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Geological Genesis of Complex Gas Water Distribution in Deep Tight Sandstone and New
Method for Fluid Identification

Second Section of Xujiahe Formation in the Western Sichuan Depression as an Example
WANG Di, YANG Yingtao, ZHANG Ling, YANG Yongjian, MA Sen, NAN Hongli
(Exploration and Development Research Institute, Sinopec Southwest Oil and Gas Company, Chengdu, Sichuan, 610041, China)

Abstract: The second section of the Xujiahe Formation in western Sichuan has abundant natural gas resources in the deep tight sandstone,
but the low exploration rate, low utilization rate, and difficulty in upgrading of reserves have always been challenges for exploration and
development in the region. The unclear distribution pattern and genesis of gas and water in both horizontal and vertical directions have
hindered further understanding of gas reservoirs and drilling deployment research. To solve the dilemma of gas reservoir evaluation brought
about by the complex distribution of gas and water, and effectively promote exploration and development deployment, based on actual
drilling, logging, testing data and natural gas and core analysis and laboratory data, this study analyzed the characteristics of natural gas
enrichment and production under different combinations of geological elements from macro and micro scales, plane and vertical dimensions,

and the original state of gas reservoirs and actual drilling conditions. The differences in gas and water occurrence and electrical response in
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different depths of fracture development were sorted out, and the principles and methods for identifying gas and water in tight fractured
reservoirs under wellbore conditions were summarized. Research has shown that: (D Macroscopically, the spatiotemporal coupling of the
hydrocarbon source reservoir transport system controls the vertical and horizontal distribution of gas and water, with the scale and formation
period of faults being key factors affecting gas and water distribution; @At the micro level, small-scale fractures and microcracks control the
filling behavior of natural gas. High maturity gas is difficult to achieve long-distance vertical and horizontal migration in matrix reservoirs.
The depth range of fracture development has significantly higher gas saturation and natural gas maturity compared to adjacent matrix
segments; 3 Under actual drilling conditions, the deep invasion of mud filtrate significantly reduces the identification of gas and water layer
resistivity in the fracture development depth range, which is an ideal target area for gas bearing identification. The new method, which uses
gas logging C,/C, as the key means and characterizes the rhythmic changes of natural gas maturity in different fracture development stages,
effectively improves the gas water identification ability of tight reservoirs; @ The results of single well gas water identification show that in
early fault controlled areas, the height of gas columns is usually less than 100m and the planar distribution radius of fault transmission
conductors is small, while in late fault controlled areas, the height of gas columns and the planar distribution radius of fault transmission
conductors are usually larger and related to the size of the fault. Under the guidance of the fluid identification methods and gas water
distribution laws mentioned above, drilling deployment was carried out, and general principles for designing drilling trajectories and
selecting test layers for target layers were established. Multiple new drilling wells achieved good oil and gas results, which strongly supported
the high—quality exploration and development of deep tight sandstone in the second section of the Xujiahe Formation in western Sichuan.

Keywords: gas water distribution; transporting gas reservoir; cracks; gas maturity level; Western Sichuan Depression; second section of

Xujiahe Formation
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Table 1 Results of R, for natural gas in the second section of Xujiahe Formation of the Xinchang-Gaomiaozi area in the
western Sichuan depression
Bt TSR E Im 8C, /%o 8C, /%o c %%%éﬂﬁ/% c GTI FERHEH(KTD) R /%
1 2 3

G61 4959~4 996 -32.9 -243 97.41 0.97 0.10 -0.0255 48.73 1.97
X5 5137~5 180 -31.6 -26.4 97.54 0.94 0.10 -0.152 42.39 2.27
C6 5240~5 313 -31.9 -25.4 97.39 1.06 0.12 -0.136 43.19 2.18
G08 4702~4 776 -32.1 -21.9 97.62 1.01 0.09 -0.122 43.92 2.09
X02 5282~5 639 -32.0 -24.9 97.28 0.94 0.08 -0.098 45.10 2.16
X09 4 605~4 808 -32.2 -24.4 97.42 1.00 0.10 -0.097 45.15 2.07
GI13 4 640~4 837 -32.2 -21.9 97.14 1.04 0.10 -0.080 4598 2.02
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Table 2 Characteristics of hydrocarbon source-reservoir—transport system and natural gas injection in different periods
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Fig. 2 Gas water distribution patterns under different geological conditions
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Table 3 Comparison of test results and reservoir types for each well and sand group in the second section of Xujiahe

formation of western Sichuan
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Fig. 4 Development characteristics of microcracks in the second section of Xujiahe formation of western Sichuan
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