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• Geological and geophysical  model at Åknes

• Geophysical methods and results

• 2D Resistivity (ERT)

• Refraction seismics

• Ground penetrating radar (GPR)

• 3D seismic tomography

• Borehole methods and results

• Optical / Acoustic televiewer

• Resistivity, sonic and gamma-log

• Water quality probe and Impellar flowmeter

• Further work?

Outline of talk:



Tallus, scree material

• special high resistivity

• special low p-wave velocity

• special low dielectric constant

Fractured drained bedrock,

• high resistivity

• low p-wave velocity

• low dielectric constant

Fractured wet bedrock,

• moderate resistivity

• medium p-wave velocity

• high dielectric constant

Unfractured bedrock,

• high resistivity

• high p-wave velocity

• moderate dielectric constant

Åknes, 

Geophysical and   geological model

Suitable methods:

• 2D Resistivity (ERT)

• Refraction seismics

• Ground Pentrating Radar 



Ground geophysics at 

Åknes (2004 – 2007)

2D resistivity (ERT)
(Wenner, Dipol/Dipol. 10 m)

10 lines, 10 km

Ground penetrating radar, 

(25, 50 MHz, 1m spacing)

10 lines, 5 km

Refraction seismics

(10 m geophone spacing)

3 lines, 1 km

P6



3D Seismic survey 2007:

Green dots: Geophones

Orange dots: Shotpoints



Åknes, 

Resistivity

down-hill

Wenner vs. 

Dipol/dipol (Profile 2)

Drained fractured

bedrock

Water saturated

fractured bedrock

Water saturated less 

fractured bedrock



P1

LIAG inversion

Åknes resistivity line P1.

Validation test

Seismic interpretation:
Dry highly fractured bedrock

Water saturated fractured bedrock



Validation test:

Are vertical

structures artificial

effects?

Undulating structures do not explain vertical structures



Vertical structures do not explain undulating structures 

Validation test: 
Are undulating

structures artificial
effects?



Can undulating image 

be explained by a 

stepwise structure?

Stepwise stucture is less likely!



Can undulating image 

be explained by a 

stepwise structure and 

vertical fractures?

Stepwise stucture and vertical fractures is less likely!



Geological model Åknes (Ganerød 2008)

Based on geophysical and structural data.



GPR, Profile 1 ÅKNES

50 m

Technical data:

• Sensors & Software Pulse EKKO 100

• 50 (and 25) MHz antennas

• Station spacing 1 m

• 10 profiles, 5 km
Wavelength (50 MHz) ≈ 2m

Vertical resolution ≈ 0,5 m 

GPR reflections controlled by 

dielectric properties which is 

controlled by the water content.



Joint interpretation, Profile 2

Resistivity, seismics and georadar



Seismic tomography – Profil S1
Close up view
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Seismic tomography – Profil S1 
2-D tomogram Reconstruction test

Ray coverage

Seismic tomography – Profil S1 
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Reconstruction test:
A gaussian data error with a variance 
of 3 ms was added

Profile length: 220 m
Nr. of rays:   567  
Nr. of iterations:  20
Rms-value:   3.22 ms 
Pixel size: 5x5 m



Refraction seismics  2006

Upper borehole



Sonic logs from the middle 

borehole (Elvebakk, 2008)

P-velocity (m/s)

S-velocity (m/s)

Middle 

borehole

Border of individual domains

from Venvik Ganerød et al. 

(2008)

Extension fractures

S N

Cross-section of 3-D seismic tomogram

Total number of rays: 10906

RMS: 6.1 ms
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• Optical / Acoustic televiewer

• Fullwaveform sonic log

• Resistivity

• Total gamma radiation

• Fluid conductivity

• Water quality log 

• (Temperature, Fluid cond., pH, Eh, O2, NO3)  

• Impellar flowmeter

• Spectral gamma (ETH)

• Heat pulse flowmeter (ETH)

Borehole logging.



Oriented optical images KH-8

Depth 17 – 20,8 m Depth 27,2 – 31 m

Depth24,0 – 25,3 m

Groundwater level at 61 m



OPTV, Fractures in KH-8, 

depth 23 – 60 m

Dip azimuth

Dip

Average: Strike 069, Dip 64



Foliation direction and dip.

Fracture azimuth and dip.

Core drilling, Åknes KH-8



BH 3 Geophysical log



2005 LOWER BOREHOLE, 

Full waveform sonic log

Down

Up



Impellar flowmeter Dynamic measurements:

Rotation number registrated with

constant speed down and up in 

borehole.  Difference in rotation

number is caused by water flow.

Static measurements:

Rotation number measured at 

fixed positions in the borehole.

Measurements can be performed

in boreholes with natural water 

flow or in combination with

pumping.

For detailed measurements, a 

heat pulse flowmeter can be 

used.



Upper borehole, Bh 2006

Outflow

Negative values = upflow

Positive values = downflow

Simon Løw:

Inflow at 85 m

Outflow at 120 m



Water quality probe:

• Temperature

• Fluid conductivity

• pH

• Eh

• O2

• NO3

Bh drilled in 2006

Upper location



OPTV HiRAT



74

73

75

Åknes KH-8 borehole images and water flow.

Inflow of water

Inflow of water

Inflow of water

Upflow of 

water
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From Elvebakk (2008)

Flowmeter

measurements

in upper borehole

Water 

table
Inflow
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Outflow

In- or 
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below is 

uncertain 
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From Elvebakk (2008)

Flowmeter

measurements

in middle borehole

Water 

table

Inflow

Very likely weak inflow 

below 180 m

?

Backscarp

Backscarp

Middle

borehole

Upper

borehole

Lower

borehole

Nearby springs

Rms: …

Rms: …

Rms: 31%

Rms: 21 %

2-D resistivity inversion of 

both dipole/dipole

and Wenner configurations

?

Noisy flow data due to narrow

borehole plastic casing and 

turbulence at uphole logging.



Borehole deviation KH-8.

Included in televiewers.



• More high resolution ground geophysics?

• Resistivity, Ground Penetrating Radar, Hybrid Seismics

• Reprosessing of the existing geophysics?

• Drilling 

• Core drilling vs. percussion drilling?

• Borehole geophysical logging

• Borehole flow measurement

• Impellar flowmeter

• Heat pulse flowmeter

• Tracer experiments?

• 3D structural model and 3D hydrogeological model

Future work:


