
Results
• Logistic regression results support previous findings that channel orientation 

and NDVI have a significant correlation with the development of sand boils.

• Initial results also indicate a potential correlation between sand boil 
development and the depth to regional geologic deposits such as the Boxtel, 
Kreftenheye, Sterksel, and Beegden formations.

• The logistic regression is not currently capable of accurately predicting the 
development of sand boils along the studied levees.
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Introduction/Objectives
• Artificial levees provide valuable protection from high water events.

• Current construction and design strategies account for the interaction 
between levees and their surrounding environment in a limited capacity.

• The objective of this study is to test recent findings describing correlations 
between environmental conditions and the development of sand boils.

Methodology
• Collect data and build a geodatabase 

composed of landscape, soil, geologic, 
geomorphologic, hydrologic, and 
ecologic data sets.

• Use Geographic Information Systems 
(GIS) and probabilistic statistical analysis 
correlate sand boils to local conditions.

• Develop an MCDM based on the results 
of the statistical analysis to classify 
environments according to their 
expected impact on adjacent levees.
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Far Above: Cross section looking west 
depicting shallow geology along the north 
bank of the Waal River in the Rhine Meuse 
Delta.

Above Left: Key to the cross section.

Above Right: Channel fill and swale 
orientation system ranking deposits relative to 
their effect on promoting sand boil formation. 
Higher values denote a more adverse 
situation with a greater likelihood of sand boil 
formation.

Right: Detailed mapping of swales near Prarie
Du Rocher, IL

Study Area

Future Work
• Refine logistic regression and develop MCDM.

• Improve the channel orientation ranking system to account for geometrically 
more complex features.

• Adjust channel orientation ranking methodology to enable more quantitative 
application of the system.

• Perform groundwater modelling to compare hydraulic gradient across a levee 
structure given a variety of channel fill orientations, depths, and sizes.

Above: A series of images indicating the study areas: site 1 (boxed in yellow) along the Waal River in the Rhine-
Meuse delta  and site two (boxed in red) along the Ijssel River, a distributary of the Rhine. The yellow and red 
lines represent the respective levees under investigation.

A series of maps illustrating factors 
exhibiting a significant correlation with sand 
boil formation.
Right: Map depicting the thickness of 
Holocene deposits.
Below Right: Map depicting various channel 
deposits in the Rhine Meuse delta (levee 
under investigation in red).
Below: NDVI map of the region surrounding 
the Overijssel levee

Geologic Setting
• The Rhine Meuse delta settled into its current E-W orientation during the 

Middle-Weichselian (late Pleistocene).

• The modern Ijssel River formed due to avulsion of the Rhine into the N-S 
valley around 950 AD.

• Ground surface dominated by Holocene fluvio-deltaic deposits composed 
of complexly mixed natural levee, crevasse-splay, and flood basin material.

• Beneath the Holocene fluvio-deltaic wedge lay a series of coarse sand and 
gravel terraces bounded by eolian deposits.

Factors of Interest Comment
Floodplain Width

Regional Geology Top, base, and thickness

Blanket Thickness Measure of consecutive clay

Abandoned Channel 

Orientation

Normalized Difference 

Vegetation Index (NDVI)

Continuous and categorical

rating

Land Use

Ecophysiography Combined measure of 

ecological and geologic 

landforms

(Glynn, M.E. & Kuszmaul, J., 2010)

(Gouw, M.J.P. and Erkens, G., 2007)


