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RESULTS AND DISCUSSION 

The reservoir fluid study was conducted on a recombined sample prepared from separator oil and 
separator gas collected from Well RUSH. 

The sample collection data is provided in Table I and the sample validation data of the reservoir 
fluid used in this study is given in Appendix A. 

Table 2 provides the compositional analysis of the RECOMBINED sample. 

The PVT cell was charged with a portion of the live oil sample and a constant composition 
expansion experiment (CCE) was performed on the oil. Table 3 provides the CCE results of the 
average compressibility of the reservoir fluid at pressures above the bubblepoint. Table 4 contains 
the complete CCE results with the exception of the data already presented in Table 3. Figure I 
shows the relative total volume (V/Vsat) data and Y-function with respect to pressure. 

Table 5 contains various property measurements performed on the differentially liberated oil below 
the bubblepoint including live oil density, oil formation volume factor and gas-oil ratios, which are 
shown in Figures 2 through 4, respectively. 

Table 6 contains a summary of the properties of the differentially liberated gas including gas 
gravities, deviation factors, gas formation volume factors and gas expansion factors. The gas 
deviation factor (Z), gas formation volume factor and gas expansion factor, and gas gravity are 
shown in Figures 6 through 8, respectively. 

Table 7 provides the results of the reservoir fluid viscosity measurements. This data is represented 
by Figures 5 and 9. Gas phase viscosity was calculated using the compositional data and the Lee, 
Gonzalez, Eakin correlation. 

Table 8 summarizes the effluent gas compositions from each pressure stage during the differential 
liberation experiment. Figure 10 shows this data plotted on semi-log co-ordinates. Table 9 
presents the compositional analysis of the residual oil at completion of the experiment. 

Table to provides the correlations of the measured PVT Data. Table 11 provides the oil formation 
volume factor and solution gas-oil ratio from differential liberation corrected from single-stage 
separtor test parameters. 

Appendix B contains the material balance check performed for this experiment. It is displayed as 
formation volume factors so that the balance can be checked on a point by point basis. Appendix C 
contains the compositional analyses of the liberated gases from the differential liberation test. 

Project No.: JVTC-14-00././29 I · I 
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SUMMARY 
MAIN PVT RESULTS 

INITIAL RESERVOIR CONDITIONS 
Reservoir Pressure 

Reservoir Tern erature: 

5866 psia 
248.0 F 

CONSTANT COMPOSITION EXPANSION~ 248.0 F 120.0 C 
Saturation Pressure 
Compressibility @ Reservoir Pressure 

Com ressibilit , Saturation Pressure 

3290 psia 
1.1 1004E-05 psia"1 

2.15276E-05 sia"1 

DIFFERENTIAL LIBERATION 6il 248.0 F (120.0 C) 
At Saturation Pressure 

Oil Fonnation Volume Factor 
Solution Gas-Oil Ratio 
Oil Density 
Oil Viscosity 

At Ambient Pressure 

Residual Oil Density 
Residual Oil Viscosity 

At Stock Tank Conditions 

Residual Oil Density 
API Gravity 

SINGLE-STAGE SEPARATOR TEST 
At Saturation Pressure 

Oil Fonnation Volume Factor 
Solution Gas-Oil Ratio 

At Stock Tank Conditions 
Residual Oil Density 
API Gravity 

Project No.: IJ'TC-14-00-/.129 

1.7373 res.bbl/STB 
1255.22 scf/STB 
0.6181 g/cm3 
0.438 cp 

0.7938 g/cm3 
1.185 cp 

0.8341 g/cm3 
38.1 

1.6648 res.bbl/STB 
I 020.61 scf/STB 

0.8309 g/cm3 
38.8 

40.44 MPa 

120.0 c 

22.68 MPa 
1.61 OOE-03 MPa"1 

3.1223E-03 MPa"1 

1.7373 res.m3/m3 
223.56 m3/m3 
618.1 kg/m3 
0.438 mPa.s 

793.8 kg/m3 
1.185 mPa.s 

834.1 kg/m3 
38.1 

1.6648 res.m3/m3 
181. 77 m3/m3 

830.9 kg/m3 
38.8 

' 

I - 2 
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TABLE 1 
SAMPLE COLLECTION DATA 

Project File: 
Operator Name: 
Pool or Zone: 
Field or Area: 
Well Location: 
Fluid Sample: 

Sampling Company: 
Name of Sampler: 
Sampling Date: 
Sampling Point: 
Sampling Temperature: 
Sampling Pressure: 

Reservoir Temperature: 
Reservoir Pressure: 

Initial Reservoir Pressure (Pi) 
Depth of Reported Pi 

Project No.: lf'TC-1./-00././29 

WTC-14-004429 
SM ENERGY 

RUSH 
RECOMBINED 

SM ENERGY 

SEPARATOR 
160 F 

35.00 psia 

248 F 
5866 psia 

psi a 
NIA ft 

71.1 c 
0.24 MPa 

120.0 c 
40.44 MPa 

MPa 
NIA m 

• 
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TABLE2 
COMPOSITIONAL ANALYSIS OF RESERVOIR FLUID 

Component Chemical Mole Mass Calculated Properties 
Name Symbol Fraction Fraction 

Nitrogen N2 0.0044 0.0014 Total Sample 
Carbon Dioxide C02 0.0089 0.0045 
Hydrogen Sulphide H2S 0.0000 0.0000 Molecular Weight 87.04 
Methane c, 0.4372 0.0806 
Ethane C2 0.0714 0.0247 
Propane C3 0.0541 0.0274 C~ Fraction 
i-Bulane i-C4 0.0084 0.0056 
n-Butane n-C4 0.0301 0.020 1 Molecular Weight 199.58 
i-Pentane i-Cs 0.0 141 0.01 17 Mole Fraction 0.3525 
n-Pentane n-Cs 0.0 189 0.0157 Density (glee) 0.8367 
Hexanes c6 0.0257 0.0254 
Heptanes c, 0.0421 0.0482 
Octanes Cs 0.0479 0.0615 C 7+ Fraction 
Nonanes C9 0.0277 0.0409 
Decanes C10 0.0238 0.0389 Molecular Weight 208.50 
Undecanes C11 0.0195 0.0330 Mole Fraction 0.3268 
Dodeeanes C12 0.0 166 0.0307 Density (glee) 0.8427 
Tridecanes C13 0.0170 0.0342 
Tetradecanes C1.i 0.0145 0.0317 
Pentadccanes C1s 0.0128 0 .0302 C 11+ Fraction 
Hexadecancs C16 0.0106 0.0271 
Heptadeeanes C11 0.0096 0 .0263 Molecular Weight 294.32 

I 

Octadccanes C1s 0.0091 0.0263 Mole Fraction 0.1657 
Nonadecanes C19 0.0084 0.0252 Density (glee) 0.8817 
Eicosancs Cw 0.0066 0.0209 
Heneicosanes C21 0.0060 0.0199 
Do co sanes C22 0.0053 0.0187 
Tricosanes Cn 0.0048 0.0176 
Tetracosanes C1.i 0.0044 0.0167 
Pentacosanes C1s 0.0039 0 .0153 
Hexacosanes C26 0.0037 0.0154 
Heptacosanes C21 0.003 1 0.0131 
Octacosanes C2s 0.0030 0.0134 

. ,. 

Nonacosanes C29 
... 

0.0027 0.0124 .. 
Trieontanes C30 0.0023 0.0112 .,, 
Hentriacontanes C31 0.0022 0.0107 .,. -
Dotriacontanes Cn 0.0019 0 .0098 .,, 
Tritriacontanes C33 0.0017 0.0091 ... 
Tetratriacontanes C34 0.00 16 0.0087 ... 
Pentatriacontanes C3s 0.00 14 0 .0081 uo ---
Hexatriacontanes plus C36+ 0.0124 0.1076 .. ,~- -... 

2~~cuo~~~~e c ce~caaaaaacoauueacacn6eac5c6a 

1.0000 1.0000 

Project No.: WTC-1./-00././19 I - 4 
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TABLE3 
OIL COMPRESSIBILITY @ 248.0 F (120.0 C) 

Pressure Ran2e Average 
From To Compressibility 

(psia) (psia) (psf1
) 

8015 7015 l.0448E-05 
7015 5866 I.I IOOE-05 
5866 5015 J.2616E-05 
5015 4515 1.4608E-05 
4515 4015 l.5972E-05 
4015 3515 J.8133E-05 

' ~ 

p~ 351~ 319-0 2.1~8£-os 

Pressure Range Average 
From To Compressibility 

(MPa) (MPa) (MPa.1
) 

55.26 48.36 l .5 153E-03 
48.36 40.44 l .6100E-03 
40.44 34.58 l.8299E-03 
34.58 31.13 2.l 187E-03 
31.13 27.68 2.3166E-03 
27.68 24.23 2.6300E-03 

I 24.23' 1 ll.68· P.sal S:~28lt•03 _ 

Psal - Saturation Pressure 

Project No.: ll'TC-14-00././19 
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TABLE4 
CONSTANT COMPOSITION EXPANSION @ 248.0 F (120.0 C) 

Pressure Relative Volume ¥-Function Fluid Density 
(psia) (MPa) 11 1 121 (!!Ice) 

80 15 55.26 0.938523 0.6586 

70 15 48.36 0.948432 0.6517 

5866 40.44 0.960685 0.6434 

5015 34.58 0.971111 0.6365 

4515 31.13 0.978256 0.6319 

4015 27.68 0.986132 0.6268 

3515 24.23 0 .995154 0.6211 

3290 1Psati 22.68 1.000000 ~ 0.6181 

3103 21.39 1.023293 2.5876 
2916 20.10 1.050628 2.5337 
2729 18.81 1.082912 2.4798 
2542 17.52 1.121321 2.4258 
2355 16.23 1. 167417 2.37 19 
2168 14.95 1.223310 2.3180 
1981 13.66 1.291918 2.2640 

1794 12.37 1.377394 2.2IOI 

1607 11 .08 1.485841 2.1562 

1420 9.79 1.626606 2.1022 

1233 8.50 1.814737 2.0483 

1046 7.21 2.076095 1.9944 
859 5.92 2.459127 1.9404 
672 4.63 3.066328 1.8865 
485 3.34 4.158539 1.8326 

(1) Volume nt indicated pressure per volume at saturation pressure 
[2} Y Function = ((Psat-P)/P)/(Rclative Volume - I) 
Psat - Saturation Pressure 

Project No.: ll'TC-1 ./· 00././29 1-6 
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TABLES 
DIFFERENTIAL LIBERATION OIL PROPERTIES @ 248.0 F (120.0 C) 

Pressure 
O il Oil Formation T otal Format ion Gas-Oil Rntlo Gas-O il Rat io 

Density Volume Fa ctor Volume Fa ctor Solution Liberated Solution Libe rated 

(os ia ) (MPa) (glcm") Ill 121 (scf/STB) (scf/STBl (m"/m} (m"lm} 

8015 55.26 0.6586 1.6305 1.6305 1255.22 0.00 223.56 0.00 
7015 48.36 0.6517 1.6477 1.6477 1255.22 0.00 223.56 0.00 
5866 40.44 0.6434 1.6690 1.6690 1255.22 0.00 223.56 0.00 
5015 34.58 0.6365 1.6871 1.6871 1255.22 0.00 223.56 0.00 
4515 31.13 0.6319 1.6995 1.6995 1255.22 0.00 223.56 0.00 
4015 27.68 0.6268 1.7132 1.7132 1255.22 0.00 223.56 0.00 
3515 24.23 0.6211 1.7289 1.7289 1255.22 0.00 223.56 0.00 

I S91Piitl1[ 24rD· l [ gi6llBl0' ii.W7B1 11 ii.9Sf7Sl 11 [!SSa~ It 101001 H HS~ 1 I 1ruooJ I 
2915 20.10 0.64IO 1.6172 1.8487 1040.67 214.55 185.34 38.21 
2515 17.34 0.6565 1.5404 1.9921 891.69 363.53 158.81 64.74 
2115 14.58 0.6729 1.4675 2.2170 748.72 506.49 133.35 90.21 
1715 11.82 0.6909 1.3962 2.5888 609.04 646.18 108.47 115.08 
1315 9.06 0.7087 1.3311 3.2076 481.54 773.68 85.76 137.79 
915 6.31 0.7283 1.2654 4.4608 352.81 902.41 62.84 160.72 
615 4.24 0.7432 1.2192 6.5281 262.39 992.83 46.73 176.82 
315 2.17 0.7601 1.1667 12.4645 166.07 1089.15 29.58 193.98 

15 0.10 0.7938 1.0578 152.4026 0.00 1255.22 0.00 223.56 

Density of Residual Oil = 0.8341 g/cm3 (834.1 kg/m3) @ 60 F (288. 7K) 
API Gravity ofResiduol Oil = 38.1 

l I J Barrels (Cubic melers) ofoil ot indicated pressure ond temperature per barrel (cubic meter) of residual oil @ 60 F (288.7 K). 
[2] Tolal barrels (cubic meters) of oil and liberated gas at the indicated pressure and temperature per barrel (cubic meter) of residual oil @ 60 F (288.7 K). 
l'sat - Saturation Pressure 

- Standard conditions: 60 F (288.7 K) (c/l 14.696 psia (0.101325 MP11). 

Project No.: WTC-14-004429 1- 7 
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TABLE6 
DIFFERENTIAL LIBERATION GAS PROPERTIES @ 248.0 F (120.0 C) 

Pressure 
Gas Gravity Gas Gas Deviation Gas Formation Gas Expansion 

Incremental Cumulative Density Factor Volume Factor Factor 
(osla) (MPa) {Air = 1) (Air = 1) (g/cmi (.) 111 121 

8015 55.26 
7015 48.36 
5866 40.44 
5015 34.58 
4515 31.13 
4015 27.68 
3515 24.23 

[ 32~1 !P.il'il I 21.68 I ~ I[ I ! I 
2915 20.10 0.7899 0.7899 0.1586 0.8867 0.0061 165.079 
2515 17.34 0.7788 0.7854 0.1357 0.8817 0.0070 143.344 
2115 14.58 0.7664 0.7800 0.1120 0.8841 0.0083 120.349 
1715 I 1.82 0.7472 0.7729 0.0874 0.8955 0.0104 96.501 
1315 9.06 0.7611 0.7710 0.0676 0.9046 0.0136 73.431 
915 6.31 0.7769 0.7718 0.0470 0.9233 0.0199 50.296 
615 4.24 0.7823 0.7728 0.0311 0.9442 0.0300 33.307 
315 2.17 0.9125 0.7851 0.0183 0.9586 0.0582 17.170 

15 0.10 1.5163 0.8819 0.0014 0.9944 0.6770 1.477 

l I J Cubic feet (meters) of gos nt indicated pressure and temperature per cubic feet (meter) @ standard conditions 
[2] Cubic feel (meters) of gos @ standard conditions per cubic feet (meter) @ indicated pressure and temperature. 
Psot - Saturation pressure 
- Standard conditions: 60 F (288.7 K) @l 14.696 psia (0.101325 MP11) 

Project No.: WTC-14-00./429 1- 8 
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TABLE 7 
DIFFERENTIAL LIBERATION FLUID VISCOSITY @248.0 F (120.0 C) 

Pressure Oil Viscosity Gas Viscosity Oil-Gas 
(psis) CMPa) (cp=mPa.s) (c1PR1Pa.s) Viscositv Ratio 

5851 40.34 0.491 
5000 34.47 0.469 
4000 27.58 0.438 
3500 24.13 0.423 
3290 Psat l 22.68 - 0.4'U , r--IL.-_ - -2915 20.10 0.464 0.02063 22.47 
2515 17.34 0.502 0.01914 26.23 
2115 14.58 0.545 0.01780 30.59 
1715 11.82 0.597 0.01666 35.82 
1315 9.06 0.653 0.01573 41.50 
915 6.31 0.715 0.01489 47.99 
615 4.24 0.787 0.01438 54.75 
315 2.17 0.897 0.01347 66.59 

15 0.10 1.185 O.Ol I06 107.07 

Psat - Saturation Pressure 

Proj ect No.: ll'TC-14-00././29 
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TABLES 
COMPOSITIONAL ANALYSIS OF LIBERA TED GAS@ 248.0 F (120.0 C) 

Differential Liberation Sta2e Pressure (psia/MPa) 
Component 2915 2515 2115 1715 1315 915 615 315 15 

20.10 17.34 14.58 11.82 9.06 6.31 4.24 2.17 0.10 

N2 0.0121 0.0116 0.0092 0.0073 0.0064 0.0055 0.0047 0.0013 0.0001 
C02 0.0116 0.0115 0.0120 0.0125 0.0133 0.0142 0.0144 0.0168 0.01 to 
H2S 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Cl 0.7892 0.7944 0.8010 0.8071 0.7859 0.7641 0.7476 0.6233 0.2558 
C2 0.0761 0.0780 0.0798 0.0815 0.0947 0.1079 0.1178 0.1689 0.1887 
C3 0.0453 0.0438 0.0431 0.0446 0.051 I 0.0576 0.0668 0.1044 0.2101 
i·C4 0.0058 0.0054 0.0051 0.0051 0.0057 0.0063 0.0071 0.0117 0.0337 
n·C4 0.0181 0.0167 0.0156 0.0153 0.0169 0.0184 0.0201 0.0342 0.1126 
i.CS 0.0066 0.0059 0.0051 0.0047 0.0050 0.0052 0.0052 0.0094 0.0401 
n·CS 0.0080 0.0072 0.0061 0.0054 0.0057 0.0059 0.0055 0.0104 0.0470 

C6 0.0079 0.0075 0.0059 0.0044 0.0046 0.0048 0.0037 0.0072 0.0378 
C7+ 0.0192 0.0179 0.0170 0.0120 0.0108 0.0100 0.0071 0.0125 0.0630 

Total 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 J.0000 
Standard Conditions 

22.20 21 .64 22.04 22.50 22.66 26.43 I 43.92 
Grnvi 0.7788 0.7664 0.7472 0.7611 0.7769 0.7823 0.9125 1.5163 

Calculated Pro rties of C7+ ·@l Standard Conditions 
MW(g/mol) 101.78 101.84 102.27 101.55 1101.25 1102.21 1103.74 1101.08 1100.61 
Densitv Ce/cc) 0.7338 0.7338 0.7347 0.7336 0.7329 0.7348 0.7370 0.7324 0.7315 

Project No.: WTC-14-004429 1·10 
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TABLE 10 

CORRELATIONS OF MEASURED PVT LABORATORY DATA 

--· .. _ -..... - --··-- --- ---·. -·--. -· ·---- . .. _... - . ._ ..... - . ----- -· 
Relative Volume (V/Vsat) (P ~ Psat) y=(-0.024833*x" 2 + 0.968804*x + 1.041243)/( I .03 I 856*x + 0.956503) 

R Squared = 0.986075 
Relative Volume (V/Vsat) (P ~ Psat) y=(0.494648*x"2 + 0.544879*x + l.314038)/(2.358709*x + -0.009661) 

R Squared = 0.999994 

DIFFERENTIAL LIBERATION (@, 248.0 F 1120.0 n 
Live Oil Density (glee) (P ~ Psat) r-(0.025927*x"2 + 0.760329*x + 0.702912)/(1.190159*x + 1.210596) 

R Squared = 0.994970 
Live Oil Density (glee) (P ~ Psat) y=(-0.198838*x"2 + 1.04543 I • x + 0.055006)/(1 .382887*x + 0.068979) 

R Sauared = 0.999173 
Oil FVF [I] (P ~ Psat) y=(-0.028047*x"2 + l.355188*x + I .346279)/(1.190159*x + 1.210596) 

R Squared = 0.986075 
Oil FVF [I] (P ~ Psat) y=(0.494727*x"2 + 0.828654*x + -0.047454)/(0.794263*x + -0.044923) 

R Sauared = 0.994520 
GOR [2] (P ~ Psat) y=(651.752832*x" 2 + -42.179461*x + 0.358224)/(3.080190*x + -0.218130) 

R Sauared = 0.995781 
Oil Viscosity (cp=mPa.s) (P ~ Psat) y=(0.090 I 84*x"2 + 0.886312 •x + 0.343334)/(1.6 78630*x + 1.501444) 

R Squared = 0.999870 
Oil Viscosity (cp=mPa.s) {P ~ Psat) y=(-0.722154*x"2 + 1.562558*>: + 0.229496)/(2.366382*>: + 0.189006) 

R Sauared = 0.999863 
y is the measured parameter and x = P/Psat, dimensionless 
[I] Barrels (Cubic meters) ofoil at indicated pressure and temperature per barrel (cubic meter) of residual oil @ 60 F (288.7 K). 
r11 Cubic feet (meters) of l!.as at indicated oressure and temoerature oer cubic feet (meter) (@ standard conditions 
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" WTC-14-004429- SM EN ERG)' - RUSH - RECOMBINED FLUID 

TABLE 11 

SEPARATOR TEST CORRECTED DL O IL PROPERTIES @ 248.0 F (120.0 C) 

Pressure 
Oil Formation Volume Fnctor G ns-Oil Rntio Gas-Oil Rntio 

Measured Corrected Mensured Corrected Measured Corrected 
(psia) (MPn) 111 111 (scf/STB) (scf/STB) (m .. /m .. ) (m.,/m .. ) 

8015 55.26 1.6305 1.5625 1255.22 1020.61 223.56 181.77 
7015 48.36 1.6477 1.5790 1255.22 1020.61 223.56 181.77 
5866 40.44 1.6690 1.5994 1255.22 1020.61 223.56 181.77 
5015 34.58 1.6871 1.6167 1255.22 1020.61 223.56 181.77 
4515 31.13 1.6995 1.6286 1255.22 1020.61 223.56 181.77 
4015 27.68 1.7132 1.64 17 1255.22 1020.61 223.56 181.77 
3515 24.23 1.7289 1.6567 125522 1020.61 223.56 181.77 

! s2~J'•t1 l I 14:681 i I il!'ra!§· u u:~~ I! l~Sl.22 J I \1~61 II mrst; I• lli81C'11? ' • 
2915 20.10 1.6172 1.5498 1040.67 815.00 185.34 145.15 
2515 17.34 1.5404 1.4762 891.69 672.24 158.81 119.73 
2115 14.58 1.4675 1.4063 748.72 535.24 133.35 95.33 
1715 11.82 1.3962 1.3379 609.04 401.38 108.47 71.49 
1315 9.06 1.3311 1.2756 481.54 279.20 85.76 49.73 
915 6.31 1.2654 1.2126 352.81 155.84 62.84 27.76 
615 4.24 1.2192 1.1684 262.39 69. 19 46.73 12.32 
315 2.17 1.1667 1.1180 166.07 0.00 29.58 0.00 

15 0 .10 1.0578 1.0136 0.00 0.00 0.00 0.00 

I 

Density of Residual Oil = 0.8341 sfcm3 (834.1 kg/m3) @ 60 F (288.7K) 
API Gravity ofResidual Oil = 38.1 

[I] Barrels (Cubic meters) of oil at indicated pressure and temperature per barrel (cubic meter) of residual oil @ 60 F (288.7 K). 
[2] Total barrels (cubic meters) of oil and liberated gas at the indicated pressure and temperature per barrel (cubic meter) of residual oil @ 60 F (288.7 K). 
Psnt - Saturation Pressure 

- Standard conditions: 60 F (288.7 K) (ti! 14.696 psin (0.101325 MPa). 
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FIGURE I 

CONSTANT COMPOSITION EXPANSION @ 248.0 F (120.0 C) 
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FIGURE2 
DIFFERENTIAL LIBERATION OIL DENSITY @ 248.0 F (120.0 C) 
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FIGURE3 

DIFFERENTIAL LIBERATION OIL FORMATION VOLUME FACTOR 248.0 F (120.0 C) 
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FIGURE 4 
DIFFERENTIAL LIBERATION GAS-OIL RATIOS@ 248.0 F (120.0 C) 
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FIGURES 

DIFFERENTIAL LIBERATION OIL VISCOSITY @ 248.0 F (120.0 C) 
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FIGURE 6 
DIFFERENTIAL LIBERATION GAS DEVIATION FACTOR @ 248.0 F (120.0 C) 
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ll'TC- 14-00././29 - SM ENERGY - RUSH - RECOMBINED FLUID 

FIGURE 7 
DIFFERENTIAL LIBERATION GAS VOLUME FACTORS @ 248.0 F(l20.0 C) 
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FIGURES 
DIFFERENTIAL LIBERATION GAS GRAVITY @ 248.0 F (120.0 C) 
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FIGURE9 
DIFFERENTIAL LIBERATION GAS VISCOSITY @ 248.0 F (120.0 C) 
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FIGURE 10 

LIBERATED GAS COMPOSITION PROFILE @ 248.0 F (120.0 C) 
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1 ntertek RESERVOIR FLUID STUDY 

WTC-14-004429 - SM ENERGY - RUSH - RECOMBINED FLUID 

TABLE Al 
COMPOSITIONAL ANALYSIS OF RESERVOIR FLUID 

Component Chemical Mole Mass Calculated Properties 
Name Symbol Fraction Fraction 

Nitrogen Ni 0.0044 0.0014 Total Sample 
Carbon Dioxide C02 0.0089 0.0045 
Hydrogen Sulphide HiS 0.0000 0.0000 Molecular Weight 87.04 
Methane C1 0.4372 0.0806 
Ethane C2 0.0714 0.0247 
Propane C3 0.0541 0.0274 C6+ Fraction 
i-Butane i-C4 0.0084 0.0056 
n-Butane n-C4 0.0301 0.0201 Molecular Weight 199.58 
i-Pentane i-Cs 0.0141 0.011 7 Mole Fraction 0.3525 
n-Pentane n-Cs 0.0189 0.0157 Density (glee) 0.8367 
Hexanes c 6 0.0257 0.0254 
Heptanes C1 0.0421 0.0482 C7+ Fraction 
Octanes c8 0.0479 0.0615 
Nonanes C9 0.0277 0.0409 Molecular Weight 208.50 
Dec an es C10 0.0238 0.0389 Mole Fraction 0.3268 
Undecanes C11 0.0195 0.0330 Density (glee) 0.8427 
Dodecanes C12 0.0166 0.0307 
Tridecanes · C13 0.0170 0.0342 C12+ Fraction 
Tetradecanes C14 0.0145 0.0317 
Pentadecanes C1s 0.0128 0.0302 Molecular Weight 294.32 
Hexadecanes C16 0.0106 0.0271 Mole Fraction 0.1657 
Heptadecanes C11 0.0096 0.0263 Density (glee) 0.8817 
Octadecanes C1s 0.0091 0.0263 
Nonadecanes C19 0.0084 0.0252 C3Gt Fraction 
Eicosanes C20 0.0066 0.0209 
Heneicosanes C21 0.0060 0.0199 Molecular Weight 609.34 
Docosanes C22 0.0053 0.0187 Mole Fraction 0.0236 
Tricosanes C23 0.0048 0.0176 Density (glee) 0.9674 
Tetracosanes C24 0.0044 0.0167 
Pentacosanes Cis 0.0039 0.0153 CJ6+ Fraction 
Hexacosanes C26 0.0037 0.0154 
Heptacosanes C21 0.0031 0.0131 Molecular Weight 755.98 
Octacosanes C2s 0.0030 0.0134 Mole Fraction 0.0124 
Nonacosanes C29 0.0027 0.0124 Density (glee) 1.0015 
Tricontanes C30 0.0023 0.0112 
Hentriacontanes C31 0.0022 0.0107 
Dotriacontanes Cn 0.0019 0.0098 Recombination Parameters 
Tritriacontanes C33 0.0017 0.0091 
Tetratri acontanes C34 0.0016 0.0087 Gas-Oil Ratio (cc/cc) 181.77 
Pentatriacontanes C3s 0.0014 0.0081 Dead Oil Density (glee) 0.8309 
Hexatriacontanes plus c36• 0.0124 0.1076 Dead Oil MW (g/mol) 197.29 

1.uuuu 1.uuuu 
Ph steal Pro ert1es calculated based on GPA 2145-00 1h s1cal constants y p p y 

Project No.: WTC-14-004429 



lntertek RESERVOIR FLUID STUDY 

WTC-14-004./29 - SM ENERGY -RUSH . RECOMBINED FLUID 

TABLE Al 
COMPOSITIONAL ANALYSIS OF FLASHED OIL 

Component Chemical Mole Mass Calculated Properties 
Name Symbol Fraction Fraction 

Nitrogen N~ 0.0000 0.0000 Total Sample 
Carbon Dioxide C02 0 .0000 0.0000 
Hydrogen Sulphide H~S 0.0000 0.0000 Molecular Weight 197.29 
Methane c, 0.0000 0.0000 
Ethane C2 0.0010 0.0002 
Propane C3 0.0051 0.0011 C6+ Fraction 
i-Butane i-C4 0.0024 0.0007 
n-Butane n-C4 0.0137 0.0040 Molecular Weight 205.71 
i-Pentane i-Cs 0.0144 0.0053 Mole Fraction 0.9400 
n-Pentane n-C5 0.0235 0.0086 Density (glee) 0.8403 
Hex an es c6 0.0489 0.0214 
Heptanes C1 0.0974 0.0492 ~ Fraction 
Octanes Cs 0.1256 0.0717 
Nonanes Cg 0.0780 0.0507 Molecular Weight 212.28 
Decanes Cui 0.0672 0.0485 Mole Fraction 0.8910 
Undecanes Cu 0.0551 0.0411 Density (glee) 0.8445 
Dodecanes C12 0.0469 0.0383 
Tridecanes Cu 0.0480 0.0426 C12+ Fraction 
Tetradecancs C 14 0.0410 0.0395 
Pcntadccancs C1s 0.0360 0.0376 Molecular Weight 294.32 
1-lexadccanes c ,6 0.0300 0.0338 Mole Fraction 0.4676 
Heptadecanes c,, 0.0272 0.0327 Density (glee) 0.8817 
Octadecanes c,s 0.0258 0.0328 
Nonadecanes C19 0.0236 0.0314 CJO+ Fraction 
Eicosanes Cw 0.0187 0.0261 
Heneicosancs C:?I 0.0168 0.0248 Molecular Weight 609.34 
Docosanes c :?2 0.0150 0.0232 Mole Fraction 0.0666 
Tricosanes c :?J 0.0136 0.0219 Density (glee) 0.9674 
Tetracosanes C24 0.0 124 0.0207 
Pentacosanes C2s 0.0109 0.0191 C3 6+ Fraction 
Hexacosanes c 26 0.0106 0.0192 
Heptacosanes C21 0.0086 0.0 163 Molecular Weight 755.98 
Octa co sanes C2s 0.0085 0.0166 Mole Fraction 0.0350 
Nonacosanes c:l'l 0.0076 0.0154 Density (glee) 1.0015 
Tricontanes C30~ 0.0066 0.0139 
Hentriacontanes C31 0.0061 0.0133 
Dotriacontanes Cn 0.0054 0.0122 
Tritriacontanes C 31 0.0049 0.0113 
Tetratriacontanes C34 0.0045 0.0108 
Pentatriacontanes C3s 0.0041 0.0101 
Hexatriacontanes plus C36+ 0 .0350 0. 1340 

1.0000 1.0000 
Physical Properties calculated based on GPA 2145-00 physical constants 
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lntertek RESERVOIR FLUID STUDY 

WTC-1./-00././29- SM ENERGY - RUS/-1- RECOMBINED FLUID 

TABLEA3 
COMPOSITIONAL ANALYSIS OF FLASHED GAS 

Componenl Chemical Mole Fracllon Liquid Volume 

Name Symbol As Analyzed Acid Gas Free STB/Ml\bcf mUmJ 

Nitrogen Ni 00068 0.0069 

Cnrbon D1oiudc C02 00137 00000 

Hydrogen Sulphide 1-125 00000 00000 

Methane c, 06771 0.6865 

Ethnne Ci 0 1100 0 1115 

Propane CJ 00811 00822 52 948 297 276 

1-Butnnc i-C, 00118 00119 9 119 51 197 

n·Buwnc n-C, 00391 00397 29 275 164.367 

1-Pcnwnc i·C, 00 140 00142 12 179 68 379 

n-Pcnlllne n-C) 00163 0 0166 14.036 78 806 

llcxnnes c6 00129 0.0131 12631 70915 

Hcpwncs C1 00118 0 0120 12.942 72.662 

Octnncs c. 00052 00052 6.271 35.206 

Nonnncs c~ 00002 00002 0.200 1.125 

Dccancs C1e 00000 00000 0.000 0.000 

Undctnnc Cu 00000 00000 0.000 0.000 

Dodccnncs Plus Cu. 0.0000 00000 0.000 0.000 

Tomi 1.0000 1.0000 149.601 839.933 

Propanes Plus C3. 0 1924 0.1950 149.601 839 933 

Buwncs Plus c,. 01113 0.1128 96 653 542.657 

Pcnmncs Plus C)• 0.0604 0.0612 58 258 327 093 

Cakulattd Gas Proper1ics @Standard Conditions Calculaled Pseudocrltkal Pro pertits 

Molecular Wc1gh1 26.51 kglkmol 26.51 lb/lb·mol Ppc 652 9 J™~ 4.SO MPa 

Specific Gravity 0.9152 (Air I) 0.9152 (Air • I) Tpc 448.6 R 249.2 K 

MW ofC7+ 1. 70 kg/kmol 1.70 lbJlbmol rpc• 649.4 irna 448 MPn 

Dcnsily ofC7+ 0. 729 3 l!/cc 729 3 kl!/m3 Tpc* 4462 R 2479 K 

Calculated Gross Healing Value @ Standard Condlllons Calculated Net lleatln2 Value @ Standard Condlllons 

Dry I 1,529.5 Btu/scf I 5709 MJfm3 Dry I 1,394.7 Blu/scf I 5206 MJfm3 

Wet 1,502 8 Btu/scf 56 10 MJ/m3 Wei 1,3704 B1u/~f SI 15 MJlm3 

Smndnrd Cond1t1ons 60 F (288.7 K) @ 14.696 psin (0 101325 MPn) 
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lntertek RESERVOIR FLUID STUDY 

WTC-1./-00-/.129- SM ENERGJ' - RUSH - RECOMBINED FLUID 

TABLE Bl 

DIFFERENTIAL LIBERATION@248.0 F (120.0 C) - MATERIAL BALANCE 

Pressure 
Measured Calculated Absolute 

Oil FVF Oil FVF Relative Error 
(psia) (MPa) 111 Ill (% ) 

1~ ---, .- -
! 3290 l?sat U.68 1.7393 L 1.~96 0.1810 - - ~ 

2915 20.IO 1.6172 1.6196 0. 1475 

2515 17.34 1.5404 1.5429 0.1599 

2115 14.58 1.4675 1.4700 0.1720 

1715 11.82 1.3962 1.3987 0.1837 

1315 9.06 1.3311 1.3337 0.1955 

915 6.31 1.2654 1.2680 0.2085 

615 4.24 1.2192 1.2219 0.2183 

315 2.17 1.1667 1.1694 0.2338 

15 0.10 1.0578 1.0507 0.6697 

[I] (res bbl!STB) (res m3tm3) 

Psat - Saturation Pressure 

- Standard conditions: 60 F (288.7 K) @I 14.696 psia (0.101325 MPa) 
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FIGURE BI 
DIFFERENTIAL LIBERATION @ 248.0 F (120.0 C) - MATERIAL BALANCE 
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lntertek RESERVOIR FLUID STUDY 

ll'TC-14-004419- SM ENERGY - RUSH - RECOMBINED FLUID 

APPENDIXC 

DIFFERENTIAL LIBERATION - COMPOSITIONAL ANALYSES OF LIBERATED GAS 
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lntertek RESERVOIR FLUID STUDY 

WTC-J-1-00-1./19- SM ENERGJ' - RUS/-1- RECOMBINED FLUID 

TABLE Ct 
DIFFERENTIAL LIBERATION GAS COMPOSITION @ 2,915 psin (20.10 MPn) 

Component Cl1emlc11I Molt Frnclion Liouill Volumt 

Name Symbol AsAnalvzrd Acid Gas Free STD/Ml\lscr mUm3 

Nitrogen Ni 00121 00123 

Corbon D1olmle C02 00116 00000 

Hydrogen Sulphide 112S 00000 00000 

Methane c, 07892 07985 

Ethane C2 00761 o.ono 
Propane CJ 00453 0.0458 29 556 165 944 

i-Dutanc i-C4 00058 0.0059 4 493 25 228 

n-Duumc n·C4 0 0181 0.0183 13 557 76114 

i-Pcntane 1-C, 00066 0.0067 5 746 32 262 

n-Pentane n-Cs 00080 0.0081 6 868 38 558 

llexuncs C,, 00079 0.0080 7 711 43 294 

llcptuncs C1 0.0098 0.0099 10686 59998 

Octanes C11 0,0090 0.0091 IO 925 61 338 

Nonancs c~ 0,0005 00005 0655 3676 

IA.'Can~~ Ci• 0.0000 00000 0000 0.000 

Untkcant c .. 00000 00000 0000 0.000 

Doilccan~-s Pl us Cu. 00000 00000 0000 0.000 

ToUll 1.0000 1.0000 90.197 506.412 

Propanes Plus C1. 01109 0-1122 90.197 506.412 

D utant.-s Pl us C4. 00657 00664 60.641 340 468 

l'cnuincs Plus c,. 00417 00-122 42 591 239 126 

Calculattd Gas Properties @ Standard Conditions Calculated Pseudocr itlcal Proper t ies 

Molecular Weight 22 88 kg/kmol 22 88 lb/lh-mol Ppc 658.2 psia 4 54 MPa 

Specific Gravity 07899(Air • I) 0 7899 (Air • I) ('pc 408 7 R 227.1 K 

MWofC7+ 101.78 kg/kmol 101 78 lbllbmol l'pc • 654.9 psia 4 52 Ml'a 

Density ofC7+ 0.7338 glee 733 8 k j!/m3 Tpc• 4066 R 2259K 

Calculated Gross llcatine: Value @ St11nd11rd Conditions C1lcul11ttd Ntt Hutlne: V1lue Gil Standerd Co nditions 

Dry I 1,332.0 Btu/scf I 49.72 MJ/m3 Dry I 1,210.6 Btu/scf I 45.19 MJ/m3 

Wet 1,308.8 Dtu/scf 48.86 MJ/m3 Wet 1, 189.5 Btulscf 44.40 MJ/m3 

Suindard Conditions 60 f (288.7 K) @ 14 696 ps111 (0. 101325 MP11) 

Project No.; WTC-/.1-004-129 I· 32 



lntertek RESERVOIR FLUID STUDY 

ll'TC-14-00./429 - SM ENERGY - RUSH - RECOMBINED FLUID 

TABLE C2 
DIFFERENTIAL LIBERATION GAS COMPOSITION@2t515 psin (17.34 MPn) 

Componenl Chemical Mole Frncllon Liquid Volume 

Name Symbol AsAnalvud Acid Gas Free STB/MMscr mUm3 

Nitrogen Ni 00116 00118 

Cnrbon Dioxide C02 0.0115 00000 

Hydrogen Sulphide ll2S 0.0000 00000 

Methane c, 0 7944 0 8036 

Ethane C2 0.0780 00789 

Propane c, 00438 00443 28617 160668 

1-Butnnc i -C~ 00054 00055 4 198 23.571 

n-Butnnc n-c. 00167 0.0169 12.488 70.115 

1-rentanc i-C, 00059 0.0060 5.149 28906 

n-rentnne n-C, 00072 00073 6.197 34.793 

Hexnnes c6 0.0075 0.0076 7.351 41.274 

Hcptanes C1 00093 0.0094 10206 57 301 

Oclnncs c. 00078 0.0079 9507 53 376 

Nonnncs C9 00007 0.0007 0981 5.507 

Dccnncs C1w 00000 0.0000 0000 0000 

Und~nnc Cu 00000 00000 0000 0000 

DodccnnL'S Plus c .,, 00000 0 0000 0000 0000 

Totnl 1.0000 1.0000 84.693 475.511 

Propanes Pl us c,. 01045 0.1057 84 693 475 51 I 

Butanes Plus c •. 00606 0.0613 56077 314 843 

Pcntnnes Plus c,. 00385 0.0390 39 390 221157 

Calculaled Gas Properties @ Slndard Condillons Calculaled Pseudocrltlcal Properlies 

Molecular Weight 22 56 kg/kmol 22 56 lb/lb-mo! Ppc 659.4 psin 4.55 MJ>a 

Specific Gravity 0 7788 (Air= I) 0 7788 (Air • I) Tpc 406 IR 225.6 K 

MWofC7+ I 0 I. 84 kg/kmol 101.84 lb/lbmol J>pc• 656.0 ps1a 4 52 MP..i 

Density of C7+ O 7338 glee 733 8 kg/ml Tpc• 4040R 224 SK 

Calculated Gross lleatlni Value @ Standard Conditions Calculated Nel Healin2 Value @ Standard Conditions 

Dry I 1,3 15.0 B1u/scf I 4909 MJ/m3 Dry I 1,194 8 Btu/scf I 44 60 MJlm3 

Wei 1,292.2 B1u/scf 4823 MJ/m3 Wet l, 174 0 Btu/scf 43 82 MJ/m3 

Stnndnrd Conditions 60 F (288 7 K)@ 14 696 psm (0.101325 Mfla) 
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lntertek RESERVO IR FLUID STUDY 

ll'TC-1./-00-/.129-SAI ENERGJ' - RUSH - RECOMBINED FLUID 

TABLE C3 
DIFFERENTIAL LIBERATION GAS COMPOSITION@ 2,115 psia (14.58 MPa ) 

Component Chcmkal Mole Frnction Liquid Volume 

Name Symbol AsAnolrztd 

Nitrogen Nl 00092 

Carbon Dioxide COz 00120 

I lydrogcn Sulphide 11ls 00000 

Mel hone C1 0 .80IO 

Eth one c l 0 .0798 

Propane c, 0 .043 1 

1-Butonc i-C~ 0005 1 

n-Butonc n·C4 0 .0 156 

1-Pcntonc 1·Cs 0.0051 

n·Pcntonc n-Cs 00061 

l-lcxoncs c,, 00059 

Hcptoncs C1 0.0082 

Oclllncs CR 0.008 1 

Nommcs c~ 00006 

Dccancs Cro 0.0001 

Undcconc c .. 0 0000 

Dodccancs Plus Cu. 00000 

Toto I 1.0000 

l'ropancs J>I us c,. 0 0979 

Uuiancs Plus c~. 0 0548 

l'cn\Dncs J>lus c}. 0034 1 

Calculattd Gas P roptrlits @ Standard Conditions 

Molcculnr Weight 

Specific Gravity 

MWofC7+ 

Density of C7+ 

Dry 

Wet 

22.20 kg/kmol 

0 7664 (Air I) 

I02.27 kg/kmol 

0.7347 ,Ycc 

1,298.5 Btu/scr 

1,276.0 Btu/scr 

22 20 lb/lb-mol 

0.7664 (A ir • I) 

102.27 lblibmol 

734.7 kg/m3 

48.47 MJ/m3 

47.63 MJ/m3 

Stondllrd Cond111ons. 60 F (288 7 KJ @ 14 696 psiD (0 101325 MPo) 

Project No.: ll'TC-/.1-00././29 

Add Gos Fr" STB/MMscr mUm3 

00l)lJ3 

ooooa 
00000 

0 8108 

0.0808 

0.0436 28 142 158.001 

0.0052 3950 22 175 

0.0 158 11 656 65 441 

0.0052 4450 24 987 

0.0062 5 246 29453 

0.0060 5 742 32.237 

0.0083 9012 50601 

00082 9856 55.339 

00006 0 79 1 4.443 

00001 0102 0.575 

00000 0 000 0000 

00000 0000 0.000 

1.0000 78.948 443.253 

0.0991 78 948 443 253 

00554 50 806 285 25 I 

0 0345 35 201 197635 

Calculnttd Pstudocriliul Proptrtits 

Ppc 

Tpc 

Ppc• 

Tpc• 

Dry 

Wet 

661.2 p~iu 

403.6 R 

657.7 ps111 

401 4 R 

1,1 79.3 Btulscf 

1.158.8 Dtu/scf 

4 56 Ml'u 

224.2 K 

4.53 MPn 

ll30K 

44.02 MJ/m3 

43.26 MJ/m3 



lntertek RESERVOIR FLUID STUDY 

WTC-14-00./429 - SM ENERGY - RUSH - RECOMBINED FLUID 

TABLEC4 
DIFFERENTIAL LIBERATION GAS COMPOSITION @ 1,715 psin (11.82 MPa) 

Component Chemical Mole Fratlion Liquid Volume 

Name Symbol AsAnab'Ztd 

Nllroi'Cn N1 0.0073 

Carbon Dioxide col 0.0125 

Hydrogen Sulphide 112S 0.0000 

Methane c, 0.8071 

[thane C2 0.0815 

Propane C3 00446 

i-Bullllle i-C~ 00051 

n·Bulllllc n-C~ 00153 

1-Pcnlllllc t·C, 00047 

n-Pentnnc n-C, 00054 

llexancs c6 00044 

l·lcptancs C1 00060 

Octanes c. 00061 

Nononcs C9 00000 

Dcc11nes C10 0 0000 

Undeamc c .. 00000 

Dodecanes Plus C12• 00000 

Total 1.0000 

Propanes Plus C3. 00916 

Butanes Plus c~. 00470 

Pcnumcs Plus c,. 00266 

Calculated Gas Properties ~ Standard Conditions 

Molecular Weight 21 64 kg/kmol 21.64 lbllb-mol 

Specific Gravlly 0. 7472 (Air • I) 0 7472 (Air I) 

MWofC7+ I 0 I.SS kg/kmol 10 I.SS lbllbmol 

Density ofC7+ 0 7336 glee 733.6 kl!/m3 

Standard Conditions 

Dry 

Wet 

1,270 4 Btu/scf 

1,248 3 Btu/scf 

4742 MJ/m3 

4660 MJ.'m3 

Standard Conditions 60 F (288. 7 K)@ 14 696 ps1a (0. 101325 MPo) 

Project No.: lf'TC-1./-00·/.129 

Acid Gas Free STB/MMscr mUmJ 

0.0074 

0.0000 

0.0000 

0 8173 

0.0826 

0.0452 29123 163 513 

0.0051 3 930 22 068 

0.0155 11435 64 199 

0.0048 4 117 23 117 

00055 4 678 26 266 

0.0045 4 312 24.211 

0.0060 6526 36 639 

00062 7 388 41.480 

00000 0000 0000 

0.0000 0000 0000 

0.0000 0000 0000 

00000 0000 0000 

1.0000 71.510 401.494 

00927 71.510 401 494 

00476 42 387 237 981 

0.0270 27022 151.714 

Calculated Psrudocrltlul Properties 

Ppc 663.8 ps10 4 S8 MPn 

Tpc 3999R 222.2 K 

J'pc• 660 I ps1a 4.SS MPa 

Tpc• 3977R 221.0 K 

Calculated Net Healin Value 11 Standard Conditions 

Dry 

Wet 

1,153.0 Btu/scf 

I, 132 9 Blu/scf 

43 04 MJ1m3 

42 29 MJlm3 

I - 35 



lntertek RESERVOIR FLUID STUDY 

ll'TC-1./-00-/.129 - SM ENERGY - RUSH- RECOMBINED FLUID 

TABLEC5 
DIFFERENTIAL LIBERATION GAS COMPOSITION@ 1,315 psin (9.06 MPn) 

Component Chemical Mole FracCion Liquid Volume 

Name Symbol AsAnalyud Adil Gas Free STD/MMscr mUmJ 

Nitrogen N1 0.0064 00065 

Carbon 01mudc C01 0.0133 00000 

Hydrogen Sulphulc ll1S 0.0000 00000 

Methane c, 0.7859 0 7965 

Cthane Ci 0.0947 00960 

Propane C3 O.OSI I 00518 33 361 187 303 

1-But11ne i-C, 0.0057 00058 4404 24.727 

n-Blllllne n-C, 0.0 169 00171 12618 70 844 

i-Pentanc i-C, 00050 00050 4.322 24 264 

n·l'~'tltane n-c, 00057 00058 4891 27 459 

llexnncs c6 00046 00047 4 502 25 275 

I lcptnn~'S C1 00058 00059 6.356 35 684 

Ocwncs c~ 0.0049 00049 5 908 33 169 

Nonancs c~ 00001 00001 0. 160 0 899 

De canes c .,, 0 0000 00000 0.007 0041 

Undccanc C 11 0.0000 00000 0.000 0 000 

Dodca mcs l'lus Cu. 0 0000 00000 0000 0 000 

Total 1.0000 1.0000 76.528 42'-665 

Propanes Plus C1. 0 0997 0.1010 76.528 429 665 

Butanes Plus c,. 00486 0.049) 43.167 242.362 

Pcntancs Plus cj. 0026 1 00264 26.145 14679 1 

Calculated Gas Properlies @ St11nll11rd Condlelons Calculaled Pseudocrillcal Properlles 

Molecular Weight 22 04 kglkmol 22 04 lb/lb-mol l'pc 664 4 psm 4 58 MPa 

Specific Gmvity 0.761 1 (Air • I) 0 7611 (Air • I) Tpe 405 4 R 22S.2 K 

MWofC7+ 101.25 kg/kmol I 0 l 25 lb/lbmol l'pc • 660.6 psm 4 SS MPa 

Density ofC7+ 0.7329 ,Yee 732 9 kc/m3 Tpc• 403 IR 223 9 K 

Calculatell Gross Healln2 Value tJi) S11ndard Conditions Calculated Nd Heatln2 Value @ Standarll Conditions 

Ory I 1,290 9 Dtu/sef 

I 48 18 MJfm3 Dry I 1,172. 1 Btu/scf I 43 75 MJlm3 

Wet 1,268 4 Btu/scf 47 35 MJfm3 Wet 1, 1s1 7 Btutscr 42 99 MJ!m3 

Standard Cond1t10ns 60 f (288,7 K) @ 14.696 psia (0.101325 MPn) 

Project No.: IVTC-1./-00./429 1- 36 



lntertek RESERVOIR FLUID STUDY 

lf7C-/4-00./.119 - SM ENERGJ' - RUSH - RECOMBINED FLUID 

TABLEC6 
DIFFERENTIAL LIBERATION GAS COMPOSITION @ 9JS psia (6.31 MPa) 

Comf1onenl Chemical Mole Fraction Liquid Volume 

Name Symbol As Anal)·zed 

Nitrogen Ni 0.0055 

Carbon Dioxide C02 0.0142 

llydrogcn Sulphide ll:S 0.0000 

Methane C1 0 7641 

Ethane c, 0 1079 

Propane c, 00576 

i-Buume i·C4 00063 

n-Butone n-C4 00184 

1·Penlllnc 1-C, 00052 

n-Pcntonc n-c, 00059 

Hcxancs c. 00048 

llcptoncs Cr 00046 

CXtoncs c. 0005 1 

Nonancs c., 00002 

Dccancs C10 00000 

Undc:canc C11 00000 

Dodccancs Plus Cu• 00000 

Total 1.0000 

Propanes Plus c,. 0 1083 

Butanes Plus C4, 00507 

Pcntoncs Plus c,. 00260 

C1lcul1led Gas Propcrtles @ Slandard Conditions 

Molecular Weight 22 50 kg/kmol 22 SO lbflb-mol 

Specific Gravity 0.7769(A1r • I) 07769(Air • I) 

MWofC7+ 102.27 kg/kmol 102.27 lb/lbmol 

Density ofC7+ 0 7348 glee 734 8 ka/m3 

Calculated Gross Hentin Value Standard Conditions 

Dry 

Wet 

1,314 6 Btu/scf 

1,291 8 Btu/scf 

4907 MJ/m3 

48 22 MJ/m3 

Slllndard Cond111ons 60 I' (288 7 Kl @ 14 696 psia (0. 101325 MPa) 

Project No.: 117C-14-004419 

Acid Gas Free STB/MMsd mUm3 

00055 

00000 

00000 

0 775 1 

0 1095 

0.0584 37607 211 142 

0 0064 4.879 27.391 

0.0187 13.802 77494 

0.0053 4.525 25 405 

0 0060 5 102 28.646 

0 0049 4 690 26.332 

0 0047 5 085 28.552 

00052 6240 35.036 

0 0002 0.321 1.802 

0 0000 0.015 0082 

00000 0000 0000 

0 0000 0.000 0000 

l ,0000 82.266 .a61.882 

0 1099 82 266 461 882 

00514 44 659 250 740 

00263 25 978 145 856 

Calculaled Pseudocrltlcal Properties 

Ppc 664.9 ~ia 4 58 MPa 

Tpc 411.JR 2285 K 

Ppc• 660.9 ps1a 4.56 Ml'a 

Toe• 408 9 R 2272 K 

Calculated Net Hcatln Value a Standard Conditions 

Dry 

Wet 

1,194.3 Btu/sc:f 

1,173.5 Btu/sef 

44.58 MJ/m3 

43 80 MJfm3 

I - 37 
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lntertek RESERVOIR FLUID STUDY 

ll'TC-14-004429- SM ENERGY - RUSH - RECOMBINED FLUID 

TABLEC7 
DIFFERENT IAL LIBERATION GAS COMPOSITION@615 psin (4.24 MPn) 

Component Chemical Mole Fraction U quid Volumr 

Name Symbol As Analyzed Add Gas Free STD/MMscf mUmJ 

Nitrogen Ni 00047 00047 

Carbon Dioxide coi 00144 00000 

Hydrogen Sulphide lliS 0.0000 00000 

Methane c. 0.7476 0.75115 

Ethane C2 0 1178 0.1195 

Propane CJ 0,0668 00678 43616 244 883 

i· Butonc i-C~ 0.0071 00072 5 518 30.980 

n-Butane n-C~ 0.0201 0,0203 15.001 84.221 

i-l'cntanc i-C, 0.0052 0 .0053 4503 25 282 

n-l'entunc n-c, 0.0055 0.0056 4 762 26.735 

llcxanes c6 0.0037 00037 3 592 20.167 

llcptone$ C1 0.0031 0.0032 3427 19241 

Ocllmcs c. 0.0033 0 .0033 3998 22.447 

Nommcs C9 0.0007 00007 0 882 4.952 

Dl!canes C10 00001 0 0001 0. 102 0573 

Und~-canc Cu 0.0000 00000 0 .000 0000 

Dod~-concs Plus Ci:· 0.0000 00000 0 .000 0.000 

Total 1.0000 1.0000 85.400 479.481 

Propanes l'lus c,. 0 1155 01 172 85400 479.481 

Butan~-s Plus c •. O.O-lll7 00494 41.711-1 234 599 

f'cntunes Plus CJ, 002 16 00219 21 266 119398 

Calculated Gas rroeerties ~Standard Conilltlons Calculated Pseudocrillcal Properlirs 

Molecular Wc1gbl 22.66 kgfkmol 22 66 lbflb·mol llpc 665 9 psia 4 59 MJ>u 

Specific Gravity 0.7823 (Air "' I) 0.7823 IA ir • I) Tpc 414 8 R 2304 K 

MW ofC7+ IOJ.74 kgfkmol 103.74 lb/lbmol Ppc• 66L9psia 4.56 MJ>u 

Dcnslly of C7+ O 7370 glee 737 0 ks/m3 Tpc* 4123 R 2290 K 

Cak ulaled Gross Hratlnl! Value r.il Standard Conditions Calculatrd Net Heatht!! Value lil Standard Condillons 

Dry I 1,322.3 Btu/sc r I 49.36 MJ!m3 Pry I 1.20 l.4 Btu/scf I 44.85 MJ/m3 

wee l .299 3 Btu/scf 48 50 MJ!m3 Wc;t I, 180 5 Btu/scf 44.07 MJ/m3 

Swndurd Conditions. 60 P (288.7 K) @ 14 696 psia (0 101325 Ml'a) 

Project No.: JJ'TC- 14-004429 I .JS 
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lntertek RESERVOIR FLUID STUDY ., 
HTC-/.1-00././29 - SM ENERGY - RUSH - RECOMBINED FLUID 

TABLE CS 
DIFFERENTIAL LIBERATION GAS COMPOSITION 315 psin (2.17 MPa) 

Component Chemic.I Mole Fraelion Liquid Volume 

Name Symbol As Analyzed 

Nitrogen Nz 0.0013 

Carbon Dioxide C0 2 0.0168 

I lydrogcn Sulphide 1125 0.0000 

Methane C1 0.6233 

Ethane C2 0 1689 

fi ropanc C3 0 1044 

•· Butane 1-c~ 0.0117 

n·Buuu~ n-C~ 0.0342 

i· l'cntllnc 1-C, 0.0094 

n-Pcntanc n-c, 0.0104 

llcxanell c6 0.0072 

llcpUmd c, 0.0070 

Octanes c. 00053 

Nonancs C9 00002 

De can~ c,. 00000 

Undccanc C11 0.0000 

Dodccnncs Pl us C12• 0.0000 

Total l,0000 

Propanes Plus c , . 0.1897 

BuUUles Plus c~. 0.0853 

Pcntllnes Plus c,. 00394 

Calculated Gas Pro perlles @ Standard Conditions 

Molcculnr Weight 26.43 kg/kmol 26.43 lbllb-mol 

Specific Gravity 0.9 125 (Air • I ) 0 .9125 (Air • l) 

MW ofC7+ IOL08 kg/kmo[ 101 08 lb/lbmol 

Den~ity ofC7+ 0 7324 g/cc 732 4 kg/m3 

Calculated Gross Heatin Value 11 Standard Condillons 

Dry 

Wet 

I .S26.4 Btu/scf 

1.499,9 Btufscf 

56.98 MJlm3 

55 99 MJlm3 

Standard Conditions 60 F (2 88. 7 K) @ 14 696 psia (0 I 01325 MPn) 

Project Na.: WTC-1./-00./-129 

Acid Gn Free STB/MMser mUmJ 

0.0013 

00000 

00000 

06340 

0 1718 

0 1062 68 177 382.778 

00119 9.049 50 805 

0 0347 25 557 143.491 

00095 8 128 45.635 

00106 8 931 50.140 

00073 6999 39.293 

00072 7708 43.277 

00054 6.404 35.957 

00002 0.281 1.576 

00000 O.ol5 0.082 

0 0000 0.000 0 000 

0 0000 0.000 0 000 

J.0000 141.247 793.034 

0 1929 141.247 793.034 

0 0867 73 071 410.256 

00401 38 465 215.960 

Calculated Pseudoerltleal Properties 

Ppc 

Tpc 

Ppc• 

Tpc• 

Dry 

Wet 

661 4 ps1a 

4560R 

657 2 psia 

453 l R 

l ,39 L 9 Btu/scr 

1,367 6 Btu/scf 

4 56 MPa 

253.3 K 

4.53 MPa 

251.7 K 

51.95 MJ/mJ 

51 05 MJ/ml 

I - 39 



, lntertek RESERVOIR FLUID STUDY 

ll'TC-1./-00././29 -SM ENERGJ' - RUSH - RECOMBINED FLUID 

TABLE C9 
DIFFERENTIAL LIBERATION GAS COMPOSITION@ 15 psin (O.to MPn) 

Component Chemicnl J\fole Frnctkm Liquid Volume 

Name Symbol AsAnnlyzed 

N1lrogcn Ni 00001 

Carbon D1ox1de C02 00110 

llydrogcn Sulphide ll2S 00000 

Methane c, 025511 

Ethane C2 0.1887 

Propane cl 02101 

i· Dutanc i·C~ 00337 

n·Dutane n-C~ 01126 

i· l'cnlnnc 1-C, 00401 

n-Pcntanc n-C, 00470 

llcxancs c,, 00378 

llcptancs C1 00375 

Octanes Ca 00249 

Nonancs c? 00007 

Dccancs c,., 00000 

Undccnnc Cu 00000 

Dodccan~-s J>I us C12• 00000 

Total 1.0000 

Propanes Plus C3. 0,5443 

Butanes Plus c~. 0 3342 

l'cntimcs Plus c,. 0.1879 

Calculated Gas Properties @ Standard Condilions 

Molecular Wcighl 43.92 kg/kmol 43 92 lbllb-mol 

Specific Gravity I 5163 (Air • 1) 1.5163 (Air • I) 

MW ofC7+ 100 61 kg/kmol I00.61 lb/lbmol 

Density ofC7+ 0.7315 glee 73 1.5 kp/m3 

Cakulated Gross Heatin Value ia Standard Conditions 

Dry 

Wei 

2,491 .9 Btu/scf 

2,448.5 Dtu/scf 

9302 MJ/m3 

9140 MJ/m) 

Standard Conditions. 60 r1288.7 Kl @ 14 696 psia (0 101 3:?5 Ml'a) 

Pi-ojecl No.: Jl'TC-/.1-00././29 

Arid Gas Free STB/MMsrr mUm3 

00001 

00000 

0 .0000 

02586 

0.1908 

02125 13U22 770432 

0 .0341 26. 169 146 924 

0.1139 84.243 472 982 

00405 34 824 195 522 

00475 40407 226 863 

0.0382 36 877 207 044 

00379 41 ,048 230 464 

0025 1 30 198 169 549 

00007 0 882 4.952 

00000 0029 0.164 

00000 0000 0000 

00000 0000 0000 

1.0000 431.898 2424.896 

0 5504 431 898 2424 896 

0 3379 294 676 1654 463 

0 1900 184 265 1034.557 

Calculated Pseudorritkal l'roperlles 

l'pc 608 9 psm 

Tpc 618 8 R 

l'pc• 607 0 psia 

Tpc• 616 8 R 

Calculated Net Heall 

Dry 

Wet 

2,292.3 Btu/scr 

2.252.5 Dtu/scf 

420Ml'a 

343 8 K 

4.19 Ml'a 

3426 K 

85.57 MJ/m3 

84 08 MJ/m3 




