ALTA Free Library

®ALTA
25

ONLINE NOVEMBER

In-Situ Recovery
Conference

Including

Application of ISR to Copper Forum

Sponsored by

ENVIRO
COPPER

Ask us how ISR is the Solution for Stranded Assets

ALTA Metallurgical Services, Melbourne, Australia

www.altamet.com.au


http://www.altamet.com.au/
https://www.envirocopper.com.au/
http://www.altamet.com.au/conferences/alta-2020/
https://www.altamet.com.au/free-library/

ALTA Free Library

ALTA 2020 In-Situ Recovery Conference

Conference Proceedings

Including

Application of ISR to Copper Forum

ISBN: 978-0-6487739-3-1

ALTA Metallurgical Services Publications
All Rights Reserved

Publications may be printed for single use only. Additional electronic or hardcopy distribution without the
express permission of ALTA Metallurgical Services is strictly prohibited.

Publications may not be reproduced in whole or in part without the express written permission of ALTA
Metallurgical Services.

The content of conference papers is the sole responsibility of the authors.

To purchase a copy of this or other publications visit www.altamet.com.au

celebrating of service to the global mining and metallurgical industry

ALTA Metallurgical Services (ALTA) was established in 1985 by Metallurgical Consultant and Managing
Director, Alan Taylor, to serve the worldwide mining, minerals and metallurgical industries. ALTA offers a
wide range of services and resources to the metallurgical industry.

High-level metallurgical and project development consulting.

Practically oriented live and online short courses presented by Alan Taylor. Topics include
treatment of nickel laterites, copper ore leaching, uranium ore processing, copper SX-EW, heap
leaching and solvent extraction.

ALTA conferences are a world-class annual metallurgical conference and a leading platform for
innovation. It comprises five international conferences, panel discussions, short courses, and
trade exhibition. It features highly focused programs, topical forums and presentations from key
international speakers.

Technical proceedings and manuals from ALTA conferences and short courses for online
purchase

MetBytes, free technical articles offering metallurgical commentary and insights.

Free resources, including proceedings from ALTA 1995-2019 Nickel-Cobalt-Copper, Uranium-
REE, In-Situ Recovery, Gold-PM and Lithium & Battery Technology conferences for free
download (1650+ papers). The ALTA free library is expanded regularly, providing a valuable
ongoing resource to the industry.

ALTA Metallurgical Services PO Box 1211, Blackburn North, Vic, 3130, Australia

T: +61(0)411 692 442 |


http://www.altamet.com.au/publications/
https://www.altamet.com.au/consulting/
https://www.altamet.com.au/short-courses/
https://www.altamet.com.au/conferences/
https://www.altamet.com.au/publications/
https://www.altamet.com.au/publications/
https://www.altamet.com.au/free-library/metbytes/
https://www.altamet.com.au/free-library/
http://www.altamet.com.au/
https://www.altamet.com.au/free-library/

INFORMATISATION SYSTEMS FOR ISR MINES
By
Maxim Seredkin
CSA Global Pty Ltd, Australia
Presenter and Corresponding Author

Maxim Seredkin
maxim.seredkin@csaglobal.com

ABSTRACT

In-situ recovery (ISR) transfers hydrometallurgical processing of mineralised bodies to the subsurface to
directly obtain solutions of commodities. As a result, there is little surface disturbance. For ISR to be successful,
however, deposits need to be permeable. Furthermore, commodities need to be readily amenable to
dissolution by leaching solutions over a reasonable period, with an acceptable consumption of leaching
reagents.

ISR is a “hidden” extraction process and development of an informatisation system allows the process to be
more predictable and controlled. Informatisation systems are used at various ISR mines, including Beverley,
Kazatomprom and others.

In 2010, the Strategic Conceptual Project was developed for informatisation of all ARMZ Holding mines,
including the Dalur and Khiagda ISR uranium mines. The strategic directions were developed by two teams
over the last nine years (Seredkin, Solodov, Boytsov, 2016).

The methodology for geological / resource modelling of sandstone-type deposits for extraction by ISR was
developed by CSA Global (Seredkin, 2018). The methodology was based on modelling morphological
elements of roll front mineralisation (noses, wings, residual parts), horizons / interbeds of impermeable
sediments, the variability of permeability, and estimation of grade-thickness parameters for mineralised bodies.
The resulting geological / resource models allow the preparation of the mine schedule and cash flow model
for the ISR project, in addition to an assessment of the economic sensitivities.

Software for modelling hydrodynamic, physico-chemical and operation models/parameters was developed by
the National Research Nuclear University with methodological support from ARMZ Holding (Seredkin, Solodov,
Boytsov, 2016). This software includes the following modules: geological modelling based on operation wells,
collection of initial operational data, hydrodynamic and physico-chemical modelling (core module), and
economic analysis and forecast.

The module for geological modelling allows a quick update of the geological model based on the exploration
grid after obtaining data from operation wells.

The module for the collection of initial operational data allows the creation of a database for the primary data
at regular periods from wells, pipes and the plant. The data includes the volume of leaching and pregnant
solutions, concentration and consumption of leaching reagents, and concentration of uranium and other
components.

The module for physico-chemical modelling allows the preparation of an operating model for each period of
the ISR process based on the geological model and operational data database.

The economic analysis and forecast modules are focused on forecasting the ISR process and making informed
decisions to optimise injection/pumping solutions, and concentrations of leaching reagents.

In summary, an informatisation system has been developed for modelling and optimisation of the ISR process,
which includes emerging technologies similar to big data and artificial intelligence.

Keywords: in-situ recovery, informatisation, hydrodynamic modelling, physico-chemical modelling, forecast,
big data, artificial intelligence.
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Informatisation for
mining industry

The mining industry
has developed
software packages for
the most operations
for conventional
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I block models
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Exploration management and
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Estimation of economic
parameters
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models equipment

Stock management,
grade-control,
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Design of
underground mine

Waste management
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coming to processing plant

Optimization ore processing
due to blending optimization

Design of
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Features of in-situ

recovery (“ISR”)

o Feature of ISR is "hidden" mining,
extraction of metals using grids of

operational wells.

o Direct and visual control of
operations is impossible in ISR.

o ISR is a complex process due and
depends on hydrogeology and

geometallurgy.

o Existing industrial software does not
cover all ISR requirements.
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Comparison
conventional
mining and ISR

o Exploration, geological
and resource studies are
the same for conventional
mining and ISR projects
for informatisation
systems.

o Mine design and
operation / mining
studies are very different.

Exploration

Exploration
Database preparation

Geological and Resource modelling
Mineral Resource estimation

. Geometallurgical and h dyna
Geotech model preparation model preparation

Pit / Undergound mine optimisation / Operation blocks design, mine
design, economic parameters scheludule prepation, economic
assessment parameters assessment

Medium- and short-term mining

plans, management of conventional Medium- and short-term mining
mining plans, management of ISR operations

Conventional mining In-situ recovery

Companies developing software for ISR operations

Software for ISR projects is
being developed in the
uranium industry due to
share of ISR in uranium
production exceeds 50%

Russia

(Rosatom)
L 4% Germany Kazakhstan
p (for Beverley) (Kazatomprom)

France
(Orano Mining)

Australia
(Beverley)
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Overview of

informatization systems in
this presentation based
on Kazakhstan and
Russian experience

Reference: Seredkin, Noskov, Boytsov, Solodov.
Implementation of informatisaton systems for ISR

mines. MINEX-Kazakhstan, 2018

Software system
“Rudnik”

This software system has been
developed in Kazatomprom since
1998.

Exploration and operation
information is stored in an
Oracle database.

This is complemented by
supporting software which is
focused on certain concretic
tasks.

Database in Oracle

Software complex
«Rudnik»

Operational block

WEB-interface

Export for parameters of

Exploration block operation blocks to TO_25

_——3 \

Technical conditions of
operational wells

AtomGeo —
database management

Local block for operational
weHs maintain and
recovering

Giklet — processing of
exploration data

GET — modelling of ISR
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Software system
“Seversk” (Rosatom)

o The team at National Research
Nuclear University “MERHI”
are developing integrated
software complex for ISR since
the beginning of 2000 for
Dalur.

o ARMZ Holding prepared a
structured detailed strategy
for developing this system.

o Further systematic developing
of ISR system for Dalur and
Khiagda is realising this
strategy.
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ISR project stages

o All stages of ISR projects
are covered by software
systems.

o The main focus of software
systems is on the
operation stage as core
these systems including
ISR process and processing
of pregnant solutions.

o
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Software system
“Seversk” (Rosatom)

Operation Module — SESOygmE==g| /.
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o The operational data
collection and storage
module collects and stores
operational /
geometallurgical
information in operation
collection module.

o This information is
visualised and analysed, and
then used to prepare daily,
weekly and monthly reports.

Seredkin et al., Minex Kazakhstan, 2018
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Software system mm

“Seversk” (Rosatom)

Operation Module |
)
o The geometallurgical module ..fi,...,M_.,.,,.,,.,.,.f...,o..;,.mm..,.,..,..m,.,.‘
is the core of an ISR software ememre o oememis)

system.

o The main purpose of
operation of leaching and
physico-chemical interaction
processes of leaching
solution with geological
substrate based on real
operation parameters.

e

o A1 80 14 02004

[ = v vy TP w1 |

Seredkin et al., Minex Kazakhstan, 2018

Software system -mm

“Seversk” (Rosatom)
Operation Module
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An economic assessment
module for an ISR operation
returns economic parameters, a
cash flow model, and initial
information for the optimisation
of ISR processes.
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Seredkin et al., Minex Kazakhstan, 2018
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Software system
“Seversk”
(Rosatom)
Operation Module

o The operation module for
the optimisation of
operational blocks and
regime of ISR, is based on
the geometallurgical
module, the operational
data collection module and
the economic module.

o This module returns
options for the most
effective operation for each
block.

Seredkin et al., Minex Kazakhstan, 2018

Software system
“Seversk” (Rosatom)
Operation Module

o All operation modules are
integrated across the Dalur
mine.

o Their software system is self-
learning and in future may
be used for operation of
wells without an operator.

Seredkin et al., Minex Kazakhstan, 2018
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Software system
“Rudnik”
Operation Module
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o This analysis allows users to
optimise parameters of
operation blocks.
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Software systems
on Processing Plants

o Processing plants on ISR
mines are operated by
special software as standard
approach.

o Operator may change
reagent feeding, resin
reloading, order new
reagents, identify challenges
and much more.

o This system may be
integrated with an operation
system for ISR blocks.
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Software system
“Rudnik”
Geological Module

The geological module is
focused on processing initial

data, estimation mineralised
intervals based on geophysical
logging, preparation lithological
section and Mineral Resource
estimation by polygonal
method.

Seredkin et al'., Minex Kazakhstan, 2018

Software system m

R mm

“Seversk” (Rosatom)
Geological Module

The basic geological module of
the Software system “Seversk” is
similar to the “Rudnik” system.

Seredkin et al., Minex Kazakhstan, 2018
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Conventional mining m

software
geological modules

Resource block model

o Conventional mining
software is the best option
for geological / resource
modelling instead of the
built-in geological modules
in ISR software systems.

o 3D block models may be
integrated with ISR software
systems.

Modelling and resources

Development of ISR n

projects using ISR
systems
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The design module of both
systems “Rudnik” and
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Seredkin et al., Minex Kazakhstan, 2018
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Conventional
mining software
Development ISR
projects

Conventional mining software
can be used for development of
ISR projects particularly for
estimation economic parameters
for each cell including cost of cell
construction, operation cost,

revenue and final profit.

basic scenario (sulphurc acid)
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Hydrodynamic
modelling in
conventional
software

Modflow is a cheap
alternative to ISR software
systems for hydrodynamic
modelling on pre-
development and
development stages.

Modelling and resources

Hydrodynamic of leaching solutions

Distribution of sulphate ion
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Using software for
design operation
blocks

o 3D models prepared for
exploration holes are useful
for properly designing of
operation blocks and filter
(screen) setting.

o Whereas ISR software
systems “Rudnik” and
“Seversk” use the 2D maps for
operation wells and not the
best option for designing
operation blocks.

Software system
“Seversk” (Rosatom)
Remediation Module

Initial Date of modelling + 7 years

Uranium in
mineralisation, kg/t

Modelling of the evolution of
solutions based on
thermodynamic properties of the
most common technogenic
minerals, together with
hydrodynamic modelling, allows
the prediction of the Uranium in solutions, mg/| .
composition of underground ' : =
waters over certain time periods.

Sulphate in solutions, g/I

Aluminum in solutions, g/I
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General approach

for using software
for ISR projects

Conventional mining software Special ISR software systems

Cm——)

For ISR operations

o Software systems for an ISR
operation are well-developed
for using on ISR mines already .

o However information systems
prepared for conventional
mining are cheaper and better
for early stage of ISR projects
that involve exploration to
development and design.

For processing plants
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Hierarchy in ISR
software systems

Artificial intellect:
Self-learning software system,
management of operations
Modelling,

analytical
o Software systems for an ISR
operation may be developed to MES and big data:

self-learning system based on Database of exploration Processing, dispatching,

A and operation data, administration
operation data. processing data

system

o This system may manage ISR
and processing operations with
minimal personnel.

Controllers, automatic control APCS:

programs Data collection

Execution

Sensors, actuators
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CSA Global supported by a further 160 ERM offices

@ ERM Office Localions ® C3A Offices

ERM employs over 5,500 sp in more than 160 offices in across 40 countries and territories.
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