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Abstract

Heap leaching is a mineral processing technology in which piles of crushed rock are leached with
solutions to extract metals. Drainage geocomposites are used in civil engineering to lower piezometric
surfaces. This paper presents the performances of drain tubes planar geocomposites (DTPG) in heap leach
pads (HLP) to recover the pregnant solution. To evaluate this, two studies were conducted. In one study,
transmissivity tests were performed under high normal loads (up to 2 MPa). In the other study, long-term
flow tests were conducted over ninety days. The tests involved acid circulation through DTPG overlined
by crushed copper ore. Hydraulic properties were not significantly affected despite the filtration of

suspended particles, load and acid condition.

Introduction

Heap leach pads (HLPs) are among the world’s largest man-made structures. Typically, the ore is staked
at heights in the range of 40 to 70 m, in successive 5 to 10 m lifts (Breitenbach et al., 2005). Thiel and
Smith (2004) even report heap leach pads 150 m and 230 m high in South America. Heap leaching is a
mineral processing technology whereby large piles of crushed rock are leached with various chemical
solutions that extract valuable minerals. This method is used for copper, gold, nickel, and uranium
extraction. The mined ore is crushed and heaped on a lined impermeable pad and irrigated with a leaching
solution for an extended period of time (weeks, months, or years). As the solution gradually percolates
through the ore heap, it dissolves the valuable mineral, producing what is known as a “pregnant solution”.
This solution is collected at the base of the heap leach pad where a drainage base of crushed rock and
embedded perforated pipes is installed above the liner system and below the ore heap. The importance of

this drainage base cannot be overemphasized. This layer has to:

e Protect the geomembrane liner against puncture.

o Allow efficient removal of the ore-bearing solution from beneath the heap.
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e Assist stability by combining maintenance of low hydraulic head and a high friction angle of

liner interfaces.

The critical components of heap leach pads are the liner system and the drainage system. To recover
all the rich pregnant solution, leaks must be eliminated and drainage has to be fully efficient over the full
design period. On the other hand, the global stability of the heap is tremendously affected by the
efficiency and design of the drainage system. When a HLP is properly designed, the pregnant solution is
easily recovered; moreover, economic and environmental costs are reduced.

Drain tubes planar geocomposites have been increasingly used in environmental applications such
as leachate drainage systems of waste disposal areas. This paper presents the performance of drain tubes
planar geocomposites (DTPG) in HLP, where they are used to enhance recovery of the pregnant solution.
The role of the drainage layer is precisely described and the results of the two experimental programs are
reported. These evaluations were conducted to assess the applicability of DTPG for this particular

application:

o First, transmissivity tests were conducted in order to assess how the flow rate is affected in the
long run by extreme normal loads.

e Then, long-term flow tests were conducted with typical crushed ore from a copper mine with the
aim of evaluating the filtration capabilities of two different filters. The testing program involved
circulation of 20 g/L sulfuric acid through the ore and DTPG under a normal load of 100 kPa
over 90 days.

Description of Drain Tubes Planar Geocomposites (DTPG)
The use of geomembranes in mining applications has been widely documented. However, geocomposites
compatibility studies with mined material are scarce and very limited information is available. A study by
Smith and Zhao (2004) clearly shows that drainage geocomposites lead to improved service and cost
reduction in heap leaching. Gulec et al. (2005) indicated there were no major changes in the hydraulic and
mechanical properties of polypropylene geotextiles after immersion in acid mine drainage for 22 months.
Similar results were reported by Grubb et al. (2001), Jeon (2006), and Fourie et al. (2010). DTPG are
sometimes used in landfills for collecting leachate. Budka et al. (2007) proved that DTPG can
advantageously replace a part of the granular layer (0.20 m of gravel).

The DPTG used in this study is developed by AFITEX-TEXEL and called DRAINTUBE™. It is

composed of (Figure 1):
e anonwoven polyethylene geotextile acting as a filter,

e a series of corrugated polypropylene tubes spaced at regular intervals (1 to 4 m width). These

perforated tubes provide most of the drainage capability of the product; and
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e a nonwoven thick polypropylene geotextile acting as the drainage medium and as a cushion to

protect the underlying geomembrane.
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Figure 1: Drain Tubes Planar Geocomposite

Filtration applications in HLPs and more generally with mine residues may be among the most
challenging filtration applications. First, the high seepage forces and suspended particles that must be
filtered can lead to clogging. Second, leachate is typically a highly loaded solution and mineralization can
lead to chemical clogging (Faure, 2004; Fourie et al., 2010; Legge et al., 2009). Although it is likely that a
clogging problem would also occur with mineral drainage systems (such as gravels, see Giroud, 1996). In
order to check if DTPG are able to fulfil the function of a drainage layer in HLPs, long-term hydraulic
properties, soil retention, and chemical resistance must be evaluated. Results of experimental studies

aiming at checking theses points are presented in the following sections.

Long-term Flow Test with Copper Ore

A long-term flow test was conducted in the SAGEQOS laboratories in Canada to observe the performance
of DTPG when subjected to acid circulation at a concentration representative of those used in the mining
industry over three months (Kappes, 2005). To run this test, Flow test cells (0.1 m x 0.2 m) were designed
to simulate field conditions (Figure 2). The filter used was a polyester filter with a filtration opening size
of 120 um (FOS, per CGSB 148.1 n°10). The DTPG was installed in the bottom of the cell, and covered
by one kilogram of crushed copper ore with an average grade of 3 percent Cu from a Chilean copper mine
(Lomas Bayas). The ore was covered by a geo-spacer to facilitate uniform infiltration of the solution. This
latter component was then covered by a closed cell foam compressed by a rigid plate, in order to seal the

system while applying a nominal confining stress of 100 kPa.
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Figure 2: Cross section of an experimental leaching cell.
Over 90 days, acid leachate crosses the ore, then the DPTG

An average daily flow of 15 L/h/m2 of the 20 g/L sulfuric acid solution with a pH of 1.4 was
circulated over 90 days through each cell. This flow rate represents 32 m3 per square meter of drainage
system. The solution was injected through the geo-spacer, in order to flow downward into the ore, the
DTPG, and eventually into the perforated tube, before exiting the cell through the outlet. The solution was
replaced 3 times during the testing period in order to avoid excessive copper concentration and facilitate
the control of the pH. The representativity of the extraction process modelled at the laboratory scale was
assessed by periodically monitoring the copper concentration of the sulfuric acid. The observations are

reported in Table 1.

Days of leaching Copper concentration (ppm) Copper recovered (g)
20 267.5 2.40
40 120 1.08
60 122.5 1.10
80 111.5 1.00
90 99 0.89

Table 1: Copper Concentration in the Leaching Solution during Experiment (Mean of 10 Cells)
Results

Flow Rate
The flow rate was monitored to determine the evolution of the hydraulic properties, that is, to evaluate
possible clogging. Results are expressed as an “equivalent flow rate under a hydrostatic head of 5 mm.”

This value does not have any significance by itself and cannot be related to the in-plane transmissivity of
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the geocomposite nor the permeability of the filter. However, it can be used as an indicator of the
clogging of the system as the flow going through the system will be reduced if any of the component
loses its functionality:

¢ blinding or clogging of the filter;

¢ clogging or collapse of the drainage media.

Figure 3 shows a typical flow rate curve as monitored over time for each of the cells that were
tested.
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Figure 3: Typical Flow Rate under a Hydraulic Head of 5 mm

From Figure 3, it is possible to observe that the flow rate remains relatively constant over time,
which suggests that the DTPG drainage system has maintained its functionality over the duration of the

test.

Observation of the Exhumed Geocomposite
After three months of continuous flow under the conditions described above, the cells were dismantled to
permit visual inspection of the geocomposites. Once it was observed that the integrity of the drainage pipe

and perforated pipe had been fully maintained, three observations were made during these inspections:

e the quantity of particles retained on the upper geotextile (filter), making sure to remove the
particles that were on top of the geotextile but not the embedded ones;

e the quantity of particles retained on the lower geotextile as well as trapped between the two
geotextiles; and

¢ the quantity of particles retained in the pipe.
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Figure 4: External and Internal View of the Geocomposite
after Three Months of Percolation of Sulfuric Acid

A quantity of 80 g/m? of particles on average was observed in the upper geotextile, while only
10g/m2 were found on the lower geotextile. On the other hand, the perforated drainage pipe was found to
be completely free of particles.

Following these measurements, permittivity tests were conducted on the filter. The tests were
conducted with a hydraulic head of 10 mm to avoid excessive pressure that could have washed out the
embedded particles. Under these conditions, a reduction in permittivity in the range of 10 percent could
be observed, which is consistent with the observation of a moderate quantity of particles embedded in the
filter, and the fact that the geotextile looked almost “clean” on its inner side, compared to the outside, as
can be seen on Figure 4.

Behavior under High Compressive Load

With an ore density between 1.5 and 1.8, the compressive load on the drainage layer can reach 2 MPa
(Thiel and Smith, 2004; Castillo, 2005). For traditional planar geocomposites involving a planar drainage
core (such as biplanar or triplanar geonet), it has been shown by several authors that the hydraulic
properties of these geosynthetics are adversely affected by such high compression stresses. However,
Saunier et al. (2010) have shown that the particular structure of drain tube planar geocomposites is
favorable to the development of an arching effect around the pipe. As a consequence, the transmissivity is
not affected by the compression stress, nor by time, as no creep can develop in the pipe. Their results are
reported in Figure 5.
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Figure 5: Transmissivity under Different Loads up to 2 Mpa and 100 h (i = Hydraulic Gradient)
(after Saunier et al, 2010)

Based on these observations, it can be concluded that circulation of sulfuric acid through the
ore/geocomposite system is not likely to create any clogging problem on the surface nor in the drainage
media, with the particular DTPG tested involving a 25 mm diameter perforated pipe and a geotextile
having a 120um filtration opening size. Although the experiment was conducted under a normal load of
100 kPa, the lack of sensitivity of the product to compression loads up to 2,400 kPa suggests that these
observations are likely to be applicable to the high normal loads which are typically experienced in heap

leach pads.

Conclusion

The behavior of drain tube planar geocomposite (DTPG) as a pregnant solution collection layer in HLPs
was investigated based on previous and current laboratory work, as well as from a theoretical prospective.
No evidence of clogging could be detected after 90 days of circulation of a 20 g/L sulfuric acid through a
copper ore and the DTPG. As a consequence, it was concluded that the pregnant solution is not likely to

affect the performance of DTPG with respect to its filtration and drainage efficiency.
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