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INVESTIGATION PLAN FOR INFILTRATION EXPERIMENT IN OLKILUOTO 

ABSTRACT 

A three-year field experiment to investigate potential changes in pH and redox 

conditions, and in buffering capacity as well as the hydrogeochemical processes related 

to groundwater infiltration is designed for implementation in the vicinity of ONKALO. 

The idea is to monitor the major infiltration flow path from the ground surface into the 

upper part of ONKALO at about 50 to 100 m depth depending on the observations 

made during the experiment.  

 

The geochemical evolution of the groundwater is strongly affected by infiltration from 

the surface. In natural conditions in Olkiluoto most of the geochemical reactions occur 

along the first few tens of metres of the flow path, in an interface between anaerobic and 

aerobic conditions. The dissolved aggressive agents, CO2 and O2, of the infiltrating 

water are consumed and the hydrogeochemistry stabilises on neutral and anaerobic 

conditions due to weathering processes. As a consequence of this evolution, reaction 

fronts are formed in the flow channels between acid-neutral and aerobic-anaerobic 

interfaces. The construction of ONKALO may, however, increase the hydraulic gradient 

and flow into bedrock, which can move these fronts to deeper depths and decrease the 

buffering capacity of the rock fractures against surficial water infiltration. 

 

Detailed integration of hydrogeochemical (including microbiology), geological and 

hydrogeological studies is essential for a successful experiment. Accurate 

hydrogeochemical and hydrogeological data that will be collected during this 

experiment are used in coupled modelling exercises (P/O studies in site reports), which 

will be carried out to evaluate the movements of the reaction fronts and the buffering 

capacity of Olkiluoto bedrock against surficial water infiltration. Good quality 

information is also necessary for calibrating predictive calculations for the safety case 

estimating future evolution of the site. 

 

In addition to the geochemical targets, the experiment can be used in hydrological 

modelling to investigate the process of infiltration. The experiment makes it possible to 

extend the understanding of hydrogeology in the upper part of the bedrock, which will 

also help in future predictions.  

 

This report describes the plans on the experimental site, field investigations, data 

acquisition and interpretation, and modelling approaches.    

 

 

Keywords: groundwater, infiltration, experiment, long-term pumping, monitoring, 

hydrogeochemistry, hydrogeology, hydrology, modelling, pH- and redox-conditions, 

buffering capacity of bedrock.   

 

 



 

OLKILUODON SUOTAUMAKOKEEN SUUNNITELMA  

TIIVISTELMÄ 

ONKALOn läheisyydessä toteutettavassa kolmivuotisessa kenttätutkimuksessa 

tarkastellaan mahdollisia muutoksia pohjaveden suotautumiseen liittyvissä pH- ja 

redox-olosuhteissa, kallion puskurointikyvyssä, sekä hydrogeokemiallisissa proses-

seissa. Tutkimuksessa tarkastellaan merkittävää suotautuvien vesien virtausreittiä maan 

pinnalta ONKALOn yläosaan 50-100 m syvyydelle asti, riippuen tutkimuksen aikana 

saatavista tuloksista. 

 

Vesien suotautuminen maanpinnalta vaikuttaa voimakkaasti pohjaveden geo-

kemialliseen kehitykseen. Luonnollisissa olosuhteissa Olkiluodossa suurin osa 

geokemiallisista reaktioista tapahtuu virtausreitin ensimmäisten kymmenien metrien 

aikana, aerobisten ja anaerobisten olosuhteiden rajapinnassa. Rapautumisprosessit 

kuluttavat suotautuvaan veteen liuennutta aggressiivisista hiilidioksidia ja happea sekä 

vakauttavat hydrogeokemian neutraaleihin ja anaerobisiin olosuhteisiin. Tämän 

kehityskulun seurauksena muodostuu reaktiorintamia virtauskanaviin happamien ja 

neutraalien, sekä aerobisten ja anaerobisten ympäristöjen välille. ONKALOn rakennus-

työ saattaa kuitenkin lisätä hydraulista gradienttia ja veden virtausta peruskallioon. 

Tämä puolestaan saattaa aiheuttaa reaktiorintamien siirtymisen syvemmälle ja heikentää 

kiven rakojen puskurointikykyä pinnalta suotautuvaa vettä vastaan.  

 

Yksityiskohtainen integraatio hydrogeokemiallisten (mukaan lukien mikrobiologia), 

geologisten ja hydrogeologisten tutkimusten välillä on välttämätöntä tutkimuksen 

onnistumiseksi. Tutkimuksen aikana kerättävää hydrogeokemiallista ja hydrogeologista 

dataa tullaan käyttämään reaktiorintamien liikkeitä ja Olkiluodon peruskallion 

puskurointikykyä kuvaavissa malleissa (esimerkiksi Site raportoinnin yhteydessä). 

Korkealuokkaista aineistoa tarvitaan myös alueen tulevaa kehitystä ennustavien 

laskelmien kalibroinnissa. 

 

Geokemiallisten tavoitteiden lisäksi tutkimusta voidaan hyödyntää myös selvitettäessä 

suotautumisprosessia ja kehitettäessä sitä simuloivaa hydrogeologista mallinnusta. 

Tutkimuksen myötä on mahdollista laajentaa peruskallion yläosan hydrogeologian 

tuntemusta, joka puolestaan helpottaa tulevaisuutta ennustavien laskelmien tekemistä. 

 

Tässä raportissa esitetään suunnitelmat tutkimusalueesta, tehtävistä kenttätutkimuksista, 

aineiston hankinnasta ja tulkinnasta sekä mallinnuksesta. 

 

 

Avainsanat: Pohjavesi, suotautuminen, kokeellinen tutkimus, pitkäaikaispumppauskoe, 

monitorointi, hydrogeokemia, hydrogeologia, hydrologia, mallinnus, pH- ja redox -

olosuhteet, kallion puskurikyky/kapasiteetti. 
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1  INTRODUCTION AND OBJECTIVES 

The geochemical evolution of groundwater is strongly affected by infiltration from the 

surface. In natural conditions in Olkiluoto most of the geochemical reactions occur 

along the first few tens of metres of the flow path, in an interface between aerobic and 

anaerobic conditions. The volume and activity of the geochemical reactions is very high 

at this depth compared with deeper groundwater conditions. The dissolved aggressive 

agents, CO2 and O2, of the infiltrating water are consumed and hydrogeochemistry 

stabilises on neutral and anaerobic conditions due to weathering processes. Carbon 

dioxide is mainly generated in the soil layer by the aerobic respiration of organic 

carbon, which is an effective oxygen consumer in natural conditions (Andersson et al. 

2007). The dissolution and the precipitation of fracture minerals such as calcite, 

sulphides and silicates are the major buffering processes consuming CO2 and O2 (if not 

consumed in overburden) in the bedrock. As a consequence of this evolution, reaction 

fronts are formed in the flow channels between acid-neutral and aerobic-anaerobic 

interfaces. The reaction fronts may gradually move along the flow direction depending 

on the flow rate, mass fluxes and the buffering capacity of the flow path, i.e. the amount 

of buffering minerals. Microbial activity also plays a significant role particularly in 

oxygen consumption. The possible intrusion of seawater also changes the redox 

chemistry of groundwater. 

 

In natural state these fronts seem to exist very near the surface, usually even in the 

overburden, partly in organic-rich soil and below it in the till layer in Olkiluoto. The 

construction of ONKALO may, however, increase the hydraulic gradient and flow into 

bedrock, which can move these fronts to deeper depths and decrease the buffering 

capacity of the rock fractures against surficial water infiltration. The loss of the 

buffering capacity may be harmful to long-term repository safety, because 

hydrogeochemical conditions will not be stabilised near the surface. Particularly during 

strong environmental transients such as deglaciation, a high edge of retreating 

continental ice sheet may cause oxygenated glacial melt water infiltration to a great 

depth. 

 

A field experiment to investigate potential changes in pH and redox conditions, and in 

buffering capacity as well as the hydrogeochemical processes related to groundwater 

infiltration is designed for implementation in the vicinity of ONKALO. The idea is to 

monitor the major infiltration flow path from the ground surface into the upper part of 

ONKALO at about 50 to 100 m depth depending on the observations made during the 

experiment.  

 

Detailed hydrogeochemical and hydrogeological data collected during this experiment 

are used in coupled modelling exercises (P/O studies in site reports), which will be 

carried out to evaluate the movements of the reaction fronts and the buffering capacity 

of Olkiluoto bedrock against surficial water infiltration. Good quality information is 

also necessary for calibrating predictive calculations for the safety case estimating 

future evolution of the site. A successful modelling campaign requires detailed 

mineralogical and microbial information. Comprehensive fracture mineral studies with 

isotopic measurements may also provide important information of palaeohydro-
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geological events and of their significance, in particular, because it is reasonable to 

implement the experiment in one of the major infiltration zones on the site. 

 

Infiltration is the key process for groundwater flow. Hydrogeologically infiltration is 

also a very complex process and sensitive to – besides precipitation and topographical 

characteristics – the hydrological properties of the overburden (e.g., vegetation, 

thickness of the soil layer; type, density and porosity of the soil material, saturation, 

grain size, hydraulic conductivity, fracturing of the bedrock underneath the overburden 

layer, water table, surface water bodies).  Due to this complexity of the process of 

infiltration, groundwater flow models often do not address infiltration directly but 

implicitly by applying a pressure or hydraulic head boundary condition.  The numeric 

values of the boundary conditions may be based on interpolation of scattered 

measurements of the water table together with an assumed, simple relationship between 

the water table and topographical elevation.  While this is a practical procedure, clearly 

the uncertainties in this kind of interpolation-based method to set the boundary 

conditions are associated with its independence of the actual properties of the 

overburden.  Particularly in cases where a highly transmissive fracture zone runs 

through a hilltop artificially high flow rates may result from flow calculation for such a 

fracture zone as usually no co-located actual water table measurement is available to 

regulate the local boundary condition.  

 

The hydrogeological impact of ONKALO also depends on the dynamic process of 

infiltration.  The sensitivity of the drawdown to infiltration, for example, was explored 

by Löfman & Mészáros (2005). They found that an infiltration of 2% of the annual 

precipitation (600 mm) halved the maximum drawdown for two cases of grouting 

efficiency (expressed in terms of the transmissivity of the grouted fracture zone around 

ONKALO) in comparison with corresponding cases with no surface infiltration.  On the 

other hand, the actual infiltration also depends on the inflow of groundwater into open 

rock galleries as this controls the hydraulic gradient sensed at the surface, particularly at 

the fracture zones found in ONKALO. This kind of coupling may only be addressed 

with a model that couples overburden hydrology with (deep) groundwater flow mode. 

 

In addition to the geochemical targets, the experiment can be utilised to investigate the 

process of infiltration. The experiment makes it possible to extend the understanding of 

hydrogeology in the upper part of the bedrock and it will also help in future predictions 

of hydrogeochemical evolution. The detailed integration of hydrogeochemical, 

geological and hydrogeological studies is thus essential for a successful experiment. 

 

Generally the experiment responds to several objectives determined in the ONKALO 

underground and research programme (Posiva 2003) to explore the impact of ONKALO 

on its surrounding environment. Further focus is available in TKS 2006 (Posiva 2007). 

The following objectives are pursued by the experiment: 

 

- to assess potential buffering capacity of water-rock system against 

chemically reactive agents in surficial waters in a major infiltration 

path 

- to interpret palaeohydrogeological information on former transients, 

e.g. melt and  sea water intrusions  
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- to interpret hydrogeochemical data for evaluating major pH and redox 

reactions that stabilise hydrogeochemical conditions 

- to clarify the importance of microbial processes stabilising anaerobic 

and neutral hydrochemical conditions 

- to examine the migration of pH and redox fronts by interpreting and 

modelling monitoring data, and to assess exploitable buffering 

capacity and the potential loss of  it during the operation of ONKALO  

- to establish hydrogeochemical system understanding for use in 

calibrating reactive transport models of the infiltration zone and in 

simulating future evolution in variable hydrogeological conditions  

- to assess hydrological infiltration into bedrock fractures  
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2  EXPERIMENT SITE 

2.1 Background 

Extensive geological, hydrogeological, hydrogeochemical and microbial field and 

laboratory investigations are needed to obtain a reasonable picture of the flow field from 

the surface to the final point of the monitoring net, and of the other boundary conditions 

related to hydrogeochemistry. The infiltration experiment will be started with 

investigations on the ground surface to test the methods, to achieve preliminary 

understanding of the experiment site and of the sufficiency of the monitoring points.  

 

No clear movements of reaction fronts were observed in a similar experiment conducted 

in Äspö (Large Scale Redox Experiment), particularly as concerns further transport of 

dissolved O2, although other hydrogeochemical changes were evident (Banwart et al. 

1999, Pitkänen et al. 1999). Thus, investigations focus at the early stage on very shallow 

depths (0 to 30 m depth) including also infiltration through the overburden layer. In 

addition, the view of the hydrogeological system in general turned out to be 

oversimplified in advance (cf. Pitkänen et al. 1999). Therefore the aim is to extend the 

experiment step by step deeper underground towards ONKALO and to update the 

monitoring net at the surface as necessary with the results collected in the experiment. 

 

The information that is needed to plan, develop and carry out the experiment according 

to the intended objectives is interdisciplinary and extensive.  At least the following 

information and conditions are required: 

 

 The experiment site should represent a typical potential infiltration 

feature in Olkiluoto and be in hydraulic connection with the upper part of 

ONKALO 

 The ground surface intersection of the infiltration path and the 

hydrogeological character of the near surface part of the zone needs to be 

specified 

 Competent understanding of flow field and transmissive features in the 

experiment area is necessary for detailed planning of monitoring 

arrangements 

 A sufficient monitoring network (shallow drillholes, deep drillholes, 

overburden groundwater level from observation tubes at several locations 

close to the fracture zones) is needed 

 Detailed mineralogical information on fracture surfaces is needed 

(reactive phases for modelling): composition and amount of the silicate 

minerals, oxidable and oxidised phases, and calcites in the fractures 

 In addition to general mineralogy surface area, the cation exchange 

capacity and the buffering capacity must be evaluated  

 Microbiological information from different parts of the infiltration flow 

path (important for O2 consumption and development of anaerobic 

conditions) is needed 

 The unsaturated area, including the biosphere should be evaluated 

(groundwater samples from lysimeters are useful in modelling exercises)  
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 Detailed hydrogeological characterisation of the overburden in the 

surface infiltration area is necessary: soil type classification, particle size 

distribution curves, soil water retention curves 

 More detailed information on soil surface elevation, bedrock elevation 

and location and elevation of the ditch network is needed. 

  

2.2 Characterisation of experiment site 

2.2.1 Hydrogeological zone HZ19 

Subhorizontal hydrogeological zone HZ19 (divided in parts A and C) is the major 

hydrological feature in the upper part of the bedrock crosscutting ONKALO (Andersson 

et al. 2007) at around 100 m depth and it is therefore considered to be suitable for the 

infiltration experiment. A wide brittle fault zone intersection coincides with a ductile 

deformation zone intersection at 83 - 87 m depth, tunnel chainage (TC) 934-970. Since 

zone HZ19A should intersect drillholes OL-KR14 – OL-KR18 very near the bedrock 

surface it enables a study of infiltration and hydrogeochemical evolution from the early 

beginning of the groundwater flow. The HZ19C zone is located about 30 m deeper than 

the A-part. The rock type in the vicinity of the zone mainly consists of veined gneiss 

and a vast amount of coarse-grained quartz gneiss, occurring as inclusions or whole 

sections. The rock is abundant in healed foliation parallel fractures with sulphide 

fillings. It also contains many long (non-healed) fractures parallel to the foliation. The 

intersection begins (TC 934) with a tunnel crosscutting fracture and ends at a tunnel 

crosscutting fault (TC 970). This main fault at the end of the intersection is known as 

HZ19A (Andersson et al. 2007). It has an undulating slickenside surface and contains 3-

40 cm thick fillings of chlorite, clay, pyrite, calcite, graphite, and kaolinite. The widest 

part of the fault contains broken rock fragments and thick clay fillings. During the 

mapping the fault was still leaking water (about 2-3 L/min) despite grouting of this 

tunnel section. The zone is south-east dipping and should intersect the ground surface 

near drillholes OL-KR15 to OL-KR18, or actually their B-holes, which are the open 

parts near the ground surface (Figure 1). The zone has also been identified with several 

methods from many drillholes, e.g. OL-KR4, OL-KR30, OL-KR10, OL-KR14. The 

experiment focuses on investigations performed on the ground surface between 

drillholes OL-KR30, OL-KR14, and from OL-KR15B to OL-KR18B (Figure 1) at early 

stage.   

 

A several hundreds of metres long investigation trench in N-S direction, OL-TK4 was 

excavated in the area of the potential surface intersection of HZ19A (Figure 1). The 

trench passes drillhole OL-KR14 directly on the eastern side. Detailed geological 

mapping was performed on the exposed and washed rock surface (Paulamäki 2005). 

Two fractured zones were observed in the potential surface intersection area a few tens 

of metres north of OL-KR14 with either open fractures (P24; 2.15 m) or intense 

fracturing and strong weathering (P27; 8.05–8.95 m).  The orientation of the fractured 

zones corresponds to the interpretation of HZ19A and the observations made in 

ONKALO.   
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Figure 1. A map of infiltration experiment area. The ground surface intersections of 

hydrogeological zones HZ19 A and C are interpreted according to the 2006 site model 

(Andersson et al. 2007). Drillholes, groundwater observation tubes originally available 

for site characterisation, investigation trench OL-TK4 and resistivity measurement lines 

(Line 1 and 2) are shown. Grid side is 250 m. 

 

2.2.2 Geological conditions in overburden 

The topography of the experiment site is very flat and only varies a few metres without 

any clear topographical lineaments. However, the topography of the bedrock surface 

(Figure 2) seems to show a depression in NE-SW direction around drillhole OL-KR14, 

which may reflect the surface intersection of HZ19A or parts of it. Overburden surveys 

of the study area were carried out in autumn 2002. Two deep soil pits, OL-KK6 and 

OL-KK7 (Figure 3), were sampled for standard physical and geotechnical properties 

including grain size, organic matter content, specific area, particle density, permeability, 

compactness, stone content, stone size and moisture. Also, some chemical analyses 

were conducted (Lintinen et al. 2003) 

 

The soil thickness at test pit OL-KK6 was 4.05 m and the depth of the groundwater 

table about 1 m. At test pit OL-KK7 soil thickness was 2.0 m and the depth of the 

groundwater table 1.7 m. The groundwater table has been at about 1 m depth in 

drillholes OL-KR15 – OL-KR18. The soil cover was glacial (sandy) till with poorly 

developed soil layering at both test pits. At OL-KK6 unoxidized conditions started at 2 

m depth (Lintinen et al. 2003). 
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Figure 2. Rock surface elevation (Nummela 2004, updated 11 June 2007/Pöyry 

Environment). The soil area disturbed by investigation trenches (TKs), based on aerial 

photo observations, is delineated with dashed lines. Grid side is 500 m. 

 

 
Figure 3. Surface soil type by vegetation compartments, based on visual observations 

during a forest inventory in 2003 (Rautio et al. 2004). Deep soil pits KK6 and KK7 are 

located in the northern part of the study area. Grid side is 500 m. 
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2.2.3 Additional geophysical surveys on experiment site   

Additional geophysical measurements and interpretations have been carried out to 

improve detailed understanding of the surface intersection of HZ19, and the local 

hydrological connections between drillholes OL-KR30, OL-KR14 - OL-KR18. The 

mise à la masse method as well as resistivity and induced polarization (IP) surveys have 

been used to obtain information on the internal structure of HZ19.    

 

Mise à la masse surveys have been performed in two campaigns, the first from drillhole 

OL-KR30 and the second from OL-KR-14 to obtain information of galvanic 

interconnections between these drillholes and the group of drillholes OL-KR15B – OL-

KR18B. Galvanic connections may result either from mineral conduct or groundwater 

or both. The groundings were fixed in the intersection of HZ19A and C in OL-KR30 

and in the intersection of HZ19A in OL-KR14. Measurements were performed in other 

drillholes and on the ground surface. The most significant connections of HZ19A from 

OL-KR30 and OL-KR14 to OL-KR15B-OL-KR18B are shown in Figure 4. A few 

galvanic connections have been observed between the A and C zones.  Ground 

monitoring also indicated connections between the surface and drillhole OL-KR30 

(Figure 5a), but the measurements were disturbed by the steel rods of the multi-packers 

in drillhole OL-KR10, which made interpretation difficult. However, it seems evident 

that galvanic connections extend on the ground surface north-east of drillhole OL-KR14 

and also west of drillholes OL-KR16 and OL-KR17. Correspondingly, ground 

monitoring indicated connections to the surface around drillhole OL-KR14 when 

groundings were in OL-KR14 (Figure 5b); however, a cable channel between the 

drillhole and the road disturbed the accuracy of the results.   

 

 
 

Figure 4 . The most significant galvanic connections of HZ19A from drillholes OL-

KR14 and OL-KR30 in Mise à la masse surveys. Groundings were at 15 m in OL-KR14 

and at 46 and 53 m in OL-KR30. 
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Figure 5. Potential distribution on the ground surface with the groundings at 53 m in 

OL-KR30 (upper) and at 15 m in OL-KR14 (lower). Dots show the measurement points 

on the ground surface in Mise à la masse survey. The red  line on the upper is a cable 

channel. 

 

Resistivity and time-domain IP surveys have been carried out in the neighbourhood of 

drillholes OL-KR14 and OL-KR15 - OL-KR18 along two parallel measurement lines 

(Figure 1) using a computer controlled multi-electrode system. The applied measure-
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ment protocol provided 10 different spacings, ranging from 2 to 24 metres. 

Consequently, the approximate depth penetration was 12.5 metres. 

 

In the imaging process the separate and partly overlapping sounding results from both 

lines were first merged together and the resistivity and chargeability depth sections were 

then interpreted using both 2.5D and 3D automatic, smoothness constrained inversions 

without any hydrogeological assumptions/constraints. The inverted resistivity 

distributions (see Figures 6a and 6b) display a strong variation along the south-eastern 

part of both lines, where the anomalous effects of the crossing cable canal (shown in 

Fig. 5) particularly stands out as low and high resistive, almost vertical zones.  Apart 

from these disturbances, there are three to four low resistive zones under the continuous, 

horizontal conductive soil layers of the till cover in the north-western part of the 

measurement lines. These zones cannot be connected to any known infrastructural 

electric source and can thus be interpreted as potential indications of fractured zones. 

The corresponding IP responses of high chargeabilities indicate the possibility of 

sulphide and graphite layers (Figure 7) that are related to these zones.  

 

 
 

Figure 6a. Interpreted resistivity (Ω∙m)-depth section from the southeast-northwest 

trending line 1. 
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Figure 6b. Interpreted resistivity(Ω∙m)-depth section from the southeast-northwest 

trending line 2. 
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Figure 7. Detailed resistivity and chargeability depth-sections over the fracture-zone 

indications. The distances of indications along measurement lines are shown. 

 

2.2.4 Detailed hydrogeological model of experiment site  

According to the site hydrogeological model 2006 (Ahokas et. al. 2007), the core of 

HZ19A intersects drillholes OL-KR30 and OL-KR14, but not the B-holes of OL-KR15 

– OL-KR18 (Figure 8). However, HZ19A consists of several conductive features in a 

relatively narrow depth zone as indicated by galvanic measurements and observations 

from ONKALO and OL-TK4, which means that the zone is not only limited to its core. 

Zone HZ19C intersects all B-holes and drillhole OL-KR14 at depth 50 m according to 

the hydrogeological model. There are also interconnections between the A and C 

sections of the zone. High transmissivities (T>1E-6 m
2
/s) in the B-holes and in OL-

KR14 and OL-KR30 are illustrated together with zones 19A and 19C in Figure 8. 

Fracture specific transmissivities are also tabulated under the figure. Hydraulic 

connections to the B-holes from the fracture at depth of 13.4 m in OL-KR14, which is 

interpreted to be part of HZ19A are not yet investigated by interference testsbut they are 

Line 1: 70 –137m 
 
 
Resistivity 
 
 
 
 
 
 
Chargeability 

Potential fracture zones 

Potential fracture zones 

 
Line 2: 21 – 95m 
 
Resistivity 
 
 
 
 
 
 
Chargeability 
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probable due to the great amount of transmissive fractures in the bedrock as illustrated 

in Figure 9 and also supported by galvanic connections.  

 

 

 

HZ19C

HZ19A

50 m

13.4 m

HZ19C

HZ19A

50 m

13.4 m

 
 

zone/bh

KR14 

depth, m

KR14 

T, m
2
/s

KR30 

depth, m

KR30 

T, m
2
/s

KR10 

depth, m

KR10 

T, m
2
/s

KR15B 

depth, m

KR15B 

T, m
2
/s

KR16B 

depth, m

KR16B 

T, m
2
/s

KR17B 

depth, m

KR17B 

T, m
2
/s

KR18B 

depth, m

KR18B 

T, m
2
/s

HZ19A 13.4 1E-05 53.2 3E-05 40.8 2E-07 - - - - - - - -

HZ19C 50.4 2E-04 82.6 4E-06 ? ? 21.6 1E-05 18.6 1E-06 8.40 1E-05 31.8 2E-05  
 

Figure 8. Transmissive (T>1E-6 m
2
/s) fractures of zone HZ19C as oriented discs in B-

holes (OL-KR15-18) and all transmissive (T>1E-6 m
2
/s) fractures in OL-KR14 and OL-

KR30 together with zones 19A and 19C. In the upper part of OL-KR10 just one 

moderate T-value (T=1E-7 m2/s) has been detected.  

 

 

 

 

 

 



15 

 

HZ19C

HZ19A
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13.4 m

HZ19C

HZ19A

50 m

13.4 m

 
 

Figure 9. Transmissive (T>1E-7 m
2
/s) fractures as oriented discs in drillholes OL-

KR14, OL-KR10, OL-KR30 and B-holes of OL-KR15-18. 

 

A detailed illustration of geological and hydrological data from drillhole OL-KR14 is 

shown in Appendix 1 and a TV-image of the fracture at depth 13.4 m in Appendix 2. 

Corresponding information from OL-KR30 is provided in Appendices 3 and 4. The 

casing and the thickness of the overburden are also shown in Appendix 1. The thickness 

of the overburden is about 6 m and the lower end of the casing is at depth 9.5 m. A core 

loss section in the drill core is located at depth 8 m, which may be part of zone HZ19A 

or even the core of the zone. The fracture(s) at depth 12-16 m are, however, evidently in 

hydraulic connection with zone 19A.  

 

An illustration of the current concept and the possible intersection of HZ19A at the rock 

surface are shown in Figure 10. The figure is based on the most recent interpretation of 

the available geological, geophysical and hydrogeological information presented above. 

The internal structure of HZ19A is complex, and is made more so by open, 

subhorizontal fracturing typical of the near surface part of bedrock. Therefore, shallow 

drillholes have to be considered to specify the flow path, i.e. the transmissive fracture 

network inside the experiment site under monitoring.  
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KR17 KR18
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Z=0 m

KR30KR10KR14

KR17 KR18

Z=-100 m

Z=0 m

 

Figure 10. Current concept of the near surface ground sections of hydrogeological 

zones HZ19A (upper) and HZ19C (lower) together with oriented fracture zone 

intersections (illustrated as discs) found in investigation trench OL-TK4. 

 

2.2.5 Mineralogical information of HZ19  

Generally, calcite and pyrite form major buffering capacity against acid and aerobic 

water infiltration, respectively. Clays have significant cation exchange capacity. 

Information on mineral coatings in the fractures of HZ19 has been collected from the 

drill cores of a total of 23 different drillholes. Clays, calcite and pyrite are the 

dominating fracture coating minerals as they are on the whole site. Pyrite is more 

common in the intersections of zones HZ19A and C than generally on the site. Illite is 

uncommon. This is because illite producing hydrothermal processes are mainly located 

below these zones (e.g. Andersson et al. 2007). Kaolinite and unidentified clay minerals 

are common in fractures with hydraulic conductivity in the intersections of zones 

HZ19A and C. 

  

There are a total of 1257 fracture observations inside the drillhole intersections of zones 

HZ19A and C, and 342 of those with hydraulic conductivity. About 70% of the clay 

mineral fillings are in conductive fractures. Calcite and sulphides do not correlate with 

conductivity. Information on fracture filling thicknesses and coverages is presented in 

Table 1. Calculated mineral volumes represent potentially available buffering capacities 

in rock. 
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Table 1. Average coating area, thickness and volume of calcite, pyrite and clays on all 

fracture surfaces and conductive fractures in drill cores from HZ19 intersections.  

 

  
sample 
length m fractures n fractures /m 

total fracture 
area m

2
 

calcite filling 
area m

2
 

sulphide 
filling area 
m

2
 

clay mineral 
filling area 
m

2
 

secondary 
clay filling 
area m

2
 

HZ19 224 1257 5.61 5.09 0.65 0.30 0.90 0.04 

conductive 224 342 1.53 1.18 0.17 0.05 0.30 0.02 

                

  

calcite 
volume 
dm

3
 

sulphide 
volume dm

3
 

clay mineral 
volume dm

3
 

secondary 
clay mineral 
volume dm

3
 

total filling 
mineral 
volume dm

3
       

HZ19 0.34903 0.10564 0.81938 0.01431 1.28835       

conductive 0.08553 0.01727 0.62744 0.00641 0.73666       

                  

  

total 
sample 
rock 
volume m

3
 
calcite 
dm

3
/m

3
 

sulphide 
dm

3
/m

3
 

clay 
minerals 
dm

3
/m

3
 

secondary 
clay 
minerals 
dm

3
/m

3
      

HZ19 0.552 0.633 0.191 1.485 0.026      

conductive 0.552 0.155 0.031 1.137 0.012      

 

 

The fractures are mainly sub-horizontal and dip direction is to SE. Sub-vertical fractures 

are almost totally lacking in the studied data set. Hence, particularly conductive 

fractures seem to represent parts of zone HZ19. 

  

In the drillhole intersections of zones HZ19A and C, 75% of the host rock consist of 

different types of mica gneiss migmatite (49% diatexite, 27% veined gneiss), 11% of 

the fractures are located in pegmatite units, and 14% in homogenous gneisses. Up to 

90% of the conductive fractures are in migmatite. This is because pegmatites and 

homogenous gneisses are commonly dykes and inclusions, and can commonly have an 

independent fracturing system. 

 

2.2.6 Hydrogeochemical information on infiltration experiment area 

The number of shallow groundwater samples in the current hydrogeochemical database 

is small from the neighbourhood of the potential experiment site and surface 

intersection or of HZ19.  Two sampling points are in the overburden and one in 

relatively shallow bedrock (App. 5). The hydrochemistry of OL-PVP2 represents 

immature, low pH infiltrating meteoric water whereas samples from OL-PVP18A are 

neutralised and interacted with the geological environment. Deep groundwater samples 

from OL-KR30 are taken at 50 to 54 m depth at the intersection with HZ19A. They 

represent fresh HCO3 type groundwater with neutralised pH and a clearly anoxic 

hydrogeochemical environment with low negative Eh values. Due to the insufficient 

information on the hydrogeochemical conditions on the experiment site, more 

groundwater samples from new observation tubes as well as from shallow bedrock are 

required. 
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Fracture specific TDS values have been (calculated from EC-values) measured in 

connection with flow loggings. The TDS-values at depth 13.4 m are ca. 0.5 g/L and are 

slightly more saline than the corresponding values from the B-holes (OL-KR15 - 18). 

 

2.2.7 Results of flow simulations; influence of pumping  

Preliminary estimates for drawdown and advective travel times were calculated using 

the 2006 flow model (Andersson et al. 2007). ONKALO is assumed to be open down to 

the depth of 150 m, which results in a total background inflow of 27 L/min into 

ONKALO. The drawdown field was computed with pumping rates of 10 L/min and 20 

L/min applied at drillhole OL-KR30 as a potential pumping hole for the experiment in 

the beginning of the experiment planning. Pumping was implemented by applying a 

constant outflow boundary condition at the intersection of OL-KR30 and HZ19A. To 

correctly estimate the resulting drawdown at the pumped drillhole, the transmissivity of 

HZ19A was adjusted to match the local transmissivity value measured at OL-KR30 

(logT = -4.4). 

 

The advective travel time of groundwater is calculated from the Darcy-velocities 

assuming that the thickness of the hydrogeological zone is 1.0 m and that the flow 

porosity for HZ19A is 0.027. The flow porosity was obtained from the transmissivity, 

the fracture aperture and the fracture spacing in a similar manner as in the flow model 

2006 (Andersson et al. 2007). 

 

At a pumping rate of 10 l/min, drawdown at OL-KR30 is 5.4 m and calculated steady 

state drawdown at KR15-KR18 area is estimated to be approximately 0.7 m. At a 

pumping rate of 20 l/min, drawdown at OL-KR30 is 10.6 m and in the OL-KR15 - 18 

area the drawdown is approximately 0.8 m (Table 2). 

 

The advective travel time of groundwater from the OL-KR15 - 18 area to OL-KR30 is 

approximately 5 years, if no pumping is assumed at OL-KR30. At a pumping rate of 10 

l/min at OL-KR30, the travel time is reduced to 3 years, and at a pumping rate of 20 

l/min, the travel time is 2 years (Figures 11, 12, 13). Since the advective travel time 

would be so long the pumping desired to move to a drillhole OL-KR14.  
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Figure 11. Freshwater head field of zone HZ19A when no drillhole is 

pumped. Drillhole OL-KR30 is in the centre, the OL-KR15 - 18 area is at 

top left and ONKALO is at bottom right. The streamlines are divided into 

sections of 6 months travel time with the dots.  

 

Figure 12.  Freshwater head field at HZ19A when OL-KR30 is pumped at 

a rate of 10 l/min. Drillhole KR30 is in the centre, OL-KR15 - 18 area is at 

top left and ONKALO is at bottom right. The streamlines are divided into 

sections of 6 months travel time with the dots. 
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Figure 13. Freshwater head field at HZ19A when OL-KR30 is pumped at 

a rate of 20 l/min. Drillhole OL-KR30 is in the centre, OL-KR15 - 18 area 

is at top left and ONKALO is at bottom right. The streamlines are divided 

into sections of 6 months travel time with the dots. 

 

Table 2. Results from preliminary flow simulations: drawdown and transport time from 

the OL-KR15 - 18 area to OL-KR30. 

 
Pumping Head [m] Drawdown [m] Transport 

OL-KR30 OL-KR14 OL-KR15-18 OL-KR30 OL-KR14 OL-KR15-18 time* 

- 3.3 4.5 5.2 - - - 5 yr 

10 l/min -2.1 3.8 4.8 5.4 0.7 0.4 3 yr 

20 l/min -7.3 3.0 4.4 10.6 1.5 0.8 2 yr 

* Transport time from OL-KR15-18 area to drillhole OL-KR30. 
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3  FIELD INVESTIGATIONS AND EXPERIMENTAL METHODS 

3.1  Field arrangements 

Groundwater pumping will start in OL-KR14 from drill-hole section 13-18.2 m. The 

start of the shallow and short flow path has been selected according to flow simulation 

results, which indicate long travel times for deeper pumping, and in order to investigate 

just the initial metres of infiltration at the beginning. The most transmissive fracture is 

located at depth 13.4 m. As discussed in the previous Chapter, the core loss section at 

depth ca. 8 m may also be the actual core of zone HZ19A but it is within the casing and 

cannot directly be pumped in OL-KR14. According to fracture flow logging and 

dillcore logging results the pumping section will be installed in a depth of 13 - 18.2 m.   

 

Multi-packers have already been installed in nearby drillholes OL-KR4, OL-KR10, OL-

KR15A and B, OL-KR16A and B, OL-KR17A and B, OL-KR18 A and B, OL-KR22 

and OL-KR28. A installation of packers in the drillholes crosscutting HZ19A is shown 

in Table 3. The objective is to isolate the hydraulically conductive feature (HZ19A or 

the horizon of it, which intersects the near surface section of OL-KR14) as closely as 

possible.  Zone HZ19C will also be packed-off but the measuring sections are not 

shown in Table 3. 

 

 

Table 3. Measuring intervals to investigate the influence of pumping from section 13 - 

18.2 m in OL-KR14 to HZ19A in packed-off drillholes. 
  

Drillhole 
Measuring interval 1 

(m) 
Measuring interval 2  

(m) 
Measuring interval 3  

(m) 

OL-KR4 76-85 
  

OL-KR15B 4.5*-16 17-31 - 

OL-KR16B 4.5*-20 21-35 - 

OL-KR17B 4.1*-10 11-30 - 

OL-KR18B 6.5*-13 14-23 24-45.5** 

    

* = lower end of the casing, ** = bottom of the drillhole 

 

 

The hydrogeological conditions will be monitored from the packed-off drillholes, 

making on-line pressure information available. The observation interval of pressure will 

be in the order of 10 min. In drillholes OL-KR15B, -KR16B, -KR17B and -KR18B 

pressure transducers will also be installed above and beneath the packers that isolate 

zones HZ19A and C.  

 

Additional observation tubes in the overburden and shallow drillholes in bedrock is 

drilled in order to improve the understanding of the initial conditions, and the 

monitoring net at the potential recharge zone into HZ19A and along the flow path to 

OL-KR14. Nine new groundwater observation tubes (OL-PVP 21 - OL-PVP29) have 

been bored to monitor groundwater conditions and infiltration into bedrock around 
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drillhole OL-KR14 (Figure 14). The presented locations of the OL-PVP-tubes cover the 

potential intersection area of HZ19A on the bedrock surface, based on geological and 

geophysical information. A small-scale configuration of the OL-PVP-tubes is used in 

order to ensure that the influence of pumping can be observed. Vertical tubes with a 

multielectrode and cable system have been installed in three observation tubes. The 

multielectrode lines will be used in 3-D moisture mapping during the experiment. Four 

new shallow drillholes have been drilled for monitoring of groundwater conditions in 

the bedrock round drillhole OL-KR14 (Figure 14). The length of the drillholes are about 

15 - 30 m, meaning that they intersect the hydrogeological zone in connection with the 

fractures, which are pumped in OL-KR14. The drillholes also provide additional 

detailed information on the hydrogeological conditions on the experiment site. 

 

 

 

 
 

Figure 14. A map of the infiltration experiment area with surface  intersections of 

HZ19A and C based on Site Model 2006 (Andersson et al. 2007) and the recent 

investigations presented in this report. The map presents the new observation tubes 

(OL-PVP21 – 29), the shallow drillholes (OL-PP66 – 69) and the tubes with a 

multielectrode arrays network (OL-RES1 – 3) for monitoring and investigating the 

initial condition. Grid side is 250 m. 

 

 

Lysimeter clusters have been installed around these new groundwater observation tubes 

for monitoring the unsaturated zone. The lysimeters are of plate type, i.e. they only 

collect water seeping to the ground layers by gravity.  
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3.2  Detailed mineralogical characterisation of infiltration zone  

The hydrothermal alteration types and the fracture filling phases will be modelled in the 

rock volume, which the experiment is presupposed to influence. The investigation will 

cover an estimation of the grade of carbonatisation and sulphidisation (incl. a study of 

sulphide dissemination in the rock). Further, the character of the sheet silicates on the 

fracture wall will be investigated including ionexchange chapacity and special efforts 

will be focused on the occurrence of clay sized phases that are exposed to the 

infiltration of water. 

 

In addition, palaeohydrogeochemical investigations of fracture mineral phases, started 

in spring 2008, have been focused on HZ19. The objective is to obtain detailed 

hydrogeochemical information on former infiltration conditions, which may improve 

the understanding of the hydrogeochemical processes and the flow conditions along the 

major infiltration paths. The investigations include microscopic, microanalytic and 

isotopic studies and they concentrate on calcite and pyrite fracture infillings. Samples 

were particularly collected from the drill cores and the intersections important to the 

infiltration experiment.  

   

3.3  Field monitoring 

3.3.1  Hydrologic measurements  

The transmissivity of the fracture at depth 13.4 m is 1E-5 m
2
/s (according to the 

measured maximum value) and the pumping rate of 10L/min will cause a drawdown of 

about 20 m in the pumping section. For the measured minimum T-value (3E-6 m
2
/s), 

the pumping rate must be lower than about 3 L/min to keep the drawdown in the order 

of 20 m. Therefore, a lower pumping rate of about 5 L/min is considered to keep the 

pumping section short and the water level high enough. The applicable pumping rate 

will be tested.  

 

Intensified pressure and water level measurements will start in OL-KR4, OL-KR14, 

OL-KR15B, OL-KR16B, OL-KR17B, OL-KR18B OL-KR30, OL-PVP18 and also in 

the new observation tubes OL-PVP21, OL-PVP22, OL-PVP23, OL-PVP24, OL-PVP25, 

OL-PVP26, OL-PVP27, OL-PVP28, OL-PVP29  and drillholes OL-PP66, OL-PP67, 

OL-PP68 and the OL-PP69 on the experiment site about one week before pumping. 

Manual observations of water level will be intensive (one obs/day) at the beginning of 

pumping and later once a day or once a week depending on the time evolution of the 

observed responses.   

 

In addition, the hydrological data collected in the Olkiluoto monitoring programme 

(Klockars et al. 2007) will be available and provides useful reference data to the 

experiment.  
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3.3.2   3D electrical resistivity tomography monitoring 

Detailed time-lapse surface and vertical in situ (along groundwater observation tubes) 

resistivity measurements will be carried out in the area above the assumed location of 

the intersection of the soil cover and the pumped fracture zone. These measurements 

will be repeated at regular intervals to monitor water-content changes in the overburden, 

and especially to monitor changes that have been induced by the pumping activities. . 

The permanently (in the course of the experiment) installed surface square net of 

electrodes will be implemented using only 0.5-1.0 metres distances between the closest 

electrodes. In this grid of electrodes monitoring data will be scanned as continuous 

vertical electrical soundings (resistivity survey with combined profiling and sounding) 

along all parallel and perpendicular lines. Vertical time-lapse multi-electrode arrays will 

be installed as point electrodes with a spacing of 0.2 meters between the electrodes 

round the outer surfaces of the plastic groundwater observation tubes. 

 

Time-lapse 3D resistivity inversions will be performed using either the first data set that 

is measured just before the pumping or the data set from the immediately previous 

monitoring as a reference model to constrain the inversion of later-time data sets. This 

difference tomography process makes it possible to remove the effects of stationary 

electric disturbances from the interpretations. The spatial and the temporal reliability of 

the inversion results will be evaluated by comparing the differences in the results that 

are obtained using different starting models. The final results will be presented as 

percentage changes in resistivity and in the interpreted water-content against the 

background or previous monitoring.  

 

3.3.3  Hydrogeochemical investigations  

Initial samples will be collected from the observation tubes and drillholes on the 

experiment site before the pumping starts. The quality of groundwater from the 

pumping section (OL-KR14/13 - 18.2 m) will be monitored with on-line pH, EC, Eh 

and oxygen measurements during the experiment.  Samples are taken once a month 

during the first two months and then every second month for four months. The chemical 

analysis will be obtained according to Class D –program (App. 6). Microbial sampling 

and analyses to specify microbially activated chemical processes will also be done 

during this first six-month period. Dissolved gases are also considered to be analysed. 

Special analyses of extraordinary isotopes will be considered later if necessary. Active 

groundwater and microbial sampling will be performed from all of the drillholes and 

observation tubes that show a response to pumping in OL-KR14. Otherwise sampling is 

connected with the shallow groundwater monitoring programme at Olkiluoto.  

 

The quality of soil and ditch water is monitored for background information in 

Olkiluoto. The soil water samples for the infiltration test will be collected at the same 

time as pumping is started. Next samples from lysimeters will be taken during the 

spring. The established lysimeter area inside the field of the new groundwater 

observation tubes (OL-PVP21 – 29), and their volume (mass) is recorded. In addition, 

water from the Korvensuo reservoir is also analysed occasionally. The chemical 

analysis of the lysimeter and Korvensuo reservoir waters will be conducted according to 

the Class B –programme (App. 6) with the addition of DOC measurements. 
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The hydrogeochemical data obtained from the Olkiluoto monitoring programme will be 

utilised in the experiment (e.g. Pitkänen et al. 2007). For instance, sampling has been 

conducted in earlier years in groundwater observation tubes OL-PVP2 and OL-PVP18, 

and drillhole OL-KR30/50-54m (App. 5) and this data will be used in this experiment as 

well as shallow and deep groundwater data in general. OL-PVP2 is not available 

anymore. 

 

3.3.4  Data acquisition and storage 

Manual groundwater table level measurement results are collected by hand in the field 

and later stored in the POTTI database. Automatic GWMS pressure measurement 

results will be sent from the field loggers to the main computer every hour. Once a day, 

the pressure measurement data is sent by e-mail to the coordinator of hydrology. After 

the data has been checked it will be stored in the POTTI database.   

 

OL-KR14 will be connected to an on-line measurement system, which continuously 

measures pH, EC, Eh, O2 and temperature. All drillholes and observation tubes that 

respond to pumping will also be measured on-line at every sampling occasion. On-line 

data is automatically stored on a field computer and after the data had been checked, all 

experiment data is stored in the POTTI database. The chemical analyses are all 

delivered to TVO’s laboratory, which analyses most of the samples. Some of the 

chemical samples and isotope samples are sent to different laboratories. All the results 

are sent to the coordinator of hydrology and hydrogeochemistry and will also be stored 

in the POTTI database.  
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4   MODELLING AND REPORTING 

Modelling is divided into flow simulations and hydrogeochemical calculations. 

However, they will be strictly integrated to achieve the full benefit of the investigations 

and confidence on the results. Hydrogeochemical modelling utilises flow models and 

these are partly even numerically coupled. The hydrogeochemical results are on the 

other hand used in evaluating hydrogeological models. Sensitivity analyses are an 

essential part of both modelling tasks.  

 

Hydrological modelling combining the overburden hydrological flow model and the 

groundwater flow model of the experiment will be carried out using the Olkiluoto 

surface hydrology model developed in 2007 (Karvonen 2008).  The modelling will be 

carried out by developing a detailed version of the present model around the infiltration 

experiment area. A smaller scale version of the model will be linked with the existing 

larger scale model.  The flow lines will be calculated using the 3D velocity field 

provided by the model.  The particle tracking method will be used to calculate the flow 

paths of the particles as they are transported by the water flow in the experimental area 

due to pumping and the influence of ONKALO. The particles will initially be located in 

the overburden soil at various depths.  The Korvensuo reservoir might influence the 

geochemical evolution of the deep bedrock groundwater. A detailed version of the 

surface hydrology model will also be used to calculate the flow field both in the 

overburden and in the shallow bedrock around the Korvensuo reservoir.  Moreover, a 

detailed water balance analysis for Forest Intensive Monitoring Plots FIP4, FIP10 and 

FIP11 will be carried out during 2008.  The results of this modelling task will provide 

additional information for the interpretation of the results of the infiltration experiment.  

 

The results of resistivity monitoring and the interpreted pore water content changes will 

be utilised in infiltration modelling. The main results of the modelling are expected to 

be the following: 

 Infiltration under disturbed conditions  

 Infiltration under undisturbed conditions 

 Water table in the infiltration source area under disturbed and 

natural conditions. 

 Flow lines and travel times from overburden soils and Korvensuo 

reservoir to the pumping location and ONKALO 

 

It is noted that only a portion of the water that infiltrates into the overburden will be 

transported deeper into the groundwater flow system in the bedrock. The purpose of the 

modelling study is to explore both these quantities. 

 

Supporting hydrogeological modelling of the site-scale groundwater flow will be 

carried out using software package FEFTRA. The modelling is based on the latest flow 

model (currently flow model 2006, Andersson et al. 2007), which will be complemented 

by constructing an embedded local hydrogeological submodel for the infiltration 

experiment area. The structures of the submodel will be based on the interpretation of 

the hydrogeological interference test data. The head and flow observations made during 

pumping will be used to calibrate the hydrogeological properties (e.g. transmissivity and 
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storativity distribution) of the embedded submodel. The influence of ONKALO and the 

Korvensuo reservoir on deep groundwater circulation in the area are is considered.  

 

After the first results of hydrogeochemical monitoring have been reported, the 

geochemical modelling will start. The hydrogeochemical models are also based on the 

concept and the simulation results of the flow field on the site. The flow part is based on 

the latest hydrogeological model in operative use. Geochemical modelling of the results 

will at least contain: 

 Predictive reactive transport calculations (coupled modelling with 

TOUGHREACT or PHREEQC code and possibly also 

comparative and supporting reactive transport calculations using 

GoldSim/PHREEQE simulation platform with the recently 

developed Posiva-modules for kinetic, biochemical reactions) of 

hydrogeochemical evolution along flow in infiltration zone.  

 Mass balance calculations (PHREEQC) of mixing and reactions 

based on groundwater chemical monitoring, mineralogical results 

and the concept of groundwater flow 

 Calibration of reactive transport calculations with mass balance 

results and predictions of reaction front movements. 

 

The first reports of the field investigations and supplementary hydrogeological and 

geological studies will be published as Working Report. Groundwater results are also 

included in the monitoring reports, which will come out once a year. The results of the 

experiment are also an important part the of the prediction-outcome studies in Olkiluoto 

Site Description (next report by the end of 2008), in which the first hydrogeochemical 

prediction for the experiment will be reported.   
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5   IMPLEMENTATION OF EXPERIMENT AND TIMETABLE 

The timetable of the experiment is relatively long, probably at least 3 years, because the 

progress of hydrogeochemical processes is usually slow and it may take up to several 

years to achieve steady state conditions. The duration as well as detailed investigation 

plans will later be considered annually. The experiment will start during autumn 2008 

and the hydrogeolocical and hydrogeochemical initial conditions in the new holes will 

be investigated prior to that. The hydrological connections and the flow field will be 

interpreted together with the hydrogeochemical results after the first monitoring season. 

Further plans for shallow drillholes or observation tubes may be considered on the basis 

of the results in order to penetrate and control the major flow paths with the monitoring 

net. If the hydrogeochemical results indicate pH and redox front movements, specific 

drillholes may also be required for mineralogical studies.  

 

As the next step, pumping will probably be moved to about 50 m depth in OL-KR30 to 

extend monitoring of the early evolution of the flow path deeper into the bedrock, which 

clearly represents matured and anaerobic groundwater conditions. After methods to 

study the hydrogeochemical and hydrogeological influence of infiltration have been 

tested, the experiment will later be extended into the upper part of ONKALO. 

 

The experiment schedule for field investigation in 2008 can be found in Figure 15. 

Detailed schedule for field investigations on 2009, data interpretation and modelling 

tasks, and reporting will be arranged later during 2008.   
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Appendix 1.  Summary of geological and hydrological data from drillhole  

 OL-KR14  around zone HZ19A (Andersson et al. 2007). The most 

 transmissive fracture at depth 13.4 m will be pumped in the field 

 experiment. 
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Appendix 2. TV-image of the most transmissive fracture of zone 19A at depth 13.4 m 

in OL-KR14.  
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Appendix 3. Summary of geological and hydrological data from drillhole OL-KR30 

 at and around zone HZ19A.  
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Appendix 4. TV-images of hydraulically most transmissive fractures found in 

 drillhole OL-KR30 at core depths 52.34 m and 53.17 m. The depths 

 indicated in the Figure may deviate from core depths 
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Appendix 5. Results for shallow groundwater samples from the neighbourhood of 

 the potential experiment site and surface intersection or of HZ19.  Two 

 sampling points are in the overburden (OL-PVP2 and OL-PVP18A) 

 and one in relatively shallow bedrock (OL-KR30). 

Sample OL-PVP2 OL-PVP18A OL-PVP18A OL-PVP18A OL-PVP18A

OL-KR30    

50-54m

OL-KR30    

50-54m

Sampling date 161097 190405 051005 110406 230407 010805 121107

Parameter Units

Conductivity mS/cm 5 99 126 99 109 89 88

Eh(Pt) mV -270 -262

pH 5,2 7,4 7,7 7,6 7,5 7,9 7,7

Sodium fluorescein 

(uranine)
μg/L

<10 <10 <10 <1 <10 <1

Total alkalinity,  

HCl uptake
meq/L

0,15 5,48 10,20 5,06 6,79 5,61 6,16

Carbonate 

alkalinity, HCl 

uptake

meq/L

0,15 5,47 10,19 5,06 6,64 5,60 <0,05

Total acidity, NaOH 

uptake
meq/L

0,47 0,13 0,17 0,21 0,18 <0.05 0,14

Hydrocarbonate, 

HCO3

mg/L
9,2 334,0 622,0 309,0 405,0 342,0 376,0

Bromide, Br mg/L 0,03 <0.5 <0.5 <0.5 0,20 <0.5 0,30

Fluoride, F mg/L 0,10 0,70 0,50 0,50 0,50 0,70 0,50

Chloride, Cl mg/L 5 64,6 115,0 55,0 72,3 87 64,30

Sulphate, SO4 mg/L 5,9 190 58 200 180 55,0 44,8

Sulphide, S
2- mg/L <0.01 <0.01 <0.01 <0.01 <0.01 0,01

Total sulphur, Stot mg/L 2,1 60,0 19,0 65,0 57,0 19,0 15,0

Nitrate, NO3 mg/L <0.2 <3.0 <3.0 <3.0 <0.02 <3.0 <0,02

Nitrite, NO2 mg/L 0,02 <0.010 <0.01 <0,01

Dissolved inorganic 

carbon, DIC
mg/L

65,0 122,0 56,0 72,7 70,7 77,1

Dissolved organic 

carbon, DOC
mg/L

17,40 23,70 5,6 10,2

Silicate, SiO2 mg/L 16,0 12,8 20,6 13,3 15,5 15,0 16,1

Potassium, K mg/L 1,7 9,8 16,5 10,3 15,0 6,3 8,6

Calcium, Ca mg/L 5 68,8 54,4 83,5 87,9 24,0 30,6

Magnesium, Mg mg/L 1,4 25,4 31,8 25,6 29,1 9,7 11,3

Manganese, Mn mg/L 0,16 1,04 0,81 0,93 0,88 0,13 0,14

Sodium, Na mg/L 3 105 221 102 136 158,0 150,0

Total iron, Fetot mg/L 2,25 3,13 0,16 0,28

Total Boron, Btot mg/L 0,11 0,048 0,3

Strontium, Sr mg/L 0,0 0,30 0,27 0,27 0,28 0,30 0,18

H-2 o/oo SMOW -75,6 -76,6 -79,9 -78,7 -79,2

H-3 TU 16,9 7,7 2,7 8,1 6,8

O-18 o/oo SMOW -10,0 -10,5 -11,2 -11,4 -11,4

C-13 o/oo PDB -26,4 -14,3 -18,3 -14,7 -14,9

C-14 PM 110,8 63,1 73,2 66,7 65,5

S-34 (SO4) o/oo CDT 3,5 6,3 19,7 5,9 17,1

  

 

 

 

 

 



 

 

 

APPENDIX 6. Classification of chemical analysis 

 

 

Parameter Class A Class B Class C Class D Class E 
Physicochemical 

variables 
pH, EC, alkalinity*, 

acidity*, DIC,  sodium 

fluorescein  

pH, EC, Eh, O2, alkalinity, 

acidity, DIC,   sodium 

fluorescein 

pH, EC, Eh, O2, 

alkalinity, acidity, 

DIC,   sodium 

fluorescein   

pH, EC, Eh, O2, alkalinity, 

acidity, DIC,   sodium 

fluorescein   

pH, EC, Eh, O2, alkalinity, acidity, DIC,   

sodium fluorescein 

Anions HCO
3
, Cl, F, Br, SO4, Ntot, 

NO2, NO3, Stot, Btot 
HCO

3
, Cl, F, Br, SO4, NO2, 

NO3, Ntot, Stot, Btot, S
2- 

HCO
3
, Cl, F, Br, SO4, 

PO4
3- NO2, NO3, Ntot, 

Stot, Btot, S
2- 

HCO
3
, Cl, Br, F, SO4, 

PO4
3--Ntot, NO2, NO3, Stot, 

Btot, S
2- 

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

3-Ntot, NO2, 

NO3,Stot, Btot, S
2- 

Cations Na, K, Ca, Mg, Sr, Fetot, 

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

Mn, SiO2, NH4 
Na, K, Ca, Mg, Sr, Fe-

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

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

Trace & toxic elements  U  U As, Ba, Cd, Co, Cu, Pb, 

Hg, Ni, U, Zn 

 

As, Ba, Cd, Co, Cu, Pb, Hg, Ni, U, Zn  

Organics DOC DOC DOC DOC DOC, Humic Acids, Fulvic Acids 
Isotopes H-2 (H2O), O-18 (H2O), 

H-3  
H-2 (H2O), O-18 (H2O), H-3,  

Sr-87/Sr86, Rn-222, C-13, C-

14,  

S-34(SO4),  

O-18(SO4),  

S-34(HS- + S2)  

H-2 (H2O), O-18 

(H2O), H-3,  

Sr-87/Sr86, Rn-222, C-

13, C-14,  

S-34(SO4),  

O-18(SO4),  

S-34(HS- + S2)  

H-2 (H2O), O-18 (H2O), 

H-3, Sr-87/Sr86, Rn-222, 

C-13, C-14, S-34(SO4), O-

18(SO4), S-34(HS- + S2)*,  

U-234/U-238,  

Cl-36, Cl-35, Isotope 

analysis of gases (C-13, O-

18, H-2)* 

H-2 (H2O), O-18 (H2O), H-3,  

Sr-87/Sr86, Rn-222, C-13, C-14,  

S-34(SO4), O-18(SO4), S-34(HS- + S2)*, U-

234/U-238, Cl-36, Cl-35, Isotope analysis of 

gases (C-13, O-18, H-2)*  

Dissolved and evacuated 

gases 
  CH4, CO2, N2, He, O2, 

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

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

Microbes     Total number of cells, 

autotrophic acetogens, 

heterotrophic acetogens, 

SRB (sulphate reducers), 

IRB (iron reducers), 

autotrophic methanogens, 

heterotrophic 

methanogens, MRB 

(manganese reducing 

bacteria), MOB (methane 

oxidizing bacteria), NRB 

(nitrate reducing bacteria), 

Total number of cells, autotrophic acetogens, 

heterotrophic acetogens, SRB (sulphate 

reducers), IRB (iron reducers), autotrophic 

methanogens, heterotrophic methanogens, 

MRB (manganese reducing bacteria), MOB 

(methane oxidizing bacteria), NRB (nitrate 

reducing bacteria),  

Others     Colloids 

* Samples are taken only occasionally 
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