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Abstract In response to issues such as high water cuts and simultaneous gas-water production during the development of the
J58 well block in the Ordos Basin, this study evaluates the influence of various reservoir factors on movable fluids based on
pore-throat size classification in tight sandstone reservoirs. This helps to clarify the gas distribution pattern from a microscopic
perspective. Taking 10 typical tight sandstone cores from the Shihezi Formation as examples, casting thin section observation,
scanning electron microscopy (SEM), X-ray diffraction (XRD), high-pressure mercury intrusion (HPMI), and nuclear magnetic
resonance (NMR) experiments were conducted. Using multifractal theory and NMR parameter-based pore-throat distribution
transformation methods, the impact of reservoir parameters on the distribution of movable fluids within pore throats of different
sizes was assessed. The results show that based on the shape and parameters of mercury intrusion curves, the pore structure can
be divided into three types. Type I shows a bimodal distribution of pore-throat sizes, with good physical properties and connec-
tivity; Type II shows an unimodal distribution dominated by medium-sized pores, with good sorting, but due to limited pore-
throat size, their physical properties are inferior to Type I; Type III have a pore-throat size distribution dominated by nanopores
as the main peak and mesopores as the secondary peak, with the strongest heterogeneity in physical properties. According to the
turning points in pore-throat size and fractal characteristic curves, the pore throats can be classified into mesopores (0.1~1 pm),
micropores (0.01~0.1 pum), and nanopores (0.001~0.01 pwm). Movable fluids are mainly found within mesopores and micropores,
where the mesopores content plays a decisive role in the volume of movable fluids, while micropores, when in relatively high
proportion, also have certain gas storage potential. Nanopores, however, have little impact on movable fluid distribution. The content
of brittle minerals mainly affects the amount of movable fluid in mesopores, whereas clay mineral content has a negative impact
on movable fluid content across all pore-throat sizes. The porosity contributed by different pore-throat sizes is positively correlated
with movable fluid content; however, this correlation decreases as pore-throat size decreases due to the influence of reservoir
connectivity. Permeability controls the distribution of movable fluids within pore throats of different sizes. Among pore-throat
structure parameters, a higher fractal dimension negatively affects the distribution of movable fluids both overall and within pore-
throats of different sizes. Owing to the limitations imposed by differing contributions of pore-throat sizes to reservoir properties,
the maximum mercury saturation parameter can only be used to characterize the distribution of movable fluids within mesopores.
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Fig.1 Tectonic location (a) and comprehensive stratigraphic histogram (b) of the study area
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Table 1 Physical properties and mineral composition characteristics of the tight sandstone of the Lower Shihezi Formation

YT e AR BE XATHHIR /% — —
@5 /m 1% /mD iy KA A PRa gRA @A
(7] HEY =
J-1 3137.81 &Rt 321 1.98 56.7 127 40 26.6 19.0 43.0 16.0 22.0
-2 310409 &—=B 372 2.94 520 140 130 210 320 51.0 5.0 12.0
-3 2993.14 &—Bt 212 0.75 541 123 100 236 250 49.0 10.0 16.0
J-4 3022.75 &—Bt 1339 7.84 588 121 96 195 20 450 430 10.0
J-5 3157.00 &—Bt 7.79 2.16 66.0 112 75 15.3 8.0 31,0 540 7.0
1-6 304991 & =Bt 1456  8.62 709 124 63 104 7.0 33.0 450 15.0
-7 3216.09 & Bt 1209 565 579 212 26 183 2.0 39.0 440 15.0
1-8 3200.80 &—Bt 1019 298 583 136 139 142 50 500 320 13.0
J-9 3049.81 & Bt 925 3.64 627 118 88 167 330 44.0 14.0 9.0
J-10  3050.68 & B 1455 734 672 127 8.0 12.1 19.0 450 270 9.0
SFHME 310821 9.09 4.39 60.5 134 84 17.8 152 430 290 12.8
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Fig. 5 Fractal characteristic curves of three typical samples in Hangjinqi Area, Ordos Basin
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Table 3 Fractal dimensions of pore throats of different sizes and their corresponding porosity and permeability in Hangjinqi

Area, Ordos Basin

o~ KL L /ML
D, $1/% K,/mD D, $:/% K,/mD D, $5/% K+/mD
J-1 2.933 0.234 1.566 2.882 0.132 0.418 2.780 0.054 0.004 2.898
J-2 2.884 0.227 1.189 2.790 0.670 1.755 2510 0.285 0.005 2.740
1-3 2.865 0.088 0.110 2.739 0.174 0.638 2717 0.066 0.004 2.768
I-4 2.775 2451 6.732 2.348 1.184 1.112 2.745 0.191 0.003 2.642
J-5 2.794 1.054 1.351 2.708 1.119 0.806 2.602 0.251 0.005 2.735
J-6 2.748 3.559 6.753 2.531 2.365 1.868 2.590 0.313 0.006 2.658
-7 2.753 2.051 4776 2.660 0.376 0.866 2.584 0.413 0.014 2716
J-8 2.770 0.696 0.878 2.361 2.445 2.102 2.660 0.260 0.007 2.467
J-9 2.755 1.254 1.749 2.551 1.614 1.893 2.740 0.255 0.005 2.648
1-10 2.655 3.259 4.859 2382 2.122 2.480 2.529 0.438 0.010 2.546
T 2.793 1.487 2.996 2.595 1.220 1.394 2.646 0.252 0.006 2.682
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Fig. 6 Distribution characteristics of NMR 7, spectrum in Hangjinqi Area, Ordos Basin
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Fig. 7 Comparison of pore-throat distribution curves before and after conversion and cumulative frequency distribution of

pore-throat in different radius intervals
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Table 4 Porosity and saturation of movable fluid in pore-throat of different sizes in Hangjinqi, Ordos Basin
o B KL AL /ML
$1/% S1/% /% S5/% &3/% S5/%
-4 2.45 18.30 1.18 8.84 0.19 1.43
I J-6 3.56 24.44 2.36 16.24 0.31 2.15
-7 2.05 16.96 0.38 3.11 0.41 3.42
J-10 3.26 22.40 2.12 14.58 0.44 3.01
FHIfE 2.83 20.52 1.51 10.69 0.34 2.50
J-9 1.25 13.55 1.61 17.44 0.25 2.75
I - 1.05 13.54 1.12 14.37 0.25 3.22
- 0.70 6.83 2.45 23.99 0.26 2.55
SEHE 1.00 11.31 1.73 18.60 0.25 2.84
-1 0.23 7.27 0.13 4.11 0.05 1.67
111 -2 0.23 6.09 0.67 17.97 0.28 2.65
-3 0.09 4.13 0.17 8.17 0.07 3.11
S 0.18 5.83 0.33 10.08 0.13 247
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