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 Sampling and instrumentation to study the deep vadose zone
 Heterogeneity and complex behavior in vadose zone

 Thesis : Improve the vadose zone flow characterization and modeling by coupling Surface Nuclear 
Magnetic Resonance (SNMR) monitoring and hydrogeological modeling 

 This study : Characterize the water content spatial heterogeneities in 3D VZ and 3D aquifer with a joint 
interpretation of 3D-SNMR and 3D electrical data
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Saturated Zone

Problem

Objective
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Weathered and highly heterogeneous limestone in VZ
O-ZNS study site

https://plateformes-pivots.eu/o-zns/
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SNMR data

• S/N between 1.5 and 6.6 ; RMSE = 16.2 nV ; 
Noise level = 50 nV

Electrical data

• ERT : RMSE = 7 % 
• IP : preliminary result
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3D SNMR and ERT/IP inverse models
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Water content heterogeneities resulting from SNMR 3D inversion
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Identification of lithological heterogeneities from electrical 3D inversion 
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Conclusion and perspectives
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Conclusion :

Joint interpretation of SNMR and ERT/IP data in a 3D aquifer and VZ : 
 Identify spatial heterogeneities 
 Variable hydrogeological properties : Lithology + water content

Variable hydrogeological properties => variable hydrodynamic and VZ flow properties ?  

Future work :

Use these results to characterize the VZ flow with :
 Time-lapse SNMR monitoring
 Hydrogeological modeling
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Conclusion :

Joint interpretation of SNMR and ERT/IP data in a 3D aquifer and VZ : 
 Identify spatial heterogeneities 
 Variable hydrogeological properties : Lithology + water content

Variable hydrogeological properties => variable hydrodynamic and VZ flow properties ?  

Future work :

Use these results to characterize the VZ hydrodynamic and flow properties with :
 Time-lapse SNMR monitoring
 Hydrogeological modeling
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SNMR principles
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Relaxation time 
∝ Mean Pore 

size

Signal amplitude 
∝Water content

Measurement scale :

Multidecametric (field)

Data measured :

Signal amplitude, relaxation time

Parameters :

Water content, mean porosity distribution

Particularity of field NMR :

No detection of water content for smaller
pore sizes

Source : LEGTCHENKO, Anatoly, 2013. Magnetic Resonance Imaging for 
Groundwater. John Wiley & Sons. ISBN 978-1-118-64947-3



3D water content and lithological spatial heterogeneities 
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SNMR Water content maps at an elevation of 114 m (vadose zone) 
and 111 m (aquifer) 

Maps of electrical resistivity (left) and chargeability
(right) at an elevation of 120 m (vadose zone)


