ZibSHKEE IS

F43 6 H3 W OIL & GAS GEOLOGY 2022 4E 6

EHRE 0253 - 9985(2022)03 - 0597 - 13 doi: 10. 11743/0gg20220309

Bz 08 =W R AR S B FHE
—— LA 5t i e X b =S GRS 2 N B 15

£ 2 ERE ANEE L RS A B FULRERCAEE’
(L TIRERSTNEH AR 2EBE VI 4R 2211165 2. BUESEL T 24 i 0 i & T & TR [ 5K S %, U1 B 610059 ;
3. R EAE AMMEHRTT KB BE , Jb T 1000835 4. AUERER T R2% BEVRABE, U1 BHF 6100595 5. HEA Il BIHETT KI5 BE,
Jb5 1000835 6. INZRBHE R MhERBL: S TRPE, ILZR 5 5 266590)

WE:FEEGHR N A EZERARRAAEEEE N HANEFTAREDEHERE LAHSCKHURRABEC AT LT
K, EFWN A PH CHERRTANBE(ANB)EARANEREALES . UWAANRABRBIEDENARM L, BLET
R AEAEREN R, EEPBERHAR, RGN T HILREN B EMEEEARE, EREN . AARDEHEET
R A3E, [ 2@E(FHABEI12.27%, FHBEEL56.0376x10° um>) L AILH F AL b £, 0 B ERTE K 2.42~2.59;
£ E(TFHILRE 26%, FHBEFHZRH 11523 x 107 pm®) LB I £, /NN K, KILKF £, 0 M 4EHEE N 2. 47 ~2.56;
I 2 6% 2 (LIRS 20 %, FH5%E £40.351 7% 107 pm®) UANFLE F A A E, AL FERFLET, o MAESREE K 2.45~
2.81, ILMARNLR A SR ALEEFHRUL ML, TEXNAMEEEEAFERT I XEE. MM AHH
SUBATHEEA T, EEE XS RE, 0 W EHEEE245~2.600 , ILRES P BERNEIMEXL R, BBELRE 54
BEHRWAATHENE, MAMERK T2 600, LBEE2HERNAHMAXR  BERBEQHEBNBEFHERAONERX Z,
EFREDEHEDNL ML 2P BN BTG FITEFARRAGAtEENITFNARE, S P EEFAHEENS RS T L
MEEHEERWGILE L,

FKER: DTGB E R EE MK ITH ;) CHX 1) &

FESES TEI22.2 SCRAARIRED : A

Physical property and heterogeneity of tight sandstone reservoirs: A case of the
Upper Triassic 6" member of Xujiahe Formation, Guang’an, central Sichuan Basin

Yue Liang"*, Meng Qingqiang’, Liu Ziliang”*, Yang Wei’, Jin Hui’, Shen Fang”*,Zhang Junjian®, Liu Sibing”

(1. Jiangsu Vocational Institute of Architectural Technology, Xuzhou, Jiangsu 221116, China; 2. State Key Laboratory of Oil and Gas
Reservoir Geology and Exploitation, Chengdu University of Technology, Chengdu, Sichuan 610059, China; 3. Petroleum Exploration and
Production Research Institute, SINOPEC, Beijing 100083, China; 4. College of Energy, Chengdu University of Technology , Chengdu,
Sichuan 610059, China; 5. Research Institute of Petroleum Exploration & Development , PetroChina, Beijing 100083, China; 6. College of
Earth Science and Engineering , Shandong University of Science and Technology , Qingdao, Shandong 266590, China)

Abstract: Unconventional tight sandstone reservoirs with proven natural gas reserves up to trillion cubic meters are
typical of the Upper Triassic Xujiahe Formation of clastic rocks in the Sichuan Basin of southwestern China. The 6"
member of Xujiahe Formation (Xu 6 Member) in Guang’ an area, central Sichuan Basin, contains gas reservoirs with
great exploration and development potential. In this study, thin section observation, physical property measurements,
mercury intrusion tests and fractal theory were integrated to analyze a suite of the Xu 6 Member tight gas sandstone
samples in terms of pore structure, physical property and reservoir heterogeneity. The results show that the sandstone

reservoirs studied can be classified into three types. That is, Type I reservoir (with an average porosity of 12. 27 % and
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average permeability ratio of 6. 037 6 X 107 wm®) is dominated by macro- or meso-scale pores, and its fractal dimension
varies between 2. 42 and 2. 59. Type Il reservoir (with an average porosity of 9. 26 % and average permeability ratio of
1.152 3 x 107 wm®) is dominated by meso-scale pores, followed by micro-scale pores, with macro-scale pores poorly
developed; and its fractal dimension ranges from 2. 47 to 2. 56. Type lll reservoir (with an average porosity of 5. 20 %
and average permeability ratio of 0. 351 7 X 10~ wm?®) is dominated by micro- or meso-scale pores, together with poorly
developed or undeveloped macro-scale pores; and its fractal dimension varies between 2.45 and 2. 81. The different
distribution of pore types leads to obvious changes in the heterogeneity of various types of reservoirs,, which mainly shows
that the heterogeneity of Type Ill reservoir is stronger than that of Type I reservoir. Differential distribution of pore types
is directly related to reservoir heterogeneity, as manifested by stronger heterogeneity of Type Il reservoir compared with
Type Il . Correlation analysis reveals that differential pore types are coupled with reservoir heterogeneity, and there is a
critical value. When the fractal dimension ranges between 2. 45 and 2. 60, the porosity and fractal dimension are in
positive correlation, and the variation of permeability is irregular; when the parameter is greater than 2. 60, there is a
negative correlation between porosity and fractal dimension, and permeability is in linear relationship with fractal
dimension with a slope close to 0. In all, the quantitative study on physical properties and fractal characteristics of tight
sandstone reservoirs, is of great theoretical and practical significance to discussing the evaluation criteria of

unconventional high-quality natural gas reservoirs, and guiding the exploration and development of unconventional

reservoirs in China.

Key words: fractal dimension, physical property, reservoir, Xujiahe Formation,, Guang’ an area, Sichuan Basin
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Fig. 1

Gas field distribution in the Sichuan Basin (a), and composite columnar section of the Triassic Xujiahe Formation (b) therein
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Fig. 2 Composite stratigraphic column of Well Guang’an 101, Guang’an area, central Sichuan Basin
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Table 1 Physical properties and fractal dimensions of the Xu 6 Member sandstone in Well Guang’an 101,

Guang’an area, central Sichuan Basin
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Fig. 6 Correlation of mercury intrusion porosimetry (MIP) curves and throat radius distribution of different types of reservoirs in the Xu 6
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