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Abstract. Damage caused by buried land mines as a result of past and ongoing conflicts is 
detrimental to humans as wells as of national security concerns. The subsurface zone where these 
objects are buried is generally limited to a depth of 10-30 cm below the land surface.  Most of the 
anti-human landmines range in size roughly form 5 to 10 cm.  Soil moisture conditions in this 
shallow subsurface zone below the land surface affect the  electromagnetic/infrared signals used in 
remote detection.  The soil properties change at small scale within the buried depth both due to 
natural conditions and from the soil disturbance resulting from digging and backfilling.  The 
varying soil properties in space produce non-uniform soil water content both in the vertical and 
horizontal directions.  The detection methods need to distinguish between these natural variations 
due to small-scale heterogeneities and those affected by the buried objects.  If the anomalies 
resulting from natural conditions are not properly identified, the remote sensing methods will result 
in faulty detection.  In order to discern whether or not such anomalies are due to a buried object or 
natural heterogeneity, it is crucial to understand spatial distribution of soil water content (i.e., 
equivalently, air content) at much higher spatial resolutions than what is needed in traditional soil 
physics applications.  In our research, we have hypothesized that the water retention behavior in 
small soil pockets is affected by the mobility of the air phase, that is not considered in traditional  
vadose zone studies.  Testing this hypothesis requires careful experiments under highly controlled 
conditions using experiments where both water and air pressures have to be measured 
independently.  This paper presents the results from a study where  transient water saturation and 
air entrapment behavior were investigated in a two dimensional heterogeneous system.  Two types 
land-mine scale sand pockets were simultaneously embedded in a fine background soil matrix.  
One of the pockets was filled with a coarse sand (d50 = 1.04 mm) whereas the other was a medium 
sand (d50 = 0.52 mm) to have two different contrasts between the pockets and the background fine 
sand (d50 = 0.36 mm).  The experimental apparatus was designed to have the capability for detailed 
and accurate monitoring of soil water saturation, water pressure and air pressure distributions 
within the test domain; the test domain was subdivided into 25 blocks (five in the horizontal, five 
in the vertical direction) each of which had the aforementioned sensors.  The heterogeneous system 
was subjected to primary drainage, secondary wetting, secondary drainage and precipitation cycles.  
In the pockets of coarse and medium sands during the wetting and precipitation cycles, water 
bypassing the fine sand resulted in air trapping in the pockets.  The behaviors of air entrapment 
were different in the two pockets possibly affected by the contrast between the coarser pockets and 
the properties of the finer background soil.  These findings suggest that a pocket of soil that is 
coarser than the background soil can retain the air trapped during wetting/precipitation event, or 
even in an artificial water spraying.  The regions with high entrapped air saturations can trigger 
formation of preferential water flow pathways and, thus, can alter infiltration/evaporation regimes.  
High air content also results in lower dielectric permittivity and lower thermal conductivity.  
Therefore, the pockets of soils that are somewhat coarser than the background soil can lead to 
anomalies in soil moisture/temperature imagery at the soil surface during detection using remote 
sensing methods.  Furthermore, the finding is applicable to explain how non-wetting fluid such as 
air or non-aqueous phase liquid can be found/retained in coarser formation below water table (that 
had experienced a water table drop in the past).   


