
Geological and hydrogeological characterization of the
subsurface to support climate adaption in urban development 

The world population in the year 2050 is approximately 10 billion people 
of which 75% reside in cities. The continuous growth of the cities combined 
with the future climate changes will present authorities with great chal-
lenges. One of the most signi�cant challenges is to ensure a stable disposal 
of wastewater and surface water. In Denmark, the municipalities are imple-
menting climate change adaptation (CCA) plans for existing urban areas. 
However, lack of geological and hydrological information about the sub-
surface introduce signi�cant uncertainties in the CCA implementation. In 
Denmark some CCA plans have been impossible to implement due to insuf-
�cient characterization of geological and hydrological conditions.

Based on examples from a C2C-CC research project we demonstrate how 
detailed geological and hydrological information supports sustainable and 
more e�cient implementation of the CCA plans in areas scheduled for 
urban development.

In the research project the site has been mapped with high-precision 
geophysics supplemented with drillings and in�ltration tests. A total of 30 
km of pro�ling DualEM-421 data with a line spacing of 7,5m were collected 
in spring 2017. The DualEM-421 data provides the overall spatial distribution 
of the resistivity within the upper app. 8 m. To support the DualEM-421data 
19 boreholes and in�ltration test were conducted (�gure 2 to 4). 

The study area is located at the eastern part of Denmark, near the town of
Horsens (Figure 1) and covers 35Ha . The geological setting around Horsens 
is complex with alternating sand- and clay dominating sediments varying 
within few meters.
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As shown in the project we have outline the bene�ts of geophysical 
mapping for improved �delity of the geological and hydrogeological 
characterization at all depths of interest. The project shows a good 
correlation between electrical conductivity obtained from the DualEM-421
and the geological conditions of the soil and thus hydraulic conductivity. 
The results indicate a local site speci�c in�ltration capacity which can 
change within few meters. With a dense geophysical survey in combination
with boreholes and in�ltration tests the site can be subdivided into areas
most suitable for speci�c SuDS and aquifer recharges solutions.

The outcomes of the project will be implemented directly in the CCA plans 
for Horsens municipality over the next 2-6 years as SuDS solutions for 
handling rainwater are often a necessity and an integrated part in the 
development of urban and suburban development areas.  
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Figure 1: Overview map showing the geological setting 
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All available data e.g. geophysical data, hydrological data, in�ltrations tests
and borehole information are combined into the construction of a series of 
planning maps e.g. maps of the in�ltration potential for the development 
areas. Areas suitable for in�ltration are clearly delineated in the DualEM-421 
data by the presence of high resistivity sequences (>80 Ohmm) compared 
to the surroundings (�gure 5 to 9 and table 1).

Figure 2: DualEM-421 

Figure 3: Location of the 19 drillings and in�ltration tests Figure 4: In�ltration tests

Figure 5: Resistivity map showing the interval 0.5 to 1 m b.t. Figure 6: Resistivity map showing the interval 1.5 to 2

0 50 100 150 200
Resistivity [Ohmm]

Denmark

Germany

Norway
Sweden

N

12
o

58
o

10
o

14
o

56
o

0 0,25

kilometer

Drilling  K [m/s]   Resistivity [Ohmm] lithology 
2 6,67E-05 40 Till, sandy  
3 7,78E-05 38 Till, sandy  
4 1,23E-05 36 Claytill 
5 4,39E-06 38 Claytill 
6 1,67E-05 886 Sand 
7 7,00E-05 541 Claytill 
8 3,33E-05 561 Sand 
9 2,96E-05 64 Claytill 
10 3,67E-05 73 Claytill 
11 6,55E-05 1750  
12 2,33E-05 65 Claytill 
13 3,89E-05 3318 Claytill 
14 1,76E-04 2550 Sand 
15 3,33E-05 93 Claytill 
16 2,08E-05 53 Claytill 
17 3,52E-05 1601 Sand 
18 1,79E-05 50 Till, sandy  
19 1,50E-05 102 Claytill 

 

Figure 7: Resistivity map showing the interval 2 to 2.5 m b.t. Figure 8: Resistivity map showing the interval 3 to 4 m b.t.

Tabel 1: K values form in�ltraion tests, resitivity and lithology from 0.5 m b.t.

Till, sandy

Figure 9: Planning map showing the most suitable areas for in�ltration
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