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Research on water resources carrying capacity of shale gas development area
based on GA-BP neural network
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2. School of Prospecting Technology & Engineering, Hebei GEO University

Abstract Taking Weiyuan County in Southwest China as an example, the evaluation system and grading standard
of water resources carrying capacity were constructed from five aspects, i. e. society, economy, ecology, water
resources and shale gas development, and the genetic algorithm ( GA) was used to optimize back propagation ( BP)
neural network. GA-BP neural network combined model was thus formed to evaluate the water resources carrying
capacity status of the study area from 2014 to 2019. The results showed that the maximum relative error of the
verification data calculated by GA-BP neural network was 6.5%, and the correlation coefficient between the
expected output and the result was 0. 995 98. With the increase in the scale of shale gas well groups, the water
resources carrying capacity index of the study area had been decreased year by year. The water resources carrying
capacity from 2014 to 2017 was in a bearable state, and from 2018 to 2019, it was in a weakly carrying state. The
main impact indicators of the index were per capita water resources, shale gas well group scale and water
consumption of 10 000 yuan of industrial added value.
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Fig.1 Schematic diagram of BP neural network structure
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Fig.2  GA-BP neural network flowchart
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Table 1  Evaluation index system of water resources carrying capacity in the study area
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Table 2 Classification standards of water resources carrying capacity in the study area
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KB IEFI % 0~10 10~20 20 ~40 40 ~ 60 60 ~70
AW (P L N) 3 000 ~4 000 2 000 ~3 000 1 000 ~2 000 500 ~ 1 000 0~500
J3 76 Tl s F /K &/ (m® /75 96) 0~35 35~45 45 ~ 60 60 ~70 70 ~90
IK PR bR % 90 ~ 100 75 ~90 60 ~75 50 ~ 60 40 ~50
TR AL 8 %1 %6 40 ~50 36 ~40 34 ~36 32~34 25~32
TG KA TR 1% 90 ~ 100 80 ~90 70 ~80 60 ~70 50 ~60
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Fig.5 Comparison of validation errors between two models
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Table 3  Evaluation index data from 2014 to 2019
IR 2014 4 2015 4F 2016 4% 2017 4E 2018 4§ 2019 4
AR/ fkm?) 475. 60 462. 54 462. 65 462. 01 455. 30 455.03
NG AR/ (m* ) 282. 00 330. 00 285. 00 313.00 213.00 238.10
KGRI/ % 51.00 51.00 51.00 50. 00 51.00 51.00
AW (P /) 552. 00 379. 00 602. 00 484. 00 635. 00 548.70
J3 76 Tolk 3l A /K &/ (m® /73 98) 39. 00 42.20 40. 20 24. 00 18.20 14.70
IKBTIRAR %o 85.00 88. 00 91.00 92.30 92.90 93. 60
BT 36/ % 47. 44 48.90 50.23 51.65 53. 04 54. 44
AR5 K AL B %o 79. 16 79.73 79. 42 81.05 81.51 95.53
BTk /m? 24 500 23 369 22 900 21 989 21 189 20 389
R O 20 66 89 132 299 374
JE 2438 HEWE 0] % /% 80. 00 80. 00 85. 00 90. 00 90. 00 90. 00
JE 2GR HEZ % 20. 00 20. 00 20. 00 20. 00 20. 00 20. 00
Wl 5 % 13.20 12. 80 13.30 13. 40 14. 30 14. 50
== H /% 15.70 16. 20 18. 40 19. 30 24. 60 25.10
Tk KRR H% 74. 00 75.30 77. 60 79.20 81.00 82.30
HEWE KA ORI R 5 0.46 0.46 0.48 0.48 0.49 0.49
T4 KFREAHENEMER x5 WNESHAERBKEHE
Table 4  Evaluation results of water resources Table 5 Water volume data required for
carrying capacity shale gas development m’
EA KB R A T FR AL TREARS EH T Il 7K B K fd A
2014 0. 769 AR E 2014 490 000 78 400 411 600
2015 0. 630 Al TRE 2015 1 542 354 246 777 1295 577
2016 0. 644 ¢4 2016 2 038 100 346 477 1 691 623
2017 0.618 AR E 2017 2902 548 522 459 2 380 089
2018 0. 566 S 7REL 2018 6 335 511 1 140 392 5195 119
2019 0.517 R A 2019 7 625 486 1372 587 6 252 899
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