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EXECUTIVE SUMMARY-

Of the many methods of characterizing nettability of a porous medium, the most
commonly used are the Amott test and the USBM test. The Amott test does not

discriminate adequately befxveen systems that give high values of nettability index to
water and are collectively described as very strongly water-wet. The USBM test does
not recognize systems that achieve residual oil saturation by spontaneous imbibition.
For such systems, and for any systems that exhibit significant spontaneous imbibition,
measurements of imbibition rate provide a usefil characterization of nettability.

Methods of interpreting spontaneous imbibition data are reviewed and a new
method of quantifying wettability from rate of imbibition is proposed. Capillary
pressure is the driving force in spontaneous imbibition. The area under an imbibition
curve is closely related to the work of displacement that results
surface free energy. Imbibition rate data can be correlated to allow
interracial tension, viscosities, pore structure, and sample size.
remaining key factor in determining the capillary driving force

fi-om decrease in
for differences in
Wettability, the
and the related

imbibition rate, then largely determines the differences in saturation vs. scaled time
curves. These curves are used to obtain pseudo imbibition capillary pressure curves;

a wettability index based on relative areas under these curves is defined as the relative
pseudo work of imbibition. The method is applied for two crude oil/brine/rock systems.
Comparison of the method with the Amott wettability index is made for different
wettability states given by differences in aging of cores with crude oil. Correlations of
wettability indices with waterflood recoveries are presented.
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INTRODUCTION

Reservoir wettability is recognized to be a critical issue in many types of oil
recovery processes. Recovery of oil by spontaneous imbibition of water into the matrix
blocks of fractured reservoirs is a frequently cited example. Many methods of

characterizing nettability have been proposed. The Amott testl  and USBM test2 are
the most commonly used methods of characterizing wettability of oil/brine/rock
systems. Both depend on capillary pressure and microscopic displacement efficiency.
In application of either test, it is common to first displace water by oil to reach an
initial water saturation, Sti. This step in the test is important because the wettability
index, in addition to core treatment such as aging time and temperature, is strongly
dependent on the value of the initial water saturation.3  The next step is to immerse
the sample in water and measure the oil recovered by spontaneous imbibition. The
corresponding increase in water saturation is ASW~.

In the Amott test, the sample is then subjected to what is known as forced
displacement either by centrifuging, as originally proposed by Arnott,l or by
waterflooding.4 If the increase in water saturation by forced displacement is ASti, the
Amott nettability index to water, IW, is then defined as

Asw=
Iw .

Asw, +lyswf
(1)

If nearly all of the oil recovery occurs by spontaneous imbibition, IW is close to
1.0, and the system is described as very strongly water-wet. Systems are increasingly
less water-wet as IW approaches 0. Similarly, an A.mott oil wettability index, Io, can
be defined by measuring spontaneous imbibition of oil, followed by forced displacement
of water by oil. A continuous wettability scale from -1 to 1, known as the Amott-
Harvey nettability index, 1*, is given by the difference between IW and Io.

In the USBM test,2 after spontaneous imbibition starting at SWi is complete, the
sample is subjected to forced displacement of oil by centrifuging, with the speed
increased by increments. A capillary pressure curve is derived from the centrifuge
data, and the area under the forced imbibition curve, Z~, is determined. The core
sample is then submersed in oil. After spontaneous imbibition of oil is complete, the
centrifuge method is used to measure the drainage curve for displacement of water by
oil. The area under the drainage curve is designated Z of The USBM wettability
number is then defined by the logarithm of the ratio of the areas.

1



(2)

Both the USBM test and the Amott test have serious weakness with respect to
discriminating between systems that fall within certain ranges of wettability.
Relationships between drainage and imbibition displacement curvature and contact
angle, obtained by correlation of experimental results for airlliquid displacements in

5a porous media of low surface energy, are shown in Figure 1. This type of system is
commonly described (relative to obvious cases of heterogeneous wetting such as mixed-
wettabilit#  or fractional wettability7) as having uniform nettability. OE corresponds
to contact angles measured at smooth surfaces and O* to advancing contact angles
measured at roughened surfaces. Drainage curves in the contact angle, 6E, range of
0° to 55° are not significantly affected by wettability, but there is a systematic
decrease in imbibition capillary pressure with increase in contact angle. If trapping
of the nonwetting phase is complete, IW will be unity, because forced displacement is
not expected to reduce the trapped residual nonwetting phase, except at high capillary
numbers. Thus the Amott index does not discriminate between systems that attain
residual non-wetting phase without change in sign of imbibition capillary pressure.
A comparable problem arises with the USBM test. For contact angles ranging from 0°
to 55°, Ztiis zero. Thus, the USBM index does not recognize the existence of the type
of variation in wetting behavior shown in Figure 1.
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Measurement of imbibition capillary pressure curves provides a possible general
approach to characterizing systems that have different degrees of water wetness, but
they are difficult and tedious to make, especially for crude oil/brine/rock systems.
Characterization of nettability by measurement of spontaneous imbibition rates8-11
is a more practical alternative and is the subject of the present work.

caling of Spontaneous Imbibition

The rate of increase of the wetting phase saturation is dependent on the
interracial tension, a, viscosities of the water and oil phases, pW and Po, core geometry
and exterior core surface boundary conditions, and the detailed pore structure and
microscopic boundary conditions that determine nettability. An average microscopic
pore radius can be defined that is proportional to the square root of permeability over

13 Mattax and Kyte14 defined dimensionless12 Based on the work of Rapoport,porosity.
time, tD, as

4 kal
tD = l.8849 x 10-2  t  ———

@ Pw L*c

where t is in minutes, k in md, a in dynes/cm, pW in cp, Lc a
cm, and @is the fractional porosity.

(3)

characteristic length in

recovery vs. tD curve isCorrelation of results by Equation 3 to give a single
restricted to systems that have the same relative permeabilities, scalable capillary
pressure curves, and wettability and viscosity ratio. Increase in contact angle
decreases capillmy imbibition pressure, and there is a corresponding decrease in rate
of spontaneous imbibition. Examples of dependence on imbibition rate due mainly to
differences in wetting5 are presented in Figure 2 and Table 1 for systems that can be
expected, from the results shown in Figure 1, to give an Amott index, IW, of 1.0.

bibition bv Crude 0WE3● rine/Roc k Svstems

A further example of the ambiguity in wetting that can arise for systems with
high Amott index to water is provided by the results for the crude oil/brine/rock

15 shown in Figure 3. For this particular crude oil, designated ST-86, the valuesystems
of IW for several brine compositions (see Table 2) was essentially the same as that
obtained for recovery of refied oil under very strongly water-wet conditions. However,
the spontaneous imbibition behavior (Figure 3) shows that the rate of recovery of crude
oil was much slower than the rate of recovery for two refined oils, one of which had a
viscosity comparable to that of the crude oil.

3
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Table 1. Properties of Liquid/Air/PTFE Systems

Liquid p (Cp, 23° C) a (dyn./cm, e~ 0~*
26° C)

Heptane 0.404 18.9 22° 1°

Decane 0.92(z0°c) 23.4 35° 27°

Dodecane 1.42 24.9 42° 41°

Dioctyl Ether 3.52 27.3 49° 55°

*at roughened surfaces

.
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Figure 3. Imbibition  Curves for Refined Oil/Brine/Rock and Crude
Oil/Brine/Rock Systems that Both Have Very High Amott Indices
to Water (2% CaC12 Brine)

Table 2. Crude Oil/Brine/Rock Systems with High IW
(T,=26°  C, ta=10 days, SWi=25%)

Brine (%) P. cJ w-o

NaC CaCl Oil (Cp) (dynlcm) L WR

1 2 ,

0 2 Refined oil 4.62 29.33 1.0 1.0

0 2 Refined oil 11.05 29.50 1.0 0.90

0 2 ST-86 13.01 24.60 0.97 0.75

4 1 ST-86 13.01 23.80 0.96 0.79

6 1 ST-86 13.01 24.59 0.96 0.79

2 1 ST-86 13.01 24.28 0.97 0.78

4 0.5 ST-86 13.01 23.78 0.94 0.78
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Reservoir core samples are generally believed to have mixed wettability, which
is strongly related to the distribution of connate water within a core.6 Freshly
recovered cores are commonly observed to expel oil by spontaneous imbibition when
immersed in brine. Copious production of oil is regarded as evidence that the reservoir
is very strongly water-wet with contact angles close to zero. However, wetting
conditions under which crude oilh-inehock  systems exhibit spontaneous imbibition of
water are not well understood. Systems that exhibit contact angles higher than 90°

to brine at smooth mineral surfaces are often capable of imbibing water, even if
sometimes very slowly. These observations suggest that measurement of spontaneous
imbibition rates of water for crude oil/brine/rock systems is a more widely applicable
method of measuring wettability than is indicated by results for uniformly wetted
systems. (From the results shown in Figure 1, spontaneous imbibition is limited to
systems with equilibrium contact angles of less than about 62° ).

Measurement of rates of spontaneous imbibition of oil also offer a method of
quantifying the wettability of oil-wet systems, Obviously, neither imbibition rate
method nor the Amott test can discriminate between systems that do not imbibe either
oil or water in significant quantity.  For such cases the USBM test is probably the best.
The present work is focussed on characterization of systems that spontaneously imbibe
water.

THEORY

Imbibition Rate and Time

From the results of laboratory imbibition experiments reported by Mattax and

Kyte, 14 Bokserman et al. 16 presented the following relationship between imbibition
rate, q(t), and imbibition time, t. 17

‘(’)=$
The imbibition recovery, Rim(t)> can then be derived as

(4)

1
t

Rim(t)  =
iVp(l-swi)  ~
q(thit=g+

p 01

(5)

6



where C is a constant, SWi and SOi are initial water and initial oil saturation
respectively, and Vp is pore volume.

The results reported by Mattax and Kyte14 were for open-surface sandstone
cylinders and for alundum cylinders with only the bottom face open. For the alundum
samples, the imbibition was therefore countercurrent and linear, The water viscosity
was 0.9 cp and the oil viscosity was 8.5 cp for most of the tests. The viscosity ratio of
about 9.4 was held constant when liquids of higher viscosity were tested (aqueous
phase 12.9 cp and oil phase 121 cp). Relationships similar to Equation 4 have been
derived for capillary pressure-dominated countercurrent imbibition by combining
Darcy’s law and the material balance equation. 9,18,19 Schechter and Zhou18 fitted the

model with imbibition data measured for low permeability chalks reported by Cuiec,
et al 20 Reis and Cillg tested the model against the measurements reported by Mattax.

14 In all cases, a satisfactory fit was obtained between the model and theand Kyte.
data.

Blai# simulated radial countercurrent imbibition by assuming that two ends
of a cylindrical core sample (permeability of 200 md and porosity of 32.1%) were
impermeable. The initial water saturation was 9.2Y0, oil viscosity was 5 cp, and water
viscosity was 1 cp. Blair found that the simulated imbibition recovery, Ri~> was
linearly proportional to imbibition time on a log-log scale with a slope of 0.38; thus the

exponent oft was 0.62 rather than 0.5 in Equation 4.

Bourbiaux and Kalaydjian22 made imbibition measurements in which a refined
oil, Soltrol 130, with a viscosity of 1.5 cp was displaced by a barium chloride brine with
a viscosity of 1.2 cp. The results showed that Equation 4 was valid for up to 80% oil
recove~  by concurrent imbibition except that the exponent oft was 0.45 rather than
0.5. For countercurrent imbibition, they found that the model
hours of the test and also reported that Kisilenko and Ryzhik23
which were fitted by Equation 4.

scudo Imbibition CaDillaN Pressure

held during the first
had obtained results

Imbibition rate is proportional to imbibition capillary pressure, PC, which is

dependent on saturation. Examples of linear imbibition have been reported for which
the main change in saturation occurs at a well-defined front.22’24 Thus PC and relative
permeabilities to water and oil ahead of and behind the imbibition front are roughly

7
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constant. However, if a cylindrical core plug is immersed in wetting phase, as in

common practice, the imbibition process will be far from linear. Water will invade the
core by spontaneous imbibition from all directions. The manner in which the water
saturation increases may range from ilontal  to global. Once an imbibition  front
reaches the center of the core sample, the imbibition capillary pressure will then

decrease globally as the wetting phase saturation increases. Theoretical solutions for
nonlinear imbibition are not available. Considering Darcy’s law and the model
expressed by Equation 4 for rate of imbibition, the following relationship defines a

CJtdpseudo capillary pressure, P )

P.,Jt D) =5
D

(6)

where a and b are constants. This pseudo capillaq pressure, which is dimensionless,

depends on the effect of nettability on both capillary pressure and the mobilities of the
wetting and nonwetting phases. A plot of water saturation vs. P.,p.(t~ will be referred
to as the Pc ~~ curve.)

Pseudo Work of Imbibition

It can be shown that the area under an imbibition capillary pressure curve
corresponds to work done by the system. This work is closely related to, but less than,

25 The change in surface free energy thattthe decrease in surface energy of the system.
accompanies spontaneous imbibition would provide a useful global measure of

nettability, but there is no convenient method of measurement. An alternative
measure of wettability, the area under the P C ~~ curve, W, can be obtained directly from?
measurements of spontaneous imbibition. Although W is based on a pseudo pressure
and does not have a thermodynamic basis, by analogy with the area under a capillary
pressure vs. displacement curve, the quantity W will be referred to as pseudo work of
imbibition

l-sor,  im l-sO=,  im

/ J
dSw

w. P~,p~dSw=a    —
S“i Swi

tDb

where So~ i~ is the residual oil saturation

pressure f~ls  to zero and imbibition ceases.
6), W is dimensionless.

(7)

remaining in the core after the capillary
Because P C ~~ is dimensionless (Equation9

8
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Strongly water-wet systems will usually have the maximum value of W, W~WW,

and w~ww can be used tQ normalize results for other systems. If W~WW is taken as the

normalization base, then the relative pseudo work of imbibition is defined as,
I-sor,  i=

r dsw
l—

~ ~b

WR=L= s vi D

w n1 -sO=,  inSw

J
dsw

s tDb
vi SW

The index of wettability provided by WR for

imbibition of water will usually range fkom 0 to 1.

(8)

systems that exhibit spontaneous

Use of WR to discriminate between

strongly wetted systems is illustrated by the values included in Table 2 and Figure 3.

An analogous form of wettability index can also be defined for systems that imbibe oil.

The index reflects both amount and rate of oil production with emphasis on early time

recovery.

EXPERIMENTAL MEASUREMENTS

Twenty-one Berea core plugs were cut with diameters of about 3.8 cm and

lengths in the range 6.2-7.2 cm. A refined mineral oil, Soltrol 220 (density 0.7877 g/cc

and viscosity 3.35 cp), was used to obtain results for a strongly water-wet system. The
cores were in two groups. Group 1 consisted of thirteen samples for which spontaneous

imbibition curves, Amott wettability indices to water, and waterflood recovery curves
were obtained.

measurements

rou~

Group 2 consisted of eight samples for

were made.

Porosities of the core samples in Group 1 were

permeabilities were in the range of 300-350 md.

which spontaneous imbibition

about 22% and absolute brine
A dead anaerobic crude oil,

designated Alaskan’93 was used as the oil phase. Light ends were removed from the
crude oil by evacuation for about two hours in order to minimize the possible formation

of gas bubbles during the course of an experiment. The crude oil so treated had a

density of 0.895 g/cc and a viscosity of 39.25 cp at 25° C. A synthetic formation brine
with density of 1.012 g/cc and viscosity of 0.967 cp was prepared. The brine

9



  
composition  was 21.3 g/l NaCl, 0.6 g/l CaCl2 . 6H2O, 0.1 g/l KCl, and 0.2 g/l

MgCl2 . 6H2O. The interracial tension between the brine and the crude oil was 24.2
dynes/cm measured by du Nouy ring tensiometer. The interracial tension between

Soltrol 220 mineral oil and the brine was 30 dynes/cm.

Core samples were first saturated with brine and allowed to equilibrate for 10

days. The brine was then displaced by 3 to 5 PV of oil at 25 to 30 psi pressure drop,

as required to give initial water saturations close to 25%. The direction of oil flow was

reversed to alleviate end effects. Next, the core samples were aged at reservoir

temperature (88° C) for times ranging from one to 240 hours. After aging, the core was

flushed with fkesh crude oil before measuring rates of spontaneous imbibition. Oil

recovery by imbibition was determined born the change in weight of the core

suspended under water. Expelled oil that remained attached to the core sample was

removed with the aid of a PTFE (Teflon) rod prior to recording the core weight. The

imbibition test was run for at least four days, after which time oil production had

essentially ceased for most of the samples. The samples were then waterflooded to

determine the fraction of oil recovered by forced displacement. Finally, the samples

were restored to SWi by oil flooding and then waterflooded at 5 psi injection pressure

(flow rates were about 0.2 cc/s). Oil recovery vs. pore volumes of water injected was

recorded.

The eight samples that comprised Group 2 were saturated with 2% CaC12 brine.

Pore volume and porosity were determined gravimetrically. Core permeabilities to

brine were all close to 500 md. The density of the brine was 1.01 g/cc and the viscosity

was 0.9964 cp. Lagrave crude oil (density of 0.835 g/cc and viscosity of 7.35 cp) was

used tn induce core nettability change. The interracial tension between the brine and

crude oil was 23.1 dynes/cm. Initial water saturation, typically about 25%, was

obtained by gas/water drainage of the sample on a porous plate. The core was then

filled with crude oil and the initial water saturation was remeasured gravimetrically.

The sample was then aged under crude oil at 80° C for periods ranging from six hours
.

to six weeks. After aging, the sample was removed from the oven and allowed to cool.

Measurements of oil recovery by imbibition vs. time were made as described for Group

1 cores.

10



         

               RESULTS AND DISCUSSION   

Relationships between oil recovery and time for Alaskan’93 and Lagrave crude

oil are shown in Figures 4a and 4b respectively. There is a consistent decrease in

imbibition  rate with increase in aging time for both sets of data. Thus, variation of

aging time provides a method of changing nettability systematically while keeping

other rock and fluid properties constant (conditions at which imbibition curves are

independent of further aging were not identified for either oil). Plots of recovery by

imbibition vs. dimensionless time, tD, defined by Equation 5, are presented in Figures

5a and 5b for the two oils respectively. The main difference between Figure 4 and

Figure 5 is that the effect of a on the imbibition rates was compensated. The crude oil

viscosity was an order of magnitude higher than that of the Soltrol 220. The effect of

viscosity of refined oils on spontaneous imbibition is indicated by the results shown in

Figure 3. It seems likely that the correlation of imbibition data could be improved to

give an acceptable universal base curve for strongly water-wet conditions. This would

be particularly usefil for application of the method to cores that are difficult to clean.

Determination of Constants a and b

To determine a relationship between pseudo imbibition capillary pressure and

imbibition time from Equation 6, the constants a and b must be determined. In the

earlier discussion of relationships between imbibition rate and time, various estimates

of b were obtained: 0.45 by Bourbiaux and Kalaydjian22 determined by experiment; 0.5

fi+om theory by Gatenby and Marsdeng, Schechter and Zhou18 and Reis and Ci119; and

0.62 by Blai# determined fi+om simulation. The value of b=0.5, which falls about mid-

way in the range of previous estimates, gave the best correlation between WR and

aging time.
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.,  mm Fcps is proporhon~iiie constit a @@ation 6), the rel~t%% %ork, WR, ‘
is independent’of a (Equation 8). In determining the pseudo capillary pressure curves
shown in Figures 6a and 6b by application of Equation 6, a value of 1 was assigned to

the constant, a.

Curves shown in Figures 6a and 6b were integrated, and the areas were

normalized with respect to the results for a strongly water-wet system. The
normalized work of imbibition was plotted against aging time for the two data sets

given by the Alaskan’93 and Lagrave crude oils (see Figure 7). For both oils, the

relative pseudo work of imbibition, WR, decreases approximately logarithmically as

aging time increases. For each oil, there was a well defined trend apart from one data

point in each data set. In each case, departure from the overall trend appears to be

caused mainly by the sensitivity of relative pseudo work, WR, to early time recovery

behavior.

omnarisen Between ~~ and IW

Figure 8 shows the two measures of nettability, relative pseudo work of

imbibition, WR, and Amott nettability index to water, J&, plotted against aging time
for Alaskan’93  crude oil. All the systems with aging times of 12 hours or less gave

Amott nettability indices to water higher than 0.8. Systems with Amott indices in this

range are usually classed as very strongly water-wet. In contrast, the relative pseudo

work of imbibition, WR, for systems aged for 12 hours or less, ranged from about 0.35

to 0.9 because of the differences in imbibition rate that arise because of nettability

differences. Thus, in differentiating between nettability states in this range of water

wetness, the use of WR has a distinct advantage.

covery  Efflciencv and Wettabilitv

The

imbibition
with aging

relationship between recovery of Alaskan’93 crude oil by spontaneous

and aging time is shown in Figure 9. Imbibition recovery first increases
time but then decreases. (The low recovery shown for two hours’ aging time

does not fit the overall trend, possibly because insufficient time was allowed for
imbibition. ) The maximum in imbibition recove~ is at WR =0.5 (from Figures 8 and
9). Watdlood recoveries, ~, are also included in Figure 9 and are shown to increase

with aging time.
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For one, four, six, and 12 hours’ aging, oil recovery by spontaneous imbibition
is about equal to or exceeds the waterflood recovery obtained for strongly water-wet
conditions. These results indicate that microscopic displacement efficiency increases
as the system becomes less water-wet. Microscopic displacement efficiency for both
spontaneous imbibition and waterflooding is governed by complex capillary
phenomena related to stability of capillary structures and motion of three phase

(oi~rindsolid) lines of contact. In very strongly water-wet systems, trapping of oil is
dominated by snap-off. The results shown in Figure 9 imply that snap-off is inhibited
as the systems become less strongly water-wet. Observations on the effect of contact
angle on snap-off in model pores26 are consistent with this conclusion.

Oil recovery by spontaneous imbibition depends on the combined effect of
wettability on microscopic displacement efficiency and capillary pressure. The
maximum recovery by spontaneous imbibition, given by four hours’ aging time (see
Figure 9), is only slightly less than the corresponding recovery obtained by
waterflooding. Above four hours’ aging time, the waterflood
diverge markedly.

The decrease in oil recovery by imbibition for aging

and imbibition recoveries

times above four hours is
mainly governed by the water saturation at which the imbibition capillary pressure
falls to zero. As aging time is increased, cessation of imbibition occurs at increasingly

17



lower water saturations. Although imbibition recoveries decrease with aging time,
waterflood recoveries show a remarkable increase (Figure 9). This implies that
microscopic displacement efficiency increases as the system becomes less water-wet.

The relationship between waterflood recovery and spontaneous imbibition
behavior is largely consistent with results reported previously by Morrow et al.,27
Jadhunandan and Morrow,3  and Villard et al.28 for other crude oils. Maximum
waterflood recoveries were obtained at close to very weak water-wet conditions.3

Waterflood recove~,  ~, is plotted against Arnott nettability index to water, ~,
in Figure 10a and against relative pseudo work of imbibition, WR , in Figure 10b. For
systems with high ~, relative pseudo work of imbibition gives a distinctly better
correlation with waterflood recovery than Amott wettability index to water. From
Figure 10b, it can be seen that waterflood recoveries increase systematically with
decrease in relative pseudo work of imbibition, a measure of wettability that is strongly
related to the rate of spontaneous imbibition.

CONCLUSIONS
Results of the present study support the following conclusions.

1. Relative pseudo work of spontaneous imbibition can be used to characterize
wettability in a way that reflects both rate and amount of oil production with
emphasis on early time recovery. The method is especially useful for

discrimination between systems that exhibit high Amott indices.

2. Increases in aging time provided systematic change in wettability, with other
core and fluid properties held essentially constant. Correlation between relative

pseudo work of imbibition, WR, and aging time showed separate trends for the
two crude oilhinehock systems that were investigated. Relationships between
aging time and WR  were approximately logarithmic.

3. Oil recovery by spontaneous imbibition was maximum at W~=O.5 (IW>0.8).

4. Direct comparison of waterflood recoveries with imbibition rates (quantified as
pseudo work of spontaneous imbibition) shows that oil recovery by waterflooding
increases as the rate of water imbibition decreases.
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;

c
I
k
L
‘USBM
P
q
R
s
t
T
V
d’

Greek

A
0
P
z

:

NOMENCLATURE

constant relating Pc,ps   with  tD

e x p o n e n t  o f  t~ ‘
constant relating imbibition rate with time
Amott wettability index
permeability
length or characteristic length of core samples
USBM wettability number
pressure
imbibition rate
oil (or nonwetting phase) recovery, % original oil in place
saturation
time
temperature
pore volume
pseudo work of imbibition

difference
contact angle
viscosity
area under capillary pressure curves
interracial tension, IFT
porosity

Subscripts

aging
: advancing
AH Amott-Harvey
c capillary or characteristic
d dynamic
D dimensionless
E equilibrium
f flooding
i initial
im imbibition
o oil
or residual oil
ps pseudo
R relative
s spontaneous
sww strongly water wet
w water
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DISCUUMER

Mention of specific brand names or models of equipment is for information
only and does not imply endorsement of any particular brand.
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