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Abstract
Surface nuclear magnetic resonance (sNMR), as a non-invasive technique, holds considerable value in determining critical hydrogeological parameters such as porosity and hydraulic conductivity. These parameters are traditionally determined through more costly and time-consuming efforts of drilling, conducting hydraulic tests, and/or using indirect grain-size analyses. Our research aims to evaluate the abilities and limitations of sNMR in different hydrogeologic settings through a comparative analysis with other geophysical methods such as borehole NMR (bNMR) and time-domain transient electromagnetics (TEM) and existing site information.

Preliminary findings underscore the benefits of sNMR in estimating water content and pore-size distribution, particularly in saturated sandy environments, where there are strong NMR signals.  However, at other locations, where the signal-to-noise ratio is low, single noise-cancelling loop configurations may not be enough to aid the collection of high-quality data. Various environments pose challenges when attempting to collect high-quality data because of the need to optimize field acquisition parameters, especially in the presence of electromagnetic noise. Additional complexity arises when a gradient magnetic field is present across the sNMR loop.
Three case studies using sNMR are presented and the lessons learned are discussed. One application is in the glacial sand of Cape Cod, MA, where high signal-to-noise ratios from earth materials are indicative of good results. At another site in Lakewood, CO, there was electromagnetic noise, but the results were interpretable. At the third site, in Kankakee, IN, electromagnetic noise made it difficult to confidently interpret the results. However, the overall trend of the sNMR aligns with the bNMR and TEM collected at and near the site. Additional site comparisons will help improve methods selection decisions, thereby improving the likelihood of success in diverse applications. 
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