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ABSTRACT
While bituminous geomembranes (BGM) have been used in many geoenvironmental
applications in the last three decades, there is a paucity of research into their long-term
performance. One potential geoenvironmental application for BGMs is their use as the bottom
liner for heap leach pads in the mining industry. In this paper, the chemical durability of a
polymer modified BGM is explored using immersion tests at 55oC. The immersion solutions
examined involve a pH 0.5 and a pH 13.5 synthetic mining solutions simulating the pregnant
leach solution (PLS) from heap leaching applications. The results obtained from the mining
solutions are also compared to those obtained from immersion in municipal solid waste (MSW)
leachate and de-ionized (DI) water. The changes in tensile properties and tear strength are
monitored during the three-month incubation duration. The preliminary results show that the
BGMs exhibited more degradation in the high pH solution compared to the other examined
solutions that showed almost a slight decrease in the BGM mechanical properties.
INTRODUCTION
Heap Leach Process. Heap leaching is a process of extracting valuable minerals from mine
rocks by using various chemical solutions (Thiel and Smith 2004). This process can be used to
extract gold, silver, nitrates, uranium, nickel, copper and other types of minerals (Abdelaal et al.
2011). The largest heap leach application in terms of the area of leach pad and tons leached is
associated with extraction of copper (Thiel and Smith 2004; Basov 2015). In this process, the
mineral ores are crushed and stacked in lifts on a lined pad that in some cases can be over 240 m
in height resulting in extremely high vertical stresses on the liner (Lupo 2010). The heaps of ore
are then irrigated with an acid or a basic solution to extract the minerals. The solution containing
the dissolved mineral (the pregnant leach solution “PLS”) is drained from the bottom of the pad
and collected in the PLS ponds for processing and mineral extraction (Abdelaal et al. 2011).
Geomembranes Role in Heap Leach Pads. Depending on the hydraulic heads of the heap leach
pad, the liner pads usually consist of single or double composite liners (Lupo 2010). The
composite liner usually comprises a polymeric geomembrane as the primary liner over a low
hydraulic conductivity layer such as compacted clay liners or geosynthetic clay liners (Abdelaal
et al. 2012). Due to the extreme pH of the solutions, elevated temperatures (sometimes > 75oC;
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Rowe and Abdelaal 2016), and high vertical stresses, heap leaching is considered one of the most
aggressive service environments for the geomembranes (Breitenbach and Thiel 2005). Surveying
88 heap leach projects from 15 countries, Rowe et al. (2013) reported that high density
polyethylene (HDPE) geomembranes are the most commonly used geomembrane type in heap
leach pads. Nevertheless, there is a recent interest to use bituminous geomembranes (BGMs) as
the bottom liner in these facilities but there is a paucity of research into their long-term
performance.
Bituminous Geomembranes (BGMs). BGMs are comprised of a thick nonwoven geotextile
that is impregnated with bitumen to give an impervious (yet flexible) sheet. A surface layer of
bitumen with glass fleece is used to coat the core geotextile in some BGM products. This surface
layer is also sanded to increase the interface shear strength of BGMs for better stability on side
slopes. The bottom layer of the geotextile usually has an anti-root polyethylene backing film.
The bitumen used in production of BGMs is either oxidized or more recently stabilized with
elastomers (such as Styrene-Butadiene-Styrene “SBS”) to reduce its temperature sensitivity and
make the bitumen suitable for geomembrane applications (Peggs 2008; Touze-Folz and Farcas
2017). BGMs vary by their thickness from 3.5 to 5.6 mm with mass per unit area ranging from
4850 to 6400 g/m2 (Daly and Breul 2017). Due to their high mass per unit area, puncture
resistance, favourable mechanical properties, relatively high density, ease of field seaming, and
low coefficient of thermal expansion (Peggs 2008), BGMs are often considered as a strong
candidate for the liner materials in different geoenvironmental applications.
BGMs have been used to line municipal solid waste (MSW) and low-level radioactive
waste (LLRW) landfills (Breul et al. 2006), and more recently mine tailings ponds and heap
leach pads (Peggs 2008; Lazaro and Breul 2014). However, previous investigations only looked
into their short-term puncture resistance (e.g., Blond and Breul 2014; Clinton and Rowe 2017)
with limited research into their longevity.
Esford and Janssens (2014) incubated BGMs in a diluted acidic solution (20% sulfuric
acid +100 ppm kerosene) for 3 years. The results showed that the BGM maintained its properties
within acceptable limits and it was concluded that it could be suitable to be used as a primary
GMB for the PLS pond.
Touze-Foltz and Farcas (2017) studied the performance of aged elastomeric BGMs
exhumed from two ponds after 6, 10, 15, 20, and 30 years from installation. Tensile test results
indicated that the mechanical properties of the core reinforcements were not affected after 30
years. However, they showed for the specimens aged over 15 years that there was complete
consumption of the polymer and oxidation of the bitumen within the first few microns from the
surface of the BGM.
In mining applications, Addis et al. (2016) reported a large-scale failure of the BGM liner
in a copper/gold mine disposal facility occurring after several months from installation. The
thermal imaging showed surface temperature of the exposed BGM up to 86.2oC and the tensile
tests conducted on exhumed specimens showed a decrease in the tensile strength especially at the
seamed BGM locations. It was concluded that a combination of heat and tensile stresses seemed
to cause BGM degradation and failure.
The previous literature reflects the paucity of the research examining the durability of
BGMs in geoenvironmental applications. Furthermore, the absence of standardized
specifications for BGMs similar to those used to qualify the acceptance of polyethylene
geomembranes for use in barrier systems (e.g. GRI-GM13) requires extensive research to ensure
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their proper use in these applications to provide the desired environmental protection. Thus, the
objective of this study is to preliminary investigate the chemical compatibility and the
degradation behaviour of BGMs in variety of conditions and solutions similar to those can be
found in contact with the GMB in the field in different geoenvironmental applications.
EXPERIMENTAL INVESTIGATION
Materials and Index Testing. The examined BGM is a 4 mm multilayered elastomeric BGM
comprising 2.5 mm top coat bitumen layer overlaying a 1.5 mm bitumen impregnated nonwoven
polyester geotextile and a 12 µm PE backing film at the bottom surface. Table 1 shows the initial
properties of the examined BGM.
Index tests were used to assess the initial properties of the examined BGM and to monitor
the changes in its properties with time due to aging. Tensile test using the ASTM D5147 test
method for rectangular narrow strips (150 x 25 mm) pulled at a rate of separation of 50 mm/min
was used to evaluate break tensile strength and elongation. In addition, the tear strength was
measured according to the ASTM D1004 test method to assess the maximum tear force and
elongation at a rate of separation of 51 mm/min. While ASTM D1004 test method is mainly
specified for plastic films and sheets, it was used at this preliminary stage due to the small size of
the specimen (compared to other BGM tear strength test standards e.g. ASTM D4073 or D5884)
to allow monitoring the changes in tear strength with time without significant consumption of the
coupons. Hence the values reported in this paper should be only treated as index values for tear
strength for the purpose of comparison between the degradation behavior of the examined BGM
in different exposure conditions.
Table 1. Initial properties of the examined BGM (mean ± standard deviation).
Property
Method
Values
Nominal Thickness (mm)
ASTM D5199
4
2
Glass Mat. Reinforcement (g/m )
-N/A
2
Nonwoven Geotextile Reinforcement (g/m )
-250
Surface Mass Per Unit Area (g/m2)
ASTM D5261
5000
ASTM D5147
23.6±1.31
Machine Direction Maximum Tensile Strength σM (kN/m)
ASTM D5147
32 ±1.2
Machine Direction Elongation at σM (mm)
ASTM
D5147
20.6±1.59
Cross Machine Maximum Tensile Strength σM (kN/m)
ASTM D5147
34 ±4.7
Cross Machine Elongation at σM (mm)
Machine Direction Maximum Tear Force TF (N)
ASTM D1004
117 ± 1.41
Cross Machine Direction Maximum Tear Force TF (N)
ASTM D1004
110± 1.01
Figures 1a and 1b show the output curves obtained from the tensile and tear strength
tests, respectively, for unaged BGM specimens. There is an increase in the stress/force with the
increase of the elongation until the maximum value is reached that represents the failure of the
geotextile reinforcement (component responsible for the BGM mechanical properties). Beyond
this point, the tensile strength and tear force of the BGM are provided by the bitumen coat and
hence the strength is reduced until the break values. Thus, the tensile strength and the tear force
of the BGMs were assessed in this paper based on the maximum values indicated in Figure 1 that
represent the failure point of the geotextile reinforcement.
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Figure 1. Output curves for unaged BGM from (a) Tensile test and (b) Tear strength test.
Accelerated Aging. The chemical durability of BGMs is examined in the laboratory using jar
immersion tests. This technique is commonly used to accelerate the aging of polymeric
geomembranes in the laboratory to evaluate their degradation with time (e.g. Hsuan and Koerner
1998; Rowe et al 2008; Ewais et al. 2014; Rowe and Abdelaal 2016; Abdelaal and Rowe 2017).
In this method, 190 x 110 mm BGM coupons separated with 5 mm glass rods are immersed in 4liter glass jars containing the desired solution at elevated temperatures. In this paper, immersion
tests were only conducted at 55oC to compare between the degradation of BGMs in different
solutions at a temperature that simulates typical liner temperature in the examined applications.
In the immersion tests, the coupons are exposed to the immersion solution from both
surfaces and the edges that presents a more aggressive simulation of field conditions since the
geomembrane in the field is exposed to the leachate from the top side only. While for polymeric
geomembranes this immersion exposure speeds up the degradation, exposure from the edges for
the BGMs can expose the core geotextile to the immersion solutions and hence may result in a
substantial loss of their mechanical properties. To examine the potential effects of sealing the
coupon edges, experiments were conducted on coupons sealed with BGM strips welded to the
edges and unsealed BGM coupon edges (Figure 2).
Immersion Solutions. The chemical durability of BGM is examined in three different solutions
simulating different geoenvironmental applications (Table 2). PLS 1 (Abdelaal et al. 2011) is a
synthetic mining solution with pH=0.5 and chemistry simulating the PLS found in acidic heap
leaching such as copper, uranium, and nickel. The chemical composition of PLS 2 with an
extremely high pH of 13.5 simulates the PLS found in gold and silver heap leaching (Abdelaal et
al. 2011). The municipal solid waste leachate used in this study (denotated as MSW-L3; Rowe et
al. 2008) is a synthetic leachate comprised of surfactant, various inorganic salts, and trace metal
solution. MSW-L3 was also reduced to simulate the shortage of oxygen at the bottom liners of
MSW landfills (Rowe et al. 2008). In addition, BGM coupons were immersed in deionized (DI)
water that was used in preparation of the solutions examined in this study to provide the base line
for degradation to isolate the effects of pH and different chemical components added in the
solutions examined.
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(a)

(b)

BGM strips
welded to
the edges

Figure 2. Photographs showing the a) BGM coupons without sealed edges; b) strips sealing
the edges of the BGM coupon.
RESULTS AND DISCUSSIONS
Tensile Properties. Table 3 shows the changes in the machine direction tensile strength in PLS 2
and MSW-L3 at 55oC after 3 months of aging for coupons with and without a seal. Immersion in
MSW-L3 did not show any clear effect for sealing the edges on tensile strength after 3 months
while in PLS 2 with pH 13.5, the coupons without seal degraded substantially faster than the
sealed coupons (Figure 3). For instance, after 1 month of incubation, the normalized tensile
strength (i.e. the tensile strength at a given time divided by the initial tensile strength σM-t /σM-O)
in PLS 2 was 0 for coupons without seal and 0.7 for sealed coupons. Thus, exposure to the
immersion solution from the edges can accelerate the degradation of the BGM due to direct
exposure of polyester geotextile to the solution.
For the sealed coupons of BGM at 55oC, there was a decrease in the tensile strength after
3 months in all the immersion solutions (Table 4 and Figure 3). For example, after 3 months of
incubation, the normalized tensile strength was 0.85, 0.76, 0.74, and 0.34 in DI water, PLS 1 (pH
0.5), MSW-L3, and PLS 2 (pH 13.5), respectively. This shows that the examined BGM
exhibited significant reduction in tensile properties in PLS 2 with high pH compared to a slight
reduction in the other examined solutions. These results highlight the adverse effect of the high
pH on the BGM due to its potential effect on the reinforcement polyester geotextile.
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Table 2. Chemistry of the examined immersion solutions (in mg/L except for pH).
Analyte
PLS 12
PLS 22
MSW-L33 DI Water4
pH
0.5
13.5
7.1
~ 6.4
Aluminum
4500
0.30
<1.0
<1.0
Ammonium
--555
-Bicarbonate
--4260
-Cadmium
1.7
--<0.025
Calcium
550
-732
0.10~0.30
Carbonate
--140
-Carbamide
--695
-Cobalt
20
0.03
0.03
<0.02
Copper
87
10.3
<0.2
<0.2
Hydrogen phosphate
--<25
-Iron
710
0.01
0.41
<0.05
Lead
1.4
--<0.03
Lithium
1000
---Magnesium
3300
3.0
395
<0.05
Manganese
750
-<0.05
<0.05
Molybdenum
--<0.05
-Nickel
7.6
0.08
<0.3
<0.3
Nitrate
--<12.5
Phosphorus
--5.7
-Potassium
-200
316
0.2~0.6
Sodium
11
27590
814
1.0~1.6
Sulfur
--446
Zinc
62
0.02
0.014
<0.01
Chloride
5000
-2370
-1
Sulphate
70000
311
1330
-1
Sulphate concentration without taking into consideration the sulphate component in
H2SO4 added for pH adjustment.
2
Calculated values from Abdelaal et al. (2011).
3
Calculated values from Rowe et al. (2008)
4
Deionized water; also used as water an in the preparation of MSW leachate and PLS 1
and 2.
Table 3. Maximum tensile strength in PLS 2 and MSW-L3 at 55oC.
Maximum machine direction tensile strength σM (kN/m)
Incubation time
PLS 2
MSW-L3
(months)
Sealed edges
Without seal
Sealed edges
Without seal
0
23.6
23.6
1
16.9
--*
20.2
19.4
*
2
16.8
-19.7
no data
3
7.95
--*
17.4
21
*Geotextile fully degraded and the bitumen stretched in the tensile test with tensile strength < 1
kN/m.
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Figure 3. Maximum tensile strength in the machine direction at 55oC for the BGMs
immersed in a) DI water; b) MSW-L3; c) PLS 1; and d) PLS 2.
Table 4. Maximum tensile strength in different immersion solutions at 55oC with sealed
edges.
Maximum tensile strength σM (kN/m)
Incubation time
(months)
PLS 1
MSW-L3
PLS 2
DI water
0
1
2
3

23.6
20.2
20.9
18.0

23.6
20.2
19.7
17.4

23.6
16.9
16.8
7.95

23.6
21.9
21.1
20.1

Tear Strength. Table 5 and Figure 4 show the results obtained from the tear test at 55oC for
coupons with and without sealed edges. Similar to tensile properties, sealing the coupon edges
did not show an effect on the BGM degradation during the first 3 months of incubation in MSWL3 while in PLS 2, machine direction tear strength degraded significantly faster for the
specimens obtained from coupons without a seal than those obtained from sealed coupons.
Comparing the results from sealed coupons after 3 months in different solutions, the tear
strength in PLS 2 decreased to 85% of the initial values while in PLS 1, MSW-L3, and DI water,
the tear strength was almost retained at the initial values. The tear strength results indicate that
the high pH was the most aggressive media on the BGM properties similar to what observed for
the tensile properties.
The fast degradation of the mechanical properties of the BGM in PLS 2 relative to the
other examined solutions can be attributed to the hydrolysis of the polyester geotextile in high
304

pH and its detrimental effect on the mechanical properties of the BGM (Elias et al. 1998).
Furthermore, the degradation observed in PLS 2 implies also that the high pH may have affected
the bitumen coat and hence exposing the geotextile to the solution since the coupons were
completely sealed from the edges.
Table 5. Maximum tear forces in different solutions at 55oC with and without sealed edges.
Machine direction maximum tear force Τf (N)
Incubation
MSW-L3
PLS 2
time
PLS 1
DI water
Sealed Without
Sealed
Without
(months)
edges
seal
edges
seal
0
117
117
117
117
*
*
1
118
104
-121
-115
2
123
108
--*
108
--*
130
*
3
112
119
112
98
-110
*Geotextile fully degraded and the bitumen stretched in the tear test with tear force < 5 N.
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Figure 4. Tear force in machine direction versus incubation time at 55oC for the BGMs
immersed in a) DI water; b) MSW-L3; c) PLS 1; and d) PLS 2.
CONCLUSIONS
The degradation of a 4 mm elastomeric BGM is investigated in different solutions simulating
different applications. In this paper, immersion tests in 4 different solutions were conducted at
55oC and the preliminary results of the mechanical properties of the BGM with sealed edges
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were presented. The results were also compared to the coupons without sealed edges. Based on
the results and test duration presented, the following preliminary conclusions were reached:
• There is a significant effect of exposing the BGM coupon edges to the solution on the
BGM mechanical properties. Comparing the tensile and tear strength results in PLS 2
from coupons with and without seal showed a complete loss of the mechanical properties
only after one month of incubation at 55oC for the specimens without seal while the
properties were maintained at higher values for the specimens obtained from coupons
with seal. The fast degradation for the coupons without seal is attributed to the direct
exposure of the reinforcement geotextile to the solution.
• PLS 2 with the high pH seems to be the most aggressive media for the examined BGM.
For example, after 3 months of incubation, the normalized tensile strength was 0.85, 0.76,
0.74, and 0.34 in DI water, PLS 1 (pH 0.5), MSW-L3, and PLS 2 (pH 13.5), respectively.
This fast degradation in high pH can be attributed to the hydrolysis of the polyester
geotextile and its detrimental effect on the mechanical properties of the BGM.
The results and conclusions presented in this paper only apply for the specific BGM
examined and cannot be generalized to other types of BGMs. Since the aging tests are still
running and other types of mechanical and chemical tests are in progress, new information will
be available that may result in revising the conclusions in the future.
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