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Calculation scale reduction on determining permeability tensor for fracture
networks using tube element
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(1. School of Water Resources and Hydropower Engineering, North China Electric Power University, Beijing 102206, China;
2. Shandong Electric Power Engineering Consulting Institute Co. , Lid. , Jinan 250014, China)

Abstract; To explore the preferential flow pathways of seepage in the fracture space, reduce the amount of
calculation and make the model more practical under the premise of meeting the accuracy, according to the
measured structural surface data, a three-dimensional (3D) fracture network with the same statistical characteristics
as the field rock mass was generated by using the disc model, and the seepage channel was simplified to one-
dimensional tube element model. The influences of reducing the calculation scale by group arrangement and full
arrangement on the permeability tensor and the size of representative elementary volume ( REV) were investigated
respectively. The scale reduction effect was verified using practical engineering data. Results show that the
reduction error of full arrangement was relatively small. When the calculation scale was reduced to 70% , the
accuracy of the permeability tensor was basically unchanged. The REV size of the permeability tensor of the
fractured rock mass increased with the increase of the reduction scale. There was indeed a backbone fracture network
skeleton with larger diameter fractures controlling the seepage characteristics, and sufficient accuracy of the permeability
tensor could still be ensured when the calculation scale of the fracture network was reduced to a certain extent.
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Fig. 1  Conceptual simplified analysis diagram of 3D fracture
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Fig.2 Boundary condition of the model
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Fig.3  Schematic of seepage head distribution in fracture network
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Tab.1 Model parameters of 3D fracture network

13 faira/ () fhifa/(°) W/ m A/ m BRFE/m
HiE brife2 el bRz PifH PR HiE brife 2 HE ik
1 0 10.00 90.00 10.00 4.00 4.00 2.00 2.00 0.000 1 0.000 1
2 75.00 15.00 25.00 15.00 6.00 6.00 3.00 3.00 0.000 1 0.000 1
3 150. 00 10.00 45.00 10.00 5.00 5.00 5.00 5.00 0.000 1 0.000 1
LRI EBD B AR RARE A SHBES 53 A

D ICTE TR E WIE, 5 33 R K s
RRAFENBIE TR (m/s) FIBE T 77 A

k, =3.08 x 107 fii[f] 170. 0°, {5iff 19. 8°

k, =4.33 x 1077 fi[] 45. 9°,{5iff 57.3° (3)

ky =4.70 x 107 fi[f] 269. 6°, {5iff; 24. 8°
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Tab.2  Scale reduction of each fracture group according to the same proportion and corresponding errors

AR S A B EEMET W w2
ky =3.25 x10 7 fii[i] 150.0° {5 16.0° &, =0,0, =0°
0 1 980 3036 ky =1.86 x 10 ™7 {iifm 21. 4° fiiff 65.2° & =0,0, =0°
ky =5.96 x 10 77 {i[] 245.5°  {iiff 18. 4° 83 =0,0; =0°
k= 3.25 %1077 fiim] 150.0° ,{5iff 16.0° £, =0,0, =0°
0.1 1781 3027 ky =1.86 x 10 ™7 {ifm) 21.5° fiiff 65.2° £, =0,0, =0°
ky =5.96 x 10 77 {§i[] 245.5° , §ifh 18. 4° £3=0,0,=0°
ky =3.24 x10 77 fiif) 150. 1°, {5iff 15.9° £, =0.003,6, =0°
0.2 1583 3008 ky =1.86 x 1077 {if) 21.9° fiiff 65.3° £, =0.003,0, =0.01°
ky =5.95 x 1077 {fi[7] 245.5° ,ffifA 18. 4° £3=0,60,=0°
k, =3.23 x10 77 {§i[] 150.2°,{§ifh 16.2° £, =0.006,0, =0.84°
0.3 1385 2 936 ky =1.85 %1077 fiii) 21.9° fiiff 64. 8° £, =0.003,6, =0.67°
by =5.89 x 1077 {§i[] 245.8° , {§ifh 18.7° £, =0.010,0; =0.45°
k=317 x10 77 {ii[] 149.4° fififh 16.5° £, =0.025,0, =0.87°
0.4 1187 2795 by =1.81 x10 77 {iii[ 20. 5° i ff 64.7° £, =0.015,6, =0.81°
ky =5.75 x 10 77 {ii[] 245.2°  {iiff 18. 6° £5=0.062,0; =0.36°
ky =3.13 x 1077 fiif) 149.2°  {iiff 16.5° £, =0.037,0, =3.57°
0.5 989 2 535 ky =1.81 x 1077 {iif 20. 5° i ff 64.7° £,=0.015,0, =1.28°
ky =5.73 x10 77 fifi[] 245.0° fififh 18.7° &3 =0.068,0; =1.03°
ky =3.10 x 10 77 fhii|i] 149. 8° {5iff 17.1° £, =0.046,0, =1.28°
0.6 792 2 186 ky =1.77 x 1077 {iifm 21. 1° f§iff 63.7° £,=0.048,0, =1.63°
ky =5.57 x 1077 {ifi[f] 246.0° fififh 19.3° £3=0.064,0; =0.91°
ky =3.00 x 10 77 fhii|7] 150.9° {5ifh 15.5° £, =0.077,0, =1.02°
0.7 594 1674 ky =1.65 x10 77 {iif) 25.2° fiiff 62.9° £,=0.113,0, =2.77°
by =5.34 1077 {§i[n] 247.3° ,{§ifh 20.7° £3=0.102,0, =2.31°
E, =1.91 x10 77 fi[] 155. 1°,fififf 22. 8° £, =0.412,6, =12.71°
0.8 396 1163 b, =1.19 x 10 =7 fiiifi] 20. 5° i 1 59. 0° £, =0.360,0, =6.31°
ky =4.71 x10 77 fifi[7] 253.8° ,fififl 19.7° £3=0.208,0; =7.99°
by =1.25 x 1077 {55 154. 8° {5iff 5.23° £, =0.615,0, =11.60°
0.9 198 554 ky =3.13 x 1078 {ii[) 51.5° i fA 68.3° £, =0.832,6, =11.93°

ky =5.87 x 107 fiii] 246. 8° {5iff 20.9°

£3=0.013,6; =2.86°
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Tab.3  Scale reduction of three fracture groups with full arrangement and corresponding errors
R S i B EEME T W B2
ky =3.25 x10 77 fifiji) 150. 1° fiiffy 15.9° & =0,0, =0°
1 980 3036 ky =1.86 x10 ™7 fiif 21.7° i ff 65.3° £,=0,0, =0°
ky =5.95 x 10 77 {i[] 245.5°  {fiff 18. 4° £,=0,0, =0°
ky =3.25 1077 {150 1°, {fiff 15.9° & =0,0, =0°
0.1 1781 3027 ky =1.86 x10 77 {ii[) 21.8° i ff 65.3° £,=0,0,=0°
ky =5.95 x 1077 {§i[] 245.5°, 5ifh 18. 4° £3=0,0,=0°
ky =3.25 1077 fiii[] 150. 1°, {iiff 15. 8° £, =0,0, =0.13°
0.2 1583 3008 by =1.86 x10 77 fiii[) 22. 1° i ff 65. 4° £,=0,6,=0.13°
ky =5.95 x 10 77 fhii[f] 245.5° {5iff 18.4° £3=0,0; =0.05°
ky =3.20 x10 77 {ii[] 149.9° , {iiff 16. 6° £ =0.016,0, =0.74°
0.3 1385 2 936 by =1.84 x 1077 {iiif 21.0° i ff 64. 6° £, =0.011,0, =0.80°
ky =5.89 x 10 7 fhii|i] 245.7° {5ifh 18.7° £, =0.010,0, =0.34°
k, =3.19 x10 77 {fi[i] 149.9° ,ffifh 16. 6° £, =0.019,0, =0.74°
0.4 1187 2795 ky =1.83 x 1077 {6 21.5° fiiff 64.4° £ =0.016,6, =0.95°
ky =5.85 x 10 77 fiu] 245. 8° , {fiff 18.9° £3=0.017,0; =0.62°
k, =3.16 x 1077 {54) 149.5° {5 ff 16. 1° £, =0.028,0, =0.54°
0.5 989 2 535 ky =1.82 x 1077 {5 21. 8° , fifh 64.7° £, =0.022,6, =0.63°
ky =5.77 x 1077 {ii] 245.2° {FifA 19.0° £3,=0.031,6, =0.61°
ky =3.12 x10 77 fii[ 150. 8° , fiifA 15. 1° £ =0.042,0, =1.08°
0.6 792 2186 ky =1.73 x 1077 {i] 25.9° , fiff 64.8° £ =0.075,0, =1.81°
ky =5.52 x10 77 {5i] 246. 4° {Fif 19.7° £3=0.078,6; =1.60°
ky =3.00 x 10 77 fiim 151, 1° {fifq 15. 4° £ =0.083,0, =1.07°
0.7 594 1 674 ky =1.63 x 1077 {ii5] 27.9° , fiff 63.2° &, =0.141,0, =3.37°
ky =5.26 x10 77 fiii[] 247.2° , {iiff 21.3° £, =0.131,0, =3.37°
ky =2.23 x10 77 {5 153.7° , fi5ifh 19.1° £, =0.457,6, =4.74°
0.8 396 1163 ky =1.24 x10 77 {iif) 24.5° fiifh 61.3° £, =0.500,0, =4.19°
ky =4.64 x 1077 {56 251.2° {Fiff 20. 6° £, =0.282,0, =5.81°
k, =7.42 x10 % {§i[m] 136.2°, {5ifh 3. 88° £, =3.380,6, =18.14°
0.9 198 554 ky =1.61 x10 7% {iii) 31.9° {iiff 74. 6° £, =10.550,6, =9.88°

ky =2.16 x 10 77 {5i[6] 227.2° {Fiff 14.9°

£ =1.750,6, =17.82°
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Fig.6  Principal permeability curves without calculation scale
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