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Main objectives 

The main objectives of the survey presented here were to image, cost effectively, long 
vertical faults, nearly perpendicular to the tunnel, to image long, gently dipping 
fractures at the side and/or below the tunnel and to draw refraction velocity profiles 
along the tunnel wall.  

New aspects covered 

New, cost effective, combination of reflection & refraction survey on tunnel wall for 
imaging long vertical and gently dipping fractures away from the tunnel and ahead of 
it. Use of a percussion drill bit as a high-resolution seismic source. 

Summary 

The ONKALO tunnel is the underground rock characterisation facility being built for 
rock characterisation for the final disposal of spent nuclear fuel at Olkiluoto, in 
Finland. The bedrock is studied, during the construction phase, by geology, 
geophysics, hydro-geology and geochemistry and rock mechanics. The research is 
meant to help ensure the suitability of the bedrock for the final disposal. A pilot test of 
high resolution seismic was done, consisting of reflection imaging ahead and aside of 
the tunnel and refraction imaging along the same line, 100m long, with sources 
stations spaced at 1m. Refraction imaging was done from two groups of 10 shots, 
recorded by the 100m long receiver array. Fractures making an angle of 30° or more 
with the tunnel axis were imaged several tens of meters away. Vertical fractures 
perpendicular to the tunnel could also be imaged, but only in the vicinity of the tunnel. 
Gently dipping fractures were imaged below and above. With only one line along the 
wall, it may not be possible to resolve between the above–below locations. 
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Introduction 
Posiva investigates the bedrock on the final disposal site at Olkiluoto, in eastern 

Finland (Figure 1) and develops technical release barriers for the final disposal of spent fuel. 
The purpose of the R&D efforts is to ensure compliance with the requirements set forth for 
the long-term safety of final disposal. The excavation of the underground rock 
characterization facility ONKALO is part of the site investigations carried out in Olkiluoto. 
These focus on the bedrock and groundwater conditions prevailing on the final disposal site 
and how construction work affects them. 

 
 

Figure 1. Left: Location of the Olkiluoto site (red mark) in eastern Finland and Right: of the 
ONKALO site (marked with the green oval) at Olkiluoto. 

The main objectives of the survey [Cosma, 2008] were to image long vertical faults, 
nearly perpendicular to the tunnel, to image long, gently dipping fractures at the side and/or 
below the tunnel and to draw refraction velocity profiles along the tunnel wall. Improved data 
quality was expected, compared to previous measurements made from surface, due to the high 
frequency source used on the tunnel wall and highly sensitive two-components geophones 
mounted in short, 0.4m, holes drilled into the tunnel wall.  

Reflection and refraction seismic surveys along the  ONKALO 
tunnel wall 

Reflection imaging ahead and aside the tunnel was done, from an 100m long line 
(Figure 2) of receivers, spaced at 1m intervals along the tunnel wall. Seismic signals were 
produced at 120 source locations. Refraction imaging was also done from two groups of 10 
shots, recorded, at each side of the 100m long receiver array.  

 

Figure 2. Location of the test site (marked with the blue line) along the ONKALO tunnel wall, 
at tunnel length (chainage) 1720 - 1820 m (vertical depth 170 – 180 m).  
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The swept impact Vibsist-20 electromechanical tool was used as the source [Cosma, 
2001]. Sweeps of 15s were recorded with Summit II seismograph and decoded to seismic 
traces. Signals were also recorded from the percussion drill rig that is used for drilling the 
blasting holes in tunnel excavation and it was proven that this is a valid seismic source with 
penetration of ~100m. Seismic signals generated by the drill rig are equally good as those 
produced by an actual seismic source (Figure 4) and may be used, later, for surveying during 
production. 

 

 

Figure 3. Above: Vibsist-20 seismic source used 
for the reflection and refraction measurements 
and Right: distributed recording system, Summit 
II Plus, along the ONKALO tunnel wall. 

  

  

Figure 4. Top: VIBSIST-20 seismic source and Bottom: Tamrock drill bit used as a seismic source. 
Horizontal (left) & vertical (right) components.  

The measured seismic profiles were first processed to reconstruct refraction 
tomograms from the P and S wave first arrivals (Figure 5). Tomograms of Young’s modulus 
and Shear Modulus were also computed, using a local density model derived from the 
available geological data (Figure 6). The values obtained for the dynamic parameters are well 
within the typical range known for the Olkiluoto bedrock. Lower velocity is observed near the 
tunnel wall, but resolution from tomogram alone is not adequate for further interpretation. 
Also, some variations of velocity can be observed within the rock mass, ~10m away from the 
tunnel wall. 



 

Near Surface 2009 – 15th European Meeting of Environmental and Engineering Geophysics  
Dublin, Ireland, 7 - 9 September 2009 

 

 
Figure 5. P & S wave refraction tomograms derived from the seismic data. 

 

 
Figure 6. Shear & Young modulus tomograms derived from the seismic data. 

Results 
To improve on the resolution, seismic data was also processed to produce migrated 

reflection profiles, which extended the penetration to a distance of ~100m away from the 
tunnel (Figure 7). Several reflecting events can be observed in the rock mass.  

Migrated Images are 2D representations, bound to cylindrical symmetry. Therefore, 
the actual location of the reflecting events identifiable in these sections cannot be obtained 
without external information (Figure 8). 

Expert interpretation and correlation with the site model derived independently from 
geophysical investigations over the past decade [Posiva, 2003] has shown good matches of 
current identified features with previous 3D VSP survey results [Enescu, 2007]. 

  

  Figure 7. Left: Horizontal component migrated profile with P-wave tomographic section and 
Right: vertical component migrated profile with S-wave tomographic section.  
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Several known brittle fracture zones, lithological contacts, hydraulically conductive 
zones, electrically conductive zones and long fractures could be confirmed  as the evaluation 
of the results is ongoing. However, not all known features could be identified, while some 
were visible only on one of the two migrated profiles. 

  

Figure 8. Left: Illustration of ambiguity in the interpretation of the  seismic reflectors based only on 
the measured seismic sections and Right: Interpreted  seismic reflectors that were previously 
interpreted [Enescu, 2007] are also visible. Only the ones identified on the horizontal migrated 
section are shown here. View from NW. 

Conclusions 
All the objectives of the pilot test were met, realizing that seismic surveys along the 

tunnel can be used, economically, for rock mass characterization. A percussion drill rig can be 
used efficiently as a seismic source, with no loss of resolution. High quality results can be 
obtained by operations in tunnel conditions, provided that due attention is given for the design 
of the work flow. Features making an angle of 30° or more with tunnel axis could be imaged 
at distances of tens of meters. Vertical fractures perpendicular to tunnel can be imaged only 
near the tunnel. Gently dipping features could be imaged below and above. 
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