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Saturated hydraulic conductivity (K)
one of the most important parameters
determining groundwater flow and contaminant transport
In both unsaturated and saturated porous media

In-situ K, measurements

remain very complex and scale-dependent

air permeameters have being used effectively in the field as an
iIndirect method to determine K,

Case study: Neogene aquifer, Belgium
Important groundwater resource

subject to hydrogeological assessments in the framework of
potential future disposal of radioactive waste
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Neogene aquifer - Location
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Neogene aquifer — Selected-eMicio]

® Availability
® Accessiblility

@ Outcrops
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Air permeability measurements

® Tinyperm Il
alr permeameter

New England Research &
Vindum Engineering 2011

® Equation from literature
to convert k,, to K,

Iversen et al 2003

O



d

K. pieie L T Introduction |  Results Conclusions
LEUVEN

STUDIECENTRUM VOOR KERNENERGIE
CENTRE D’ETUDE DE L'ENERGIE NUCLEAIRE

Validation in the lab

® Kopecky ring samples
of different lithologies

® Constant head
permeameter tests
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Numerical upscaling

® Derive one single K tensor with flow conservation

® Approaches

Permeameter-type setup

® Prescribed head at in- and outflow boundaries ~_|Vh, 0 [Kxx _[c‘zx]
0 Vh|LK.] 14,

® No-flow at parallel boundaries

Combination of 4 boundary condition setups
® Prescribed head everywhere
® 4 flow directions

Vh, O Vhi] Tt
0  Vha Vhy|[Ku [C—Iﬂ]
—|Vh,, 0 Vh,||K-|= |§xz|
0 Vh, Vhy,|HKe [‘122 |
e€.g. Zhou et al 2010:; Li et al 2011 . — Head contour lines —>  Flow vectors *++=  Fixed head boundary

— Particle pathlines =P Average flow direction == No flow boundary
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Air permeameter measurements
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Air permeameter measurements — 2 examples

log,4(K) e = I e, log0(K)
______________________ : I -
-5.48 | | -6.29
[ 2 1 ®
® 4.43 4
417 - -4.43
® a ® 558
: -3.97 1 -3.37
-3.87 : -3.21 |
® 350 ol ® 63 !
@ a7 B I L ’
-3.65 9 m/s
® 54 1 (mis)
® 5 | N
(mis) .
= |
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Air permeameter measurements

logyo(Ks)  (M/s)
Min Max Mean

ID Sediment
Range

Kleine Nete point bar sands

Kleine Nete channel fill

Campine clay-sand complex profile
Ice wedge & cryoturbation structures -7.8
Lommel Sands -6.4
Mol Sands
Top Poederlee Formation -6.5 -3.7 -4.5 2.8
Bottom Poederlee Formation 1 -7.8 -4.4 -5.9 3.4
Bottom Poederlee Formation 2 -5.4

i Hukkelberg stratigraphical boundary
Kasterlee Sands

Kasterlee Clay

Clayey top Diest Formation

Diest Sands

Bolderberg Sands 1

Bolderberg Sands 2

> 0m -+~ DO O o T

_— R -
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Validation in the lab
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R?=0.92
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Ks (m/s)
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Conclusions
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Numerical upscaling — 2 examples
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Permeameter setup

ID Sediment

log10(Kw) 10810(K,;)  VANI
C Ice wedge & cryoturbation structures -4.15 -5.57 26.42
d Lommel Sands -4.19 -4.19 1.00
e Mol Sands -3.64 -3.60 0.92
f Top Poederlee Formation -3.88 -5.31 26.71
g Bottom Poederlee Formation 1 -4.80 -6.23 26.86
h Bottom Poederlee Formation 2 -3.84 -4.02 1.51
j Kasterlee Sands -3.86 -3.85 0.98
k Kasterlee Clay -4.13 -5.71 38.31
I Clayey top Diest Formation -3.56 -3.88 2.08
m Diest Sands -4.06 -4.14 1.21
n Bolderberg Sands 1 -3.81 -3.84 1.07
0 Bolderberg Sands 2 -3.86 -3.88 1.05
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A handheld air permeameter is an efficient tool to
characterise hydraulic conductivity

It offers access to spatial variability on scales that are not
feasible by classical core-based technigues

Validation shows that the K, estimates are within one order
of magnitude from the laboratory analyses results
Complex stratigraphical settings can be effectively
characterised if outcrops of the different components are
available
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T — using a hand-held air permeameter on borehole cores
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