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Fig. 1 Permeability field of the water driving reservoir model Fig. 2 Relative permeability curves of oil and water
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Table 1  The first 5 eigenvalues and corresponding energy distributions of pressure and water saturation

n 1 2 3 4 5
A pressure 14 650.268 28.185 3.952 0.495 0.109
water saturation 295.204 5.257 2.282 0.305 0.201
£ % pressure 99.757 0.192 0.006 8 0.003 4 0.000 74
water saturation 96.709 1.722 0.748 0.100 0.066
0 /% pressure 99.757 99.949 99.956 99.959 99.959 7
water saturation 96.709 98.431 99.179 99.279 99.345
Q
(a) “FHIE KRB (b) %5 1 MIER%L (e) %5 2 M HEpR%L
(a) The average water saturation field (b) The Ist POD basis function (¢) The 2nd POD basis function

(d) 583 P IEREL (e) % 4 AL (f) 55 5 M HEEeR%K
(d) The 3rd POD basis function (e) The 4th POD basis function (f) The 5th POD basis function
B3 SRR I 5 AN S KRR B POD HE R %L

Fig. 3 The average water saturation field and the first 5 water saturation POD basis functions
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(a) The reconstruction errors of pressure fields (b) The reconstruction errors of water saturation fields
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Fig. 4 The reconstruction errors of pressure and water saturation fields
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Fig. 5 The injection and production parameters variation process of water driving reservoir model
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Table 2 Comparison of computational time

t/s
method
100 d 200 d 300 d 400 d 500 d
numerical simulation 14.526 29.784 37.636 45.088 60.766
POD method 0.292 0.585 0.761 0.901 1.216
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Fig. 7 Prediction errors of the POD method at different time
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A Fast POD-Based Method for Predicting Oil
and Water Flow in Water-Drive Reservoir
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Abstract: A fast method based on the proper orthogonal decomposition (POD) technique for
predicting oil and water flow in water-drive reservoir was proposed. The reduced order model
of oil and water flow in water-drive reservoir was generated with the POD. An ensemble of 100
samples of pressure and water saturation snapshots in the time range of [0 d, 500 d] with an
interval step of 5 d for the 2D water-drive reservoir model was obtained through numerical res-
ervoir simulation, and the POD was applied to extract a reduced set of POD basis functions
from these snapshots. After the injection and production parameters were changed continuous-
ly, the obtained POD basis functions combined with the reduced order model were used to pre-
dict the new physical fields. The research results show that fast and accurate predictions can be
achieved with the proposed POD-based method, for the given example, the prediction errors of
pressure and water saturation are less than 1.2% and 1.5% , respectively. What’ s more, this
POD-based method is 50 times faster in calculation than the traditional numerical reservoir sim-
ulation.

Key words: proper orthogonal decomposition; reduced order model; water-drive reservoir; oil

and water flow
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