
Water is essential at all stages of mining. It 
is routinely used for process water, tailings 
discharge, dust suppression, drilling, assorted 
wash-down activities, potable water and 
amenities. All of these activities have unavoid-
able water quality impacts and most require 
some form of treatment. 

Processing can introduce salts, acids, alkalis, 
cyanide, metals, oxidants, nutrients and 
explosive residues, radioactive components, 
drilling additives, surfactants, coagulants and 
flocculants. In addition, natural water–rock 
interaction processes can introduce acid and 
metalliferous drainage, neutral metalliferous 
drainage, saline drainage (chloride, sulfate, 
nitrate) and abundant suspended solids.  
Hydrocarbon spills and seepage from a range 
of sources commonly result in groundwater 
and surface water contamination. Nutrients 
(phosphate, nitrate) and biological contami-
nants generated by human wastes (solid and 
liquid) can also impact upon water quality. In 

rare circumstances, toxic odour issues (hydro-
gen sulfide and related volatile reduced sulfur 
species) associated with contaminated mine 
water can also occur. 

Even without contributions from mining 
activity, natural and artificial water bodies 
can be responsible for facilitating the growth 
of pest species that impacts upon both 
water quality and human health (eg. algae, 
mosquitoes).

All of these water quality issues require 
appropriate management and this most com-
monly involves some treatment. Fortunately, a 
broad range of treatment technologies have 
been developed over many years to deal with 
essentially all types of water quality issues. In 
most instances, there are several water treat-
ment options for each water quality issue. 

For many treatment applications, portable, 
at-source treatment systems offer a variety of 
benefits over conventional, fixed-plant, cen-
tralised treatment systems.

Exploring the latest trends and opportunities 
in water management and treatment
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treatment of a broad range of water quality issues
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The conventional approach to water treat-
ment has been to pump affected water to 
a centralised facility where it undergoes a 
series of physical and chemical processes 
under controlled conditions. Flow rate, mixing, 
aeration, chemical addition, filtration, settling 
and solids or brine separation processes are 
carefully monitored and quantitatively man-
aged to optimise water quality outcomes. 
While modern treatment technologies are 
often remarkably efficient, they can also be 
frighteningly expensive, not only to construct 
but to operate. 

There is a growing recognition at many 
mine sites that a range of water quality 
issues can be dealt with via innovative and 
cost-effective in-situ treatment techniques. 
This simply means that water need not be 
pumped to a distant, purpose-built, expen-
sive treatment facility, if a portable or small 
scale plant can be used to treat directly in 
the water body. As soon as the cost of power, 
piping and pumping infrastructure exceeds 
the cost of a small-scale plant, consideration 
needs to be given to the benefits of in-situ 
treatment. With an in-situ treatment system, 
the treatment task is no longer limited by the 
rate at which water is passed through a plant, 
but by the rate at which treatment reagents 
can be dispensed into a water body. 

The clever application of portable or fixed 
in-situ treatment plants has addressed many 
mine site water quality issues including, metal 
precipitation (Fe, Al, Mn, Cu, Pb, Zn, Ni, Cr, Co, 
Cd), metal adsorption (As, Sb), pH and acidity 

control (acid or alkali addition), lowering sus-
pended sediment loads, cyanide destruction, 
nutrient immobilisation, algal removal and 
salinity control.

At-Source 
Treatment: 
Advantages

Portable, at-source water treatment sys-
tems offer a variety of benefits relative 
to conventional, fixed-plant, centralised 
treatment systems: 
❯ They are invariably low capital cost 

items that can be designed to mix and 
dispense essentially any dry powder or 
liquid reagent, either as a solution or 
slurry. 

❯ A broad range of treatment issues can 
be addressed with a single piece of 
portable equipment. 

❯ They are small enough to be readily 
mobilised around a mine site, allowing 
treatment issues to be dealt with at 
multiple sites with ease. 

❯ In-situ or at-source treatment systems 
are ideal for remote sites requiring 
routine batch treatment, continuous 
treatment, pre-treatment, supplemen-
tary treatment prior to discharge, rapid 
response or even emergency response 
situations.

❯ They can be applied to stormwater, 
process water, pit lakes, tailings ponds, 
heap leach ponds, various water stor-
ages and waterways. 

❯ As treatment involves addition of rea-
gents to a water body, rather than addi-
tion to a reactor tank, in-situ treatment 
is routinely far more rapid than conven-
tional treatment plants. Surface dispersion

Portable treatment

Mobile treatment

In Situ Pit Lake Treatment
In-situ or at-source water treatment offers an 
attractive alternative to conventional fixed 
treatment plant for certain applications. For 
one-off treatment as in this example of an 
acidic mine pit lake, construction and com-
missioning of a treatment plant would take  
many months and incur high capital costs. 

Installation of a vertical mixing tank and 
dosing line can be completed in a matter 
of days, and dosing of the pit lake can be 
achieved at a rate of 10 or more tonnes of 
reagent per day. 

In this example, treatment involved the 
controlled addition of over 1,200 tonnes of 
neutralising agent (calcium hydroxide) over 
a period of months.

As reagent was added and the pH of the 
pit lake rose from pH 2 to pH 9, dissolved 
metals in the water precipitated, resulting in 
a series of prominent colour changes. 
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One of the reasons that conventional treat-
ment plants have become so popular is that 
the engineering controls permit a tight rein 
on water quality outcomes. Performance 
surety, reliability and repeatability are major 
selling points for large scale fixed plants. 

So how is it possible to guarantee similar 
water quality outcomes when treating in-situ? 
The answer in most situations is actually quite 
easily, as long as very careful monitoring of 
parameters critical to the success of the treat-
ment is conducted on a regular basis (ie. many 
times per day). This requirement is vital. Since 
in-situ treatment does not provide the rigor-
ous process control of a conventional system, 
the only way to ensure optimum water quality 
outcomes is to conduct semi-continuous and 
detailed water quality monitoring during 
treatment. This includes both laterally and 
vertically within a water body. 

Efficient in-situ treatment often requires a 
good practical knowledge of water chemistry, 
the physical behaviour of the water body to 
be treated and an understanding of the rea-
gent or reagents of choice and their behaviour 
in water. In general terms, it is fundamental 
to the success of treatment to prevent the 
water being treated becoming saturated with 
respect to the reagent being deployed. While 
this may sound like a statement of the obvi-
ous, it is easy to hit saturation with respect 
to a reagent if it is not dosed in the correct 
fashion. Indeed, avoiding saturation is actu-
ally particularly difficult with some reagents. 

Turbidity control issues are often difficult 
to manage unless the optimum coagulant 
or flocculant is dispensed uniformly over the 
surface of a water body. This is difficult to 
achieve from shore, but quite simple using 
a water-based mobile system. In addition, 
incorrect dosing of flocculants can damage 
the resulting floc particles (eg. passing flocs 
through pumps) thereby preventing effec-
tive treatment. This type of reagent specific 
knowledge is very useful, and is relevant to 
most reagents. For example, pH control, metal 
removal or metal adsorption can sometimes 
be managed using shore based dosing, but 
often requires broader reagent dispersion 
techniques. Just how this is achieved can 

vary from site to site. Both the density and 
temperature of reagent solutions or slurries 
can significantly influence their behaviour in 
a water body and hence their performance as 
a reagent. Hence a good knowledge of dosing 
techniques for specific water quality issues in 
particular types of water bodies is very helpful. 

The most appropriate dosing strategy 
depends largely on the water quality issue, 
the initial water chemistry and the physical 
properties of the water body (eg. thermal and 
or compositional gradients, particularly with 
depth), and the nature of the reagent being 
used. Indeed, there are so many potential vari-
ables, that it is easy get it wrong. For example:

• What is the optimum concentration of 
the reagent to be dosed?

• What is the optimum reagent delivery 
method?

• How fast can it be dosed to ensure 
optimum water quality results?

• If oxidation is a key aspect of efficient 
treatment, how fast can this be achieved?

• Does additional water mixing need to 
be part of the treatment process and 
how can this be achieved simply with a 
specific application?

• Does access to the water body permit 
routine and detailed monitoring?

• Do thermal or salinity gradients need to 
be managed?

• Do solids settling rates limit treatment 
rates?

• Is sludge storage or disposal an issue for 
the specific application?

• What is the final plan for water reuse or 
disposal, and are the predicted water 
quality standards suitable for its final 
use?

In-situ treatment approaches do increase 
the risk of either under treating or over-
treating water, and only detailed monitoring 
can overcome this issue. With careful thought 
and a good understanding of key treatment 
variables, in-situ treatment can be a very low 
cost and highly effective option for many 
mine site water quality issues. The following 
photographs show a wide variety of water 
quality issues being addressed by innovative 
in-situ treatment approaches.

Effective Use of In-Situ 
Treatment at Mines Sites
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Mine sites are not the only places that suffer 
from water quality impacts. Acid sulfate soils 
are reactive soil and sediment environments, 
in both coastal and inland settings, that have 
the potential to release significant quantities 
of acid and metalliferous drainage when dis-
turbed for agriculture or exposed to atmos-
pheric oxygen due to excessive drying. 

Climate change and anthropogenic impacts 
on groundwater are having an increasing 
impact on surface water quality in regions 
affected by acid sulfate soils. Earth Systems 
has been involved in the management and 
treatment of such large-scale water quality 
impacts, where new and innovative methods 
of neutralisation are often required. 

Treatment of contaminated agricultural discharge
Innovative neutralisation treatment of large areas affected by acid sulfate soils

Not Just for 
Mine Sites

EARTH SYSTEMS | AUCKLAND | BRISBANE | BRISTOL | DAK AR | DARWIN | MELBOURNE | PERTH | PHNOM PENH | SHANGHAI | VIENTIANE

Water Management & 
Treatment Services

• Water Quality Management
• Integrated Water Resource Management
• Acid and Metalliferous Drainage (AMD)

Management and Treatment 
• Acid Sulfate Soil Management
• Geochemical Characterisation
• Rehabilitation and Closure
• Groundwater Assessment and Protection 

Contact Details
Earth Systems (Head Office)
Suite 17, 79–83 High Street
Kew, Melbourne, Victoria 3101, Australia
Tel: +61 (0)3 9810 7500
WaterQuality@earthsystems.com.au
earthsystemsglobal.com 

How Earth Systems Can Help
Earth Systems is a multi-disciplinary environmental consulting firm specialising in the development 
and implementation of innovative and cost-effective solutions in water quality treatment and man-
agement, environmental management and assessment, energy efficiency and carbon, and aid and 
development. We have completed hundreds of projects in Australia, Asia, Africa, South America, 
North America and the Pacific since 1993. 

Earth Systems designs and conducts at-source water treatment of pit lakes, tailings dams, process 
ponds, rivers and lakes for a range of water quality issues. We also design, construct and supply 
specialised, multi-reagent dosing equipment.

If you have a difficult water quality issue anywhere in the world, contact us for advice, contract 
treatment or specialised equipment. 

Information sheets detailing the range of water treatment equipment offered by Earth Systems can 
be downloaded from www.earthsystems.com.au/wte.

Portable Treatment Equipment
• Neutra-Mill 1015/6P for remote, surface dispersion treatment applications.
• Neutra-Mill rapidTREAT for remote, diesel-powered, mobile treatment applications including 

precision treatment and bulk dosing.
• Vertical Mixing Systems for precision or bulk dosing from a fixed location.
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http://earthsystems.com.au/services/water-management/water-quality-management/
http://earthsystems.com.au/services/water-management/integrated-water-resource-management/
http://earthsystems.com.au/services/water-management/acid-and-metalliferous-drainage-management/
http://earthsystems.com.au/services/water-management/acid-and-metalliferous-drainage-management/
http://earthsystems.com.au/services/water-management/acid-sulfate-soil-management/
http://earthsystems.com.au/services/water-management/geochemical-characterisation/
http://earthsystems.com.au/services/water-management/rehabilitation-and-closure/
http://www.earthsystems.com.au/services/water-management/groundwater-assessment-and-protection/
http://www.earthsystems.com.au
http://www.earthsystems.com.au/wte
http://earthsystems.com.au/wp-content/uploads/2013/05/NeutraMill-10156P-Information-Sheet.pdf
http://earthsystems.com.au/wp-content/uploads/2013/05/NeutraMill-rapidTREAT-Information-Sheet.pdf
http://earthsystems.com.au/wp-content/uploads/2013/05/VMT-10-Information-Sheet.pdf

