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Equation of State Applieation to Predict MMC and MMP for Raguba
Oil Field, Libya
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Abstract [In this investigation, Peng-Robinson equa-
tion of state (EOS) modelling for two recombined
reservoir oil samples is represented using the Computer
Modelling Group (CMG PROP) software. EOS char-
acterizations for these oils were developed to predict
optimum solvent compositions-minimum miscibility
composition (MMC ) for LPG-Dry Gas mixtures, and
minimum miscibility pressure (MMP) for CO, in
miscible flooding. EOS parameters were tuned to match
the experimental PVT data besides viscosity data for
both oils. Accordingly, phase diagrams, pseudoternary
diagrams and pressure-composition diagrams for both
oils in contact with several LPG-Dry Gas compositions
andfor CO were generated at reservoir temperature of
206 °F.

It was found that the main mechanism of oil recovery
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is a condensing drive for both oils at minimum miscibil-
ity composition. Miscibility of these oils with CO; was
achieved at a pressure considerably high. These found-
ings were used to help design slim tube experiments as
well as swelling experiments.

INTRODUCTION

Study of miscibility of different solvents and gases
with reservoir oil is one of the most important pro-
cesses to enhance oil recovery. Literatures on theor-
etical studies,!"?3*-> experimental laboratory investi-
gations® 7% and field applications'®'! of miscibility
are available. Miscibility is achieved at certain condi-
tions of pressure and temperature depending on the
composition of both the reservoir oil and the injected
gases or solvents. There are generally two types of
miscible processes, the first contact miscible (FCM),
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where solvent (LPG) mix directly with reservoir oil in
all proportions and their mixtures always remain in
a single phase. The second process is the multiple
contact miscible (MCM) process-dynamic miscibility
processes, where gases or solvents are not directly
miscible with reservoir oil, but under a appropriate
conditions of pressure, temperature and oil-gas or
oil-solvent compositions, in-situ miscibility could be
achieved through repeated contacts of the injected
material with reservoir oil. The MCM is of three
kinds: the vaporizing, the condensing and condens-
ing/vaporizing miscible processes.

In the present investigation, equation of state
(EOS) characterizations of two recombined oils
(1800R & 2030R) were developed in order to predict
the minimum miscibility composition (MMC) for
rich-gas and minimum miscibility pressure (MMP)
for CO,; in miscible flooding processes. Peng-Robin-
son'?13 cubic equation of state was applied for both
oils. Equation of state parameters were tuned to
match all available experimental data for these oils.
Then, pseudoternary diagrams and pressure-compo-
sition diagrams for the oils in contact with several
rich gas compositions and/or CO, were generated to
figure out the mechanisms of oil recovery and the
optimum compositions and pressures for gas injec-
tion with rich gas and/or CO,. This information was
used to help design slim tube experiments as well as
swelling experiments. Once these experiments were
completed then the EOS characterization can be
revised and compositional simulation could be
undertaken.

EXPERIMENTAL DATA

Experimental data were available for two recom-
bined cils 1800R and 2030R with bubble point pres-
sures of 1800 psia and 2030 psia respectively.'*13
These oils were directly recombined from the separ-
ator gas and oil at a specific gas oil ratio (GOR). The
two oils are essentially the same except that 2030R
has a greater amount of solution gas. Thus, it should
be possible to characterize the C, . for the oils with
the same pseudocomponents. For each oil the experi-
mental data available include bubble point pressure-
flash liberation, direct flash, recombination of separ-
ator oil and gas and differential liberation data.

SPLITTING OF C, .

Since both oils are derived from the same source
except for a difference in the amount of the solution
gas, it should be possible to use one set of plus
fraction components for both oils. In order to split
the plus fraction of the two oils the molecular weight
and specific gravity of the plus fraction are required.

The molecular weight of the plus fraction can be
calculated from the extended chromatographic analy-
sis. The molecular weight of the plus fraction for both
oils 1800R and 2030R were about 155. Specific grav-
ity of the plus fraction for oil 1800R was estimated to
be about 0.85 by using specific gravity of the stock
tank oil that was 0.8201. This information was used
to split the plus fraction into two pseudocomponents.
The properties of the two pseudocomponents. The
properties of the two pseudocomponents are shown
on Table 1 for oil sample 1800R and 2030R. It was
found that two pseudocomponents were adequate to
model these oils because of the large amount of
components present between C; and Cj ;.

TUNING OF EOS PARAMETERS

In order to assure the accuracy of EOS predictions
of miscibility conditions for these two oils, the EQS
parameters must first be tuned to match experimental
data, then a more reliable analysis of recovery mech-
anism and miscibility conditions may be made. The
tuning is accomplished using the regression option in
CMG PROP. The regression variables are critical
pressure and temperature, the volume shifts of
methane, and the C;, components. Also, the binary
interaction coefficient exponent and the molecular
weights of the C,. components were used as re-
gression variables as represented in Table 1. These
variables were adjusted to maich the experimental
data for both oils including the bubble point pres-
sures, the flash liberation data, the differential liber-
ation data, and the separator flash data. A high
weight was given to matching the bubble point pres-
sure data since the match of all the other experiments
depended on having an accurate bubble point pres-
sure. After several different regression runs, a good
match of the experimental data was achieved. The
final values of the regression variables and the match
of the experimental data are shown on Tables 3 & 4.
An acceptable match of the results for both oils was
achieved (Figs. 1-13).

GENERATION OF PHASE DIAGRAMS AND
DETERMINATION OF MISCIBILITY
CONDITIONS

Using the tuned EOS parameters, the conditions
for miscibility and the mechanism of oil recovery can
be analyzed using multiple contact ternary diagrams
as well as pressure-composition and pressure-tem-
perature diagrams. First, the pressure-temperature
diagrams were generated for both oils (Fig. 14). These
diagrams are consistent with the typical diagrams for
black oils with the reservoir temperature much lower
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Table 1. EOS components properties for reservoir oils 1800R and 2030R at 206 F, Raguba oil field, Well No. E40.

Component MW Critical  Critical Critical ~ Acentric Volume Interaction Coefficient® Critical Volume** 0il Composition
Pressure Temperature  Volume — Factor Shift Hydrocarbon and 1800R 2030R Mole Fraction
Pe, Atm.  Te, K Ve, I/gmol AC N2 co2 Ve, Igmol Ve, Ifgmol  1800R  2030R
N2 2801 3350 12620  8.950E-02 4.000E-02 —1.284E-01 —2.08E-02 8950E-02 8950E-02 2.08E-03 2.57E-03
CO, 4401 7280 30420  9400E-02 2.250E-01 —9.435E-02 —2.08E-02 9.400E-02 9.400E-02 5.89E-03 6.34E-03
C1 1604 46.73 16473  9.900E-02 8.000E-03 —1.237E-01  3.10E-02 1.03E-01 9900E-02 9.900E-02 2.08E-01 2.31E-01
C2 3007 4820 30540  1480E-01 9.800E-02 —1.021E-01  4.20E-02 1.30E-01 1.480E-01 14B80E-01 7.53E-02 7.80E-02
C3 44,10 4190 369.80  2.030E-01 1.520E-01 —7.330E-02 9.10E-02 1.35E-01 2.030E-01 2.030E-01 7.53E-02 7.50E-02
iC4 5812 36.00 408.10  2.630E-01 1.760E-01 —5.707E-02  9.50E-02 1.30E-01 2630E-01 2630E-01 249E-02 244E-02
nC4 58.12 37.50 42520  2.550E-01 1.930E-01 —5.706E-02  9.50E-02 1.30E-01 2.550E-01 2.550E-01 6.85E-02 6.65E-02
iC5 7215 3340 46040  3.060E-01 2.270E-01 —3446E-02 9.50E-02 1.25E-01 3.060E-01 3.060E-01 3.46E-02 3.34E-02
nC5 7215 3330 469.60  3.040E-01 2.510E-01 —3.443E-02  9.50E-02 1.25E-01 3.040E-01 3.040E-01 3.80E-02 3.66E-02
FCé 86.00 3026 563.61  3440E-01 2.750E-01 —4.227E-03 1.20E-0l 1.50E-01 3.440E-01 3.440E-01 5.37E-02 5.15E-02
C7-C13 13885 2372 70699  4755E-01 3.403E-01 2258E-01 1.20E-O1 1.50E-01 5.706E-01 5.706E-01 3.20E-01 3.12E-01
Cld+ 301.90 14.84 956.18  8.384E-01 6436E-01  8.824E-02  1.20E-01 1.50E-01 8.569E-01 6.707E-01 9.24E-02 B.21E-02

OMEGA =0.45723553 in the EOS
OMEGB =0.07796074 in the EOS
MIXVC =0.82733389, exponent coefficient used in viscosity calculations, for Oil 1800R, (see Appendix A)
MIXVC =0.80000000, exponent coefficient used in viscosity calculations, for Oil 2030R, (see Appendix A}

PVYC3

*binary interaction coefficient [or hydrocarbon-non-hydrocarbon component pairs
**Component pseudo-critical volume used to compute the mixture critical volume used in viscosity calculations

than

the critical

Next,

series

of

=2.000, binary interaction coefficient exponent for hydrocarbon-hydrocarbon component pairs

by a condensing mechanism where the liquid phase

temperature.
pseudoternary diagrams were generated for oil 1800R
at 1850 psia contacted by various solvents made up
by blending LPG with dry gas in different molar
ratios (from 30% to 60% LPG). The compositions of
these various solvents, LPG and dry gas are represen-
ted in Table 2. Figure 15 shows the ternary diagram
for oil 1800R contacted by solvent with LPG ratios
of 55%. From this diagram, evidently miscibility is
achieved when the solvent composition is around
55% LPG or greater. The pressure-composition dia-
grams for oil 1800R with different solvents is shown
in Fig. 16, From this figure, it is evident that until the
LPG ratio is 50% the principal mechanism of recov-
ery will be via vaporizing mechanism. However, at
higher LPG ratios, the mechanism becomes princi-
pally a condensing mechanism. Thus, miscibility is
achieved with a solvent with LPG of 55% or greater

becomes enriched with intermediates to the point that
it becomes miscible with the injected gas.

The pseudoternary diagrams for oil 2030R at pres-
sure of 2100 psia show that miscibility is achieved for
a solvent with 50% LPG or greater (Fig. 17). To
analyze the mechanism of recovery we examine the
pressure composition diagrams for these systems (Fig.
18) just as we did for oil 1800R. From this diagram,
it appears that up to 40% LPG in the solvent of the
principal mechanism of recovery is a vaporizing
mechanism but for more LPG in solvent the mechan-
ism becomes primarily a condensing mechanism.

Ternary diagrams'®!” for oil 1800R contacted
with CQO, at several different pressures were gener-
ated to determine the miscibility pressure for this oil
with CO,. The ternary diagram for pressures of 1850,
3000, and 4400 psia is shown in Fig. 19. For ali these

Table 2. Solvents composition of the blended LPG/Dry gas samples.

Component Dry Gas 040 LPG* 045 LPG 0.5 LPG 0.55 LPG 0.6 LPG LPG
Mole% Mole% Mole% Mole% Mole% Mole% Mole%

N2 1.358 0.815 0.747 0.679 0.611 0.543

CO,

Cl 86.419 51.851 47.530 43.210 38.889 34.568

cz 8.354 6.000 5.706 5412 5117 4.823 2.469

C3 2831 13.560 14.901 16.243 17.584 18.925 29.654

IC4 0.389 9.444 10.576 11.708 12.839 13971 23.026

NC4 0.649 18.330 20.540 22750 24960 27.170 44.850

*0.40 LPG: Molar Ratio of 040 LPG to 0.60 Dry Gas.
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Table 3. Comparison of experimental data with EOS predicted values before and after regression analyses, reservoir oil sample of Pb= 1800 psia at
206F, Raguba oil field, Well No. E40.

Exper. Data Pressure Exper. Predicted Values Error* Error** Weight
Processes Type psig Values Reduction After Factor
Before After
Pb Psia — 1800 13789 1805.8 0.2307 0.0032 200
Differential Solution 1785 674.50 1358.20 71695 0.9508 0.0629 12
Liberation GOR 1500 588.60 1358.20 642.62 1.2158 0.0918 12
Scf/bbl 1200 494.84 1253.20 367.63 1.3855 0.1471 12
900 400.51 1067.60 493.17 14344 0.2314 12
600 309.93 886.29 416.43 1.5160 0.3436 12
300 206.31 687.19 325.85 1.7515 0.5794 12
0 0.00 0.00 0.00 0.0000 0.0000 12
Liberated 1785 0.844 0.897 0.0526 0.1029 0
Gases 1500 0813 0.836 0.900 —0.0778 0.1066 25
Z-factor 1200 0.842 0.853 0.904 —0.0611 0.0741 25
900 0.856 0.871 0911 —0.0468 0.0644 25
600 0.886 0.892 0.920 —0.0310 0.0380 25
300 0.917 0917 0.930 —0.0144 0.0145 25
0 1.000 0.982 0.986 0.0039 0.0137 25
Liquid 1785 0.675 0.772 0.669 0.1356 0.0087 4
Densities 1500 0.685 0.776 0.676 (0.1184 0.0139 4
gfec 1200 0.696 0.785 0.682 0.1084 0.0196 4
900 0.708 0.809 0.690 0.1171 0.0259 4
600 0.720 0.836 0.698 0.1295 0.0309 4
300 0.736 0.868 0.708 0.1415 0.0377 4
0 0.750 1.009 0.755 0.3386 0.0060 4
QOil FVF 1785 1457 2.005 1.495 0.3499 0.0259 25
Bbl/stb 1500 1.414 1.997 1.462 0.3779 0.0340 25
1200 1.367 1.948 1429 0.3802 0.0450 25
900 1.320 1.848 1394 0.3436 0.0562 25
600 1.274 1.747 1357 0.3062 0.0652 2.5
300 1.215 1.629 1.308 0.2643 0.0766 25
0 1.080 1.077 1.051 —0.0239 0.0266 25
Direct API 0 41.039 6.333 50.074 0.6255 0.2202 0.1
Flash FVF 0 1.413 1.593 [.362 0.0914 0.0358 0.1
Liberation GOR 0 762.40 821.58 547.25 —0.2046 0.2822 0.1
Constant Relative 5000 0.9596 0.9283 0.9555 0.0284 0.0043 1
Composition Oil 4000 0.9697 0.9429 0.9667 0.0245 0.0031 1
Liberation Volume 3000 09817 0.8607 0.9800 0.0197 0.0017 1
2500 0.9885 0.9711 0.9878 0.0169 0.0007 1
2000 0.9961 0.9829 0.9964 0.0130 0.0003 1
1900 09970 0.9855 0.9982 0.0104 0.0012 1
1850 09977 0.9868 0.9992 0.0095 0.0015 1
1785 1.0000 0.9885 1.0045 0.0071 0.0045 |
1770 1.0058 0.9889 1.0078 0.0149 0.0020 1
1700 1.0207 0.9908 1.0242 0.0259 0.0035 1
1600 1.0461 0.9936 1.0509 0.0456 0.0046 1
1500 1.0773 0.9964 1.0822 0.0706 0.0045 1
1300 1.1649 1.0419 1.1630 0.1039 0.0016 1
1000 1.4097 1.2838 1.3611 0.0549 0.0345 1
700 1.9991 1.8016 1.7733 —0.0142 0.1130 1
Reservoir Oil 5000 0.8522 0.1466 0.8720 0.8048 0.0232 1
Oil Viscosity 4500 0.8235 0.1427 0.8382 0.8089 0.0179 1
Viscosity cp 4000 0.7948 0.1386 0.8037 0.8144 0.0112 1
Meas, 3500 0.7661 0.1344 0.7685 0.8214 0.0032 1
3000 0.7369 0.1301 07325 0.8176 0.0060 1
2500 0.7081 0.1256 0.6957 0.8051 0.0176 1
2200 0.690% 0.1228 0.6731 0.7964 0.0258 1
2100 0.6852 0.1219 0.6655 0.7933 0.0288 1
2050 0.6822 0.1214 0.6617 0.7919 0.0301 !
2015 0.6804 0.1211 0.6550 0.7906 0.0315 1
1785 0.6682 0.1189 0.6413 0.7818 0.0402 1
1500 0.6725 0.1204 0.6730 0.8202 0.0008 1
1200 0.6813 0.1219 0.7084 0.7798 0.0412 1
900 0.6916 0.1235 0.7513 07353 0.0862 1
600 0.7469 0.1250 0.8016 0.7594 0.0732 1
300 0.9688 0.1268 0.8717 0.7689 0.1002 1
0 1.2089 0.1294 1.1963 0.8825 00104 1

*Error Reduction= Error before Regression —Error after Regression
**Error after =(Experimental — Calculated)/Experimental



Table 4. Comparison of experimental data with EOS predicted values before and after regression analyses, reservoir oil sample of Pb=2030 psia at
206F, Raguba oil field, Well No, E40.

Exper. Data Pressure Exper. Predicted Values Error* Error** Weight
Processes Type psig Values Reduction After Factor
Before After
Differential Pb Psia — 2030 1534.7 2027.8 0.2429 0.0011 200
Liberation Solution 2015 780.26 1511.40 800.34 09113 0.0257 12
GOR 1800 703.64 151140 74240 1.0928 0.0551 12
Scil/bbl 1500 603.16 1497.50 662.79 1.3839 0.0989 12
1200 508.23 1292.90 585.12 1.3926 0.1513 12
900 414.91 1100.70 508.09 1.4282 0.2246 12
600 326.62 913.24 428.75 1.4833 0.3127 12
300 215.63 707.85 33507 1.7288 0.5539 12
0 0.00 0.00 0.00 0.0000 0.0000 12
Liberated 2015 0.837 0.896 0.0592 0.1041 0
Gases 1800 0.859 0.826 0.896 —0.0049 0.0436 25
Z-factor 1500 0.851 0.838 0.899 —0.0408 0.0566 25
1200 0.894 0.853 0.904 0.0352 0.0110 2.5
900 0919 0.871 0911 0.0433 0.0092 25
600 0.944 0.892 0919 0.0288 0.0264 25
300 0970 0917 0.930 0.0136 0.0413 25
0 0.982 0.986 0.0040 0.0137 0
Liquid 2015 0.648 0.756 0.662 0.1453 0.0221 4
Densities 1800 0.656 0.763 0.667 0.1464 0.0167 4
g/fcc 1500 0.666 0.758 0.674 0.1264 0.0117 4
1200 0.676 0,782 0.681 0.1491 0.0072 4
900 0.686 0.806 0.688 0.1720 0.0035 4
600 0.697 0.833 0.697 0.1949 0.0004 4
300 0.710 0.866 0.708 0.2165 0.0035 4
0 0.749 1009 0.755 0.3395 0.0081 4
Qil FVF 2015 1.570 2097 1.537 0.3148 0.0208 25
Bbl/sth 1800 1.527 2079 1.512 0.3517 0.0098 25
1500 1.478 2.090 1477 0.4130 0.0008 23
1200 1.430 1.979 1.442 0.3758 0.0083 23
900 1.383 1.875 1.406 0.3387 0.0168 23
600 1.337 1.770 1.368 0.3012 0.0229 2.5
300 1.275 1.648 1.317 0.2600 0.0327 25
0 1.079 1.079 1.052 —0.0245 0.0247 25
Direct API 0 41.631 5.838 49.684 0.6663 0.1935 0.1
Flash FVF 0 1.551 1.665 1.403 —0.0221 0.0954 0.1
Liberation GOR 0 878 041.53 62641 —0.2142 0.2866 0.1
Constant Relative 5000 0.9596 0.9283 0.9555 0.0284 0.0043 1
Composition il 4000 0.9716 09426 0.9681 00262 0.0036 1
Liberation Volume 3000 0.9844 09618 0.9826 0.0211 0.0018 1
2500 0.9916 09732 09911 0.0180 0.0005 1
2300 09948 09782 0.9947 00167 0.0001 1
2200 0.9964 0.9808 0.9966 0.0155 0.0002 1
2100 0.9981 0.9834 0.9986 00142 0.0005 1
2050 0.9992 0.9848 0.9996 00141 0.0004 1
2015 1.0000 0.9857 1.0024 00119 0.0024 1
2000 1.0031 0.9862 1.0053 00147 0.0022 1
1950 1.0137 0.9876 1.0153 00242 0.0016 1
1900 1.0252 0.9890 1.0260 00345 0.0008 1
1800 1.0512 09919 1.0497 0.0550 0.0014 1
1700 1.0815 0.9949 1.0770 0.0760 0.0041 1
1500 1.1598 10156 1.1455 0.1120 0.0124 1
1300 1.2716 1.1272 1.2404 0.0890 0.0245 1
1000 1.5519 14072 1.4715 00414 0.0518 1
760 1.9769 1.8362 1.8175 —0.0094 0.0806 1
Reservoir 0il 5000 0.6589 0.1459 0.7304 0.6700 0.1083 1
0il Viscosity 4500 0.6474 0.1417 0.7054 0.6917 0.0895 1
Viscosity cp 4000 0.6355 0.1373 0.6795 0.7147 0.0692 1
Meas. 3500 0.6260 0.1329 0.8528 0.7450 0.0428 1
3000 0.6109 0.1282 0.6251 0.7668 0.0233 1
2500 0.5982 0.1235 0.5965 0.7906 0.0029 1
2200 0.5907 0.1206 0.5787 0.7756 0.0203 1
2100 0.5882 0.1196 0.5727 0.7703 0.0264 1
2050 0.5870 0.1191 0.5697 0.7676 0.0295 1
2015 0.5861 0.1187 0.5676 0.7658 0.0317 1
1785 0.5936 0.1200 0.5845 0.7827 0.0153 1
1500 0.6088 0.1215 (.6080 0.7990 0.0013 1
1200 0.6348 0.1232 0.6353 0.8050 0.0008 1
900 0.6900 0.1250 0.6663 0.7845 0.0344 1
600 0.7720 0.1268 0.7026 0.7459 0.089% 1
300 0.8540 0.1289 0.7510 0.7284 0.1206 1
0 0.9360 0.1329 0.9241 0.8453 0.0128 1

*Error Reduction = Error before Regression — Error after Regression
**Error after =(Experimental — Calculated)/Experimental
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pressures no miscibility was achieved at pressure less
than 4400 psia and the mechanism of recovery
seemed to be a condensing/vaporizing mechanism,
However, the results do not seem correct because
CO; should be able to achieve miscibility with most
black oils at pressures lower than 3000 psia. The
MMP of CO, with this oil was calculated using
Glaso? correlation for pure CO, and found 2572 psia.
Similar results were achieved for oil 2030R contacted
with CO, at several different pressures, 2100, 3000
and 4400 psia, as shown in Fig. 20, The MMP of CO,
with this oil was calculated using Glaso® correlation
for pure CO, and found 2669 psia. The results
obtained by EOS may be misleading because the
EOS was tuned only with black-oil data and not data
for oil mixed with CO, that is not available.

VISCOSITY MATCHING OF OILS 1800R AND
2030R

Using the tuned EOS parameters obtained previ-
ously, the viscosity of the oil 1800R and 2030 psia
were matched using regression on the parameters on
the Jossi, Stiel, and Thodos'® viscosity equation (see
Appendix-A). A comparison of the experimental data
and the calculated viscosity using the viscosity corre-
lation is shown on Figs. 6 & 12 showing a good
match at reservoir conditions above and below
bubbie point pressure. The final values of the viscos-
ity parameters are shown in Table 1.

MINIMUM MISCIBILITY COMPOSITION
DETERMINATION BY THE SLIM TUBE
TECHNIQUE

When conducting slim tube experiments, it is essen-
tial that any solvent be a single phase at injection
conditions. To check this, the pressure-temperature
diagrams for solvents with varying amounts of LPG
from 10% to 90% were generated. All solvents were
found a single phase at the reservoir temperature of
206°F and the injection pressures of 1850 and 2100
psia. Figure 21 represents the pressure-temperature
diagram for 40% to 60% LPG solvent.

The two oils were displaced, at reservoir tempera-
ture by different solvents made up by blending LPG
and Dry Gas,'®*%2! in a slim tube of 40 feet length,
40.5% porosity and the total pore volume of the
system was 99 cc. Figure 22 illustrates the schematic
diagram for the slim tube apparatus. Five slim tube
experiments were conducted on each oil. For oil
1800R, the injection pressure was 1850 psia while for
2030R the injection pressure was 2100 psia, The first
series of experiments were conducted on oil 1800R at
1850 psia by various sclvents made up by biending
LPG with dry gas in different molar ratios (15%,
25%, 35%, 45% and 55% LPG). The oil recovery in

percent was plotted as a function of the LPG% in the
solvent as shown in Fig. 23. The oil recovery was
calculated when a solvent volume of 1.2 of the total
system volume was injected. The intercept of the two
straight lines in Fig. 23 shows that the minimum
miscibility composition of the solvent was 40% LPG
and 60% dry gas for the oil 1800R, In the same
manner, the oil 2030R was displaced by solvents of
15%, 20%, 30%, 35% and 40% LPG and the results
were plotted in Fig. 24. It was found that a minimum
miscibility composition of 35% LPG was required to
achieve miscibility with the oil 2030R. From the
above experiments, obviously the minimum miscibil-
ity composition was over estimated by the EQS for
both oils. The slim tube data will be combined with
the swelling data when it is ready to re-tune the EOS,

CONCLUSIONS

1. The phase behaviour of both oils 1800R and
2030R were matched using one set of EOS par-
ameters.

Using the tuned EOS parameters analysis indi-

cates that miscibility will be achieved for oil

1800R at 1850 psia for LPG ratios of 55% or

more. The main mechanism of recovery is a

condensing drive.

3. For oil 2030R at 2100 psia miscibility will be
achieved via a condensing mechanism for solvent
with LPG content of 50% or greater.

4, Minimum miscibility composition for both oils
was over estimated using EOS.

5. Any solvent composition will always be single
phase at 206°F and 1850 or 2100 psia.

6. Minimum miscibility pressure predicted by EOS
for both oils with CO, was also over estimated.

2
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APPENDIX A

The viscosity model used in obtaining oil viscosity
values is the following

[(7—3°) +1]°2° = viscoeff (1)* + viscoeff (2) p,
+ viscoeft (3) p? + viscoeff (4) p?
+ viscoefl (5) p?

where
n = phase viscosity, cp
n° =low pressure fluid viscosity, cp, calculated
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internally from the Jossi, Stiel and Thodos
equation, cp
¢ = TY® MW!/2 p23

T, = fluid pseudo-critical temperature, °K
MW = fluid molecular weight, gm/mol

P, =1luid pseudo critical pressure, atm

pr = fluid reduced molar density=(p x V¢)
p = fluid molar density, kmol/m?, and
VEivve = F(z(i) x visve(i)™)

with

z(i) = the mole fracture of component i.

*viscoeff (1-5) for oil 1800R:
1.227600E-01, 2.803680E-02, 7.023960E-02, —4.492087E-02 and
1.119888E-02

*yiscoefl (1-5) for oil 2030R:

1.119912E-01, 1.869120E-02, 7.023960E-02, —3.260640E-02 and
7.465920E-03
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