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Nonlinear flow characteristics of broken granite
subjected to confining pressures
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Abstract: As more and more high-dam hydropower and high head pumped storage projects have been constructed in China, the rock
foundation of high dam and high pressure water diversion system generally sustain high water pressure and hydraulic gradient. In this
circumstance, not only nonlinear flow is prone to occur in rock seepage; but also accompany with leakage, seepage failure and
water-inrush risk. This study experimentally investigated the nonlinear flow characteristics of broken granite rock in Yangjiang
subjected to a wide range of confining pressures (1-30 MPa) through triaxial cell test system. The characteristics of nonlinear flow in
broken granite rock have been elucidated; and its representation methods have been investigated. The results show that nonlinear
flow occurs in the broken granite with the increasing hydraulic gradient, while the flow nonlinearity decreases with the increasing
confining pressures. Combined with the cracked morphology of broken granite and the magnitude of the permeability, three possible
causes triggering the nonlinear flow have been elucidated, i.e. inertial effect, seepage failure and solid-water interaction. Further, the
Forchheimer and Izbash equations have been adopted to characterize the nonlinear flow, respectively, which both provide excellent
description for the nonlinear flow in broken granite. The nonlinear coefficient of Forchheimer equation experience positive and
negative values during the loading process, which is possibly ascribed to the closure and extension of the cracks in the broken granite.
The power-law function between the nonlinear coefficients of Izbash equation has been developed by relating them with confining
pressures. The results may prove useful in proper understanding of fluid flow through fault zone and compressive zone under high
water pressure and hydraulic gradient.
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Fig.2 Sketch of nonlinear flow test apparatus
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Table 1 Fitting valuves of nonlinear seepage coefficient of fractured granite
WREE (g Forchheimer 2% 2 Izbash 243 P,
o5 A/ (kg/s/m’) B /(kg/m®) k/m? B/m’ R 2 m R / MPa
1(1) 7.43x10°  —1.53x10% 6.10x107"°  —5.88x10" 0.98 1.26x10" 0.69 0.99 2.00
1(2) 8.93x10°  —1.14x10% 5.08x107'  —4.38x10" 0.99 2.52x10" 0.82 0.99 5.00
13) 1.11x10°  -1.06x10%* 4.08x107'%  —4.08x10" 0.99 8.88x10"° 0.87 0.99 7.50
1(4) 1.38x10’ 1.33x10%! 3.29x107" 5.12x10'? 0.99 3.98x10" 0.94 0.99  10.00
1(5) 1.51x10° 6.79x10% 3.01x107" 2.62x10" 0.99 4.54x10" 1.05 0.99  12.50
1(6) 2.06x10° 1.35x10%! 2.20x107" 5.22x10"? 0.99 1.60x10" 0.99 0.99  15.00
1(7) 2.31x10° 3.44x10% 1.96x107'¢ 1.32x10" 0.99 2.27x10" 1.00 0.99  17.50
1(8) 2.71x10° 1.16x10% 1.67x107'¢ 4.45x10" 0.99 2.94x10" 1.00 0.99  20.00
1(9) 3.44x10°  —2.66x10%' 1.32x107'°  —1.02x10" 0.99 2.99x10" 0.99 0.99  25.00
1(10) 4.98x10° 1.91x10% 9.11x107"7 7.36x10" 0.99 4.17x10'° 1.10 0.99  30.00
2(11) 3.35x10°  —4.99x10%' 13510 —-1.92x10" 0.97 3.30x10" 0.63 0.98 2.00
2(12) 3.62x10°  —3.23x10%' 1.26x10°"°  —1.24x10" 0.98 4.60x10" 0.77 0.99 5.00
2(13) 459x10°  —5.51x10%' 9.88x107"°  —2.12x10" 0.99 8.58x10'? 0.79 0.99 7.50
2(14) 533x10°  —5.05x10?' 8.51x107'"  —1.94x10" 0.99 431x10" 0.87 0.99  10.00
2(15) 6.15x10°  —4.58x10%' 737x107"°  -1.76x10" 0.99 8.71x10" 0.90 0.99  12.50
2(16) 7.10x108  —5.13x10%' 6.39x107"°  —-1.97x10" 0.99 2.11x10" 0.94 0.99  15.00
2(17) 8.06x10°  —3.96x10?' 5.62x107'%  —1.52x10" 0.99 4.57x10" 0.97 0.99  17.50
2(18) 9.42x10%  —6.82x10%' 481x107'%  —2.62x10" 0.99 4.12x10" 0.96 0.99  20.00
2(19) 1.04x10°  —4.69x10%' 436x107'%  —1.80x10" 0.99 5.49x10'* 0.97 0.99  22.50
2(20) 1.19x10°  —-9.02x10%' 3.80x107"°  —3.47x10" 0.99 7.40x10" 0.98 0.99  25.00
2(21) 1.34x10°  —1.21x10% 3.37x107"°  —4.68x10" 0.99 8.86x10" 0.98 0.99  27.50
2(22) 1.46x10°  —7.65x10%' 3.09x107"°  —2.95x10" 0.99 1.52x10" 1.00 0.99  30.00
3(23) 5.56x10°  —8.59x10?' 8.16x107'*  —3.31x10" 0.94 1.27x10" 0.55 0.97 2.00
3(24) 5.94x10°  -1.01x10%* 7.64x107"°  —3.86x10" 0.99 3.60x10" 0.73 0.96 5.00
3(25) 5.76x10°  —5.53x107' 7.88x107"°  —2.13x10" 0.99 1.61x10" 0.81 0.99 7.50
3(26) 5.92x10°  —2.44x10"' 7.66x107"°  —9.40x10" 0.99 3.13x10" 0.84 0.99  10.00
3(27) 6.38x10°  —2.96x10*' 7.11x107'%  —1.14x10" 0.99 4.96x10" 0.87 0.99  12.50
3(28) 6.83x10°  —3.54x10%' 6.64x107"°  —1.37x10" 0.99 1.44x10" 0.92 0.99  15.00
3(29) 7.49x10°  —4.60x10%' 6.05x107"°  —1.78x10" 0.99 2.76x10" 0.95 0.99  17.50
3(30) 7.76x10°  —8.90x10%° 5.84x107'  —3.43x10" 0.99 5.75x10" 0.98 0.99  20.00
3(31) 8.61x10°  —1.14x10' 527x107'%  —4.40x10" 0.99 6.45x10" 0.99 0.99  22.50
3(32) 9.07x10%  —2.33x10*' 5.00x10"*  -8.99x10" 0.99 7.01x10" 0.99 0.99  25.00
3(33) 1.00x10°  —3.64x10%' 452x10"°  —1.40x10" 0.99 7.56x10" 0.99 0.99  27.50
3(34) 1.07x10° 1.16x10% 4.22x107"° 4.41x10" 0.99 1.94x10" 1.03 0.99  30.00
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intrinsic permeability as a function of pressure gradient
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