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Sample # 1T 2N 3E

md (g) 3830.05 3842.94 3845.14

l (mm) 250.28 250.6 250.36

Ø (mm) 99.12 99.17 99.31

ρd (g/cm3) 1.98 1.99 1.98

n (%) 24.34 24.36 24.38

Homogeneity at the block scale
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Effect of shear deformation

Vajdova et al., 2004, JGR

High shear deformation levels 

decrease the permeability
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BS chosen for

• Deep warm aquifer for potential low-cost 
geothermal energy in Netherlands 

• Case study rock for anhydrite cementification
in georeservoirs



Darcy‘s law

𝒌 =
𝑸 ∗ 𝝁 ∗ 𝑳

𝑨 ∗ (𝒑𝒖 − 𝒑𝒅)

k = permeability (m2)
Q = Volumetric flow rate (m3/s) (ΔV/Δt)
μ = fluid viscosity (Pa*s)
L = length of the sample (m)
A = surface area of the sample (m2)
pu = upstream pressure (Pa)
pd = downstream pressure (Pa)

Pu Pd

- A and L changes are negligible
- µ calculated through Korson et al. (1969) 

equation and Schmelzer et al. (2005) 
tabulated values

log
𝜇𝑇
𝜇20

=
𝑎 20 − 𝑇 − 𝑏(𝑇 − 20)2

𝑇 + 𝑐

T = temperature (°C)
µ20 = water viscosity at 20°C = 1.002x10-3 Pa*s
a = 1.1709; b = 0.001827; c = 89.93
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Flow rate & pressure drop

y = -0,1815x + 139,02
R² = 1

y = 0,1815x + 48,87
R² = 1
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Highly permeable rock 

Steady-state-flow method: apply constant pore pressure 
gradient and wait for constant and equal (but opposite 
sign) flow rate at each end of the samples

pu - pd Q

Simulation of different georeservoir conditions on a highly-permeable sandstone



145,6

145,7

145,8

145,9

146

146,1

146,2

146,3

146,4

146,5

36

36,2

36,4

36,6

36,8

37

37,2

0 50 100 150 200 250 300 350 400 450 500

To
p

 p
o

re
 v

o
lu

m
e 

(m
L)

B
o

tt
o

m
 p

o
re

 v
o

lu
m

e 
(m

L)
Time (s)

Porosity measurement
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Porosity measurement

Bottom

Topεax

σ3

For each σ3 or σdiff increase, both top and bottom pore 

volume were monitored before and after the step, at 

constant pore pressure.

𝑉𝑝,𝑖 = 𝑉𝑝,𝑖−1 − ∆𝑉

= 𝑉𝑝,𝑖−1 − [ 𝑉𝑡𝑜𝑝,. − 𝑉𝑡𝑜𝑝,𝑖−1 + 𝑉𝑏𝑜𝑡𝑡𝑜𝑚,𝑖 − 𝑉𝑏𝑜𝑡𝑡𝑜𝑚,𝑖−1 ]

𝑛𝑖 =
𝑉𝑝,𝑖

𝑉𝑑𝑟𝑦 + 𝑉𝑝,𝑖

Porosity measurement
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Effect of σ3  on Porosity
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Porosity evolution through pore volume changes (only with ↑↓ σ3)

• n decreases non uniformly with ↑ σ3 and does not fully 

recover after unloading cycle → loss of pore space

• ρ = 1.98 kg/m3
→ 80 MPa corresponds to depth > 4km

• 2.9% loss of porosity, but still highly porous

Linear (similar to Dautriat et al., 2009)

Power
law



Depth simulations
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y = -37,3ln(x) + 86,969
R² = 0,9951

y = 25,077ln(x) + 14,274
R² = 0,9998
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