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1) Motivation: Estimating Pore-Scale Properties 3) Experiments: Extent and Effect of Pore Coupling = 4) Results and Conclusions

Proton nuclear magnetic resonance (NMR) relaxation measurements are utilized in geophysical applications to

estimate pore-scale properties key to predicting the flow of water and transport of contaminants in the subsurface. , L , o , coarse-g rained fine—g rained
The NMR method probes the time required for hydrogen nuclei in water to relax to equilibrium through diffusion pore coupling significant pore coupling effects limited by varying ... %hematite ~ d=125-250 um d=37-52um  9hematite
and interactions with the pore environment. Conventional interpretation of NMR relaxation data utilizes a model of 70%3 R - We first consider results for the coarse-grain samples and note [———————— 0%
isolated pores in which each proton samples only one pore, and the distribution of relaxation times is taken to 00 size of the spacing between ﬁ; L 0.0% ﬂ | that the T -distributions for pure quartz and pure hematite do not '
represent an underlying distribution of pore environments. However, this simple model commonly breaks down diffusion cell dissimilar pores ;ﬁ‘%ﬁ | ' | 1 overlap. Thus when pore coupling is weak, we expect to observe
for heterogeneous materials in which diffusing protons sample multiple pore types before relaxing, introducing so- 44 i | “ | distinct distributions representing the two grain fractions. We find
called “pore coupling” effects. In this laboratory study, we explore the NMR response of heterogeneous porous h, R that for concentrations up to 5%, the long-T,, peak (quartz) remains
media and directly investigate the effects of pore coupling on the interpretation of NMR measurements. '5 stationary and the portion of the signal relaxing at short T,
1.7% (hematite) consistently represents approximately 2 times the true
hematite concentration. At 10% hematite, we observe the majority
. _ of long-T, signal shift to intermediate times and attribute this effect
2) BaCkg rO U n d: N M R RElaxath ﬂ Th EO ry - to pore coupling. At higher concentrations, the peaks eventually
2 6% merge and no longer reflect the relative mineral concentration.
The NMR Measurement The NMR Signal T, Relaxation in a Single Pore For the fine-grained samples, we note similar results with the
o transition to strong pore coupling occurring at ~5-10% hematite.
protonsin static  pulsed by rf. relaxation L _ I ‘5/ _ This observation is contrary to our hypothesis that decreasing the
magnetic field  magnetic field  to equilibrium M) =M e " T, T, - P V “previc;us work & 50, grain diameter will res.ult in enha.nce.d pore coupling. We recogn.ize,
180 180 | 1Bg E l”,”,!,!,!,!,W,”W,"_ T ik fluid T A however,that decreasing the grain size IO\./vers.the surface relaxation
QAﬁa)o | <E} = 21 LI RUIA 5 time and thus decreases the size of the diffusion cell. Therefore, we
6}2%5 \\\\\\\\ P surface relaxivity Theoretically, the extent to which pore coupling will occur depends on two critical length scales: the diffusion length - conclude that it is primarily the relative concentration of the two
/\ /\ Time Grain LV sUrface-area-to- and the spacing between dissimilar pores. When the diffusion length is greater than the spacing length, pore coupling — mineralogies which determines the extent of pore coupling.
v volume ratio will dominate because the majority of protons sample multiple pore environments before relaxing. On the other hand, 11.7%
when the diffusion length is the shortest scale, most protons sample only one pore type, and coupling effects will be
In a single pore, the relaxation time T, reflects the rate at which protons relax to equilibrium through interactions limited. Thus, factors affecting either of these length scales must be carefully considered when interpreting NMR data. ‘
with the pore-scale environment. This rate depends primarily on the surface-area-to-volume ratio S/V of the pore 10% i coarse-grained fine-grained
(i.e. pore size) and the surface relaxivity p of the grain surface (concentration of paramagnetic species). A previous laboratory study by Grunewald and Knight [2007] analyzed systems in which the degree of coupling varied i 0 - 20 -
. - . o as a function of the diffusion length. When paramagnetic Fe (lll) was sorbed to the surfaces of silica gels, the average g%i | 200 |
For a geologic material with multiple pores, it is commonly assumed that each pore surface relaxation time decreased, hence limiting the distance over which protons could diffuse before relaxing. In this aand | el
, contributes in isolation to the NMR relaxation decay. Thus, the measured relaxation complementary study, we explore systems in which the spacing between dissimilar pore types is directly varied and | |
Simple Model of data are inverted to obtain a distribution of relaxation times, which is taken to represent evaluate the extent and effect of pore coupling for this range of samples. 20% 100
|solated Pores an underlying distribution of pores types (with different p or S/V). % 49 50 50 |
i 0 - - - - 0 - - - -
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¥ Experlmental DeSIQn concentration grain size ]
| Z A.e_t/Tz,i (\ - varied varied 95 7% Finally, we investigate the trend between the volume fraction of
B g = As it is difficult to control the geometry of 4 | i | hematite (average p) and the mean-log T, for each sample. We find
+ — g : —_ = samples with a l?lmod§I pore size€, we mstgad | ‘ .| that this trend differs depending on whether we are in a regime of
& Time c study systems with a bimodal mineralogy (i.e,, . strong or weak coupling. This result suggests that even averaged
A e_t/T%Z G_l = : bimodgl P). Such materials are frequer)tl}/ | R estimates of pore properties can be substantially influenced by pore | g
\_? found in nature and should generally exhibit - 100% i | coupling,and that this process cannot be neglected. - 100%
T, Relaxa(t)iron Time an analogous NMR response. _ é ag_ | AN | i
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3) Problem: What Happens When Protons : o| ¢ s e
° = : ol I ginxaniiingay of 2 : : : : L. :
) ) %b T 1) g T ik wili 1 i ﬁ;%g qﬁ% | We are currently conducting numerical simulations of NMB relaxation in analggous §ystems in order to exte.ngl and
Sa m ple M U Itl ple PO e EnVI ron ments? *g o K 3 D S i z’{w*&yf‘%:i o = generalize resylts .from our laboratory measurements. U.smg r.andom—walk smulatlons we are z.;\ble to efﬁuently
. S = 3 5|3 é«tir%?ﬁiﬁ*r > = model relaxatlo.n in heterogeneous systems and directly investigate the evo!utlon of relaxatlon in both t|m§ an.d
Pore Coupling The isolated pore model requires that each Samples were created. by mixing IoVy-p = § ORI = Ii‘;w 'f T o space. By combining laboratory and numerical results, we hope to develop a widely applicable model of relaxation in
oroton sample only one pore type during the quartz anc! high-p hema.ltl.te sands at varied % 5 Akt Uil s A | unconsolidated heterogeneous media to improve the interpretation of NMR data in near-surface applications.
NMR experiment. Yet during relaxation, a water concentrat!ons. We antlc.lpat.ed that as the & % % %
molecule will diffuse over a finite volume defined conc.entratlon of hema.tlte |n.creased, the = % 5 %
by the diffusion length. For materials with well- spacing between hemajute grains would be 5 o
reduced and pore coupling effects would de- e

connected pores, a proton may thus sample
multiple pore environments before relaxing.
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velop. We further hypothesized that reducing
the average grain size would decrease this
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