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Numerical simulation of multi-layer co—production in marine—continental
transitional shale reservoirs
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Gas Reservoir Geology and Exploitation, Southwest Petroleum University, Chengdu, Sichuan 610500, China)

Abstract: Distinct sedimentary environments lead to notable disparities between marine—continental transitional shale and purely
marine shale. This study develops a numerical model to evaluate the productivity of horizontal wells in vertically multi-lithologic
superimposed reservoirs, focusing on the marine—continental transitional shale reservoirs at the eastern margin of the Ordos Basin.
The model analyses the dynamic characteristics of single—stage gas well production under various lithologic combination modes. It
particularly investigates key parameters such as coal seam permeability, the superposition relationships of reservoirs, and the
impact of the production system on output characteristics. The findings indicate that: D In the early stages of combined extraction
from coal-rich shale reservoirs, both gas and water are produced simultaneously. The gas primarily originates from the free gas in
the sandstone and shale reservoirs, while the water is predominantly sourced from fracturing fluid and coal seam water. Notably,
higher coal seam permeability correlates with increased cumulative gas and water production. 2) The optimal spatial stacking
sequence for combined layer mining in coal-bearing superimposed reservoirs is identified as page—sand—coal. This sequence
minimizes the interference of coal seam water production on the overall mining process. 3) The production from coal seams exhibits
significant stress sensitivity, impacting overall gas output.
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Fig. 1 Relative permeability curves of coal bed, tight sandstone, and shale
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Fig. 2 Production curves of multi-layer co—production
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Fig. 5 Comparison of cumulative multi-layer production under different coal bed permeabilities
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Table 3 Production data at different gas
production rates
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Table 4 Effect of reservoir stress sensitivity on
cumulative gas production of coal bed under different
gas production rates
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cumulative gas production of shale under different gas
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6 000 9.78 6.36 3.42 34.97 6 000 15.42 14.91 0.51 3.33
7 000 9.91 6.43 3.48 35.12 7 000 15.46 14.93 0.53 3.44
8 000 9.99 6.47 3.51 35.19 8 000 15.49 14.95 0.54 3.51
9 000 10.05 6.50 3.55 35.28 9 000 15.51 14.96 0.55 3.56

®k6 ARAFSETHENNGBRMNBENSE
RSB
Table 6 Effect of reservoir stress sensitivity on
cumulative gas production of tight sandstone under
different gas production rates

®R7 AEBFSETHEENGEXESE
Ritr=kEFNm
Table 7  Effect of reservoir stress sensitivity on
cumulative water production under different gas
production rates
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S/ R B ARE R RR0 R, RRERY S/ MR BIOKE BTk FRRE, RRER/
m’ 10'm’ m’ 10'm’ % m’® m’ m’ m’ %
3000 95.64 86.68 8.96 9.37 3 000 277.65 209.67 67.97 24.48
4000 98.67 88.71 9.97 10.10 4000 283.30 207.28 76.03 26.84
5000 99.91 89.57 10.34 10.35 5000 285.71 205.06 80.66 28.23
6 000 100.56 90.02 10.54 10.48 6 000 286.99 203.32 83.67 29.15
7 000 100.90 90.29 10.61 10.51 7 000 287.63 201.83 85.80 29.83
8 000 101.11 90.46 10.65 10.54 8 000 287.97 200.62 87.34 30.33
9 000 101.30 90.59 10.71 10.57 9 000 288.33 199.60 88.73 30.77
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