related demonstration

Plugging related demonstrations

Monitoring 

Reporting

Phase 3

Monitoring and optimisation of performance

2009 2010 2011 2012 2013 2014 20212015 2016 2017 2018 2019 2020

 
 

Figure 1-1.  Time schedule for licensing, the ONKALO excavation & construction and 

tests & demonstrations. 

 
The construction licence application will be supported by a detailed description of the 
Olkiluoto site. This description is presented in a form of a report, known as the Site 
Description (or Site Report), which is published every second year, and is the result of 
the work of the Olkiluoto Modelling Task Force (OMTF), in accordance with the 
guidelines in the UCRP (Underground Characterisation and Research Plan) report 
(Posiva 2003). The UCRP report was published as part of the compilation of 
documenting the status of knowledge and plans before the excavation of the ONKALO 
commenced and was the first overview plan of the R&D programme in the ONKALO. 
The purpose of the modelling work, presented in the three Site Reports to date (Posiva 
2005; Andersson et al. 2007; Posiva 2009; referred to as SR2004, SR2006 and SR2008 
respectively), has been to provide as coherent and integrated description of the site as 
possible and describe its geological, rock mechanical, hydrogeological and 
hydrogeochemical characteristics. 
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The excavation of the ONKALO has now reached hydrogeological zone HZ20, which 
marks the upper boundary of that part of the bedrock that is expected to represent the 
deep rock conditions typical of the planned repository. Having passed through this 
hydrogeological zone, the ONKALO access tunnel will provide access to the bedrock 
and facilitate the detailed R&D that necessarily must be carried out in situ, in the deep 
bedrock of Olkiluoto. In parallel with this, the analysis of the site data and the 
associated multi-disciplinary modelling have unveiled specific and still open important 
topics, known as outstanding issues.   

Some of these issues can be best resolved with carefully planned and executed 
experiments and investigations in the deep rock conditions provided by the ONKALO 
access tunnel. This document is a summary of such plans, based on the status of these as 
of early 2009; however, as more data are obtained and more modelling carried out, these 
plans will be continuously developed and revised towards the end of the year. The 
proposed plans for experiments and investigations are meant to provide knowledge that 
is site-specific, i.e. can only be obtained from the Olkiluoto site, and also evidence on 
the characteristics of the deep rock which is considered representative of the host rock 
volume of the spent fuel repository. 

The plans presented in this document are investigations and experiments that are 
designed to commence in 2010 in the ONKALO and are restricted to those which will 
be carried out in the ONKALO access tunnel. The investigation activity will continue 
during the excavation of the auxiliary rooms in 2010 at the proposed disposal depth, but 
most importantly, will continue in underground rooms planned for testing and 
demonstration. The tentative investigation plan for auxiliary rooms and their activities is 
presented in the TKS 2009 report (Posiva 2009). The tests and demonstrations are 
presented in Anttila et al. (2009).   

This document, which provides an overview of the plans for underground 

investigations, serves the purpose of delivering adequate information, which is required 

in particular, when coordinating other parts of the R&D programme in the ONKALO, 

namely: The development of Rock Suitability Criteria (RSC) and the Excavation 

Damaged Zone (EDZ) studies. 

 
In addition, this document provides support to the preparation of the TKS-2009 
programme on plans for detailed site characterisation over the following three years and 
overview plans for the subsequent three years (which will also comprise further surface-
based characterisation activity).   

 

1.1  Earlier plans  

Before the excavation of the ONKALO started, a Posiva report entitled "Underground 
Characterisation and Research Programme" (UCRP) described the proposed plans of 
work to be carried out in the ONKALO in parallel with its construction (Posiva 2003).  
The plans described, in particular, the geological and rock mechanics mapping of the 
tunnel walls, and the collection of geological, hydrogeological, rock mechanics and 
hydrogeochemical data from the ONKALO, as well as from the continuing surface-
based investigations.   
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Furthermore, the UCRP provided the first descriptions of the investigations proposed 
for small drifts, referred to as niches that were to be excavated from the access tunnel: 
"The access tunnel itself, shaft accesses and exploratory niches will be used for 
characterisation purposes."  The plan described the niches primarily as the places to 
locate the characterisation holes. Moreover, the URCP described the purpose of the 
characterisation holes: "Characterisation holes are cored boreholes drilled from the 
tunnel or from a separate niche, and directed outward from the tunnel. Their purpose is 
to characterise larger volumes of rock".   

The UCRP was followed and updated by the TKS-2003 report (covering the R&D 
programme for years 2004 to 2006) and by the TKS-2006 report (Posiva 2003, 2006).  
The TKS-2006 report (Posiva 2006), that covers the R&D activities for the period 2006 
to 2009, details the investigations in pilot holes ONK-PH7 to PH13 and also introduces 
preliminary ideas about the discipline-specific studies in the ONKALO investigation 
niches.  In addition, the plans for the characterisation holes had been further developed 
during the three year period following the UCRP plan.  The TKS-2006 report  states 
that "... before reaching the –420 level, information on the host rock properties will be 
collected from the characterisation holes drilled from the tunnel and niches. The 
information will be needed, in particular: 

- For the design of the ONKALO layout at the –420 metres level.[...] 

- For the prediction of the host rock properties. These predictions will be used for 

modelling in the safety case to be prepared for the application of the construction 

licence. 

 
This programme plan also proposed investigations to be carried out using 
characterisation holes. However, as was stated in TKS-2006, it is important that the 
long-term safety is not jeopardised by "..undesired pathways being formed between the 
repository host rock and significant hydrogeological zones...".   

The TKS-2006 report was also the first one to list the outstanding issues that needed to 
be eventually resolved. These and other issues have been recently reviewed and updated 
and are compiled and discussed in greater detail in SR2008 (Posiva 2009). A number of 
these may be approached by carefully planned studies in the deep bedrock at Olkiluoto. 

 

1.2  Interface with the testing and demonstration programme in ONKALO 

In parallel with the plans for the underground investigations, plans have also been 
drawn up for the testing and demonstration of disposal techniques. Those plans aim to: 

- test and demonstrate the various aspects of the functionality of the KBS-3 system, 

especially those related to site-specific properties;  

- develop quality assurance procedures for construction, handling and installation of 

the disposal system components; and,  

- test and demonstrate the entire chain of activities related to the disposal procedure, 

i.e. characterisation and modelling of the site, design and construction of the 

disposal facility (disposal tunnel, deposition hole), emplacement and performance of 

the canister and the engineered barriers and closure of the repository.  
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This plan presented in this report thus interfaces with the testing and demonstration 
activities via the characterisation and modelling of the site. The investigations and 
experiments described in this plan will help in developing the characterisation 
programme for the actual disposal tunnels and deposition holes. Tentative plans for such 
testing and demonstration are reported in Anttila et al. (2009).   
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2  NEEDS FOR SITE UNDERSTANDING 

The site-specific data are needed by several users, the main data users being those 
involved in site modelling, the safety case development, the rock suitability criteria 
programme and in rock engineering. The following chapters summarise the specific and 
detailed data needs noted by the OMTF (Olkiluoto Modelling Task Force), the SAFCA 
(the Safety Case Project) and the RSC (Rock Suitability Criteria), which have been 
taken into account when planning investigations and experiments in the ONKALO. The 
data produced by this programme will be used first by the OMTF in different modelling 
tasks. The models produced are used in safety evaluations done by SAFCA. The RSC 
programme is still under development and will use the data (mainly pilot hole data) to 
help in the development of suitability criteria. Characterisation data are also used by 
rock engineering either directly or by OMTF models.    

 

2.1  Key issues identified in the Site Reports 

The confidence and remaining uncertainties of the models of the different disciplines 
have been evaluated in all the site reports (Posiva 2005, Andersson et al. 2007, Posiva 
2009) and all the remaining uncertainties of the different models have been placed into 
what is referred to as the Issue List. This list of issues has been identified and 
extensively discussed in cross-disciplinary workshops, by identifying the uncertainties 
in the different models. The resolution of these issues will either require further 
information from the site characterisation programme or additional model development. 
The current list, published in SR2008 (Posiva 2009), contains 24 issues (listed below), 
but only a limited number of these are issues that require resolution before submitting 
the construction application licence. 

The following key issues are identified in SR2008 (where they are discussed in more 

detail than below): 

I1: Character of the rock mass in the potential repository volumes: There is good data 

coverage, allowing identification of all layout-determining features, in the potential 

repository volumes in the central area. So far very few transmissive, subvertical features 

have been found in the ONKALO, but there is a need to have more data from the 

ONKALO below HZ20, i.e. in more representative rock, before any more definite 

conclusions can be drawn. Furthermore, the subvertical features may be important from 

a mechanical point of view, even if they are not transmissive. Generally, the data 

coverage, and thus the level of confidence, is low in the eastern part of the site, where 

there are as yet only a few drillholes. 

I2: Can we characterise the disposal volume in sufficient detail to allow decisions on 

the locations of deposition tunnels and deposition holes? There is reasonable agreement 

between predictions and outcome, on key aspects of the layout. However, stress levels 

and orientations are still uncertain (see issue I6). Data from below HZ20, especially 

regarding rock stress, would be needed for determining the orientation and detailed 

design of these panels.                                              

I3: Geological Understanding of the Deformation History: There are still some 

uncertainties related to the association of brittle deformation and the Rapakivi formation 
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to the east (see issue I1). Furthermore, it is not yet firmly established whether there are 

unfaulted brittle deformation zones (i.e. joints) at the site. However, these uncertainties 

would not be resolved by data from below HZ20 

I4: Connectivity and transmissivity of fracture networks at the site – especially in the 

potential repository volume. The hydrogeological DFN model is consistent with 

existing data. At the large scale, the data indicate very sparse hydraulic connections, but 

there could possibly be more, very local hydraulic connections between drillholes 

located close to each other. Further work on assessing the connectivity at the small scale 

could involve both numerical and experimental work - numerical work could assess the 

resulting connectivity for different representations of the fracture network. A promising 

experimental setting could be based on the interference test carried out at depth.  

I5: Integration between hydrogeological model and geological models. The few 

remaining differences essentially concern areas where confidence is still less good in 

both models (e.g. in the eastern part and importance of vertical features, see issue I1). 

There are no additional implications for the ReRoC programme. 

I6: Stress distribution and orientation. Above the -300 m level the stress orientations 

seem to be locally N-S (rather than the regionally NW-SE orientation present in 

Fennoscandia). Below the -300 m level the upper bound of the stress is uncertain, and 

may be different from that indicated by the current stress data. It is uncertain whether 

traditional stress measurements (from overcoring) would reduce the uncertainties. A 

more definite understanding of the stress would require rock mechanics response tests 

below the -300 m level, combined with further observations from the ONKALO. 

I7: Properties of intact rock. We have a good understanding of the distribution of these 

properties. However, spalling strength data at the appropriate scale are currently based 

on experience from the Äspö HRL, and not on site-specific tests at Olkiluoto. In fact 

site-specific spalling strength data at the proper scale are needed, so experiments similar 

to the ones SKB has conducted (i.e. APSE and CAPS) could also be carried out below 

the HZ20 level, where this type of test would be directly relevant to conditions at the 

repository level. 

I8: Mechanical properties of the brittle deformation zones (BDZ). There is good 

geological knowledge of the location and geometry of the BDZs at Olkiluoto. The 

determination of mechanical properties has commenced and the first estimations, based  

on the rock mass classification system, have been made. The associated uncertainty can 

be reduced by further assessment of the existing data. There are no implications for the 

ReRoC programme. 

I9: Thermal properties. There is some uncertainty in the proper upscaling and 

anisotropy of the thermal properties, although data assessed to date show good 

consistency. The characterisation of small rock samples will continue below HZ20. 

Furthermore, a heater experiment (possibly combined with the spalling test discussed 

above), and with detailed temperature monitoring, would allow further assessment of 

the proper upscaling procedure. 
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I10: Distribution of groundwater types and consistency with flow field. Given the 

wealth of data and their consistency, we are confident in the distribution of groundwater 

types. There is less knowledge about pore water compositions. A few microbial, 

porewater and fracture surface data now exist – but more data, in relevant volumes, both 

in representative rock volumes below HZ20 and in other rock volumes at different 

depths, would be needed before definite conclusions could be drawn. 

I11: Evolution of groundwater composition. Flow paths to/from the host rock, 

especially the near-surface interface: The understanding of the connection between the 

near-surface waters and the groundwaters types in the bedrock has advanced, due to the 

development of the near-surface hydrological modelling; however, some questions 

remain. The infiltration experiment, which is currently in operation, will provide 

relevant data for this issue. There are no implications for the ReRoC programme. 

I12: Evolution of groundwater composition: Impact of surficial water intrusion (pH, 

Redox and buffering capacity). Conceptually, the process of sulphate reduction is clear 

and is only possible through microbial activity at these temperatures, but the 

quantification of the microbial activity, particularly the rate of sulphate reduction, is 

uncertain. The infiltration experiment, see issue I11, will provide relevant data for this 

issue. Detailed characterisation and monitoring below HZ20 is important to evaluate 

SO4 reduction due to groundwater mixing. 

I13: Evolution of groundwater composition: Formation of gas phase/ dissolved gases in 

groundwater. The origin of the CH4 is uncertain and the current rate and source of 

methane production is unclear. It is essential to obtain more data (gas contents, 

microbes, isotopic) from deep, saline groundwaters. 

I14: Evolution of groundwater composition: Evidence of deep infiltration of dilute 

waters. The non-existence of previous dilute conditions and the preserved anaerobic 

conditions should be confirmed by palaeohydrogeological methods and groundwater 

studies of poorly-transmissive fractures and the pore volume. There are few 

implications for the ReRoC programme. 

I15: Evolution of groundwater composition: Potential for upconing of very saline 

water. More data from deep groundwaters would be helpful, but there are no direct 

implications from the ReRoC programme. 

I16: Site evidence for flow-related transport properties of migration paths from the 

potential repository panels. Characterising the flow distribution is mainly related to the 

description of how the potentially transmissive fractures form a connected network. The 

flow cannot be measured for future conditions, the flow path distribution has to be 

based on modelling, i.e. the hydrogeological DFN model. The question is then whether 

the hydrogeological DFN model is sufficiently bounded by the available 

hydrogeological data. This is the same issue as already discussed in issue I4. 

I17 Site evidence for the retention properties of the rock from the potential repository 

panels. Data on retention properties are essentially obtained from laboratory tests on 

core samples. A few such samples have been analysed, but there is a question as to 

whether these samples are representative of the actual migration paths. There is a need 
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to obtain more samples in the relevant volumes of rock, so that further samples can be 

analysed. This could possibly be achieved by collecting samples from drill cores 

planned for other purposes (e.g. from pilot holes or drill cores from migration tests 

considered in issue I4). 

(There are no issues I18 and I19) 

I20 Relation between pilot hole (PH) data and conditions in the excavated tunnel and 

its environment. There is generally a good correlation between what has been seen in 

the PHs and what is then encountered in the tunnel, but there are some discrepancies 

regarding fracture frequency, identification of stability problems, and inflow 

distribution to the tunnel.  

I21 What is the scale of natural variability of deformation zones? There are few 

implications for the ReRoC programme.  

I22 Capability to predict spalling (during construction, in the ONKALO, deposition 

facilities, tunnels, and in deposition holes, plus after the thermal pulse). This is directly 

related to issues I6 and I7, understanding the rock stress and the rock strength. 

I23:  Excavation Damage Zone (EDZ) of the ONKALO tunnel system. It is still a 

challenge to characterise the hydraulic properties of the EDZ formed during tunnelling.  

I24 Predicted inflow to deposition tunnels and holes during operational & early-post-

closure (saturation) stages of the repository. See issue I20. 

I25: Impact of the open drillholes on the hydraulic connections of natural deformation 

zones. This has no implications for the ReRoC programme 

I26: Migration of high pH plume and other impacts of grouting. There is a question as 

to what extent fracture minerals (in addition to CO2 in groundwater) are able to 

neutralise the high pH plume, since the kinetics of these processes are very uncertain.  

 

2.2  Resulting characterisation needs 

In summary, the assessment of the remaining issues suggests the following 

characterisation needs of relevance to the ReRoC programme: 

 Detailed characterisation of potential repository volumes (see discussion on issue 

I1). 

 Stress and rock mechanics responses (see discussion on issues I6, I7 and I22). 

 Thermal properties at an appropriate scale (see discussion on issue I9). 

 Rock water interaction and resulting groundwater composition (see discussion on 

issues I10 to I13). 
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 Microbial populations and processes (see discussion on issues I12 and I13) 

 Hydraulic features in the near-field (see discussion on issues I4 and I16) 

 Migration properties of intact rock (see discussion on issue I17) 

 Continued evaluation on the relation between pilot hole data and conditions in the 

excavated tunnel and its environment (see discussion on issue I20).  

 Continued testing of means for characterising the EDZ (see discussion in issue I23).  

 Consideration of testing the impact of existing grouting and the migration of the pH 

plume (see discussion on issue I26) 

 

2.3  Needs of the Safety Case  

The needs of the Safety Case are essentially linked to the overall safety functions of the 
geosphere, the rock properties contributing to the fulfilment of the safety functions and 
the processes affecting these properties. The safety functions of the host rock are (a), to 
isolate the repository from the biosphere and normal human habitat, (b), to provide 
favourable and predictable mechanical, geochemical and hydrogeological conditions for 
the engineered barriers, protecting them from potentially detrimental processes taking 
place above and near the ground surface, and (c), to limit and retard inflow to and 
release of harmful substances from the repository.  

The main issues for the Safety Case are related to the process understanding and data 
needed for the conceptualisation and modelling of processes affecting the safety 
functions of the rock or the EBS (Engineered Barrier System). For the Safety Case there 
is both a need for better site understanding, especially of flow and transport properties, 
the groundwater composition (gases, colloids, microbes etc.) and its evolution, and for 
specific process understanding of the rock (the stress redistribution, impact of the EDZ 
and spalling, rock water interactions, microbial populations and processes). In addition, 
tests are needed to validate data which have been measured in laboratories using data 
from in situ experiments, especially for the better understanding of processes, which are  
sensitive to the specific characteristics of the bedrock, its properties and the in situ 
environment.  

In summary, the issues for the Safety Case, in addition to the issues listed in 2.1.2 are 

related to: 

• The hydrogeochemical conditions and the evolution of the groundwater 

composition, process and transport-related information on the groundwater 

composition, including gases and microbes, organics and colloids (for which 

there is very limited information at present). 

• Issues I12 and I13 should be studied in parallel, using studies such as the 

infiltration experiments, but also using studies at the proper depth in the rock, so 

that the origin and rate of methane production can be related to the kinetics of 
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sulphate reduction and to the evaluation of the maximum sulphide production. 

This is essential information for the evaluation of the integrity of the canister. 

• Basic information on rock mechanics, such as stress and strength data, and 

studies on the impact of the excavations, e.g. changes in stress, spalling 

• Hydraulic properties of the EDZ (Issue I23)  

• Site-specific, in situ data on retention properties, such as porosity, effective 

diffusion, sorption properties of rock. 

• In situ tests complementing and “validating” laboratory tests or specific new 

tests which need to be performed under in situ experimental conditions (e.g. 

these represent “real” organic content, colloids, microbes, redox (especially the 

sulphate/sulphide/Fe(II)/CH4 equilibrium), gases, temperature, which are 

missing or different in laboratory tests under simulated conditions). 

– Sorption tests on rock samples in columns, e.g. Chemlab type 

experiments performed at Äspö 

– Uranium & U-series isotopes (Th, Ra, etc.), speciation, colloid formation 

and complexation 

 

2.4  Demonstrating the application of the RSC  

A rock suitability classification procedure is going to be applied to decide which 
volumes of rock are suitable for hosting deposition tunnels and deposition holes. The 
procedure is currently under development and an interim report (Hellä et al. 2009) has 
been published. The estimation of the suitability will be carried out in a step-wise 
manner, by considering models and information on the bedrock properties at different 
scales. The estimation of the rock suitability for a specific deposition tunnel and 
deposition hole will be refined according to the increasingly more detailed information 
gained from the pilot holes and excavated rooms as construction of the repository 
proceeds. 

The criteria for estimating the suitability of a certain bedrock volume (the Rock 
Suitability Criteria, RSC) for disposal are derived from the safety functions of the rock 
and the performance targets defined for the host rock. The performance targets consider 
rock properties that should guarantee the functionality of the engineered barrier system 
and, on the other hand, favour retention of the radionuclides in case of their potential 
release from the waste canisters. The criteria also considers the requirements set by rock 
engineering. 

The rock suitability criteria addressed in the interim report (Hellä et al. 2009) 
concentrate on defining suitable volumes for hosting a disposal panel, containing 
several disposal tunnels. For this purpose, the main interest lies firstly in the location of 
the deformation zones, which need to be avoided using a certain respect distance, and 
secondly in the location of any larger volumes of rock which have poorer rock 
properties in terms of rock stresses and strength, thermal properties, higher hydraulic 
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conductivity or groundwater composition. The criteria for the deposition holes are 
currently being defined and will be refined in the second phase of the RSC programme 
in 2010. As part of this programme, the methods needed for evaluating these criteria 
also need to be developed.  

The classification procedure for the rock, based on the rock suitability criteria, will be 
demonstrated later in the demonstration tunnels. The planned activities are described in 
the DEMO programme (Anttila et al. 2009) and are not repeated in this report. 
However, the ReRoC programme also provides an opportunity of developing the ability 
to characterise the rock at the detailed scale and to test the ability to predict rock 
properties at a suitability detailed level, that will enable the selection of deposition hole 
locations. Thus the needs of the RSC programme on the investigation programme can 
be summarised as follows. 

 characterisation techniques to locate deformation zones at a panel scale - of 

particular interest are geophysical techniques which give information at a scale 

of about 100 m, combined with confirmation of the results from drillholes and 

tunnel data,  

 characterisation of the tunnel floor, 

 characterisation techniques to detect large fractures below the tunnel floor at a 

scale of some tens of metres, combined with confirmation of the results from 

drillholes, 

 techniques to collect groundwater samples in a poorly conductive environment, 

 detailed scale characterisation of hydraulically conductive fractures (location 

and potential for inflow), 

 determination of thermal properties and their variation, for evaluating whether 

these affect the selection of canister locations,  

 studies related to the potential for rock mechanics failures and instability and 

whether there are any means or a need to take these into account in the 

classification of the rock,  

 evaluation of the prediction/outcome studies to increase understanding as to 

what the pilot holes really tell us about the tunnel conditions and deposition 

holes.  

In other words, a reliable way of characterising the potential position of a deposition 

hole must be developed. It must also be decided how the characterisation data will be 

analysed. In addition, procedures as to how to evaluate the implementation of the rock 

suitability criteria must be developed. 
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3  CHARACTERISATION OF POTENTIAL REPOSITORY VOLUMES 

Since the start of the ONKALO excavations, a suite of data has been collected routinely 
from the ONKALO walls and drillholes (pilot holes and probe holes). In the drillholes 
the regular investigations have included geological mapping (foliation, lithology, 
fracturing, fracture surface mineralization, etc.) of the core, optical imagery, standard 
geophysical measurements and flow logging with the PFL (Posiva Flow Log) device. 
As the ONKALO reaches the depth where the rock properties approach those expected 
to exist at the repository depth, the investigations made in the tunnel and in probe, pilot 
and characterisation holes become increasingly important. Also the pre-grouting holes 
drilled into the shaft perimeter will provide an excellent opportunity for detailed-scale 
data collection and interpretation. Investigations presented in this chapter are linked to 
issue I1 presented in Chapter 2.2.  

3.1  Geological mapping 

The mapping of the ONKALO walls consists of a large number of parameters and 
attributes that are related to the geological and rock mechanical characteristics of the 
excavated tunnels. (Enström and Kemppainen 2008) 

Round mapping is the first stage of mapping and it is conducted near the face of the 
tunnel to assess the rock quality for the ONKALO tunnel in the excavation area. 
Systematic mapping is the main geological mapping stage and is conducted tens to 
hundreds of metres behind the current excavation area. Most of the geological 
information is gathered during this stage. The supplementary studies comprise several 
different phases, in order to obtain a comprehensive picture of the ONKALO tunnel. 
This third stage of mapping includes the recognition of Tunnel Crosscutting Fractures 
(TCF), the determination of deformation zone intersections, systematic digital 
photography, systematic digital imaging, systematic rock sampling and water leakage 
mapping. In addition to tunnel mapping, the shafts have also been mapped using a scan-
line mapping procedure. A detailed discussion on the tunnel mapping in the ONKALO 
is given by Engström & Kemppainen (2008). 

Tunnel and shaft mapping will continue during the whole of the ONKALO phase and 
later on also during the construction phase of the final repository. The tunnel mapping 
programme has been evaluated in Engström and Kemppainen (2008). Improvements to 
the mapping procedure will be made, if required, and those will be subject to a re-
evaluation when the tunnel and its mapping has reached chainage 4340.  

3.2  Probe holes 

Probe holes are percussion drilled in the tunnel face during the ONKALO excavation, to 
evaluate the need for grouting. Usually there are four, approximately 25 m long holes. 
Holes are used for obtaining site investigation data when they are associated with 
leakage into a tunnel. All leaking holes have been measured with the PFL to identify the 
amount of water leaking into the tunnel and to define the exact locations of water 
ingress. The results have been used for grouting design, but also for detailed 
hydrogeological modelling; also the basic chemical composition of the groundwater has 
been studied.  These investigations will continue during the ONKALO phase. 
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3.3  Pilot holes 

Pilot holes are 100-200 m long drillholes drilled from the tunnel face. Their main 
purpose is to investigate the rock properties and hydrogeological conditions in advance 
of tunnel construction.  

Pilot holes are a means of providing: 

- early information about future rock conditions for construction planning; 

- a basis for developing the rock suitability criteria (RSC); and 

- a basis to support prediction/outcome studies in the site descriptive modelling.  

 
The pilot hole studies are standardised, and include geological core logging, standard 
geophysical measurements and optical drillhole imaging, flow measurements and 
groundwater sampling. Pilot hole drilling and the related investigations are the main 
data producers for the RSC and also for the small-scale prediction/outcome studies. 
Over next three years the RSC will be tested in the ONKALO tunnel, and the pilot hole 
data will provide a considerable input to this testing. Based on the results obtained, 
either the RSC criteria or the pilot hole studies will be developed and modified, so that 
they can be used effectively at repository depths. 

To date ten pilot holes have been drilled in the ONKALO. Pilot holes ONK-PH8 and 
ONK-PH9 were drilled in the latter half of 2008; they covered the HZ20 system that is 
one of the most significant hydrogeological zones at the site. The plan is to drill four 
more pilot holes into the ONKALO tunnel (ONK-PH11-PH14) and continue with the 
standardised investigation procedure. Pilot hole ONK-PH10 is the first one to be used 
for testing the tentative RSC-I criteria. The tests will demonstrate how the hole 
investigation procedure works for RSC purpose and if it needs to be revised. At the 
same time, the prediction/outcome studies will be evaluated and improved, so that they 
will be more useful for the RSC and for detailed investigation planning. The planned 
pilot holes are listed in a Table 3-1.   

 

Table 3-1. The planned ONKALO pilot holes. The nominal investigation targets include 

hydrogeological zones (HZ), geological brittle deformation zones (BFZ) and zones in 

the ONKALO area model (ONK) as well as sparsely fractured rock (SFR). 

Pilot hole 

Chainage Planned 

end 

chainage 

Planned 

length 

[m] 

Investigation 

target 

Preliminary 

timetable* 

ONK-PH10 3460 3660 200 ONK56 and 

BFZ084 

March 2009 

ONK-PH11 3925 4054 130 SFR August 2009 

ONK-PH12 4093 4217 125 SFR October 2009 

ONK-PH13 4232 4345 115 BFZ084 December 2009 

ONK-PH14 4450 4550 100 ONK56 February 2010 

* Final timetable depends on ONKALO excavation. 
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3.4  Characterisation holes  

The URCP (Posiva 2003) described the purpose of the characterisation holes as: 

"Characterisation holes are cored boreholes drilled from the tunnel or from a separate 

niche, and directed outward from the tunnel. Their purpose is to characterise larger 

volumes of rock".  During the c. three-year period since the publication of the URCP 

report, the plans for such holes have become somewhat more specific.  The TKS-2006 

plan describes that "... before reaching the  - 420 level, information on the host rock 

properties will be collected from the characterisation holes drilled from the tunnel and 

niches. The information will be needed, in particular: 

 

 For the design of the ONKALO layout at the - 420 m level. In addition to the 

investigation tunnels and niches for host rock characterisation, auxiliary rooms will 

be needed for various auxiliary functions and for the design of the repository 

tunnels, as well as, additional audits (see Figure 3.26). 

 For the prediction of the host rock properties. These predictions will be used for 

modelling in the safety case to be prepared as part of the application for the 

construction licence. 

 

This programme plan also proposes investigations to be carried out with 

characterisation holes.   However, as was stated in TKS-2006, the long-term safety 

cannot be jeopardised by "..undesired pathways being formed between the repository 

host rock and significant hydrogeological zones..." Therefore "the characterisation 

holes drilled from the ONKALO should not cross the fracture zone that the ONKALO 

access tunnel is expected to cross approximately at the –300 level." The zone referred in 

the TKS-2006 report is HZ20, which was crossed by the ONKALO tunnel in the latter 

half of 2008.  

 
Posiva prioritises long-term safety, with the result that the number of characterisation 
holes near the planned repository panels has decreased from earlier plans. The other 
reason for decreasing the number on characterisation holes is that the knowledge of the 
host rock properties has improved due to the investigations in the ONKALO. SR2008 
(Posiva 2009) is considered to be already quite reliable in the ONKALO area, where the 
drillhole density is greatest and the information from the ONKALO can be used. 
Detailed information on host rock properties, in advance of tunnel construction, is 
needed for prediction-outcome studies and for layout planning. So Posiva will drill at 
least two characterisation holes from investigation niche at chainage 3620 (Figure 3.1) 
into the near vicinity of the planned repository area. Geological, hydrogeochemical and 
hydrogeological predictions of the bedrock volume for the first panel area will be made 
by using existing models. The reliability of the models will be checked using 
characterisation holes and related investigations; and both predictions and outcome will 
be reported in a Working Report in 2010. This "pilot" study will indicate if more 
characterisation holes will be needed to check the repository panel area near the 
ONKALO.  

In addition to this general site characterisation requirement, hydrogeochemical studies 
of saline groundwaters in low transmissive fractures have a special need for these 
characterisation holes. Hydrogeochemical studies of low transmissive fractures (< 10

–

7
m

2
/s) are needed to investigate the salinity distribution of the groundwater at the 

repository depth and little beyond. The existing data indicate locally higher and lower 
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salinities in certain parts of the bedrock, with intermediate transmissivities (10
–8

 to 10
–7 

m
2
/s). Hydrogeochemical data to date contains few results from low transmissive 

fractures, so more data are required. Data are also needed to confirm the non-existence 
of the previous dilute conditions at repository depths and the existence of continuous 
anaerobic conditions at depth. 

Technically, the sampling of the low transmissive fractures is demanding. From the 
surface such sampling is possible, but is time-consuming and the sample is in the 
sampling hoses for days before it is pumped up to the surface and the sample can be 
obtained. The representativity of the sample may thus suffer from this long pumping 
period.  Samples can also be taken with PAVE sampler, but then the volume of sample 
is limited at maximum to 750 ml per sampling operation, which is insufficient for the 
detailed hydrochemical analysis required, and the sampling is hard to repeat in a way 
that allows the results to be totally comparable.  The most representative samples can be 
taken from the drillholes drilled from the ONKALO tunnel.  From those holes the water 
samples will flow to the tunnel under hydrostatic pressure. Sampling from the tunnel is, 
therefore, easier and representativity of such samples is much better than those obtained 
from surface sampling by long pumping times. 

The requirement to investigate the baseline conditions of the groundwaters in low 
transmissive fractures results in characterisation drillholes being needed. These 
drillholes are required to reach a depth of about 500 m, but not to intersect the 
hydrogeologically- and chemically-important zone HZ21 (or any other highly 
transmissive zones), which separates the very saline and saline groundwaters. The holes 
must also not intersect the planned disposal panel area. These drillholes will be drilled 
in different directions from the same location, e.g. from a niche or loading niche 
(example of the drillings is presented in Figure 3-1).  

Characterisation hole studies will include detailed geological core mapping, flow 
measurements, standard geophysical measurements, optical drillhole imaging and 
mineralogical sampling of the core. Characterisation holes can also be measured with 
the TERO probe to obtain information on the thermal properties of the rock. 
Characterisation drillholes will be located so that the testing of different geophysical 
hole-to-hole measuring equipments and methods are possible; in addition rock stress 
measurements using hydraulic fracturing are to be considered. 

Detailed planning of the drillholes will be carried out after the tunnel has reached the 
possible drilling area and geological information is available for such planning 
purposes. The drilling will be carried out at the earliest in autumn 2009.  
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Figure 3-1. Possible characterisation hole drillings in ONKALO from investigation 

niche at chainage 3620 in autumn 2009. (Red is ONKALO access tunnel and green are 

planned disposal tunnels in first panel area). 

 

3.5  Investigations in drilled pre-grouting holes in the shaft areas 

In order to characterise the fracture network and flow properties in a volume of rock, 
which is representative of the rock close to a deposition hole, additional studies will be 
performed in the core drilled holes in the shaft drifts, if suitable places can be found in 
the ONKALO.  An expected location for such an experiment will be in the shaft drifts 
between levels -290 m to -437 m, if the grouting plans do not prevent the use of 
grouting holes for such investigations. 

These studies are focused on same questions as those described in "Experiment of the 
hydrogeological properties in the near field" in Section 4.2. The information gained 
from these investigations serves the general characterisation needs and the needs of the 
geological, hydrogeological and geochemical modelling - but also produces information 
for the RSC programme. Additionally, it is expected that the testing will provide 
valuable experience regarding different investigation methods.  Preliminary work in 
testing such methodologies has already taken place in the ONKALO, and the experience 
gained will be assessed in designing the forthcoming studies. The planned 
methodologies are similar to those presented in Section 4.2 (see Table 4-1); although 
time restrictions will limit the extent of the investigations that are to be carried out.  At a 
minimum optical drillhole imaging, focused mise-à-la-masse and hydraulic single hole 
and cross-hole measurements will be carried out. The drill cores will be geologically 
mapped in same detail as pilot holes. 
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3.6  Seismic investigations in the ONKALO 

Seismic measurements at various scales have been widely used in bedrock 
characterisation since the earliest stage of the site investigations. The first seismic 
investigation in the ONKALO was carried out in 2007 at tunnel chainage 1720-1820 m 
to characterise the rock mass around the tunnel. The results were compared with known 
modelled structures, such as brittle fault zones, hydraulically conductive zones and 
lithological units, as well as with mapped tunnel crosscutting fractures. The comparison 
showed that the continuation and geometry of the modelled features and mapped 
fractures outside the tunnel could be validated by seismic data, although some of the 
modelled structures or contacts did not appear as seismic reflectors. This can be either 
because of an unfavourable orientation or due to the physical properties of the feature. 
To improve the method and gain better geometrical resolution, the second tunnel 
seismic work planned for 2009 will be carried out as a longer 200 m profile, using 
three-component geophones instead of the two-component sensors used in the 2007 
survey.  

The planned ONKALO seismic investigation will be carried out on the right hand wall 
of the access tunnel above the EDZ investigation niche, located at chainage 3620 m. 
The purpose of the survey is to characterise in 3D the bedrock block that extends 
horizontally 200 m from the tunnel and vertically 200 m above and below the tunnel. 
The investigated volume partly covers the area of the possible first central tunnel and 
panels at the disposal level (Figure 3-1). The potential targets are seismic reflectors, for 
example long fractures and local fault zones. The survey will produce a 3D seismic 
reflection image covering nearly all possible reflector orientations to a distance of 200 
m from the survey line, including features ahead, above, below and to the side of the 
tunnel. The spatial observableness for nearby reflecting objects will be 2-5 m and the 
location resolution and thickness detection limit is in the order of 10-50 cm. The 
penetration distance on the processed image is 200 m for the migrated results, although 
the deepest possible penetration could be 400-500 m from the survey line. Refraction 
tomographic processing will be applied to interpret the seismic P and S wave velocities 
up to a depth of 10-20 m from the tunnel wall. 
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4  PLANS FOR TUNNEL EXPERIMENTS  

The plans described in this document aim at resolving some of the key issues introduced 
in Section 2.2.  The proposed investigations are: 

- the sulphate reduction experiment, determining the production, presence and effects 

of sulphide in the groundwater (issues I12, I13);  

- the hydrogeological interference experiment for a detailed characterisation of 

connected fracture networks in the rock mass representative of that in the near field 

of deposition holes (issues I4, I16);  

- the rock matrix diffusion experiment(s) to determine the bedrock's essential retention 

properties for radionuclide transport modelling (issue I17); and 

- the stress-induced spalling experiment, investigating the impact of the excavations 

of (mock-up) deposition holes on the cohesion of the surrounding rock (issues I6, I7, 

I22).  

 

4.1  Sulphate reduction under deep bedrock conditions  

A key question within the waste disposal programme is the production, presence and 
effects of sulphide in the groundwater, since the amount of sulphide is directly 
correlated with the life-span of the copper canister. This issue is a key issue for long-
term safety and this experiment tries to provide answers to issues I12 and I13.  

4.1.1  Objectives 

Sulphide (S
2-

) produced by microbial sulphate (SO4) reduction may corrode the copper 
canisters. It is, therefore, important to understand the process and kinetics of the process 
and the limiting factors (mixing, nutrients etc.) for sulphate reduction. Organic carbon 
can be used as a substrate for energy and reducing electrons and hydrogen can be used 
as an electron donor alone, for the reduction of sulphate to sulphide. A special case 
concerns methane (CH4) that can serve as a donor of reducing electrons, enabling the 
anaerobic oxidation of methane to carbon dioxide and hydrogen. Bacteria, such as 
Desulfovibrio desulfuricans, use dissolved sulphate as an electron acceptor and produce 
sulphide and mineralised carbon, according to the basic reaction: 

 

 2CH2O + SO4
2-

 2HCO3
-
 + H2S (oxidation of fixed carbon) 

or  

 CH4 + SO4
2-

 HCO3
-
 + HS

-
 + H2O  (oxidation of reduced carbon) 

 
However, for CH4 to act as an energy source requires it to have a symbiotic relationship 
with anaerobic methane oxidation bacteria (ANME), a situation which until now has 
been demonstrated only in sea bed sediments. Hydrogeochemical, isotopic and 
microbiological evidence indicates, however, that the process does indeed occur under 
deep bedrock conditions. 

The groundwater monitoring programme at Olkiluoto (Pitkänen et al., 2008) has 
revealed interesting results on elevated sulphide concentrations in groundwater samples 
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with the common occurrence of SO4 and CH4. In addition, results from, for example, 
OL-KR13_362_4 showed an initial increase in sulphide concentration, followed by a 
decrease with time. Similar patterns have been recorded during the monitoring 
programmes associated with the site characterisation investigations in Sweden, at 
Laxemar and Forsmark (Laaksoharju et al. 2008). The changes in sulphide 
concentration with time and place have been discussed, and the effects of pumping flow 
rate and/or disturbed drillhole conditions have been suggested as reasons for this 
induced production.  

This investigation meets the demand for a better understanding of the processes behind 
sulphide production (sulphate reduction) and involves chemical characterisation and 
detailed microbiological investigations of groundwaters at about 300 m depth in the 
ONKALO. The hypothesis of the investigation will be 

- Microbial sulphate reduction is an continuing process in the Olkiluoto groundwater 

- The rate of sulphate is controlled by the enzyme kinetics of sulphate-reducing 

bacteria and anaerobic methane oxidation (ANME) (Pedersen et al. 2008) and by 

phages (Kyle et al. 2008). 

- The energy resources for sulphate reduction are organic carbon and hydrogen, via 

anaerobic methane oxidation.  

- The distribution of sulphate reduction processes in Olkiluoto are controlled by the 

presence of sulphate and energy resources, in particular CH4 under deep bedrock 

conditions. 

 
The investigation will focus on sulphide and other constituents and the parameters 
involved in, or related to, the processes for sulphide production in groundwater. In 
addition to general hydrochemical studies (water composition (includes iron(II)/iron 
(III), pH and Eh)), studies of isotopes, microorganisms, dissolved organics, dissolved 
gases and the stable isotopes 

13
C and 

2
H in gases, will be included. An isotope of 

special interest is the fractionation of 
34

S between dissolved sulphate and sulphide 
(whose study will also help in understanding groundwater and fracture mineral data in 
palaeohydrogeochemical studies) whereas 

13
C(DIC) is also needed to understand the 

energy source used. Isotopic data collected during the experiment will be used for 
improving site understanding and to help in interpreting the existing isotopic data.  

The aims of the experiment are: i) to demonstrate microbial reduction of sulphate with 
ANME, ii) to determine case-specific ( i.e. variable concentrations) reduction rates and 
iii) to determine renewal rates of energy sources for sulphate reduction. The results of 
the experiments will be used in mapping the distribution of sulphate-reduction processes 
in the Olkiluoto bedrock and in modelling sulphate reduction at Olkiluoto. The 
processes related to sulphate reduction will be modelled with biochemical models. The 
results of the biochemical model will be used in hydrogeochemical reactive transport 
modelling, which aims to predict the hydrogeochemical evolution in the distant future.   

4.1.2  Execution 

Experiment location 

 
The experiment will be carried out at two different locations in the ONKALO tunnel. 
The possible places for investigations are enlarged loading niches (known as 
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investigation stations). The first requirement for the experimental location is that both 
SO4- and CH4-rich water types can be found. Based on the hydrogeochemical database 
the water types changes from SO4 type to CH4 type at a depth of about 300 m. Based on 
the pilot hole ONK-PH9 data, the SO4-rich waters can be found in the near vicinity of 
hydrogeological zone HZ20 and CH4-rich water should be present quite soon after this 
zone. The drilling of pilot hole ONK-PH10, starting from chainage 3460 m, will 
provide more information on water types after HZ20. The final decision about the 
experimental locations will be made based on pilot hole studies in April 2009. The 
possible places are the investigations stations at chainages 3370 and 3450 m. 

Drilling plans and investigations during drilling 

 
Two drillholes are to be drilled from the two different tunnel locations, so that sulphate-
rich (Cl = 1000 mg/l) and methane-rich waters (Cl = 6000 mg/l) are found. The 
maximum length of the drillholes will be 30 m.  

The drilling, which must be carried out with clean and uncontaminated drilling 
equipment, will be done in a stepwise manner. The drilling will be stopped after each 
round and any outflow from the drillhole measured. If any outflow is present, ground-
water from the fracture will be sampled and characterised immediately and the drilling 
will wait for the results of the analysis before commencing. The chemical sampling will 
be done according to class C (for a description of classes see Appendix 1), including 
gases and gas isotopes. The existence and activity of sulphate-reducing and/or 
methanogenic bacteria in the groundwater and in biofilms on fracture surfaces will be 
confirmed with microbiological sampling and analysis. The drilling can cease as soon as 
a proper water type for the experiment has been found. After drilling, the drillholes will 
be equipped with metal-free packers to isolate the water conducting fracture for the 
experiment. 

Drillcores will be geologically mapped and the fracture surfaces of drillcores will be 
analysed for the presence and activity of microbial films. 
 

4.1.3  Investigation programme and installations 

The basic characterisation of the drillholes will include: 

 

 flow measurements with the PFL  

 Optical drillhole imaginary 

 Investigation of general hydrochemical conditions (water composition including 

dissolved organics, iron etc., stable and radioactive isotopes, have online 

measurements of pH, Eh, O2, SO4, HS
-
 by using electrodes) 

 Isotopic studies of groundwater (
34

S in sulphide and sulphate,
 13

C, 
14

C (DIC)) 

 Analysis of gas content and composition 

 Analyse 
13

C and 
2
H in dissolved natural gases such as H2, CH4 and CO2 

 Analysis of biomass with adenosine-tri-phosphate (ATP) and microscopic 

determinations. 

 Analysis of the amounts and types of general and species-specific nucleic acids 

(DNA and RNA) in groundwater and on fracture surfaces. These analyses will 
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reveal the numbers and types of microorganisms present and their level of 

activity, i.e. is sulphate reduction taking place? 

 

 
After the installation of non-metallic packers, the groundwater from the drillholes is 
circulated in a system at in situ pressure, temperature and chemistry and returned to the 
drillholes. In this way, a test system is created that can be operated in open and closed 
experimental modes (see Figure 1 in Nielsen et al. (2006) for details). The groundwater 
is led to flow cells containing drill cores or rock fragments/fracture minerals to 
investigate the development of biofilms. 

The effect of sulphate on the methane system and methane on the sulphate system will 
then be investigated. It is hypothesised that a combination of sulphate and methane is 
needed to generate large amounts of sulphide. This should be possible to test under 
controlled conditions in the installed circulation systems, as has been done previously in 
the Äspö Hard Rock laboratory tunnel, with a circulation system as describe by 
Hallbeck and Pedersen (2008). The circulation system will be kept in open mode, with 
groundwater circulation over the packed-off sections in the respective sulphate and 
methane drillholes. When microbial populations have been established on the 
supporting rock materials, the mode will be changed from open to closed mode and the 
sulphide production rate determined. The results can be used to model the possible 
effects from the mixing of sulphate- and methane-rich groundwaters. 

It will also be possible to analyse the effect due to the addition of various organic 
substances to the groundwater - these could be materials used in drillholes, cement 
additives and other construction materials – and their effect on the production rate 
sulphide. Doing such an experiment may assist in understanding why the level of 
sulphide in drillholes with standing groundwater tends to increase significantly. 

Whilst groundwater is isolated from the flow through the circulation system for detailed 
sulphate reduction studies, chemical sampling can be carried out from a separate 
sampling line or from the circulation system.  

After microbiological studies have been performed in both drillholes, the influence of 
different pumping rates on the rate of sulphide production will be tested. It is important 
to obtain some information on how changes in hydrogeological conditions can result in 
the mixing of different groundwater types and how this could accelerate the rate of 
sulphite production. Testing the influence of the pumping rate will be carried out by 
increasing the flow rate from the drillholes in stepped intervals (10, 50 and 100% of the 
maximum flow capacity), decreasing the flow rate in similar steps and then repeating 
the procedure (see Figure 4-1). Class D samples are collected at low and high flow 
conditions and Class B samples are taken for time-series purposes and for following 
certain chemical trends. The length of the stepped interval can be, for example, 2-4 
weeks. This procedure should indicate the following inhibiting factors concerning 
sulphate reduction:   

the effect of the flow, 

the kinetics of the process, 

the extent of the process and 

the inhibiting factors. 
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Class D =

Class B =

10%

50%

100%

Time 

(months) 

Flow 

 
Figure 4-1.   The flow rate from the drillhole is increased in stepped intervals of 10, 50 

and 100% of the flow and then decreased step by step. The procedure is then repeated 

after a relaxation period of no flow.  

 
A useful tool for understanding organic processes at the site scale, such as bacterial 
sulphate reduction, is stable isotope fractionation. Microorganisms preferentially select 
the lighter isotope 

32
S before the heavier isotope 

34
S, in order to save energy, which 

produces distinct isotopic ratios between the sulphate and the produced sulphide. Hence, 
analyses of 

34
S in sulphate and sulphide will provide information on the process of 

sulphate reduction. This study will provide detailed information on the fractionation of 
isotopes between sulphate and sulphide production and the new data will be used in the 
evaluation of the isotope results in the Olkiluoto database. 

Furthermore, one of the factors which are governing the sulphate reduction processes is 
the access of organic matter and CH4 and H2 as energy (electron donors) for the 
microorganisms. Analyses of 

13
C on DIC and, together with 

2
H isotopes on the gases 

produced (CO2, CH4 and H2), will give additional information on the conditions for 
sulphate reduction and fractionation of 

13
C in ANME. 

After the sulphate reduction rate has been studied, there will also be a need to study how 
the sulphide can be precipitated from groundwater. A suitable experiment will be 
planned later in the TKS 2009 period.  
 

4.1.4  Data evaluation and modelling  

Numerical modelling has proved to be an effective tool for quantitative interpretation of 
experimental results (Laaksoharju 2008; Todaka et al. 2007; Ajima et al. 2008). Mass 
balance modelling (PHREEQC, NETPATH) can be used to understand the 
hydrogeochemical changes of the experiment. The quantitative interpretation of isotopic 
data can also be utilised for estimating microbial fractionation in chemical reactions. 
Once a sound conceptual model of the hydrogeochemical conditions is available, then 
sophisticated coupled flow and reactive transport modelling can be performed. This 
kind of modelling aims at simulating the results from the field experiments and is used 



26 

 

in calibrating the models. These simulations will be useful for quantitative 
understanding of the experimental results and for deriving the effective parameter 
values that governs  the kinetics of the sulphate reduction process.  Different numerical 
tools are available for performing reactive transport simulations, including microbially-
mediated kinetics. Possible tools are PHAST (Parkhurst et al. 2004) and  BIO-CORE 

2D
 

(Samper et al. 2000). The current version of TOUGHREACT  (Xu et al. 2006) cannot 
solve microbial kinetics, but a new version of the code is expected to be released during 
2009 which will include the formulation of Monod type kinetic equations. The basic 
methodology of the modelling works includes: 

 Perform basic hydrogeochemical modelling of the experimental site. This phase 
will include the simulation of reactive mixing processes in order to determine 
the expected physicochemical conditions of the experiment. PHREEQC 
(Parkhurst and Appelo 1999) simulations of mixing and reactions will be 
performed to determine the expected pH, Eh and saturation indexes during the 
experiments.  

 Scoping simulation of the planned experiments, in order to improve the 
experimental set-up. Coupled groundwater flow and reactive transport 
simulation is a powerful tool to improve the experimental design prior to its 
implementation. Simulations can be carried out based on experimental plans and 
published kinetic values of sulphate reduction process. The scoping models will 
be used to determine optimum sampling times, the experimental duration, 
expected hydrochemical changes, etc. Sensitivity analysis will be carried out to 
evaluate different experimental options and associated uncertainties. 

 Qualitative and quantitative (mass balance) interpretations of the experimental 
data (hydrochemical, isotopic data and microbial data) in order to generate a 
sound conceptual model of the processes operating during the experiments. 

 Numerical simulations of the experiments in order to reproduce the experimental 
database. This phase will include the calibration of the numerical models, in 
order to determine the values of the effective kinetic parameters associated with 
the sulphate reduction process in the field. The parameters obtained could be 
compared with values available in the literature, most of which have been 
derived under laboratory conditions or in other geological and geochemical 
settings. 

 

4.1.5  Preliminary timetable of the experiment  

The following schedule is suggested: 

 

Year 1 (2009): 

 Finalisation of the plan for a detailed investigation programme by August 2009 

 Modelling for microbiological predictions in autumn 2009 

 Drilling of the investigation holes and baseline studies in September 2009 

 Installation of the equipments in October 2009 

 Hydrochemical monitoring and microbiological sampling starts in December 

2009 
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Year 2 (2010): 

 Hydrogeochemical and microbiological sampling programme continues 

 Baseline result report by December 2010 

 

Year 3 (2011): 

 Sampling programme continues 

 Biochemical modelling starts in January 2011 

 Testing of different flow rates starts in January 2011 

 Reporting of results and results of the biochemical modelling in December 2011 

 Hydrogeochemical modelling combined with microbiological model starts in 

October 2011 

 

Year 4 (2012): 

 Sampling programme will end in June 2012 

 Hydrogeochemical modelling ends by December 2012 

 Final reporting starts in Autumn 2012 

 

Year 4 (2013): 

 

 Final reporting of this stage and plans for the continuation by June 2013  

  

4.1.6  Risks 

The investigations are to be carried out in drillholes and in the reaction cell connected to 
the drillholes drilled from the ONKALO tunnel, any of which should not affect other 
measurements and activities in the tunnel. The risks are associated more with the 
following aspects:  

 Drilling in poorly conductive bedrock, which probably makes groundwater 

sampling impossible, 

 The flow field in the bedrock is complex, which make interpretation difficult or 

impossible, 

 Other activities in the tunnel will disturb the conditions in the drillhole and 

possibly change the activity of the microbes and 

 The time needed to obtain results is much longer than expected. 

 

4.2  Hydrogeological properties in the near field 

Detailed investigations have conspicuously demonstrated that whilst the bedrock 
generally becomes sparsely fractured with increasing depth, only a fraction (roughly 
speaking, one tenth) of all fractures appear as transmissive when measured with the 
Posiva Flow Log (PFL).  Thus, the question is whether the reason for not detecting 
water flow for the majority of fractures is because they are inherently closed – so that 
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their hydraulic apertures are close to zero
1
 – or that they are hydraulically isolated, i.e. 

not connected to any others that could supply the water.  However, because the 
geometric connection has the characteristic behaviour of strong nonlinearity near the 
percolation limit (the emergence of any or first such possible geometric connection), it 
is proposed that this issue should be explored by using a carefully-characterised block 
of natural fractured rock that represents the properties of the near field of a deposition 
hole. Experiment plans presented in this chapter try to find answers to site issue I2 (See 
Chapter 2.2). Issues I5 and I16 are also linked to I2 and to this investigation plan. 
  

4.2.1  Objectives 

The general purpose of these studies is to characterise the fracture network and flow 
properties in a volume of rock, which is representative of the rock close to a deposition 
hole. For the planned studies, more specific goals can be determined as follows: 

 

Hydraulic characterisation of the rock mass on a scale of 10-50 m 

 
The primary objective is to study the groundwater flow pattern in poorly conductive 
(T < 10

–7
 m

2
/s) fractures in the rock mass. The goal is to investigate the geometry, 

connectivity, geochemical properties, heterogeneity and transport properties (the 
hydraulic coupling of the transport, i.e. the transport resistance) of the fractures.  
Provided that a flow channel representative of those anticipated for the near field is 
identified, a tracer test will also be considered.  

There is a lack of understanding of the significance of open drillholes with respect to the 
flow geometry and connectivity of the fractures, and a study of the influence of open 
drillholes to the flow properties will thus be considered. 

  

Geochemical characterisation of poorly-conductive fractures 

 
In poorly-conductive fractures, the role of water-rock interaction increases relative to 
the main hydrogeological features, due to the lower water-rock ratio and the probably 
longer residence time. Groundwater samples from such fractures are poorly represented 
in the current hydrogeochemical data. This programme of work will complement the 
data set, with the data lying between the majority of groundwater samples taken from 
well-conductive hydrogeological features and the information which will be gained 
from experiments characterising pore waters representing chemical transport in the pore 
space. 

 

                                                 
1
 With this discussion we allude to the conceptualization in which the "local" transmissivity obeys the 

'Cubic Law'; i.e. T~ (2bH)
3
, where 2bH is the hydraulic aperture; usually taken to be a fraction of the 

'volume' aperture. 
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Development of the method and the approach for studying the rock for disposal 

holes deep in the bedrock 

 
The purpose is to test methods for detailed hydrogeological characterisation and 
sampling techniques deeper in the bedrock and finally inside disposal tunnels. The work 
has the potential to provide important local information on hydrogeochemistry in poorly 
transmissive fractures. This information will support experiments being performed to 
gain palaeohydrogeological information from fracture infillings. 

4.2.2  Location of the niche 

The planned location for the investigation niche allocated for hydrogeological 
interference tests is at chainage 3620 or 3748. The exact location of the experiment will 
be decided based on characterisation results from the drillhole and tunnel data described 
below, and based on the decision as to whether the same niche can be used for EDZ 
studies. The data is to be obtained from:  

 the 200 m long pilot hole ONK-PH10 (tunnel chainage 3460 to 3660),  

 probe holes bored to the tunnel profile 

 tunnel walls (geological and hydrogeological tunnel wall mapping) 

 the pilot hole drilled to the selected location of the niche 

 probe holes bored to the selected location of the niche  

 
Information obtained from the studies of other disciplines (geological, hydrogeological, 
hydrogeochemical and geophysical) will be used when selecting the final location for 
the interference test.  

The location for the niche should be selected in such a way that the possibility of 
intersecting highly transmissive (T>10

–7
 m

2
/s) fractures, crushed or pervasively altered 

rock are avoided.   

Extra pilot holes drilled out of the tunnel profile may also be needed when evaluating 
the final location for the niche, or possibly niches to be excavated further on the fourth 
tunnel loop will be considered if found more suitable.  

The size of the niche is not a significant factor for the tests. The space requirement of 
the drilling machine is the only decisive factor for the size of the niche.   

4.2.3  Measurements and data analysis 

Drillhole setup 

 
The plan is to drill three drillholes with variable orientations from the back wall of the 
niche  to create a suitable 3D study area. If additional studies are needed, the number of 
drillholes will be increased at a later date.  

The distance between drillholes and their placement will be decided after analysing the 
information obtained from the investigations carried out in the pilot holes. Statistical 
analysis of the fracture database collected from the ONKALO could possibly be used 
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for their optimum positioning with respect to the fracturing expected to be met in the 
investigation niche.   

In order to obtain information on the hydraulic influence of open drillholes, their 
drilling will be carried out in a periodic manner, with hydraulic single and cross-hole 
tests being carried out after each stage of drilling. The lengths of the drillholes will be 
25...30 m  and their diameter 76 mm. 

 

Equipment 

 

The equipment needed in the planned hydrogeological and geochemical field studies is: 

 

- difference flow meter (PFL DIFF)  

- transverse flow meter (PFL TRANS) 

- packer equipment for all drillholes (see schematic illustration in Figure 4-2) 

- automatic pressure sensors with logger  

- automatic flow meter 

- hydrogeochemical and gas sampling equipment 

  

 

 
 

Figure 4-2. Schematic illustration on one drillhole intersecting two hydraulically-

transmissive fractures. Five packers have been installed to minimize interactions along 

the drillhole between detected fractures. 

 

Investigations with drillholes and interpretations of the investigation data 

 

The overview to the planned investigations is presented in Table 4.1, together with the 

analysis and interpretations obtained from the studies. Detailed plans for measurements 

will be compiled before each investigation campaign. Additionally, descriptions for 

interpreting the data will be developed after measurements have been carried out and 

the possibilities of the dataset assessed.    
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Table 4-1. Investigations related to the hydrogeological and geochemical investigation 

experiments carried out in the investigation niche, together with the expected 

information gathered from these studies. 

Investigation Interpretation and analysis Indicator for 

Geological investigations  Core logging. The drill core will 
be oriented and measured and 
a large number of geological 
parameters will be logged. 

Constructability, type and 
intensity of deformation, 
occurrence of brittle and 
ductile deformation zones, 
volume of different mineral 
phases, buffering capacities, 
palaeohydrogeological 
information 

Geophysical measurements 
including optical drillhole 
images and focused mise à 
la masse 

Produces drillhole image and 
electrical connections between 
boreholes. 

Lithological and mineralogi-
cal variation, rock mecha-
nical properties, fracturing, 
fracture orientations, occur-
rence of deformation zones 

Single hole hydraulic tests 
including inflow 
measurements and 
difference flow logging (PFL 
DIFF).  

Produces hydraulic para-
meters such as transmissivity 
of the fracture, fracture and 
drillhole EC, temperature of 
the drillhole water.  
 

Integration of single hole data 
of different disciplines  in order 
to compile a hydrogeological 
database.  
 

Statistical analysis  

Distribution of the hydraulic 
parameters in the bedrock. 
 
Estimation of the 
connections of the fractures 
under natural boundary 
conditions. 

Cross hole interference tests 
including pressure tests, 
combined pressure tests and 
difference flow 
measurements, interference 
tests with transverse flow 
meter (PFL TRANS) (and 
tracer tests (optional)) 

Analysis of pressure 
responses in order to illustrate 
possible connections between 
drillholes. 
  
Analysis of differences in flow 
between single hole and 
multiple hole results to find out 
routes for possible connec-
tions between drillholes. 
 

Analysis of transients of 
pressure tests to obtain flow 
dimensions for the description 
of the fractures and fracture 
geometries and to study 
hydraulic connectivity by using 
analytical and numerical 
methods.  
 

Hydro-DFN modelling 

Intersecting fractures, 
quantification of the impact of 
open drillholes in forming 
hydraulic connections 
between fractures.  
 
Geometry of the fracture 
network,  
 
Connections between 
drillhole sections, flow 
(direction and amount).  
 

Hydraulic connectivity of the 
DFN, spatial heterogeneity of 
flow system 

Long-term monitoring and 
geochemical sampling 
(including gases) 

Common analysis, gases, 
microbes and colloids 
(optional) 
 

To compile the hydrogeo-
chemical dataset, integration 
between other disciplines. 
 

Reactive transport modelling 

Hydrostatic pressure, pH, 
EC, hydrogeochemical 
evolution 



32 

 

4.2.4  Timetable 

The experiment will start in January 2010. The overall duration of the hydrogeological 
experiment is about one year, excluding subsequent hydrogeochemical and microbial 
sampling that is planned to take about nine months.  

4.2.5  Risks related to the investigation plan 

Finding a suitable location for the interference test could be difficult, because of the 
limited number of data from the area where the niche is planned to be built. This risk 
can be managed by careful investigations of the pilot hole and tunnel data described in 
Section 4.2.2 in the access tunnel and in the niche. Despite such careful planning, the 
conditions of the bedrock around the niche may still prove to be unsuitable for the test, 
and, if this is the case, the niche will be used for other purposes and the interference test 
performed elsewhere. 

There are possible implications for the long-term safety of the future repository were the 
drillholes cored from the niche to intersect a highly transmissive fracture or somehow 
create a hydraulic connection from the planned repository area to the ground surface. 
Such risks are thought to be small, but still need to be taken into account in the planning 
of the drillholes. 

The lack of resources for analysing and modelling the investigation data could become a 
risk for a successful research project. 

 

4.3  Experiments to investigate rock matrix retention properties (REPRO) 

Existing data on retention properties are essentially obtained from laboratory tests on 
core samples. A few such samples have been analysed, but there are questions as to 
whether these samples are representative of the actual migration paths. There is a need 
to study migration properties in the relevant rock volumes and under the appropriate in 
situ stress field. The experiments included in the REPRO group of experiments will 
explore whether the assumptions applied in the safety case are in line with evidence 
from the site.  The experiments also concern the long-term measurement of diffusion in 
good quality (near-field) rock over a short spatial distance, which means the 
experiments needs to be carried out in the ONKALO. This investigation need is 
presented in site issue I17 (See chapter 2.2).  

4.3.1  Objectives 

The objective of the experiments is to investigate rock matrix retention properties under 
in situ conditions and to demonstrate that the assumptions made in the safety case are in 
line with the site evidence. Rock matrix retention properties investigated by the 
experiments encompass rock matrix pore diffusivity and porosity. The experiments also 
address the penetration depth of the connected porosity.  
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Most of the retention along potential release paths takes place in the vicinity of the 
deposition holes. This is taken into account by focusing experiments on the rock mass 
that represents conditions in the repository near-field. 

Three different experiment types are applied to investigate rock matrix retention 
properties: tracer experiments in the water phase, diffusive gas transport in the rock 
matrix and electrical method for logging of the rock matrix pore structure. The applied 
experimental method constrains the optimal set-up of the experiment. Rock matrix 
tracer experiments need to be carried out using very low flow rates. This means that the 
volume of the tubing and the flow channel need to be minimised in order to keep the 
time span of the experiment within reasonable bounds. In practice, tracer experiments 
should be performed in short drillholes in the ONKALO at an appropriate depth which 
represents repository conditions. In contrast with the tracer experiment, the electrical 
logging of the rock matrix pore structure does not require the short distances of the 
experimental volume, and can be performed in deep surface drillholes.  

4.3.2  Experimental site need 

Tracer experiments will be performed in three short drillholes drilled from the 
ONKALO access tunnel.  An essential requirement of the experimental sections of the 
drillholes is that they should not be intersected by flowing fractures. The aim is also to 
carry out the experiments under in situ stress conditions representative of repository 
conditions. These constrains are taken into account by selecting the potential experiment 
location beyond chainage 4000 m.  

Potential experimental locations will be chosen based on tunnel mapping data, in order 
to identify large flowing fractures and the most suitable orientations for the 
experimental drillholes. Fracture data along the pilot holes will be characterised and 
water conducting fractures identified by flow measurements using the PFL. The 
experiments are to be performed in a 2-3 m unfractured section of the drillholes. The 
aim is to reach a suitable experimental volume of unfractured rock by using 
experimental drillholes which are as short as possible.  

The array of the experimental drillholes used for the different experiments will be 
designed so that the drillholes can also be used for possible hydrogeological in situ 
investigations, in the situation where it appears that the niche is unsuitable for the 
diffusion experiments. An example of the array of the experimental drillholes and the 
siting of the different experiments is shown in Figure 4-3.  
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Figure 4-3. Experimental sites for the REPRO experiments to be located in an 

ONKALO niche or turning area close to the anticipated repository depth. 

 

The experiment consists in six sub-experiments (Exp. 1 to 6):  

 

1 In situ matrix diffusion test in the water phase 

2 In situ diffusion of the water vapour in the rock matrix 

3 In situ matrix diffusion experiment in the gas phase 

4 Investigation of the rock matrix pore structure with resin impregnation 

5 In situ rock matrix diffusion between drillholes 

6 Electrical logging of the rock matrix formation factor 
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4.3.3  In situ matrix diffusion experiment in the water phase 

In this experiment the flow field is controlled by constructing an artificial flow channel 
on the inner surface of a drillhole.  Flow rates that are applied in the experiment are 
selected so that diffusional mixing in the flow channel will even out variations in the 
solute mass flux that are caused by local changes in the channel aperture.  This will 
ensure good control of the hydrodynamic control of retention (WL/Q) during the tracer 
tests.  

The advantage of carrying out the matrix diffusion experiment in the water phase is that 
the rock matrix retention properties are measured directly for the same retention process 
for which the data will be made use of in the safety case.  This means that ambiguities, 
which would be associated with the interpretation of indirect methods of measurement, 
are not an issue in this experiment. 

Experimental setup 

 
A special double-packer system is constructed for the experiment.  The packer system 
provides a 2 m artificial flow channel along the perimeter of the drillhole.  The volume 
of the flow channel is minimised by filling the void space in the packed-off section by 
steel tubing. The water inlet and outlet positions are located at the ends of the packed-
off section (Figure 4-5).  

Retention by matrix diffusion depends on the length of the flow channel.  The long 
section of the drillhole provides stronger effect of the matrix diffusion to the solute 
transport.  Scoping calculations have been performed by assuming a 2m long drillhole 
device and an average of 1 mm volume aperture. This experimental set-up is able to 
produce matrix diffusion effects for a slightly sorbing tracer. The estimated tracer 
penetration depth into the rock matrix is very limited.  This means that drilling need to 
be carried out carefully applied in the drilling of the hole  to avoid causing additional 
disturbances to the surrounding rock matrix. The drill core will be used to identify an 
unfractured section of the hole to be used in the experiment.  

 

 

Figure 4-3.  Schematic illustration of the drillhole device.  
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The experiment is carried out as a series of tracer tests using different flow rates, as 
retention by matrix diffusion depends strongly on the flow rate. The matrix diffusion 
properties of the rock matrix can be estimated more accurately by considering the 
dynamic behaviour of the tracer breakthrough curves when the flow rate is varied.  

The flow rate and distribution of the flow (channelling) need to be known when the 

matrix diffusion properties are estimated from the tracer test results. The distribution of 

the flow in the flow channel is assessed by using a cocktail of different sorbing tracers, 

e.g. Cl-36 as a non-sorbing tracer and Na-22 as a sorbing tracer. The non-sorbing 

breakthrough curve is used to verify properties of the flow field and also to support the 

evaluation of the rock matrix retention properties.  

 

Scoping calculations 
 

Scoping calculations have been performed assuming typical properties of the unaltered 
rock and a feasible range of flow rates.  Two different tracers with different sorption 
properties have been applied in the simulations: a non-sorbing tracer (HTO) and a 
moderately sorbing tracer (Na-22). In the ONKALO experiments HTO will be replaced 
by Cl-36, but this does not affect the scoping calculations. A triangular velocity profile 
is assumed: the flow velocity varies from zero to the maximum flow velocity over half 
of the width of the flow channel.  The flow rates are selected so that diffusional mixing 
in the transverse direction of the channel is also efficient; thereby ensuring that the 
hydrodynamic control of retention (WL/Q) of the tracer test is well controlled during 
the test.  The parameter values applied are presented in Table 4-2. 

Table 4-2. Parameter values applied in the scoping calculations. 

Parameter Value Comment 

Flow channel   

Length  2 m  

Volume aperture  1 mm  

Width  ca 18 cm perimeter of the 56 mm drillhole 

Rock matrix   

Porosity  0.5 %  

Density 2660 kg/m
3
  

Pore diffusivity 6.6×10
–11

 m
2
/s from Archie’s Law (F=0.71×

1.58
) 

Flow field   

Flow rates 20 μl/min 

10 μl/min 

 5 μl/min 

 

Flow velocity profile Linear [0, vmax] vmax is calculated to give the desired 

flow rate over the whole flow channel 

Diffusivity in free water 2×10
–9

 m
2
/s  

Tracers   

HTO Kd = 0  

Na-22 Kd=0.0006 m
3
/kg 

Ka=2×10
–5

 m 
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Measurable and notable solute retention requires very small flow rates, therefore, the 
duration of the experiment will be at least a few years (Figure 4-4).  According to the 
scoping calculations only some millimetres of the rock matrix will be an active retention 
zone in this experiment.   

The interpretation and evaluation of the tracer tests is carried out by assuming that the 
migration of the tracer is retarded by matrix diffusion. The strength of the tracer 
retention can then be used to estimate the retention properties of the rock matrix. The 
retention for the non-sorbing tracer seems insignificant, even for the rather low flow 
rates used in the simulations (Figure 4-6). The influence of the matrix diffusion could 
then to be detected by the difference between the non-sorbing and sorbing tracers. 
Repeated tests using different flow rates will be needed to ensure reliability in the 
analysis of the results. 

According to the scoping calculations, the depth that is penetrated by 50% of the tracer 
particles is 0.7 mm, 1.5 mm, and 2.9 mm for the flow rates 20 μl/min, 10 μl/min, and 
5 μl/min, respectively.  

 

 
 

Figure 4-4. Simulated breakthrough curves for the in situ tracer test in the drillhole 

section. 
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4.3.4  In situ diffusion of the water vapour in rock matrix 

The motivation for this experiment is based on fact that drying of the rock matrix leads 
to diffusion of the water vapour from the saturated part of the rock matrix through the 
already unsaturated rock matrix to the surface of the rock. This offers an opportunity to 
investigate the diffusion properties of the rock matrix by analysing the time series of 
water vapour movement from the rock matrix.   

Rock matrix diffusion properties can be investigated only if the groundwater flow 
through the rock matrix in the experimental volume is negligible. However, the results 
of this experiment are also useful in case the assumption of negligible groundwater flow 
does not hold, because the outflow of the water vapour is an indication of the connected 
porosity under in situ conditions.  

Experimental setup 

 
The experiment is performed in a similar unfractured section of the drillhole as the 
water tracer experiment. In addition, similar drillhole equipment can be used to isolate 
the test section and to carry out the experiment (Figure 4-7).  The difference is that the 
test section is not saturated with groundwater, but is flushed by dry nitrogen gas that 
carries the water vapour leaving the rock matrix (Figure 4-7).  A steady gas flow 
through the experimental section is maintained over a period of several years.  The 
water content of the outflowing gas is monitored and the time series of the water content 
recorded. 

Scoping calculations 

 

Preliminary scoping calculations are carried out by assuming:  

 

- a sharp interface between the saturated (wet pores) and unsaturated pore space (dry 

pores) in the rock matrix;  

- that diffusion of the water through the unsaturated pore space of the rock matrix 

controls the water vapour mass flux; 

- that the concentration of the water vapour in the dry pores at the boundary of the wet 

and dry pores in the rock matrix is at the saturation concentration of the water 

vapour and the water vapour concentration is zero in the drillhole  

- that the temperature of the groundwater and rock at the experimental depth is 

approximately 10 C, which means that the saturation concentration of the water 

vapour is 10 g/m
3
. 

 

By applying these assumptions, the growth of the unsaturated layer is represented by the 

following equation:  
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where ru is the thickness of the unsaturated layer,  

Dp is the pore diffusivity of the water vapour in the unsaturated rock 

matrix,  

C0 is the saturation concentration of the water vapour (10 g/m
3
),  

r0 is the radius of the drillhole, t is the time.   

Function f  is the solution for w in z=we
w
.   

 

The increase in the thickness of the unsaturated layer during the first experimental year 

(10 000 hours) is presented in Figure 4-8, for the case where typical parameter values of 

Dp=10
–8

 m
2
/s, C0 = 10 g/m

3
, r0 = 28 mm are assumed.  Assuming a porosity of 0.5% and 

a test section length of 2 m results in about 4.5 g of water coming out of the rock matrix 

during the first year. 

 

 
  

Figure 4-5.  Schematic illustration of the simulated diffusion process. 
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Figure 4-6.  Thickness of the unsaturated layer around the drillhole as a function of 

time. 

 

4.3.5  In situ matrix diffusion experiment in the gas phase 

This experiment is performed as part of the water vapour out-diffusion experiment 
(Section 5) using the same test section and equipment. The tracer experiment in the gas 
phase can be performed using larger flow rates than in the water phase, because the 
diffusivity of the tracer particles in the gas phase is about 10 000 larger than in the water 
phase.   

The gas phase tracer test has the same aims as the water phase tracer tests, i.e. to 
evaluate the rock matrix retention properties from the tracer test breakthrough curves. 
There are differences from the water phase experiment in that the tracer in the gas phase 
diffuses only in the unsaturated part of the rock matrix. This means that the rock matrix 
is limited in the gas phase experiment, compared to the matrix in the water phase tracer 
experiment, which is, in theory, unlimited. 

 

Experimental setup 

 
The experiment investigates the pore volume that has been unsaturated during the 
drying period.  The tracer test can be executed without interrupting the water vapour 
diffusion test and the drying of the rock matrix, by releasing a tracer pulse to the 
nitrogen gas that is flushing the test section.  

A suitable tracer for the experiment is, for example, helium, that is injected, together 
with the nitrogen gas, during the flushing of the experimental drillhole section. 
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Scoping calculations 

 
Scoping calculations for the water phase tracer test and out-diffusion of the water 
vapour assume a porosity of the rock matrix of 0.5%.  This is quite a reasonable value 
for unaltered rock matrix in granitic rock.  However, if we assume that the average 
aperture of the flow channel is 1mm, then the (tracer saturated) layer of the rock matrix 
that provides retardation that is in the same order of magnitude as the advective travel 
time is 1mm/ε = 20 cm. Section 4.3.4 estimates that during the first year only about 
3 mm of the rock matrix becomes unsaturated. This indicates that the gas phase tracer 
experiment should possibly apply a sorbing tracer, and the question that needs to be 
asked is that is it possible/feasible in the gas phase experiment? Investigation of the 
rock matrix pore structure  

This study aims at a direct determination of the pore structure of the rock matrix in the 
test section studied in the water vapour diffusion and gas phase tracer experiments. This 
study supplements the in situ diffusion experiments by, for example, revealing the 
effects on the porosity when the in situ stress field is released. The expected outcome is 
a measure of the porosity of the unaltered rock matrix, the structure and connectivity of 
the pore structure and an indication of the influence of the in situ stress field on the 
porosity and pore structure of the rock matrix.  

The experiment is performed by injecting the unsaturated part of the rock matrix with 
resin under in situ stress conditions.  The test section is then overcored and examined in 
the laboratory. The resin is labelled with a radioactive tracer to facilitate the 
investigation of the rock matrix pore structure. 

4.3.6  In situ rock matrix diffusion between drillholes 

The aim of this experiment is to quantify the diffusivity and connected porosity of the 
unaltered rock matrix, under the stress conditions expected in the repository, using two 
drillholes separated from each other by c. 20 cm (Figure 4-9).  One drillhole is used as a 
tracer source and the increase of tracer concentration in the other drillhole is monitored.  

Experimental setup 

 
The location of the experiment and the drillholes will be selected so that connections 
between drillhole sections are only through the rock matrix. A suitable distance between 
the injection and sampling sections of the drillholes is about 0.2 m. Figure 4-9 shows 
the experimental concept, using a tracer injection drillhole and one sampling drillhole. 
Additional sampling drillholes could be located, for example in different directions and 
at different distances from the injection hole. An appropriate tracer to be used in this 
experiment is non-sorbing HTO. Suitable tritium measurement techniques, which take 
into account factors such as the natural radon concentration in the groundwater, are 
available (for example Sawdoni et al. 2000). Sampling can be facilitated by using a 
sufficiently high tracer mass in the injection section.   
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Figure 4-7. Schematic picture of the experiment of in situ rock matrix diffusion between 

drillholes. 

  

Scoping calculations 

 
The concentration in the sampling drillhole relative to the initial concentration in the 
injection drillhole is shown in Table 4-3. Assuming that the volume in the injection 
drillhole is 1.7 l and 1 GBq of HTO is injected, the concentration in the sampling 
drillhole should be at least 2 Bq/l after 3 years, even if De  has a quite low value of 10

-14
 

m
2
/s and the rock a relatively high porosity 0.1%. If the distance between the drillholes 

were only 10 cm, the speed of the phenomena would be 3-4 times faster than for a 
distance of 20 cm. 

 

Table 4-3. Results of the scoping calculation. 

 
De 

Concentration in sampling drillhole divided by 
initial concentration in injection drillhole 

after 3 years after 10 years 

10-14 m2/s  4.8∙10-9 1.9∙10-5 

10-13 m2/s  5.8∙10-4 4.1∙10-3 
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4.3.7  Electrical logging of the rock matrix formation factor  

Electrical logging of the rock matrix properties is performed in the surface-based deep 
boreholes. Construction of the formation factor log along the drillhole requires scanning 
of the rock’s resistivity and the groundwater conductivity along the drillhole and the 
drillhole core log, in order to identify water-bearing fractures and cavities. SKB uses a 
rock resistivity probe that combines single-point, normal and lateral resistivity 
measurements with self-potential, drillhole fluid resistivity and temperature 
measurements. Fracture-specific groundwater conductivity can be measured using the 
PFL. SKB has successfully created the formation factor log for several different 
drillholes. SKB’s experience demonstrates that it is possible to produce quickly a large 
amount of data, but such data are considered only as a complement to the diffusion and 
laboratory tests. 

Diffusion experiments are very time-consuming and difficult to carry out at depth in 
undisturbed conditions. An alternative method of measuring the mobility of electrically-
charged species in porous rock is by using the electric current to carry the ions. For that 
reason, in situ electrical method presented by Liu et al. (2006) will be carried out in the 
ONKALO. 
 

Experimental setup  

 
As diffusion is such a slow process, the lengths of the rock samples used in through-
diffusion experiments are generally limited to only a few centimetres.  By placing an 
electrical potential gradient across the rock sample, the tracer flux is considerably 
increased (Maes et al. 1999).  If the electrical conductivity of the pore water is known, 
the formation factor is obtained by measuring the rock’s resistivity: 

 w

r

r

w
f

K

K

R

R
F

 
where Kw is the pore water electrical conductivity, Kr the rock’s electrical conductivity, 

Rw the pore water resistivity, and Rr the rock’s resistivity. 

 
For non-charged species the effective diffusivity can be obtained from the product of 
the diffusivity of the species in free solution Dw and the formation factor Ff.  The 
formation factor is the ratio of the electrical conductivities of the pore water and the 
rock.  

A tool measuring the rock’s resistivity is lowered down the drillhole (Figure 4-10). As, 
under is situ conditions, one cannot equilibrate the pore water of the rock matrix with a 
solution of known electrical conductivity, one has to assume that the pore water is 
already in equilibrium with the freely-flowing groundwater at the corresponding depth.  
By packing off specific fractures, groundwater can be withdrawn from these fractures 
and its electrical conductivity can be measured. 

Electrical logging of the rock matrix properties has been successfully applied in Sweden 
in a similar kind of granitic rock as exists at Olkiluoto and such measurement can be 
performed relatively rapidly compared with  diffusion experiments.  This means that 
electrical logging carried out in several drillholes can be used to collect statistical data 
on the site-specific rock matrix properties. Interpreted electrical logging data are then 
supported by data from the diffusion experiment. 
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Figure 4-8.  Schematics of an in situ rock resistivity tool. 

 

4.3.8  Experimental timetable  

The experiment will start at the earliest in June 2010 and last several years, as shown in 

Table 4-4. 

 

Table 4-4. Timetable of the REPRO experiments. 

 

Sub-experiment Duration / timetable 

Exp. 1 In situ matrix diffusion test in 

the water phase 

At least 3-4 years 

Exp. 2 In situ diffusion of water 

vapour in rock  matrix 

2-3 years 

Exp. 3 In situ matrix diffusion 

experiment in the gas phase 

1-2 tests during Exp. 2 and 

one test when Exp. 2 is 

terminated. Each test takes a 

couple of weeks. 

Exp. 4 Investigation of the rock 

matrix pore structure 

After Exp. 3, using sample 

from the Exp. 2/Exp. 3 test 

section 

Exp. 5 In situ rock matrix diffusion 

between drillholes 

Several years 

Exp. 6 Electrical logging of the rock 

matrix formation factor 

At the beginning of the 

experiments. Duration from 

a few weeks to a few 

months, depending on the 

number of scanned 

drillholes.  
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4.3.9  Risks related to the investigations plans 

The drillholes used in the experiment are short. The experiment focuses on the unaltered 
rock matrix and water-conducting fractures are avoided. Therefore, retention property 
studies do not create a significant risk to the other experiments or to the long-term 
safety of the repository. 

Diffusion processes are slow, especially in the case of the unaltered rock matrix. This 
means that the experimental time required for conclusive results is uncertain. Lower 
flow rates, and correspondingly more long-term experiments, could be required. 
However, the approach of multiple, parallel experiments, addressing the same problem 
and using alternative methods, reduces this risk. 

 

4.4  Rock spalling experiment  

The Posiva's ONKALO Spalling Experiment, POSE, is designed primarily to explore 
Issue I20 (Capability to predict spalling),  but is also linked to Issues I6 (Stress 
distribution and orientation) and I7 (Properties of intact rock). 

Among the above-mentioned Issues the stress field and rock mechanics simulations 
have been included in STUK's Issue list. This experiment provides key information and 
increases knowledge with respect to the following open Issues: 

 

O-1: Determination of rock stresses at depth 

O-7: Rock mechanics simulations 

 
Although the uniaxial compressive strength of the rock can be measured in the 
laboratory, the in situ spalling strength is significantly lower (e.g. of the order of 57% of 
the uniaxial compressive strength as measured in Sweden and Canada). This same 
reduction factor cannot be assumed to be the case at Olkiluoto, because of the different 
metamorphic rock type present. Thus, an in situ spalling experiment is required, 
whereby spalling is induced by artificially increasing the pre-existing rock stress. 

The POSE in situ spalling experiment is planned to be carried out in the rock mechanics 
investigation niche of the ONKALO ramp at about -370 m depth, to determine the rock 
spalling strength under representative rock conditions. The suitability of the niche 
location will be tested beforehand by a cored pilot hole (see Figure 4-11).  

4.4.1  Description of the niche  

The niche is planned to be located at chainage 3900± 20 m at a depth of -370 m (Figure 
4-11).  The experiment requires about a 30 m long niche, in order to be outside the 
disturbance zone of the ramp. The niche dimensions are 8 m wide and 5.4 m high, in 
order to have a slightly increased but uniform stress field below the central area of the 
floor. The roof is moderately curved; the arch height is 1.7 m, with an upper corner 
rounding radius of 0.65 m. The floor corners are chamfered by 0.5 m. The niche will be 
excavated slightly upwards (1:50). 
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The first 15 m of the niche can be excavated using the normal ONKALO access tunnel 
drill and blast method. The remaining 15 m – where the experiment is to take place – 
are to be excavated with short 3 m to 4 m rounds. The profile excavation will be divided 
into at least two phases: a top heading and a minimum 0.5 m height bench. The 
excavation method for the top heading will be smooth blasting. For the bench, other 
methods can be considered for minimising the excavation damage zone (EDZ). If 
blasting is used, dense horizontal drilling and electronic detonators should be employed. 
The niche roof and walls will be supported with steel wire mesh fixed with dense rock 
bolts equipped with mechanical anchors. 

The POSE experimental niche will accommodate two vertical holes (of diameter 1.0 to 
1.5 m and depth of 4 m). The first hole will be drilled in about 0.5 m sections and after 
each 0.5 m advance two or three secondary stress measurement will be carried out. 
Based on all previous logging data and information on the orientation of the maximum 
horizontal compressive stress component, the location for the second hole (see the 
options in Figure 4.11) will be selected, so that the pillar width between the two holes is 
about 0.6 m (depends on the exact hole diameter). The actual spalling test is conducted 
in this pillar.   

 

 

Figure 4-9.  Location of the spalling experiment niche, with a pilot hole RMN_PH1, 

extensometer holes ET1 and ET2, inclinometer hole IM1 and convergence cross-section 

C1.  The solid perimeter circles on the right, inside a small quadrangle, indicate the two 

vertical holes. Open perimeter circles indicate the alternative locations of the second 

hole. On the left the close-up of the holes -- with the convergence bolts surrounding the 

first hole. 
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4.4.2  Determining the location of the niche 

The exact location of the niche will be decided after further geological information is 
obtained, based on ONKALO mapping in the niche vicinity and from the ONKALO 
pilot hole just after the niche. Based on modelling results making use of this 
information, changes to the location and orientation of the niche may be needed. In 
particular, the following items need to be avoided when the selection of niche location 
is made: 

- abnormally dense fracturing 

- long fractures (Tunnel Crossing Fractures, TCF) 

- deformation zones (ductile or brittle) 

- high intensity foliation 

- any other significant geological, geophysical or hydrogeological anomaly. 

 
The niche location will be finally confirmed with a niche pilot hole (Figure 4-11): this 
hole will be approximately 10 m longer than the niche.  Normal pilot hole testing, plus 
dense point load strength testing, will be undertaken on the niche pilot hole cores. 

The niche is designed to be oriented perpendicular to the in situ major horizontal stress 
component ( H); thus, the pre-designed niche orientation could change.  The knowledge 
of the major in situ horizontal stress orientation and magnitude is important for the 
experiment.   Therefore a measurement in a niche close to the experimental location 
would be useful to confirm the local stress field.  According to current understanding, 
the orientation of H is east-west; and thus the niche orientation would be north-south. 

 

4.4.3  Stages of the POSE experiment associated with instrumentation and 
excavation 

The experiment is to consist of a sequence of actions planned to be carried out as 
follows (noting that this is a preliminary plan of action): 

(EH1 and EH2 refer to the two simulated adjacent deposition holes) 
 

 

Item 

No. 
Source of information Type of information and/or tests 

Need for the 

information 

1  Geology & SR2008 Overall geological setting Location of niche 

Niche conditions, 

fractures, etc. 

2  Proximate boreholes Local geology near proposed niche 

location 

Location of niche 

Niche conditions, 

fractures, etc. 

3  Numerical simulation Rock response ( at -270 shaft, -350 

turn and RM-niche ) 

Niche orientation and 

preliminary 

pillar/hole layout 

4  ONKALO mapping in 

the niche vicinity 

More detailed local geology and 

fracture properties, and possibly 

some mechanical properties 

Location of niche 

Niche conditions, 

fractures, etc. 
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5  ONKALO pilot hole just 

after the niche location 

Further nearby geological and 

mechanical properties 

Location of niche 

Niche conditions, 

fractures, etc. 

 

6  Niche pilot hole Further geological and mechanical 

properties 

Location of niche 

Niche conditions, 

fractures 

Adjacent mechanical 

properties to 

proposed 

Experimental Holes 

7  Extensometer and 

inclinometer holes from 

the ramp 

Further geological and mechanical 

properties 

Location of niche 

Niche conditions, 

fractures 

Adjacent mechanical 

properties to 

proposed 

Experimental Holes 

Major principal 

stress direction 

8  Excavation of the niche Convergence, extensometer, 

inclinometer measurements, crack 

counter 

Major principal 

stress direction and 

magnitude 

Rock mass properties 

9  Geological mapping of 

the niche 

Further geological and mechanical 

properties 

Niche conditions and 

mechanical 

properties 

10  Cored pilot holes at 

proposed centre of  

Experimental Hole 1 

and close to the 

perimeter of EH1 

Further geological and mechanical 

properties 

Geological and 

mechanical 

conditions, fractures, 

exact locations of 

Experimental Holes 

1&2 

11  Installation of 

convergence bolts 

around EH1 

Further information on rock stress Principal stress 

magnitude and 

direction 

12  Boring and then 

mapping of 

Experimental Hole 1 

(also see next item) 

Convergence measurement around 

Hole1 

Geological mapping 

In situ and laboratory tests for 

strength data 

Laser scan of rock surface 

Water inflow measurements 

Confirmation of 

major principal stress 

direction and 

magnitude 

Fractures 

Strength of intact 

rock 

Pre-spalling surface 

appearance 

Decision on location 

of Experimental Hole 

2 

 

13  Stress measurements at 

levels of EH1 boring 

New LVDT-based USBM –type 

cell or strain gauge measurements 

 

Secondary stresses 
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14  Installation of horizontal 

strain gauges and cross-

hair marks on pillar wall 

of EH1 

Movement in EH1 as EH2 is 

excavated 

Displacement and 

hence stress 

information 

15  Pilot hole inside Hole 2, 

close to pillar between 

Holes Holes 1 and 2 

Further geological and mechanical 

properties 

Final decision on 

exact location of 

Experimental Hole 2 

Strength of intact 

rock 

16  Excavation of 

Experimental Hole 2 

Continuous video recording in 

Experimental Hole 1 of spalling 

Strain gauge deformation 

measurement of pillar in Hole 1 

Simple microphone recording of 

spalling noises (crack meter) 

 

Characterisation of 

spalling and 

deformation 

17  Mapping the spalling in 

Experimental Holes 1 

and 2 

Post-spalling laser scan of rock 

surface 

Radar scan of pillar 

Detailed study of spalling 

occurrence 

Spalling 

characterisation 

18  OPTION 

EDZ transmissivity test 

in EH1 

Spray-on silicone rubber sealing of 

spalled surface of EH1 and then 

longitudinal water flow test of the 

spalled EDZ 

Transmissivity of 

spalled EDZ 

19  OPTION 

Possibility of installing 

heaters and subsequent 

THM tests 

Follow-on experiment using EH1 

and EH2 but increasing the stress 

via heaters 

Detailed study of 

more extensive 

spalling. New 

experimental plan. 

20  Final mapping the 

spalling in Experimental 

Holes 1 and 2 – Spalled 

material is removed 

Post-spalling laser scan of rock 

surface 

Radar scan of pillar 

Detailed study of spalling 

occurrence 

Sizes and shapes of spalled 

fragments 

Depth and nature of spalling notch 

Spalling 

characterisation 

21  OPTION 

Wire slicing volumes of 

the EDZ spalled region, 

as at Äspö HRL 

Study of excavated blocks 

Mechanical tests, etc. 

More detailed 3-D 

characterisation of 

the spalling and 

consequential spalled 

EDZ 

22  Back analysis of the 

experiment 

Numerical simulation Estimation of 

spalling strength 
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Several short drill holes will be drilled before the POSE experiment. These holes may 

have an influence on the following tasks. 

 

- The pilot hole, inside the niche perimeter, (Figure 4-11). After drilling and core 

logging the final decision of excavation will be made. 

- The extensometer holes and inclinometer hole (Figure 4-11) have to be drilled and 

installations of the tools have to done before (1 to 2 days) the excavation of the 

niche. 

- A 6 m long vertical hole is drilled in the centre of the first hole and a 4 m long 

vertical hole is drilled 10 cm from the pillar (Figure 4-12).   

- Secondary stresses will be measured with the new LVDT-based USBM gauge type 

cell in the bottom of the first big hole.  Two or three measurements are planned to be 

made after each 0.5 m advance to achieve the acceptable reliability (±20% in 

magnitude and ±20 degrees for orientation). 

- A 4 m long vertical hole is drilled 10 cm from the pillar inside the second big hole.   

 

 

 

Figure 4-12.  Pilot holes RMN_PH2 and RMN_PH3 for the first 1-m diameter hole. 
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4.4.4  Scoping calculations related to the anticipated measurements  

Scoping calculations were carried out with numerical 3D simulations of rock responses 
during the test, with realistic variations of the stress orientations, magnitudes and 
spalling strength.  Also, displacement predictions for rock response instrumentation and 
the spalling occurrence were made.  Input values are based on the information in 
SR2008 (Posiva 2009).     

As was already mentioned earlier, the actual spalling test is conducted in a narrow 
vertical pillar ( 0.6 m wide) between the two main vertical holes in the niche floor, each 
about one metre diameter and four metres deep.  With suitable orientation, shape and 
layout of the niche tunnel and the two holes in the floor, the stress concentrations in the 
pillar area will be increased with advancing excavation of the holes.  Based on current 
understanding of the rock mechanics conditions in the ONKALO area, this should 
guarantee stresses high enough to produce spalling (Figure 4-13 and Figure 4-14), but 
the stresses could be further increased by heating the rock around the pillar, if 
necessary. 

Based on the scoping calculations, the final plan for the niche orientation, shape and 
hole layout will be made.  The rock response will be measured and compared to the 
calculated predictions. The total test procedure will be simulated with a 3D numerical 
code in order to understand the observed responses and to obtain as accurately as 
possible an estimate for the spalling strength and in situ state of stress. This will then 
enable reliable predictions of the potential for rock spalling in tunnels at various 
orientations and in the deposition holes. 

 

 

 



52 

 

 
 

 
 

Figure 4-13.  Top: estimated maximum principal stresses around the niche assuming 

mean values for in situ state of stress at -370 level (σH=25 MPa, σh=15 MPa and 

σV=10 MPa).  Bottom: Locations for five convergence bolts, measurement triangles and 

estimated magnitude for maximum convergence. A photograph of a convergence bolt, 

placed in a recess of depth of 10 cm and diameter of 10 cm, is also shown. 
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Figure 4-14. Estimated maximum principal stresses around the vertical holes. The 

maximum tangential stress is over the estimated spalling strength of the rock 66 MPa.  

Around one hole the maximum tangential stress is 80 MPa. 

 

4.4.5  Supporting and supplementary studies 

After excavation, all surfaces, including the floor, will be cleaned and washed. Then, 
these new exposed rock surfaces will be mapped using the normal Posiva mapping 
procedures. After mapping, the whole niche and the inner surface of the holes will be 
documented using laser scanning and systematic photography 

During the experiment, the rock noises will be recorded with the existing microseismic 
network and, if possible, with crack counters.  

4.4.6  Analysis of the observations 

The total test procedure is being simulated with a 3D numerical code, in order to 
understand the observed responses, especially to obtain an estimate of the spalling 
strength and the in situ state of stress. The test execution and results will be reported in 
the Posiva Report series. 

4.4.7  Timetable 

Investigations have been planned so that access tunnel excavation is at chainage 3900 
m, which is expected during August 2009. Before niche excavation, some instrument 
installations are needed (see Section 4.4.3). The excavation of the niche, with 
convergence measurement and geological tunnel mapping, is estimated to take about 
four weeks. After analysis of the tunnel mapping and other available data, the decision 
on the location for the first testing hole will be made, about 1 to 2 weeks after the 
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completed niche excavation. The investigation will then continue step by step (Section 
4.4.3) and, if all instruments are satisfactory and the drilling progress is as expected, the 
experiment should be completed by the end of February 2010. The reporting of this 
study will take place in 2010. 

4.4.8  Risks related to the investigations plans 

The following risks are recognised: 

 

- The niche location may not be appropriate for the investigation (Section 4.4.2) even 

though careful pilot hole studies have been performed. Then, the niche location will 

have to be changed, causing a delay to the timetable of the experiment. Similarly, 

the rock below the niche floor may be unsuitable because of fracturing but this will 

be studied beforehand with an inclined characterisation hole. 

- The direction of the experimental tunnel (niche) may change if the major horizontal 

stress (σH) differs considerably from an east-west direction. 

- Concerning the drilling of the large-scale experimental holes, the hole surface 

should remain in an undamaged state after drilling and, for that reason, the hole 

surface should be protected against adverse mechanical impacts. Such damage may 

affect the result of the experiment. 

- If no spalling is observed, this indicates that rock conditions are more favourable 

than those expected. The pillar stress can then be increased by heating; this can be 

implemented inside the big holes or from the outside using several smaller 

drillholes. If heating is required, the experimental plan will be amended and this will 

affect the overall timetable. 
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5  EXCAVATION DAMAGED ZONE (EDZ) PROJECT 

During tunnel excavation the surrounding rock will be damaged. The extend and 
influence of the EDZ needs to be known in the ONKALO and later on in the final 
disposal facility at such a level of detail that its significance for long-term safety can be 
evaluated. Posiva has launched a project, known as EDZ09, to investigate this issue. 
EDZ studies are not driven by the site characterisation programme, but the main 
principles of the project are presented here, because the EDZ09 project uses the same 
investigation niches and methods as are used by the site characterisation team.  

5.1  Objectives 

The EDZ was studied earlier in 2007 and 2008. Based on the results of these 
programmes, it was noted that the most important issues to study concern the methods 
that need to be employed for investigating the extent of the EDZ and its relationship 
with the excavation process, from excavation design to actual implementation. It was to 
study these that the EDZ09 project was established. 

The aim of the project is to set requirements for design and excavation which take the 
EDZ into account in excavation planning and work after chainage 4340 m. 

5.2  Work packages 

The EDZ09 project is divided into two different work packages: WP1 KAPRO (PRJ-
001658) and WP2 TOSI (PRJ-001657). WP1 concentrates on the development of the 
excavation process, so that the EDZ can be controlled by the excavation activities. WP2 
concentrates on the development of the investigation methods which are able to show 
the continuity/discontinuity, extent and hydraulic properties of the EDZ. The detailed 
planning of the work packages in on going and will be reported as Posiva memos by the 
end of May 2009. Detailed plan of the EDZ studies is presented in EDZ09 project plan 
(PRJ-001540, EDZ 09 projekti, projektikuvaus). 

5.3  Timetable 

The preliminary timetable of the project is shown in Table 5-1. 

 

Table 5-1. Timetable of the EDZ09 project. 

 

 

 

 

 

 

 

 

 

 

Aim Timetable 

EDZ09 project starts November 2008 

Comparison of the different EDZ 

characterisation methods for use in the 

project  are ready 

April 2009 

Excavation tests May-August 2009 

Mid-term report to the ONKALO steering 

group (OVA) 

June 2009 

Draft of the report November 2009 

Final report December 2009 
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5.4  Risks 

The main risks of the EDZ project are listed below: 

 

 the timetable of the project is delayed and it will have influence to other planned 

investigations or to construction timetable, 

 needed resources are not available, 

 excavation does not succeed as planned, 

 data obtained are not useful and it is impossible to make any evaluations, and  

 the chosen investigation methods are not available or they are not working as 

envisaged. 
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6  SUMMARY  

The report summaries the planned characterisation activities in the ONKALO access 
tunnel below hydrogeological zone HZ20 at a depth of -300 m. The characterisation 
plans for the auxiliary rooms and demonstration tunnels at depths below -420 m will be 
presented in the TKS-2009 programme. The needs of site modelling, safety case 
development and RSC testing have been taken into account in the selection of the 
investigation tasks and in planning the investigations and experiments. Traditional site 
characterisation activities in the ONKALO access tunnel consist of geological mapping 
in the tunnel and in the shafts and pilot, probe and characterisation hole investigations. 
Investigations in pre-grouting holes in the shafts have also been included in this plan. 
The report also contains the plans for the niche experiments. 

Geological mapping of the access tunnel and shafts will continue to the same extent as 
has been the case during whole ONKALO phase. Only the mapping procedure has been 
evaluated and some parameters have been left out of the mapping programme 
(Engström & Kemppainen 2008). Probe hole studies consist of flow logging and water 
sampling. Four additional pilot holes are still to be drilled during the ONKALO phase. 
Pilot hole investigations are rather standard in nature and include standard geophysics, 
flow logging, groundwater sampling etc. Two characterisation holes will be drilled 
during the ONKALO phase. After evaluating the investigation data from these holes, 
and comparing them with predictions made before their drilling, a decision may be 
made to drill more such characterisation holes.  

Four detailed niche experiment plans have been presented in this report: the sulphate 
reduction experiment, the hydrogeological interference test, the experiment 
investigating rock retention properties (REPRO) and the rock spalling experiment 
(POSE). The report also refers briefly to the plan for the EDZ investigations. These 
experiments will be carried out in the tunnel in investigation niches at different 
locations (Figure 6-1).  
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Figure 6-1. Planned locations for niche experiments in ONKALO access tunnel. 

 
In implementation the investigation plans, attention must be paid to the importance of 
selecting the best possible locations for the investigation, without disturbing the normal 
excavation work more than is necessary. Excavation of a room or niche that cannot then 
be used in the investigations must be avoided, wherever possible, by the use of careful 
site investigations. The use of excavated investigation rooms should be carefully 
coordinated, so that as many investigation activities as possible can be carried out in the 
same rooms, thus decreasing the need for excavation. 

All the planned investigations need some technical support from the tunnel 
infrastructure. Temporary water and electricity take-off points will be available 
immediately following excavation. If experiments need data transfer prior permanent 
tunnel infrastructure is done, temporary connection to data network are needed. All 
infrastructure needs are coordinated with construction activities. 

All the experiments except REPRO will start in 2009. The REPRO experiment will start 
at the earliest in June 2010, because the ONKALO will not reach chainage 4000 until 
spring 2010. The REPRO experiment will have lasted for many years before all the 
activities have been completed and reported, for example, the sulphate reduction 
experiment is planned to last for about three years; although preliminary results from 
some or all components of the REPRO experiment will be available and will have been 
reported at earlier times. The aim is that all the experiments will provide additional 
information for the documentation needed for the construction licence application in 
2012, even though some experiments will continue after that date. A preliminary 
timetable of the experiments is presented in Figure 6-2. 
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Figure 6-2. Preliminary timetable of the niche experiments. 

 
 
The timetable of the various investigations depends in the first place on the excavation 
work. When the excavation of the ONKALO has reached the planned investigation 
locations, characterisation investigations must be carried out as soon as possible to 
allow excavation to take place and thus avoid problems with the tunnel infrastructure. 
Careful planning and timetabling of the different studies is the key to having the correct 
and sufficient resources, so as to carry out the investigations in sufficient time. 

All experiments have been planned so that they do not pose any unacceptable risk to the 
long-term safety of a future repository - for example there are no plans to drill holes into 
any hydrogeological zones. The detailed planning of these experiments will continue 
during spring 2009. Also the timetables of the experiments will be updated based on the 
progress of the ONKALO.  

All the investigations and experiments presented in this report need to be coordinated 
with the ONKALO construction timetable and with other research activities that are 
taking place in the ONKALO (for example the EDZ studies). The coordination of the 
experiments will be done within the ONKALO project.  
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APPENDIX 1.   Water sampling programmes. 

Parametrit Class A Class C Class D Class E 
Fysikaalis-

kemialliset 

muuttujat 

pH, EC, 

alkaliteetti*, 

asiditeetti*, 

DIC,  nafe1)  

pH, EC, Eh, O2, 

alkaliteetti*, 

asiditeetti*, DIC,  

nafe1) 

pH, EC, Eh, O2, 

alkaliteetti*, 

asiditeetti*, DIC,  

nafe1) 

pH, EC, Eh, O2, alkaliteetti*, 

asiditeetti*, DIC,  nafe1) 

Anionit HCO
3
, Cl, Br, 

SO4, Ntot, 

NO2, NO3, 

Stot, 

HCO
3
, Cl, F, Br, 

SO4, NO2, NO3, 

Ntot, Stot, S
2- 

HCO
3
, Cl, Br, F, 

SO4, PO4
3--Ntot, 

NO2, NO3, Stot,, S
2- 

HCO
3
, Cl, F, Br, SO4, PO4

3-, 

Ntot, NO2, NO3,Stot,  S
2- 

Kationit Na, K, Ca, 

Mg, Sr, Fetot, , 

SiO2, NH4 

Na, K, Ca, Mg, 

Sr, Fetot, Fe2+,  

SiO2, NH4 

Na, K, Ca, Mg,  Sr, 

Fetot, Fe2+, SiO2, NH4 
Na, K, Ca, Mg, Sr, Fetot,, Fe2+, 

SiO2, NH4 

Hivenaineet 

sekä haitalliset 

alkuaineet  

  Uraani As, Ba, Cd, Co, Cu, 

Pb, Hg, Ni, Uraani, 

Zn 

 

As, Ba, Cd, Co, Cu, Pb, Hg, 

Ni, Uraani, Zn  

Orgaaniset 

aineet 
DOC DOC DOC DOC, Humic Acids, Fulvic 

Acids 
Isotoopit H-2 (H2O), 

O-18 (H2O), 

H-3  

H-2 (H2O),  

O-18 (H2O),  

H-3 

  

C-13,  

C-14,  

S-34(SO4),  

O-18(SO4),  

S-34(HS- + S2), 

Sr-87/Sr86  

 

Isotope analysis 

of gases (C-13, O-

18, H-2) 

H-2 (H2O),  

O-18 (H2O),  

H-3 

 

C-13,  

C-14,  

S-34(SO4),  

O-18(SO4),  

S-34(HS- + S2), 

Sr-87/Sr86 

Cl-36  

 

Isotope analysis of 

gases (C-13, O-18, 

H-2)  

H-2 (H2O),  

O-18 (H2O),  

H-3,  

Rn-222,  

C-13,  

C-14,  

S-34(SO4),  

O-18(SO4),  

S-34(HS- + S2), 

 U-234/U-238,  

Cl-36  

Sr-87/Sr86  

 

Isotope analysis of gases (C-

13, O-18, H-2)  
Kaasut  CH4, CO2, N2, He, 

O2, H2, Ar 
CH4, CO2, N2, He, 

O2, H2, Ar 
CH4, CO2, N2, He, O2, H2, Ar 

Mikrobit   solujen 

kokonaisluku, 

autotrophic 

acetogens, 

heterotrophic 

acetogens, SRB 

(sulfaatin 

pelkistäjät), IRB 

(raudan pelkistäjät), 

NRB (nitraatin 

pelkistäjät), MRB 

(mangaanin 

pelkistäjät), 

autotrophic 

methanogens, 

heterotrophic 

methanogens 

solujen kokonaisluku, 

autotrophic acetogens, 

heterotrophic acetogens, SRB 

(sulfaatin pelkistäjät), IRB 

(raudan pelkistäjät), NRB 

(nitraatin pelkistäjät), MRB 

(mangaanin pelkistäjät), 

autotrophic methanogens, 

heterotrophic methanogens 

Muut    Kolloidit 

* p -, -p - ja m- luvut   
1)

 natriumfluoreseeni (uraniini) 
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