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Hydraulic permeabillity (k)

Darcy’s law

0=k

O=discharge in m>/s
n = viscosity in kg/m-s

k = hydraulic permeability in m? 1Darcy =107 m’
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IP vs k: unconsolidated samples
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El-log method

“logging-while-drilling”

technique

Direct current (DC) measurements

Full-decay time-domain induced
polarization (TDIP)

Gamma radiation

Measurements on “undisturbed”

formation
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The Grindsted survey

3 El-logs: 30 m, 27 m and 10 m deep
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The Grindsted survey

3 El-logs: 30 m, 27 m and 10 m deep

» Grain size analysis (GSA) on 58 samples (19, 25 and 14
samples, respectively)

* 9 Slug tests (ST) (2, 6 and 1 slug tests, respectively)

HydroGeophysics Group
AARHUS UNIVERSITY



g
/fj ( 7
@
AL
It ZL%*W;@
Legend
@ Ellog
Factory
Small road
Road
- B Londfil
* Inversion and S, =so a
Urban area .
Forest El 0 125 250 375 500m
e —_————
Gamma
0 1 —
] . s 2
5 4
E o
] e S 2 I S
10 1 ’ }
é E ”/’ /’,” ’,/’
£ 15 - 1 - g
o) ] s d)
=) . s
T IIIIIIII T I]l]lll] T T TTrTrTT
20 - 107" 10° 10 102
Spor (1/um)
Legend
25 1 ¢ Glacialsand ~—— Cp=10x10'128
$ Micasand Cp=5.8x10’128
a) 4 Quartz sand 19
30 NN ' ' ' ' ¢ Micasand +clay Cp=24X10 S
0 10 20 30 40 103 102 107 10° 10" 10° 10" 107 3 Glacial sand T
+
(CPS) (mS/m) (mS/m) acial sand - cay
Borehole Legend
I Unsaturated glacial sand I Clayey sand HEEE Organic rich sand

[ Saturated glacial sand 1 Mica sand [ Quartz sand



g
/fj ( 7
@
Lo o
It ZL%*W;@
Legend
@ Ellog
Factory
Small road
Road
H B Londfil
* Inversion and S, =so a
Urban area .
Forest El 0 125 250 375 500m
e ————
Gamma Lithology
0 3 —
] . s 2
5 4
] o) L L7 L7
] e S 2 I S
10 - I ’ }
g E ”/’ /’,” ’,/’
£ 15 - 1 - g
o) ] s d)
=) . s
T IIIIIIII T Illlllll T T TTrTrTT
20 - 107" 10° 10 102
Spor (1/um)
Legend
25 1 ¢ Glacialsand ~—— Cp=10x10'128
$ Micasand Cp=5.8x10’128
a) 4 Quartz sand 19
30 NN ' ' ' ' ¢ Micasand +clay Cp=24X10 S
0 10 20 30 40 103 102 107 10° 10" 10° 10" 107 3 Glacial sand T
+
(CPS) (mS/m) (mS/m) acial sand - cay
Borehole Legend
I Unsaturated glacial sand I Clayey sand HEEE Organic rich sand

[ Saturated glacial sand 1 Mica sand [ Quartz sand



g
/fj ( 7
@
AL
It ZL%*W;@
Legend
@ Ellog
Factory
Small road
Road
H B Londfil
* Inversion and S, =so a
Urban area .
Forest El 0 125 250 375 500m
e ——
Gamma Lithology 0" ax
0 E —
] . s 2
5 4
E o
] e S 2 I S
10 1 ’ }
g E ”,” /’,” /,”
£ 15 - i - g
o) ] s d)
=) . s
T IIIIIIII T I]l]‘lll T T TTrTrTT
20 - 107 10° 10" 102
Spor (1/um)
Legend
25 1 ¢ Glacialsand ~—— Cp=10x10'128
$ Micasand Cp=5.8x10’128
a) 4 Quartz sand 19
30 NN ' ' ' ' ¢ Micasand +clay Cp=24X10 S
0 10 20 30 40 103 102 107 10° 10" 10° 10" 107 3 Glacial sand T
+
(CPS) (mS/m) (mS/m) acial sand - cay
Borehole Legend
I Unsaturated glacial sand I Clayey sand HEEE Organic rich sand

[ Saturated glacial sand 1 Mica sand [ Quartz sand



g
/fj ( 7
@
Lo o
It ZL%&-{;@
Legend
@ Ellog
Factory
Small road
Road
H B Landill
* Inversion and S, =so a
Urban area
Forest El . 0 125 250 375 500m
Gamma Lithology 0" ax
: ] " ]
] . s 2
5 . ——— —_ .
E 107 3 o B . s .
%) ] o
E ; RS R 3 S
10 é ] ”/ ,/, - /},
E ’,’ e -, e
_ ® 1024 T 0 %%E ,,5’
£ 15 - 1 i - g
53 ] L7 d)
D 10_3 ; T [II]III’ T T ]l]‘lll T T T TTTT
P
20 1 107 0 10! 102
Spor (1/um)
Legend
25 1 ¢ Glacialsand —— Cp=10x10'128
— [ ™ § Micasand . Cp=5-8X10-128
a) b) ¢ Quartz sand 12
30 NN ' ' ' ' ¢ Micasand +clay Cp=24X10 S
0 10 20 30 40 103 102 10" 10° 107 10° 10" 102 3 Glacial sand T
+
(CPS) (mS/m) (mS/m) acial sand - cay
Borehole Legend
I Unsaturated glacial sand I Clayey sand HEEE Organic rich sand

[ Saturated glacial sand 1 Mica sand [ Quartz sand



/J/S“
:‘B\. Jfb\{}
a\\gﬁ"\‘y:
E3
Results 34T X101 ,} S
k* = 11241 ; (24) ——7 >\
g Legend
@ Ellog
Factory
Small road
Road
« IPand k - ¢
el
E1
0
5 4
10 - T
o
E
£ 15 1
Q.
(0]
o
20 -
25 1 k-1P
_ o k-GSA
® k-STA
30 , . , . . — , . ; ; . . .
10" 10" 10?2 10" 107" 10° 10® 10" 10" 10" 10" 10" 10° 10® 10™ 10" 1072 10" 1070 10° 10

k (m?) k (m?) k (m?)
Borehole Legend

I Unsaturated glacial sand I Clay/lignite EE Organic rich sand C——1 Eroded till [  Peat
[ Saturated glacial sand T Mica sand 1 Quartz sand [ Sand till



k (m?)

I Unsaturated glacial sand
[ Saturated glacial sand

k (m?)
Borehole Legend

I Clay/lignite B Organic rich sand
/1 Mica sand [C—1 Quartz sand

k (m?)

1 Eroded
EE  Sand till

till

st
B. 3}3 ST
4 \:/}j\ '
Z%vkgéfé a
E3
§ e
R o
Legend
@ Ellog
Factory
Small road
Road
B Landfil
e IP and k — s =
F(:r:starea El . 0 125 250 375 S00m
_ e _—
E1
0
5 4
10 -
E
£ 15
Q.
(0]
o
20 -
25 A k-IP
_T k-GSA
® k-STA
10 10" 10" 10" 10" 10° 10® 10" 10" 10"% 10" 10" 10° 10® 10™ 10" 107% 107" 1070 10° 10

[  Peat




Results

Depth (m)

IP and k
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[P and k: crossplots
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[P and k: crossplots
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Results

[P and k: crossplots
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k* (m?)
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[P and k: crossplots
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Results

 Mapping of hydraulic permeability from surface DCIP
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Results
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3D model
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Conclusion

 Hydraulic permeabiliy mapped through IP!
But with limitations:
* Only in unconsolidated samples
* Only in saturated media
* No other significant source of IP present (oil spills, mineralizations etc. Etc.)
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