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Abstract

In the tight sandstone gas reservoir of a certain block in the southern part of the Ordos Basin, the
Upper Paleozoic Shihezi Formation has low porosity and permeability, high clay content and small
pore throat radius, which leads to severe water lock damage and seriously restricts the develop-
ment efficiency of the gas reservoir. Therefore, this paper takes the tight sandstone of the Boxi 1st
Member in a certain block in the southern Ordos Basin as the object, optimizes the efficient water
lock release agent, and combines low-field nuclear magnetic resonance (NMR) and fractal theory to
systematically characterize the heterogeneity of pore structure and reveal the relationship be-
tween pore structure characteristics and water lock damage. The results show that the overall av-
erage fractal dimension of the core in the study block is 2.354. The small pore segment does not
have fractal characteristics, and the average fractal dimensions of the medium and large pores are
2.546 and 2.799, respectively, and are significantly positively correlated with the water lock dam-
age rate. The complexity of the pore structure enhances the capillary force and liquid phase reten-
tion, which dominates the water lock effect. This study proposes the average fractal dimension of
medium pores as the main evaluation index of water lock risk in tight sandstone gas reservoirs,
providing theoretical support for the efficient development of tight sandstone gas reservoirs.
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2. KEMRSHE
2.1. SCHrAARY

SEIUH R 2 R A X e bt A A ST AL S BRSO IE NI R JEAR M S R
1 AR SRR KRR K, KA ES A9, 522 3.39 % 10* mg/L, pH £
6.0, ST HI A K VA A BERL K PR

Table 1. Basic physical properties table of core
= 1. BLERYMER

AT BB /mD LB/ % £ & /mm
1 0.215 5.524 40.47
2 0.789 8.766 4536
3 1.14 13.321 52.78
4 1.124 14.4 60.01
5 5.56 15.276 52.22

2.2. B AE

2.2.1. EH%REHIRCLE

I E AR GB/T 42035-2022 (KRS A LA AT BIIGE . AZBEILIRIED « SY/T 6490-2000 A+
IR ER I EMERIE) « KO 105 CHR 24 h B, fFHANMEEIRE, £30MPa FAST
AL ZK 24 h, RO aWAT, BRI R OmE T, RAMRS IR A O
FIEAT Ty 3

W b AR S8 SR FH 5 M 4130 23 BT A 3% 23 w1 ) MacroMR 12-150-1 ks FEARSA  iE LR 7 A, LR
SIS AR IR LI 58 625 0 FEHI4FR: Q-CPMG, RFESIZ: 333.333kHz, FHi: 12Hz, $H4
ZERT: 0.002ms, 5. 3, SEFFAFEl: 4000 ms, HAEAR: 1, RBINKE: 64, BN 0.15ms, [
BEAEL: 5000.
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B O FLME R VR, VA IR HEAR XS 25 5
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Figure 1. Core nuclear magnetic resonance 72 spectrum
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Figure 2. Nuclear magnetic resonance fractal dimension
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Btk . 25 REOR, MZEEEEIR Y LYERE 2.108~2.602 2 (8], “FH5N 2.354, Rl TE4EAE 2.406~2.830
Z 0], P35 2.546, KALAPTEY4ESLE 2.521~2.973 Z[0], “F352.799, SRIM/NLATE4ES0E /N T 2, 1L
BIHNARE AR, Kb, B3 550N T nT A, 28 07 /ML R X F) (<3 ms) A A
ARG S, W TR AR . R, AR DUBARFLGES R FL. RFLBI 2 TR 4E 58U E AN
fili RO A5 46 B 2 1 5K B0 DR BR ) H 3 R 3R, W3k 2.

Table 2. Fractal dimensions of different holes and throats

= 2. TRIFLMRS FEUERL

AR FLIGE /ML L KAL
OGS
Dnmr R? Di R? D> R? D3 R?
1 2.602 0.802 1.653 0.799 2.830 0.997 2.960 0.988
2 2.415 0.785 1.135 0.825 2.406 0.995 2.784 0.966
3 2.108 0.864 / / 2.647 0.964 2.973 0.977
4 2.234 0.811 0.097 0.839 2.417 0.985 2.755 0.969
5 2413 0.753 1.456 0.890 2.429 0.986 2.521 0.985
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Figure 3. Shows the liquid-phase reflux situation of gas drive
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Table 3. Degree of retention of water-locked liquid phase
3. KGURETHERIEE

LG ik /ML oL KAL USTERE S
1 78.4 97.2 99.3 75.8 92.36%
2 583 96.9 86.1 46.7 69.56%
3 67.8 / 84.2 54.5 50.93%
4 553 86.3 352 17.4 18.55%
5 345 58.6 26.9 18.5 26.43%

HEARSL IR ICIVRAR T B FR BEAE 34.5~78.4% 2 17], 135 58.9%; /INMLUEAHT BELE 58.6~97.2% 7], 13
84.8%; HFLIBAHTH BITE 26.9~99.3% [f], T 66.3%; KFLIE 18.5~75.8% [f], T3 42.6%, ARG
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Figure 4. Relationship between liquid retention in different pore throats and water lock damage rate. (a) Integral hole throat;
(b) Small hole; (c) Middle hole; (d) Large holes
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Figure 5. Relationship between the fractal dimensions of different orifice throats and the damage rate of water locks. (a)
Integral hole throat; (b) Middle hole; (c) Large holes
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