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Analysis of fluid distribution and electrical characteristics
of tight sandstone in Ordos Basin
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Abstract: To investigate the conductivity mechanism and fluid distribution characteristics of tight sandstone
reservoirs in the Ordos Basin and to construct an accurate saturation model, this study conducted a series of petro-

physical experiments, including porosity-permeability tests, resistivity measurements using the centrifuge method,
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and NMR (nuclear magnetic resonance) response analysis, on 11 rock samples from the study area. Nitrogen gas
was used in the porosity-permeability experiments, revealing porosity values ranging from 5.21% to 11.26% , and
permeability values ranging from (0. 132 8-1.261 1) x10~° wm’. The resistivity tests under varying centrifuga-
tion durations provided key electrical parameters: the cementation exponent m (ranging from 2. 053 to 3.293) and
the saturation exponent n ( ranging from 0. 714 to 2. 131). The NMR technique, which leverages the relaxation
time of hydrogen nuclei within the rock, was used to characterize reservoir pore structures and fluid mobility. The
T, spectrum obtained through NMR enabled the distinction of pore sizes and their proportions. Results indicated
that the tight sandstones in the study area exhibit similar properties and pore structures. The T, spectrum showed a
wide distribution (0. 1-1 000. 0 ms) , typically presenting a bimodal pattern with a boundary at 10 ms. Based on
empirical methods, mercury intrusion data, and NMR T, spectrum characteristics, the T, range for small pores was
defined as 0. 01-5 ms, and for large pores as 5-10 000 ms. The findings show that fluid mobility is significantly
higher in large pores than in small ones, and water content in small pores increases during centrifugation. After
converting T, values into corresponding pore diameters, it was found that movable water is mainly distributed in the
1-10 pwm range, followed by 0.01-0. 1 wm and 0. 1-1 pum ranges. Using the fractal dimension method, a positive

correlation was established between fluid distribution and electrical conductivity: greater fluid presence in large

pores corresponds to smaller fractal dimensions and higher conductivity.

Keywords: pore structure; fluid distribution; nuclear magnetic resonance; electroconductivity ; Ordos Basin
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Fig. 1 Geological map of Ordos Basin
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Table 1 Basic information of rock samples in Taiyuan Formation

FEES oy 2 KE/mm  H&/mm  fLBE/% BHER/10 7 pm? ROQI A KA

X-1 W KA 45.12 25.25 5.21 0.132 8 0.159 7 0.700 0

X—4 W KIFA 41.85 25.21 9.65 0.467 6 0.220 1 0.410 1

X-5 [Fe KIFH 45.12 25.22 9.76 0.6157 0.251 2 0.433 3

X-6 5= KIFLH 44.45 25.24 9.75 0.5235 0.2317 0.460 1
X-7 WA KIFEA 41.79 25.19 10. 08 0.484 7 0.219 3 0.403 0

X-9 Fe KIFH 41.06 25.22 11. 12 0.726 5 0.2556 0.3559
X-11 5= KIFLH 47.12 25.25 10. 88 1.1125 0.319 8 0.416 2
X-12 WA KIFA 45.23 25.30 10. 44 1.086 1 0.3225 0.4399
X-13 (Fe KIFH 42.50 25.29 8.58 0.694 8 0.284 6 0.402 9
X-14 5= N 45.90 25.26 11.26 1.086 9 0.310 7 0.3425
X-15 [Fe KIFH 43.58 25.28 10. 34 1.261 1 0.349 2 0.383 1
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Fig. 2 Intersection diagram of porosity and permeability
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Table 2 m and n values of rock samples in Taiyuan Formation

FEES m n
X-1 3.293 2.131
X4 2.216 1.397
X-5 2.236 1.334
X-6 2.277 1.328
X-7 2.178 1.25
X-9 2.053 1. 208
X-11 2. 111 1. 145
X-12 2.150 1. 125
X-13 2.416 1. 268
X-14 2. 111 0.714
X-15 2. 108 1. 155
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Table 3 T, cutoff values and arithmetic means of T, for

experimental samples in Taiyuan Formation

i T, curorr/ ms Ty /ms
X-1 5.36 0. 760
X4 57. 66 12.458
X-5 74.12 14. 856
X-6 41.87 10. 504
X-7 13.36 14. 451
X-9 41.87 18.173
X-11 52.61 22.628
X-12 66. 12 14. 434
X-13 66. 12 11. 497
X-14 56. 54 23.921
X-15 74.12 17. 816
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Table 4 Water content distributions in large and small

pores under different water saturation of X-14

FOKWME  MLE K% RALE KL /%
1.000 0 25.599 544 7 74.4
0.963 9 35.310 350 9 61.6
0.787 2 30.008 610 9 48.2
0.716 2 26.370 242 7 42.3
0.654 9 27.065 061 7 37.1
0.583 7 25.616 125 2 32.3
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Table 5 Fractal dimensions of different water saturation

points of X-14

BRI /NLTTE S KALDIEHERL
S, =1.0000 2.640 4 2.941 0
S, =0.9639 2.763 9 2.949 7
S, =0.787 2 2.714 4 2.978 4
S, =0.716 2 2.6959 2.9835
S, =0.654 9 2.699 2 2.990 3
S, =0.583 7 2.705 9 2.993 8
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Fig. 8 Relationship diagram between fractal dimen-

sions of large and small pores and resistivity in-

crease coefficients of X-14
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Table 6 Fractal dimensions of different water saturation

points of 10 samples in Taiyuan Formation

s TN KL D /ML D
S, =1.000 0 2.9232 2.576 5

X4 S, =0.9818 2.924 6 2.740 8
S, =0.960 4 2.927 6 2.676 4

S, =1.000 0 2.913 5 2.598 1

S, =0.948 5 2.9215 2.629 0

X S, =0.803 6 2.948 7 2.6427
S, =0.7247 2.961 9 2.6323

S, =1.000 0 2.9232 2.716 3

X-6 S, =0.9395 2.931 4 2.718 6
S, =0.660 1 2.978 5 2.750 1

S, =1.000 0 2.9119 2.6335

X-7 S, =0.990 7 2.9180 2.643 3
S, =0.895 1 2.928 5 2.659 5
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S, =0.667 1 2.952 8 2.6320

S, =1.000 0 2.883 6 2.6128

S, =0.944 0 2.904 2 2.740 5

Xt S, =0.802 4 2.923 6 2.5935
S, =0.570 4 2.966 7 2.633 4

S, =1.000 0 2.904 3 2.716 1

S, =0.9732 2.908 3 2.7275

S, =0.9225 2.915 1 2.725 1

X1z S, =0.860 8 2.9267 2.695 1
S, =0.668 8 2.949 6 2.570'5

S, =0.6177 2.961 6 2.5925

S, =1.000 0 2.9215 2.6737

5, =0.9308 2.9300 2.667 1

X-13 S, =0.806 2 2.9515 2. 656 4
S, =0.748 3 2.961 1 2.685 3

s, =0.702 6 2.971 1 2.734 6

S, =1.000 0 2.882 6 2.576 5

S, =0.963 9 2.902 6 2.740 8

S, =0.7872 2.9334 2.676 4

X-14 S, =0.716 2 2.940 7 2.649 5
S, =0.654 9 2.956 8 2.645 5

S, =0.583 7 2.964 9 2.649 3

S, =1.000 0 2.8959 2.6723

S, =0.947 4 2.9107 2.738 4

X-13 S, =0.846 2 2.914 8 2.617 1
S, =0.6326 2.962 6 2.600 7
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