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NMR CHARACTERIZATION OF HYDROCARBON GAS IN POROUS MEDIA
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Laboratory investigations of nuclear magnetic resonance (NMR) relaxation properties of methane gas in bulk
and in porous media are reported. Measurements were performed for methane alone and together with water in
glass bead packs and Bentheimer sandstone. Results indicate that surface relaxation effects can be significant and
that diffusion effects dominate observedT, relaxation. © 1998 Elsevier Science Inc.

Keywords:Hydrocarbon gas; NMR relaxation; Porous media.

INTRODUCTION age relaxation times for fluids in porous media were

The relatively dense hydrocarbon gasses in undergroundcalcmated from the estimated relaxation distributidns.

reservoirs can contribute significantly to the signals de- NMR RELAXATION AND DIFFUSION

tected by nuclear magnetic resonance (NMR) logging
tools. Discrimination of the hydrocarbon gas is important PROPERTIES OF METHANE GAS

for accurate determination of hydrocarbon reserves. Sev-Properties of Bulk Methane

eral methods? have been proposed to discriminate var- ~ NMR relaxation properties of bulk methane have been
ious fluids in reservoirs based on anticipated differences reported for a range of temperatures and pressurs.

in relaxation and diffusion properties. However, little is is known thafT, relaxation of bulk methane is dominated
actually known about NMR properties of gas in porous by the spin-rotation mechanistrand thus is sensitive to
media. Here we report a laboratory investigation of NMR the pressure and temperature.

relaxation properties of methane gas, the major compo- 11 measurements of bulk methane at various pres-

nent of hydrocarbon gas in underground reservoirs. sures were conducted to provide a basis for investigating
the relaxation properties in porous media. Figure 1 sum-
EXPERIMENTAL METHODS marizes ourT, measurements of bulk methane along

with measurements from the literature. The results re-
ported from the various investigations appear to be con-
sistent; variations among them are to be expected due to
differences in the temperatures.

The experiments were conducted on a GE 2T OMEGA
CSI operating at 85 MHz. Bentheimer sandstone and two
different sized glass beads (B. Braun Melsungen AG,
Melsungen, Germany) of nominal diameter 0.1 mm
(0.10-0.112 mm) and 0.5 mm (0.45-0.50 mm), were
used as the porous media. A cylindrical gas cell made of
PEEK (Ensinger Special Polymers, Houston, TX, USA)
was used, with a sample size 0.8 cm in diameter and
8-10 cm in length. Experiments were conducted at 295
K. Proton spin-lattice relaxation timdg were measured
using the conventional inversion recovery method, and
transverse relaxation timeg, were obtained from the
Carr—Purcell-Meiboom-Gill (CPMG) sequence. Aver- T, Properties.Under the fast-exchange approxima-

Properties of Methane in Porous Media

Porous media has a profound effect on the relaxation
properties of some saturating fluids, such as water. The
degree to which surface relaxation may contribute to the
relaxation of hydrocarbon gasses has not been estab-
lished. Here, we investigat&, and T, relaxation of
methane in porous media.

Address correspondence to Dr. A.T. Watson, Department of tion, TX 77843-3122. E-mail: atw@tamu.edu
Chemical Engineering, Texas A&M University, College Sta-

545



546 Magnetic Resonance Imagifgvolume 16, Numbers 5/6, 1998

TAMU (99%,295K,85MHz) ~— Bulk Methane ——

7 _ Straley (99%,303K,2.2MH23 - ] Methane in 0.1 mm beads ——-
Gerritsma (99.9%,285K,28.8MHz) -a-- 5} Methane and D20 in 0.1 mm beads -o- 4
Gerritsma (99.9%,307K,28.8MHz) —— Methane and water in 0.1 mm beads —*—

Methane in Bentheimer -+---1

T1 (s)
T1 (s)

0 L \ s . A . 0 . A N .
500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000
Pressure (psia) Pressure (psia)

Fig. 1. Measurements @f; vs. pressure for bulk methane by Fig. 2. Comparison off; values of bulk methane t@, of
various groups are shown. The quantities in the parentheses aranethane in porous media with water and@®

the purity of methane gas, temperature and the NMR fre-

qguency, respectively.

surface effects may not be important in reservoirs which
contain liquid with the gas. If the spin-lattice relaxation of
methane in the presence of water occurs via dipole-dipole
exchange between gas molecules and water molecules, we
should be able to see the difference¥jvalues when DO
1_1.rS (1) is substituted for water. As can be seen from Fig. 2, there is
To Ty V° no significant difference in these tWig values. From these
results, we conclude that there is no significant contribution
to T, relaxation of methane from the dipole-dipole ex-
change between methane and water molecules.

tion, the spin-lattice relaxation rate for an isolated pore
can be written as:

where the subscript refers to bulk conditionsp is the
surface relaxivity, an@/V is the surface-to-volume ratio
of the pore. The degree to which surface effects contrib-
ute to relaxation is important. If surface effects are not T, Properties. T is of particular interest for well
significant, the relaxation of methane in porous media is 1099ing because the CPMG sequence is normally used.
determined simply by the bulk properties. On the other The response of fluids in porous media can be compli-
hand, the contribution of surface relaxation will depend cated by the effects of diffusion within local magnetic
on the material with which the gas interfaces. field gradients. A measure of this effect is provided by

We investigated the role of surface relaxation by the diffusion contribution, 0,4, for unrestricted diffu-
comparing the averag€, of methane at various pres- Sion in a magnetic field gradie, which is given by:
sures for the following five cases: 1) bulk methane; 2)

methane in 0.1-mm bead pack; 3) methane and water in 1 yGDr 9
0.1-mm bead pack; 4) methane anglin 0.1-mm bead To 3 2)
pack; and 5) methane in Bentheimer sandstone. Our

results are summarized in Fig. 2. wherevy is the gyromagnetic ratid) is the diffusion coef-

The results indicate that surface relaxation can be ficient andris half the echo spacing. Gasses typically have
important. The average relaxation for methane in bead significantly larger diffusion coefficients than liquids, and
packs and in Bentheimer sandstone is faster than that forthe values are more sensitive to pressure. At constant tem-
bulk methane. The relaxation of methane in the sand- perature, the diffusion coefficient of methane has been
stone is considerably faster than in the glass beads, whichfound to be inversely proportional to the density up to the
is consistent with the sandstone having the greater sur-critical density’ Also, the magnetic field gradients are ex-
face relaxivity. These results indicate that surface effects pected to be different due to differences of magnetic
can be important when the gas is in contact with sedi- susceptibilities. Consequently, significantly differant
mentary rocks. behavior may be encountered for gas compared to liquid.

When liquids are present with gas in the porous media, = We investigated the pressure dependencel pof
the liquids are expected to wet the surface of the media. methane in 0.1- and 0.5-mm bead packs as a function of
Consequently, the gas interface will be with the liquid, and echo spacing. Average valuesofwere determined and
not the porous media. The average relaxation for methaneare plotted in Fig. 3T, relaxation is seen to be quite
when the bead pack also contains water is not significantly sensitive to pressure. The initial slopes oT 1#s. (2r)?
different from that of the bulk. This would indicate that are proportional to the diffusivityD. That slope is in-
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Fig. 3. 1IT, vs. (20)? in different bead packs. Fig. 4. T, distributions of methane and water in 0.1-mm bead

pack at 3100 psia as a function of echo spacing.

versely proportional to pressure, consistent with the de- i the porous media, but appears to be insignificant
pendence of gas bulk diffusion coefficiefits. when water is present. The observiedtelaxation is very

_ Another important observation from Fig. 3 is that  gensitive to echo spacing, which indicates a dominating
linearity is observed only up to very small values of echo ifrusion effect. The behavior of T, was found to

spacing. The effect of restricted diffusion is apparent in efject the change in the diffusion coefficient with pres-
these results, and it becomes more significant as thegre a5 well as the change in internal field gradient with
pressure decreases. grain size. However, the effect of diffusion cannot be

Comparing the average relaxations for the wo bead y4equately represented by the expression for unrestricted
packs at 3000 psia, we see that the contribution of it ,sion in a constant field gradient.

diffusion effects to relaxation is greater for the 0.1-mm
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