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Analysis of direction-dependent characteristics of permeability of sandstone
with ultra-lowly permeability in confining pressure tests
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Abstract: The permeability of rock is apparently dependent on the direction or anisotropic, which is resulted from the rock-forming
geological processes. At present, theoretical and experimental studies on directional permeability properties of sandstone remain
insufficient, and there is lack of quantitative assessment on the anisotropy of permeability. The transient tests are performed on
sandstone from CCUS by orthogonally sampling cores. Experiential results indicate that there exists a power function relation
between the permeability and the confining pressure. However, as the confining pressure is increased up to 20 MPa, the difference of
permeability inorthogonal direction declines gradually, which shows a convert of permeability from anisotropy to isotropy. The
pressure sensitivity of the permeability in the vertical coring samples is generally lower than that in the horizontal ones. Furthermore,
a theoretical model is deduced in the Cartesian coordinate for the anisotropic permeability, which can be used to explain the vector
properties of rock permeability. The parameter of anisotropy & is also proposed on the basis of the standard deviation and then is
employed to normalize the heterogeneity of permeability in different reservoir sandstones. It shows that the proposed method is
quantitative to describe variations of anisotropy in the seepage field system.
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Fig.1 Generalized model of reservoir
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Table 1 Physical properties of sandstone samples
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Fig.3 Typical samples of Zhifang formation sandstone

22 RAREKE

RGN R E CORETEST A AWK 7
IEFLERFE BB HRAL (AP-608) HEATHH &I F 2
KA, B WE 4 fros. BRNEEEE 3.45~
65.50 MPa, J5i&%IIETLEAE 107 pm®, FLERZM
HEFIE 0.1%~40% 2 1], 3R I8 K FH e 405
Ko FIHBRSIEIRATIBIE RN

B4 BELBRRBEN (AP-608)
Fig4 Automated permeameter-porosimeter (AP-608)

2.3 RABTE
CCUS HyENEMTHIR 1316~2 206 m 2
W), HoA s 20 2.41~2.48 g/em’, #b

R E FHE A 2R ) /3 A 31.17~53.55 MPa 2
o ARYCGRIEF, X FHA A FRE 215 5,
I 78 5 FLBREE 1B AL (AP-608), KJ] Hassler
R JEFERY, W TR B AR RRAE 20 °C, ANAE
RN (p)s il v 0 v il X 2 24
> N AR IR GG B R Z . RE I =
R RE I T, TR 24 h 5T
8o DAREGAL (2D A hpl, HekEHE A
1319.7 m, HAMEEHR 241 glem’, JEf)E
7174 31.17 MPa, W& BB, 55 1 Hnik
HIEy 4.72 MPa, 3653 5 i & IR dhit )2 05 g o

3 WG ai RS

31 EEIT BB R

BRI, AR AL AT (o,
B 1) TUSRESIBIEHAL, Forb R sl
HR A BIERA, B FSER b, KTAE
BBk, K, o FEIIE A 4 GLE A
W, SO B A4 S A TSGR, W% 2. 3
B, ettt p g VI 3 B AR 0

®2 RYHADEREHE
Table 2 Experimental results of porosity and permeability
for different directions of Zhifang formation sandstone
FLBREE/ % BIER/(10° pm)
A b v k, k, ky

p/MPa

4.72 3.709 5.571 5.174 0.122  0.298  0.152
11.81 3.392 5.167 4.769 0.051  0.158  0.083
18.89 3.315 5.081 4.694 0.030  0.117  0.061
25.98 3.325 5.043 4.644 0.021  0.097  0.049
31.17 3.314 5.045 4.6375 0.018 0.088  0.044
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Table 3 Experimental results of porosity and permeability
for different directions of Heshanggou formation sandstone
FLBRE/ % BIER/(10° pm?)
A b v k, k, ky

p/MPa

4.72 7956  8.696  10.013  0.057 0.091 0.121
11.81 7.699  8.453 9.829  0.036 0.060 0.089
18.89 7.548  8.428 9.773  0.029 0.051 0.080
25.98 7.458  8.408 9.732  0.025 0.045 0.074
33.07 7.405  8.405 9.723  0.022 0.042 0.069
36.57 7.425  8.461 9.711 0.021 0.041 0.068
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Table 5 Sensitivity coefficients of directional permeability
for sandstones in reservoir
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Fig.9 The relative variation of directional permeability
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