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2 ENGINEERING APPLIED TO LEACHING PROCESS

Because it takes paradigm-breaking courage to address the unresol-
ved challenges of the industry, as well as sound technical know-how 
of the process.

Because we are convinced that the basis for a successful business 
is increasing your profit margin by reducing costs and growing your 
revenue from extra production.

Because honoring delivery deadlines and our unwavering commit-
ment to the quality of our solutions speaks of our pledge to build 
constructive, mutually beneficial and long-term relationships with 
each of our customers.

For service...

For profitability...

For innovation... Biohydro.cl, a 
Success Story of 
Team Work

Our engineering team with vast experience in hydrometallurgy, joint-
ly with our customers, comes up with practical and innovative solu-
tions to add value to heap leaching operations.

Since 1996 we have contributed to innovation and change through 
design and implementation of substantial improvements in irriga-
tion, air injection, thermal lining, drainage systems, and control & au-
tomation projects in hydrometallurgical processes.

Some of our breakthroughs have become industry standards in lea-
ching, in addition, we have driven the development and improve-
ment of a number of management support tools for our customers.

Our passion...



3BiohYdro.cL

Major 
Contributions 

to the Industry

Improving Dripper Life by means of debris collection pipes 
and performing automated Flushing, allowing the discharge of 
sediments that generate plugging and minimizing the operator 
presence on the heap.

Enabling Efficient and Safe Side Slope Irrigation using a spe-
cialized design that minimizes the risk of toppling and allowing 
efficient leaching of stacked ore on the slope.

Increasing Heap Temperature by using our thermal lining     
FilmTherm2+padding, in order to reduce heat loss by evapora-
tion , convection and night reradiation and preventing sulfation 
of the drippers.

Enabling Irrigation without Ponding on Irregular or 
Low-Percolability Surfaces through punched drippers or the-
se attached to microtubes for sub-surface irrigation, thereby 
minimizing the risk of ponding and dry areas.

Efficient and Reliable Leach Pad Aeration with the use of 
pneumatically compensated air injection systems, while our 
patented Anti-Clogging Belt prevents perforations from being 
clogged, therefore enabling uniform aeration within the heap.

Reducing Aeration CAPEX and OPEX through our Airtrol de-
velopment, an automated aeration operation system that regu-
lates the flow of air supplied and manages the use of blowers 
during the leaching cycle.

Engineering Projects in the stages of conceptual, basic and 
detailed engineering, as well as procurement and commissio-
ning for the areas of irrigation, aeration, thermal lining, draina-
ge and automation.

Scaling Up lab/pilot plant conditions for irrigation, aeration, 
thermal lining, drainage and automation systems for industrial 
heap applications.

Consulting, Assessments and Audits to provide operational 
support for our customers’ continuous improvement programs 
and detect process vulnerabilities.

Staff Training and Education so that they have both specific 
theoretical and practical know-how.
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The heap leaching pad is an extensive area subdivided into cells that 
traditionally requires the presence of operators on site to control and 
monitor the process. Low or no instrumentation in the cells signifi-
cantly differs with mining process standards and limits the capacity to 
detect operational deviations and provide timely responses, thereby 
affecting process profitability. Furthermore, there is generally no exis-
tence of reports or records that allow control or subsequent analy-
sis. On the other hand, irrigation, as a part of the leaching process 
has become more sophisticated requiring complex cycles, variable 
in duration and frequency, for opening and closing valves, as well 
as regulating the application rate. As an example: the use variable 
irrigation rate, double circuit irrigation, on/off cycles, application of 
different solutions and irrigation ramps. Traditional operation me-

Control display of our proprietary software tool Leachtrol®, which 
adapts to each operation providing detailed information on wetting 
zones and their status.

Advanced Leaching 
Process Management 
by Monitoring and 
Smart Individual Cell 
Control

thods means exposing personnel, which is always scarce, to risky and 
difficult-to-track activities with a high probability of human error. 

Thanks to our expertise in leaching operations and in response to the 
industry challenge, at Biohydro.cl we have successfully developed, 
tested and implemented Leachtrol®, a smart automated monitoring 
and control system that enables advanced process management.
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The Leachtrol® System consists of three components that support 
its operation: a Base Station, Repeater Station and Remote Devices. 

The Base Station is the system control center where the operator 
has access to the HMI (Human Machine Interface) which handles 
programming, control and irrigation monitoring. The user has the 
flexibility to easily program irrigation cycles of varying complexity 
for each cell.

Once the program is generated, instructions are sent by radio fre-
quency to the Remote Devices located on the heap. These units are 
energy independent and run the irrigation program reporting to 
the Base Station both their status and measurements of pressure 
and flow in the cell on a minute by minute basis. 

The Repeater Station enables communication between the Base 
Station and the Remote Devices acting as liaison between them. 
Its convenient location allows for wider communication coverage 
or dodging topographical obstacles and thereby, completely rea-
ching the leaching area. 

Process information in each cell is monitored on-line from the Base 
Station, where early detection alarms are set off in case any devia-
tion occurs. In addition, the system generates program compliance 

System Overview

and alarm occurrence reports. All historical process information is 
stored on a database.
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Features

Advantages
Ensures leaching program compliance.
Timely notifications of process deviations through early warnings. 
Adaptable to hydraulic, topographical and scale of operation con-
ditions.
Versatile to design non-conventional irrigation programs.
Friendly programming for the whole leaching cycle including cu-
ring, wetting and irrigation stages for each cell.
Increases operational safety, reducing the presence of operators 
at heaps.
Integrates specialized technologies for the demanding conditions 
of the heap leaching process.
Facilitates the management control of the process through re-
ports and operating history.

900 MHz band radiofrequency communication.
Up to 10 km coverage with high-gain antenna. 
Communication latencies adjustable from 30 seconds to 2 minu-
tes depending on number of cells.

Personalized customer control interface. 
Ability to monitor and control up to 600 cells with less than 2 mi-
nutes latencies. 
Use of 2 irrigation circuits per cell with different emitters or solu-
tions. 
Monitoring of individual cell operation: openings and closings, 
rates, flows, percentage of non-irrigated area and other process 
variables such as pH and temperature. 
Programming of the complete leaching cycle, defining: dates and 
schedules, irrigation rates and on/off periods.
Generation of templates to facilitate programming. 
Self-calibration of pressure-irrigation rate for each cell. 
Uniform application of solution from 1 l/h/m2 on average irrigation 
rate.

Alarm activation due to process deviations and identification of 
possible causes.
Daily reports for metallurgical and production control.
Cell by cell register of the leaching stages and process variables 
on a database.
User activity logging and reporting. 

Equipment designed to operate in corrosive and outdoor envi-
ronments exposed to rain, UV radiation and dust. 
Autonomous Remote Devices powered by solar energy.

“Online information and 
its record allows timely 
corrective actions and 
process evaluation.”

communication

Monitoring and control

Alarms and reportability

Autonomy and resistance
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Heap leaching is a complex process in which a set of controls must 
be maintained to achieve a cost-effective operation. Primary control 
is carried out by the production area, consisting in keeping process 
standard parameters within a certain range using immediate correc-
tive actions. 

Metallurgical control aims to check for compliance of leaching pro-
cess standards, verifying if the irrigation program of each cell is ad-
ministered according to schedule and if the leaching solution flows 
are being applied correctly. It is also of importance for metallurgic 
control to be aware of production progress over time and analyze 
the accumulated process data for continuous production improve-
ments. Despite the crucial importance that this information has, there 
are limited or no tools that can provide an online control and detailed 
register of the process information. 

Crossing accumulated flow data with the projected extraction curve 
for the heap enables recovery estimation by cell.

Daily summary and specific reports allow swift and timely analysis of 
the operation. 

The Leachtrol® System carries out constant and efficient monitoring 
of the leaching process with periodical recording of the most impor-
tant variable values: adherence to the irrigation programmed times, 
irrigation rates used and the flow solution applied to cells. This infor-

improve metallurgic process control

Permanent record of process execution 
variables, daily summaries and reports for 
analysis generated by Leachtrol® system.

Industrial 
Applications

chALLenge 1: 

soLution: 

mation is kept on a database for active cells and is backed up on a 
historical database when the cell finishes its productive cycle.

A daily summary report is issued on detected deviations for the last 
24 hours regarding the most important variables. This report is distri-
buted by email to production control and metallurgical control users, 
enabling a daily analysis of compliance with the process standards.

Also, and as needed by the metallurgical control users, the system 
has the flexibility to issue specific reports for analysis of both the da-
tabase for active cells as well as from the historical database. Cros-
sing the production data with metallurgical balances can identify 
trends and generate initiatives to optimize the process.
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Heap leaching has allowed for the economic exploitation of low 
grade ores due to reduced CAPEX and OPEX. This process requi-
res irrigation of the heaps which are subdivided into cells, each one 
commanded by a valve. In the extent that the process has become 
more sophisticated, additional valves have been added to the cells to 
irrigate with a secondary circuit or with other solutions. These valves 
must be opened and closed in a coordinated manner for different 
periods of time. A certain flow must be delivered to reach the optimal 
irrigation rate for each type of mineral. 

Hydraulic failures such as cracks and disconnections cause irreparable economical loss when they are not detected on time.

reduce production losses through moni-
toring and automated process control 

As with every industrial process, deviations occur as a result of:

•	 Valves	that	do	not	open	or	close	due	to	blockage	or	diaphragm	
breakage 
•	 Lack	of	pressure	because	of	hydraulic	insufficiency	(faulty	hydrau-
lic design, obstructions, lack of valve and/or pump maintenance)
•	 Hydraulic	failures	such	as	disconnections	and	cracks.
•	 Poorly	executed	irrigation	programs	due	to	human	error	or	failure	
of regulatory elements.

These deviations from process standards cause important economic 
losses since optimal recovery conditions for stockpiled ore are not 
met. Heap leaching is a process that does not generally have automa-
ted systems that provide control and monitoring. The lack of warning 
about process deviations do not allow for timely corrective actions to 
reduce production losses. 

Diagram of flow deviations in the leaching process. In a range of + -5% it is considered to be a controlled process (green). Diverse flaws produ-
ce excess or lack of flow thus causing production losses. The Leachtrol® System activates early warnings upon process deviation detection and 
identifies possible causes so as to take timely corrective actions.

chALLenge 2: 
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The basic leaching process use raffinate as the only irrigation solu-
tion. As part of the optimization of the process, several operations 
have added a second circuit with ILS, an intermediate irrigation solu-
tion obtained from the drainage of old heaps irrigated with raffinate.

This degree of sophistication causes irrigation management to be 
more complex since it is necessary to periodically decide if a cell will 
be irrigated with raffinate or ILS. The operation requires opening and 
closing valves frequently and also keeping track of the input flow. Ge-
nerally, this operation is performed manually, which requires person-
nel at the heap and there is not always detailed records for each cell.

The ability of the Leachtrol® System to open and close two circuit 
irrigation valves independently allows for solution to be changed 
to each cell from the control room, without having to have on site 
personnel at the heaps. If we add the monitoring, control and flow 
records ability to each cell, a complete management of raffinate and 
ILS is achieved for individual cells as well as in total. 

The Leachtrol® System has the capability to control, from the Base 
Station, the opening and closing of the valves for two independent 
irrigation circuits. This allows changing solution for each cell, without 
the need of personnel at the heaps. Considering the system capabili-
ty to monitor, control and keep record of operational data, a complete 
management of raffinate and ILS solutions is achieved globally and 
per cell.

The variables of pressure and flow, which are measured by Re-
mote Devices, allow for automatic control of the irrigation rate by 
absorbing pressure variations in the main pipes.

In addition, these variables are constantly reported to the Base 
Station where the user interface displays the status of each cell 
and activates alarms when it detects deviations from process 
standards. These alarms suggest that the operator take imme-
diate or subsequent corrective actions which are recorded for 
analysis.

For example: 

•	 A	stuck	valve	that	does	not	open	causes	a	 lack	of	 irrigation	
flow, which is timely detected to avoid a non-leached cell.

•	 A	valve	that	does	not	close	produces	an	excess	flow	which	is	
detected as a deviation, to prevent cell saturation and unneces-
sary consumption of solution. 

•	 Pressure	loss	in	a	pipe	also	activates	an	alarm,	due	to	a	possi-
ble disconnection or breakage, to avoid a short circuit by chan-
neling which in turn dilutes the PLS concentration or a major ac-
cident such as the collapse of the heap.

•	 Excess	or	lack	of	irrigation	rate	as	originally	programmed	is	
also reported by alarms which detect potential problems such 
as: plugging of drippers, hydraulic insufficiency or poor state of 
regulatory elements. 

The Leachtrol® System Base Station records the value of the pro-
cess variables on a database and issues a daily report showing a 
summary of the deviations in regards to the scheduled process. 
A monitored and controlled process allows for timely corrections 
and decreases operational economic losses. :A manually operated cell with raffinate and ILS irrigation solution 

input. The Leachtrol® System manages the irrigation solutions in an 
automated and remote manner, keeping track and control of the 
flows.

Management of different irrigation 
solutions

remote opening and closing of the raffi-
nate/iLs valves and flow control of each 
type of solution.

Monitoring and remote control of the 
leaching process using Leachtrol® 
system. 

soLution:

soLution: chALLenge 3:



10 ADVANCED MANAGEMENT OF THE LEACHING PROCESS

In order that the settlement or compaction of the heap takes place in 
a controlled, uniform and channeling free manner, a wetting proce-
dure must be carried out. This consists in starting irrigation at a very 
low rate and then gradually increasing it until it reaches the perma-
nent irrigation rate. One way to perform this subtle procedure is al-
ternating irrigation and rest periods, called on/off irrigation. Irrigation 
periods are sometimes too short, lasting only just a few minutes. Con-
ducting manual opening and closing of the valves or the use of local 
programmers has drawbacks such as: confusion and programming 
errors, frequent presence of personnel on site and uncertainty if desi-
red on/off periods are actually achieved.

The contribution of protons required for leaching copper ores is 
achieved by adding sulfuric acid. An initial input is done in the curing 
operation and then a permanent addition through the irrigation so-
lution during the entire leaching cycle. The acid is consumed by the 
copper bearing species and also, in a lower degree, by the gangue. 
As the leaching cycle advances, requirement for this reagent is redu-
ced and it is possible to consider applying less quantity than at the 
beginning of the cycle.

In industrial operations it is infrequent to find controlled procedures 
to apply acid according to the time decreasing requirement of each 
cell in the heap, neither by means of acid concentration reduction, 
nor by reducing solution flow. What normally occurs is an overcon-

The Leachtrol® System has the capability to program the leaching 
cycle for each cell with decreasing irrigation rates and frequencies 
according to the stage of the cycle. The latter enables application 
of the flow of solution that is strictly necessary in order to supply the 
protons for an efficient leaching process, thus minimizing the use of 
acid.

The swift dynamic response of the opening and closing control pro-
cedure of the Leachtrol® System, allows it to execute irrigation pe-
riods short enough to achieve very low average rates of irrigation, 
less than 1 l/h/m2.

Programming of wetting cycles, sometimes a very complex task, is 
done in the computer friendly HMI user interface. To avoid human 
errors and confusion, wetting cycles may be chosen from a menu 
of programming templates. The event and the user who performed 
each operation in the interface are recorded.

Irrigation instructions are transmitted via radio frequency and execu-
ted by the Remote Devices located in each cell. This reduces the pre-
sence of personnel at the heap to regularly reprogram the devices or 
manually modify the pressure conditions.

The Base Station periodically receives cell status from each Remote 
Device, allowing online monitoring of the program. The report is also 
stored on a database for analysis and subsequent audits.

Performance Report (Real vs Scheduled) of the wetting process con-
ducted with Leachtrol® in Cerro Colorado Mining Company - BHP 
Billiton Pampa Norte. Full compliance to the demanding program 
consisting in 10 minutes on and 10 minutes off cycles is observed.

heap wetting control

reduce sulfuric acid consumption

control and monitoring of openings and 
closings with Leachtrol® system.

decreasing application of solution at the 
middle stages of the leaching cycle.

soLution: 

sumption of acid dissolving gangue or excessive acidification of PLS 
which in turn generates complications in the solvent extraction stage.

Overall compliance 
with the leaching 
schedule

soLution: 

chALLenge 5: 

chALLenge 4: 
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The increasing sophistication of the leaching process has resulted in 
more advanced requirements which include irrigation with different 
rates in the same cell and permanent evaluation of irrigation system 
performance. Topography and cell size provide specific pressure 
conditions in each cell. Consequently, the difficulty arises in deter-
mining the feasible irrigation rates in each of the cells and the initial 
conditions for subsequent performance evaluation.

In many leaching operations, the control instrumentation of the cells 
is reduced to a manually operated valve. This means that to determi-
ne the initial and subsequent physical-hydraulic reality of a particular 
cell, it is necessary to mobilize qualified personnel on site with instru-
mentation to measure flows at different pressures and thus be able to 
establish the operating condition. Since this is not practical, it is not 
generally carried out and results in uncertainty in the rate of applied 
irrigation and inability to evaluate the performance of the irrigation 
system over time.

Drip irrigation systems are the main tool used for irrigation on leach 
pads due to their ability to irrigate at low rates in comparison to other 
emitters. Each of the drippers is responsible for supplying the agents 
for the chemical reaction and to supply the flow to transport the ions 
and remove the solubilized metal. These actions are local and occur 
directly under each dripper.

Sediments present in the irrigation solution cause progressive plu-
gging of the drippers, thereby incrementing the non-leached areas. 
This economical loss is important and proportional to the non-irriga-
ted area. Traditional filtration systems have been ineffective in avoi-
ding this problem. On the other hand, evaluation of the non-irrigated 
area is done by gauging the drippers on site. This operation demands 
personnel at the heap which is time consuming and expensive. 

The instrumentation and software that constitute the Leachtrol® 
System allows for an extraordinary ability to self-calibrate to the 
physical-hydraulic reality of each cell. Once the hydraulic test of the 
installed irrigation system is accepted, the system will recognize 
the flow-pressure relationship of the cell by means of an automatic 
procedure constructing a calibration curve for the emitters installed. 
Emitters may be sprinklers, drippers or misting sprinklers of any kind. 
By these means, the system will determine the range of feasible pres-
sures and irrigation rates that can be achieved for each particular cell. 
This self-calibration will allow then to choose irrigation rates within 
the feasible range for the cell and evaluate the performance in time 
of the irrigation equipment at any operational condition. It will also 
allow for the detection of deviations and, among others things, to 
determine the percentage of the non-irrigated area at any moment 
during the entire leaching cycle. 

The Leachtrol® System capability of alternately controlling two irriga-
tion circuits allows to perform periodical clean-up procedures with a 
flow of pressurized clean water. This procedure, combined with the 
use of our AD Punched Dripper can substantially reduce plugging 
and therefore, minimize losses due to non-leached areas.

Leachtrol® can also perform the self-calibration procedure of the cell 
at the beginning of the operation, determining the corresponding 
flow to operate the irrigation system in optimal conditions. The con-
trol software analyzes field information, contrasts it with initial condi-
tions and periodically informs the heap percentage that is not been 
irrigated due to plugging. This way, it is possible to take timely co-
rrective actions and avoid significant recovery losses. 

Due to its instrumentation and software, the Leachtrol® System calcu-
lates the pressure-irrigation rate relationship per cell.

Light color zones indicates non- irrigated areas in contrast to the dar-
ker color zones which have been irrigated. Progressive plugging of 
the drippers results in significant recovery losses.

to determine the feasible irrigation rate 
range of the cells for proper programming 
and evaluation. 

reduce losses due to plugging and ti-
mely measurement of the percentage of 
non-irrigated area.

self-calibration for programming with 
feasible rates and permanent evaluation 
of hydraulic performance.

online measurement of the percentage 
of non-irrigated area and actions that 
prevent plugging of drippers.

soLution: 

soLution: 

chALLenge 6: chALLenge 7: 
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Generally, different geological units are identified in mine sites. Their 
physicochemical behavior is studied so as to classify them in geome-
tallurgical units of similar characteristics. Among the methods used to 
anticipate metallurgic behavior is testing in columns and cribs. This 
way, particular requirements are established for the leaching process 
of each unit. 

Irrigation periods, application rate, emitter type and spacing between 
them are requirements that must be determined individually so as to 
accomplish a maximum recovery of each unit. Irrigation equipment 
currently installed on the heaps have limited operational flexibility 
to meet irrigation needs of the different geometallurgical units in a 
practical manner.

The increased amount of fines and clays present in the ores, signifi-
cantly hinders solution percolation through the heap. This condition 
promotes ponding, which reveal the existence of areas without per-
colation and raffinate channeling that dilutes PLS. In extreme satu-
ration cases, the stability of the heap is compromised not allowing 
the leaching cycle to be completed. There are significant economic 
losses in all cases.

Nowadays, this situation has been unsuccessfully faced by using stra-
tegies such as: Widening irrigation frames with the consequence of 
losing uniformity by leaving non-leached areas between emitters; re-
ducing the nominal flow of drippers which increases its probability 
of plugging; decreasing the working pressure below the operating 
range of emitters producing erratic behavior, this considers the pos-
sibility of no irrigation and a higher likelihood of becoming plugged.

The Leachtrol® System offers the user great flexibility allowing to 
choose per cell, within a wide range, the most appropriate irrigation 
rate for each geometallurgical unit.

The multiplicity of rates that Leachtrol® offers is due to the combina-
tion of three independent factors: the regulation of irrigation pressu-
re, the use of up to two irrigation circuits and on/off cycle program-
ming.

Consequences of applying irrigation rates too high for the percolation capacity of the ore. On the left ponding is observed and on the right a 
landslide can be seen.

The application of a low irrigation rate avoids ponding and saturation 
of the heap. Leachtrol® System´s versatility in handling different irri-
gation rates allows it to be adapted to the percolation capacity of the 
ore without sacrificing uniform application of solution. This is done by 
means of alternate use of a double circuit, application of on/off cycles 
or controlled reduction of working pressure. 

The use of a double circuit allows for larger spacing between emit-
ters without generating non-leached areas by alternating circuits for 
irrigation. The feasibility to perform on/off cycles achieves a result 
equivalent to lowering the nominal flow of the emitters, without in-
creasing the probability of plugging. The Leachtrol® System protects 
the working pressure from falling below the operational range of the 
emitters thus, avoiding erratic and inconsistent behavior. 

Adapt irrigation to different geometallur-
gical units.

enable uniform leaching for low percola-
tion ores.

select among high, intermediate, low 
and very low irrigation rates with the 
same irrigation equipment. 

Low irrigation rate leaching with Leach-
trol® system. 

chALLenge 8: 

soLution: 
soLution: 

chALLenge 9: 
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Chemical leaching as well as bioleaching of primary and secondary 
sulfides require O2 as a final electron acceptor for the oxidation reac-
tions. Bacteria needs, in addition to O2 to obtain energy, CO2 and N2 
for cell biomass growth.

In the heap, these compounds are found dissolved in the leaching 
solution in very low concentrations, limiting the dissolution kinetics. 
Its replenishment into the acidic solution is done from the air present 
in the macropores. When irrigating at high rates, the heap becomes 
saturated and macropores are filled with liquid, displacing air. With 
traditional irrigation systems it is difficult to achieve the low rates of 
irrigation needed by low permeable minerals. The moisture of the 
cell is determined by ore permeability and the irrigation rate. Macro-
pores can be partially maintained with air only using low irrigation 
rates.

High bacterial concentration favors dissolution kinetics in biolea-
ching process of primary and secondary copper sulfides.

Several researchers have reported that sessile bacteria, those atta-
ched to the ore, are those which contribute most to the bioleaching 
process; whereas planktonic bacteria, found in the solution, make 
a small contribution. Generally the latter are the ones quantified in 
counting assays.

For bacteria to adhere to the ore, they need to generate biofilms, 
process which is accelerated in low moisture environments. Un-
der these conditions, bacteria enter a rapid growth phase (Patent 
CA2054806 C, expired in 2009). Leaching processes with continuous 
irrigation limit sessile growth of bacteria due to constant flow of solu-
tion  through the heaped ore.

Thin layer irrigation with available space in the macropores for gas 
replenishment. Saturated ore without porous space availability for the 
gaseous phase.

The Leachtrol® System has the capability to combine three indepen-
dent methods to irrigate at very low rates without producing non-
equal application: Irrigation using two circuits, controlled low pressu-
re irrigation and execution of on/off cycles.

Low rate application of solution allows for the maintenance of low 
dynamic moisture, away from saturation. A thin layer of solution flows 
over ore particles and the porous space is partially filled with air. This 
allows for effective replenishment of oxygen, carbon dioxide and ni-
trogen into the solution, therefore keeping the conditions the pro-
cess requires.

The Leachtrol® System has the capability of performing accurate 
irrigation programs for extended periods of time. These programs 
control the opening and closing of the cell valves to accomplish alter-
nating periods of irrigation and rest. During rest periods the irrigation 
solution is drained from the heap and the macropores are refilled 
with air. Bacteria obtain a double benefit: a lower moisture environ-
ment for better adherence and a greater supply of O2, N2 and CO2 

for growth.

This condition favors a larger bacterial population attached to the 
ore, thus improving dissolution kinetics.

Dissolution mechanism of an A. ferroxidans sessile bacteria.

increase availability of porous space for 
oxygen replenishment.

create a suitable environment for effecti-
ve bacterial leaching

Low rate irrigation with Leachtrol® to achie-
ve thin layer leaching.

reduce heap dynamic moisture to facili-
tate sessile bacteria growth.

soLution: 

chALLenge 10: 

soLution: 

chALLenge 11: 
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The need to optimize the processing of more complex minerals, so to 
make it more profitable, has prompted the use of non-conventional 
irrigation strategies, such as:

•	 Frequent	 flow	 and	 irrigation	 source	 variation	 in	 each	 cell,	 as	
part of a strategy to optimize heat retention. Described by Mintek in         
HydroCopper 2007.

•	 Continuous	 modification	 of	 irrigation	 and	 aeration	 rate	 to	 in-
crease heap temperature. Described by Geobiotics in Hydroprocess 
2006. 

•	 Permanent	initial	irrigation,	followed	by	a	final	stage	of	intermit-
tent irrigation to increase availability of solutions. Described by Or-
lando Bernal in Hydro-Sulfides 2004.

These and other variations of traditional irrigation for the leaching 
process have had limited development; manual operation of the val-
ves in the cells does not allow for the execution of complex procedu-
res in a practical and reliable manner.

Metallurgists defines the duration of the leaching cycle and the irriga-
tion rate based on recovery curves information. In some operations 
the solutions inventory is insufficient to complete the leaching cycle 
of the cells due to the need of maintaining the PLS concentration in 
order to support production. This forces to start the operation of new 
cells, sacrificing older ones that have not completed their cycle.

One way to have enough leaching solution for new cells is to reduce 
the rate of irrigation of heaps in their final stage by partially closing 
the valves. This action, most of the time, reduces the system pressure 

The Leachtrol® System has a user friendly interface for programming 
long and complex periods of irrigation. 

The Remote Devices are in charge of executing the irrigation program 
and regulating the irrigation rate within a wide range. Depending on 
the available pressure, application rate can double the nominal rate. 
The combination of intermittent and variable rate irrigation allows for 
the design of a diversity of non-conventional irrigation programs ac-
cording to user needs, without adding operational complexity.

The Leachtrol® System allows programming very low rate irrigation 
by means of performing on/off cycles which assures an equal solu-
tion application in the cell. This way, it is possible to complete the 
leaching cycle by not losing the remaining copper, as well as maintai-
ning the availability of irrigation solution for new cells.

Distribution of the irrigation rate throughout the leaching cycle, which 
includes a rapid initial increase followed by a progressive reduction. 
Geobiotics - Hydroprocess 2006.

Program consisting of an initial 120 days stage of continuous irriga-
tion, followed by another 120 days of alternating 15 days on/off pe-
riods. Orlando Bernal in Hydro-Sulfides 2004.

implement non-conventional irrigation 
programs for process optimization

solutions availability to complete cell 
leaching cycle

Programming and Monitoring of 
non-conventional irrigation strategies

uniform low rate irrigation by means of the 
Leachtrol® system

below nominal rating of the emitters, which generates a highly non-
equal application of solution, thereby resulting in production loss. 
Another way is to prematurely put an end to the leaching cycle of 
older cells by stopping their irrigation, thus leaving un-extracted co-
pper in them.
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The leaching cell operation requires at least: the opening and closing 
of valves, controlling variables such as flow and pressure and perfor-
ming regular inspections to detect process deviations.
Doing so manually, exposes personnel to various risks such as:

•	 Permanent	transit	on	irregular	and	wet	surfaces.
•	 Contact	with	acid	mist	or	direct	contact	with	corrosive	fluids.
•	 Over	efforts	when	manipulating	valves,	pressure	or	flow	meters	in	
the field.
•	 Adverse	weather	conditions	and	UV	radiation.
•	 Vehicle	transportation.

The leaching process in heaps and dumps have allowed profitable 
metal recovery from low grade ores. This low grade has driven the 
growth of leaching surfaces. 

To economically maintain under control these extensive areas, nume-
rous personnel is required and other several drawbacks are presen-
ted:
•	 Difficulty	to	have	qualified	staff	willing	to	do	heavy	work.
•	 Uncertainty	to	comply	with	irrigation	planning	due	to	possible	hu-
man errors in local programming or manual execution.
•	 Difficulty	to	timely	detect	deviations	due	to	the	extent	of	the	area	
to be covered individually by field staff.

The combined capabilities of the Leachtrol® System to program 
irrigation cycles from its Base Station, to execute this programming 
remotely and to permanently monitor process deviations result in 
minimizing the need for personnel on the heaps. Therefore, it redu-
ces personnel exposure to risks, increasing the overall safety of the 
operation.

The Leachtrol® System allows remote programming, calibration, mo-
nitoring and control as well as operational data recording for each 
cell.

Staff time allocated for operation and control is reduced only to the 
time required to address deviations which are automatically and re-
motely detected by Leachtrol®. This allows for extra time to be used 
for other production duties.

reduce personnel exposure to hazards 
while operating the heaps.

controlling extensive leaching areas with 
reduced staff.

remote programming, execution and ve-
rification with Leachtrol® system

efficient automated management of leach 
pad.
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What is your challenge? 
Contact us

www.biohydro.cl

HEADQUARTERS IQUIQUE - CHILE
vía 5 esquina vía 9, Bajo Molle.

(+56 57) 238 4793
(+56 57) 238 0921

BRANCH OFFICE SANTIAGO - CHILE 
ismaél valdés vergara 670, 

office #504, santiago centro.
(+56 2) 2664 0553

consultas@biohydro.cl


