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Permeability prediction in digital core with curved fractures based
on combined plate model

WANG Xin, YAO Jun, YANG Yong-fei, WANG Chen-chen, PU De-jun

(School of Petroleum Engineering in China University of Petroleum, Qingdao 266580, China)

Abstract . It is difficult to simulate the fluid flow in micro-fracture system because of the sophisticated characteristics of the
fractures in carbonate reservoirs. A method was developed to predict the absolute permeability of carbonate rock samples u-
sing a digital or numerical rock technique, in which curved fractures were considered. Firstly, a numerical simulation model
of fluid flow in a system with flat fractures was established, and the effects of its basic parameters (i. e. fracture dip and frac-
ture opening) on the flow behavior were determined using a lattice-Boltzmann method. Secondly, the absolute permeability of
curved fractures was predicted based on the combination of fluid low in the flat model and the basic characteristics of a curved
fracture system. Experimental work was also conducted to prove the accuracy of the numerical method. The results show that
this method is accurate and effective. The absolute permeability can be directly predicted when the fracture parameters are i-
dentified, and the calculation efficiency is improved.
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Fig.1 Numerical rock embedded curved fractures

constructed by fracture system
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Fig.2 Carbonate numerical rock system with different dip fractures
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Fig.3 Logarithmic relationship curve between plane fracture opening and absolute permeability
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Table 1 Error analysis on plane fractures fitting formula
PR IR RE IR/ % BT HIIR 2 %
B/RE B/pm @=0° a=15° @=30° w=45° @=60° @=75° @=90°
1 0.3 71.9582 97.1605 33.2861 105.7528 4.6003 2.1689 0.8817
2 0.6 26. 8439 53.9919 36.9365 105. 8451 2.0836 2.6279 0.3300
3 0.9 3.9796 13.5688 16.2567 72.4667 2.1137 3.8092 0.1106
4 1.2 18.3893 2.4646 2.6169 12.3784 0.6230 5.2062 0.5166
5 1.5 22.6651 10. 8145 4.1486 18. 6014 1.3619 6.4913 1.0778
6 1.8 19.7359 11. 1884 7.8770 21.5307 3.5242 8.0625 1.6482
7 2.1 11.0673 3.4599 4.9053 41.2016 5.6621 9.2666 2.2401
8 2.4 3.9351 9.2593 3.5166 50. 5803 6.6194 10.7851 2.8713
9 2.7 26.9099 28.8078 17.5154 43.3079 7.1557 12.2192 3.7295
10 3.0 59.1620 58.5382 38.6503 34.6478 7.7036 13.4180 4.4624

M1 1 R 2ZE Tl LA Y is T 0 (2)
TS REERIRIR IR A A D Y AR5 3 5 5 il i 5
R RIAY A DL XS 2 R BR A RAETFE 0.3 pm Al
PEETT L 3 AR IR 2Z B, A EH A R 22
#RAE 10% iy IEDIHU A1 2930 (2) M 5 —28°F
1EE AR IE TR, 2 UG A (4) 3t
AR BB SR B A D4 XS B R IR
WA, ¥I1E 10% Zetv . WEWILE A 213K (4) X
5 i A B AR RO S I
3 PiRRERBASERRAMERE

i) =5

W SRBETT R RMIUA A D0 1 THT SR 114 42 ol A2 k]
DAAA S S T LA Y s T i T SRS RO R A,
P AR R PR A T I M BT Sk A R 3 A4l
AREHEHOC R o R A% N RE R S8 HL A T A
THUAEL P T SRS ASE TR | LR o T 2R 5% B BF B 1
P RAEL Bk, XM v A g T S mT LA
e T AL A 1 P T AR 10 DG AR {0 AT S 4 Y
A HE B

3.1 AEBAER)EIA
S T N = o T e U e D S A

B4 fZ&XSECUREE

Fig.4 Schematic diagram of curve classification

approximation
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Fig.5 Seepage velocity field with different

fracture openings
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Fig. 6 Carbonate numerical rock embedded

curved fracture
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Fig.7 Schematic diagram of curve division

and plane approximation
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Table 2 Absolute permeability of rock embedded

curved fracture

SR A il WTHITBIER  fIBER
L= a/(°) Fiiee/1073 pm?  £/1073 um?
1 90 0.0158 0.0193
2 75 0.0164 0.0201
3 60 0.0191 0.0235
4 45 0.1621 0.1986
5 36 0.1716 0.2102
6 27 0.2425 0.2970
7 18 0.3036 0.3719
8 9 0.2137 0.2618
9 0 0.2536 0.3106
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