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Analysis of water invasion performance of ultra-deep
and naturally fractured tight sand gas reservoirs

— A case study of Keshen-2 gas field
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Abstract: In order to explore the effects of water invasion upon the production of ultra-deep and
naturally fractured tight sand gas reservoirs, this paper analyzes the water invasion
performances of this kind of reservoir, and establishes an early warning model of water influx
based on routine production data by employing the modern gas well production performance
analysis method, with the Keshen-2 gas field in Kuga Depression as an example. According to

the characteristics of gas productivity indexes, the production performance of gas wells can be
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divided into four stages: well cleanup period, no water invasion period, early water invasion
period and water producing period. In the early stage of water invasion, the gas productivity
indexes will increase significantly due to energy supply provided by water, which will become
the symbol of water invasion warning. Once water breaks through the bottom hole, the gas
productivity index will be reduced rapidly. Gas wells located at different positions in the
reservoir, differ in the duration of each stage, the ratio of water to gas, and the water
productivity index. Compared with the chloride ion concentration monitoring, as well as the gas
and water separation metering method, the method of gas productivity indexes can identify
water invasion earlier in the economical and convenient manner. This method has positive
effects on adjusting the development strategy. controlling water and stablizing production of the
gas field.

Keywords: ultra-deep formation; natural fracture; tight sand gas reservoirs; gas productivity

index; water invasion performance; Keshen-2 gas field
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Fig. 1 Cross well profile of KeS2-2-5 located at the edge of gas reservoir
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Fig.2 Production curve of gas well KeS2-2-5 Fig. 3 Gas productivity index curve of gas well KeS2-2-5
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Table 1 Gas-water separation measurement data of gas well KeS2-2-5

i T - WY TAER E, EXEkE/ SRR/ KA/ SRR K R/
e a
* mm (m'+d)  (10'm’+d ) [m+10'm) '] [m'«(d+MPa) ']

130 2.7 19 3.0
2014-04-03—04-09

86 2.5 35 2.9

123 0. 096 1277 2.3
2015-09-2510-01

66 0.019 3502 1.3
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Fig.4 Cross well profile of KeS3 in bottom water zone
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Fig.5 Production curve of gas well KeS3 Fig. 6 Gas productivity index curve of gas well KeS3
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Table 2 Gas-water separation measurement data of gas well KeS3

. ‘ WuELAERIE,  PHkE, PHTRE/ SRR/ -2 K AR B/
b T 3R] ,
mm (m? «d™ 1) (10'm?* «+d™)  [m®+« (10'm*) '] [m® e+ (d+ MPa) ']
5 115 9.6 12.0 4.56
2015-10-9—10-24 4 76 6.7 11.3 3.21
3 42 4.2 10.0 2.01
6 144 8.0 18.0 4. 40
2016-8-30—09-06 5 112 7.5 15.0 4.02
4 66 5.5 12.0 3.10
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Fig.7 Cross well profile of KeS3-1 located at high point of structure
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Fig.8 Production curve of gas well KeS3
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Fig.9 Gas productivity index curve of gas well KeS3-1
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Table 3 Gas-water separation measurement data of gas well KeS3-1

R W TAERE/  FXKE/ R R R/ SRR/ SRR AR L/
1A T B - o -
mm (m* «d™") (10'm* «+d)  [m®« (10'm*) '] [m’ e+ (d+MPa) ']
8.6 24.9 0. 34 2.57
2016-06-24—07-03
10.3 32.1 0.32 1. 86
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Table 4 Gas-water separation measurement data of gas wells located in tight zones

o RAEBLRR/ 0 - d D WS E W LA mm P KR (- d
7 9.9
KeS2 24. 1 2014-03-19—09-12 6 4.8
5 2.6
6 3.8
KeS301 19.9 2015-08-27—09-01
8 4.9
4 TS/ (10'm® - d ) KA W/ [m® « (10'm®) '] PR PIKEEE/ [m’ - (d » MPa) ']
20. 4 0. 48 0.174
KeS2 17.2 0.28 0.098
14.2 0.18 0. 005
13.1 0. 29 0.073
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Fig. 10 Sketch map of water invasion path of Keshen-2 gas field(2 and 3 block)
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