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Fig.1  Proxy model construction method based on generative adversarial network
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Table 1 Parameter range of inverse stratigraphic modeling

i SHLT i/ ME BN i SHLT 1/ ME HRME
1 InitTopoElev1 -267.00 -67.08 18 PDY1 30 000.00 99 972.00
2 InitTopoElev2 -341.00 -141.08 19 KDX1 200.00 599.84
3 InitTopoElev3 -467.50 -267.08 20 KDY1 200.00 599.84
4 InitTopoElev4 -632.00 -450.07 21 Aprodl 1.30 5.00
5 AmpSeal .0 40.00 79.98 22 Kprodl 0.04 0.12
6 PerSeal.0 230.00 699.81 23 Wprodl 15.00 44.99
7 PhaseSeal.O —-0.50 1.00 24 kEngl 0.50 1.50
8 AmpSeal.l 10.00 49.98 25 bEngl 0.20 0.60
9 PerSeal.l 10.00 99.96 26 pPrl 0.10 0.90
10 PhaseSeal. 1 -1.00 1.00 27 kV1 10.00 39.99
11 SealLevelDatum -50.00 39.96 28 kW1 0.02 0.20
12 SubsRatel -0.30 0 29 kR1 0.01 0.06
13 SubsRate2 -0.30 -0.05 30 kH1 0.05 0.17
14 SubsRate3 -0.55 -0.01 31 WaveBasel 20.00 59.98
15 SubsRate4 -0.65 -0.05 32 kL1 0 0
16 SubsRate5 -0.87 -0.05 33 DFlex 1E+24 4.998E+26
17 PDX1 30 000.00 79 980.00 34 kM1 0 0.10
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Fig.2  Nine samples randomly selected from training set
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Fig.3 Structure of generative adversarial network (generator and discriminator)
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Fig.4  Simulation results of networks different training rounds on a sample of the test set
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Construction and Application of a Proxy Model for Stratigraphic
Forward Modeling Based on Deep Learning

LIU YanFeng',DUAN TaiZhong', GONG Wei’, LIAN PeiQing',ZHANG WenBiao' ,HUANG Yuan'

1. Petroleum Exploration and Development Research Institute of SINOPEC, Beijing 102206, China

2. Beijing Normal University , Beijing 100091, China

Abstract: Stratigraphic forward modeling (SFM) describes the subsurface geological bodies distribution more realis-
tically than traditional geostatistical modeling, but it is difficult to condition and therefore challenging to apply to
practical reservoir geological modeling. Inverse stratigraphic modeling (ISM) improves the practicability of the meth-
od. Based on a quantitative comparison between simulated results and observational data, ISM uses a global optimiza-
tion algorithm to continuously modify the SFM input parameters to find a best fit between simulated and observed da-
ta. However, ISM tends to be inefficient and time-consuming, because it has many optimization parameters, strong
nonlinearity and long time-consuming of single iteration, and requires a large number of iterations. In this study, ISM
was combined with a deep learning algorithm called generative adversarial network (GAN), to construct a stratigraph-
ic forward modeling proxy model. A proxy SFM model based on a large number of synthetic samples formed by neural
network training is substituted into the ISM, avoiding the long time-consuming of single iteration, to accelerate the
convergence speed of the inversion simulation. The feasibility of the method was verified by application to carbonate
stratigraphy on the western margin of the Bahamas. Using the learnt network generated for sedimentation inversion
simulation greatly accelerates convergence speed. Although this study focuses 2-D examples, it is expected that the
method can be extended to 3-D models.

Key words: generative adversarial network ; proxy model; deep learning; stratigraphic forward modeling
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Attached Table1 Parameters of 9 samples randomly selected from training set
e FEAA HAB FEAC FEAD HAE HEAF ARG FAH HAL A

InitTopoFElev1 -241.740  -239.795 -240.203 ~189.967 -210.110  -237.965 -212.366 -176.158  -213.844  -228.109
InitTopoElev2 -304.687  -308.444  -288.532 302394  -315.569 -316.927 -311.806 -313.322 -299.977 -290.627
InitTopoFlev3 -443.803 -420.896  -440.692  -372.690  -426.142  -429.549 -419.037 —445090  -444.184  -438.012
InitTopoElev4 -608.549  -594.739  -606.268 -608.710  -611.325 -600.513 -599.063 -603.759  -597.293 -608.271
AmpSeal.0 47.9930 49.966 8 49.034 4 52.2077 46.5118 47.745 1 51.3385 63.144 5 46.858 5 50.374 2
PerSeal.0 415.966 333.573 350.251 319.018 288.357 427.918 302.105 338.303 314.502 308.967
PhaseSeal.0 -0.05427  -0.01371  -030306  -0.27038  -0.07813  -0.33104  -0.12883 0.177 19 -0.29501  -0.309 59
AmpSeal.l 19.470'5 15.8212 15.208 0 14.8193 18.243 8 19.648 7 29.2107 15.980 5 153154 17.789 8
PerSeal.l 36.966 0 50.0879 29.2747 25.9203 28.986 7 29.643 4 35.6759 30.717 8 374752 27.578 2
PhaseSeal.l -0.44086  -0.64522  -0.63237  -0.56844  -0.76805  -0.69232  -0.67835  -0.65546  -0.69046  -0.74604
SeaLevelDatum  -39.5605  -38.8729  -37.1198  -34.1706  -342177  -382793  -39.2233  -37.9203  -39.1688  -27.9618
SubsRatel -0.243 89 -0.247 15 -0.253 77 -0.258 66 -0.258 47 -0.228 18 -0.243 00 -0.236 90 -0.24221 -0.195 93
SubsRate2 -0.260 98 -0.219 83 -0.251 05 -0.240 68 -0.228 05 -0.246 30 -0.163 37 -0.237 58 -0.260 05 -0.249 80
SubsRate3 -037092  -041732  -047649 045303  -040879  -046776  -042709  -045419 045859  -0.48705
SubsRate4 -0.56353  -049677  -0.52797  -0.48782  -0.44486  -0.58118  -0.53959  -051966  -031160  -0.544 13
SubsRate5 -0.75294  -0.78176  -0.67117  -0.76393  -0.68747  -0.66736  -0.59309  -0.72355  -0.76786  -0.653 68
PDX1 371757 43489.0 39 140.9 359757 37643.6 36 044.0 36179.2 401223 40 944.5 520774
PDY1 57366.0 547754 44 088.4 482773 44 436.4 40 488.0 398903 40 007.2 38728.0 38879.8
KDX1 275.378 266.399 245.489 256.212 251.925 276.658 245.710 255.417 396.307 275.302
KDY1 262.749 249.093 278.053 312.542 309.070 284.470 270.730 259.157 435.309 438.423
Aprodl 2.61708 2.159 54 2.729 96 2.279 54 2.19218 1.835 66 1.766 42 3.566 48 2.02224 1.734 97
Kprod1 0.072577  0.049217  0.049603  0.051510  0.052695 0053192 0.049730  0.059071  0.049713  0.049 448
Wprod1 18.598 8 19.906 0 22.9858 22,9056 26.3017 42,0798 23.508 3 24.068 4 233533 18.509 9
kEngl 0.671643 0738103 0727784  0.666 155  0.819835  0.799826  0.620340 0714996 0923437  0.725410
bEngl 0271113 0282144 0299423 0336546 0261021 0317633  0.246 501 0.282 42 0.257869  0.391195
pPrl 0206796 0.196949  0.268695  0.204356 0305793 0231975 0261185 0364455 0210016  0.258421

kV1 28.296 3 15.356 4 14.039 5 13.6412 17.244 1 15.1755 15.189 6 15.865 20.368 9 16.5417
kW1 0.058 621 0.051 851 0.061 631 0.044 944 0.053 190 0.125 966 0.043 592 0.060 993 0.050 890 0.041 966
kR1 0.022455  0.024601  0.025026  0.034426 0015812 0016974  0.016930  0.01706 0017712 0.016 261

kH1 0.063897  0.065008  0.120705  0.069272  0.063445  0.077070  0.137212  0.083297  0.077088  0.076 075
WaveBasel 287133 27.629 2 30.370 3 25.878 6 31.746 9 28.013 1 27.8479 24.5619 30.966 8 31.2014
kL1 0.000 107 4.65E-05 4.53E-05 6.79E-05 5.09E-05 4.26E-05 6.15E-05 4.73E-05 5.87E-05 4.86E-05
DFlex 1LI9E+26  7.95E+25  7.63E+25  G6.58E+25 LI3E+26  5.80E+25  633E+25  5.81E+25  7.I5E+25  1.94E+26
kM1 0.016568  0.027596  0.031403 0012224 0031896 0017919 0015168 0018852  0.014158  0.034 389
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Attached Table 2 Parameters of 9 samples randomly selected from test set
SRR HAA HAB A C HAD HAE HAF
InitTopoElev1 -235.872 ~211.007 -240.939 -226.946 -216.507 ~134.497
InitTopoElev2 -294.878 -317.912 -305.656 -283.186 -314.672 ~294.664
InitTopoElev3 ~440.537 -404.218 -405.011 -363.598 ~402.461 -429.075
InitTopoElev4 -611.515 -604.388 -572.029 -611.646 -603.645 -602.346
AmpSeal.0 45,9077 44.462 8 54.435 1 44.4573 45.5392 45.516 2
PerSeal.0 302.895 297.319 283.025 327.798 305.036 285.534
PhaseSeal.0 -0.31327 -0.268 81 -0.295 00 -0.265 74 -0.125 55 -0.318 12
AmpSeal.l 31.0557 16.873 3 14.874 9 16.6197 247228 16.481 8
PerSeal.l 22732 1 24.4200 21.763 3 424293 51.6856 38.696 4
PhaseSeal.1 -0.751 93 -0.711 99 -0.647 79 -0.664 00 -0.199 81 -0.670 46
SealevelDatum -23.0820 -29.752°5 -33.8110 -35.4304 -37.0470 0.349 351
SubsRatel -0.236 21 -0.122 30 -0.224 62 -0.23128 -0.23231 -0.25231
SubsRate2 -0.248 49 -0.230 61 -0.260 81 -0.253 01 -0.245 30 -0.262 11
SubsRate3 -0.450 76 ~0.489 44 -0.455 16 -0.483 23 ~0.454 18 -0.485 23
SubsRate4 -0.57249 -0.528 56 -0.519 46 -0.463 54 -0.536 64 -0.538 34
SubsRate5 -0.802 85 -0.600 26 -0.794 73 -0.775 51 -0.636 48 -0.770 71
PDX1 39367.2 51846.1 50318.1 48 834.0 40938.0 370317
PDYI1 49 483.2 38700.8 417249 46 108.6 403123 40 762.6
KDX1 303.702 319.104 317.759 346.898 267.878 261.639
KDY1 262.673 258.522 300.591 355.141 252.191 270.105
Aprodl 2.488 89 1.720 79 2.116 18 193573 1.895 37 1.905 39
Kprod1 0.078 654 0.057 464 0.058 098 0.071 617 0.050 401 0.054 544
Wprod| 18.5197 19.082 2 21.2982 27.1346 19.764.0 18.834 8
kEng] 0.682 237 0.835 305 0.670 850 0.660 123 0.678 857 0.826 163
bEngl 0.348 771 0.268 214 0.268 690 0.302373 0.271 550 0.259 995
pPrl 0.345 856 0.399 625 0.372 746 0.233 566 0.392 512 0.267 308
kV1 16.119 3 17.201 6 19.9102 14.708 3 16.862 4 157303
kW1 0.063 514 0.042 187 0.049 663 0.048 818 0.040 613 0.063 422
kR1 0.016 335 0.018 669 0.019 181 0.035 421 0.023 036 0.015 796
kH1 0.074 975 0.070 531 0.065 382 0.063 510 0.086 667 0.063 957
WaveBasel 26.208 4 36.326 0 34.9472 24.898 5 26.646 7 33.4910
kL1 0.000 105 0.000 138 8.20E-05 4.97E-05 0.000 124 4.43E-05
DFlex 1.34E+26 1.17E+26 9.29E+25 6.42E+25 8.00E+25 1.58E+26
kM1 0.039 695 0.012 137 0.030 700 0.020 077 0.014 142 0.022 487




