CHEEE I IRE wOAROKR A G Bk B 2 RO Vol.54 No.1
2024 4 1 A Journal of Jilin University(Earth Science Edition) Jan. 2024

XURR, K TR S BORRD A Z TOUL AL B S5 AL K A3 TE R AR T bR R 22 2 4 G BR L 22 RO L 2024, 54 (1) : 96 — 107, doi:
10.13278/j.cnki.jjuese.20220166.

Liu Shuo, Wang Fei, Yu Rui, et al. Micro Pore Throat Structure and Fractal Characteristics of Tight Sandstone Reservoir.
Journal of Jilin University (Earth Science Edition) »2024,54(1):96 —107. doi:10.13278/j.cnki.jjuese.20220166.

B b e i 2 TOUL £ LMk 25 18 B H 53 T R ATE

) 1 =

AoEhLE LT omEEEL RLAEX
LPYAL R 22 KRG Jy 24 [ R S0 g0 % /M i 2 AL P9 % 710069
238 K e A PR F T ICR T BRVY E% 717399

WELEBLEMT T RN —ARKED EHMERRGREREE, ASHERKIRR T, EFR
SHMARFRREFARAFATRETEZ 24 L RAK R R2AECHS BB ELE AREN . &E
EREFEBFENBRNBERNRED EH B ELENBA LS BB ERFTHR, 2R2EAA . FELR
BEDEMEGILRER T ZHHAERIL . EL B ALAR, EH-BEREILNEFLERAER
W HAMAE AN RARER B BB RSN L LRE P EY R HELA —EZ8H A, TiL
MR EIELERM ARG AREIF, EAPILGEY AR B E T 2T oaiE TR ER
W, MEDEMEARRE SN ERXREZN R I MAXAZ BAAHN TG EGEE, L5 T EHMA

A,
EEBR.FREMANRFHE HEERIREN; B 2B 4 H
doi:10.13278/j.cnki.jjuese.20220166 FESES:TE122 XEIRER A

Micro Pore Throat Structure and Fractal Characteristics of

Tight Sandstone Reservoir

Liu Shuo',Wang Fei*, Yu Rui*,Gao Jianxing®,Shi Hao’,Zhu Yushuang'
1. State Key Laboratory of Continental Dynamics/Department of Geology s Northwest University » Xi’an 710069, China
2. Zichang Oil Product Factory ,Yanchang Petroleum (Group) Co., Ltd., Yan’an 717399, Shaanxi, China

Abstract: The quantitative evaluation of pore throat microstructure has always been a hot and
difficult point in the study of tight sandstone reservoirs. Taking fractal dimension as a breakthrough

point, 12 core samples of Chang 6 Member of Yanchang Formation of Upper Triassic were collected
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from different wells in Zichang area of Ordos basin. The pore throat structure and fractal characteristics
of tight sandstone samples were studied by means of scanning electron microscope, casting thin section,
high pressure mercury injection and other experimental methods and fractal theory. The results show
that the pore types of tight sandstone reservoirs in the study area are mainly composed of residual
intergranular pores, dissolution pores and intercrystal pores. There is a obvious negative correlation
between total fractal dimension and porosity and permeability, which indicates that the complexity and
heterogeneity of pore throat structure of tight sandstone reservoirs in the study area have a certain
impact on the physical properties. The correlation between the fractal dimension of mesopores and
pore throat structure parameters is better, which indicates that the heterogeneity and surface
roughness of mesopores mainly affect the reservoir space and seepage properties. There is a positive

The

more favorable the reservoir is for oil and gas enrichment, the smaller the corresponding fractal

correlation between the quality of tight sandstone reservoir and the fractal dimension.

dimension is.

Key words: Ordos basin; tight sandstone; high pressure mercury injection; pore throat structure;

fractal characteristics; fractal dimension
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Fig.1 Structural unit location (a) and lithologic stratum comprehensive histogram (b) in the study area
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Table 1 Measured data of conventional physical properties of
representative tight sandstone samples of Chang 6

Member reservoir in the study area

Al W /m fLBRE/ % BEF/Q07° pm?)
1 869 9.24 0.152
2 887 8.92 0.181
3 886 9.02 0.321
4 894 10.54 0.839
5 912 9.32 0.186
6 929 8.71 0.127
7 863 9.63 0.202
8 879 9.91 0.208
9 873 8.92 0.243
10 891 9.87 0.356
11 871 10.04 0.351
12 867 9.01 0.192
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Fig.2 Pore type of Chang 6 Member reservoir in the study area
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Table 2 Pore throat structure parameters of Chang 6 Member reservoir in the study area

5 HEDK I 77/ FEE S/ e K AL rp i AL - 35 L SEN B BRER  BORECRE/
i MPa MPa R/ pm 2/ pm AR/ pm LI/ % %
1 0.85 6.71 0.877 0.112 0.213 0.163 0.62 73.46 48.12
2 1.73 14.81 0.434 0.051 0.093 0.253 —0.23 68.72 47.30
3 1.52 7.28 0.492 0.103 0.139 0.088 0.35 73.43 47.06
4 0.52 4.32 1.451 0.174 0.264 0.237 0.65 71.47 46.83
5 2.58 13.17 0.291 0.057 0.147 0.290 —0.29 69.78 42.03
6 3.41 16.55 0.221 0.045 0.025 0.379 0.12 63.71 40.31
7 2.25 10.98 0.334 0.068 0.062 0.119 —0.18 69.14 42.73
8 2.27 12.08 0.331 0.062 0.217 0.197 0.52 70.80 40.88
9 1.90 13.35 0.394 0.056 0.068 0.155 0.22 67.12 36.34
10 0.78 5.66 0.965 0.133 0.254 0.179 0.76 71.48 45.34
11 1.15 7.51 0.654 0.102 0.126 0.128 0.54 69.76 44,96
12 1.66 7.82 0.452 0.096 0.129 0.079 0.77 71.88 47.53
PN (: 3.41 16.55 1.451 0.174 0.264 0.379 0.77 73.46 48.12
/M 0.52 4,32 0.221 0.045 0.025 0.079 —0.29 63.71 36.34
T E 1.72 10.02 0.574 0.088 0.145 0.189 0.32 70.06 44.12
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Fig.3 Distribution characteristic curve of high pressure mercury injection pore throat of experimental samples in the study area
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Table 3 Statistical table of fractal dimensions of different pore types of experimental samples in the study area

BE i el i W FL kAL

R D, R? @1/% D- R? @,/ % D R? D3/ %
1 2.668 7 0.996 2 2.65 2.582 9 0.997 5 3.51 2.447 6 0.972 4 3.07 2.562 4
2 2.783 6 0.907 5 2.56 2.655 2 0.963 3 3.39 2.513 2 0.869 5 2.97 2.644 7
3 2.660 9 0.931 8 2.59 2.586 4 0.954 6 3.42 2.550 3 0.910 2 2.99 2.595 7
4 2.665 8 0.996 8 3.02 2.763 8 0.935 7 4.01 2.796 4 0.876 9 3.51 2.746 6
5 2.830 8 0.811 4 2.67 2.350 5 0.996 4 3.54 2.134 1 0.943 5 3.11 2.416 2
6 2.884 9 0.719 4 2.50 2.524 1 0.975 6 3.31 2.307 6 0.965 5 2.91 2.555 4
7 2.779 7 0.842 7 2.76 2.425 2 0.967 3 3.66 2.230 2 0.858 8 3.21 2.461 9
8 2.800 8 0.944 2 2.84 2.400 2 0.941 1 3.76 2.153 2 0.928 8 3.30 2.432 8
9 2.790 8 0.909 2 2.56 2.535 6 0.985 0 3.39 2.310 6 0.952 2 2.97 2.533 8
10 2.657 3 0.995 2 2.83 2.656 2 0.928 4 3.75 2.436 4 0.869 9 3.29 2.583 2
11 2.663 7 0.982 5 2.88 2.670 3 0.997 2 3.81 2.694 2 0.944 8 3.35 2.676 4
12 2.680 9 0.903 2 2.59 2.596 5 0.942 3 3.42 2.430 9 0.963 3 3.02 2.565 5

THME 2.739 0 0.902 1 2.70 2.562 1 0.965 4 3.58 2.417 1 0.911 6 3.14 2.564 5

TE D1 D2l Dy 4350 AL 3o L ANRCL X L B 508 4E 5 R® A58 BB @1 Do @5 530 P AL el AL AL X B B FLBR B L 26
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Fig.6 Relationship between pore throat fractal dimension and reservoir physical property in the study area
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Fig.7 Relationship between fractal dimension and pore throat structure parameters in the study area
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dimension in the study area
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