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Magnetic Resonance
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Benchtop 2 MHz

Down the Borehole 300 kHz

Superconducting Magnets 300 MHz




What can Magnetic Resonance do?

* NMR Spectroscopy

* MRI Imaging

* But we focus on transport measurements
and relaxation....



Diffusion Measurement with PGSE NMR
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Propagator Measurement with PGSE NMR
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Diffusion through monodispersed Beadpeak

Diffraction

Diffusion in packed blood cells
[Kuchel et al, J. Magn. Reson. Imaging (2008)]
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[Coy and Callaghan, J. Chem. Phys. (1994)]
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Flow through monodispersed Beadpeal

[Seymour and Callaghan; AlChe, (1996)]
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Time dependent Diffusion
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Gas in a beadpack
Mair, et al, Phys. Rev. Lett. (1999)
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Brown, Brox et al, J. Mag. Reson. (2012)



lication: Biofilms in Porous Media
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Influence of Biofilm Growth on Dispersion in
Porous Media

Clean Beadpack Biofilm Fouled Beadpack
Gaussian Dispersion Back bone flow




Velocity Maps and T, Maps

[J.P.Gage, J.D. Seymour, S.L. Codd , E.L.Gjersing and R.Gerlach, Physical Review Letters (2004)]
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Bulk Dynamics Change Due to Biofilm Growth

[J.D. Seymour, J.P. Gage, S.L. Codd and R. Gerlach, PRL 93 198103 2004]
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Bulk Dynamics Change Due to Biofilm Growth

[J.D. Seymour, J.P. Gage, S.L. Codd and R. Gerlach, PRL 93 198103 2004]
Time Fractional ADE Propagators
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T2 relaxation-Propagators

[Vogt et al Biotechnology & Bioengineering, (2012)] @
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What else can we do with NMR in porous
media?

 relaxation exchange
« Spectrally separate (oil) particles in water
* low field NMR



Relaxation Exchange

[Washburn and Callaghan, Phys. Rev. Lett. (2006)]
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.... track oil in hard shell particles...
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Low Field NMR

Down the Borehole
avelin, Vista Clara Inc, Seattle) 300 kHz

Benchtop
RCA, Magritek, NZ 2 MHz
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Field Scale Bioreactor
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Results — monitoring using T, Relaxation
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Summary

 NMR has lots of tricks and tools to aid analysis of
complex fluid in porous media including biofilms in
the subsurface
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