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Abstract; Toth proposed hierarchical groundwater flow-systems in the complex basin based on given head upper-boundaries in
the 1960’s. However, when the flow patterns with the given head upper-boundary are dealt with (so called Toth method) ,
changes of hydraulic conductivities or basin geometry result in changes of water budget in a basin synchronously. At the same
time, the number of potential sources and sinks and their positions are fixed by the given head upper-boundaries which are not
consistent with the actual condition and may result in wrong groundwater flow patterns and their transformation. Based on
summarizing the hierarchical characteristics of groundwater flow systems on sand-box experiments, we propose a numerical
simulation of groundwater {low patterns using flux as upper-boundaries (so called CUG-GWFS method). The simulated results
show that five sequential flow patterns may develop in the basin with several possible potential sources and sinks: (a) simple
regional only, (b) nested local-regional, (c¢) nested local-intermediate-regional, (d) nested local-intermediate, and (e) just
local flow systems. The basinal groundwater flow patterns are dominated by the infiltration intensity, hydraulic conductivities,
the ratio of length to depth and the number of potential sources and sinks and their positions. The basinal flow patterns will
transform orderly as the five patterns above with the increasing of the ratio of infiltration intensity to hydraulic conductivity R;.
or the ratio of length to depth of a basin Ry while the rest conditions remain the same.

Key words: groundwater flow pattern; transformation; ratio of infiltration intensity to hydraulic conductivity; ratio of length to
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Fig. 1 Idealized cross-section of a drainage basin’s valley

flank of the sinusoidal water table
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Fig. 2 Theoretical flow pattern and boundaries between dif-

ferent flow systems
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Fig. 3 Model generalization, discretization and distribution

of potential sinks for Model A

i cadf i :
0 100 200 300 400

[ (m)
skt 7 e
] e ok i 7 4 v

] 2k ket

vtk e R 0

B4 SR ABIREE e A5l T KA
Fig. 4 Groundwater flow patterns for different infiltration
intensities
a.e=0.05 mm/d;b.e=0. 2 mm/d;c. e=0. 5 mm/d;d. e=1 mm/d;
e.e=1. 25 mm/d
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Table 1 Simulated results for different ratios of infiltration intensity to hydraulic conductivity
AT AETA
BiERE ANB Bl REL NS Rie(107%) HUF A
K(m/d) e(mm/d) K(m/d) e(mm/d)

Al-a 0.1 0. 05 All-a 1. 00 0.5 ) —Z% RS

Al-b 0.1 0. 20 All-b 0. 25 0.5 2.0 2% RS+LS

AT-c 0.1 0. 50 All-c 0. 10 0.5 5.0 =2 RS+MS+LS

AT-d 0.1 1. 00 All-d 0. 05 0.5 10.0 g% MS+LS

Al-e 0.1 1.25 All-e 0. 04 0.5 12.5 —Z LS
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Table 2 Simulated results for different ratios of basin length to depth

B2 KEI(m)  HE dm) Sy AR (a,2) Se AR (2, 2) Sy AR (2, 2) Ry Hi R K AR
B-a 500 515 (0,500) (200,503) (400,506) 1 —2¢ RS
B-b 500 140 (0,125) (200,128) (400,131) 4 ¢ RSHLS
B¢ 500 65 (0,50) (200,53) (400,56) 10 =% RS+MS-+LS
B-d 500 40 (0,25) (200,28) (400,31 20 g% MS+LS
Be 500 35 (0,20) (200,23) (400,26) 25 —2¢ LS
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Fig. 5 Groundwater flow patterns under different basin depths
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Table 3 Flow patterns for different Ri. X R)q

A KBEABBELL Ric

B B K IR Rig

Ra  Re(10%)  RexXRa  Re(10%) Ry RuXRu o KRB
10 0.5 5 5 1 5 (RS

10 2.0 20 5 4 20 9 RS+LS
10 5.0 50 5 10 50 =4 RS+ MS+LS
10 10.0 100 5 20 100 g% MS+LS
10 12,5 125 5 25 125 1S
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