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A new PVT simulation method for hydrocarbon-containing inclusions
and its application to reconstructing paleo-pressure of gas reservoirs

Zhang Junwu', Zou Huayao', Li Pingping', Fu Xiaoyue’, Wang Wei’
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Abstract; PVT numerical simulation of fluid inclusions was an important method to reconstruct the paleo-
pressure of hydrocarbon accumulations ; however, in high-maturity gas reservoirs, gas-liquid petroleum inclusions
were very rare, so the traditional PVT simulation methods could not be applied. It was urgent to develop a new
method. Hydrocarbon-containing inclusions were widely distributed in gas reservoirs. They could dissolve a little
gaseous hydrocarbon and their trapping temperatures were close to homogenization temperatures. Using PVTsim
software and combining with some parameters such as vapor/liquid ratio and homogenization temperature of
hydrocarbon-containing inclusions, a new PVT simulation method was proposed to get the trapping pressure of
inclusions, which was then applied to reconstruct the paleo-pressure of the Yuanba gas reservoir in the northeast-
ern Sichuan Basin. The Xujiahe reservoir developed weak overpressure at about 160 Ma, and the pressure coeffi-
cient reached 1.11. Then the paleo-pressure increased rapidly until 148 Ma at which time the pressure coefficient
reached 1.86. At about 100 Ma, the paleo-pressure reached its peak, but the pressure coefficient decreased to
1.60 because the formation burial depth was the deepest. The comprehensive analyses of hydrocarbon generation,
paleo-pressure evolution and reservoir-cap combination indicated that the overpressure transferred from source
rock to reservoir through the process of hydrocarbon generation and accumulation was an important mechanism for
the development of overpressure in the Xujiahe reservoir.

Key words: hydrocarbon-containing inclusion; PVT simulation, paleo-pressure; Xujiahe Formation; Yuanba
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Fig.1 Laser Raman spectrum of hydrocarbon-containing
inclusions in Xujiahe reservoir, Yuanba area,
northeastern Sichuan Basin
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Table 1 Gas compositions in Xujiahe reservoir, Yuanba area, northeastern Sichuan Basin

REE/ %

B
CH, C,Hy C,H,

i-C,H,, n-C,H, i-CsH, n-C;H,, N, CO, H,

YB3  96.14 2.49 0.34 0.04

0.04 0.01 0.01

0.81 0.07 0.05
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Fig.2 Fluid inclusions in Xujiahe reservoir, Yuanba area, northeastern Sichuan Basin
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Fig.3 Burial and hydrocarbon generation histories

of Xujiahe Formation, Yuanba area,
northeastern Sichuan Basin
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Table 2 Testing and simulation data of fluid inclusions in Xujiahe reservoir, Yuanba area, northeastern Sichuan Basin

Sl R o Wk Y—iE WRE BTk ek Ek HRE W MbERERY R RLEEAK
- A wEEm " BETh/°C BET/C JEJI/MPa  Z75#R5F2 Ji/MPa H/m  [Al/Ma  ZE0 R
YB4 Ty 4862.0 7.2 101.4 103.4 28.45 y=31.00-2858.9 34.65 31125 160.8 1.11 I
YB204 Ty? 46372 8.9 118.5 120.5 3974 y=28.4x-2968.0 4542  3563.8 1556 1.27 I
YB271 Ty? 43916 9.5 124.4 126.4 39.30  y=29.5x-3276.8 4520  3602.5 154.8 1.5 I
YLI Ty 44654 9.9 132.6 134.6 5428 y=28.7x-3262.8 60.02 39287 153.0 1.53 I
YL Ty 44654 107 142.0 144.0 63.48 y=27.9x-3327.0 69.06 42839 1510 1.61 I
YL Ty 44654 111 151.5 153.5 81.16 y=27.4x-3339.5 86.64 4668.0 148.6 186 I
YB271 Ty® 4391.6  12.3 162.5 164.5 81.87 y=26.2x¢-3438.8 87.11 50233 1358 173 1
YBI6 Tyt 4637.1 13.2 170.0 172.0 80.86 y=25.3x-3492.4 8592  5369.0 118.1 1.60 I
YBI6 Tyx* 4637.1 14.1 181.2 183.2 90.10 y=24.4x-3520.3 95.09 59439 1000 1.60 I
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Table 3 Simulated compositions of fluid inclusions in Xujiahe reservoir, Yuanba area, northeastern Sichuan Basin

ey Vo =N
P =t) TR BEIR & B/ %
= =
JE/m H,0 CH, C,Hg C,Hg i-C,H,, n-CH, i-CsH,, n-CsH, CO, H, N,
YB4 Tix® 4862.0 99.793  0.170 0.006  0.003 0.002 0.001 0.000 1 0.000 1 0.020 0.002 0.003
YB204 T,x* 4637.2 99.691  0.265 0.006  0.003 0.001 0.001 0.000 1 0.000 1  0.030 0.001 0.002
YB271 Tx* 4391.6 99.731  0.225 0.008 0.005 0.002 0.001 0.000 1 0.000 1  0.015 0.003 0.010
YL1 Tyo® 44654 99.675 0.235 0.012  0.005 0.002 0.002 0.000 5 0.000 5 0.050 0.003 0.015
YL1 Ty’ 44654 99.655 0.258 0.012 0.006 0.003 0.002 0.000 5 0.000 5 0.035 0.002 0.026
YL1 Ty’ 44654 99.618 0.285 0.017 0.009 0.005 0.002 0.000 1 0.000 1  0.021 0.002 0.041
YB271 Ty;x* 4391.6 99.640  0.299 0.015 0.009 0.004 0.003 0.001 0.001 0.018 0.002 0.008
YB16 T;x* 4637.1 99.609 0.326 0.016  0.013 0.004 0.003 0.001 0.001 0.021 0.001 0.005
YB16 Tyx* 4637.1 99.603 0.318 0.018 0.015 0.007 0.004 0.001 0.001 0.025 0.002 0.006
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