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Orthogonal optimization design of injection and production parameters in
cyclic steam stimulation in offshore heavy oil reservoirs
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Abstract: Based on a heavy oil reservoir in Bohai oilfield, a numerical simulation model of cyclic steam
stimulation is built based on the characteristics of offshore oilfields. The orthogonal experimental design
and numerical simulation are used to optimize the steam injection intensity, steam injection rate, bottom
hole steam quality, steam temperature, soaking time and liquid producing capacity. The visual analysis and
variance analysis are used to analyze the results. The results show the optimized injection and production
parameters are steam strength 20 t/m, steam injection rate 250 m’/d, the bottom steam quality 0.5, steam
injection temperature 340 C, soaking time 5d, and the production rate 200 m®/d. The influence factors on
the effect of steam soaking decreased gradually in the following order: steam strength, the bottom steam
quality, the production rate, steam injection rate, steam injection temperature, and soaking time. The
results can provide theoretical guidance for injection and production parameters optimization of steam huff
and puff in offshore heavy oil reservoirs.
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Table 1 The thermal parameters values in simulation calculation
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Table 2 The 6 factors and 5 levels table

KT TEPCR I/ PR/ HIRZEI I Tl H: PR/
(tem ") (m? «d™) TR/ g/ C fif 1] /d (m* «d™ ")
1 8 150 0.30 260 4 150
2 10 175 0.35 280 5 175
3 12 200 0.40 300 6 200
4 15 225 0.45 320 7 225
5 20 250 0.50 340 8 250
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Table 3 25 schemes and simulation results

Sy EIRGRE/ TEIR R/ IR AR AR/ Sl - [/ FPRWCGEEE/ R/

(tem ") (m® «d™ ") TR/t C d (m® «d™ ") m
1 8 150 0.3 260 4 150 84 037.13
2 8 175 0.35 280 5 175 84 523.44
3 8 200 0.4 300 6 200 84 911.22
25 20 250 0.45 300 5 150 90 250.30
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Table 4 The intuitive analysis of orthogonal test design

KT TR/ TR/ HIRZER R/ Jie] B[] / TR B/

(tem™H) (m® «d™ 1) T/ C d (m® «d™ 1)

1 84 832.216 86 730.842 86 650.366 86 745.288 87 011.904 86 837.056

2 85 669.708 86 894.310 86 801.010 86 855.626 87 030.844 86 649.742

3 86 541.912 86 930.430 86 993.070 87 010.948 86 934.630 87 117.208

4 87 839.364 87 073.070 87 112.762 87 016.008 86 971.864 86 994.062

5 89 887.342 87 141.890 87 213.334 87 142.672 86 821.300 87 078.980
2= 5 055.126 411.048 562.968 397.384 209.544 467.466
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Table 5 The optimal scheme
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Table 6 The variance analysis of orthogonal test design

SN D 22 F Jr A I % 28y A F
TV 78 547 772.23 4 19 636 929.06 569.983 x x

VR 516 990.961 4 129 263.079 5 3.752
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Fig.1 The mparison of optimal scheme and simulation results of orthogonal design
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