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Abstract  

Direct-push (DP) methods are widely used in field investigations at contaminated sites for continuous 

characterization of the subsurface geology and contamination. One frequently used DP technique is 

the Membrane Interface Probe (MIP), which indicates contaminant levels. Another method is the 

Hydraulic Profiling Tool (HPT) used to obtain information about subsurface permeability and 

estimate hydraulic conductivity. Hence, combining these methods (MiHPT) provides continuous 

information on both subsurface hydrogeology and contamination. 

 

At contaminated sites, in clay till settings, solute transport is complex due to the presence of fractures 

and sand lenses. In past years, usage of contaminant mass discharge to evaluate the risk of 

groundwater contamination has increased. To estimate the vertical contaminant mass discharge from 

the source into the groundwater key parameters are the vertical flow velocity, contaminant 

concentration and source area. The vertical velocity can be determined by a Darcy approach using the 

vertical hydraulic gradient and the vertical hydraulic conductivity. Alternatively, the infiltration of 

water can be used as a surrogate; however, the prediction of infiltration is highly uncertain in clay till 

settings. This study demonstrates how to determine the vertical hydraulic gradient using an already 

existing DP tool.  

 

A part of the MiHPT investigation is to perform dissipation tests that describes the change in pressure 

over time after turning of the water flow in the probe. The test provides an absolute hydrostatic 

pressure from which the hydraulic head can be estimated. Currently, the dissipation test is used only 

to adjust information about the permeability. The use of estimated hydraulic head gained from 

dissipation tests to estimate the vertical hydraulic gradient have not been applied in site 

investigations. 

 

To investigate the potential for determination of vertical hydraulic gradient using the MiHPT method, 

a study was carried out at a contaminated site, where the groundwater aquifer is overlain by a 12 m 

thick clay till with sand lenses embedded. Several MiHPT logs were conducted and multilevel-
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screened wells were installed. The aim was to investigate if the dissipation test and permeability data 

from the MiHPT logs can give a reliable estimate of the vertical hydraulic gradient between the 

aquifer and sand lenses above. Estimated hydraulic head and hydraulic gradient were in accordance 

with those gained from the multilevel-screened wells. Thus, the study showed that the MiHPT can 

estimate reliable vertical hydraulic gradients between the sand lenses and the aquifer using the 

suggested approach. With the efficient use of the MiHPT it is to some extent possible to eliminate 

expensive installations of multilevel-screened wells when assessing vertical hydraulic gradients at a 

site.  

 

This method adds value to the widely used MiHPT, and provides crucial information. It is cost saving 

and leads to better risk assessment of contaminated sites in clay till setting.    
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The use of contaminant mass discharge to evaluate the risk of groundwater contamination has 

increased throughout the past years. The contaminant mass discharge can be applied in a vertical 

plane in the groundwater i.e. the horizontal mass discharge, or in a horizontal plane to assess the 

vertical contaminant mass discharge from the source and into the aquifer. To assess the vertical 

contaminant mass discharge the infiltration is often used alongside the contaminated area and 

concentration. An alternative to using the infiltration the vertical hydraulic gradient and vertical 

hydraulic conductivity can be used  

 

Hence, the study demonstrated how to get more information out of investigations already being 

carried out and thereby making the overall site investigation more cost-effective.    

 

The HPT can be combined with a Membrane Interface Probe (MIP), which provides information 

about the contaminant level (MiHPT). 


