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TABLE 2.1—COMPOSITION AND PROPERTIES OF SEVERAL RESERVOIR FLUIDS
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4.2.5 Peng-Robinson.” In 1976, Peng and Robinson proposed a
two-constant equation that created great expectations for improved
EOS predictions and improved liquid-density predictions in partic-
ular. The PR EOS is given by

RT ¢l

P=3—%" wiv+b)y+blv—»b)y ~ T (4.19)
or, in terms of Z factor,
Z*— (1 - BZ*+ (A — 3B> - 2B)Z
—(AB—-B*—B’) =0
and Z. = 03074 . .. ... e (4.20)
The EOS constants are given by
RT;
a = €} P-:-L@ .............................. (4.21a)
where Qf = 0.45724;
RT,
—_ ' c
b = QY Po el (4.21b)
where Q7 = 0.07780;
. a2
(@)= [1 + m(1 — ,,.-"TrJJ S (4.21c)
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TABLE 6.4—WELLSTREAM (RESERVOIR-FLUID)
COMPOSITION FOR GOOD OIL CO. WELL 4 "\“ra \n o, l :
BOTTOMHOLE OIL SAMPLE
Z.=F R Densitg‘ Molecular % b
Component  mol%  wi%  (g/em®) CAPI*  Weight -
HoS NI NI G RC. ppbfa
CO, 091 043 C,- C_\ 7205
No 0.16  0.05
Methane  \ 3647 ) 624 Cgy 4o
Ethane 9.67 3.10
Propane 6.95 3.27
Fbutane 144 089
n-butane 393 244
Fpentane 1.44 1.11
n-pentane 1.41 1.09
Hexanes 4.33 3.97
Heptanes plus 7741 0.8515 345 218
Total 100.00 100.00
*At 60°F.
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TABLE 6.7—SEPARATOR TESTS (RESERVOIR-FLUID) OF o ‘Z
GOOD OIL CO. WELL 4 OIL SAMPLE Z—S%a{\e/ @P —re.s-\'
B = Separator
Separator ~ Separator [25 Rs Stock-Tank ob> Volume  Flashed-Gas
Pressure Temperature GORP  GORe Gravity FVFd Factore Specific
(psiq) (°F) (ft3/bbl)  (ft3/bbl) (°API) (bbl/bbl)  (bblbbl) Gravity
1 50 Pset 75 %spl 715 737 1.031 0.840 & 41
- [JOPL P\ 737 R By i_\ it R,=T178
Lo*Re (Ise 41 4Rz (205 ( (1481 1.007Bs0 L1338 8ol
07> 637 676 1.062 0.786
IS\ to
0 75 a1 92 40.7 1.474 1.007 1.363
200 75 D> 542 602 1.112 0.732
M|
0 75 177 178 40.4 1.483 1.007 1.329
300 75 D 478 549 1.148 0.704
to
Ao 75 245 246 401 1495 1.007 1.286
dGauge.
BIn cubic feet of gas at 60°F and 14.A5 psi absolute per barrel of oil at indicated pressure and temperature.
Cln cubic feet of gas at 60°F and 14.65 psi absolute per barrel of stock-tank oil at 60°F.
din barrels of saturated oil at 2,620 psi gauge and 220°F per barrel of stock-tank oil at 80°F.
&|n barrels of oil at indicated pressure and temperature per barrel of stock-tank oil at 60°F.
— _ o4t LIBHD | 5 3.x

B q —zs

—
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TABLE 6.8—FIRST-STAGE SEPARATOR-GAS | .
COMPOSITION AND GROSS HEATING VALUE FOR PSP\ - S@ PS&?
GOOD OIL Co. WELIUd’HIL SAMPLE*
Component ~moi% @
HoS Nil
CO, 1.62 4 Msef 2P I
N, 0.30
Ci 67.00
c, &% 16.04 4.265 o o
i-Cy 1.29 0.420 AR
n-Cy & 2.91 0.912 @ \_sc\ ?S P
FCs 0.53 0.193
n-Cs 0.41 0.155
Cs 0.44 0.178
Cy, 0.49 0.221
Total 100.00 8.793
Heating Value
Calculated gas gravity (air=1.000) 840
Calculated gross heating value, BTU/ft3 1,405
drv aas at 14.65 nsia and 60°F
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SEPARATOR GOR.....ccocveveeeceenns. 3436 ScifSep Bbl

SEPAFRATOER PRESSURE .._........._.: : 630 psig
SEPARATOR TEMPERATURE. .- 94 °F
Yspie Kepdv Zpi
SEPARATOR GAS SEPARATOR OIL WELLSTREAM
* Ligquid ®
Component AMole% GPM Mole %% Volume % Maole %% GPM
Hydrogen Sulfide 0.000 0.000 0.000 0.000 0.000 0.000
Nitrogen 0.484 0.000 0.072 0.018 0.393 0.000
Carbon Dioxide 2.037 0.000 0.847 0.331 1.776 0.000
Methane 82.531 0.000 17.472 6.788 68.250 0.000
Ethane 7.266 1.933 6.165 3.779 7.024 1.868
Propane 5.135 1.411 11.852 7.476 6.625 1.813
Iso-butane 0.779 0.253 3.689 2.765 1.418 0.461
N-butane 1.047 0.328 6.843 4942 2.319 0.727
2-2 Dimethylpropane 0.000 0.000 0.066 0.058 0.014 0.006
Iso-pentane 0228 0.083 3.026 2.538 0.842 0.306
N-pentane 0.187 0.067 3.169 2.631 0.842 0.303
2-2 Dimethylbutane 0.004 0.002 0.087 0.083 0.022 0.009
Cyclopentane 0.022 0.006 0.000 0.000 0.017 0.005
2-3 Dimethylbutane 0.000 0.000 0473 0.444 0.104 0.042
2 Merhylpenrane 0.037 0.015 1.125 1.070 0.276 0.114
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Qe \HSPE /xs}C = k[«sF HOFFMAN PLOT
EQUILIBRIUM CHECK of SEPARATOR LIQUID and GAS COMPOSITIONAL ANALYSES

Separator Pressure = 650 psig
Separator Temperature = 94 °F

Gas Ol | Equil Normal Critical | Critical Graph
(X (Y) Ratio | K¥*Psep |BP (NBP) Pressure | Temperature Results
Components| Mole % | Mole % | (K=Y/X)| (psiA) R TNBp'l —TSEp-l (Pc)psiA| (Tc)°R | B-Factor | B(1/Tb-1/Tsp) |Log(K*Psep)

N2 0484 0.072 6.758 | 4490150 139 0005373 403 27 551 2058 3652
co2 2037 0.847 2404 | 1508.02 350 0.001048 1071 548 1811 1.808 3204
C1 82531 | 17472 4724 | 313957 201 0.003169 668 43 805 2552 3497
Cc2 7.266 6.165 1179 78330 33 0.001204 708 550 1413 1701 2894
c3 5155 | 11832 0435 280.10 416 0.000598 616 666 1799 1076 2461
IC4 0.779 3.680 0211 14035 471 0.000319 520 735 2038 0.650 2147
NC4 1.047 6.843 0.153 101.70 401 0.000231 551 765 2158 0.498 2007
ICS 0.228 3.002 0.074 49.01 42 0.000040 490 820 2383 0.005 1.690
NC5 0.187 3.169 0059 391 357 -0.000000 480 845 2483 -0.023 1594
Ccé 0121 3978 0.030 2022 615 -0.000181 437 013 2784 -0.504 1306
CT+ 0165 | 42822 0.004 256 763 -0.000496 i 1070 3607 -1.780 0408
Total 100.000 | 100.000
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SEPARATOR CONDITIONS and FLUID PROPERTIES

Separator Gas

0il Volume 0il Specific

Pressure | Temperature GOR Factor Density Gravity
Conditions psia °F (1) (2) (3) (&)
1st Stage Separator 665 o4 N/A 1.2573 0.7071 0.705
2nd Stage Separator 91 80 263 N/A N/A 0.926
3rd Stage Separator 45 120 47 N/A N/A 1.264
Ambient Lab Condition|  14.65 75 104 1.0079 0.7888 1.758
Stock Tank 14.65 60 0 1.0000 0.7961 1.758
TOTALS — | e 414 1 | e

Stock Tank Oil Gravity: 46.06 °API at 60 °F

(1) Gas-Oil Ratio (GOR) 1s the cubic feet of gas at standard conditions per barrel of stock tank oil.
(2) Barrels of oil at indicated separator conditions per barrel of stock tank oil.

(3) Oil Density (g/ce) at indicated separator conditions.

(4) Air=1.000
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Ve Yo Vo AR
g 33 Ve NV NSS ¥ Te
Gas Gas
wore Retrograde Liquid Volume | Deviation |Expansion

Pressure, Relative Density, -Function |% of HC Pore|Bbls / MMscf| Factor, Factor,
(psig) Volume (g/ce) (1) Volume (2) (3) Z (4)

11000 0.82736 047758 N/A N/A N/A 1.77731 1.69183

10440 Pres 0.83715 0.47199 N/A N/A N/A 1.70691 1.67193

10000 0.84486 0.46769 N/A N/A N/A 1.65013 1.65657

9000 0.86686 0.45581 N/A N/A N/A 1.52404 1.61426

8000 0.89274 0.44260 N/A N/A N/A 1.39542 1.56715

7000 0.92595 0.42673 N/A N/A N/A 1.26675 1.51055

6500 0.94639 041751 N/A N/A N/A 1.20243 1.47769

6000 0.97085 0.40699 N/A N/A N/A 1.13883 1.44019

5535 @) 1.00000 _| 030513 | N/A 0.00% 0.000 1.08234 1.39792
5178 1.03101 N/A 2.21679 4.26% 30252 N/A N/A
4774 1.07253 N/A 2.10115 15.84% 112422 N/A N/A
4280 1.13887 N/A 2.10425 21.07% 149,544 N/A N/A
3898 1.20738 N/A 201749 22.84% 162.094 N/A N/A
3456 1.31271 N/A 1.91560 23.83% 169.096 N/A N/A




RESERVOIR GAS DEPLETION STUDY AT 263 °F

CVD 7wy = 0

7

Reservoi Presute,pigf” 5533 3300\ | 2500 | 1700 900 (0
d

Wellstream Componenty mole% | mole% | mole% | mole% | mole% | mole% | mole%

Hydrogen Sulfide 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Nitrogen 0393 0405 0433 0.442 0437 0428 03335
Carbon Dioxide 1776 1829 1.863 1.899 1936 1945 1612
Methane 68.250 71913 74339 75.538 76.049 74723 60.118
Ethane 7178 1244 7464 7621 7691 1178
Propane 6.501 6.501 6.501 6.501 1112 8.001
Iso-butane 1352 1312 1.300 1324 1462 1.991
N-butane 2178 2113 2113 2113 2360 3243
Iso-pentane _m_ 0.766 0.724 0.690 0815 1213

N-pentane 0.787 0.757 0.716 0.681 0.762 1151

[e

Hexanes 0.857 0.771 0.701 0.647 0.701 1.268
C_H- Heptanes Plus 6.200 3900 J—> 2600 = 2000 T 2000 | C1330D>
TOTALS 100.000 100.000 100.000 100.000 100.000 100.000 100.000

Vs Lstp/mMecl {220  (cs 0o 26 2o 12
HEPTANES PLUS (C;.) FRACTION CHARACTERISTICS

Molecular Weight | 169530 | 149703 | 136501 | 12667 | 120849 | 116400 | 131537 %CAQ_,_
Specific Gravity 0.8163 0.8013 07897 | 07803 | 07746 | 07699 1.3869

CONDENSED RETROGRADE LIQUID VOLUME
HC Pore Volume % 0000 | 17000 | 22842 | 23832 | 22309 19.063 14967 (\/o / \/tb

BblsMMscfof DPGas| 0000 | 120639 | 16209 | 169122 | 158316 | 135277 | 106213

GAS DEVIATION FACTOR
Equibbrium Gas 10823 | 09202 | 08515 | 08369 | 08368 | 0%063 | NA T
Two-Phase 10823 | 09568 | 08786 | 08169 | 07645 | 0688 | NA 4 EZ, (C(('Q
\/aw

CUMULATIVE PRODUCED WELLSTREAM VOLUM
Vol % of Initial DP Gas | 0.000 1976 | 21980 | 39965 | 56259 | 7391 | B fo / s
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