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Simulation and prediction of water—flooding reservoir relative
permeability curve based on machine learning
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Abstract: The relative permeability curve is an important basic datum in oil and gas field development research. The tradi-
tional experimental method is expensive and time—consuming, and the relative permeability curve obtained by a few test
samples is difficult to represent the characteristics of the whole reservoir. The results from the empirical formula method
have low precision and large error. To obtain the relative permeability curves of the water—flooding reservoir in real time
and accurately, this paper utilizes machine learning algorithms for simulation and prediction. The simulation sample set of
the water—f{looding reservoir relative permeability curves is constructed by analyzing the sensitivity of logging parameters
and integrating the data of the relative permeability curves. On this basis, the machine learning algorithm is selected to opti-
mize the geological factor constraint and the curve endpoint constraint , and the intelligent visualization generation of the rel-
ative permeability curves is realized. The results show that this method can realize the prediction of the relative permeabili-
ty curves for each well and each section, and the prediction accuracy is more than 90%. It can accurately reflect the flow
characteristics of reservoir and the variation law of reservoir permeability , possessing high practical application value and a
good prospect of popularization and application.
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Tablel Logging parameters corresponding to relative permeability curves

[EAE R GRIAPT CALlem SP/mV AC/(ps-m™) R,5/(Q-m) COND/(mS-m™)  DEN/(g-cm™)
3 80.192 5 0.104 4 164.2813 101.950 9 2.1193 634.829 2 2.0339
105 65.389 5 02311 149.006 5 109.034 3 4.060 1 581.081 22305
125 37.659 5 0.209 5 146.999 1 100.421 1 45143 65.0417 2.168 8
126 94.649 8 0.0920 175.962 2 109.705 8 8.2514 1047318 2.1972
228 90.793 8 0.089 4 171.993 9 100.566 54185 1116.409 2.299 1
SERE 737370 0.1453 161.648 6 104335 6 4.8727 888.9359 2.1859
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Table2 Relative change rates of logging parameters

BE il A
%% GR  cAL  SP AC Ry COND DEN

3 8.754728.1516 1.6287 2.2856 56.5066 7.8536 6.954 1
105 11.3207 59.0807 7.8207 4.5034 16.677 015.6553 2.037 4
125 48.927 3 44.1749 9.0625 3.7518 7.354990.5591 0.781 4
126 28.361 3 36.657 4 8.8547 5.1470 69.338452.0197 0.518 8
228 23.132038.4467 6.3998 3.6130 11.200162.0484 5.1792
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Fig.1 Sensitive analysis of factors affecting reservoir relative
permeability curves based on logging curves
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Table3  Prediction sample sets of some relative
permeability curves

COND/
(mS-m™)

GRI CALl R

API em  (Qem)
80.407 0.097 3.403
80.407 0.097 3.403
80.407 0.097 3.403
80.407 0.097 3.403
80.407 0.097 3.403
80.407 0.097 3.403
80.407 0.097 3.403
80.407 0.097 3.403
80.407 0.097 3.403
80.407 0.097 3.403
80.407 0.097 3.403
80.407 0.097 3.403
80.407 0.097 3.403
80.407 0.097 3.403
80.407 0.097 3.403

605.780 0.190 1 0
605.780 0.416 0.662 0.029
605.780 0.427 0.605 0.034
605.780 0.443 0.489 0.041
605.780 0.463 0.371 0.05
605.780 0.495 0.248 0.066
605.780 0.527 0.17 0.084
605.780 0.561 0.116 0.107
605.780  0.609  0.071  0.145
605.780 0.646 0.049 0.181
605.780 0.683 0.035 0.222
605.780  0.703  0.030  0.245
605.780 0.720 0.026 0.269
605.780 0.734 0.023 0.289
605.780 0.823 0 0.438
78.299  0.094 3.771 631.478 0.174 1 0
78299 0.094  3.771 631478 0324  0.865 0.022
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Fig.2 Relative permeability curve
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Fig.3 Comparison between predicted values and true values
of relative permeability curves
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