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 Surface Nuclear Magnetic Resonance 
 
 Introduction to the method 
 
The proton magnetic resonance (or nuclear) is a non-invasive method for 
direct detection of free protons (+H). In nature the most abundant element with 
free protons is water and hydrocarbons. This method allows to study more 
shallow aquifers directly to a theoretical depth of around 60 meters and under 
optimal conditions up to 150 meters. Measured parameters are: 
 
- Depth and thickness of the layers 
- Water content (%) or the size of the pores saturated 
- Permeability looking at the decay time (T2*, T2 or T1) 
 
The magnetic resonance (NMR) also allows the detection of hydrocarbons 
and other liquid hydrogen. The ability to detect a liquid organic compound 
(pollutant), and differentiate it from the water depends largely on the 
concentration of organic compounds in soil or water. Notwithstanding the 
method is nowadays a comparative method, the polluted area can be 
mapped using NMR if the affected area is in the non-saturate zone or vadose 
zone, but also within boreholes. 
 
 
 NMR Devices 
 
The measuring equipment for surface NMR that we use, for low accessibility 
zones, is the “Lite” one, but for large depths we use and the last generation 
device GMRTM from Vista Clara Inc (http://www.vista-clara.com/instruments_gmr.html). The “Lite” 
one is able to detect groundwater in one dimension (sounding) at depths of 
50 meters, and under optimal conditions up to 90 meters. The GMRTM from 
Vista Clara Inc (Figure 1) allows the detection of bound water and organic 
fractions in the non saturated zone, also is able to do 1D/2D groundwater 
surveys up to 150 m depth. 
 
The measuring equipment for NMR-Logging that we 
use is the JavelinTM device (Figure 1) from Vista 
Clara Inc. (http://www.vista-clara.com/instruments_javelin.html). That 
device is able to log until 400 m depth with a metric 
precision. The logging time is about 40 m par day in 
optimal conditions. No metallic tube installation is 
required because NMR measurements can be 
strongly affected. PVC or similar tubes are admitted 
in NMR-Logging. The NMR sensitive ring is about 
7.5 inch, which is outside of the disturbed zone for 
most 4 and 6 inch piezometers/wells. 
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Figure 1: The GMR device on top and the Javelin NMR-Logging from de Vista-Clara Inc. 
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 Physical Principles of the method 
 
The method is based on petrophysics properties as other geophysical 
methods, but in a physical property of the hydrogen atom: the phenomenon of 
nuclear magnetic resonance (NMR) in the geomagnetic field. This physical 
phenomenon occurs because the atoms in the presence of a magnetic field 
can absorb energy (Δε) only at a certain frequency (F) and a certain amount, 
multiple of Planck's constant (h): 
 

Δε = 2π F h = ϖ h 
 
Atomic nuclei that have an odd number of nucleids (protons or neutrons) 
generated due to its revolution, a magnetic field intensity and direction of 
which are expressed by the nuclear magnetic moment (Mo, Figure 2a). In the 
presence of an external static magnetic field (Earth), the Mo are oriented 
(polarized) in the direction of the lines of force of the external magnetic field 
(B0, Figure 2b). 
 
Adding an artificial dynamic field generated by the B1 loop (Figure 2c), there is 
the nutation of Mo magnetic moment of protons that are inclined at an angle 
with respect to the field holding his ground in the frequency of Larmor 
precession = ωL 2π FL (Figure 2d). 
 

 
 
Figure 2: Shows the relationship between the magnetic moment vector and the Earth 
 
When the artificial field B1 is cut, the protons return to their equilibrium 
position (Mo aligned with B0) with a relaxation characterized by an initial 
amplitude Eo and a decay time T2 *. 
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Figure 3: Impulse created artificial magnetic field to excite the protons and their response 
 
The Earth's magnetic field B0 (static) determines the Larmor frequency of 
protons from the water molecule. 
 

fL (Hz) = γBo/ 2π = 0,04258*Bo (nT) ⇒ ω /2πFlarmor 
 
To measure an electromagnetic signal of water generates an alternating 
current pulse that activates the antenna as: 
 

i(t) = I0 Cos (ϖL t), 0 < t < τ 
 
Where I0 is the amplitude of the electrical impulse generated, t is the same 
duration (40 ms for the “Lite” and only few milliseconds for the GMRTM device), 
and γ = B0 πL the Larmor frequency. 
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Figure 4: Example of signal from the “Lite” system. Blue as the T2* relaxation time (first pulse) 
and in pink of the second pulse relaxation time, black staked electromagnetic noise. 
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The MRS investigation depth is geologically and geographically depended. 
These factors should be mentioned that the resistivity of the rocks and the 
geomagnetic field. 
 
1) An electrical conductor attenuates the electromagnetic field by a factor 
characterized by the "skin depth", that is proportional to √ ρο / F, where is the 
resistivity of the subsurface ρo and F is the frequency of the electromagnetic 
field B0. But if you increase the size of the antenna also achieved more depth, 
but for a Larmor frequency of 2000 Hz, for a medium resistivity rock (100 Ωm), 
a common square antenna configurations of 60X60 m or a circular loop of 60 
m diameter, investigation depth will be leaded by the geometrical 
configuration of the loop because the electrical conductivity will have a small 
effect on the MRS signal: 

Zs = 503 √ ρο/F = 112 m 
 
If we try to reach depths over increasing the size of the loop, then the depth 
will be achieved over the "skin depth" and the electrical conductivity will have a 
greater effect on the MRS signal. 
 
2) The Larmor frequency used is proportional to the magnitude of the 
geomagnetic field (fl ~ B0). Consequently, in areas where the magnetic field is 
weak (towards the equator), the frequency is lower and the attenuation 
caused by the subsoil is also lower than in places where the magnetic field is 
higher (towards the poles). But the response of the MRS signal is also 
proportional to the square of the geomagnetic field (E0 ~ B02) which improves 
the signal / noise ratio. 
 
 
 Data interpretation 
 
The performed MRS subsurface investigation in a similar manner to that 
made in medicine, carried out several sections of the study area, in the case 
of land proceeds through a MRS, where every moment of impulse is a section 
in depth. The magnetic field of the antenna is superimposed on the protons of 
hydrogen (water) exciting them (Figure 5). The field of proton relaxation is 
measured by the same antenna, a time after being off the current injection. 
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Figure 5: General and configuration process in a MRS. 1: Antenna, 2: promotion of energy 
generated by the device Tx (4), 5: MRS signal generated by protons and X-ray taken by the 
device. 
 
Once the data has been acquired is possible to make the inversion of the 
same model in 1D. From the measurements of different impulses qi (Figure 
6a) are constructed graphs (qi, Ei) and (q, T2*) (Figure 6b) that provide a depth 
distribution of water content and size pores (Figure 6c) 
 
 

 
 
Figure 6: Representation and inversion data process. a) Representation of the amplitude of the 
relaxation times for each pulse (qi). b) With each pulse of the times made the representation of 
the field curve. c) Field curves representation of the water content with depth. 
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We can estimate the aquifers type based on the field 
MRS curves (Figure 7), non unique solution may exist. 
 

 
Figure 7: Representation of the MRS signal response to different aquifer types 
 
 
 Prior to the execution of a MRS 
 
Before a magnetic resonance sounding (MRS) is carry out some practical 
advice should be done before: 
 
1) Verification of stability and spatial variation of the Earth's magnetic field. B0 
is necessary to calculate the Larmor frequency of starting to make a MRS. B0 
is measured with a proton magnetometer, measurements were made along 
the antenna to estimate the appropriate value. 
 

 
Figure 8: Measuring the Earth's magnetic field (GEOMETRICS magnetometer) and the 
distribution of Earth's magnetic field around the planet 
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The magnetic field should be as stable as possible, however there are some 
natural factors that can change it (wind and solar magnetic storms, storms 
and weather telluric currents, particular geographical zones with dayly 
variations of the Earth magnetic field). The spatial variability should not 
exceed 200 nT (nano Tesla), where the frequency is related to: 
 

1 Hz ≈ 22 nT 
 
Below is a table of values with an estimate of the signal quality that can be 
achieved: 
 

Δf < 2 Hz Δf = 2 Hz Δf  < 5 Hz 5 Hz < Δf < 10 Hz Δf  > 10 Hz 
< 44 nT 44 nT  < 110 nT 110 < nT < 220 > 220 nT 

Excellent Very god Regular Bad to very bad No possible 
 
 
2) Verification of noise EM (electromagnetic) before starting the MRS. Should 
be noted that this method as very weak electric fields and therefore is very 
sensitive to noise, especially in reference to the sources of disturbance from 
electromagnetic fields (generators, power lines, pipes, metal pipes, metal 
fences, etc...). 
 

 
 
Figure 9: Measurement of electrical and electronic ambient noise (in nano Volts) 
 
 
To make these measurements provided a small loop, which is proportional to 
a real scale loop. With this we can determine the theoretical noise will be 
measured by MRS antenna multiplied by the noise scale factor (4.5). Based 
on this noise we can design the shape of the loop in order to reduce the EM 
noise if necessary. Below is a table of values with an estimate of the signal 
quality that can be achieved: 
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Loop 800 m2 100 nV 100 < nV < 1000 > 1000 nV 
(Scale factor 4,5) 0,1 µV 0,1 < µV < 1 > 1 µV 

Subjective point of view Excellent Regular Baixa 
Configuration No limit A figure 8 to reduce the cultural noise 
Qualification Quantitative Depth limited Minimum water content 

 

 
 
Figure 10: Different settings of the antenna depending on the level of EM noise (square, 
circular, eight, rectangular, etc..) And depending on the depth of research. 
 
 
Finally, the third parameter to consider before making the 
MRS is the measurement of magnetic susceptibility of the 
subsoil. The values below 10-3 SI give good signals of 
water; values between 10-3 and 10-2 SI can be good or bad 
depending on location, values above 10-2 if we do not 
observe the water signal, these values occur in volcanic 
rocks and mineralized rocks. 
 

 
 
Figure 11: Device to measure the magnetic susceptibility of rocks and range of a signal MRS 
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 Examples and brochures 
 
Compact MRS device: LITE 
http://www.igeotest.ad/MRS/PDF/Exemple%20MRS%20Darvoy.pdf 
 
Video on the compact MRS device: LITE 
http://www.dailymotion.com/video/xtwo6w_buscant-aigua-als-cafetars-del-
kilimanjaro_travel 
 
Last MRS generation device: GMRTM 
http://www.vista-clara.com/case_studies/reports/Kansas_GMR_JAV_report.pdf 
 
NMR Logging device: JavelinTM 
http://www.vista-clara.com/case_studies/reports/KGS1_report.pdf 
 
Video on the NMR Logging device: JavelinTM 
http://www.dailymotion.com/video/xucl9o_testing-vista-clara-inc-javeline_tech 
 
Application on pollutants 
http://www.vista-clara.com/case_studies/reports/CapeCod_report.pdf 
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 Water research in porose media or fractured rocks and karst 
 
 In order to identify the aquifer formations we use the new geophysical 
direct method called magnetic resonance sounding 
(http://tle.geoscienceworld.org/content/28/10/1240.abstract), in most cases combining 
shallow seismic surveys (http://en.wikipedia.org/wiki/Reflection_seismology) and 
electrical resistivity measurements (http://en.wikipedia.org/wiki/Soil_resistivity). Using 
seismics and electrical resistivity measurements we determine the potential 
aquifer formations and subsurface geology. Using magnetic resonance 
soundings we identify where is the water in the aquifer, what is the water 
content in the saturated zone and how permeable is the aquifer. 
 
 In this sense Igeotest SL1 has a NUMIS LITE device from IRIS 
instruments (http://www.iris-instruments.com/Product/Brochure/Numis.html) to 
carry out that kind of studies. Usually the surveyed depth is about 60 meters but 
in good conditions is possible to reach 90 meters deep. Nevertheless some 
previous measurements are needed, like the Earth magnetic field, 
electromagnetic noise and magnetic susceptibility of rocks 
(http://www.zhinstruments.com/sm-20.html).  
 
 Here we show you the results of a SNMR survey applying the MRS 
method: 
 

 
 

1) Total Earth magnetic field measurements (here with a GEOMETRICS magnetometer) 
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2) Electromagnetic noise (in nano Volts) 
 

 
 

3) Magnetic Resonance Sounding (MRS)  
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Data acquisition from the NUMIS LITE device 
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 Results: 
 

 
 
Field data (Ortedó, Alt Urgell, NE Spain) of the stacked electromagnetic noise (blue points) and 
the stacked NMR water signal (black square points). Vertical axis recovered nanovolts, in 
horizontal axis surveyed depth equivalence. If is present, groundwater is identified when the 
black square points are above the blue points (electromagnetic noise), like here. 
 

 
 
Inversion model process from field data. Here two kinds of field data curves are interpreted. For 
the first example a highly water content aquifer are present at a shallow depth, while the second 
example the water content is increasing with depth. 
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1D inversion model from field data in Ortedó (NE Spain). A medium depth aquifer is identified, 
water content and permeability are obtained from field data without any borehole or pumping 
test. As we can see the aquifer has less than 1% of water content, it is a low water content but 
even so detectable with SNMR. A water well was build up in this surveyed site reaching 82 m 
depth and the pumping test show a maximum available water amount about 96 m3/h, consistant 
with the SNMR obtained data. 
 
 
 
 For more information, price rates, timing and logistics please contact us 
via Email: igeotest@myp.ad and visit our web site at: 
http://www.igeotest.fr/RMP/RMP.htm. Our fax is available all days at full time 
(+376-820323) but if you need further information please call us at +376-
321815 (Mr. Valenti Turu). 
 
 
 
 

  


