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Impacts of Lake Lining on Soil Moisture Variation in Vadose Zone

WU Dong-jie; WANG Jin-sheng; DING Ai-zhong
(Key Laboratory of Water and Sediment Sciences, Ministry of Education, College of Water Sciences, Beijing Normal University, Beijing
100875, China)

Abstract: For studying impacts of lake lining on soil moisture and groundwater recharge intensity, the scenarios analysis method was adopted,
with hydrogeological concept modeling and 1D-and 2D-flow modeling for variably saturated porous media, to simulate and predict the variations
of soil water content and groundwater recharge intensity before and after lake lining. Through a case of the Yuanmingyuan Ruins Park, the
study was performed on the basis of in situ and laboratory experiments. The results showed that, during the low-water-level season, the
distributions of soil moisture before and after the lake lining will be basically consistent with each others and therefore, the lake lining will have
little impacts on the soil moisture and groundwater recharge intensity. However, during the high-water-level season with 1 m depth of lake
water; the modeling results showed that the groundwater table will rise quickly to the bottom of lake bed with a recharge rate of 18.0 mm/d,
and the maximum impact width of the lake on the water content in vegetated zone will be up to 118 m. While after the lake lining, the
groundwater recharge rate, and the impact width will decrease to 5.8 mm/d> and 14 m respectively. The vadose zone under the bottom of lake
bed will be still unsaturated. Therefore, during high-water-level season, the lake lining will largely decrease the lake leakage, and also greatly
reduce the soil moisture in large area.
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Table 1~ Studying scenarios and main factors
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Fig.1 Schematic of the cross section for modeling
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Table 4  Values of parameters for the soil-water characteristic curve
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Fig.2  Soil moisture distributions with depth and time in different scenarios
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Fig.3  Pressure head distributions with depth and time

in Scenario 1 and Scenario 2
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Fig.4 Comparisons of soil moistures and pressure heads between

Scenario 1 and Scenario 2 at the end of the calculation period
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Fig.5  Soil moisture contours in cross section in different scenarios at the end of the calculation period
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Table 5 Groundwater recharge intensities by lake water before and

after the lake lining during high-water-level period
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Table 6 Impact width of lake water on the soil moisture in vegetation zone

before and after lake lining during high-water-level period

- PRSI E dKag me
i H

/m /m /m
BB a5 3) 84 46 118
Bivs e (5t 4) 13 10 14

LR LTI, AER AN A JE KN, B 98 368 18 JEC AT
SR IR K 93 00 A1 5 WAS K5 8 = 7K1 A
AR S W R 55 R S 25 9l 2D ) 7K O bR K I b &
SH 2, LA R SR X 3 7K S 2 A 5 T K
Pok /1N AT B T LR I 8 N TR HETR AN

COLERE 7K 15 A TG 7K I B8 1 ), W 5 )
ARGy AT B SE A B RIWT P55 T (13 e
JERBIE 5 8515 BRAE B A0 s 2K 73 28K 7 T A7
FEABLER) 5 5 380 91 5 92 A2 A K 3918 - 38 7K 23 52 Wi
AK.



53 FIRNEE WA BT A 9 I B JA 34 3K 73 53 A1 1Y 5% )

1081

COFE K1 A A 7K WS B V5 fig (2 35 a2
WK B . B B A 49, 75 = 7K 0 7K 1.0 m
LT, BB AT, WK A AR B BT, i1 4R K 5 ]
IKTE L2 K J1E 2R, W 7K 3t 7K ()51 35 %M 45 i
% 18.0 mm/d; 7B 5, W1+ J2 36 A b T AR TR
A WO R K R~ 45 9 B 5.8 mm/d.

(3DAE ARSI A A K I 350 B B 5 A ¥R ¥
TR X - 458K Sy 2 oD | DU B [l ok 41, 77 27K
JHIBIN AR 1.0 m 1500 T, DI r, I3 X 1
TR 31% , WIZKA A X - 458 7K 43 (1) ~F- 1) 5 1
JEH] 84 m; MiiBJE, PR IX -3 5 K 524 20% »
WA AE A X 37K 43 1R °F- 2 52 i Y T 13 m.

ERp ¥

[ 1] Bouwer H, Ludke J» Rice R C. Sealing pond bottoms with muddy
water J]. Ecological Engineering, 2001,18: 233 ~ 238.

[2] Australian National Committee on Irrigation and Drainage. Open
Channel Seepage & Control: Vol2.1 Literature Review of Earthen
Channel Seepage Remediation Techniquesl R]. Australian National
Committee on hrigation and Drainage( ANCID), Tatura, Victorias
Austrilia, 2001.15 ~92.

[ 3] Southen ] M, Rowe R K. Modelling of thermally induced desiccation
of geosynthetic clay liners[ J1. Geotextiles and Geomembranes,
2005,23: 425 ~442.

[ 4] Meijer K, Boelee E» Augustijn D et al . Tmpacts of concrete lining
of irrigation canals on availability of water for domestic use in
southern Sri Lankal J1. Agricultural Water Management, 2006, 83:
243 ~251.

[ 5] Mashimo H, Isago N, Kitani T. Numerical approach for design of
tunnel concrete lining considering effect of fiber reinforcementsl J1.
Tunnelling and Underground Space Technologys 2004, 19: 454 ~
455.

L 61 Office of Solid Waste, U.S. Environmental Protection Agency. The
Feasibility of Lining Tailings PondsL R]. U. S. Environmental

[7]

[8]

[o]

L10]

L11]

[12]

[13]

[14]

[15]

[16]

[17]

Protection Agency, 1997.

Broch E; Grgv E, Davik K I. The inner lining system in Norwegian
traffic tunnelsL JJ. Tunnelling and Underground Space Technology,
2002,17: 305 ~314.

Galli G» Grimaldi A, Leonardi A. Three-dimensional modelling of
tunnel excavation and liningl J1. Computers and Geotechnics, 2004,
31:171 ~ 183.

Kova'ri K. History of the sprayed concrete lining method—part [[ :
milestones up to the 1960sLJ1. Tunnelling and Underground Space
Technology, 2003, 71:81 ~ 83.

Kahlown M A, Kemper W D. Reducing water losses from channels
using linings: Costs and benefits in Pakistan[ J]. Agricultural Water
Management> 2005,74: 57 ~76.

FA A, SR I W ) 38t k2 e K S A A B ] K
SCHb 5 TR HBT, 20055 32(5):36 ~ 38.

HERE DN SR (28 [ (W N e S EE P S N e R L B
JEBT 1 TAR B R 35 IR AR DI R, KRB O 4
Jai B3k, 2005 .

Simunek J,» van Genuchten M Th, Sejna M. The Hydrus-1D
Software Package for simulating the movement of water> heat, and
multiple solutes in variably saturated medial RJ. Hydrus Software
Series 15 Riverside, California; USA: Department of Environmental
Sciencess University of California Riverside, 2005.

Hsieh P A, Wingle W> Healy R W. VS2DI—A Graphical Software
Package for Simulating Fluid Flow and Solute or Energy Transport in
Variably ~Saturated Porous Media [ R J.
Investigations Report 99-4130, U.S. Geological Survey, Lakewood,
Cos 2000.

Water-Resources

Molz F J. Models of water transport in the soil plant system: a
reviewl J1. Water Resources Research, 1981,17(5): 1245 ~ 1260.
van Genuchten M Th. A closed form equation for predicting the
hydraulic conductivity of unsaturated soils[ J1. Soil Science Society
of America Journal, 1980, 44: 892 ~ 898.

van Genuchten M Th, Leij F J, Yates S R. The RETC Code for
Quantifying the Hydraulic Functions of Unsaturated SoilsLl R]. U.S.
Salinity Laboratory, 1991.





