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Clear Solutions for Underground Mines
Underground mines present a range of challenges with respect
to acid and metalliferous drainage (AMD) and water quality
management. Fortunately there are some effective solutions
applicable at all stages of mine development — planning,
operations and closure — that can dramatically reduce the risks
and costs associated with these issues.

Plan ahead to avoid AMD

PLANNING

Pre-mining planning decisions for underground mines can
dramatically lower water quality impacts and AMD management
and closure costs.

Managing operational water quality
and odour issues

OPERATIONS

Managing underground water quality and related gas emissions
has become critical to the safe and compliant operation of
underground mines.

Inert atmosphere technology for
post-closure AMD management

CLOSURE

For free-draining underground mines, both historic and recently
decommissioned, there is finally an alternative to water treatment
in perpetuity or risky pressure bulkheads for managing AMD.

EARTH SYSTEMS

EARTH SYSTEMS

EARTH SYSTEMS

EARTH SYSTEMS

EARTH SYSTEMS

EARTH SYSTEMS

Environment · Water · Sustainability

Environment · Water · Sustainability

Environment · Water · Sustainability

Environnement · Eau · Durabilité

Environnement · Eau · Durabilité

Environnement · Eau · Durabilité

CLEAR SOLUTIONS | NO. 121

Clear Solutions
PLANNING

Plan ahead
to avoid AMD
Pre-mining planning decisions for underground mines can dramatically
lower water quality impacts and AMD management and closure costs.

The generation of AMD from mine voids and
waste rock is a headache faced by almost all
underground mines world-wide. While AMD
can be managed and treated during operations,
it is the potentially massive environmental and
economic liabilities that remain on closure that
should be at the forefront of any mine planner’s
mind. As regulators demand increasingly stringent closure criteria, the financial risks associated with a lack of pre-mining closure planning
can no longer be ignored.
Integrating the principles of leading practice
environmental management into mine planning is the most effective way of minimising
operational and post-closure financial risks
associated with realised and potential environmental impacts such as AMD.
For underground mines, this means planning to minimise or eliminate drainage from
the mine void on closure, and to minimise the
volume and AMD risk of any waste rock brought
to surface.

DECLINE OR ADIT
Adits are common to many historical underground mines as they provided an inexpensive
means of dewatering a mineral deposit. However,
adits provide a drainage route for groundwater
discharge that can result in a lowering of the
groundwater level over a wide area. When a hill
or mountain is drained via an adit in this way,
the groundwater level is permanently lowered,
exposing vast volumes of previously saturated
geology to air and leading inevitably to massive
AMD generation over hundreds of years.
Although adits can be sealed using engineered pressure bulkheads (adit plugs), these
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are becoming increasingly unpopular due to
their low reliability.
The early planning decision to access the
ore zone via a decline from a topographic high
point rather than an adit at the base of the hill is
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allows the workings to be passively or actively
flooded on closure, submerging not only the
workings and waste rock backfill, but also the
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country rock itself. The imposing financial costs
of managing and treating polluted drainage in
perpetuity should be front and centre when
planning an underground mine.

PLAN TO AVOID PAF
Finding ways to minimise the amount of
potentially acid forming (PAF) waste rock that is
disturbed or brought to surface is also critical for
an underground mine. Exposed PAF rock in the
workings and waste rock could result in a potential AMD time-bomb that can be very costly to
manage, both operationally and post closure.
Minimising the production of PAF waste rock
and the amount of PAF material that is brought
to surface can therefore reduce operational
and post-closure AMD impacts by orders of
magnitude, and significantly lower the costs of
compliant waste rock dump construction.
For many underground mines, the amount
of PAF exposed and excavated by access and
development activity can be reduced significantly simply by planning the drive route
to avoid PAF materials. Many types of deposits, such as volcanic-hosted massive sulfide
deposits, have a mineralised footwall and an
essentially barren hanging wall. In such cases,
an early planning decision to access the ore
from the hanging-wall side could avoid the
generation of millions of tonnes of PAF waste
rock, minimising or even eliminating the costly
management and compliance measures associated with these high-risk materials.
A complementary management measure
is to preferentially use the worst PAF materials
for stope filling, keeping the worst material underground (for later flooding) and only
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❯ Plan to access the ore via a decline to provide a reliable closure strategy.
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drives
around PAF hotspots.
❯ Avoid PAF by planning development
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keep
the
highest-risk
PAF
materials
underground; bring only the lowest
❯
risk materials to the surface.
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Managing operational water
quality and odour issues
Managing underground water quality and related gas emissions has
become critical to the safe and compliant operation of underground mines.
Enter a historic underground mine and the
first thing you may be struck with is the odour.
Decaying timbers in these mines provide an
ideal environment for bacterial activity, which
can produce a range of volatile organic sulfur
compounds (VOSCs) and the familiar rottenegg odour of hydrogen sulfide (H2S).
Fortunately gone are the days of timber
supports in underground mines and such
issues have for a long time been the exception
rather than the norm. Over the past decade,
however, there has been a marked increase in
the number and severity of odour and water
issues in underground mines. This is thought to
be related in part to a shift from inorganic to
organic drilling additives.
Drilling is an essential part of underground
mining operations for both exploration and
production. Over the last 10–20 years, there has
been a shift away from the use of inorganic drilling viscosifiers towards organic drilling additives
such as guar gum, cellulose-based products
and polyacrylamides, which provide better
outcomes for drillers. However, organic drilling
viscosifiers contain carbon, and in the case of
polyacrylamides, also nitrogen.
Bacterial activity, promoted by the ready availability of soluble nitrogen and organic carbon,
can lead to the biochemical reduction of sulfate
in the underground mine void water and the
generation of hydrogen sulfide gas and other
VOSCs, which can be very dangerous in confined areas, even at relatively low concentrations.
The same bacterial activity can also result in
the reduction of sulfate in underground mine
void water, leading to precipitation of metal

sulfide complexes and the release of significant
alkalinity. This process can result in increases
in mine water pH to levels that could exceed
discharge standards.
Increased soluble nitrogen (eg. nitrate and
ammonia) concentrations in the underground
mine water has also been associated with the
breakdown and dissolution of biodegradable
drilling viscosifier products, which can also
impact water quality.
Another potential issue is the interaction
between polyacrylamide viscosifiers and the
polyacrylamide flocculation agents used in mine
water treatment plants to manage suspended
solids. Polyacrylamides may become unstable
under acid conditions (such as those associated with sulfide oxidation), which can lead to
their degradation and increases in chemical
and biochemical oxygen demand and nitrate
concentrations. If flocculants no longer seem to
be working as expected, it could well be attributable to the mine’s choice of drilling viscosifier.
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Biocides can and are used to manage bacterial activity in underground mines. The use of
these agents, however, represents an ongoing operational cost for mine sites and is not
always a feasible solution for sites that need to
discharge underground mine void water to the
receiving environment.
Nitrogen concentrations in underground
mine void water can be readily managed by
replacing polyacrylamide-based viscosifiers
with an alternative drilling additive that does
not contain nitrogen (eg. cellulose-based products, xanthan gum or guar gum).
Nitrogen-free organic viscosifiers, however,
still contain organic carbon and are often more
readily broken down than polyacrylamides.
Oxidative treatment (eg. aeration or chemical
oxidation) of underground mine waters prior to
the return of water underground is often a very
effective strategy for managing odour issues
and lowering organic carbon concentrations in
mine waters.
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❯ Sources of carbon and nitrogen, including timbers and organic drilling viscosifiers, can
promote bacterial activity and the generation of toxic gases such as volatile organic
sulfur compounds (VOSCs) and hydrogen sulfide.
Drilling
viscosifiers should be selected in consideration of potential VOSC generation
❯
risks and water quality compliance risks.
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❯ To manage toxic gas risks, the inclusion of an oxidation stage Environment
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oxidation) in the underground mine void water circuit should be considered prior to
returning mine water underground.
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designed system with good isolation from the
outside atmosphere can theoretically achieve
a near-complete halt of sulfide oxidation and
acidity generation with very low ongoing maintenance costs in comparison with treatment of
acid drainage from a freely oxidising mine void.
This ‘inert atmosphere’ approach is a new
technique that has been developed by Earth
Systems based on many years of experience
at problematic underground mines around
the world.
By allowing water to flow freely from the
mine via an air lock, the mine water balance
is not disturbed, the need for complex and
high-risk pressure bulkheads is eliminated, and
a simple and effective water quality monitoring
regime can be implemented to verify the performance of the inert atmosphere approach.

Inert atmosphere technology for
post-closure AMD management
For free-draining underground mines, both historic and recently
decommissioned, there is finally an alternative to water treatment in
perpetuity or risky pressure bulkheads for managing AMD.

AMD and neutral metalliferous drainage (NMD)
are common mine closure issues that affect
underground mines worldwide. Where mining
has resulted in widespread desaturation around
mine voids — not uncommon for historic
underground mines — AMD/NMD discharges
are often predicted to persist for hundreds to
thousands of years.
AMD and NMD are generated from the
oxidation of sulfidic minerals within the unsaturated mine wallrock and also from unsaturated
sulfidic waste rock or tailings that may have
been disposed of within the mine workings.
Treatment of discharge in perpetuity has
been regarded as one of the key solutions to
such environmental legacies, and there are
now dozens of sites around the world where
former mine operators have committed to
perpetual treatment, at significant ongoing
post-mining cost.
However, in many circumstances, it may be
possible to significantly lower or even eliminate
AMD/NMD by blocking the supply of oxygen
to the mine workings. Flooding the workings,
which is the preferred closure strategy for
underground mines but an approach that
is only viable if the mine has been planned
with this closure strategy in mind, is effective
because submerging sulfide minerals isolates
them from atmospheric oxygen and halts the
acidity generation process. As flooding is difficult to achieve reliably for free-draining mines,
such as through the use of adit or portal plugs,

which are susceptible to catastrophic failure, an
alternative means of inhibiting oxygen supply
to the workings is needed.

SEAL AND PURGE
Sealing off mine air entry points, while maintaining water discharges, is the first stage in establishing an oxygen-depleted environment in
abandoned workings. Without air entry, sulfide
oxidation processes will gradually deplete
oxygen concentrations in mine voids. The rate
of sulfide oxidation is closely related to the
atmospheric oxygen concentration— lowering
the oxygen concentration in the workings by
90% can result in a similar decrease in the rate of
sulfide oxidation and acidity generation. Where
carbonate neutralising minerals are present,
their dissolution will release carbon dioxide,
which will further dilute oxygen concentrations.
Depending on the climate and rock carapace characteristics of the underground mine,
a passive, semi-passive or active inert gas
generation system may be employed to lower
void oxygen concentrations further. A cleverly

ADVANTAGES OF INERT
ATMOSPHERE CLOSURE STRATEGIES
• Relatively simple and low-cost
• Easy to install and commission
• Rapid improvement in mine drainage
water quality
• Significant cost savings relative to water
treatment in perpetuity
• Easily reversible to allow re-development
• Can be applied to most underground
mine sites, including those already treating in perpetuity
• Minimal operational risk
• Simple performance monitoring and
assessment
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❯ Inert atmospheres can be used to minimise or prevent discharge of pollution from
underground mines where flooding is not feasible.

❯ Significant ongoing cost savings can be achieved by significantly lowering or eliminating the need to treat mine water discharge.

❯ Flexible implementation with options for passive, semi-passive or active systems with
simple monitoring requirements.
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Contact Details

Earth Systems is a multi-disciplinary environmental consulting
firm specialising
in the
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development and implementation of innovative and cost-effective
solutions
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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.
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Contact Earth Systems’ underground mine specialists for advice and further information on
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any of the solutions described in this newsletter.
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Tel: +61 (0)3 9810 7500
info@earthsystems.com.au
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EARTH SYSTEM

Environment · Water · Sustainability

EARTHCLEAR
SYSTEMS
EARTH
SYSTEM
SOLUTIONS

EARTH SYSTEMS
SYSTEMS
EARTH
Environment Water Sustainability


4
EARTH SYSTEMS

Environnement · Eau · Durab

·

· Durabilité
Environnement · Eau
Environnement

NO. 12· Eau · Durab

·

Environment · Water · Sustainability

|

BRISBANE

|

BRISTOL

|

DAK AR

|

DARWIN

|

EARTH SYSTEMS
Environment · Water · Sustainability

MELBOURNE

|

PERTH

|

SHANGHAI

|

VIENTIANE

EARTH SYSTEMS
Environnement · Eau · Durabilité

