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Fig. 1: The set-up for permeability measurements with Argon gas, photo and schematic diagram. 

The dark grey cylinder in the middle is the autoclave inside the heating mantle. Devices on lower 

left and right are two pumps, a syringe pump on left (P1) and a HPLC pump (P2).  
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Fig. 2: Permeability vs. confining pressure for 17 predominantly low permeability rock 
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Fig. 3:  Slip calculated after Klinkenberg for a multitude of samples with different confining 

pressures (diamonds). Blue squares are mean values (± standard deviation) for the 

confining pressures steps from 3 MPa to 25 MPa (all samples from Fig. 2) 
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Fig. 4: Permeability of low porosity rocks is best described by semi-logarithmic linear 

relationship of permeability and confining pressure. 

Fig. 5: Permeabilities from figure 2 plotted versus logarithmic pressure, indicating a 

linear relationship. 
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Fig. 8: Klinkenberg plot for a high permeability sample (Gildehauser Sandstone). Non-Darcy flow 
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Fig. 7: Permeability of Obernkirchener Sandstone (sample G4A) at temperatures from 25 °C to 

150 °C at 10 MPa and 20 MPa confining pressure. This sample from a quarry shows only a very 

small decrease in permeability with the two measured series at different confining pressure 

indicated by the negligible difference.
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kirchener Sandstone 

in dry  (red) and 
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Fig. 10: The same 

sample of Obernkir-

chener Sandstone 

as in figure 9 
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ter but at elevated 
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highly saline pore water was substituted by a water of lower salinity (2 mS/cm). Also in this 

case a drastic permeability reduction is visible. Permeability depends on flow, as in 

Obernkirchener Sandstone permeability increases with flow rate. 
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Fig. 20: Top: Samples of agar plates for 
detecting aerobic bacteria:
Obernkirchener Sandstone OK B1
demineralized water 
A1)(left) sampling of water before auto-
      clave inflow
B1) outflow at 0,1 ml/min (2.4.2013)
C1) outflow at 0,2 ml/min (3.4.2013) 
D1) outflow at 0,025 ml/min after 2 days
      at 0,002 ml/min (17.4.2013)

Center: Obernkirchener Sandstone
OK A14-A demineralized and boiled 
water
A2) sampling water from the 
      storage vessel
B2) outflow, short after iso-Propanol
      was used, 0,05 ml/min 
C2) outflow
D2) outflow after weekend with 0,025
      ml/min (15.7.2013)

Bottom left: Obernkirchener Sandstone 
OK A2 NF2 demineralized water, 
disinfected with ultrasonic equipment
A3) water from the storage vessel  
B3) outflow 0,025 ml/min (15.8.2013)
C3) inflow behind the pump (pump purge
      setting 5 ml/min)(28.8.2013)
D3) outflow 0,5 ml/min (20.8.2013) also
      colorless dots are bacterial colonies

Bottom right: flow of 
demineralized water, 
disinfected with ultrasonic
equipment - pumped with 
2 m filter at inflow – 
sampling at outflow of 
pump.

A           B           C          D

1

2

3

Not the single size of colonies on the agar plates, the 
density is indicator of concentration of aerobic bacteria
in the fluid. 
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Fig. 21: Sample Obernkirchener Sandstone OK B1. Water flow through the sample with two 

types of HPLC pumps (blue: Knauer Smartline 1050; red: Merck-Hitachi L6200A). Top: Start 

with the Knauer pump, because of the sawtooth the experiment was started a second time. 

After getting sawtooth again (right part), we changed to the Merck pump, later on at 220 h 

again to the Knauer pump. After a long time without sawtooth, this effect started again. The 

mean permeabilites for the timespan 240 to 636 h are plotted in the permeability versus flow 

rate graph (bottom). Centre: The continuation of the upper graph with the HPLC pump 

(Merck-Hitachi), again a decreasing permeability.  
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