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Abstract: Plain reservoir plays an important role in alle-
viating water shortage in plain areas which are generally
crowded with large populations. As an effective and
cheap anti-seepage measure, geomembrane is widely
applied in plain reservoirs. Therefore, it is necessary to
investigate the seepage discharge caused by composite
geomembrane leakage. The laboratory test and numerical
calculation are carried out in this paper to analyze the
influence of three factors (i.e., water head, leakage size,
and leakage location) on seepage discharge. It is found
from the results of the orthogonal and single-factor ana-
lysis that the impact order of the three factors on the
seepage discharge of plain reservoir is: distance from
dam toe > water head > leakage size. Moreover, the see-
page discharge increases as the water head, leakage size,
and leakage quantity increase, in a linear relation. The
opposite trend can be sawed in the seepage discharge
when the distance from dam toe rises. Furthermore, a
threshold distance is innovatively presented based on
the results of numerical analysis. The ranking of three
factors has enlightening significance for future scholars
to track and study key issues of the leakage of composite
geomembrane. The threshold distance presented in this
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paper is beneficial for engineers to manage and maintain
the reservoir. Generally, the findings of this study can be
beneficial to deepen the understanding of the influence of
composite geomembrane leakage on the plain reservoirs.

Keywords: composite geomembrane, leakage, plain reser-
voir, numerical simulation

1 Introduction

The plain reservoir is an important engineering measure
to solve the drought and water shortage in the plain area,
which is widely distributed in the central and eastern
plains of China [1-3]. In recent years, with the construc-
tion of the South-to-North Water Transfer Project, a large
number of plain reservoirs, open channels, tunnels, and
other supporting water storage and diversion projects
were built in China [4,5]. Leakage is common in all kinds
of infrastructure projects, which is easy to cause serious
disasters. Many researchers have studied the leakage of
infrastructure. Some researchers have studied the see-
page impact on the interface behavior of tunnel [6-8].
Peng and Wang [9] and Zhao et al. [10] studied the induc-
tive factors and nondestructive detection methods of
earth dam leakage. The seepage and scour mechanism
of the contact surface between culvert pipe and dam
body has also been studied by some researchers [11,12].

Plain reservoirs are generally built in the densely
populated plain area; once leakage disaster occurs, it
will bring great disaster to the safety of social life and
property. Composite geomembrane is used in most plain
reservoirs to prevent water leakage [13-16]. Although the
composite geomembrane has some advantages of good
antibody performance, strong extensibility, and simple
construction, it is prone to small damage in the construc-
tion process [17-19] (shown in Figure 1). Barroso [20]
investigated more than 3.25 x 10° m? composite geomem-
branes, and the results showed that the leakage of the
size of 0.5-20 cm accounts for 85.8%.
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Figure 1: Realistic reflection of the designed tests.

In recent years, many studies have researched the
leakage of composite geomembrane [21-25]. Giroud et al.
[26] proposed that the underlying layer should play an
auxiliary anti-seepage role and form an impermeable
layer together with the geomembrane, and through a
large number of studies, a simplified semiempirical for-
mula for calculating the seepage of leakage in good con-
tact and bad contact between geomembrane and underlay
was presented. Wu and Yu [27], Liu et al. [28], and Li [29]
qualitatively analyzed the influence of leakage of compo-
site geomembrane on seepage discharge of earth-rock
dam through the indoor model test. These studies found
that the seepage discharge increases with the increase of
leakage size and leakage diameter ratio. Sun et al. [30] and
Cen et al. [31] established the numerical model of the
leakage zone of composite geomembrane and analyzed

Figure 2: Realistic composite geomembrane leakage apparatus.

the influence of the composite geomembrane leakage on
the seepage field of the leakage part.

It can be seen from previous studies that many
researchers have carried out laboratory tests or numerical
simulation studies on the effects of composite geomem-
brane leakage (seepage size, water, and other factors) on
earth-rock dams. However, these are more qualitative
research and lacked specific quantitative analysis. Therefore,
based on the Datun Reservoir of the ER-SNWTP (Eastern
Route of the South-to-North Water Transfer Project), this
paper combines laboratory tests and numerical simulation
to discuss the quantitative influence of composite geomem-
brane leakage on Datun Reservoir. Firstly, the laboratory
test of the influence of the leakage size and the water head
on the leakage of composite geomembrane is designed.
Secondly, laboratory tests, numerical calculation model,
and Datun Reservoir numerical calculation model are
established by using FLAC 3D (Fast Lagrangian Analysis
of Continua in 3 Dimensions). Finally, the influence of
leakage size, quantity, location (i.e., distance from dam
toe), and water head of composite geomembrane is ana-
lyzed by orthogonal analysis and single-factor analysis.

2 Composite geomembrane defect
leakage test

2.1 Testing apparatus

In this paper, a self-made composite geotextile defect
leakage test apparatus is used. The test apparatus is
shown in Figure 2. The main part of the test instrument
is cylindrical. In the test apparatus, the upper permeable
layer, composite geomembrane, cushion, soil, and the
lower permeable layer are respectively filled from top to
bottom (as shown in the filling soil samples module of
Figure 3). The internal dimension of the composite geo-
membrane defect leakage test apparatus is 33 x 30 cm
(diameter x height). The thickness of the upper permeable
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Figure 3: Testing procedure flowchart.

layer is 5 cm, which mainly prevents the flow from scouring
the soil directly. To simulate the lower layer of geotextile film
in practical engineering, the thickness of the cushion is
3 cm. The thickness of the soil sample is 20 cm, mainly to
simulate the dam body of plain reservoir. The thickness of
the sub permeable layer is 5 cm, mainly to prevent the loss of
soil samples.

2.2 Testing materials
2.2.1 Soil

The test soil material is from the Datun Reservoir of ER-
SNWTP. The size distribution curve of the soil sample is
shown in Figure 4. The physical and mechanical para-
meters of soil samples are shown in Table 1. The compact-
ness of soil samples in the test is consistent with the
actual engineering, all of which is 97%.

2.2.2 Composite geomembrane

The structure of the composite geomembrane adopted
in this paper consists of two layers and one membrane,
as shown in Figure 5. The upper and lower sides are

! l Change the inlet water head | NO i

i Operating : Completin, |

| FEVOIS Set the inlet Measure the P > g | YES
! tests ; one serial of —
| water head seepage discharge i |

nonwoven cloth with a thickness of 1 mm, and the middle
is 0.8 mm thick plastic film. The density of composite
geomembrane used in the test is 550 g/m”.

2.3 Testing scheme

The main factors affecting the leakage of composite geo-
membrane are the leakage size and the water head.
Therefore, this paper designs an indoor test to analyze
the influence of these two factors, as shown in Table 2.
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Figure 4: Particle size distribution curves of the tested soil.
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Table 1: Material properties of the tested soil

Maximum dry density

(g/cm?)

Specific gravity Optimum moisture

Liquid limit (%) Plastic limit (%)

Clay content (<0.075 mm) (%) Hydraulic conductivity

Material

content (%)

(cm/s)

Jinping Luo et al.

1.68

17.14 2.74 18.1

31.84

7.67 x 10~°

19.8

Soil

@

(b)
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Figure 5: Composite geomembrane. (a) Schematic graph of com-
posite geomembrane. (b) Realistic composite geomembrane.

Table 2: Testing schemes

Serial number Leakage size (mm) Water head (m)
T1 2 1,2,3,4,5
T-2 5 1,2,3,4,5
T-3 10 1,2,3,4,5
T-4 20 1,2,3,4,5

2.4 Testing procedures

The test procedures are shown in Figure 3, which contain
the following steps:

1)

2

Soil samples were first crushed and passed through a
2 mm screen. Optimum water content was maintained
in the produced soil samples for 24 h, to ensure full
water absorption.

Secondly, 5cm thick coarse sand is filled at the
bottom of the composite geomembrane leakage test
apparatus as the underlying layer. According to the
test condition, the composite geomembrane is placed
on the top of the soil sample by perforating the com-
posite geomembrane. The glass glue was applied to
the interface between the test apparatus and compo-
site geomembrane to prevent water outflow from the
interface. After the glass glue solidifies, fill the coarse
sand as the upper layer. And close the top cover of the
apparatus.



DE GRUYTER

(3) Then water was fed from the saturated inlet, and once
the water started to overflow out of the outlet (indica-
tion of full saturation), the tests were commenced.
Increase the inlet head and adopt the measuring
cylinder to measure the seepage discharge. After a
serial of tests is completed, the leakage size can be
changed to continue the test.

2.5 Testing results

The variation of seepage discharge with the water head
under different leakage size is shown in Figure 6. It can
be seen that the seepage discharge increases linearly
with the water head. Furthermore, the seepage discharge
increases as the levels of leakage size. This effect is found
to be more obvious in the higher range of the leakage
size. Only four leakage sizes (i.e., 2, 5, 10, and 20 mm)
were investigated in the test. Therefore, the relationship
between leakage size and seepage discharge will be
investigated by numerical calculation.

3 Numerical calculation model of
composite geomembrane
leakage in Datun Reservoir

3.1 Numerical calculation model for
laboratory tests

3.1.1 Composition of laboratory tests numerical
calculation model

The three-dimensional numerical model of laboratory
tests is established by FLAC 3D, as shown in Figure 7.

0.3 4
2
0.25 4
§ —a— Leakage of 20mm
E 0.2 —e— Leakage of 10mm
] ) —a— Leakage of Smm
= —v— Leakage of 2mm
2 0.15-
= Leakage of 20 mm
gn 0.1 (numerical result)
2
2 0.05-
30 ‘r____‘r,,k——-;/———:v"——/:
0 T T T T T
1 2 3 4 5
Water head(m)

Figure 6: Testing results and numerical simulation verification result.

— 655

Composite geomembrane leakage in plain reservoir

The dimensions of the numerical model are the same as
the laboratory tests. The numerical model consists of
4,556 hexahedral elements and 1,891 nodes. The material
parameters of soil in the numerical calculation model are
shown in Table 1.

3.1.2 Boundary condition of laboratory tests numerical
calculation model

In the numerical model of laboratory tests, both hori-
zontal and vertical displacements are restricted at the
side boundaries and vertical displacements are restricted
at the bottom boundaries. Furthermore, the side bound-
aries are considered to be impermeable (i.e., no flow across
the boundary); the value of pore water pressure at the top
surface boundary is prescribed as zero and is not allowed
to change throughout the analysis (i.e., Ap = 0); constant
pore water pressure boundary conditions are employed
at the bottom boundary to simulate the applied constant
water head.

3.1.3 Simplified method of composite geomembrane of
laboratory tests numerical calculation model

According to a large number of engineering investiga-
tions and analyses, Giroud found that geomembrane
will produce one leakage every 4,000 m? in construction,
and its equivalent aperture is generally in 1-20 mm [17].
The thickness of composite geomembrane is generally
0.2-3 mm, but the thickness is too small relative to the
surrounding dam,; it is difficult to have meshed when the
model is built by FLAC 3D. Therefore, the principle of flow
equivalence is adopted to select the appropriate thick-
ness of the equivalent geomembrane to realize the mod-
eling of composite geomembrane. The principle of flow
equivalence is shown in equation (1).

Leakage

Simplified composite geomembrane

Soil

Figure 7: Numerical calculation model for laboratory tests.
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0= Ttk = 0 1
where the Q,, L,, and k; are the seepage discharge, length
of seepage paths, and hydraulic conductivity of compo-
site geomembrane, respectively, the Q,, L,, and k, are the
seepage discharge, length of seepage paths, and hydraulic
conductivity of simplified composite geomembrane, respec-
tively. According to the principle of flow equivalence, the
thickness of composite geomembrane is converted into an
equivalent soil layer with a thickness of 5 cm and a perme-
ability coefficient of 1 x 107! cm/s.

3.2 Numerical calculation model for Datun
Reservoir

3.2.1 Introduction of Datun Reservoir

The Datun Reservoir (shown in Figure 8) was selected as
the research object, which is a typical plain reservoir with
composite geomembrane. The designed water level in the
reservoir is 10 m, the storage capacity is 52.09 million m>,
the height of the dam is 12.1 m, the width of the dam crest is
7.5 m, the slope ratio of the upstream slope is 1:2.75, and the
slope ratio of the downstream slope is 1:2.5. The abandoned
platform is below 7.4 m high. The width of the platform is
20 m, and the dam is filled with low liquid limit clay.

3.2.2 Composition of Datun Reservoir numerical
calculation model

The three-dimensional numerical model of Datun Reservoir
is established by FLAC 3D, as shown in Figure 9. The dimen-
sions of the numerical model are the same as the Datun
Reservoir. The width of the numerical model is 50 m. The

71m

- Dam foundation-2 B

Dam foundation-4

Figure 8: Datun Reservoir.

DE GRUYTER

Dam foundation-2
ownstream.

Dam

Composite
geomembrane
Leakage
Upstream.

130
Dam foundation-5

Dam foundation-1

Dam foundation-4
Dam foundation-3

Figure 9: Datun Reservoir numerical model.

length of the dam foundation is 400 m. According to the
actual situation, the dam foundation is divided into five
layers. This model consists of 9,740 hexahedral elements
and 2,305 nodes. The material parameters of the dam, dam
foundation, and seepage control area in the numerical
model are shown in Table 3. The upper surface of the com-
posite geomembrane is the inlet surface, and the upper sur-
face of the downstream slope of the abandoned platform
and the dam foundation behind is set as a free drainage
surface.

3.2.3 Boundary condition of Datun Reservoir numerical
model

In the numerical model of Datun Reservoir, both hori-
zontal and vertical displacements are restricted at the
side boundaries and the bottom boundaries. Furthermore,
the side boundaries are considered to be impermeable;
the value of pore water pressure at the dam slope of the
downstream and the top surface of downstream dam
foundation is prescribed as zero and is not allowed to
change throughout the analysis (i.e., Ap = 0); constant
pore water pressure boundary conditions are employed at
the top boundary of upstream dam foundation; gradient
pore water pressure boundary conditions are employed at
the dam slope of the upstream.

3.2.4 Simplified method of composite geomembrane
of Datun Reservoir numerical model

It is noted that some simplified methods of composite
geomembrane used in the laboratory tests calculation
model were adopted in the Datun Reservoir numerical
calculation model. The thickness of the composite geo-
membrane is converted into an equivalent soil layer
with a thickness of 3m and a permeability coefficient
of 6 x 107 cm/s, and the leakage is converted into an
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equivalent soil layer with a thickness of 3 m and perme-
ability coefficient of 6 x 107! cm/s.

3.2.5 Numerical calculation schemes

Orthogonal analysis is carried out to analyze the sensi-
tivity of seepage discharge of composite geomembranes
leakage subjected to three critical soil properties (water
level, leakage diameter, and distance from dam toe).
Regardless of the interaction of the factors, the ortho-
gonal table L9 (3*) is used. The designed table of the
influence factor level and the Orthogonal analysis are
shown in Tables 4 and 5, respectively.

Based on the orthogonal analysis, the single-factor
tests are also carried out to investigate the influence
of the three factors on seepage discharge in detail.
The designed testing scheme of the single-factor tests is
shown in Table 6.

4 Numerical results and analysis

4.1 Numerical model verification

The numerical simulation and the experimental results are
shown in Figure 6. The lack of matching between the
experimental and simulated results is less than 10%. The
simulation method of composite geomembrane leakage and
the setting of water head application mode are accurate.

4.2 Orthogonal test results

The results from the orthogonal analysis are analyzed and
discussed in this section. It is noted that the error analysis,
range analysis, and variance analysis are carried out to
analyze the effects of three critical soil properties.

Table 4: Level of influence factors

Level Factors
A B C
Water Leakage Distance from dam
level (m) size (mm) toe (m)

1 3 2 10

2 5 10 50

3 10 20 150
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Table 5: Testing scheme of orthogonal analysis

DE GRUYTER

Table 7: Critical hydraulic gradient of orthogonal test results

Test Factors
number
B C

Water Leakage Distance from dam
level (m) size (mm) toe (m)

I-1 3 2 150

1-2 3 10 50

1-3 3 20 10

-4 5 2 50

I-5 5 10 10

1-6 5 20 150

-7 10 2 10

1-8 10 10 150

1-9 10 20 50

Table 6: Testing scheme of single-factor analysis

Tests Leakage Distance Water Leakage Gap
number size from dam head quantity  between
(mm) toe (m) (m) leakage
(m)

11-1 2 100 10 1 0
11-2 5 100 10 1 0
11-3 10 100 10 1 0
-4 20 100 10 1 0
11-5 30 100 10 1 0
11-6 2 100 1 0
11-7 2 100 1 0
11-8 2 100 1 0
11-9 2 100 1 0
11-10 2 100 10 1 0
11-11 2 10 10 1 0
11-12 2 50 10 1 0
11-13 2 100 10 1 0
11-14 2 130 10 1 0
11-15 2 150 10 1 0
11-16 20 100 10 2 10
11-17 20 100 10 3 10
11-18 20 100 10 4 10
11-19 20 100 10 3 0
11-20 20 100 10 3 5
11-21 20 100 10 3 15

4.2.1 Error analysis

The seepage discharge of orthogonal test results is shown
in Table 7. SSj is the sum squares of each factor and SSE is
the error sum squares. In the orthogonal test, the average
seepage discharge is 64.44. The sum square of the water
head is 1.40. The sum square of the leakage size is 0.82.
The sum square of the distance from dam toe is 1.65. The
error sum square of the orthogonal test is 0.04. The error

A B C E Seepage
Water Leakage Distance Empty  discharge
head size (mm) from dam column (m>/day/50 m)
(m) toe (m)

-1 1(3) 1(2) 3 (150) 1 63.13

-2 1(3) 2 (10) 2 (50) 2 63.93

-3 1(3) 3 (20) 1(10) 3 64.62

1-4 2 (5) 1(2) 2 (50) 3 64.50

-5 2 (5) 2 (10) 1(10) 1 64.86

1-6 2 (5) 3 (20) 3 (150) 2 64.48

-7 3(10) 1(2) 1(10) 2 65.01

1-8 3 (10) 2 (10) 3 (150) 3 63.91

1-9 3(10) 3(20) 2 (50) 1 65.49

SSj 1.40 0.82 1.65 0.04

sum square of the orthogonal experiment is much smaller
than the sum squares of the factors. Therefore, the degree
of the influence of error in the orthogonal experiment can
be neglected.

4.2.2 Range analysis

The range analysis results are shown in Table 8. Kj, K>,
and K; in the table are the average values of seepage
discharge under the same numerical condition of dif-
ferent factors. The results from the range analysis show
that Rc = 0.99 > Ry = 0.91 > Rg = 0.65. Ry, Rp, and R are
the range of degree of water head, leakage size, and dis-
tance from dam toe, respectively. This demonstrates that
the distance from dam toe most has the greatest influence
on seepage discharge. The influence of the water head is
relatively less profound, while the leakage size shows the
least impact.

4.2.3 Variance analysis

The data of the variance analysis of orthogonal test
results are shown in Table 9. F test is used in variance
analysis. It can be seen from the F value table that the
value of Fy 05(2,2) is 39 and that of Fg5(2,2) is 19. The
variance analysis results of the orthogonal analysis show
that the F of distance from dam toe is 42.58, which is
greater than the value of Fj ,5(2,2), and its effect on the
seepage discharge is highly significant. The F of water
head and leakage size is 36.00 and 21.07, respectively,
which is greater than Fy o5(2,2), and its effect on the see-
page discharge is significant. This is also in agreement
with the results from the variance analysis. In particular,
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Table 8: Range analysis results of interface internal erosion

A B C
Water Leakage Distance from dam
head (m) size (mm) toe (m)

K 63.89 64.21 64.83

Ky 64.61 64.23 64.64

K3 64.80 64.86 63.84

Range R; 0.91 0.65 0.99

the results from the variance analysis show that the sig-
nificance level of distance from dam toe is the highest,
followed by water head and leakage size. Therefore, the
impact order of the three factors is as follows: distance
from dam toe > water head > leakage size.

4.3 Single-factor tests results
4.3.1 Leakage size

It is noted that the seepage discharge of 50 m in the
simulated dam is 63 m3/d under the condition of no
leakage. The leakage of composite geomembrane is
located at the base of the dam 100 m away from the
dam toe. The curve of the seepage discharge with the
leakage size is shown in Figure 10(a). The leakage size
increases from O to 5mm, and the seepage discharge
increases by 5.07%. The curve of leakage size and
seepage discharge was fitted (i.e., the red solid line in
Figure 10(a)). The results show that the seepage dis-
charge of plain reservoir increases linearly with the

Table 9: Variance analysis results of interface internal erosion

Composite geomembrane leakage in plain reservoir —— 659

increase of leakage size of composite geomembrane. The
R-square of curve fitting is 0.99, which illustrates the curve
fitting is accurate.

4.3.2 Water head

The leakage size of composite geomembrane is 2 mm, and
the seepage discharge under different water head is
shown in Figure 10(b). It can be seen that with the
increase of the water head, the seepage discharge of the
dam shows a linear increasing trend.

4.3.3 Distance from dam toe

The relationship between the seepage discharge and the
distance from dam toe is shown in Figure 11. It can be
seen that when the leakage location is less than 100 m
away from the dam toe, the average seepage discharge is
65.00 m>/day/50 m. However, when the distance from the
dam toe exceeds 100 m, the seepage discharge decreases
rapidly to 63.79 m*/day/50 m with the increase of the dis-
tance from the dam toe. It shows that there exists a
threshold distance; when the threshold is exceeded, the
effect of leakage will suddenly decrease. The threshold
distance is found to be 100 m, for the investigated cases.

4.3.4 Leakage quantity and distribution

The distribution of leakage points in the model is listed
in Figure 12. Additional leakage point positions can be

A B C E

Water head (m) Leakage size (cm) Distance from dam toe (m) Empty column
Ky 36735.86 37107.47 37823.25 37433.74
Kziz 37574.33 37133.29 37604.97 37407.43
K3i2 37795.64 37863.32 36678.38 37260.58
Free degree 2 2 2 2
SS 1.40 0.82 1.65 0.04
MS 0.70 0.41 0.83 0.019
F 36.00 21.07 42.58
Fo.01(2,2) 99 99 99
Fo.025(2,2) 39 39 39
Fo.05(2,2) 19 19 19
Fo.10(2,2) 9 9 9
Fo.25(2,2) 3 3 3

Significance level

* (Significant)

* (Significant)

** (Greatly significant)
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Figure 11: Seepage discharge for different distance from dam toe.

determined according to the basic leakage point and the
leakage gap. The relationship between the seepage dis-
charge and the leakage quantity is shown in Figure 10(c).
It can be seen that the seepage discharge of the dam
increases linearly with the increase of the leakage quan-
tity. Figure 10(d) plots the distribution of leakage points
and the variations of seepage discharge against the gap
between leakage. It can be seen that with the increase of
the gap, the seepage discharge decreases obviously. This
effect is found to be more obvious in the higher range of
the gap between leakage.

5 Innovation and limitation

The existed researches [12-16] about leakage of compo-
site geomembrane are not enough to meet the need for an
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increasing number of plain reservoirs which are effective
methods to alleviate water scarcity in plains. Previous
scholars [17-22] qualitatively researched several factors
impacting the leakage of composite geomembrane, while
the accurate and quantitative study about the sensitivity
of various factors is lacking.

One innovation of this paper is comprehensively
studying the influence of different factors on geomembrane
leakage. The influencing abilities of various factors were
analyzed and ranked (the distance from dam toe > water
head > the leakage size). It is shown in the results that the
leakage size, studied with great emphasis by most previous
researchers, has the least impact on the leakage, compared
with the distance from dam toe and the water head. The
findings of this study have enlightening significance for
future scholars to research in this field.

Besides, quantitative research of these factors was
carried out, which was lacked in previous studies. A
threshold distance is innovatively presented based on
the quantitative analysis of the numerical results. The
threshold distance is 100 m in the case study of Datun
Reservoir. It indicates that the leakage of composite geo-
membrane should be paid attention to when the distance
from the dam toe is less than 100 m. The results of this
study have reference significance for the management,
operation, and maintenance of similar projects.

It is true that the leakage shape of composite geo-
membrane is not always regular; most of the time it is
shaped in slit or irregular curve, which can become a
hot issue in future research. The numerical model built
in this paper is an ideal model that may not simulate the
practical situation accurately, but is suitable and enough
to investigate the influencing ability of these factors
quantitatively.

6 Summary and conclusion

In this paper, a self-made apparatus was applied to iden-
tify the influence of leakage size and water head on
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leakage of composite geomembrane. Furthermore, the
numerical model of composite geomembrane leakage in
the plain reservoir is established by FLAC 3D. The influ-
ence of three factors (i.e., the leakage size, water head,
and distance from dam toe) on the seepage discharge of
plain reservoir is analyzed by orthogonal and single-
factor analysis. Combined with the numerical results,
the following conclusions can be drawn:

(1) The difference between the results of laboratory tests
and numerical model is less than 10%. It shows that
the method of simplifying composite geomembrane
by using the principle of flow equivalence is feasible.

(2) The impact order of the three factors on the seepage
discharge of plain reservoir is the distance from dam
toe > water head > leakage size. The seepage dis-
charge increases as the water head, leakage size,
and leakage quantity increase, in a linear relation.
However, there exists a threshold distance; when
the threshold is exceeded, the effect of leakage will
suddenly decrease. The threshold distance is found to
be 100 m, for the investigated cases.

(3) The numerical results showed that the leakage of
composite geomembrane within the distance from the
dam toe 100 m in the case study of Datun Reservoir
should be paid attention to.
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