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Liquid production splitting of multi-layer mining considering multiple factors
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Abstract: The application of multi-layer mining technology in reservoir is gradually extensive. Production splitting and
stratification evaluation are regarded as important links, which affect the accuracy of dynamic reserve calculation and the reliability
of development policy adjustment. However, the conventional formation coefficient (Kh) production splitting method still fails to
fully consider the dynamic factors such as reservoir connectivity and pressure difference. Based on darcy formula and other seepage
theory, a new production splitting method is put forward to clarify the role of the production of each layer in the development of
reservoir. This method introduces the concept of “permeability contribution rate”, which is defined as the ratio of permeability of
each layer to the sum of all permeability of high, middle and low layers, and comprehensively considers the relationship between
permeability contribution rate, water content, and splitting coefficient, and proposes the production splitting of multi-layer mining
with different permeability layers. Based on the research of eight groups of different permeability levels and polynomial regression
calculation, the mathematical model for splitting of liquid production is established for different permeability layers considering
water content, permeability range and other parameters. Through the comparison between the numerical simulation and the
experimental test results, the splitting mode has small error and high accuracy, which can meet the needs of field application.

Keywords: multi-layer mining; production splitting; numerical simulation; Darcy formula; seepage theory
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Fig. 1 3D figure of the numerical model
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Fig. 2  Relationship between separation coefficient and
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Table 1 Data table of dimensionless splitting
coefficient and permeability contribution
rate when water cut is 0

A5 B R BERTURE TRV R

1 0.5532 0.5556 1.000 0
2 0.704 8 0.714 3 1.274 1
3 0.779 3 0.789 5 1.408 8
4 0.823 6 0.8333 1.4890
5 0.853 1 0.862 1 1.5422
6 0.8740 0.8824 1.5800
7 0.889 8 0.897 4 1.608 5
8 0.9020 0.909 1 1.630 6
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Fig. 3 Regression line of relationship between
splitting coefficient and water cut when
permeability contribution rate is 0.56
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Fig. 4 Relation curve between dimensionless splitting
coefficient and permeability contribution rate when

water content is 0
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Fig. 6 Regression line of relationship between splitting

coefficient and water cut when permeability contribution rate
is 0.21 (water cut is less than 60 %)
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Fig. 8 Relation curve between dimensionless splitting
coefficient and permeability contribution rate when water

content is 60 %
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Table 2 Data table of dimensionless splitting
coefficient and permeability contribution
rate when water cut is 0.6

A5 BN RE BERTCR TR R

1 0.3186 0.3333 1.5490
2 0.205 7 0.214 3 1.000 0
3 0.160 8 0.1579 0.7819
4 0.1316 0.1250 0.640 1
5 0.1110 0.103 4 0.5398
6 0.094 5 0.088 2 0.464 1
7 0.084 3 0.076 9 0.4101
8 0.0753 0.068 2 0.366 3
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Table 3 Verification results of nine sets of parallel
experimental production liquids
(high permeability layer)

s e BRE HICR TR

TERE B R BEOrREC 2
1 0.556 0.7506  0.757 5 0.8252 0.0820
2 0.602 0.7512 0.760 4 0.8045 0.0548
3 0.671 0.7570 0.7702 09147 0.1579
4 0.716 0.8696 0.887 8 0.8741 0.0157
5 0.747 0.7870 0.8059 0.8574  0.060 1
6 0.769 0.6957 0.714 1 0.7604  0.0609
7 0.785 05172 0.5322 0.690 5 0.229 3
8 0.798 0.6422 0.661 1 0.5726 0.1546
9 0.799 0.705 5 0.726 2 0.800 5 0.0929

R4 VHEFBIBTRESWIELER (FER)
Table 4 Nine sets of parallel experimental production
liquids verification results table
(medium permeability layer)

1 0.556 0.167 7 0.1715 0.157 8 0.087 1
2 0.602 0.1951 0.194 2 0.178 8 0.0859
3 0.671 0.1869 0.1786 0.036 0 3.9618
4 0.716 0.1035 0.1035 0.1129  0.0829
5 0.747 0.130 1 0.1252 0.1235 0.0135
6 0.769 0.2623 0.2364 0.2180 0.084 5
7 0.785 0.4483 0.3929 0.2380 0.6510
8 0.798 0.321 1 0.2853 0.4072 0.2994
9 0.799 0.2146 0.1955 0.1795 0.0889
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