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An Experimental Study on the Distribution of Residual Oil by
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Abstract: The narrow development environment and high development cost of offshore oil fields have promoted the wide
application of horizontal well development methods in water injection development in offshore oil fields. In view of the fact
that most of the reservoirs in China’s offshore oilfields are delta clastic deposits with strong reservoir heterogeneity, the current
parallel horizontal well pattern water injection development is not good in effectiveness, and a large amount of remaining oil
remains underground. The effects of displacement velocity and reservoir heterogeneity on the distribution of remaining oil from
water flooding in parallel horizontal well pattern are studied by means of water flooding physical simulation experiment. The
experimental results show that the degree of recovery in homogeneous reservoirs is higher than that in heterogeneous reservoirs,
and the remaining oil is distributed near the toe of the production well. The change of displacement velocity will not affect
the distribution of remaining oil in homogeneous reservoir. In the plane heterogeneous reservoirs with different permeability
contrast, the higher the stage difference is, the later the water breakthrough occurs in the heterogeneous reservoir with lower
permeability in the high permeability zone, and the ultimate recovery degree and average oil displacement efficiency are slightly
higher than those with small permeability contrast and high permeability zone. The remaining oil is mainly located in the area
near the heel-central part of the production well in the middle and low permeability zones. The remaining oil in the reservoirs
with small grade difference and high permeability value in the high permeability zone is distributed in the area near the heel of
the production well in the low permeability zone. The experimental study has concluded that parallel well pattern conditions are
more suitable for lower displacement speeds and parallel horizontal well patterns are more suitable for heterogeneous reservoirs
with larger grade differences and smaller maximum reservoir permeability, which provides theoretical and technical support for
the design of horizontal well pattern in oilfield.
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Fig. 1 Porosity distribution histogram
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Fig. 2 Permeability distribution histogram
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Fig.3 Relationship between porosity and permeability
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Fig. 4 Permeability difference distribution histogram of injection
and production wells in well group
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Fig.5 Physical image of the device
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Fig. 6 Experimental schematic diagram of device
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Fig. 7 Reservoir experimental model design and well pattern layout
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Tab.2 Experimental prediction parameters in homogeneous reservoir under different displacement rates

S DR/ BALGME,  AORGER ShAER/ FEIh X fifs Rl SF‘LL‘]B[X‘?FH
(mL - min™") mL mL mL H/mL /% B %
1 1 1570 906.26 1509.30 60.70 57.72 60.05
2 4 1543 859.30 1441.57 101.43 55.69 59.61
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Fig. 8 Curves of oil/water production in parallel horizontal well
pattern water drive experiment in homogeneous reservoir
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Tab.3 Comparison of experimental data of parallel horizontal well pattern water drive in homog us or heterogeneous reservoirs
at different displacement rates
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Fig. 10 Water production and oil production curves in water
flooding experiment
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flooding experiment
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Fig. 12 Oil saturation distribution at different water injection volume in homogeneous reservoir (injection rate 1 mL/min)
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Fig. 13 Oil saturation distribution at different water injection volume in homogeneous reservoir (injection rate 4 mL/min)
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Fig. 14 Type A water drive characteristic curve water flooding experiment at different displacement rates in homogeneous reservoir
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Fig. 15 Oil saturation in water drive experiment of parallel well pattern in heterogeneous reservoir at permeability differential is 4
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Fig. 16 Oil saturation in water drive experiment of parallel well pattern in heterogeneous reservoir at permeability differential is 6
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