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Table 1 Investigation of instruments and evaluation results for early-stage ultra-deep tight sandstone reservoirs ** '
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Figure 2 Types of reservoir space in the Ahe Formation
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Table 2 Basic physical properties and clay mineral characteristics of experimental cores from the Ahe Formation

S ALBUE (%) wWRBER(mD) KPWBEHR (mD)

XS (%)
prigaRE rRla ke giRAG

Lo st (%)

1 3.48 0.0400 0.0610
2 3.53 0.0310 0.0490
3 2.44 0.0460 0.0630
4 7.15 0.0001 0.0004
5 6.22 0.0004 0.0007
6 7.25 0.0002 0.0003
FEE 5.01 0.0196 0.0290

17.6 24 66 9 1
18.2 22 66 10 2
16.7 39 53 5 3
16.9 24 60 12 4
18.4 23 66 9 2
18.9 22 65 10 3
17.8 26 63 9 2
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Figure 3 Microscopic characteristics of clay minerals in tight sandstone from the Ahe Formation
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Figure 4 Experimental apparatus for high-temperature and high-pressure reservoirs
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Table 3  Statistical results of ionic composition and salinity of formation water in the Ahe Formation
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Table 4 Experimental evaluation results of water sensitivity damage in the Ahe Formation reservoir

S KHJZK (mD) KI2HZEK(mD) KZEEK (mD) Dw (%) Sc (mg - L") WFEIEM SR

1 0.1784 0.0830 0.0285 84.02 19400 Gl 80MPa, 180°C
2 0.1084 0.0484 0.0161 85.09 19900 i 120MPa, 180°C
3 0.1038 0.0478 0.0149 85.97 19600 i 140MPa, 180°C
4 0.0021 0.0013 0.0008 59.26 14700 T &5 it 100°C, 140MPa
5 0.0018 0.0011 0.0005 66.38 12700 TP A5 140°C, 140MPa
6 0.0017 0.0011 0.0004 73.00 16500 Gl 180°C, 140MPa
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Figure 5 Variation curve of permeability ratio for water sensitivity damage in the Ahe Formation reservoir
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Figure 6 Comparison of microscopic clay minerals from water sensitivity experiments under different temperature and

pressure conditions for Ahe Formation tight sandstone
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Figure 7 Characterization of the hydration film effect
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Figure 8 Variation curve of core permeability under different temperature and pressure conditions
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Figure 9 Histogram of core pore size distribution after water sensitivity experiments in the Ahe Formation reservoir
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Table 5 Microscopic elements after water sensitivity experiments in the Ahe Formation reservoir

Weight (%)

BK 0K NaK CaK AIK MoL SiK ZiL KK FeK
1 46.1 285 / / 8.5 / 12.8 / 33 0.9
2 20.3 33.1 / / 119 43 20.1 / 59 44
3 / 348 222 / 154 / 18.8 222 5.6 11
4 / 434 / 17.1 37 / 8.1 10.8 2.7 13.6
5 427 282 0.9 / 7.5 / 119 34 2.1 1.2
6 / 26.9 / / 15.5 / 343 / 8.1 152
(a) CaCO; DUTETEIURL I (b) FEA LI A SRe A1 (¢) NaCl Z5 5Tt
10 FIAAMERKER RRMET IR RIRET Y

Figure 10 Microscopic salt precipitation particles and secondary minerals after water sensitivity experiments in the Ahe

Formation reservoir
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Research on the Mechanism of Water Sensitivity Damage in
Ultra-deep Tight Sandstone Reservoirs: A Case Study from
the Jurassic Ahe Formation in the Tarim Basin

Liu Yilin' Zhao Feng' Yuan Zebo’ LiJiani’ Fu Caiyan'

1. School of Geoscience and Technology, Southwest Petroleum University, Chengdu;
2. Experimental and Testing Research Institute of Tarim Oilfield Branch of China National Petroleum Corporation,
Korla

Abstract: Ultra-deep tight sandstone gas reservoirs are highly susceptible to water sensitivity damage due to their
abundant clay minerals, fine pore throats, complex pore structure, and strong hydrophilicity. Conventional industry
standard evaluation methods often fail to accurately assess the degree and mechanisms of reservoir water sensitivity
damage, thus inadequately guiding drilling, completion, and stimulation design.Based on the ultra-deep tight sandstone
gas reservoir of the Jurassic Ahe Formation in the Tarim Basin, this study established a high-temperature and high-
pressure experimental device that authentically simulates the reservoir conditions for water sensitivity evaluation, along
with developing an experimental evaluation methodology. On this basis, water sensitivity evaluation under the actual
high-temperature and high-pressure environment of the ultra-deep tight sandstone reservoir in the Tarim Basin was
conducted. This was combined with analytical techniques such as scanning electron microscopy, nuclear magnetic
resonance, and high-pressure mercury intrusion to characterize the water sensitivity damage mechanisms. The findings
reveal that the reservoir’s water sensitivity index ranges from 0.59 to 0.86, demonstrating moderate-strong to strong
water-sensitive characteristics that intensify with increasing temperature and pressure. Under a constant temperature of
180°C, varying experimental pressures (80 MPa, 120 MPa, 140 MPa) showed minimal differential impact on the degree
of water sensitivity damage. In contrast, under a constant pressure of 140 MPa, distinct temperatures (100°C, 140°C,
180°C) significantly influenced water sensitivity damage, indicating temperature’s dominant role in the temperature-
pressure coupling effect. The mechanisms of water sensitivity damage under high-temperature and high-pressure
conditions primarily include: intensified hydration and swelling of clay minerals, thickening of surface hydration
films, further reduction of effective flow path radius, and enhanced fine particle migration coupled with dissolution-
precipitation reactions. Consequently, subsequent field operations require strict control of injected fluid salinity and
temperature, along with developing clay stabilizers compatible with high-temperature high-pressure reservoirs to ensure
efficient development of ultra-deep tight sandstone gas reservoirs.

Key words: Tarim basin; Ultra-deep; Tight sandstone; High-temperature and high-pressure; Water sensitivity; Damage

mechanism
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