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Abstract; China is rich in tight sandstone gas resources and has broad exploration and development

potential. However, the existing developmental practices regarding the development of tight sandstone
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gas reservoirs still faces great challenges,such as detailed understanding of the gas-water distribution
is one of the main challenges at present. In order to further reveal the gas-water distribution of tight
sandstone reservoirs under different accumulation environments, this paper takes the Upper Paleozoic
gas reservoir members 1 and 2+ 3 of the Hezi Formation as examples, and establishes a macroscopic
physical simulation experiment on the basis of similarity criteria. The gas-water distribution of a
horizontal well under different injection modes, different injection forces and different core types was
studied. The results showed that, compared with continuous injection, the gas saturation in the
reservoir under power injection was 7. 95% higher on average than that under continuous injection.
The phased injection mode enabled the injected gas to redistribute the saturation field during the
stopping period and increased the swept volume. The distribution type of gas and water was mainly in
the same layer of gas and water or the gas-bearing water layer,with no boundary bottom water. It was
found that under the condition of continuous injection,the strong injection force aggravated the uneven
injection degree,reduced the sweep efficiency of the inject gas.and led to the sealing of a large amount
of formation water in the middle and upper parts of the tight reservoir. Under the power-injection
condition,a strong injection power improved the degree of uneven injection,improved the displacement
efficiency of the swept area,and increased the gas saturation of the reservoir. A core type test showed
that the gas injected in a low physical property area could be diverted or incompletely charged due to
the stronger heterogeneity of the outcrop sample. The fault zone communicated or was far away from
the injection location,and the injected gas did not spread, but instead formed water bodies of different
scales. The results of the physical simulation experiment were consistent with the well logging
interpretation results in the study area, and the research results have reference significance for
understanding the gas-water distribution characteristics in different accumulation processes in this
area.

Key words: tight sandstone gas reservoir; reservoir forming environment; similarity criterion;

physical simulation experiment; gas-water distribution characteristics
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Table 1 Liquid production characteristics of the Well Jin72 of the Upper Paleozoic

gas reservoir in the Shiga sweat gas area, Dongsheng gas field

72
/ / /% /(m*ed™) /(10" m*«d™")
3 1 0 126 0.9 0
2 3 3 104 3.3 0.1270
1 15 10 118 4 0.4292
2 11 7 123 7.5 0.5127
1 16 6 98 12 0.7890
4 2 123 4.5 0.0783
2
[@D) . ;
21 (2 ,Darcy
o N (3) ;
N N ’ (4) ) )
, (GDIEEN ;
, (6) ,
o ( )
2019), ,
b .
, . 3 ;
( ) , a=50 mm, ; b=
, 2 200 mm, (

. h=100 mm, 5 (



. 64 -

( .2019), N N
, , 10 .
5 10 ,
Fig.2 3D Horizontal physical simulation ( 275
diagram of the well ( ,2019) .
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Table 2 Similarity criteria used in the physical simulations of horizontal wells in tight gas reservoirs
1 = 0.05~0.18 0.10~0. 15
2 =S, 0.50~0. 65 0.50~0. 60
3 =27 0.9~1.2 0.9~1.2
4 n=T/T, 1.33 1. 33
5 75 =0/h 2 2
6 m=b/a 0.4 0.4
7 =P/ i 0. 004 0. 004
8 s = D/ b 0.1~1.0 0.1~1.0
9 ”Fm 0.1~0.3 0~0.5
apZTp.
_ qt
10 M0 abhgS, T p: 0~0. 95 0~1.00
ZTp.
500 mm X 200 mm X 100 mm;
. 2 ISCO . \ N
) 10 ; . . . .
TOLNT02 9 T4 5 75 5 706 » 77 5 TTs N R N
Di~ T 3 : (D) ,
bi 500 mm X200 mm X100 mm, 15%,
AN 3 1.00X10 * ym*, 10X 10° em’,
"3 Ty » 1o 1500 em’, (2) 99.99%
Qn Lo C 3
22 , CaCl, ., 41 714.96 mg/L,
( :
3-A) . « 3B, s 90 C, 25 MPa,
4 0 N
C 2 s , 10 X3=30
(30 MPa,90 C), , D ) 30
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Fig.3 Physical diagram for external kettle body and inner body
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Table 3 Formation water properties of Box 1 in well area Jin 72
Na' +K"/ Ca'/ Mgt/ Ccl/ HCO,~/ SO,/ / / u
(mgeL”") (mgeL™") (mgeL™") (mg:L™") (mgeL') (mg'L') (mg:L7') (gemL™h) P
7615 8302 278 24203 157 440 41715 1. 04 6.82 CaCl,
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Fig.5 Experimental flow chart of gas and water distribution under different reservoir-forming environments
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Fig. 7 Comparison ofthe gas-water transport paths between continuous injection and episodic injection
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Fig. 12 Comparison of the gas-water transport paths between strong and weak injection power
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Fig. 14 Outcrop location and outcrop core selection at the Xiashihezi Formation
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Table 4 Comparison of the outcrop core and consolidated core
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Fig. 15 Comparison of the high-quality gas layers between the outcrop core and cemented core
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Fig. 16 Comparison of the water and gas layers between the outcrop core and consolidated core
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Fig. 19 Comparison of the charging power in the study area
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Table 5 Comparison between the logging interpretation results and 3D physical model experiments

/% /1073 pm? /% /% /107% pm?
11.8 0.70 51~65 12.4 0.8 53.37
9.5 0. 40 35~48 12.4 0.8 49. 87
9.7 0.50 32~~46 12.4 0.8 43. 83
10.2 0. 40 7~33 12.4 0.8 38. 30
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