ZibSHKEE IS

H46 6 Ha W OIL & GAS GEOLOGY 2025 4 8 A

XEHS:0253 - 9985(2025)04 - 1107 - 16 doi: 10. 11743/0gg20250406

EM[REPHEEEESFAERKAEXRESHTWN
FHIE N H 5 3 1 F R4

WHE AT EEE LT BN EEE T MR

ADYC HER EHE
[1. TUAA & VLB S S R0 & 4 H A S22, JEET 10220652, IAURR S TR 4 F 8 506 %, db st 102249;3. HhEA
KEe(dbm) HiEkRl2E2Epe, AU AT 1022494, P EAHRZF(AER) HB2EB, dbat 1022495, TR T RS T ET2RE
WEFEHT WL 77 31520056, W EA M BHFEITZUF5EEE, dLat 100083 ]

WE:HTZERE 4G UEREHY EUETR FESHBRESTE T EHNEHES T NEEA TRy LIVEFRE, N
MU EH A ERABFEINERE N VHEAX A, R 0T FEMUT &, HETREB-EAET e 50
B EERKBTHERENEEA, UK A -ARBERY ., EENEREEBHERENEM E BT EERER
HEEAM ENAAN RN T, F6 5 TAMEE T EITE T M EIEFE RIS RAH W R S B A AT 4 X
BEBAERAAENHE BB TPER P RHBEG LG THE KRB 25 ZHEA FEKD LRI EFEMER
MENEE BT ENEAMAAMBEMENZANEEXR, AXEN - QHEERENAS, FH0 ZHE FEMKEH
K R A AR AR TR R A B A A A A A A, BB E KM, BT R T E &I
A OERENTEHEABEZE MEEAMKANTEZAEE, QM- KRAKAEZEE WA GRS B, EHMEEH N
TnE B A-AK R E KA MRS R T AR AR B et — RN B R AEFEEARENBEEFE - E R
M ERAGENDEREARBES AR PRI TEZEH, O FRFT WEAFES PNEEE ROKIEAEENFED
EEG, MEWBHENE A BEAZH NS, REAKAMMESEAZTERERK, BT H-KIA-KREWSFERS,
RETREE RS,

KPR AR IR, RGN HERBAHEERERD ;2 TFTHHFEI 2 A REE BT mAEH

REHES TEI22. 1 XZREFRIAEG : A

Variation characteristics and molecular dynamics simulation of key parameters
including reservoir wettability and interfacial tension in the whole petroleum system

SHI Kanyuan'**, PANG Xiongqi’’, CHEN Junqing”*, CHEN Zhangxing’, WANG Lei’”,PU Tingyu”*,BAO Liyin>",
HUI Shasha’®, XIAO Huiyi**, CUI Xinxuan®"

[ 1. State Key Laboratory of Shale Oil and Gas Enrichment Mechanisms and Efficient Development , SINOPEC, Beijing 102206, China;
2. State Key Laboratory of Petroleum Resources and Engineering , Betjing 102249, China; 3. College of Geosciences, China University of
Petroleum (Beijing) , Beijing 102249, China; 4. College of Science, China University of Petroleum (Beijing) , Beijing 102249, China;
5. Ningbo Institute of Digital Twin, Eastern Institute of Technology, Ningbo, Ningbo, Zhejiang 315200, China; 6. Research Institute of

Petroleum Exploration & Development , PetroChina, Beijing 100083, China ]

Abstract: Accurately measuring the wetting angles, interfacial tension, and pore-throat radii of reservoir rocks under
high temperature and pressure conditions or in ultra-tight reservoir environments remains challenging due to laboratory
limitations and instrument constraints. These challenges complicate the determination of capillary pressure during
hydrocarbon migration and accumulation. Given this, we calculate the wetting angles of the calcite, montmorillonite,

quartz, and feldspar surfaces, as well as oil-water and gas-water interfacial tension, under relatively low temperature
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and pressure conditions using molecular dynamics simulation. After validating the high consistency between the
simulation results and experimental data, we expand this method to high temperature and pressure conditions to simulate
the corresponding variations in the above parameters. Furthermore, we calculate the pore-throat radii of reservoirs using
the multiple linear regression method. Through systematic simulations based on the regional settings of the Junggar,
Ordos, and Songliao basins, we obtain data on burial depth-varying wetting angles, interfacial tension, and pore-throat
radii of sandstone, volcanic, and carbonate reservoirs under high-, medium-, and low-temperature geothermal fields in
China. Accordingly, the quantitative relationships are established between these parameters and the temperature-
pressure conditions of petroliferous basins. The simulation results indicate that the water wetting angles of calcite,
montmorillonite, quartz, and feldspar decrease gradually with increasing temperature, suggesting enhanced
hydrophilicity. In contrast, the water wetting angles of these minerals increase with pressure, leading to reduced
hydrophilicity. Generally, in oil reservoirs, calcite tends to exhibit oil-wet behavior, montmorillonite shows neutrality to
water-wet characteristics, while quartz and feldspar primarily display water-wet properties. The oil-water interfacial
tension decreases gradually with rising temperature but increases progressively with pressure. In contrast, the gas-water
interfacial tension decreases with rising temperature and declines further with increasing pressure. The pore throat radii
of rocks show certain correlations with porosity and permeability, suggesting that reservoir physical properties play a
significant role in fluid migration. The minerals exhibit significantly different wettability, interfacial tension, and pore-
throat structures across varying geothermal fields. Their wetting angles trend downward with increasing geothermal
gradient. Meanwhile, their interfacial tension also decreases gradually with increasing geothermal gradient, which
reduces molecular interactions at oil-water or gas-water interfaces, thereby enhancing fluid mobility.

Key words: pore throat radius of the reservoir, capillary pressure, wetting angle of the reservoir, interfacial tension of the

reservoir, molecular dynamic simulation, quantitative evaluation of the whole petroleum system , hydrocarbon migration
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Fig. 1 Three-dimensional schematic diagrams of the crystal structures of minerals and molecular structures of oil components
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Table 1 Dimensions of various boxes in the wettability model

TE x, y F1 2 5l 75 1) 247 i Jon

BT LA 2043 ] /(nm X nm X nm)
Iy fitfa WA Fap KA
maEF 8.00x3.49 x8.25 8.00x3.59 x8.03 8.00 x 3.24 x 8.90 8.00 % 3.89 x 7. 40
H-KET 25.10%3.49 % 15.73 25. 80 % 3.59 x 14. 89 25.53x3.24 % 16. 67 25.73%3.89%13.78
) 25.10%3.49%0.92 25.80x3.59 % 1. 87 25.53%3.24%3.82 25.73x3.89 % 1.29
I ZAvi T 25.10 % 3. 49 x 18. 06 25.80%3.59 x 17.37 25.53 x3.24 % 30.22 25.73 x3.89 x21.55
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Fig. 2 Construction of the wettability model for the oil-water-mineral (montmorillonite) system
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Table 2 Force field parameters of four minerals used in the wettability model

J 2 &/ (kcal/mol ) 8/IA qgle JEE JR it/ ( g/mol)
Ca(FrffA) 0.4390 0.2757 2.000 0 40.078 0
COTfif) 0.2411 0.3033 1.1233 12.0107
OCJrf#f1) 0.8790 0.289 5 -1.0411 15.999 4
H(ZE AT ,—OH) 0 0 0.4250 1.007 9
O(Z s ,—OH) 0. 6502 0.3166 -0.950 0 15.999 4
Mg(5 M A1) 3.778 1 x 107 0.526 4 1.3600 24.3050
AL A 5.5639 % 107 0.427 1 1.5750 26.9815
Si(ZMif) 7.7007 x 107 0.3302 2.100 0 28.0855
Na(ZEMLA) 0.5443 0.004 2 1.000 0 22.989 8
Si(fA5) 7.7007 % 107 0.3302 2.1000 28.085 5
O (/%% M%) 0.6502 0.316 6 -1.0500 15.999 4
K(&KA) 0.418 4 0.3334 1.000 0 39.098 3
Al(KA) 5.5639x 10 0.427 1 1.5750 26.9815
Si(KA) 7.7007 x 107 0.3302 2.1000 28.0855
ok A) 0.8790 0.2895 -1.0411 15.999 4
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Fig. 3 Parameter settings for wetting angle simulation
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Fig. 4 Method for wetting angle measurement in molecular dynamics simulation
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Fig. 5 Initial models for interfacial tension simulation
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Fig. 6 Parameter settings for interfacial tension simulation
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Table 3 Molecular dynamics simulation results of the wetting angle, interfacial tension, and pore-throat radii under varying

temperatures and pressures
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25 .0 30.74 113 4.226 4.581 4.972 62 5.530 5.942 6.391 37 3.009 3.318 3.664 81 1.657 2.728 4.756
25 10.0 30.96 115 3.966 4.183 5.041 66 5.227 5.481 6.470 38 2.786 2.972 3.726 82 1.156 1.561 5.255
25 20.0 31.30 117 3.494 3.488 5.183 69 4.670 4.662 6.632 41 2.389 2.384 3.854 84 0.606 0.601 6.447
25 40.0 32.43 120 2.711 2.424 5.479 70 3.727 3.374 6.968 45 1.757 1.534 4.122 85 0.215 0.149 9.903
25  60.0 34.05 122 2.104 1.685 5.793 72 2.974 2.442 7.321 46 1.292 0.987 4.409 87 0.099 0.060 15.654
35 0.1 28.51 109 3.944 4.689 4.245 55 5.202 6.067 5.553 34 2.767 3.413 3.025 79 1.121 3.180 1.702
35 5.0 28.79 110 3.707 4.289 4.303 60 4.922 5.605 5.621 35 2.567 3.064 3.076 79 0.809 1.811 1.847
35 10.0 30.31 111 3.479 3.917 4.364 65 4.652 5.169 5.691 38 2.377 2.744 3.128 82 0.594 1.080 2.009
35 20.0 30.97 112 3.065 3.266 4.487 68 4.156 4.398 5.833 40 2.038 2.201 3.235 83 0.341 0.446 2.388
35 40.0 31.49 115 2.378 2.270 4.743 70 3.317 3.182 6.129 43 1.499 1.417 3.461 84 0.140 0.122 3.433
35 60.0 31.88 119 1.846 1.578 5.014 71 2.647 2.303 6.439 44 1.102 0.912 3.702 86 0.072 0.052 5.055
45 0.1 27.05 108 3.460 4.391 3.675 55 4.629 5.722 4.884 33 2.361 3.152 2.540 78 0.579 2.087 0.775
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45  20.0 27.59 115 2.688 3.058 3.884 67 3.699 4.148 5.130 40 1.739 2.033 2.716 82 0.209 0.338 1.032
45 40.0 29.72 117 2.086 2.126 4.106 68 2.952 3.002 5.390 40 1.279 1.308 2.905 83 0.097 0.102 1.402
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55 40.0 29.48 117 1.830 1.990 3.554 63 2.627 2.831 4.741 40 1.091 1.208 2.439 82 0.071 0.086 0.658
55 60.0 29.81 118 1.420 1.384 3.757 63 2.097 2.049 4.981 42 0.802 0.777 2.609 82 0.044 0.042 0.867
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