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Abstract The fluid permeability describes the flow characteristics of rock, which is an important

parameter in the evaluation of reservoirs and prediction of oil and gas production. The fluid
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permeability can be measured when brine solution flow in pores and has physical and chemical
effects with clays which adhere to or coat the grains. The measurement conditions of fluid
permeability are similar to the actual conditions of shale sandstone reservoirs, so this parameter is
considered to be better expression of the flow characteristics of shale sandstone reservoirs.
However, there are few evaluation models of fluid permeability reported, and the existing models
cannot reveal the relationship between fluid permeability and salinity of solution. To address this
issue, this paper presents a model for fluid permeability calculation.

In this study, based on the assumption that the shaly sand can be simplified as a capillary
tubes model, a expression of fluid permeability in terms of the surface area, tortuosity of throat,
total porosity, and bound water porosity of clay is deduced. In addition, according to the physics
volume model, the relationship of bound water porosity of clay to cation exchange capacity and
salinity of solution is derived. Finally, by means of introducing the bound water porosity of clay
to the expression of fluid permeability, a theoretical model of fluid permeability in terms of total
porosity, cation exchange capacity, salinity of solution, surface area, and tortuosity of throat is
deduced. The theoretical model and two sets of experimental data of fluid permeability show that
the fluid permeability decreases with the increasing cation exchange capacity, and increases with
the growing salinity of solution.

However, in the application of the model of fluid permeability, it is difficult to calculate the
parameters of the surface area and tortuosity of throat. So the application of the theoretical model
to calculate the fluid permeability is limited. Based on the analysis of the models of fluid
permeability and air permeability, a transformation model of fluid permeability and air
permeability is established. Then, with the help of the transformation model, a new method for
calculating fluid permeability is suggested. In order to verify the accuracy of the transformation
model of fluid permeability and air permeability, two sets of experimental data are used to
calculate fluid permeability. Comparison of the calculated fluid permeability and core measured
fluid permeability shows that the calculated fluid permeability matches fairly well with core

measured results, which indicates that the transformation model in this study is credible.
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Table 1 Physical parameters of cores and its fluid permeability with two salinity

i CEC Qv Ko K, /(107%pm?)
9t PR /m g 0 /(mmol « g~ /(g -pcm’g) /(mmol « em™® /(107 3*um®) S=60/( g+ L") S=8/(g+ L1
Lulol-6 1418.25 36.83 4.164 2. 64 0.189 893. 95 515. 99 202. 31
Lul03-7 1410.54  36.2 2.816 / / 1166. 30 518.2 317.21
Lu2112-10  665.71  39.81 6.95 2.50 0.263 1551. 83 448, 37 o 1 e
Lu2112-13  750.12 31.84 14.077 2.55 0.768 121. 30 2.26 0.59
Lu2112-20  939.02 34.39 14. 364 2.62 0.717 285. 45 S G 3k TR R B
Lu2180-3 1163.1 42,54 3.053 2.63 0. 109 3302. 40 2667. 69 2464. 11
Lu2180-14  1243.7 38.07 4. 426 2.63 0.189 1747. 40 1089. 19 185. 49
Lu2180-18  1392.66 32.83 3.395 2.63 0.183 1459. 68 S 3 R P RE
Lu2180-21  1395.24 34.35 2.779 2.66 0.141 1546. 05 1514. 37 1375. 68
Lu2180-23  1404.43 32.8 9.743 2.58 0.515 95. 90 4,42 3.3
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x2 HELERYUSHERMBEEXRMNELR (S=12¢g- L") (Waxman 5 Smits, 1968)
Table 2 Physical parameters of cores and its fluid permeability with one salinity (S=12 g+ L™")

¢/(%)  Ka/(10 ?pm®)  K./(10 *pm?) Q,/(mmol + cm™ ¢/(%)  Ku/(10 *pm?) K, /(10 *ym?) Q,/(mmol + ecm
16. 6 0. 38 0. 04 0. 302 15.9 1.3 0.16 0. 254
21.2 28 19.6 0. 104 11.6 0.3 0.05 0.281
20.5 34 21.5 0.097 18.6 59 31 0.1
20. 8 51 36. 2 0. 069 17.4 5.9 2.1 0. 206
20. 4 59 40.1 0.076 16.3 3.7 16.2 0.185
20. 2 80 56.3 0. 085 5.4 0.08 0.011 0.433
21.1 141 70 0.102 25.9 436 191 0.135
19.3 67 40 0.112 23.9 69 48.9 0. 453
20.7 226 158 0. 062 24. 8 704 226 0.2
20 146 83 0. 067 8.7 0.09 0.06 1.578
18.9 95 132 0. 065 12.2 0.83 / 1. 669
18.2 48 33 0.123 12.8 0.38 0. 0004 1.587
16.1 12 6.9 0.158 27.5 4.4 0.09 0. 898
14.9 3.3 1.1 0.298 29 5.8 0.24 0.922

2) ARG I R PSS A R v ik A i 3y BE L e
AT 55 2 WK IO XE & B4 R RO 5 R 5 A
BRI A B BREEBERZEN
PR T A RO R B B R
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