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Research on interwell connectivity of oil reservoirs based
on Kalman filter and artificial neural network
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Abstract : The understanding of interwell connectivity of oil reservoirs is of great significance for the formulation of reason-
able development and adjustment plans and the improvement of water—driven reservoir recovery. Based on dynamic data of
injection—production well, an analysis method combining Kalman filter and artificial neural network is established to quan-
titatively characterize the dynamic interwell connectivity in reservoir. Considering the noise pollution of the injection data
and the time—lag effect of the injection signal in the formation propagation process , the Kalman filter algorithm and the non-
linear diffusion filter are used to pre—process the injection—production data, thereby reducing the effect of injection—produc-
tion data on the machine learning model, and improving the accuracy of connectivity analysis. Based on the pre—processed
historical injection and production data, the artificial neural network taking the oil production rates of producers as the re-
sponse and the water injection rates of injectors as the input is trained and the parameters are optimized , and the interwell
communication relationship in the injection and production system is simulated and excavated. Through the parameter sen-
sitivity analysis of the trained model , the degree of interwell connectivity in reservoirs is quantified. The model is applied to
analyze the interwell connectivity in four types of reservoirs with representative characteristics such as homogeneity , anisot-
ropy, closed faults, high permeability zones and one real heterogeneous reservoir. The calculation results are highly consis-

tent with the reservoir geological features, indicating that this method has good practicability and reliability. It can be ap-

Wk H 491:2019-11-06.,

FEZ TR K8 (1993—) , T s 2 7R BRI A5 2R NSRBI A0 B LA 2% 20 35 N T3 BB S 7 0l A0 2k sl i) oz FH A9
E-mail : lwsg93@126.com,,

WETES XU (1962—) , 5B LR A N, 8%, 1S . E-mail : liu.wei@upc.edu.cn,

FATH  [HF AL E K LI BRI SO 2 BN T2 4 B KA TR IF ST (20177X05009-005 ) F 5 1o 7 7K J5 B 4824 3l H A2
K 20 AT AR (20162X05011-001) .



F218 H2M X B AR IR G BRI T 22 10 25 FH 25 5 OB ) 38 PSS -119-

plied to effectively quantify the connectivity of injection and production system.

Key words: interwell connectivity; artificial neural network (ANN) ; Kalman filter; nonlinear diffusion filter; sensitivity

analysis
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Fig.1 Comparison of injection—production data curves
before and after denoising
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Fig.2  Architecture of ANN model
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Fig.3 Water injection rates of injectors
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Fig.4 Comparison of fluid production rates of single well predicted by ANN model and actual value
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Table2 Interwell connectivity factors in anisotropic reservoir

FEAK I Joom #E @wm R M
T PPl EPEIEP2 AEPEIEP3 AEPIEPA
1 0.648 0.089 0.135 0.126
2 0.710 0.098 0.076 0.115
3 0.051 0.524 0510 0.046
14 0.098 0.060 0.057 0.784
I5 0.013 0.184 0.181 0.651
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Table3 Interwell connectivity factors in reservoir
with closed fault
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T PPl EPEP2 EPEP3 PR PA
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2 0317 0.242 0.422 0
13 0.408 0.281 0.281 0.030
14 0 0.087 0.077 0.951
I5 0.014 0 0 1.010
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Table4 Interwell connectivity factors in reservoirs
with high permeability zone
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Fig.6  Interwell connectivity of injection and production
in well block 22ZY of certain oilfield
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