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Inversion of hydraulic parameters of high permeability confined
aquifer based on slug test

GUO Hanxuan, WANG Quanrong, PAN Kexin, SHI Wenguang
(School of Environmental Studies, China University of Geosciences, Wuhan, Hubei 430078, China)

Abstract: To improve the accuracy of estimated hydraulic parameters such as hydraulic conductivity and specific
storage in confined aquifers with high permeability, and provide a scientific explanation for the nonlinear
oscillation phenomenon of test well water levels, this study established a slug test model that takes into account the
skin and non-Darcy flow effects, as well as inertial force action. The skin effect was described by Robbin
boundary conditions and the non-Darcy flow effect was explained by the Forchheimer equation; momentum
balance equation expressed the inertial force action . The Laplace transform method was used to derive the
analytical solution of this model. Then the impacts of three factors on estimating of hydraulic parameters were
analyzed using field data. The results show that the influences of skin effect, non-Darcy flow effect, and inertia
force action on the parameter estimation cannot be ignored. More specifically, the higher values of the

dimensionless skin factor (S,,), the Forchheimer coefficient (y), and the vertical distance (/) between the water level
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in the well and the top of the confined aquifer after instantaneous water injection, the slower rate of water level

recovery. As the value of S, increases, the amplitude of water level oscillation decreases, whereas the amplitudes

of water level oscillation increase with larger values of y and /. Ignoring the skin effect, non-Darcy flow effect or

inertia force will lead to underestimating hydraulic conductivity and specific storage. The results can provide

theoretical guidance and technical support for the inversion of hydraulic parameters in fractured confined aquifers.

Keywords: slug tests; skin effect; non-Darcian flow; inertial force action; hydraulic conductivity; specific

storage
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Table 2 Parameter estimation for wells LA-87B, LA-88B, and LA-88A
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Case 2 2.72x10°® 5.20x10° 0.10 - 10 6.21x107
Case 3 9.32x10°* 4.65x107 0.09 1.49%10? - 6.01x107
Case 4 1.19x10° 4.65x107 0.07 1.49x10? 10 2.30x10°
LA-88B, p, = 206.84 kPa
Case 1 1.48x1077 4.08x107"° - 4.07x10° 10 1.21x107"
Case 2 1.46x107 4.65%10°7" 0.10 - 10 1.04x10
Case 3 6.25x107 6.69x10™" 34.80 4.07%10° - 5.09x107
Case 4 1.38x1077 6.95x1077 1.67 4.07x10° 10 4.39x107?
LA-88B, p, = 82.74 kPa
Case 1 2.26x10”7 1.10x10™" - 2.63x10° 10 1.96x10™!
Case 2 1.10x10° 1.10x10 59.70 - 10 8.37x107
Case 3 1.52x10° 1.70x10°7" 59.70 2.63x10° - 1.18x10™
Casc 4 2.17x10°° 3.67x10"° 49.70 4.07%10° 10 1.91x107
LA-88B, p,=34.47 kPa
Case | 3.24x107 2.87x107"° - 7.70x10* 10 1.37x10"
Case 2 7.74x107 3.03x107 20.30 - 10 8.24x107
Case 3 1.93x10°° 4.25x107"° 11.45 7.70x10° - 3.99x1072
Case 4 3.24x10°° 3.94x107"° 28.45 7.70x10° 10 4.38x10°
LA-88A, p, = 34.47 kPa
Case 1 5.54x1077 5.54x107" - 9.13x10" 10 3.42x107
Case 2 1.34x107 4.16x10° 19.90 - 10 9.10x10°
Case 3 5.27x107 5.12x10™" 0.41 9.13x10' - 4.37x107
Case 4 5.27x107 5.12x107" 0.41 9.13x10" 10 2.05x10°
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Fig. 5 Fitting results from observations in well LA-87B at 6.5 psi
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Fig. 6 Fitting results from observations in well LA-88B at
different pressures of 206.84, 82.74, and 34.47 kPa
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Fig. 7 Fitting results from observations in well LA-88A
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