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Reservoir Fluid Study
Warn State Well No. 11
Vacuum Filed
Lea County
New Mexico

Summary :

A reservmr fluid study was performed at the Petroleum Technology Center on
separator gas’ and Iaquiq samples taken from the Warn State No. 11 well. This
report conta srth ‘ dwmg sectnons

v Summary samplmg condmons

. Sample quallty

» Compositicnal analysis of the separator gas and liquid

. Calculation of the Gas-Qil Ratio (GOR)

’ Re¢ombination of the separator fluids to the specified GOR
N Constant Oomposmon Expansion (CCE) results

. leferentlal Vaponzatlon results

. Solubmty / Swelhng:and Viscosity Test results
. Separator Test results

o Minimum Mismb_lhty Pressure (MMP) resuits
Sampling Condiﬁéns

Separator gas and hquud samples were obtained from the subject well on
December 22, 1992 by a representative of Core Laboratories. Reported field
and samphng data are given in Table 1. Reservoir conditions were obtained

from M. T. Wiskofske, Mtdland Samples were received at PTC on December
30, 1992,
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Analysis of Fluid Compositions

The compositions of the separator gas and liquid were analyzed using gas
chromatography. Table 2 shows the composition of the separator gas. Table 3
shows the composition of the separator liquid. The separator liquid composition
was pieced together from GC results for the pressurized liquid sample and an
atmospharically stabilized sample created in the lab.

Please note that the mass percent values given in the tables are the directly
measurad values. The mole percent values are back-calculated using the
reported molecular weights.

The molecular weights and specific gravities of the hexanes-plus carbon number
fractions were not directly measured but rather inferred to match the measured
molecular waight and standard liquid density (at 60 °F) of the stabilized liquid
sample. These values are prasented with the mass distributions of each fluid
sample in Tables 2 to 5. It was found that normal paraffin molecular weights
reproduced the measured stabilized liquid sample molecular weight remarkably
well. The specific gravity values were estimated assuming each fraction had the
same Watson K Factor of 11.67. (This value was chosen to match the
measured liguid density at 60 °F of the stabilized liquid sample.)

Calculation of the Gas Qil Ratio

The actual gas and liquid flow rates during sampling were not reported. Instead,
we were asked to recombine the samples to a GOR of 750 scf/stb. To calculate
the liquid flow rate at the separator, we measure the shrinkage factor by flashing
the separator liquid to atmospheric conditions. The measured shrinkage factor
is 1.019 sep bbl/stb, giving a field GOR of 736 scflsep bbl. The GOR of the

separator liquid flashed to 12 psia and 82 °F is 24 scfistb. The gravity of the
stock tank liquid is 38.5 °AP1 at 60 °F.

Recombination of the Separator Fluids

The separator samples were recombined to a GOR of 736 scf/sep bbl. This
single batch of racombined fluid was used for all of the phase behavior work
reported here, including the minimum miscibility pressure measurements.

Table 4 contains the calculatad composition of the recombined fluid.

Simulated distillation was performed on the stabilized liquid sample to give a
carbon number distribution down to C30+. This distribution as corrected for the
recombined fluid is given in Table &, including the estimated molecular weights
and specific gravities for all of the carbon number fractions.
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Constant Composition Expansion

A portion of the recombined fluid was injected into PTC's large volume, high
pressure PVT cell (Temco cell). A constant composition expansion (CCE) test
was performed at 140 °F. The bubble point pressure of the fluid was found to be
2354 psia. The measured pressure vs. volume relationship of the recombined
researvoir fluid obtained during the CCE is given in Table 6. This same data is
also shown in Figure 1. No smoothing has been done 1o this data.

Differential Vaporization

Upon completion of the CCE test, the fluid in the Temco PVT cell was
reprassurized above the bubble point pressure and a differential vaporization
(DV) test was performed. At each depletion pressure, the volumes of gas and
liquid were measured, The gas was pushed from the PVT cell at constant
pressure. At the higher pressures, the gas was collacted in evacuated cylinders
and the mass of gas collected was measured. At the lowsr pressures, the gas
was flashed to atmospheric pressure and collected in the DBR Gasometer. The
volume of gas collected and the mass of produced liquids were measured. The
density at 60 °F of the final depletion liquid was measured in a Paar densimeter.

The data from the DV test is given in Table 7. The data for the pressures above
the bubble point are from the CCE test. The specific gravities of the depleted
gas were calculated from the compositions of the gases (see Table 8 for these
compositions). The comprassibility factors listed were first smoothed with
respect to pressure before using to back calculate the mass and moles of
depleted gas corresponding with the measured volumes. The oil density at each
depletion step was calculated using the measured oil volume and the back
calculated mass of oil remaining in the cell. The final volume of oil at ambient
conditions was not directly measured but calculated using the measured density
and the back calculated mass of residual cil. The oil formation volume factor
and solution gas-oil ratio data are depicted in Figures 2 and 3, respectively.

Other than the evolved gas compressibility factors, no smoothing has been done
to the measured data.

CO; Swelling and Viscosity Tests

A portion of the recombined fluid was then injected into PTC's low volume, high
pressure PVT cell (DBR cell). The saturation pressure at the reservoir
temperature was measured to ensure consistency with the previous results.
Carbon dioxide (COj) was added. Mini-CCE tests were conducted to determinea
the saturation pressure and volume of the 0il-CO2 mixtures. After the saturation
pressures were determined, the pressure was boosted t¢ about 100 psi above
the saturation pressure to measure the viscosity in the capillary viscometer.
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This data is presented in Table 9 and depicted in Figures 4 to 6.

No smoothing was done to the data.

Minimum Miscibility Pressure Measurements

A portion of the recombined fluid was given to the RBA (Rising Bubble
Apparatus) lab to determine the Minimum Miscibility Pressure (MMP) of the oil at
various stages of depletion with respect to CO2. For the first test, the
recombined oil sample was charged to the sight gauge within the RBA and the
MMP test performed. For each succeeding test, the oil sample was pressure
depleted before performing the MMP test. (The pressure on the oil was slowly
lowered below the bubble point, depleting the gas as it came out of solution),

The MMP data is presented in Table 10. No smoothing was dons to the data.

Separator Test

A portion of the recombined. fluid was injected into a low pressure separator at
43 psia and 65 °F and allowad to come to equilibrium. The volumes of gas and
oil formed were measured. The composition of the gas was determined via gas
chromatography. The results of this test are given in Table 11.
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Table 1. Field Data for Reservoir Fluld Study

| Woell Record .
Well = . L - Warn State No. 11
Fied . -~ . S : Vacuum
Formation Drinkard
County . lLea
State New Mexico
_ o Reservonr and Well Charactenstncs
i Reservon' Temperature L - 140 °F
Reservour Pressure - P ' 2950 psia
| R Sampling Conditions

‘Well TestingCompany * .-~ © Core Laboratories

Date Sampled . ‘ December 22, 1693

Standard Temperature - - _ 60 °F
Standard Pressure . 14.73 psia
Sampling Time ’ L

Sepdrator. Temperature ' 65 °F
Separator Pressure , 28 psig

_ Gas Oil Ratio.

Field Gas Oil Ratlo . o 750 scffstb
Laboratory Shrinkage Factor . 1.019 sep bbl/stb
Gas Qil Ratio : 736 scf/sep bbl
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Table 2. Separator Gas Composition

Mass

Componaent Mole Parcent Molecular
: Parcent Weight
| Nitrogen 2.80 262 '
Carbon Dloxide 2.81 1.51
Methane -38.85 61.64
Ethane 18,80 16.56
Propane 19.72 11.35
i-Butane 2.63 1.15
n-Butane 7.39 3.23
Pentane 1.80 0.63
n-Pentana 1.74 0.81
Hexanes 1.10 0.32 86.2
Heptanes 1.20 0.30 100.2
Octanes 0.34 0.08 114.2
Nonanes 0.01 0.00 128.3
Total 00,88 99.69 25.4
C6+ 2.65 0.70 85.4
C7+ 1.586 0.38 103.1

el
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Table 3. 'Separator Liquid Composition

Component Mass Mole Percent Molecular Specific
Percent Welg ht Gravity
Nitrogen 0.00 0.00
Carbon Dioxide 0.01 0.04
Methane 0.08 1.01
Ethane 0.10 0.59
Propane 0.80 3.17
i-Butane 0.30 0.90
n-Butane 1.30 3.91
-Pentane 0.88 2.15
n-Pentane 1.24 2.92
Hexanes 2.48 4.98 88.2 0.7256
Heptanes 7.17 12.48 100.2 0.7450
Qctanes 8.53 13.03 114.2 0.7614
Nonaneas 5.81 7.00 128.3 0.7777
Decanes 4.85 8.07 142.3 0.7922
Undecanes 4.12 4,60 156.3 0.8049
Dodacanes 4.11 4.21 170.3 0.8170
Tridacanes 4.22 3.99 184.4 Q.8275
Tetradecanas 4,01 3.52 198.4 0.8380
Pentadecanes-Plus 49.89 24.54 356.0 0.9183
Total £9.97 400.01 174.4 0.8290
C6+ §5.27 85.32 184.8 0.8483
C7+ 82.81 80.34 201.6 0.8522
C12+ 62.23 36.26 299.86 0.8987
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Table 4. Recombined Fluid Composition

Separator | Separator Recombined Fiuid
Gas Liquid )
Component Mass Mass Mass Mole Molecular Specific
' Percent Percent Parcant Percent WQ:Ilht Qravity
Nitragen 2.89 0.00 0.42 1.42
Carbon Dioxide 2.81 0.01 ~ 0.39 0.83
Methane 98.85 0.08 5.78 33.82
Ethane 198.60 0.10 2.86 9,23
Propane 18.72 0.80 367 7.60
|-Butane 2.83 0.30 0.64 1.04
N-Butane 7.38 1.30 2.19 3.54
)-Pentans 1.80 0.88 1.02 1.33
N-Pentana 1.74 1.21 1,28 1.67
Hexanas 1.10 2.48 2.28 2.46 86.2 0.7256
Heptanes 1.20 7.17 6.30 5.80 100.2 0.7450
Qctanes 0.34 8.83 7.33 6.02 114,2 0.7614
Nonanes 0.01 5.81 4.98 3,63 128.3 0.7777
Decanes 4,05 4.23 2.78 142.3 0.7822
Undecanes 4,12 352 2.11 156.3 0.8048
Dodscanes 4.11 3.51 1.93 170.3 0.8170
Tridecanes 4.22 3.60 1.83 184.4 0.8275
Tetradecanes 4.01 3.42 1.62 108.4 0.8380
Pentadecanas- 49.889 42,59 11.28 355.1 0.9183
Plus
Total 99.98 99.97 90.08 100.02 93.8 0.7112
Co+ 2.65 85.27 81.72 39.54 193.9 0.8477
C7+ 1.55 §2.81 79.46 37.08 201.1 0.8518
Ci2+ 0.00 $2.23 53.12 18.64 299.6 0.8987
Mass Fraction 0.1485 0.8535 ‘




Warn State Weli No. 11 Reservoir Fluid Study -- DRAFTI

Table 5. Simulated Distillation and Estimated Properties for the Hexanes-

Plus Fraction of the Recombined Fluid

Fraction

incramantal

Cumulative

Final BPT

Initial Average | Molecular | Spacific
Amount Amount BPT {°F) BPT Walght Gravity
_{°F) " {°F)

cs 2.77 2.77 7.8 156.6 147.5 88.2] 0.7258
c7 7.70 10.47 156.6 210.1 197.5 100.2|  0.7450
cs 8.97 19.44 210.1 259.1 242.0 114.2]  0.7614
co 6.07 26.51 259.1 304.4 288.0 128.3]  0.7777
C10 617 30.68 304.4 346.4 330.5 142.3|  0.7922
c11 4.30 34,98 346.4 385.8 369.0 156.3|  0.8049
c12 4.30 30.28 385.8 4223 407.0 170.3{  0.8170
c13 4,44 43.60 4223 458.7 441.0 184.4]|  0.8275
C14 4.19 47.88 456.7 489.3 475.5 198.4 0.8380
C15 3.29 51.17 489.3 520.1 511.0 212.4 0.8484
c18 3.37 54.54 '520.1 549.3 542,0 226.5 0.8574
c17 3.10 57.84 549.3 578.5 572.0 240.5 0.8658
c18 2.70 60.34 57651 = 602.2 5§95.0 2545 08722
c19 2.73 - §3.07 802.2 626.7 617.0 268.5 0.8783
C20 2.48 85.55 626.7 851.7 840.6 282.6 0.8848
c21 2.30 67.85 651.7 674.6 663.2 206.6| 0.8908
c22 213 89,98 674.8 666.4 $85.5 3106  0.8885
c23 2.08 72.06 808.4 717.1 708.8 32468| 08020
C24 . 1.98 74.04 717.4 -737.1 72741 338.7 0.8072
€25 2.01 76.05|°  737.1| " 756.1 748.8 352.7 0.8122
c26 1.7 77.78 756.1 ‘7148] ' 765.3 366.7 0.8169
c27 1.80 70.56 774.6 792.3 783.4| | 380.8 0.9214
c28 1.58 81.14 782.3 809.2 800.8 304.8 0.9256
C20 "1,59 82.73 809.2 825.6 817.4 408.8 09297
C30+ 17.26 99.89 825.6 841.5]  1074.0 715.7] 06882
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Table 6, Constant Composition Expansion at 140 °F

Pressure ‘Relative Oll Density
{psia) |  Volume! " {gemn |}
3008 -1 . 00831 | 07082
00854 - | - 07038 -
00018 |+ 0.6994 -
0.0044 0.6972
0.9080 0.6955
0.9982 0.6845
0.9984 - 0,6938
1.0000 - - 1" 0.6933

1.0068
10202
11,0369 ;-
1.0568
1.1237
1,223
1.6367
3.0056

Figure 1. COﬁéﬁnt Composition Expansion at 140 *F
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Table 8. Compoéitlons of Depletion Gases

Depletion © 2002 1501 1000 500 200 89 14
Pressure (psia) ‘
Mole Percent:

INitrogen 8.25 5.07 3.24 1,67 0.54 017 0.00}
Carbon Dioxide 1.26 1.35 1.40] . 1.84 2.09 1.99 0.6
Methane - 75.57]  76.84 76.88] 7022 52.43 31.87 481
Ethane 9.10 9.78 11.22 15.98 26020 3290 20.88}
Propane 4.26| 4.26 474 7.13 13.54 22.31 35.02}
i-Butane 0.42 0.39 0.41 0.5¢] 1.13 2000 - &2
n-Butane 1.14 1.04 1.06 1.51 3.01 5.44 17.04)
i-Pentane 020 - 025 0.23 0.31 0.59 1,08 4.2
n-Pentane 0.32 0.27 0.25 0.31 0.60 1,05 4.46)
Hexanes 0.30 0.22 0.18 0.21 0.39 0.80 3.38)
Heptanes 0.48 0.30 0.22 0.24 0.45 0.67 3.71
Octanes 0.35 0.18 0.10 0.10 0.18 0.15 0.794
Nonanes 0.15 0.07 002l o001 0.03 0.0 0.03}
Decanss 0.08| 0.4 0.00 0.00 0,00 0.00 0.00}
Undecanes. 0.03 0.00 0,00 0,00 0.00 0.00 0.00}
Dodacanes 0.01 0.00 0.00 0.00 0.00 0.00 0.00}
Total 100.00{ _‘100.00 10000 100.00] 10000 100.00] 400000

' Mass Percent;
Nitrogen 8.01 8.71 4.31 1.84 0.56 0.14 0.00}
Carbon Dioxide 2.53 2.81 3.12 3.56 3.38 267 0.58)
Methane 55.41 5848l 5853  4pao 30.85 15.48 1.4
Ethane 12.51 13.86 16.01 21.19 27.60 30,17 12,88}
Propane 8.58 8.88 9021 1388 2480  2e02l  a1.20)
i-Butane 1.11 1.08 1,13 1,50 2,41 3.53 8.14
n-Butane 3.03 2.86] 2,93 3.86 6.41 9.61 20.001
i-Pentane 0.67 0.86 0.80 0.98 1.56 233 8.12
n-Pantans 1.08 0.81 0.84 1.00 1.59 2.31 6.5
Hexanes 1.20 0.89 0.72 0.79 1.23 1,56 5.88
Heptanes 2.18 1.38 1.03 1,08 1.66 1.74 7.52
Qctanes 1.82 0.65 0.52 0.51 0.74 0.51 1.82
Nonanes 0.86| 0.39 0.4 0.08 0.13} 0.05 0.07]
Decanes 0.49 0.24 0.01 0.0 0.00 0.00 0.00§
Undecanes 0.19 0.00 0,00 0.00 0.00 0.00 0.00}
Dodecanes 008 - 000 0.00 0.00 0,00 0.00 0.00]
Total 100.00f _100.00l _ 100.00{ 100.00]  100.00] - 100.00]  400.00
Gas Gravity 0.7568] 07313 0.7273| o7828]  0.941s] 1.4352] °  4.7084}
Z-Factor _ 0638 0,708 0.780 0.888 0.953] 0.877 0.897]
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Figure 2. OQil Formation Volume Factors from Differential Vaporization Test
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Figure 3. Solution Gas-Qil Ratios from Differential Vaporization Test
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Table 8. CO2 Swelling and Viscosity Tests
Percent Ratio | Saturation | Relative | Density at | Viscosity | Pressure for
CO2 of total| Moles CO2{ Pressura | Volume' | Saturation| (cP) Viscosity
mixture | per Mole {psia) Pressure Measurement!
»
Ol {gicm*) {psla)
0.0% 0.0000 2352 1.0000 0.7271] 0434 2450
20.0% 0.2501 2654 1.1073 0.73821 0.355 . 2650
31.7% 0.6052 2724 1.2684 0.7414] 0.283 2830
45.3% 0.9742 2002 1.3880 0.7713| _0.240 3000
. 82.9% 1.6962{ 3350 1.8631 0.7967f 0.222 3450

3500

3300 / /
1 3100 //
: /
1 2800 /..#
g 2700 /_t’/

n /

1/
2300
9.0000 0.2000 0.4000 0.8000 0.8000 1.0000 1.2000 1.4000 1.8000Q

Figures 4. Saturation Pressures for bil-coz Mixtures

Fave Moles GO2 pae Mala Origine OF

1.8000

1Total volume of the fluid (oil and CO2) at the mdicated pressure per volume of the original
saturated on at the bubble polnt pressure.
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Figures §. Relative Volume of Qil-CO2 Mixtures
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Figures 8. Viscosities for Qil-CO2 Mixtures
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Table 10. Minimum Miscibility Pressure Tests

3 DV Pressure ot Oli | MMP with CO2

. —ipsia} {psia)

~ 2354 2762

4 | Onginal OF

4 2000 2612
1800 2212
1500 1862
1000 17182
28 1532

4 Separator O -

b 12 1482
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Table 11. Separator Test

; Pressure 43 psia
Temperature €5 °F
| Liguid Relative Volume 1.68%

Gas-Oil Ratlo (scf/bbl)

Gas Composition (Mole
Percent)

Gas Composition (Mass
Percent)

Gas Gravity
| Gas ZFactor




