
TEST OF THE MRS TECHNIQUE IN SOUTHERN AFRICA
Jean Roy and Maciek Lubczynski, ITC, P.O.B. 6, 7500 AA Enschede, The Netherlands
ABSTRACT: ITC, together with ten collaborating agencies from seven countries is involved
in a research project on the MRS (magnetic resonance sounding) technology since 1996,
when IRIS Instruments introduced the NUMIS instrument. Thanks to regional collaboration,
MRS tests were made in Botswana, Namibia and South Africa. The fieldtests were carried-out
under a combination of low earth's magnetic field and high ambient noise conditions. The test
sites included different aquifers from the point of view of lithology, depth and porosity •
thickness product. MRS field results and operational constraints are discussed.

INTRODUCTION
The use of the NMR (Nuclear Magnetic Resonance) technology for non-invasive assessment
of groundwater resources from the surface has been patented by Varian (1962). The first field
tests were made by Semenov (1987) in Russia using the Hydroscope. This MRS instrument
was an improvement over Varian's concept as it included a sounding capability. More
recently, IRIS Instruments (1996) in France introduced a new instrument called NUMIS.
Currently it is available in two versions (NUMISLITE and NUMISPLUS) respectively optimized
for shallow and deeper work. A project to evaluate the MRS technology, with respect to its
suitability for groundwater resource assessment tasks, was set-up at ITC (International
Institute for Geo-Information Science and Earth Observation). For this purpose, a wide range
of survey targets and operational conditions were defined and are gradually being tested. The
series of MRS tests in Southern Africa is part of this effort and include in addition to shallow
alluvium, cases of deep, low porosity aquifers in environments characterized by low ambient
earth's field (B) and high natural noise level.

MRS PRACTICAL IMPLEMENTATION
Several descriptions of the MRS technique have been published (Schirov et al., 1991),
(Legchenko and Valla, 2002), (Roy and Lubczynski, 2003) etc. Some MRS technique key
points are: inherently selective with respect to hydrogen nuclei (1H+) and therefore to
groundwater ( ≤ 150 m), free water quantification, depth discrimination, non-invasive, within
operational limits: integrating a large and operator-controllable subsurface volume. The MRS
data are analyzed with respect to initial signal amplitude (E0) providing free water content
(ΦMRS, i.e. without the clay-bound and micropore-bound water, signal decay rate (T2

*) leading
to granulometry (Schirov, 1991) while the frequency and the phase are used mostly for quality
control. MRS is executed using the excitation moment Q (product of excitation current and
pulse duration) as a sounding parameter. An MRS data set is therefore acquired by measuring
the NMR response as a function of a range of Q values (e.g. 60-6000 A-ms). Data inversion
takes into account the environmental conditions (i.e. loop size & shape, earth's magnetic field
magnitude (B) and dip, geoelectrical layering: layers' resistivity and thickness). Following
inversion, the information is available as a function of depth rather than Q: E0 yields ΦMRS
(free water content, ne estimator below the water table) while the decay information remains
as a decay time constant (T2

*) at this stage but as a function of depth (e.g. Figure 3b and 3c).
In absence of magnetic distortion, the decay time parameter (e.g. Figure 3c) is directly related
to the average pore size of the layer and is empirically related to the hydraulic conductivity of
the media for sandstones and carbonates (Kenyon, 1997). The hydrogeological importance of
the ΦMRS & T2

* information as a function of depth has been investigated by Legchenko et al.,
2002, Lubczynski and Roy, 2003, Yaramanci et al., 2002 and others. Limitations and
compromises in MRS data inversion (E0 and T2

* as a function of depth) were discussed by
Legchenko and Shushakov (1998). MRS environmental constraints - A useful MRS data set
can only be acquired when the NMR signal from the groundwater's precessing 1H+ is large
enough to be extracted in the presence of the ambient noise i.e. high enough signal to noise
(S/N) ratio.  The magnitude of the NMR signal is controlled by the shape and size of the MRS
loop, by the location and quantity of groundwater, i.e. depth, thickness (b), water bearing
layers' ne, and by a series of environmental factors such as the electric conductivity and
thickness of the subsurface formations and the earth's magnetic field homogeneity, its
magnitude and its dip (Legchenko et al., 1997). Considering the ambient noise, there is
presently no simple way of predicting its magnitude at a planned MRS survey location. The
two main sources of noise relevant to MRS surveys are: (1) man-made electric installations



(power line, electric machinery in general, powered underground cables, pumps, etc.), which
generate harmonics up to the 1H+ precession frequency f (over land areas this is normally in
the range of .9 to 2.7 kHz) and (2) natural sources, which are dominated by lightning and may
thus have a diurnal and seasonal time component associated. 

WHY SOUTHERN AFRICA?
Not all sites in the world are equally easy to survey with MRS. In this regard, Southern Africa
constitutes an interesting and difficult area for MRS field tests because of the following
reasons: (1) many aquifers of interest in Southern Africa (like Karoo aquifers) have a low ne
and are located at deep levels; (2) Southern Africa is characterized by low values of the earth's
magnetic field (B < 30,000 nT) in most of Botswana, Namibia and South Africa (see Figure
1). Since the MRS signal is proportional to B2, this means that a given aquifer (ne , thickness b
& depth) will produce an MRS signal at least 5 times smaller in Cape Town, SA (~ 26,300
nT) than in Melbourne, Australia (~ 60,500 nT) despite the fact that these two cities are
roughly at the same latitude; (3) the ambient noise from natural sources is likely to be consi-
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Figure 3. Site 1: a) MRS sounding, b) water
content, c) decay time, d) cross-section
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Earth's field: ~ 28300 nT

SITE 4: d) to f)
Loop type: square
Loop size: 115 m
Earth's field: ~ 29300 nT
Figure 5: Site 3:  a) MRS sounding, b) water
content, c) decay time; Site 4: d) MRS sounding, e)
water content, f) decay time
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