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SUMMARY: The exploration of a mine in southeastern Brazil has originated a waste rock pile with 

high concentrations of sulfate and some trace metals, including arsenic, cobalt, copper, manganese, 

nickel and zinc. The mine closure plan defines proper rehabilitation measures to mitigate a potential 

risk for the public and the environment, proposing soil cover systems to minimize surface water 

infiltration and oxygen diffusion into the pile. The use of field trials to evaluate cover systems has 

proved to be practical and financially advantageous. This paper describes the process of planning, 

design and instrumentation of field trials for evaluation of cover system alternatives aimed to reduce 

water infiltration and oxygen diffusion into the pile. The field trial study comprises of five test cells 

(lysimeters) filled with reactive waste rock material and different cover system configurations on 

top. The cover configurations being tested include: a) multi-layer involving a basal compacted layer 

of fine-grained soil overlain by non-compacted material; b) multi-layer involving a thinner 

compacted layer of soil overlain by non-compacted material; c) single layer of non-compacted 

material; d) multi-layer involving a basal compacted soil layer overlain by a layer of gravel and 

non-compacted material on top; and e) control cell containing reactive waste rock only. The cells 

are equipped with moisture/temperature and suction/temperature sensors connected to data loggers 



for automatic and continuous data collection over time. The volume of water percolated through the 

cells is measured by tipping buckets, and leachate samples are collected for water quality analysis. 

These instruments are used to monitor and evaluate cover behavior through cycles of wetting and 

drying caused by the alternation of rainy and dry seasons. 
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1 INTRODUCTION 

 

Mining is an important economic activity in 

southeastern Brazil and the exploration of some 

metals such as Gold, Manganese, Nickel Zinc, 

Lead and Uranium may have a potential to 

generate acid drainage from the oxidation of 

sulfide-bearing minerals with the presence of 

water under oxidizing conditions. This process 

may generate sulfuric acid and leach existent 

metals that could eventually contaminate 

natural surface water bodies and the 

groundwater system  

Waste rock and tailings storage facilities 

with potential to generate acid drainage need to 

incorporate proper deposition and remediation 

measures to minimize risks. Cover systems play 

an important role to reduce the generation of 

acid rock drainage (ARD), through limiting the 

ingress of oxygen and water in the facility 

(O’Kane et al., 1998).  

Typically, the main objectives of soil cover 

systems are:  

a) Reduce oxygen diffusion by maintaining 

high saturation within a layer at the base 

of the cover; and/or 

b) Reduce infiltration of snow-melt or 

precipitation through the cover. 

The decommissioning plan of a mining unit 

in southeastern Brazil indicated the need to use 

a low permeability cover or capillarity barrier 

on the waste rock pile due to the level of metals 

observed in percolating water at the outlet of 

the pile’s drainage system. 

To construct the final cover on a large-scale 

with the best cost benefit, different soil cover 

configurations have been proposed to be tested 

firstly on a small-scale field trial program. 

Using the same materials that will be used for 

construction of the full-scale cover, it is 

possible to evaluate the best cover option based 

on performance monitored during the field trials 

program. The cover options considered a 

demand between 200,000 and 400,000 m³ of 

soils for construction of the final cover.  

This paper describes the activities 

incorporated in the design of the cover system 

field trial program that is planned to start 

operation in early summer of 2018.  

 

2 SITE DESCRIPTION 

 

The site is located in southeastern Brazil and 

include tailings and waste rock facilities that 

need to be decommissioned. The site receives 

some 1400 mm of precipitation a year with 

well-defined dry and wet seasons.  

The waste rock pile (WRP) was deposited 

during the exploration of a mine in southeastern 

Brazil. The pile was designed to receive 1.2 x 

10
7
 m³ of mine waste. The deposition occurred 

during 16 years between 1997 and 2013, with 

the pile reaching a maximum height of 89 m 

and occupying an area of 200,000 m². The pile 

is composed of mine top soil, transition 

materials, rock and slag. It can be divided in 

three regions: 

a) Slag was deposited in the extreme north, 

on the top; 

b) Top soil was deposited in the south; 

c) Rock material was deposited in the other 

locations. 

A preliminary cover system was placed in 

2000, allowing for revegetation. Later, another 

rising of the pile took place, with the deposition 

of more rocky material, preserving the areas 

with soil and slag. In 2007, part of the rocky 

region was covered with compacted soil 

without any specific control.  

Part of the vegetation has been applied 

through hydro seeding, and vegetal blankets has 

also been used. Nowadays, the cover is still in 

place, but most of the pile is uncovered due to 



further deposition of material or washout of 

cover materials caused by surface runoff. 

The pile incorporates an underlying drainage 

channel, installed at the beginning of the 

operation to collect water from springs and 

seepage water. The berms have longitudinal and 

transversal inclinations, which direct the water 

to two external channels, one in the north and 

the other in the south. The biggest part of the 

pile has peripheral access. The berms and 

platforms in the rocky region do not have any 

inclination, and facilitate rainwater to infiltrate 

in the pile.  

The bottom drain outlet is located in the 

lowest part of the pile, along with a flow meter 

weir. The flow has been monitored for over 15 

years, with the base flow rate varying between 9 

and 3 m³/h (Figure 1). The surface flow showed 

considerable reduction in 2008, probably due to 

changes in the surface drainage.  
 

 

Figure 1. Water flow of the waste rock pile.  

 

Water flow is still considerable. Despite the 

cover implemented in the past, most of the 

pile’s surface remains exposed in consequence 

of erosion and the deposition of additional 

material.  

 

 

3 SOIL BORROW AREAS FOR COVER 

 

Four areas within the mine unit were selected as 

possible soil borrow areas (SBA) for cover 

construction materials, with the estimated 

volumes presented in Table 1. Based on the 

anticipated cover thickness, the available 

volume is sufficient considering the combined 

use of the four internal areas.  

 
Table 1. Possible internal borrow areas for cover soils. 

Name Volume (m
³
) 

PS 108,200 

PI 27,548 

AM 189,900 

AL 19,856 

Total 345,504 

In addition to the internal areas, four external 

areas were also evaluated. Table 2 shows their 

volumes, which could be satisfactory 

considering combined areas.  

 

 
Table 2. Possible external borrow areas for cover soils. 

Name Volume (m
³
) 

AE1 245,000 

AE2 170,000 

ZVI 288,420 

PAS 123,690 

Total 827,110 



 

 

4 METHODOLOGY 

 

Five test cells with different cover system will 

be constructed to evaluate the performance of 

different cover configurations. The test cells 

will be monitored for the following parameters: 

moisture, suction and temperature within waste 

rock and soil cover layers; volume of water 

percolated through the cells and water quality 

analysis on leachate samples.  

Monitoring of instruments and percolated 

water is expect to occur for at least 12 months 

in order to encompass the dry and rainy 

seasons. The monitoring period might be 

extended since other studies observed that the 

cover behavior in the first year is not 

necessarily the same in subsequent few years 

(O’Kane et al., 1998, Benson et al, 2007).  

The materials proposed to construct the field 

trials comprise of: waste rock, soil, gravel and 

geosynthetics. The characteristics of waste rock 

and soils were obtained from laboratory tests.  

The next sections describe the process 

adopted to select materials to be used in the test 

cells. 

 

4.1 Preliminary Geochemical and 

Geotechnical       Investigations 

 

A preliminary geochemical and geotechnical 

investigation was performed in order to 

measure the characteristics of the waste rock 

and borrow materials. It also aimed to define 

the best locations, i.e. more representative 

materials, from where to obtain materials to be 

used for the field trials.  

A plan was prepared that summarized the 

criteria for sampling locations, the collection 

procedures and the analyses to be conducted, as 

described in sections 4.1.1 and 4.1.2 below.   

Sampling locations at the waste rock pile 

were determined according to the type of 

materials deposited in different regions of the 

pile. Sampling locations from the borrow areas 

were determined based on visual inspection 

during a site visit.  

The samples were collected from test pits 

excavated to between 0.5 m and 3.0 m in depth. 

The surface material was removed with the aid 

of a backhoe and approximately 4 kg of 

material was collected from each target 

sampling location.  

 

4.1.1 Geochemical Investigation 

 

The geochemical investigation included lab 

analysis of elemental composition, modified 

acid-base accounting and solubilization 

analysis.  

Table 3 summarizes the number of samples and 

tests performed on each site.   

 
Table 3. Type and distribution of geochemical tests. 

Area Samples 
Tests # 

a b c 

WRP 19 19 19 11 

SBA 15 15 15 15 

a. Elemental Composition (3050B). 

b. Modified Acid-base Accounting (MEND, 2009). 

c. Solubilization Test (NBR, 2004).  

 

4.1.2 Geotechnical Investigation 

 

The waste rock, borrow areas for cover soils 

and gravel samples were submitted to 

geotechnical investigation. The testing program 

were developed in two stages.  

The first stage included basic 

characterization of the materials (i.e. particle 

size analysis, specific gravity, Atterberg limits 

and moisture content). The second stage was 

performed based on results obtained during the 

first stage and included: hydraulic conductivity, 

standard proctor compaction test and soil-water 

characteristic curve (SWCC).  Tests in the 

second stage were performed on composite 

samples due to two reasons: a) interest in 

obtaining the behavior of soils from the areas in 

general and not of the individual samples, and 

b) time and budget, since these are the most 

expensive and time consuming tests.  

The number of samples and the quantity of 

tests performed are presented in Table 4 for 

stages one and two. Table 5 provides details of 

testing completed in stage two. In stage 2, the 

samples were mixed and each special test was 

conducted on a blend of soil, a blend of soil 

with addition of 5% bentonite by dry  mass, and 

finally on a blend of soil with 10% bentonite by 

mass.  
 

Table 4. Geotechnical tests proposed. 



Area 
Sam-

ples 

Nº Tests 

a b c d e f g 

WRP 3 3 3 - - 1 - - 

PS 3 3 3 3 1 

3
h
 3

 h
 3

 h
 

PI 3 3 3 3 0 

AM 2 2 2 2 0 

AL 6 6 6 6 3 

AE 1 2 2 2 2 2 

AE 2 2 2 2 2 2 

Gravel 1 - 1 - - - - - 

a. Specific gravity (NBR, 1984). 

b. Particle size analysis (NBR, 1984). 

c. Moisture (NBR, 1986). 

d. Atterberg limits (NBR, 1984).  

e. Hidraulic conductivity (NBR, 2000). 

f. Standard Proctor compaction (NBR, 1986). 

g. SWCC (ASTM D6838-02 and ASTM D5298-03). 
h
Tests conducted in blended samples from borrow areas, 

defined after the results of the characterization tests (a, b, 

c and d). 

 

Table 5. Geotchnical special tests definition for the blend 

of soil.  

Test Material #Tests 

Hydraulic 

conductivity 

Borrow soil 

Borrow soil+5% bentonite 

Borrow soil+10% bentonite 

1 

1 

1 

Proctor 

compaction 

Borrow soil 

Borrow soil+5% bentonite 

Borrow soil+10% bentonite 

1 

1 

1 

SWCC 

Borrow soil 

Borrow soil+5% bentonite 

Borrow soil+10% bentonite 

1 

1 

1 

 

4.2 Test Cells 

 

The test cells will incorporate lysimeters 

excavated in the original ground and filled with 

reactive waste rock, being further covered with 

the selected different cover configurations. 

Figure 2 shows a general cell configuration. 

The cover system configurations being 

evaluated are aimed to minimize oxygen 

diffusion and/or surface water percolation 

through the pile. The only source of water on 

site is rainfall, part of which will infiltrate the 

cover and further drain out of the cell, part will 

evaporate or will be temporarily stored within 

the cover materials, and part will run off the 

cover surface. 

The geomembrane under the waste rock 

seals the base and internal walls of the cell. The 

bottom of the lysimeter has a 2% slope toward 

the center and the lowest point at the end of the 

lysimeter, and incorporates a basal drainage 

layer and a perforated PVC tube, which drains 

percolating water out of the lysimeter. The tube 

is connected to a tipping bucket and an adjacent 

reservoir where the leachate can be sampled for 

geochemical analysis. The design criteria 

defined for the test cells followed the 

recommendations provided by Junqueira et al. 

(2014).  

 

 
Figure 2. General test cell configuration.  

 

The field trials are aimed to identify the best 

cost-benefit cover option for the area. The 

selection of the best choice is determined by 

comparing the cost and performance of the 

different cover configurations in terms of 

reduction in water infiltration / oxygen 

diffusion, and in terms of chemistry of the 

effluent. The initial cover configuration 

proposed conceptually to be included in the 

field trials before the laboratory testing program 

had been conducted included:  

a) multi-layer involving a basal compacted 

layer of fine-grained soil (0.6 m) overlain 

by non-compacted material (0.6 m);  

b) multi-layer involving a thinner compacted 

layer of soil with 5% of bentonite (0.4 m) 

overlain by non-compacted material (0.6 

m);  

c) multi-layer involving a thinner compacted 

layer of soil (0.4 m), half with 10% of 

bentonite, overlain by non-compacted 

material (0.6 m); 

d) multi-layer involving a basal layer of 

gravel (0.15 m), protected by geotextile, 

overlain by compacted soil with 5% of 

bentonite (0.3 m) and non-compacted 

material on top (0.6 m);  

e) control cell containing reactive waste rock 

only.  

The first cover configuration is the less 

expensive. It would be used to compare 

performance with more expensive cover 

configurations. The second and third 

configurations would present certain similarity 

associated with the use of a soil/bentonite 



blend, although configuration c) would require 

blending of soil with a larger amount of 

bentonite. The use of bentonite for construction 

of soil-cover systems can be very effective 

(Junqueira et al., 2016), but increases costs 

significantly. The forth option is the most 

complex but does not require much more 

material. The gravel layer is used to create a 

capillary barrier and requires a geotextile as 

transition to the non-compacted soil layer to 

prevent migration of fine-grained soils into the 

coarser basal capillary break layer. The fifth 

option would serve as a control cell and be used 

as baseline for performance comparison.  

The cover configurations listed above had 

been defined conceptually and needed to be 

validated by the results of laboratory testing, as 

will be described in section 5.   

The best practice to decrease water 

infiltration and oxygen diffusion is to use a 

cover layer with reduced permeability and high 

water retention capacity. The aim can be 

achieved with the use of compacted fine-soil 

layers. However, fine-grained soils are more 

susceptible to cracking when exposed to 

repeated drying-wetting cycles. To minimize 

this issue, an overlying layer of non-compacted 

coarse soil can be used. It is notable that all 

configurations proposed consider the non-

compacted layer on top, which main function is 

to protect the basal layer with reduced 

permeability.  

The cells will be equipped with moisture / 

temperature and suction / temperature sensors 

connected to data loggers for automatic and 

continuous data collection over time. These 

sensors will be used to monitor and evaluate 

cover behavior during the 12 months 

predetermined monitoring period. The number 

of moisture and suction probes depends on the 

cover configuration, and are detailed in section 

6.1.1. 

The volume of water percolated through the 

cells will be measured by tipping buckets and 

leachate samples will be collected for water 

quality analysis. 

 

 

5 MATERIALS CARACTERIZATION 

RESULTS 

 

5.1       Geochemical Investigation 

 

Most of the samples obtained in the WRP were 

classified as non-acid generating (NAG) 

according to the method used (MABA). Only 3 

samples out of 19 indicated a fair potential acid 

generating- PAG (DE-13, DE-17 e DE-18). 

Elementary composition and solubilization tests 

were compared in order to determine the 

potential of environmental availability of 

chemical compounds in the WRP. In general 

the same samples that were considered as PAG, 

also presented high concentrations of Nickel, 

Manganese and Sulfate. In addition of the 3 

samples presented previously, DE-15 also 

presented high values for these compounds. 

The main objective for this stage of 

geochemical characterization, was to determine 

the best locations to obtain waste rock material 

for the test cells. Since the field trials will 

operate for a limited period of time, it is desired 

to have the most reactive material as possible, 

so leachable solution could be measured at the 

cell outlet. Therefore, locations which showed 

higher evidence of reactiveness were chosen as 

source of waste rock to be used in the test cells: 

DE-13, DE-17 and DE-18.  

The cover material is expected not to be 

potential acid generating or to solubilize metals. 

The MABA test showed that all samples, except 

AE-PI-COMP-A, were classified as non-acid 

forming. AE-PI-COMP-A, AE-PI-COMP-B 

and AE-AL-COMP-A also showed some 

potential of metal solubilization. Samples from 

the external areas such as AE1, AE2, ZVI and 

PAS showed the most appropriated 

geochemical composition to be used as cover 

materials in the test cell. 

ZVI and PAS were chosen as borrow areas 

for construction of the field trials since the other 

areas would have other defined uses for the 

mine. 

 

5.2       Geotechnical Investigation 

 

The tests, performed in two stages, are specified 

in Table 6. The second stage was adapted 

according to the results obtained in the first 

phase.  

 



Table 6. Geotechnical tests helded. 

Local 
Nº 

Samp 

Nº Tests 

a b c d e f g 

WRP 3 3 3 - - - - - 

PS 3 3 3 3 1 - - - 

PI 3 3 3 3 0 - - - 

AM 2 2 2 2 0 - - - 

AL 6 6 6 6 3 - - - 

AE 1 2 2 2 2 2 
3

 h
 2

 h
 3

h
 

AE 2 2 2 2 2 2 

ZVI 23 8 8 0 8 2
i
 1

 i
 1

 i
 

PAS 17 7 7 0 7 2
 i
 1

 i
 1

 i
 

Gravel 1 - 1 - - - - - 

a. Gravimetric mass. (1
st
 Stage) 

b. Particle size analysis. (1
st
 Stage) 

c. Moisture. (1
st
 Stage) 

d. Atterberg limits. (1
st
 Stage) 

e. Hidraulic conductivity. (2
nd

 Stage) 

f. Proctor compaction. (2
nd

 Stage) 

g. SWCC. (2
nd

 Stage) 

h. Tests conducted in blended samples from AE1, AE2 

and internal areas with similar properties for complement 

the amount necessary. 

i. Tests conducted in blended samples from the namesake 

area.  

 

Figure 3 presents the waste rock particle size 

curves. The only sample collected at the top of 

the pile, in the rocky region, is much coarser 

than the other two, one from the extreme north 

and the other form the extreme east, in lower 

elevations. The material presents between 30-

80% of gravel, 12-28% of sand, 4-26% of silt 

and 1-15% of clay. The results agree with 

previous descriptions of the waste rock texture.  

Figure 4 shows the gravel particle size curve 

available on site. The sample was collected 

from a supplier site and has diameters between 

5-20 mm, and is in accordance with national 

regulations (NBR, 2005).  

 

 

 

 

 

 

 

Figure 3. Waste rock particle size curves. 



Figure 5 illustrates particle size curves from the 

internal borrow areas for cover soil. As seen, 

the internal areas present considerable 

heterogeneity. It was also noticed by the 

technical team during sampling in internal areas 

the presence of cobbles and boulders, which 

were discarded from samples.  

These factors contributed to disregard the 

internal areas as possible borrow areas for cover 

soils, since their use would bring unnecessary 

constructive complications associated with the 

need of having a homogeneous soil in all cells.  

The soil from the external areas are natural, 

with fine grains ranging from 75% to 92% 

Figure 4. Gravel particle size curve. 

Figure 5. Particle size curves of internal borrow areas for cover soil. 



(Figure 6), except for one curve with 55% in the 

ZVI extreme south. Although the materials 

contain more particles in the clay fraction size 

than silt, the clay is not reactive, the soil does 

not show a clay behavior as shown in Figure 7.  

For the second stage, areas AE1, AE2, ZVI 

and PAS were defined as possible sources for 

the cover soil. Three blends were made with 

samples from AE1/AE2, ZVI and PAS. For the 

AE1/AE2 blend, the amount of sample was not 

enough to execute the tests for second stage. 

Therefore, samples from internal areas with 

similar properties were added to the blend.  

The quantity of fine particles in the material 

led to rethink the cover layer with 10% of 

bentonite. At this point, it was judged not 

necessary and only 5% or no bentonite was 

considered.  

Four compaction tests were conducted, three 

on the blend of soils from AE1/AE2, ZVI and 

Figure 6. Particle size curves of external borrow areas for cover soil. 

Figure 7. Plasticity and activity chart.  



PAS and another on the blend AE1/AE2 with 

5% bentonite, the results are shown in Figure 8 

and Table 7.  

 
Table 7. Compaction test results.  

Sample 
Dry specific 

weight (kN/m³) 

Optimal 

moisture (%) 

AE1/AE2 blend 14,50 28,3 

AE1/AE2 blend 

with 5% of 

bentonite 

14,35 30,1 

PAS blend 13,57 34,9 

ZVI blend 14,46 28,6 

Excluding the option with 10% of bentonite, 

other factor could be tested. The permeability 

and SWCC tests were adapted to verify the 

difference in the behavior of the compacted and 

non-compacted layers. The compacted layer 

was tested at 98% Maximum Standard Proctor 

Density (MSPD) and the non-compacted layer 

was tested at 90% MSPD.  

The permeability results showed in Table 8 

were unexpected, but reasonable for the soil 

particle size distribution. The addition of 

bentonite did not cause a significant difference, 

but the lower degree of compaction decreased 

the hydraulic conductivity in two or three orders 

of magnitude. 

 
Table 8. Hydraulic conductivity coefficients.  

Sample 

Permeability 

Coefficient  

k20 (cm/s) 

AE1/AE2 Blend (90% DC) 4,20 x 10
-5

 

AE1/AE2 Blend (98% DC) 7,10 x 10
-8

 

AE1/AE2 Blend with 5% of 3,10 x 10
-8

 

Sample 

Permeability 

Coefficient  

k20 (cm/s) 

bentonite (98% DC) 

PAS blend (90% DC) 2,10 x 10
-5

 

PAS blend (98% DC) 1,30 x 10
-7

 

ZVI blend (90% DC) 3,50 x 10
-5

 

ZVI blend (98% DC) 1,20 x 10
-7

 

DC = degree of compaction.  

 

The soil-water characteristic curves were 

measured by the combination of centrifuge and 

filter paper methods, according ASTM D6838-

02 and ASTM D5298-03, respectively. Similar 

to the hydraulic conductivity test results, results 

of the SWCC tests did not indicate 

improvement in the water retention capacity of 

the blend with bentonite, and this will be 

considered in the final design (Figure 9).  

The results indicated the PAS area is the best 

option for obtaining materials for the basal 

compacted layer of the cover. The SWCC of 

this blend was similar to the results obtained for 

the blend AE1/AE2 amended with 5% 

bentonite. ZVI has a behavior similar to other 

areas (AE1/AE2), but shows slightly better 

characteristics to be used as the top protection 

layer.  

It was therefore defined that the best borrow 

areas for cover soils are outside the mining unit, 

considering their homogeneity. In addition, the 

use of bentonite was not validated by the test 

results and it can be disregarded, since it would 

add unnecessary costs.  

 

 

Figure 8. Dry specific weight x moisture. 



6 PROJECT 

 

After laboratory investigations, the cover 

systems were adjusted as follows: 

f) multi-layer involving a basal compacted 

layer of fine-grained soil  (0.6 m) overlain 

by non-compacted material (0.6 m);  

g) multi-layer involving a thinner compacted 

layer of soil (0.4 m) overlain by non-

compacted material (0.6 m);  

h) single layer of non-compacted material 

(2.0 m);  

i) multi-layer involving a basal layer of 

gravel (0.15 m), overlain by a compacted 

soil layer (0.3 m) and non-compacted 

material on top (0.6 m) and;  

j) control cell containing reactive waste rock 

only.  

Basically, the use of bentonite was 

eliminated and some adjustments made to tests 

different cover configurations in the cells that 

could have an impact in costs and performance. 

No new material was included in the cover 

system review.   

The lysimeters have basal dimensions of 9 m 

x 9 m x 0.5 m and surface dimensions of 10.5 m 

x 10.5 m, while the cover can be up to 20 m x 

20 m x 2 m, approximately. These values are 

already adapted to field location. 

 

6.1 Instrumentation 

 

Variation in moisture contents and suction in 

the waste rock and cover soils, in addition to 

volume and quality of the effluent will provide 

important information to compare the 

performance of the different cover systems. 

Data will be obtained by sensors and 

instruments installed during the construction of 

the test cells.  The instrumentation to be used is 

described in the next sections 

 

6.1.1 Moisture, suction and temperature 

sensors 

 

The moisture/temperature sensor chosen was 

the 5TM, and the suction/temperature sensor 

was the MPS-6, both manufactured by 

Decagon. The sensors will be connected to the 

Figure 9. Soil-water characteristic curves. 



automatic Decagon data logger Em50. These 

sensors are commonly used for monitoring of 

test cells.  

The probes will be installed in the center 

portion of each cell, with the moisture probes 

installed within waste rock and cover soils, 

while suction probes will be installed only in 

cover soils  

The quantity of sensors installed in each cell 

will depend on the cover configuration. Table 9 

and Figure 11 present the defined installation 

locations. The sensors will be installed between 

0.20 and 0.35 m from each other in the vertical.  

When moisture and suction probes are to be 

installed at the same depth, they will be located 

within 0.30 m of horizontal distance from each 

other to prevent interferences in the readings of 

each sensor. 

 
Table 9. Planned quantitative of sensors per test cell.  

Test Cell M (5TM) S (MPS-6) 

1 6 4 

2 5 4 

3 5 4 

4 4 3 

5 2 0 

 

6.1.2 Tipping bucket 

 

A tipping bucket for flow measurement was 

designed by Golder that consists of two water 

receiving units that tip back and forth (or to one 

side and another) as they are alternately filled 

with water. With each tilt, an electric pulse is 

generated by the activation of a micro-switch 

and recorded in a data logger. In this way, the 

cells’ outflow rate can be calculated from the 

number of pulses recorded.  

 

6.1.3 Weather station 

 

The weather station will provide information 

about the site climatic conditions, which will be 

necessary to correlate with the performance of 

the different cover systems, and to provide 

input for numerical models during the detailed 

design stage of the final cover system. In the 

project site there is currently one weather 

station that collects data daily.  

 

6.2 Monitoring Plan 

 

Since most of the data collection is automated 

with dataloggers, the tests cells will not require 

frequent visits for data collection. Nevertheless, 

the monitoring process will require visits for 

verification / maintenance of the cells, 

download of data from the loggers and leachate 

sampling for the geochemistry analysis. 

Data from the sensors and tipping buckets 

will be automatically recorded with hourly 

Figure 11. Sensors location in section view. 



frequency by the dataloggers and will be 

collected monthly, or during site visits.  

The effluents from the 5 test cells will be 

sampled and submitted to chemical 

characterization analysis, with sampling 

frequency based on the rainfall regime. During 

the rainy season (from October to March) 

sampling will occur bi-weekly and during the 

dry season (from April to September), the 

samples will be collected in a bi-monthly basis. 

The interpretation of the data will be 

documented through the preparation of bi-

monthly reports. At the end of the first year of 

monitoring, an integrated report will be 

prepared. 

 

 

7 CONCLUSIONS 

 

Cover systems are important to minimize 

environmental contamination associated with 

water percolation through mine wastes. Test 

cells involve relatively simple construction and 

operation procedures and can be used to 

optimize the final cover configuration with 

potential to reduce construction costs 

considerably.  

The cover behavior will depend directly on 

the characteristics of the available cover 

construction materials and field and laboratory 

investigations are critical to ensure that the test 

cells are constructed with representative 

materials similar to those that would be used for 

construction of the full-scale cover.  

Instrumentation, such as those presented in 

this paper have a fundamental role in the 

evaluation of cover performance based on the 

results of field trials, and influences the 

decision-making process used to define the best 

cover configuration.  
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