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Abstract: 

Surface Nuclear Magnetic Resonance (SNMR) is a geophysical experiment that enables to 

retrieve hydrogeological parameters of the subsurface with surface-based measurements. 

However, the method suffers from a low signal-to-noise ratio. To overcome this impediment, 

a new experimental configuration, called the multiple loops (or multi-central) configuration, 

is introduced, benefiting from both a decreased signal-to-noise ratio and an increased 

sensitivity to shallow subsurface. In order to take advantage of those improvements, an 

adaptation of the state-of-the-art QT inversion is proposed. On the other hand, a novel 

innovative approach to SNMR data interpretation is developed and tested. This approach, 

called Prediction-Focused Approach (PFA) imaging (Figure 1), is part of a broader alternative 

way to exploit geophysical data: Bayesian Evidential Learning (BEL). PFA enables a 

quantification of the uncertainty on model parameters issued from statistics-based relations 

between simulated models and data. Finally, the QT inversion approach and the PFA imaging 

are tested on synthetic and real multiple loops experiments, proving the usefulness of the 

multiple loops configuration in specific contexts (Figure 2 and Figure 3). 
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Figure 1: Results of the QT inversion on data 
from different experimental configurations.    
The "Independent" is the classical 
1 transmitter/1 receiver configuration, the 
“Joint” is constituted of 1 transmitter but 
multiple receivers and the “General” consists of 
multiple transmitters/multiple receivers. The 
best results are obtained via the “General” 
configuration, with a consistent recovery of the 
water table. 

Figure 3: Reduction of the uncertainty through the PFA imaging process. The "Independent" is the classical 
1 transmitter/1 receiver configuration, the “Joint” is constituted of 1 transmitter but multiple receivers and the “General” 
consists of multiple transmitters/multiple receivers. The best results are obtained via the “General” configuration. The use of 
multiple loops mainly benefits to the determination of shallow layers characteristics. 

Figure 2: Workflow of the developed PFA imaging process. 


