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e the meaning of vulnerability
e concepts of vulnerability maps
¢ application of geophysical techniques

o field examples
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aquifer vulnerability is the sensitivity of
groundwater quality to a contaminant load
Lobo-Ferreira 1999
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groundwater covering layers:

contaminant bio-soil no barrier against infiltrating
concentration

contaminants, but contaminant

degradation can occur by
mechanical, chemical or

b 4 : . :
s microbiological processes
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time is required for contaminant degradation processes

— high infiltration time = low aquifer vulnerability

infiltration time  vulnerability infiltration time depends on
<3y high thickness and hydraulic
3-10y moderade conductivity of covering layers

>10y low
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How to quantify vulnerability by geological data?

AVI-method (van Stempvoort et al. 1992)

aquifer vulnerability index

based on hydraulic conductivity

N

Ksanp = 104 m/s
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How to quantify vulnerability by geological data?

hydraulic resistance = thickness of layer / hydraulic conductivity

high hydraulic resistance — low aquifer vulnerability
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vulnerability map - 2D distribution of aquifer vulnerability
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sparsely distributed boreholes - interpolation required

— Geophysics
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geophysical approach to vulnerability mapping

hydraulic conductivity [m/s]
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clay content: key parameter for hydraulic and electric conductivity
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can be combined to get a
rough relation between
electric and hydraulic
conductivity (only valid

for clayey material)
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hydraulic conductivity [m/s]
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water saturated partly water saturated
clay content [%)] electrical conductivity
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electric conductivity similar to saturated soil :
saturation degree
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use of resistivity

measurements for

vulnerability mapping:

pulled array survey,

University of Aarhus
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next step: replace

hydraulic resistance = thickness of layer / hydraulic conductivity

by:
integrated electric conductivity ic

I
/( iC1=d1*\G1/5-

10 =
E— C=3ic, ic,=d,« o,
i
groundwater table: p = 80 - 200 Qm, p = 50 - 120 mS/m
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large scale resistivity mapping
by airborne methods

resistivities
in ohm*m

P above 2560
B 1280 - 2560
B 640 - 1280 _
= 320 — 640 40

160 — 320 . .
B 80— 160 calculation of integrated
E 60 — 80 -

40 — 60 — . .
— P —-80 conductivity down to mean
Bl 0- 20 5 PP
B s5- 0 - water table or resistivity
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integrated conductivity in the Danish-
German border area (Padborg/Flensburg)

Integrierte Leitfahigkeit

[ ] 600-900ms
450 - 600 mS

low ic

high ic
low aquifer

vulnerability
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Conclusions

e groundwater vulnerability maps are of increasing importance for
spatial planning and are required by the EC water framework

directive

¢ vulnerability assessment based on hydraulic conductivity can be

backed by measured electric conductivities

e airborne techniques enable large scale conductivity measurments



