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Numerical Simulation of Groundwater Flow in a Karst Area with Conduits

Generated by Gaussian Distribution
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Abstract: In order to simulate the groundwater movement in the karst area more accurately, a karst
hydrogeological unit in Pu’an County, southwest Guizhou Province was taken as the research area. The
FEFLOW software based on the finite element method was employed to establish a numerical simulation
model that couples karst conduits with equivalent porous media for groundwater flow in the area.
Gaussian random distribution was employed to generate conduits for underground rivers controlled by

the geological conditions such as fault, fissure, fracture etc. The water {low in the equivalent porous
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medium was described by the partial differential equation of the 3 — D transient flow, and the water flow
in the conduit was described by the Manning-Strickler equation. The water conducting fault is treated as
a strong permeable block, the infiltration coefficient of rainfall in the catchment areas of the sinkhole is
set to 1, and the spring is treated as a pumping well with a constant head in the numerical model. The
simulation results showed that the determining coefficient of the relationship between the calculated
water level and the measured water level at 25 observation wells can reach 0.998 5, and the Nash-
Sutcliffe efficiency coefficient reaches 0.998 2, which is very close to 1. It shows that the groundwater
simulation model based on these treatments reflects the characteristics of karst groundwater movement

and has strong simulation ability, which can be used to improve the evaluation accuracy of karst

groundwater resources.
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Fig.9 Suitable diagram of diving isometric lines in the study

area during the flood period (flow field diagram)
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Fig.11 Rainfall infiltration coefficient zoning of the study area

Table 2 Comparison between water level measured and water level calculated of observation hole in the study area

/RS U e
PURIIETR
LK AL/ m KA/ m KA E /m LK AL/ m HE KA/ m KA 2 /m
ZK1 1566.20 1566.51 —0.31 1 566.60 1566.55 0.05
ZK2 1569.50 1569.26 0.24 1570.00 1 569.63 0.37
ZK3 1570.78 1570.55 0.23 1571.20 1570.88 0.32
ZK4 1571.00 1571.71 —0.71 1571.40 1 571.56 —0.16
ZK5 1574.00 1574.35 —0.35 1574.20 1574.27 —0.07
ZK6 1575.50 1575.84 —0.34 1 575.80 1575.82 —0.02
ZK7 1 557.70 1 557.51 0.19 1557.90 1 557.70 0.20
ZK8 1561.30 1 562.08 —0.78 1561.60 1561.84 —0.24
ZK9 1 564.80 1565.72 —0.92 1565.10 1565.41 —0.31
ZK10 1574.80 1574.78 0.02 1575.25 1575.01 0.24
ZK11 1 567.50 1 567.90 —0.40 1 568.06 1 567.98 0.08
ZK12 1 559.60 1 559.90 —0.30 1560.25 1 560.08 0.17
ZK13 1 549.30 1 550.47 —1.17 1 549.90 1 550.18 —0.28
ZK14 1596.40 1596.89 —0.49 1596.70 1596.79 —0.09
ZK15 1578.70 1580.64 —1.94 1579.14 1579.89 —0.75
ZK16 1562.70 1565.95 —3.25 1563.20 1564.58 —1.38
ZK17 1 551.55 1 555.55 —4.00 1561.75 1 560.65 1.10
ZK18 1548.67 1 549.63 —0.96 1548.97 1 549.30 —0.33
ZK19 1 545.40 1 545.74 —0.34 1 545.60 1 545.67 —0.07
ZK20 1 541.50 1 542.00 —0.50 1541.82 1541.91 —0.09
ZK21 1540.70 1 541.05 —0.35 1541.10 1 541.07 0.03
ZK22 1615.65 1611.87 3.78 1615.95 1613.91 2.04
7ZK23 1579.10 1575.16 3.94 1579.50 1577.33 2.17
ZK24 1573.90 1575.26 —1.36 1573.24 1574.25 —1.01
ZK25 1 609.00 1608.17 0.83 1 609.35 1 608.76 0.59
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