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Study on Land Subsidence Induced by Groundwater Extraction and
Its Engineering Application: Taking Dezhou Area of
Shandong as an Example

JIA Chao, ZHANG Guo-rong, WANG Jia-bin, ZHANG Yong-wei
(School of Civil Engineering, Shandong University, Jinan 250061, Shandong, China)

Abstract: Adverse environmental and geological issues induced by groundwater exploitation
become increasingly prominent, and the disaster induced by land subsidence has attracted great
attention. Shandong area in North China Plain is one of the significant land subsidence zones, and
groundwater exploitation is the main inducing factor. Aiming at land subsidence, Dezhou area in
North China Plain was taken as typical engineering background; hydrogeology, engineering
geology and rock and soil mechanics were combined; through field and laboratory tests, the
parameters of rock and soil mechanics in the study area were obtained, the fluid-solid coupling
numerical model was built, and the process of land subsidence was reproduced, and the
development tendency of land subsidence was forecasted. According to the basic rules of flow
field and land subsidence, some engineering geological measures including decreasing
groundwater exploitation, recharging groundwater periodically and adjusting the exploited
horizon and plane layout of extraction wells were put forward. The effects of the measures were
quantitatively evaluated by the numerical model built.
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Fig.1 Land Subsidence Development Process in Decheng

District of Dezhou City, Shandong Province
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Tab.1 Physical Mechanics Parameters of Strata

)2 JEE/m | #E/ (kg e m ) | FRPERE/MPa HER/ARE BBEZRK/ (m«d™D) | WKRH/m™! fLBRE
B 200 1.900~2 190 100~150 0.30~0. 45 1..800 0~2.400 0 0.010 0 0.40~0. 50
B2 100 2 .000~2 200 40~60 0.25~0. 04 0.005 0~0. 008 0 0.005 0 0.24~0.35
B3 150 2 .000~2 300 110~160 0.25~0. 30 1.500 0~1. 900 0 0.008 0 0.30~0. 40
54 100 2 050~2 250 50~65 0.20~0.33 0.004 0~0.005 5 0.000 1 0.24~0.27
5% 250 2 100~2 300 190~210 0.17~0. 22 1.400 0~1. 600 0 0.007 0 0.30~0. 40
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Tab.2 Flows of Groundwater Withdrawal

from Extraction Wells

TFR I _ W/ Jo A/
IR 2 45
s (m* +d™ ") [(kgs (m+s)™ 1)

K1 | (37°28'10.86"N,116°17'55.53"E) | —82.19 | —0.006 341 821

K2 (37°27'3.56"N,116°18'20. 69"E) | —82.19 | —0.006 341 821

K3 |(37°26'43.02"N,116°21'37. 20"E) | —109.59 | —0.008 456 019

K4 [(37°26'43.02"N,116°21'37.21"E) | —136.99 | —0.010 570 216
K5 | (37°27'58.89"N,116°19'12.09"E) | —82.19 | —0.006 341 821
K7 | (37°28'8.18"N,116°18'34. 75"E) | —493.15 | —0.038 051 698
K8 | (37°283.26"N,116°18"44. 72"E) | —301.37 | —0.023 253 858
K9 | (37°29'39.51"N,116°19'1.54"E) | —104.11 | —0.008 033 179
WL PRI K3 BEHAR . B4 FARHESH
A MBEBER L 5, =4ERAg LRI R Fig. 4 Distribution of Extraction Wells
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Fig. 6 Location of 3D Extraction Well Points
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Fig.8 Comparison Curves Between Measured and Simulated Land Subsidences in the Monitoring Points
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Fig. 9 Evolution Prediction of 1 m Subsidence Range in Different Years (Unit:m)
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Tab.3 Predictions of Land Subsidence in Different Monitoring Points Under the Condition of Current Groundwater Exploitation
P WA D62 My | MW QL M | MEIN R Q6 Hb | MW AR D101 M| MM AL D14 My | W5 L DI My | MU AR D110 M| WA D111
g TA OB & /mm | PR AL/ mm | FUTFE R/ mm | WOTRE & /mm | T CRE & /mm | IR AL/ mm | BIUIFE R/ mm | HUTRE & /mm
2015 1 316.2 1269.5 910. 8 962. 8 503. 3 801.6 687.5 910. 8
2016 1345.0 1297.3 931.8 986. 5 514.3 823.7 705.5 931.8
2017 1373.7 1324.9 952.3 1009.2 525.7 844.6 723.0 952.3
2018 1402.5 1352.5 972.9 1031.7 537.2 865. 4 740. 4 972.9
2019 1431.4 1380.1 993.5 1053.7 548. 8 885. 6 757.7 993.5
2020 1 460. 6 1407.9 1014.2 1075.6 560. 5 905. 7 775.0 1014.2
2021 1 490.4 1436.1 1035.0 1097.2 572.3 925.6 792.5 1035.0
2022 1520.2 1464.2 1055.7 1118.9 584. 2 945.5 809.9 1055.7
2023 1 550.0 1492.4 1076.5 1140.5 596.0 965. 3 827.3 1076.5
2024 1580.2 1521.0 1097.4 1162.3 608. 0 985.3 845.0 1097.4
2025 1611.4 1550.3 1118.5 1184.3 620. 2 1005.5 863.1 1118.5
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Tab.4 Schemes for Reducing the Groundwater Exploitation
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Fig. 10 Comparisons of Cumulative Land Subsidence Under Different Schemes for Reducing the Groundwater Exploitation
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Tab.5 Schemes for Groundwater Recharge
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