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Characteristics of horizontal and vertical permeability of continental shale oil
reservoirs in China: A case from Jiyang Depression in Bohai Bay Basin and
Qianjiang Sag in Jianghan Baisn
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Abstract: At present, commercial development of shale oil has been achieved in North America, and a major
breakthrough has been made in the exploration and development of shale oil in China. In practice, it has been found that
segments with horizontal beddings contribute more in petroleum production compared with those without beddings,
probably indicating a larger horizontal permeability compared with the vertical permeability. The study focuses on
quantitative analysis of horizontal and vertical permeability variation pattern in typical continental shale oil reservoirs in
China by using pressure-pulse decay method. The results indicate that: (1) under atmospheric pressure, the horizontal
permeability is 5 orders of magnitude higher than the vertical permeability in shale oil reservoirs with bedding-parallel
fractures, while it is about 20 to 50 times higher than the vertical permeability in those without bedding-parallel
fractures. When vertical structural micro-fractures cutting through bedding exist, the ratio of horizontal permeability to
vertical permeability is less than 1. (2) Under confining pressure, the variation of horizontal and vertical permeability in
continental shale oil reservoirs is more complicated in comparison with marine shale reservoirs, and the horizontal

permeability is the more sensitive to the confining pressure. (3) The ratios of horizontal permeability to vertical
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permeability in laminated calcareous shale/laminated arenaceous shale facies, lamellar shale facies, and massive shale

facies, vary from 1.5 to 90. 0, from 1. 4 to 46. 0 and from 1. 3 to 40. 0, respectively. (4) In comparison, the permeability

of shale oil reservoirs in Qianjiang Sag in Jianghan oilfield is 10-100 times lower than that in Jiyang Depression in

Shengli oilfield due to smaller pore throat, complex mineral composition and the existence of pore-filling anhydrite.

Key words: horizontal permeability, vertical permeability, permeability anisotropy, continental shale oil,, Qianjiang Sag,

Jiyang Depression, Bohai Bay Basin, Jianghan Basin
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Fig. 1 Sketch map showing the geological setting of Jiyang Depression (modified after references [ 39-401)
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Fig. 3 Influence of bedding-parallel fractures development on permeability variation of continental shale oil reservoirs in

the lower submemeber of Qian 4 Member in Well BYY2, Qianjiang Sag, Jianghan Basin
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Fig. 4 Comparison of horizontal permeability and vertical permeability of shale oil reservoirs in the

lower submember of Qian 4 Member in Well BYY2, Qianjiang Sag, Jianghan Basin
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(horizontal permeability being less than 5 x 107 um?)
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Fig. 6 Histogram of shale oil reservoir permeability in the Jiyang Depression, Bohai Bay Basin

(horizontal permeability being greater than 5 X 107 um?)
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Fig. 7 Histogram of permeability anisotropy for shale oil reservoirs of diverse lithofacies in the Jiyang Depression , Bohai Bay Basin
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Fig. 8 Micrographs and SEM images of shale oil reservoirs of diverse lithofacies in the upper submember of
Sha 4 Member in Well FY1, Jiyang Depression, Bohai Bay Basin
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Fig. 10 Correlation of confining pressure with horizontal and vertical permeability of marine shale reservoirs of

the Silurian Longmaxi Formation, Sichuan Basin (data from references [41-42))
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