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A large-scale flume model test system with controllable/measurable hydraulic and
gas boundary conditions
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Abstract: The accurate evaluation of water-gas transport is important for pollution control in landfill earthen covers. With poor
sealing effects, most of the existing model test instruments cannot accurately control the air pressure and simulate the boundary
conditions of landfills. To solve this problem, a large-scale flume system with controllable/measurable boundary conditions is
developed. The pore water pressure, pore air pressure and water content in the inclined cover layer are monitored to calculate
the percolation, surface runoff and lateral drainage. Each side of the flume is sealed by squeezing the O-ring through the sleeve
and inner/outer sleeve plates. After checking, the sealing devices ensure the effectiveness of the test system in evaluating the
cover performances to minimize infiltration and gas emissions. The flume system is used to investigate the short-term
performance of an inclined capillary barrier cover with Bermuda grass in coupled water-gas migrations under heavy rainfall. It
is found that the final cumulative percolation through the cover accounts for 2.4% of the total rainfall depth. The suction in the
top sand layer is higher than the breakthrough value during rainfall, indicating the effectiveness of capillary barrier. Also, the
lateral drainage capacity is greatly underestimated, without considering the pore air pressure.
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Fig. 1 Schematic diagram of large-scale flume model devices
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Fig. 2 Physical drawing of sealing devices for flume model
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Fig. 3 Variation of air pressure and temperature with time
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Fig. 4 Diagram of model devices and measurement system
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Table 1 Basic parameters of test soil
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Table 2 Vegetation parameters of test soils
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Table 3 Procedures of model tests
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Fig. 5 Variation of pore water pressure with depth
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Fig. 6 Variation of volume water content with depth

BIRIFIEIS, BT EURDIRES T K 32 H A AE RIS
B AR TTIE W, i EAERRA R AL 1
FLBK BT8R, ARSI FLEK S S e, X 51k
B KA —F

0 —a—K-0h
—e—3tf-0h
—A—ZBi-O0h
02r —o—YiE-4h
—o—PH-4h
. —o—3 -4 h
i 041 —a— K-8 h
S —e— -8 h
—4—YETH-8 h
W —e—HK-12h
0.6 \ | R,
—a— P T-12 h
0.8 " ! "
1.5 2.0 2.5 3.0 3.5

FLERHE 1 /kPa
7 BERBRBEARNZIFLESEDMERETLE
Fig. 7 Variation of pore air pressure with depth
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Fig. 8 Variation of water quantity with time
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