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Abstract: Agarose gels can be used as reference standards for the measurement of fluid properties in porous media because the relaxation
properties of the gel reference standard and those of the fluid in porous media can be closely matched. The use of reference standard to determine
porosity and saturation is discussed and the requirements for gel NMR properties given. The relaxtion times of agarose gels measured at 2.0 Tesla
are illustrated as a function of agarose and paramagnetic impurity (CuSOs) concentrations. This work shows an empirical result between agarose
gel composition and gel relaxtion times. The average value for the porosity distribution is 17.7%, which compares well with the value calculated
with the gravimetric analysis. Finally, two phase immiscible displacement using agarose gels as a reference standard was performed. The saturation
profiles appear to be consistent with what one might calculate for a one-dimensional displacement in a uniform porous media
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Figure 1. Error due to mismatch in transverse relaxation times.
Line types represent percent difference in sample and reference
relaxation times.
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Figure 2. Error due to mismatch in spin-lattice relaxation
times. Line types represent percent difference in sample and
reference relaxation times.
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Figure 3. Longitudinal relaxation in agarose samples
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Figure 4. Transverse relaxation in agarose samples.

4. Zot gl nF

Agarose gel2 R=#E IAZ 90% oo AAE Tasin)
Gel& 79 #43 E}%*é Fo)x, 1 geld) AL & 5 glo
22 'Hd9 % 52 AT 4 ot A¥-ZAW(spin-lattice) &

AZHE OE]Z])‘]7]7] A3, agarose gel®] 12 AY z24& 4 9
. Bulk 39 713 geld) 712 2437 94 H0/CuS0; &%
= AL, geldl TE agarosed ¥Xz  zAsAT
Figure 3% 4% agarose $59 CuSO: 559 8424 agarose
gel sampleE9] Th, T YJATEL RojET) o] Anzig &
AL EA AHEE agarose gelE TF: 2A9 Hats CuSO4
%} gl =7 2R Y3, A=Y geld] Ty, T» <43 A7t

st A sample®] Ty, T $3pAZHS Hlw A9 ¥ 4
&3t S5 datart Bol Bkl Qw1 o)
v HAelA of7]l8 ez AyzEg MY AR ¥
e AY Ao 2 Y gele Az oput o),

n9Lnl
2

L

o
s

[1,2]
[¢’]

3
W = o
mo M = o 1

HN

o

k:,

J. of Korean Ind. & Eng. Chemistry, Vol. 10, No. 1, 1999



164 bal
0.14
—— Stort of Imbibition
oa2d =~ tmbibition Time = 2100 sec
T ] --- imbibition Teme = 4920 sec
—-~ Imbibition Time = 6300 sec
0.10-1 — - imbidition Time = 9180 sec
.__>_~ ----- Sleady Stote
-
S 0.00
E
E. 0.06
[
0.04 4
flow direction ——>
0.02 4 e .
e T T e,
L e TR «
0.00 T T u T

A T ¥ T Al L! L} L]
100 120 140 160 180 200 220 240
Length (pixels)

20 4 60 B0

Figure 5. Profile images of primary imbibition.
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Figure 6. Porosity profile for Indiana limestone.
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Figure 7. Oil saturation profiles for a limestone core. Profiles
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the start of imbibition; b) start of imbibition; c¢) 2100 s; d) 4920
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A amplifier gain

G gradient strength

g ' correction factor

h  Planck constant
Hp © static magnetic field strength
I observed signal intensity or spin quantum number
Iy  intrinsic signal intensity

K inhomogeneity factor

* Boltzmann constant

k © constant of proportionality

M : atomic mass

My : magnetization per unit volume
My @ transverse magnetization

Na © Avogadro constant

N 5 total number of hydrogen nuclei in reference

N g total number of hydrogen nuclei in fluid sample
» 5 number density of hydrogen nuclei in reference
n 3 - number density of hydrogen nuclei in fluid sample
@ ¢ quality factor of coil

g © number of 'H nuclei per fluid molecule

S ¢ saturation

t . time

T . temperature

T, spin-lattice(longitudinal) relaxation time constant
T, ° spin-spin(transverse) relaxation time constant
5 average T,

L average T,

TE : echo time

TR : pulse sequence repetition time

V. volume

Vs sample volume

Y4yl Agarose ¥F FEL AMLH

#4 2829 AR 165

x,y,2° cartesian coordinates

LIS

r ! reference phantom
s ¢ sample flud

az2|A 8K}
¢ tip angle
y © proton gyromagnetic ratio
4, @ T difference
4, o T difference
7 coi filling factor
#,  permeability of free space
© ° mass density
@ . porosity
o, o frequency
wy * Larmor frequency
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