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Magnetic resonance presents an array of unparalleled opportunities in probing fluids in porous media. Mag-
netic resonance methods are nowadays routinely employed in well-logging, monitoring underground water
resources, laboratory analysis, and industrial process and quality control. Despite these widespread applica-
tions, there are significant problems associated with the inability of traditional magnetic resonance methods
in observing short-lived signals typically observed in porous media. The University of New Brunswick (UNB)
MRI Research Centre developed newmethodologies to address these shortcomings and consolidated magnetic
resonance imaging (MRI) as an excellent tool for in situ studies of a wide variety of materials, including rocks,
sediments, wood, concrete, composites, foods, and microporous materials.
Innovations of UNB MRI Research Centre exploit (1) free induction decay as a means of signal formation for
detecting short-lived signals, (2) low magnetic field intensities to reduce the effects of magnetic susceptibil-
ity difference of matrix/fluids, (3) pure phase encoding to avoid artefacts arising from susceptibility effects,
chemical shift, B0 inhomogeneity and linewidth restriction on resolution, (4) the importance of information in
the proximity of k-space origin on the quantitative quality of data, (5) non-magnetic metallic environmental
sample holders with integrated radiofrequency probes, and (6) correcting gradient waveforms or their effect.
These innovations permitted quantitative and in vivo imaging of a variety of processes by a combination of
specialized software and hardware. Several new discoveries and some interesting observations relevant to
porous media applications were facilitated by these developments in the past few years:
(A) Magnetic resonance methods directly measured gas pressure in microscale pores of methane gas hydrates
in a pioneering work. In a methane hydrate-bearing sand pack with 2.8% residual water at 2 MPa and 4℃,
the elevated pore gas pressure was measured to be 59 MPa. (B) New models proposed for magnetic resonance
relaxation in multicomponent mixtures in porous media were matched to experimental data on CO2/decane
mixtures in Berea sandstone at 40℃ and 6 MPa and 9 MPa, for miscible and immiscible conditions, respec-
tively. The density of decane in the pore-surface bound layer decreased during the miscible drainage of decane
by CO2. In contrast, in immiscible displacement of decane by CO2, the pore-surface area wetted by decane
monotonically decreased only at saturations smaller than the residual saturation –consistent with the devel-
opment of noncontinuous wetting films on the pore surface. (C) We established that nonground eigenvalues
of the diffusion-relaxation equation indeed contribute to the magnetic resonance relaxation signal of common
porous media, contrary to common belief. This discovery permits direct pore size estimation from common
T1 and T2 distribution measurements. (D) The new T1-T*2 method proposed as a 2D relaxation correlation
experiment permits the detection of mobile and immobile 1H in porous materials, especially in shales and
concrete material with significant susceptibility effects.
The recent addition of a variable-field superconducting magnet to the UNB MRI Research Centre is expected
to further help the development of new methods and applications in porous media.
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