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ABSTRACT 
The distribution of fresh-saltwater in the eastern part of the Belgian coastal plain was 
mapped using airborne EM and more specifically the SkyTEM system. The AEM data were 
verified by results of other hydrogeological research like groundwater analysis, borehole 
logs, Electrical Resistivity Cone Penetration Tests (ECPTs) and EM ground conductivity 
mapping. The presentation will illustrate that AEM data, when duly processed and inverted 
with accurate 3D methology, correlates well with these hydrogeological data. The SkyTEM 
method is therefore very well suited for surveying the fresh-saltwater distribution of coastal 
areas. 

INTRODUCTION 
The Belgian coast is known as a flat polder area bordered by dunes, beach and the North 
Sea. Less known is the complex distribution of fresh and salt water in the subsurface. It is a 
silent witness of a long history of land reclamation whereby the sea was defeated by man. 
Once land was reclaimed, fresh rainwater could infiltrate and push away salt groundwater 
forming fresh water lenses. Nowadays these fresh water lenses are under pressure by 
contamination, groundwater withdrawal, climate change and sea level rise. Sustainable 
management is therefore necessary in order to protect these freshwater reserves in the short 
and long term.  
 
One of the main tasks of the Flemish Environment Agency is a sustainable management of 
groundwater reserves in Flanders. In order to contribute to a sustainable management today, 
knowledge of the fresh-saltwater distribution is necessary. Therefore, airborne EM was used 
to map the fresh-saltwater distribution. The processed and inverted AEM data were verified 
by results of other hydrogeological research like groundwater analysis, borehole logs, 
Electrical Resistivity Cone Penetration Tests (ECPTs) and EM ground conductivity 
mapping.  

METHODS 
The SkyTEM system is an airborne transient electromagnetic sensor that measures ground 
conductivity using electromagnetic waves. For an area of 180 km², some 13.000 datapoints 
were obtained. These data were duly processed to prepare it for further geophysical 
interpretation. The inversion process produced a resistivity profile for each datapoint and 
resulted  in a 3D image of the subsurface resistivity (Vandevelde et al. 2014 and Schaars et 
al. 2015).  
 
To compare these data to EC measurements of well screens, the bulk resistivity must be 
converted to pore water resistivities using Archie’s law (1942) in case of a non-conductive 
matrix, or the equation of Patnode & Willie (1950) if the matrix is conductive.  Knowledge 
of the formation factor F and matrix resistivity is necessary.  
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Borehole logs and ECPTs are also used to verify the AEM data. As already mentioned, a 
resistivity profile for every datapoint is available which can be compared graphically to the 
borehole log or ECPT. In addition, statistical methods like the Kendall correlation test 
(Kendall 1976) can also be used to compare these data. This method investigates the 
statistical significance of the correlation between AEM and borehole log or ECPT.  

RESULTS 
As an illustration, a comparison between borehole logs (short and long normal), EC 
measurements of well screens and AEM is shown in figure 1.  
 

 
Figure 1. Comparison between AEM, long and short normal, and EC-values of 
monitoring well 3-KPS-0006a 
 
Table 1 shows the result of the statistical analysis using the Kendall correlation test. The 
calculation gives two results: a Kendall Tau and a P value. Kendall’s Tau calculates the 
degree of coherence. Values are always between -1 and +1. The closer to 1, the better the 
correlation is.  When P ≤0,05, the chance that the found correlation is due to coincidence is 
smaller or equal to 5%.  This analysis shows that there is a better correlation for the long 
normal compared to the short normal. This result is not surprising since the short normal is 
influenced by the borehole and the invaded zone, while the long normal measures much 
deeper and gives therefore a better idea of the bulk resistivity of the surrounding sediment.  

24th Salt Water Intrusion Meeting and the 4th Asia-Pacific Coastal Aquifer Management Meeting, 4 –8 July 2016, Cairns, Australia

165

Table of Contents
for this manuscript



Table 1. Statistical significance of the correlation between borehole log and AEM using 
the Kendall correlation test (R-package).  

Monitoring 
well 

Method 1 Method 2 Kendall’s 
Tau  

P-value 
 

3-KPS-0006a AEM Short normal 0,6 < 2,2e-16 
3-KPS-0006a AEM Long normal 0,9 < 2,2e-16 

 
Further results of the comparative analysis between AEM data and borehole logs/ECPTs are 
shown in table 2. Borehole logs and ECPTs were selected within a range of 100m from 
AEM data points.  Figure 2 summarizes the spatial distribution of these data.  
 

Table 2. Statistical significance of the correlation between borehole logs/ECPTs and 
AEM using the Kendall correlation test (R-package).  

Monitoring 
well 

Method 1 Method 2 Kendall’s 
Tau  

P-value 
 

3-KPS-0001B AEM Short normal 0,5 < 2,2e-16 

3-KPS-0001B AEM Long normal 0,5 < 2,2e-16 

3-KPS-0001C AEM Short normal 0,6 < 2,2e-16 

3-KPS-0001C AEM Long normal 0,7 < 2,2e-16 

3-0517 AEM Short normal 0,5 < 2.2e-16 

3-0517 AEM Long normal 0,3 < 2,2e-16 

P1_Z AEM EM-probe 0,7 < 2,2e-16 

P2_Z AEM EM-probe 0,3 < 6,15e-3 

P2_W AEM EM-probe 0,8 < 2,2e-16 

P3_W AEM EM-probe 0,7 < 2,2e-16 

P4_Z AEM EM-probe 0,8 < 2,2e-16 

P6_W AEM EM-probe 0,2 0,11e-2 

P10_W AEM EM-probe 0,6 < 2,2e-16 

SA5-08 AEM ECPT 0,5 < 2,2e-16 

SA6-37 AEM ECPT 0,6 < 2,2e-16 

SA6-07 AEM ECPT 0,4 < 2,2e-16 

 
Results of the comparative analysis between AEM data and other hydrogeological data will 
be discussed during the presentation. 

DISCUSSION AND CONCLUSIONS 
A comparative analysis between AEM, EC measurements of monitoring wells, borehole 
logs, ECPTs and EM ground conductivity mapping shows that AEM correlates well to these 
data. Therefore AEM, and more specifically the SkyTEM system, is an efficient and reliable 
method to map the fresh-saltwater distribution of coastal areas.  
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Figure 2. Spatial distribution of the correlation (Kendall Tau) between borehole 
logs/ECPTs and AEM. Depth of the 6 Ωm AEM interface is used as background. 
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