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Planning for
Mine Closure
Integrating environmental engineering principles
into mine design to plan for closure and minimise
environmental risk
Over the past decade, the mining industry and its regulators have
increasingly embraced the concept that all mines should ultimately and from the outset be designed for closure. In the past,
many mines have been unable to close due to significant and
ongoing water quality issues and environmental impacts, some
of which are expected to persist for hundreds of years. While
costly treatment in perpetuity may be unavoidable for historical
mines, such long-term legacy issues and their associated costs
can be largely avoided if environmental engineering principles
with a view to the transition to closure are integrated into mine
planning at the design stage.
Designing for minimal environmental risk represents the
latest in leading practice for the mining industry with broad
application in many other sectors. By seeking environmental
management advice at the design stage, the potential long-term
environmental impact of a mining operation can be significantly
reduced before being ‘designed in’ to the project. Often this can
be achieved through straightforward cost-neutral structural and
operational changes. Not only does this approach minimise the
risk of environmental impacts, it also minimises compliance and
remediation costs as well as environmental bond requirements.
Perhaps the most important benefit of the integrated environmental engineering strategy, however, is its key role in assisting
regulatory approval for new projects. Regulators in many jurisdictions now expect to see the integration of a consistent longterm environmental strategy into the mine plan spanning the
construction, operation and post-closure phases. Strategic and
pre-emptive regulator engagement is a pillar of the integrated
environmental engineering approach, providing an understanding of local priorities and sensitivities against which the project
will be assessed and greatly improving the likelihood of a positive assessment. The engagement process also helps to establish
a positive and constructive long-term relationship between the
operator, its regulatory partners, and other stakeolders such as
communities and financiers.
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LEADING PRACTICE
❯ Regulators now expect to see the integration of a consistent long-term
environmental strategy into the mine plan spanning the construction,
operation and post-closure phases.
❯ Environmental engineering at the project design stage can greatly
reduce the cost and duration of short- and long-term water treatment
and management, and avoid extremely costly remediation works
on closure.
❯ Integrated environmental engineering and regulator engagement
can greatly improve the likelihood of a positive assessment and the
project’s relationship with its regulators an dother stakeholders.
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Geochemical
Engineering
De-risking mine waste management by assuring geochemical stability,
from planning to closure and beyond
The generation of acid and metalliferous
drainage (AMD) and neutral metalliferous
drainage (NMD) are issues that affect mining
operations worldwide. The short- and longterm environmental and economic liabilities
of contaminated mine drainage are estimated
to cost the mining sector hundreds of millions
of dollars annually.
AMD, NMD, salinity and other water quality
impacts are caused by geochemical processes
associated with the disturbance of geological
materials. When excavated, exposed, dewatered or otherwise disturbed, rock and overburden can become geochemically unstable,
breaking down to release metals, acid and
salinity, and in some cases leading to a loss of
material volume and strength with geotechnical consequences. Fortunately, there are many
ways to keep materials geochemically stable
and so avoid these impacts, and designing for
geochemical stability in the first instance can
prevent these issues – and their associated
costs – from ever arising.

HOW GEOCHEMICAL ENGINEERING
CAN HELP
All mining operations include geotechnical
engineering as a routine part of mine design
and development. But geotechnical engineering only represents half the story. Geochemical
engineering addresses many of the critical
issues not captured by geotechnical engineering, including:
• Potential for AMD / NMD / salinity generation
• Subsidence of stored wastes due to mass
loss associated with the dissolution of carbonates, reactive sulfides and sulfates, etc.
• Ion exchange of clays in liners, clay cores
and clay caps due to geochemical processes in waste storage facilities
• Potential for in-situ management or treatment of contaminated seepage to prevent
or mitigate AMD discharge
• Long-term impacts of accumulation of
acid-storing secondary minerals
• Long-term geochemical and geotechnical
stability of closure landform
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Geochemical stability is therefore as important as geotechnical stability in assuring the
long-term structural competence of mine
components and avoiding economic, social
and environmental impacts associated with
impaired water quality during operations
and beyond closure. Integrating geochemical
engineering as a routine component of mine
planning, operation and closure – as with geotechnical engineering – de-risks the project
both environmentally and economically, and
provides certainty around future closure scenarios and costs. It is little wonder that in many
jurisdictions, regulators have come to expect
good geochemical engineering practices to
be incorporated into mine design. This makes
geochemical engineering a critical aspect of
leading practice for the mining industry.

REAL ADVANTAGES
Assuring geochemical stability through design
can greatly assist in avoiding many of the longterm legacy issues now faced by mine sites
worldwide. In the past, most mining operations have sought geochemical advice postdesign and on an ad hoc basis as issues arise.
However, the advantages of integrating geochemical engineering into the mine planning,
management and closure lifecyle are many:
• A significant edge for project approvals
• Lower compliance, management and
treatment costs
• Stronger regulator and community
relationships
• Smaller environmental bonds
• Confidence in long-term closure strategies – de-risking mine closure.

Environment | Water | Sustainability

2

LEADING PRACTICE
❯ Geochemical engineering has typically been applied ad hoc as issues arise.
Integrating geochemical engineering into routine mine design, management and
closure activities helps to de-risk the project both environmentally and economically.
❯ Integrating geochemical engineering into mine planning and management
increases regulator confidence in project compliance and effective closure, facilitating project approval and providing clarity around closure scenarios.
❯ Leading practice sees geochemical engineering established as a routine component
of mine planning and management, comparable to geotechnical engineering.
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Advanced
Monitoring Technologies
New technologies help reduce compliance monitoring costs
Compliance monitoring and reporting of
water, air and soil quality is now a fundamental component of most major operations and
can involve significant investment in labour
and resources. The labour costs associated
with field sampling can be particularly high,
especially for remote locations, and the
reporting process can tie up key personnel
for months at a time.
Fortunately, recent developments in monitoring technologies and data management
systems offer a far more cost-effective means
of meeting compliance monitoring and
reporting requirements with increased data
integrity and continuity.

THE LATEST TECHNOLOGY CAN HELP
There now exist a wide range of automated
monitoring systems for water, air and soil
quality with superior reliability to instruments
of the past covering an ever-increasing array
of parameters, many of which were previously
unavailable in real-time systems.
Telemetry, once a costly and troublesome
add-on, is now standard, easy to implement,
relatively inexpensive and highly reliable, with
data relayed in near real-time to the ‘cloud’ for
secure viewing and retrieval from anywhere
in the world.
Furthermore, these systems can now be
deployed on a serviced lease basis by technical specialists who handle all aspects of
installation, maintenance and data collection
and management. Such leasing arrangements eliminate capital costs associated with
instrumentation and outsource maintenance
and even the monitoring itself to a dedicated team to ensure maximum up time and
data continuity.

IMPROVED DATA SECURITY AND
INTEGRITY
Monitoring data can be stored on secure
servers that can be accessed at any time via
the internet, and triggers can be configured
to alert key personnel of potential issues
including exceedances and equipment errors.
Sophisticated online data management
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systems provide real-time graphing and
reporting capabilities that can significantly
reduce the time investment required to
generate compliance reports. Cost-effective
scientific data interpretation and reporting
services can also be incorporated into the
service arrangement.

MAKING IT WORK
The key to implementing these advance
monitoring technologies is to seek the advice
of specialists in monitoring technology and
environmental compliance to identify the
most cost-effective instrumentation and
reporting strategy for each operation. There
are literally thousands of instrumentation
options available, with new technologies
emerging almost every day, and as many possible applications.

LEADING PRACTICE
❯ Real-time telemetered water, air/gas and soil quality monitoring can now be
implemented inexpensively for a wide range of key compliance parameters.
❯ Data can be stored securely on the internet for real-time graphing and compliance
monitoring, with early-warning alerts to key personnel for pending exceedances or
instrument failure.
❯ Applications include monitoring of key water quality and hydrological parameters,
air quality and particulates, landfill gas composition, leachate water quality, water
and gas in geosequestration applications, soil water infiltration and groundwater
connectivity, evaporation mitigation systems, crop water use, and more.
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Safe Onsite Destruction
of Hazardous Waste
New pyrolysis technology offers an innovative solution
The minimisation of waste streams through
recycling and re-use of waste materials
has become increasingly important across
a range of industries. The escalating cost
of waste disposal has turned this once
sustainability-focused strategy into a critical
economic issue with a sometimes profound
effect on a business’s bottom line.
Waste-to-resource recycling technologies
have undergone a series of step changes
over recent years resulting in the creation of
a range of value-added products from waste
streams. However, little progress has been
made in the treatment, re-use or disposal of
contaminated waste, which remains a significant problem. This is particularly true of
waste sources classified as hazardous, which
can become stranded due to the high costs
of transport and landfill associated with their
removal and disposal.
Recent advancements in pyrolysis technology now offer a solution. Pyrolysis involves
the thermal treatment of materials in a lowoxygen environment, and has conventionally
been used to convert biomass into a stable,
re-usable char. Well-designed pyrolysis
technologies with emission control systems
can also minimise atmospheric emissions
from the pyrolysis process. In fact, the net

emission of greenhouse gas from pyrolysis is
negative, and the process sequesters carbon
as stable char with potential carbon credit
and offset opportunities.
By combining pyrolysis with a sophisticated afterburner arrangement, the technology
can now also be used to convert hazardous
biomass waste into a safe and re-usable
char product. Hazardous chemicals such as
pesticides and other organic compounds are
completely volatilised in the high-temperature pyrolysis process and thermochemically
destroyed in the afterburner system.
Pyrolysis-based hazardous waste destruction technology can be rapidly deployed onsite to safely destroy hazardous waste such
as contaminated timber sleepers, creosote
treated posts, pathogen-infected biomass,
and even asbestos. The process generates a
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❯ Pyrolysis technology can be used to safely and completely destroy hazardous
substances in contaminated biomass waste and produce a safe and re-usable
char product.
❯ Pyrolysis units are portable and can be rapidly deployed to destroy contaminated
waste on-site.
❯ The pyrolysis process produces very low emissions and emits no hazardous chemicals.
❯ The heat produced by pyrolysis can be harnessed for heating or electricity
generation.
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Contact Details

Earth Systems is a multi-disciplinary environmental consulting firm specialising in the
development and implementation of innovative and cost-effective solutions in environmental
management and assessment, geochemical engineering services, water quality treatment
and management, energy efficiency and carbon, and aid and development. We have
completed over 500 major projects in 25 countries including Australia, Asia, Africa, South
America, North America and the Pacific since 1993.

Earth Systems

Earth Systems can offer advice and assistance with all of the leading practices described in
Earth
Systems is aFurther
multi-disciplinary
consulting
firmfor
specialising
the development
this newsletter.
informationenvironmental
on these services
is available
downloadinbelow:
and implementation of innovative and cost-effective solutions in water quality treatment and man• Integrated
Environmental
Engineering
– Planning forenergy
Mine Closure
agement,
environmental
management
and assessment,
efficiency and carbon, and aid and
•
Geochemical
Engineering
development. We have completed hundreds of projects in Australia, Asia, Africa, South America,
North
America and
the Pacific
since 1993.
• Advanced
Monitoring
Technologies

• Safe Destruction of Hazardous Waste Using Pyrolysis Technology

 
44

hazard-free char product that can be safely
disposed of as inert waste or re-used in a
range of applications including agricultural
top-dressing and filtration. The heat generated by the pyrolysis process can also be
harnessed as a heating source or to generate
electricity.
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