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Summary 
Due to very low inflows throughout the Murray–Darling Basin from 2007–2010, water levels in the Lower Murray River 
(below Lock 1) fell from a normal pool level of 0.75 m AHD in 2007 to a low of –1.2 m AHD by April 2009. The low water 
levels and restricted irrigation water allocations during this hydrological drought period meant that most of the Lower 
Murray Reclaimed Irrigation Area (LMRIA) on the historic floodplain of the river was not irrigated. The low river levels and 
lack of irrigation led to a drop in the shallow water table of 1.5–3 m from pre-drought levels. The heavy clay soils 
subsequently salinised, dried and cracked causing major damage to the rehabilitated irrigation bays and associated 
infrastructure and major socio-economic impacts.  

Screening by the Environment Protection Authority EPA in late February 2011 highlighted the presence of acid water in 
14 salt drains across 13 of the 27 LMRIA irrigation areas. Investigations by the EPA and Commonwealth Scientific and 
Industrial Research Organisation (CSIRO) determined that the falling groundwater levels under the LMRIA from 2007–10 
led to the exposure and oxidation of reduced inorganic sulfur minerals, commonly termed acid sulfate soils. The acid and 
metals which were produced in the soil profile as a result of the oxidation process were then mixed with the shallow 
groundwater as water levels recovered in the Lower Murray in late 2010. This resulted in acidic drainage water entering 
the LMRIA salt drains. The acidic drainage water is pumped back into the River Murray, a practice which was necessary 
to keep the saline water tables low enough to maintain agricultural practices in this region.  

This remediation project assessed potential mitigation strategies and trial options to reduce the potential risks that acidic 
drainage water poses to the water quality and environmental values of the Lower River Murray.   

Following scoping of a range of potential options the following four remediation strategies were trialled: 

1 Controlled flood irrigation to flush acidity from the soil profile. 

2 Surface limestone application followed by irrigation. 

3 Lime dosing of drain water prior to discharge to the river. 

4 Subsurface injection of a hydrated lime and limestone slurry via a mole plough. 

To investigate remediation strategies 1 and 2, a trial site to investigate whether flood irrigation and lime spreading could 
combat acidic groundwater conditions was established on an irrigation bay in the Long Flat irrigation area, one of 13 
acidic areas in the LMRIA region. A series of piezometers at depths ranging from 0.3 to 3 m below ground level were 
installed to assess and monitor the groundwater during the trial. Three irrigation events were initially undertaken followed 
by surface application of lime totalling 60 tonnes over 3.2 hectares in conjunction with two additional irrigation events. 
Irrigation, both with or without surface limestone application, does not provide an immediate improvement in soil and 
groundwater acidity and metal levels. However, improvements in groundwater quality (increase in pH; reduction in 
salinity, acidity and metal levels; appearance and increases in alkalinity; and trends toward reducing conditions), and 
water quality in the associated drains have been observed over time at the trial site. This suggests that the trend is 
heading towards healthier soil and groundwater conditions.  

To investigate remediation strategy 3 indicated above, a trial aimed at treating the water in the salt drains (in situ) was 
initiated at the Jervois Irrigation Area to alleviate any immediate impacts from drainage water to the River Murray and 
potential risks to drinking water supply offtakes and ecosystem health. The key aim of this treatment trial was to develop 
an efficient and cost-effective strategy to mitigate the risk to the River Murray from acidic salt drain discharge within the 
LMRIA region. In situ drain treatment proved to be successful in reducing risk to water quality in the river channel. Water 
quality improvements such as neutral pH, decreased acidity and diminishing metal concentrations were evident during 
treatment. This method was temporary however, it did not remediate the ASS problem at the source, and would be costly 
(estimated $2–4 million per year) to implement over the longer term.  

To investigate remediation strategy 4, a trial of subsurface injection of a neutralising agent was undertaken at Mobilong, a 
retired irrigation area in the LMRIA region with highly acidic groundwater. In the 2012–13 irrigation season, a total of 
7,000 kg of lime was injected into a trial paddock using an adaption of a LMRIA practice called ’mole ploughing‘. This 
method of lime injection was ‘world’s first practice’ and therefore unproven before this trial. The subsurface injection trial 
proved to be successful. Firstly, the EPA proved that subsoil injection of a lime solution was possible and secondly, the 
injection of hydrated lime plus irrigation had a positive effect to the groundwater at the Mobilong trial site. Improvements 
in a range of parameters including acidity, salinity and metal concentrations indicate recovery in a short timeframe. This 
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method could be effectively adapted in acidic regions over the LMRIA (for an estimated $8.6 M over a four year period) 
by utilising local equipment and expertise (landowners, farm managers, etc). However further monitoring and research of 
the trial site are recommended to assess the longer-term remediation outcomes prior to wider implementation.  

The results of this report have shown that there is not one ‘magic bullet’ solution to rectify and manage acidic conditions 
in the LMRIA region. However, each option trialled did provide varying levels of success. A combination of options could 
prove to be more effective with further development and research. 
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LMRIA scoping and trialling management options 

1 Introduction 
There is approximately 5,200 hectares of flood irrigated agriculture on the former floodplain of the River Murray between 
the townships of Mannum and Wellington. This area comprises 27 individual irrigation areas and is known collectively as 
the Lower Murray Reclaimed Irrigation Area (LMRIA). Since completion of the barrages to prevent seawater ingress from 
the Coorong in 1940, the reclaimed areas have typically been 1.0−1.5 m below the river level (0.75 m AHD), enabling 
gravity fed flood irrigation. Most of this land was drained and developed for agriculture between 1880 and 1940 with levee 
banks constructed along the river’s edge to control flooding. Historically, the predominant landuse was dairy farming, with 
a smaller area used for beef cattle, fodder production and lifestyle farming. Following the 2006−10 drought, dairy 
production has greatly reduced. 

Drought conditions and long-term low inflows from 2007−10 in the Murray-Darling system led to unprecedented low water 
levels below Lock 1. During April 2009 the water level in the Lower Murray fell to below −1 m AHD, the lowest river level 
since records began (Figure 1). At Murray Bridge the river level dropped below 0.4 m from 12 March 2007 to  
9 September 2010. This level is significant because it is the minimum height needed for effective irrigation. The low water 
levels and restricted water allocations meant that most of the reclaimed areas were not irrigated for substantial periods of 
time. Subsequently, the heavy clay soils salinised, dried and cracked, causing major damage to the irrigation bays and 
associated infrastructure. 

 

Figure 1  Lower Murray (Lock 1) river levels 1921 to 2012. The line indicates 0.4 m AHD, the minimum height 
required for effective irrigation between Mannum and Wellington. Source: DEWNR 2012. 

After the Lower Murray water levels recovered in late 2010, screening by the EPA in late February 2011 discovered acid 
water in 14 drainage channels in the LMRIA that was being returned to the river. Subsequent soil investigations by 
CSIRO and the EPA identified the widespread distribution of reduced inorganic sulfur minerals, commonly termed acid 
sulfate soils (ASS), in the LMRIA. Acid sulfate soils typically accumulate under stable water level conditions, combined 
with sufficient iron, sulfate and organic matter. When water levels decline, previously submerged acid sulfate soils 
(containing sulfidic, pH>4, material) are exposed to air and oxidise to form sulfuric materials (pH<4). The oxidation of 
reduced inorganic sulfur compounds such as pyrite can produce significant quantities of sulfuric acid and as a result 
mobilise toxic quantities of dissolved metals such as aluminium, iron, arsenic and manganese (Simpson et al 2008 and 
2010). The rising groundwater level in the LMRIA post-drought caused re-wetting of sulfuric acid sulfate subsoils, 
resulting in mobilisation of acid and metals from the soil matrix into drainage channels. 

The location and status of each irrigation area can be seen in Figure 2. On initial discovery, landowners were advised not 
to pump acidic salt drain water into the River Murray until the risks to water quality could be assessed. However, the 
water levels in the drains continued to rise and began to flood some paddocks. The overflowing acidic salt drain water 
had the potential to salinise and scald top soils if levels remained high and therefore decrease the quality of the sub soil, 
resulting in lower yields.   
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LMRIA scoping and trialling management options 

 
Figure 2    Location of irrigation areas in the LMRIA region, including the 14 acidic irrigation areas 
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LMRIA scoping and trialling management options 

The Lower River Murray experienced elevated flows during 2011 following the high flows experienced from interstate 
floods in late 2010 and early 2011. This increased flow created an opportunity to pump the saline, acidic water into the 
river channel as mixing, dilution and transport would effectively mitigate the risk to water quality at SA Water offtakes, 
river ecology and recreational users. Both the EPA and SA Water have been closely monitoring water quality around the 
discharge points and at SA Water offtakes to ensure any adverse impacts are identified early. Additionally, the EPA with 
project partners DFW and PIRSA have undertaken the following projects in order to understand the characteristics that 
will influence the severity and inform management of the problem: 

• Characterisation of soils to understand the depth at which acid is generating and the potential quantities of acidity 
available. 

• River plume monitoring and modelling with specific focus on risks to recreational users, drinking water offtakes, 
commercial and stock and domestic users. 

• Development of management strategies based on project outcomes and an expert workshop involving interstate 
participants experienced in managing acid sulfate soil impacts in agricultural areas. 

• Installation of shallow piezometer sites in the LMRIA to develop an understanding of the acidity transport processes 
and flux rates within the sediments.  

• Implementation of remediation trials to enhance the potential for sulfate reduction to occur to neutralise acidity and 
therefore reduce the potential risks that acidic drainage water poses to the water quality and environmental values of 
the Lower River Murray. 

This report outlines a range of potential remediation options for the acid drainage issue, and the advantages/ 
disadvantages and relevant literature associated with each option. Also included in this report are results from various 
trials undertaken by the EPA designed to mitigate and/or treat acidic groundwater and acid drainage discharge. 
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LMRIA scoping and trialling management options 

2 Scoping options 
A range of possible management options to neutralise acidity in the LMRIA region were scoped. The various 
management options were grouped into key categories such as water management, the addition of neutralising agents to 
the sub or surface soils, treatment of groundwater, introducing extra alkalinity to the system or landscape modification. 
The potential options considered and critiqued in this paper are: 

• Water management 

− irrigation 

− laser levelling 

− increase groundwater levels. 

• Adding neutralising agents to the surface soils by: 

− adding neutralising agent to the irrigation water as it enters the paddocks 

− adding neutralising agent to the paddock surface before irrigation. 

• Adding neutralising agents to the subsoils via: 

− injection by mole drains 

− injection by deep ripping 

− vertical injection wells 

− horizontal injection lines 

− excavating topsoils, adding neutralising agent and then replacing topsoils. 

• Neutralisation in drainage system 

− treat acidic water in-drain (applying neutralising agent to the drain) 

− dilute water in drain before pumping (shandy with river water) 

− modify drains to become permeable reactive barriers (PRB), open limestone drains (OLD), anoxic limestone 
drains (ALD) or reverse alkalinity producing system (RAPS) to treat acidic water. 

• Install permeable reactive barriers (PRB) made of: 

− limestone and organic matter 

− zero valent iron 

− bauxsol 

− other materials. 

• Landscape modification 

− long-term inundation with river water 

2.1 Water management 

2.1.1 Use irrigation to flush acidity 

Approximately 3,500 of the 5,200 hectares of LMRIA area have been adversely affected by oxidised and re-wetted acid 
sulfate soils, resulting in low pH and acidic water being pumped to the River Murray. One option to alleviate this acidic 
groundwater problem is to flush the acidity out of the subsoil profile by using wide-scale flood-irrigation (usual LMRIA 
irrigation method). The advantages and disadvantages identified for this option are shown in Table 1.  
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LMRIA scoping and trialling management options 

Table 1 Advantages and disadvantages of wide-scale irrigation 

Advantages Disadvantages 

Ensures that soils are saturated Increased drainage water discharge 

Improved productivity for farmers  Extra pumping costs for farmers 

ELMA water could be used Poor water efficiency due to cracking and heaving in some irrigation areas  

Easy to apply May need to repair infrastructure, including laser levelling ($ costs) 

 Will not treat acidity, some residual acidity discharge 

 Will require large amounts of water approx 35 000 ML for the acidic region 

 Will enhance the concentrations of acidity in the salt drain, which will be 
pumped into the river 

 Due to high concentrations of available acidity in the subsoils, multiple irrigation 
events (3–5) would be required to firstly saturate then flush acidity into the salt 
drains 

2.1.2 Laser levelling 

Currently much of the LMRIA land surface is very uneven due to cracking and heaving of the clay soils during the drought 
period. This leads to very inefficient irrigation and consequently excessively large volumes of drainage water. Laser 
levelling involves the use of a laser guided land plane to re-level paddock surface by filling low spots and removing high 
spots to creates a uniform paddock surface (Caring for Country 2012). This markedly reduces water use in the LMRIA 
(Mosley and Fleming 2009). By laser levelling the LMRIA, acid drainage volumes would be substantially reduced. This 
would reduce loads of acidity returned to the river and be a one-off management action with a lasting benefit. 

Table 2 Advantages and disadvantages of laser levelling 

Advantages Disadvantages 

Reduced drainage water discharge Will not treat acidity, some residual acidity discharge 

Significant benefits to irrigators from reduced water 
use  

Moderate cost ($1,000–$1,500 per ha estimated) 

Less drainage to the River Murray, decreasing 
pumping volumes 

 

2.1.3 Increase groundwater level 

The surface soils within the LMRIA are generally not acidic, the root zone (0–0.5 m) seems to be largely unaffected by 
high acidity and low pH (pH<4). Careful drain water level management to slightly increase groundwater levels below the 
paddock could reduce hydraulic gradients from the paddock to the drains. This would also saturate more of the subsoils 
and create a larger anoxic environment for sulfate reducing bacteria (SRB) to populate; however it is unlikely they would 
flourish until additional alkalinity could be delivered to increase pH. 

9 



LMRIA scoping and trialling management options 

Table 3 Advantages and disadvantages of flooding paddocks to kick start sulfate reducing bacteria in soils 

Advantages Disadvantages 

Low pumping costs  May not be effective in encouraging sulfate reducing 
bacteria to activate unless pH can be increased 

May enhance passive remediation (more saturated 
conditions) with no labour or ongoing maintenance 

Will likely salinise topsoils if not managed correctly and also 
may contaminate soil surface/root zone with metals and 
acidity 

 Diffusion of acid may still occur and continue to acidify 
drains 

 Would require new active management of drain levels by 
irrigators/irrigation trusts 

2.2 Add neutralising agents to surface soil 
An alternative to applying neutralising agent to subsurface soils is to simply add alkalinity to the system at the surface. 
This may help overcome acidity with the accumulation of additional alkalinity into the profile which is then leached deeper 
following each flood irrigation event. Irrigation water or the paddock surface can be dosed with a neutralising agent such 
as ultra-fine crushed limestone at a suitable rate; this will inject additional alkalinity without damaging pasture. Once an 
optimum rate is achieved, alkalinity can be added to influence the acidity of the groundwater reaching the salt drains.  

2.2.1 Lime paddocks 

Liming paddocks with dry agricultural limestone could create a bank of alkalinity which can dissolve as flood irrigation is 
carried out. The additional alkalinity provided by the dissolved limestone will be progressively leached down into the 
profile by each flood irrigation event although this could take some time (Whitten et al 2000). Buffering acidity may assist 
in raising the pH of the soil and groundwater to a level where sulfate reduction can be initiated.  

This treatment has an easy method of application as it can be carried out by landowners using spreading equipment. 
There may be impacts to the pasture and topsoils from the lime, particularly on pasture species that favour slightly acidic 
soils. Dissolving the lime will also be problematic and there may be armouring of the limestone particles on top of the soil. 
However acidity and low dissolved oxygen in the subsoils may assist in dissolving the limestone particles. 

Table 4 Advantages and disadvantages of dosing paddocks with agricultural limestone 

Advantages Disadvantages 

Easiest application of neutralising agent Alkalinity may not reach the depth required nor be enough 
to effectively neutralise 

Cheapest treatment option for neutralisation May reduce pasture growth of species that favour slightly 
acidic conditions 

Can be undertaken using standard farming equipment Lime may not dissolve effectively 

 Lime may take a long time to be active, acid will be still 
transported during this time 

2.2.2 Dose irrigation water 

This option involves dosing irrigation water with a neutralising agent in the irrigation channels before it is released onto 
the paddock. The increase in alkalinity should assist to buffer subsurface acidity as the irrigation water leaches through 
the profile.  
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There are some limitations, particularly using agricultural limestone, even ultra-fine varieties. It may be difficult to get 
agricultural lime to dissolve effectively in river water due to the suspended sediment and neutral pH. Limestone is also 
less efficient requiring more kg per hectare than more aggressive neutralising agents such as sodium/calcium hydroxide. 
A more aggressive neutralising agent has a greater ability to neutralise more acid but also potential to overcorrect the pH 
substantially resulting in caustic irrigation water which may damage pasture and topsoils. An optimum neutralising 
agent/water volume ratio will need to be developed to minimise impacts to the pasture and topsoils while effectively 
treating the sulfuric subsoils. 

The dosing irrigation water method can be adapted to fit a variety of locations, variables such as topography, size of 
property, infrastructure and water quality can all be managed. This method is also very efficient, excess irrigation water 
from one paddock can be collected via the drainage system and recycled and re-dosed for irrigation on an adjacent 
paddock (limited by salinity).  

Table 5  Advantages and disadvantages of dosing irrigation water with neutralising agent 

Advantages Disadvantages 

An easier way to apply neutralising agent when 
compared to subsurface techniques 

Alkalinity may not dissolve sufficiently in irrigation water, 
reach the depth required or be enough to effectively 
neutralise 

Cheaper than subsurface treatment May reduce pasture growth of species that favour slightly 
acidic conditions 

Potential to reuse excess irrigation water on the 
adjacent paddock 

Will require specialist equipment and staff to correctly dose 
water if using more aggressive neutralisation agents 

May be undertaken by irrigators following education Could severely impact pastures if caustic agents used 

Flexible system that can adapt to water quality, 
topography and infrastructure 

 

2.3 Add neutralising agents to subsoils 
Adding neutralising agents to the sulfuric subsoils is a potential method to mitigate the acidity at its source. The addition 
of agricultural lime to the target area is the most common method of neutralising surface soils and sediments. Potential 
advantages of this method include cessation of acid production, reduction of the time spent neutralising water, and the 
precipitation of metals within the soil matrix where they were liberated.  

In order to protect topsoils and pasture from the alkaline neutralising agent, methods to deliver the neutralising agent 
directly to the sulfuric subsoil need to be investigated in greater detail. If a sufficient amount of alkalinity is introduced to 
the sulfuric subsoils, it is likely that pH will increase enough (pH>5) for sulfate reducing bacteria to then begin to reduce 
oxidised sulfides and produce their own alkalinity, in effect, ‘kick starting’ the system into natural self remediation. 

2.3.1 Injection by mole drainage 

Mole drainage is a system traditionally used to reduce water logging in heavy clay soils in the LMRIA region. Unlined 
channels called ‘mole drains’ are formed by pulling a ripper blade with a cylindrical attachment at the bottom by a tractor 
(Figure 3). The cylinder creates a small channel (termed a ‘mole’) in the subsoil as it is ploughed through the paddock, 
compacting the clay around it, enabling the mole rip to stay open. The depth of the mole drains can vary depending on 
the size of tractor and the size of the mole plough, mole drains are typically installed at a depth of 400 to 600 mm. 
Success is dependant on soil type and drain length. Soils not able to hold their form will collapse shortly after installation, 
which is why they are only suitable for heavy clay soils. Additionally, if mole drains are too long they can collapse 
because they are unable to drain effectively (DPI 2008). 
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Figure 3 Schematic and example of a mole plough 

Mole drains are normally connected to a drainage channel or to a collector pipe system. The collector pipe system is 
used in areas where mole drains will be too long to reach drainage channels. In heavy soils that cannot hold normal mole 
drains, gravel filled mole drains can be installed with the gravel helping to hold open the drain while allowing water to 
travel through. Gravel filled mole drains require a different plough that incorporates a hopper to allow finely graded gravel 
into the mole drain (DPI 2008). 

Increasing drainage via mole ploughing is not a recommended option as it increases acid load export. However the 
technology involved with installing gravel filled mole drains may be of assistance. Instead of gravel, a neutralising agent 
such as ultra-fine crushed limestone or perhaps slurry of a more aggressive neutralising agent such as hydrated lime, 
sodium hydroxide or magnesium hydroxide could be inserted. This would have the benefit of delivering alkalinity to the 
sulfuric subsoils without impacting the pasture or topsoils. The difficulty is covering such a vast area with enough filled 
mole drains to make an impact on the sulfuric subsoils. The mole drains would need to be installed within close proximity 
with each other to allow for good coverage and transference of the neutralising agent. It is likely that the equipment will 
need to be pressurised in order to push the neutralising agent in enough to spread outside the mole drain. The 
advantages and disadvantages are summarised in Table 6. 

Table 6 Advantages and disadvantages of injecting neutralising agent via mole drains 

Advantages Disadvantages 

Minimal disturbance to topsoils compared to other 
techniques 

May need to manufacture mole plough unit, pumping tank 
and agitator. Likely to be costly and complicated, and may be 
difficult to turn within narrow paddocks. 

Alkalinity delivered to the subsoils up to  
600–700 mm in depth where zone of acidity is 
located 

Will need a lot of mole drains to deliver enough alkaline 
material 

Could be undertaken by landowners using some of 
their equipment 

Disturbance could increase drainage of acidity out of the 
paddock. 

 Can only install drains at 2–4 km/hr, making it a slow process 
over such a vast area 

 In heavy clays in is questionable how far neutralising agent 
can be pushed outside of the mole drain channel. 

2.3.2 Injection by deep ripping 

Another method of reaching the subsoils is by deep ripping. A neutralising agent could be applied throughout the ripped 
channel or at the base of the channel via modified ripping equipment. The Avon Catchment Council in Western Australia 
produced a fact sheet in regard to liming, suggesting that research had shown that direct injection can successfully 
address subsurface acidity. It also stated that adequate distribution of lime was difficult to achieve and given the sandy 
soils of the Western Australian wheat belt it may be even more of a limitation in the heavy clay soils of the LMRIA. Figure 
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4 demonstrates the difference between deep injection and a combination of both deep and surface injection. The left 
hand picture uses deep ripping only while the right uses both surface spreading and deep ripping. Surface liming in 
conjunction with deep ripping may be beneficial, providing the pasture in the LMRIA is able to cope with the application of 
lime. 

 

Figure 4 Universal indicator demonstrates poor distribution (left) and adequate distribution (right). Source: Avon 
Catchment Council 2008 

It appears that deep ripping may be undertaken faster than mole drain installation but disturbs the soil profile more. 
Advantages and disadvantages are summarised in Table 7. 

Table 7 Advantages and disadvantages of delivering neutralising agent by deep ripping 

Advantages Disadvantages 

Could be undertaken by landowners using some of their 
equipment 

May need to manufacture ripper that delivers neutralising 
agent at the same time as ripping 

Can be undertaken faster than mole drainage May only get neutralising material to top 300 mm which is 
above main zone of acidity in the LMRIA subsoil 

May be able to add more neutralising agent compared to 
mole drain due to the greater disturbance of the soil 
allowing more to penetrate 

 

2.3.3 Vertical injection 

The vertical injection method involves the pressurised injection of a neutralising agent into the subsoils via a vertical bore. 
This would deliver the neutralising agent at the required depth, allowing the agent to spread out within the bore radially. 
This method is similar to grouting, except that a binding agent is not used to solidify the injected material.  

With enough bores installed across the paddock, a layer of neutralising agent could be introduced at the zone above the 
acidic subsoils. There are several possibilities for the composition of the neutralising agent. A company called 
Enviroblend has developed a solution comprised of a mix of carbonate and non-carbonate based agents. Carbonate-
based agents tend to generate large quantities of carbon dioxide, thereby increasing pressure within the bore. Mixing the 
carbonate agent with non-carbonate would allow for the rapid neutralisation of the acidic pore water, without generating 
significant quantities of carbon dioxide. The carbonate-based neutralising agent typically remains in situ and helps to 
neutralise any additional acidity. 

A reduction in the amount of bores required across the paddock could be achieved through elevating the pressure, 
thereby driving the neutralisation agent as far out as possible. Too much pressure can result in heaving soils, and cause 
the neutralising agent to be driven towards the surface. 

There are several potential problems associated with this method. The low hydraulic conductivity of the subsoils could 
reduce the area that each bore can cover. Another problem is that the additional pressure can build up with the floc 
produced during the neutralisation process causing blockages within the pores. Large amounts of cracking and heaving 
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are still evident within the paddocks in the LMRIA. These cracks have become preferential flow paths and it is likely that 
any injected agents could travel along these paths, missing the bulk of the soil profile. 

Table 8 Advantages and disadvantages of vertical injection of neutralising agent 

Advantages Disadvantages 

Alkalinity delivered to the subsoils at any depth Will require installation by professionals, increasing cost (likely to 
be significant) 

Less disturbance to paddocks compared to 
other options such as ripping 

Will need very large number of bores and associated pipe 
infrastructure to cover the affected LMRIA area 

Can continually push neutralising agent into soil 
profile 

Clays may have a hydraulic conductivity too low to allow 
neutralising agent to pass effectively without significant pressure  

Can operate the bores for an extended period Subsurface cracking may act as preferential flow paths resulting in 
the neutralising agent not being able to contact a considerable 
amount of the soil profile 

2.3.4 Horizontal injection 

Horizontal injection involves installing subsurface irrigation pipes to the base of the root zone and pumping a neutralising 
agent through to create a layer of neutralising agent. Directional drilling technologies are common place for installing 
underground services without disturbing the surface. This has the advantage of not disturbing existing paddock surface 
during installation and operation. On narrow irrigation bays, a single pipe down the length of the bay may be sufficient 
while wide bays may require three or five pipes. These horizontal treatment pipes can deliver neutralising agent for an 
extended period. This technology is being used to treat acid sulfate soils in Finland but results from this research are not 
available yet. 

Should directional drilling be too cost prohibitive then a simple trench installation can also be undertaken. Figure 4 shows 
one example from Aussie Drains where the machine digs a narrow trench, places a layer of gravel to reduce clogging, 
installs the pipe and backfills with more gravel. While this process disturbs the soil profile, the trench is narrow and 
providing there are limited pipes installed at each paddock then disturbance and oxidation should be low.  

The success of this method is dependant on the effectiveness for the neutralising agent to distribute subsurface. The 
limitations are similar to that of the vertical injection whereby the low hydraulic conductivity of the subsoils reduces the 
area each trench can cover. Additional pressure can build up due to carbon dioxide and floc produced during 
neutralisation resulting in the blocking of pores. The large amount of cracking and heaving that is still evident within the 
paddocks may cause the injected neutralisation agent to travel along preferential flow paths and miss the bulk of the soil 
profile. 
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Figure 5  Horizontal injection equipment – trenches, installs pipe and backfills in a single process (Aussie 2011) 

 

Table 9    Advantages and disadvantages of using horizontal injection of neutralising agent 

Advantages Disadvantages 

Alkalinity delivered to the subsoils at any depth Will require installation by specialists, increasing cost 
substantially 

Least disturbance to paddocks compared to other 
options (using directional drilling) 

Although less than vertical bores, it will still require a 
substantial number of trenches and pipes to cover the 
LMRIA area 

Can continually push neutralising agent into soil profile Disused piping may be a source of oxidation in the future 
unless back filled effectively 

Can operate the bores for an extended period May not distribute neutralising agent effectively 

A single bore can cover a greater area compared to a 
vertical bore 

 

2.4 Neutralisation in the drainage system 

2.4.1 In-drain treatment 

The application of neutralising agents directly to the salt drains corrects pH and facilitates the precipitation of metals 
before being pumped into the river channel. There are many neutralising agents and application methods to choose from, 
making this a flexible option able to adapt to different water and landscape characteristics. It also has minimal impact on 
pasture productivity with systems able to be setup outside the pasture boundaries. 

In-drain neutralisation is an active method requiring labour, energy and materials. The cost of labour, energy and 
materials could also be very high over time. This is a particularly relevant point when considering this option does not 
address the source of the acidity under the paddocks. Treatment would be required until acid generation and transport 
from the subsoils had ceased, at this stage the expectancy for acid production is long term The quantity of floc produced 
during the neutralisation process would likely be significant and require regular removal from the salt drains. Disposal of 
this floc to landfill would be extremely costly in transport and leachate treatment.  
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Table 10 Advantages and disadvantages of in-drain treatment 

Advantages Disadvantages 

Flexible system able to adapt to water and landscape 
characteristics 

Extremely expensive, especially long term 

Can improve water quality to meet any criteria required Does not address the source of the acidity 

Prevents impacts to the river channel Floc produced from neutralisation will be difficult to deal 
with and prove costly 

No impact to the pasture with all work occurring outside 
the pasture fence line 

 

2.4.2 Modify drains into a treatment system 

The mining industry has established methods of using carbonate based (limestone) drainage systems to manage acid 
mine drainage. Taylor et al (2005) discuss several passive drainage systems including oxic and anoxic limestone drains, 
limestone diversion wells, reducing and alkalinity producing systems (RAPS) and pyrolusite limestone beds. The flat 
topography of the LMRIA does not facilitate limestone diversions wells or RAPS, however it does lend itself to the other 
three options in which the salt drains themselves could be converted into a treatment system.  

The capabilities of all three methods are summarised in Table 11, which shows they are capable of treating at lower 
acidities and moderate to low flow rates without over correcting pH. The range of acidity is restricted however. EPA 
testing at the Mobilong irrigation area has shown that acidity can be as high 2,100 mg/l as CaCO3 although average is 
approximately 250 mg/L as CaCO3. Typical LMRIA flow rates are on the order of 100–500 l/s. Armouring and clogging 
are major constraints of the oxic and pyrolusite systems, while clogging is the major constraint of the oxic system.  

Table 11 Summary of the capabilities of different passive remediation technologies (Taylor et al 2005) 

Method Average acidity 
load (mg CaCO3/L) 

Average acidity 
range (mg CaCO3/L) 

Flow rate 
(L/s) 

Oxygen 
concentration 

Typical 
pH range 

Max pH 
attainable 

Oxic 
limestone 

<150 <500 <20 ambient >2 6–8 

Anoxic 
limestone 

<150 <500 <1,000 <1 >2 6–8 

Pyrolusite 1–500 <500 Permit 
max 
residence 
time (>3 
hrs) 

ambient 3–5 6–8 

 
Table 12 Advantages and disadvantages of modifying salt drains into a treatment system 

Advantages Disadvantages 

Minimal works as excavation and removal of spoil 
has been done 

Material may need regular replacement (<2 years) due to 
armouring and clogging 

Does not disturb paddocks Will not treat acidities present in the subsoils 

Low maintenance and labour costs May impede flow, reducing efficiency of salt drains to control 
groundwater levels 
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Advantages Disadvantages 

Treats water before it enters river channel and 
stores precipitates sub surface 

Spent material will be saturated with precipitates and will need 
to be excavated and sent to a licensed landfill (high cost) 

 Large number of drains in LMRIA would require modification 

2.5 Install permeable reactive barriers (PRB) 
Permeable reactive barriers are designed to intercept and re-mediate contaminated groundwater as it passes through the 
barrier. In the case of acidic drainage from sulfuric soils, the media within the barrier would be selected to neutralise the 
acidic water, capture precipitate metals and encourage sulfate reducing bacteria to populate the barrier and reduce 
sulfates and form metal sulfides. PRBs do have a restricted lifespan before they need refreshing, organic 
matter/neutralising agent is consumed over a period of time and/or metal precipitates clog the matrix. The performance of 
the PRB is influenced by the availability of neutralising agent, organic matter and the hydraulic conductivity. Golab and 
Peterson (2009) suggest that the biggest limiting factor to PRBs is clogging of pore spaces due to the build up of 
precipitates. Establishing reducing conditions is important in reducing metal oxide precipitation and allowing sulfate 
reducing bacteria (SRB) to form metal sulfides.  

Types of material that could be used for LMRIA acidic drainage are:  

• limestone and organic matter 

• recycled concrete 

• bauxsol. 

Permeable reactive barriers using limestone readily suffer from clogging and armouring due to iron oxides precipitating 
under neutralisation. A smaller limestone particle size can assist dissolvability however smaller particle sizes reduce 
hydraulic conductivity and pore space availability for precipitates. 

Recycled concrete is likely to act consistently to limestone with the calcareous ingredients of the concrete providing 
neutralisation. It is likely that recycled concrete will suffer from armouring and clogging just as limestone does. Regmi et 
al. (2009) found that during a 2.5-year study, neutralisation performance declined through a recycled concrete PBR. They 
suggested possibly due to armouring of the reactive material surface however the performance of the recycled concrete 
overall was impressive. 

Bauxsol is a product made from sea water neutralised red mud, which is a byproduct from bauxite. This red mud is highly 
alkaline (pH 10 to 13) and the process of neutralising with sea water allows it to be used more safely. Munro et al (2004) 
claim it can buffer pH at 8.8 and removes >99% of heavy metals loadings at >1,000 meq/kg. It is very fine grained 
(<10 µS/cm) which unfortunately gives it a low hydraulic conductivity. To overcome this they mixed with sand. Analysis on 
dried spent bauxsol suggests that metals bound in the compound are not readily leachable. If this is correct then disposal 
to landfill would be a safe option.  

Munro et al (2004) highlight that composition of bauxsol is variable due to the differences in the ore, production and 
neutralisation processes. There is also some initial pulse in some metal concentrations upon initial saturation of the 
bauxsol. No evidence has been found in this literature search to suggest that bauxsol could be a source of increased 
metal concentrations however, there appears to be limited understanding on how the bauxsol traps and retains metals 
precipitates so well, particularly under leachability tests. 

Table 13 Advantages and disadvantages of permeable reactive barriers  

Advantages Disadvantages 

Alkalinity delivered to the subsoils at any depth Will require installation by professionals, increasing cost (likely 
to be significant) 

Less disturbance to paddocks compared to other 
options such as ripping 

May require regular maintenance (re-establish neutralising 
agent) due to clogging and armouring 
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Advantages Disadvantages 

 Spent material will be saturated with precipitates and will need 
to be excavated and sent to a licensed landfill (high cost)  

2.6 Landscape modification 
Since the European settlement of South Australia, a large number of man-made modifications have been carried out to 
the extensive wetlands and floodplains that line the river channel. Barrages have been installed in the Lower Lakes, 
artificially stabilising the water level to 0.75m AHD (0.5 to 2.0 m above the paddocks). 

Irrigation undertaken in nearby regions, where the regional groundwater level is higher, has increased the salinity of the 
groundwater, which then flows towards the floodplains. The landscape modifications have created an area of production 
on the floodplain that is lower than both the river channel and the regional groundwater channel. Now that acid sulfate 
soils have oxidised the system, millions of litres of acidic water and tonnes of metals is being pumped into the river (EPA 
2012). 

Modifying the landscape of the LMRIA region could assist with the reduction of impacts from the sulfuric subsoils. The 
following sections discuss several possible methods for modifying the landscape. 

2.6.1 Inundation 

During the hydrological drought (2007–10), the water level below Lock 1 decreased to as low as –1.2m AHD. At this 
level, nearly all of the wetlands between Lock 1 and Wellington became disconnected from the main channel causing 
them to dry out. Acid sulfate soils have accumulated in the region over the last 70 years, caused by interference with the 
flushing cycle due to the levee banks and the barrages. During the drought these wetlands dried out, the soils became 
exposed to oxygen and subsequently oxidised, causing many to become sulfuric. 

When the drought ended and water returned to the wetlands, the now sulfuric soils released sulfuric acid in a process 
known as acidification. Acidification was observed in a number of wetlands. Over time, as water continued to inundate the 
system, the water quality at acidified sites improved.  

The monitoring and re-wetting of wetlands indicated that areas with greater connectivity to the river channel and a higher 
turnover of water were less affected by acidification. The in-flowing waters delivered alkalinity and fresh water that helped 
to both dilute and neutralise the acidified water in the wetlands. Once the pH started increasing above 5, sulfate reducing 
bacteria appeared, with mono-sulfides forming on the floor of the wetlands and surface sediment becoming alkaline. This 
helped to form a cap of alkaline materials that sat over the top of the sulfuric soils, helping to neutralise the acid (Shand 
et al 2010).  

The inundation method proposes breaching the levee banks and flooding the LMRIA for between six months and a year. 
This will assist in neutralising and diffusing acidity and may assist in creating an alkaline layer above the subsoils. With 
better conditions, the sulfate reducing bacteria will be able to work far more effectively and eat away at the sulfuric layer 
from above and below. Over time, these reducing layers may become large enough so that when the levees are closed, 
and the LMRIA area redrained, the acidic layer will no longer have an influence on drainage water. 

Table 14 Advantages and disadvantages of flooding paddocks to kick start sulfate reducing bacteria in soils 

Advantages Disadvantages 

Low cost in breaching levees Complete loss of productivity during flooding 

A passive remediation with no labour or ongoing 
maintenance 

May not significantly alter pH in subsoils with such low hydraulic 
conductivity 

Surface water unlikely to acidify providing 
connectivity with the river channel remains 

Unproven, mono-sulfides on the surface could impact 
productivity once LMRIA is re-opened, groundwater may remain 
acidic for some time 
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Advantages Disadvantages 

Head of pressure provided by the water column 
will facilitate driving acidic groundwater deeper 
and will create reducing conditions  

Uses a significant volume of water that may not be available 

 May require extensive additional engineering (eg additional 
levee banks to protect roads and other infrastructure on the 
highland side of the floodplain) and moving of existing 
infrastructure off the floodplain 

 Risk to River Murray water quality from drainage of LMRIA 
regions, would require extensive monitoring therefore added 
cost.  
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3 Trialled remediation options  
Many of the solutions identified and outlines in the scoping options section would be logistically difficult, create risks to 
irrigators, and/or be very costly to implement across the LMRIA. As such, the approach undertaken was to trial the 
simplest and cheapest solutions first and work towards the most complicated and costly solutions as the last resort. It 
may also be beneficial to combine solutions to adopt the strengths of one system in order to supplement the 
inadequacies of another as discussed further. 

The remediation options selected to be trialled in the LMRIA were: 

• paddock-scale intensive irrigation trial (Long Flat irrigation area) 

• paddock-scale limestone spreading trial (Long Flat irrigation area) 

• in-situ salt drain neutralisation (Jervois irrigation area) 

• subsurface injection of a hydrated lime and limestone slurry via a mole plough (Mobilong – retired irrigation area) 

The locations of each trial can be seen in Figure 6. 

 

Figure 6  Location of ASS remediation sites in the LMRIA, outlining Jervois and Long Flat irrigation areas, and 
Mobilong 
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3.1 Paddock-scale intensive irrigation trial – September 2011 to January 2012 

Background 

In late 2011, widescale paddock irrigation was trialled as a strategy with the aim to ‘flush’ acidity out of the soil profile and 
improve overall groundwater quality. A trial site was established on an irrigation bay in the Long Flat irrigation area, an 
area identified as acidic during screening in March 2011. The Long Flat trial site had not been irrigated since before the 
2006–10 drought. To monitor the effect of the tria, al series of 13 piezometers were installed along the length of the bay 
(Figure 7) and were screened at depths ranging between 0.5 and 3 m below ground level (bgl). 

Sites LF3, 5 and 7 were positioned in the centre of the bay and comprised multilevel piezometers at each site, screened 
at the following depths (horizons): 

• LF3A, LF5A, LF7A: 0.3–0.5 m bgl (A Horizon) 

• LF3B, LF5B, LF7B: 0.75–1.25 m bgl (B Horizon) 

• LF3C, LF5C, LF7C: 2.5–3.0 m bgl (C Horizon) 

Single piezometers were installed at Site LF1 (highland control site, screened between 2.5–3.0 m bgl), LF2 (located in 
the salt drain), and LF4 and 6 were located at each edge of the middle of the irrigation bay (screened between 0.5–1 m 
bgl). 

 
Figure 7 Groundwater sampling locations at the irrigation trial site established at Long Flat
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Methods 

Field sampling was conducted fortnightly with more intensive sampling before and after irrigation events. In late 2011, 
three trial irrigation events were performed (7–9 September, 9–10 October and 9–10 November). Baseline laboratory 
sampling was conducted a dat before the irrigation occured (Day –1), and then on Day 1, 2 and 4 following irrigation, 
while additional field sampling was conducted on Day 7. Additional sampling was undertaken in the salt drain and within 
the soil profile. Groundwater sampling was conducted according to the EPA Guidelines, Regulatory monitoring and 
testing: Groundwater sampling (2007). Wells were purged using a 12-volt Solonist Peristaltic Pump before sampling. In 
the case of instantaneous recharge, three well volumes were pumped prior to sampling.  

Piezometric level data was also collected at 15-minute intervals at several sites over the monitoring period using In-Situ 
Level TROLL® 500 vented water level logger. Levels were normalised to metres AHD using survey data collected on 
piezometer installation. 

 
Figure 8  Irrigation and monitoring of piezometers at Long Flat, September 2011 

Results and discussion 

Groundwater quality (pH, acidity, alkalinity, salinity and metals) at the Long Flat trial site is shown in Figure 9 before and 
after the three-trial irrigation events (shown as vertical dashed lines). Separate figures are presented for each of the 
horizons except for metals which were graphed for the B and C Horizons only. The lime spread irrigation has been 
included in the graphs to show the end of the irrigation-only phase of the trial.  

There is a near neutral pH for all sites in the A Horizon (root zone), although pH values at sites 3A and 5A are below 
ANZECC guidelines (Figure 9). This zone also contains some acidity, below 100 mg/l for the three sites. However, 
alkalinity is also present at higher levels than the acidity, especially at 7A which has alkalinity in the 500 to 600 mg/l range 
(Figures 10 and 11). Salinity in this zone decreases over the monitoring period, presumably due to the irrigation events 
flushing salt from the upper soil profile.
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Figure 9   Groundwater pH, acidity, alkalinity and salinity in the A Horizon (0.3–0.5 m below ground level) 

All sites in the B horizon were acidic and illustrate pH below the ANZECC guidelines (Figure 10). Following each irrigation 
event, pH generally decreases and there is a slight temporary increase in acidity concentration. Over the monitoring 
period however, there was a slight trend of increasing pH and decreasing acidity in the groundwater of this horizon, the 
drain water monitoring site (2B) shows similar trends. Alkalinity has appeared at sites 4B, 6B and 2B, and greatly 
increased at 7B (Figure 15), salinity also decreased over the monitoring period. 

 
Figure 10 Groundwater pH, acidity, alkalinity and salinity in the B Horizon (0.75–1.25 m below ground level)  
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Low pH and high concentrations of acidity are only present at sites 5 and 7 in the C Horizon (Figure 11).  Both sites 1C 
(reference site for Long Flat and is located on the highland) and 3C (located next to the salt drain) have neutral pH and 
high alkalinity, likely reflecting the input of regional alkaline groundwater to these piezometers.). Sites 5C and 7C had 
very high acidity (1,000 mg/l plus) and low pH (3.5 to 5) with no alkalinity present. There is a general trend of decreasing 
acidity during the monitoring period at 7C. Salinity showed more minor decreases than the other shallower horizons but 
still showed temporary effects of irrigation particularly at 7C. 

 
Figure 11 Groundwater pH, acidity, alkalinity and salinity in the C Horizon (2.5–3 m below ground level)  

 
Acidity at the pump shed was variable during the irrigation trial (Figure 12); the majority of the variability is based around 
the irrigation events. Following each irrigation event there have been spikes of acidity and pump volumes at the pump 
shed directly after an irrigation event, this would indicate increased acidity load from the paddock and salt drain. 
 

 
Figure 12   Acidity and pump volumes at the Long Flat pump shed during the paddock scale intensive irrigation trial. 

Pump volume is shown on the Y axis to the left, acidity on the Y axis to the right. 

The B horizon (0.75–1.25 m below ground level) is characterised by high dissolved metal (Al, Fe and Mn and some trace 
metals not shown) concentrations, especially in the salt drain (2B) and near the salt drain (3B) [Figure 13]. Overall, 
however there is a trend towards decreasing metal concentration over the monitoring period, which is consistent with the 
pattern of decreasing acidity seen in Figure 10.  
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Figure 13  Long Flat groundwater dissolved metal concentrations (iron, aluminium and manganese) in the B Horizon 
(0.75–1.25 m below ground level)  

The deeper groundwater contains considerably higher concentrations of dissolved metals than the B Horizon, especially 
at sites 5C and 7C (Figure 14).  The high metal concentrations and decreasing trends in concentration over time are 
consistent with the acidity results for this horizon shown in Figure 11. Groundwater quality at 7C changes more during 
irrigation than the other sites due to the characteristically dry nature of the soils located a the river end of the paddock. 
The site 7 end of the paddock cracked considerably more during the drought than site 5 (moderate cracking) and site 3 
(minor cracking), for this reason 7C was more reactive to irrigation events.   

 

Figure 14   Long Flat groundwater dissolved metal concentrations (iron, aluminium and manganese) in the C Horizon 
(2.5–3 m below ground level)  
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Groundwater data has confirmed that the main zone of acidity is generally located 1–3 m below ground level. The A 
horizon (pasture root zone above 0.5 m) seems to be much less affected although some lower pH values were present 
near the salt drain site (3A) which could be due to ponding and backflow of drainage water. Significant quantities of 
dissolved metals (aluminium, iron and manganese in particular) were also observed 1–3 m below ground level, illustrating 
the occurrence of metal mobilisation in these horizons as part of the rewetting of the oxidised acid sulfate soils. 

Results demonstrated that there was only slow improvement in groundwater quality with irrigation, with persistent low pH 
and high acidity still remaining at all piezometer sites below 0.75 m after several irrigation events. It is likely that the low 
hydraulic conductivity of the subsoils limits acidic pore water exchange with irrigation water particularly as most of the 
subsoil acidity is below the side drain level where most of the irrigation water in the top two-thirds of the paddock is 
draining to. In addition, the trials demonstrated that irrigation actually increases the transport of acidity to the salt drains 
and river, highlighting a potential risk if this method was applied as a management strategy across the LMRIA. 
Nevertheless, normal irrigation activities in the LMRIA over many irrigation seasons will likely result in eventual 
neutralisation of the groundwater quality.  

3.2 Paddock-scale limestone spreading trial – February 2012 to March 2013 

Method 

A total of 60 tonne of superfine limestone (from Agricola Mining Pty Ltd) was spread on the three-hectare Long Flat trial 
site described earlier on 28 February 2012 (Figure 15). Two irrigation cycles (28 February and 4 April) were performed in 
an attempt to ‘wash’ the limestone into the soil profile through the previously fragmented and cracked soil structure. As 
per previous irrigation trials, sampling and monitoring protocols were replicated using existing piezometers for the EPA 
initiated events. Sampling was reduced to monthly, two weeks after the second post-lime spreading irrigation. The farm 
manager undertook a further six irrigations in the 2012–13 irrigation season. 

 
Figure 15 Limestone spreading at Long Flat, February 2012 

Results and discussion 

The results shown include the earlier data from the paddock-scale intensive irrigation trial (section 3.1) with the first three 
irrigation events for the two highly acidic horizons (B and C Horizons). The A Horizon data has been omitted due to the 
lower acidity and near neutral pH of the root zone. The lime spreading trial effectively started on 28 February 2012 and 
the two associated ‘limestone irrigations’ are shown as vertical dotted lines (Figure 16). The series of six farmer initiated 
irrigations started on the 27 September 2012, are indicated in blue.  
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pH levels in the B Horizon have remained below ANZECC guidelines for the entire trial period, apart from site 7B which 
rose above 6.5 pH on one sampling occasion but stabilised at 6.5 (Figure 16). Although remaining below ANZECC 
guidelines, pH levels have increased for all sites. The salt drain (2B) has shown the most variability in pH, likely due to 
temporal changes in acid discharge from the paddocks and regional groundwater influences.  

The two acidic sites in the C Horizon (5C and 7C) showed improvements in pH over time, pH increased from the 3 to 4 
range to above 5. In the 2012–13 irrigation season (conducted by the farmer) pH declined. 

 
Figure 16 Long Flat groundwater pH in the B and C Horizons, including all irrigation and limestone events 

Site 2B (salt drain) and 3B have shown large reductions in acidity concentrations, both recorded acidity of greater than 
800 mg/L but decreased to below 200 mg/L in March 2013 (Figure 17).  All other sites in the B Horizon (4B, 5B, 6B and 
7B) recorded stable acidity results in the less than 300 mg/L range over the course of both trials, although there is some 
variability around irrigation events. In the C Horizon, Site 7C has shown greatest improvement with acidity decreasing 
from around 6,000 mg/L to below 2,000 mg/L. However since the limestone irrigation events acidity has largely stabilised. 

 
Figure 17 Long Flat groundwater acidity in the B and C Horizons, including all irrigation and limestone events 

Improvements in alkalinity were noticeable in the B Horizon during both the irrigation and limestone spreading trials 
(Figure 18). Continuing on from the increasing trend during the initial irrigation events, alkalinity at Site 7B tripled. All 
other groundwater sites (3B, 4B, 5B and 6B) indicated low readings of alkalinity after the lime spreading. This suggests 
the limestone spreading had increased alkalinity in the subsoil and groundwater. 

Alkalinity in the C Horizon was relatively stable up to the 2013–14 irrigation season; from this point on all three sites 
indicate rising trends throughout the series of farmer initiated irrigation events. Site 7C registered alkalinity for the first 
time in September 2012 and is maintained at low levels. 
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Figure 18 Long Flat groundwater alkalinity in the B and C Horizons, including all irrigation and limestone events  

Salinity within the B Horizon has responded well to irrigation events as freshwater from the river dilutes the more saline 
shallow groundwater (Figure 19). Salinity in the B Horizon did not appear to be greatly affected by the limestone dosing 
and was more likely influenced by the quantity and nature of the freshwater irrigation. There have also been significant 
decreases in salinity over time at the salt drain (2B) and the bottom end of the paddock (3B) during the 2012–13 irrigation 
season, illustrated by the first farmer irrigation event on 27 September (Figure 26). This would indicate that salt levels are 
stabilising across the paddock.  

Salinity levels were generally stable in the C Horizon for all sites except 7C which responded to each initial irrigation and 
limestone irrigation events. This trend did not continue through the farmer irrigations. After second limestone irrigation the 
salinity remains relatively stable (18,000 to 20,000) for a period of one year and could be due to cracks in the soil profile 
closing up as a result of soil saturation. 
 

 
Figure 19 Long Flat groundwater salinity in the B and C Horizons, including all irrigation and limestone events  

Figure 20 suggests irrigation and limestone spreading have been effective at reducing concentrations of dissolved iron, 
manganese and aluminium within subsurface soils in both the B and C horizons. Similar to acidity and salinity, metal 
concentrations appear to decrease immediately following irrigation. The addition of limestone reduces the probability of 
dissolved metal concentrations rebounding. In the B Horizon, metal concentrations decreased to low levels for the two 
sites with the highest initial metal concentrations (2B and 3B).
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Figure 20 Long Flat groundwater dissolved metal concentrations (iron, aluminium and manganese) in the B and C 
Horizons, including all irrigation and limestone events 

The dissolved metal concentrations from the Long Flat salt drain surface water sampled at the pump shed illustrate a 
decrease in dissolved metals (Fe, Al and Mn) in the salt drain over time (Figure 21). In the initial stages of the trial (prior 
to the second lime irrigation), increases of metal concentrations appeared following an irrigation event indicating the 
transport of metals from the paddock caused by flushing. 
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Figure 21 Long Flat pump shed dissolved metal concentrations (iron, aluminium and manganese) 

 
The Long Flat irrigation trial site has provided a good baseline data set for the changes to the different soil horizons in an 
acidified irrigation area over two irrigation seasons. Primarily, the effect of irrigation on the groundwater quality has been 
observed, both with and without the additional application of limestone. The appearance of alkalinity in the B Horizon 
followed the limestone spreading but it is difficult to separate out the influence of this from the overall improving trend due 
to irrigation. 

Results suggest that irrigation, both with or without limestone application, did provide slow improvement in groundwater 
acidity and metal concentrations. Irrigation at current volumes encourages movement of acidity to salt drains. The 
sulfate:chloride ratio is used to determine whether sulfide oxidation has occurred. A negative or decreasing trend is 
diagnostic for reducing conditions. The sulfate:chloride ratio in the B Horizon (Figure 22) indicated a slight increasing 
trend up to September 2012 (the start of the irrigation season), from that point on it appears to decrease for all sites, 
indicating a negative trend and reducing conditions. It is possible that irrigation assists in promoting sulfate reduction in 
these soils, although this process seems to be very slow at present and may be currently inhibited by the low soil pH (<5) 
in the horizons 1–3 m below ground level. A longer data set, over a series of irrigation seasons, is required to better 
assess potential sulfate reduction, and recovery, in these soils.  
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Figure 22 Sulfate:chloride ratio for the B and C Horizons 

3.3 Salt drain remediation trial – in-situ acidity neutralisation June 2012 

Background 

A trial aimed at treating the water in the salt drains (in situ) was initiated to alleviate any immediate impacts from drainage 
water to the Murray River and potential risks to the Murray Bridge and Tailem Bend drinking water supply offtakes. The 
key aim of this treatment trial was to develop an efficient and cost-effective strategy to mitigate the risk to the River 
Murray from acidic salt drain discharge within the LMRIA region. 

The treatment trial assessed the following objectives:  

• optimum dosing rate 

• optimum dosing pH 

• optimum reagent slurry density 

• reagent application method 

• efficiency of reagent use 

• short-term effectiveness of water treatment 

• optimum solids management strategy 

• cost effectiveness of in-situ treatment 

• time required for in-situ treatment. 

Methods 

Following a site inspection and assessment in March 2012, the EPA and Earth Systems, a Victorian-based environmental 
management consultant, collaborated to facilitate a trial of ‘in-situ’ salt drain water treatment at Jervois (near Tailem 
Bend) as seen in Figure 6. This site was chosen for a number of reasons, including: 

• location (approximately 5 km upstream of the Tailem Bend SA Water off-take)  

• persistent low pH and high acidity in the salt drain (at least 14 months) 

• capable of high volumes of acidic discharge into the River Murray. 

A sampling and monitoring plan was developed by the EPA and Earth Systems to meet all needs and requirements of the 
trial. Key parameters measured included pH, EC, redox potential, acidity, alkalinity, turbidity, and total and dissolved 
metal (iron, aluminium, arsenic and manganese) concentrations. 

The in-situ water treatment trial involved applying hydrated lime mixed into a slurry solution along the lengths of the salt 
drain channel and was undertaken at Jervois (near Tailem Bend) for seven days, from 16 to 22 June 2012. The trial used 
a flexible and mobile truck-mounted reagent dosing system using 5–10wt% hydrated lime slurry. This slurry was prepared 
and strategically dosed into the drainage channels utilising a continuously agitated system (Figure 23). Hydrated lime 
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was used due to a high solubility and dissolution rate over the desired pH range. This is in contrast to pure limestone 
which is only appreciably reactive at low pH, and can accumulate significant un-reacted material in the treated drains 
resulting in higher residual acidity in the drain waters. Furthermore, treatment with limestone will only have minimal effect 
on dissolved manganese concentrations as the pH will buffer below levels that enable high manganese oxidation rates 
(pH>8.5). The water quality within the salt drains and river, both during and after discharge, was monitored to gain an 
understanding of any changes in water quality and assessment of the impact of inflows of acidic pore water from the 
surrounding soils. 

 

 

Figure 23 Lime slurry dosing along the main drain at Jervois–Woods Point (left) and at the salt drain at Jervois–
Wellington end (right) 

Plume monitoring was undertaken by the EPA in the River Murray before (13 June) and during (19 June) the trial. Plume 
monitoring involves depth profiling of multiple parameters simultaneously at various depths in the water column using a 
6820 Sonde water quality meter. Depth sampling was undertaken using a Van Dorne Water Sampler at a range of 
depths. Due to the higher saline nature and heavier density, the discharged water sinks to the bottom of the channel at 
the point of discharge and is then transported downstream at depth. This has been a constant trend for all plume 
monitoring at all sites.  

Sampling protocol was maintained for both days including site location and depths while salt drain water was being 
discharged to the river. Four sites were sampled at three depths in the river, one upstream (JV1), one 20-m from the 
discharge (JV2) and two downstream (JV4 and JV5). The location of each sampling and testing site is shown in  
Figure 24. 
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Figure 24 River plume monitoring sites, 13 and 19 June 2012 

Results and discussion 

At the time of the trial, this option was very effective in increasing pH to within ANZECC guidelines (between pH 6.5 and 
9), consuming acidity in the drainage water and precipitating toxic metal and metalloid compounds. Monitoring the 
discharge indicated that total and soluble metal concentrations were also significantly reduced during the trial period. 
However within three days after dosing had ceased, monitoring identified highly acidic conditions returned as more acidic 
water from under the paddocks entered the drainage channels. Therefore to use this option for long-term management of 
acid drainage water would require dosing of acidic drainage water prior to any discharge to the river channel. The cost of 
treating acidic drainage water in this manner over the wider LMRIA region would be significant. 

Further details are provided in the Earth Systems report (Appendix A) which includes: 

• a detailed water quality monitoring and dosing method 

• results of water quality treatment 

• implications and options for ongoing water treatment work across the entire LMRIA network 

• likely costings for salt drain treatment per km of drain and ML drainage volume 

Plume monitoring illustrated that metal concentrations decreased at the discharge point (JV2) for manganese, iron and 
nickel during treatment (19 June) compared to pre-treatment conditions (Figure 25). The graphs indicated a significant 
reduction in total metal concentrations at the bottom of the water profile in the discharge region. Total manganese 
decreased at depth from 2.0 mg/l to 0.72 mg/l, total iron 5.3 mg/l to 2.3 mg/l  and total nickel 0.135 mg/l to 0.043 mg/l. 
Figure 25 also shows the sites located in the river channel were largely unaffected by the discharge for both days. The 
difference in the quality of discharge water can be seen in the photographs taken when salt drain water was being 
pumped into the river (Figure 26). 
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Figure 25 Comparison of metals data for River Murray plume sampling: pre-treatment (13 June, left) and during 
treatment (19 June, right) 
 

 

Figure 26 Images of the River Murray discharge point at Jervois (Wellington end) irrigation area while discharging 
treated water (left) and untreated water three days after the treatment trial ceased (right), highlighting the 
temporary effects of the treatment.
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Results of the in situ trial are documented in Appendix A, and indicate the lime dosing was very effective in increasing pH 
to ANZECC guidelines and eradicating acidity in the drain water. Continuous dosing of the solution (10% concentration of 
hydrated lime) into the drain water was sufficient to maintain a pH of 7.5. The trial proved that neutralisation was only 
temporary, with low pH and acidic conditions returning to the drain following the normal pumping regime.  

By tackling the largest and one of the most acidic LMRIA sites (the area with the ability to discharge the highest volumes 
of contaminated water), Jervois (Woods Point end) and Jervois (Wellington end) pumped collectively 4,589 ML (EPA data 
loggers) of drainage water into the River Murray for the 2011–12 financial year. Earth Systems proved that this method 
could be undertaken successfully at any site in the LMRIA region. The Earth Systems report also provided scope for an in 
situ drain treatment budget and the management of precipitates as a byproduct from this remediation option. In situ drain 
treatment costs for the LMRIA region, based on 10,000 ML/year for five years, amounts to $20.9M ($4.18M per year). 

3.4 Subsurface injection of a hydrated lime and limestone slurry  
via a mole plough 

Background 

The aim of the deep lime injection trial is to neutralise the acidity and raise the pH of the soil and groundwater so that 
sulfate reduction, a natural process of ASS remediation, can occur. In turn, it is hoped that less acidic drainage will be 
produced in the salt drains and subsequently discharged to the River Murray. While the use of limestone is a common 
way of treating the problem of acidity within oxidised acid sulfate soils (Shand and Thomas 2008), this particular method 
of deep lime injection is the first of its kind in Australia. 

This trial involved using a modified mole drain technique (as described in 2.3.1) on a trial site at the former irrigation area 
known as Mobilong. This area is located to the north of Murray Bridge and was purchased by SA Water, the government 
body for water quality and supply in South Australia, to alleviate the risk and concerns of contaminated discharge water 
being pumped to the River Murray in a close vicinity to the SA Water off-take. The location of Mobilong swamp, the SA 
Water off-take and trial area can be seen in Figure 27. The Mobilong irrigation area was retired in 2003 but did receive 
irrigation water up to 2005. The area has not received any water from irrigation since that time, and has suffered adverse 
effects from the 2006–10 drought such as cracking and heaving of the paddock surface. 
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Figure 27 Location of the Mobilong retired irrigation area including SA Water offtake 

From over two years of LMRIA salt drain monitoring by the EPA, Mobilong has proven to consistently be the most acidic 
site. This can be verified by referring to Table 14, which shows the comparison of average acidity of acidic sites in the 
LMRIA region.  
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Table 15 Average acidity and pH for 11 of the 14 acidic sites in the  
LMRIA region (March 2010 to March 2012) 

 

Methods 

Trial paddock selection was chosen on a range of logistical issues such as the ability to apply water to the trial site, 
paddock condition, access and security. Following some civil works (cleared drains, slashed vegetation and water 
proofing of the paddock, etc) five piezometers in the southern paddock and six in the northern (to a depth of 1–1.5 m 
below ground level) were installed perpendicular to the line of water flow, across the middle of two paddocks, two 
irrigation bays apart to prevent interference. Field monitoring and purging were then undertaken twice a week for four 
weeks to gain a solid data set before the commencement of mole ripping and irrigation. Lab samples were taken using 
EPA monitoring protocols listed earlier in this report and sent to AWQC for a range of testing including: pH, acidity, 
alkalinity, salinity and key metals (iron, manganese, aluminium).  

The field and laboratory data indicated that the northern paddock had lower pH and higher acidity than the southern 
paddock which had comparable pH and acidity to the Long Flat trial site. For this reason it was decided that the northern 
paddock would be the control site and the paddock three bays to the south would be the mole plough site. The mole 
plough site would be injected with a lime solution to a depth of 500–700 mm and followed by irrigation event; the control 
site would be irrigated only. Figure 28 illustrates the location of all 11 piezometers, while indicating the pH and the salinity 
of the groundwater at each location. 

Irrigation Area pH Acidity
mg/L CaCO3

Mobilong 3.58 540.80

Jervois (Woods Pt End) 3.61 236.68

Jervois (Wellington End) 3.79 238.21

Pompoota 4.34 395.03

Toora 4.77 233.91

Monteith 4.79 200.28

Burdett 4.82 368.88

Long Flat 4.99 256.72

Woods Pt 5.34 135.17

Kilsby 5.66 373.50

Riverglen 6.03 166.97
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Figure 28 Mobilong trial site showing piezometer locations including initial water quality parameters (pH and 
salinity) 

On 9 October 2012, Stage 1 of the mole plough trial at Mobilong was conducted primarily to see if the lime injection 
concept was physically possible. The trial proved to be successful in achieving this objective. The injection of the lime into 
the acidic zone (500–700 mm) can clearly be seen in Figure 29 which shows the cross-sectional view of the soil matrix in 
a soil inspection pit excavated after the mole ripping. 

 
Figure 29 Soil pit excavated to show the lime injection into the subsoil
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In this stage the EPA used a product called milk of lime (MOL) as the neutralising agent. MOL is a pre-mixed solution 
containing 30% superfine lime and comes in 1,000-litre containers, making it easier to handle, alleviating personal 
contact, manual handling and contamination. The container, pump set-up and mole plough can be seen in Figure 30. 

  

Figure 30 Modified mole plough attached to the rear of a tractor (left), ploughed surface (centre) and milk of lime 
solution in container with pump set-up at the front of the tractor (right).  

 
The initial plan was to run three longitudinal mole drains along the length of the paddock from the irrigation channel (the 
River Murray end) and two additional mole drains in an arrowhead formation at the end of the paddock from the two side 
drains. This arrowhead formation was designed to intercept any lateral or sideways flow at the bottom end of the 
paddock. The actual mole drain layout of Stage 1 can be seen in Figure 31. The irregular pattern of lime injection was 
due to problems encountered while delivering MOL from the container to the mole plough. It was expected that the lime 
solution would be gravity fed to the rear of the tractor once the container of lime was raised. The gravity method was 
proven to be effective when the mole plough was tested using water (in the container) at the Baseby Irrigation area prior 
to the injection trial. Contrary to manufacturer’s claims, the MOL product dropped out of solution very quickly resulting in 
restricted flow due to the inconsistent viscosity of the fluid.  

After three shortened mole runs at the river end of the paddock, a pumping system was engineered to continually agitate 
and pump the solution to the mole plough with great success. It was then decided to cross over the two remaining mole 
drains to deposit lime solution in the middle region of the bottom end of the paddock (Figure 31). Taking into account 
spillage and inefficiencies, approximately 1,000 kg of lime was added to the 2.1 hectare mole plough site in this first 
stage. Following the mole plough operations, both the control site and the trial site were irrigated followed by regular 
monitoring (existing monitoring and sampling protocol was replicated) to ascertain change in acidity in the acidic soil 
zone.  
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Figure 31 Layout of Stage 1: Lime injection at Mobilong 

Stage 2 of the LMRIA mole plough injection trial was undertaken on 11 December where a total of 6,000 kg of hydrated 
lime was mixed on site into a 30% slurry and once again ploughed into the trial site. The lime slurry was produced in two 
batches; 3,000 kg of lime was mixed with water in a 9,000-litre mixing tank per batch. The lime slurry required constant 
agitation to ensure the lime stayed in solution. Two tractors were used, one to pull the mixing tank and one to perform the 
mole ripping. A flexible hose connected the mixing tank to the pump located at the front of second tractor; the lime 
solution was then pumped to the mole plough.  

Mole drains were constructed longitudinally along the length of the paddock from the irrigation channel. The mole plough 
was raised to the surface before the end of the paddock to ensure that the limestone solution did not flow directly out the 
end of the bay. Twelve mole rips were performed along the 2.1 hectare paddock, approximately 3–5 m apart (Figure 32). 
This was in comparison to 1,000 kg of lime into effectively three rips (15 m apart) performed in Stage 1 (October 2012).  

As with Stage 1, both the control and mole plough sites were irrigated and monitored directly after the lime injection. A 
further irrigation event was undertaken in February 2013 due to lowered groundwater levels. 
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Figure 32 Location of mole drains: Stage 2 (not all 12 shown for clarity) 

Results and discussion  

Figure 33 shows that the control site pH is relatively stable and consistently within the ranges of pH 3.2 to 4.6 except for 
the period directly after the second irrigation where the pH temporarily drops for all piezometers. Groundwater results for 
the mole plough treatment site shows similar results, pH levels initially decreases for all piezometers following the second 
lime injection/irrigation event and then stabilises back to near pre-dosing levels. The pH showed an upward trend 
following the irrigation event in February 2013 for both sites. 

 

Figure 33   Mobilong trial site pH, control site and mole plough site including lime injection and irrigation events. 
Note: Irrigation only at the control site; lime injection and irrigation at the mole plough site. 

Figure 34 illustrates the very high acidity in the groundwater at the Mobilong trial site, especially at the control site where 
acidity ranges from 401 to 2,400 mg/l as CaCO3. The site Mole 3 (centre of control site) shows the greatest reduction in 
acidity during the monitoring period, notably after the second and third irrigation events.  

The mole plough site responds positively to lime injection and irrigation events. Following these events, acidity dropped 
for most sites. Reduction in acidity is clearly evident for all piezometers on the mole plough site during the monitoring 
period with the exception of Mole 7 which increased from 127 mg/l as CaCO3 at the start of the trial to 427 mg/l as 
CaCO3.
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Figure 34 Groundwater acidity, control site and mole plough site. Note: Irrigation only at the control site; lime 
injection and irrigation at the mole plough site. 

Figure 35 uses data from both centre piezometers, Mole 3 (control site) and Mole 9 (mole plough site) to compare 
responses between the centres of both paddocks (trial sites). As previously stated, lime injection and irrigation was 
undertaken at the mole plough site (Mole 9) whereas Mole 3 was irrigated only. 

Both sites experience very high acidity levels (1,200 mg/l plus) at the start and follow very similar reducing trends 
especially after the first irrigation (Mole 3) and injection/irrigation event (Mole 9) which occurred on the same day  
(9 October 2012). The control site (Mole 3) acidity did not decrease until the second irrigation whereas acidity reduced by 
each lime injection and irrigation event at the Mole 9 piezometer.  

The groundwater salinity for both middle piezometers ranged from 26,000 to 27,000 µS/cm before the commencement of 
the trial. The first irrigation had no effect on salinity at Mole 3 but did however change from 26,800 to below  
20,000 µS/cm at Mole 9 after the first lime injection and irrigation. Both sites sustained similar negative trends following 
the first lime injection/irrigation but the control site remained higher than the mole plough site for the remainder of the trial 
period. The groundwater salinity decreased to 13,300 µS/cm at Mole 3 and 5,270 µS/cm at Mole 9 at the end of the 
monitoring period.  

Piezometric levels were collected at 15-minute intervals during the monitoring period using In-Situ LevelTROLL® 500 
water level loggers. Groundwater levels decreased during the summer period due to below average rainfall and recharge 
during this time. For this reason an additional irrigation event was undertaken in February 2013. Both piezometers 
indicated that his irrigation event decreased the salinity in the groundwater further. 

 

Figure 35 Acidity and groundwater salinity and water level height (-AHD) at the two centre piezometers, Mole 3 
(control site) and Mole 9 (mole plough site). Note: irrigation only for Mole 3; lime injection and irrigation 
Mole 9. 

The Mobilong trial site is characterised by initially very high metal concentrations, the control site (Mole 3) is distinctly 
higher than the mole plough site (Mole 9). Metal results validate the overall trend of decreasing acidity for both the control 
and mole plough sites. Mole 3 experienced a slight increase in metal concentrations after the first irrigation; this is 
reversed after the second irrigation when metal concentrations decreased considerably. Mole 9 metal concentrations 
decreased after each lime injection/irrigation event. Soluble metal concentrations diminished to low levels by the 
completion of the monitoring period (Figure 36). 
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Figure 36 Dissolved metal concentrations (iron, aluminium and manganese) at the two centre piezometers, Mole 3 
(control site) and Mole 9 (mole plough site) 

As described earlier, a negative or decreasing trend is diagnostic for reducing conditions. The sulfate/chloride ratio for 
both Mole 3 and Mole 9 indicated a positive trend for the duration of the trial, however Mole 9 showed a negative trend 
from December 2012 to early February 2013, after lime injection and irrigation (Figure 37). This would indicate that 
sulfate reduction was not evident at Mole 3 but was effected by the second irrigation/injection at Mole 9 when sulfate 
reduction occurred, the ratio quickly reversed in late February. The return to a positive trend could be due to the low pH 
and a loss of saturation during the trial period as indicated in the water level data (Figure 35). 
 

 
Figure 37 Sulfate:chloride ratio – Mole 3 (Control site) and Mole 9 (Mole Plough site) 

Analysis of the data confirms the control site is characteristically more acidic, more saline, has lower pH and higher 
concentrations of metals than the mole plough site. The groundwater at the control site remained stable for the 
parameters during the first irrigation but decreased significantly (apart from pH) after the second irrigation. The mole 
plough site reacted positively to both lime injection and irrigation events and the final irrigation event for all parameters.  

Lime injection plus irrigation has had a positive effect on the Mobilong trial site. While there has been no notable change 
in pH, there were major improvements in acidity, conductivity and metal concentrations in a very short period of time. 
With the steady decrease of acidity, conditions could reach the tipping point for improved pH due to reducing conditions. 
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However, longer-term monitoring is required to provide a clearer assessment of the effectiveness of this trial. Ideally, 
another lime injection and irrigation event for the Mobilong site could provide the opportunity to eradicate acidity and 
metal concentrations and raise pH to neutral conditions.  

Preliminary estimates suggest that it will cost $8.6 M over a four-year period ($2.13 M per year) to undertake this 
management strategy across the acidified region (3,500 ha) in the LMRIA. This cost includes: 

• neutralising agent (hydrated lime) 

• subcontractor for lime injection 

• monitoring 

• scientific assessment and project management. 
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4 Conclusion 
The results of this report have shown that there is not one ‘magic bullet’ solution to rectify and manage acidic conditions 
in the LMRIA region. Each option trialled has provided varying levels of success.  

Irrigation, both with or without surface limestone application, does not provide a rapid improvement in soil and 
groundwater acidity and metal levels. However, gradual improvements in groundwater quality (increase in pH; reduction 
in salinity, acidity and metal levels; appearance and increases in alkalinity; and trends toward reducing conditions), and 
water quality in the associated drains have been observed over time at the Long Flat trial site. This suggests that the 
trend is heading towards healthier soil and groundwater conditions. It is possible that irrigation assists in promoting 
sulfate reduction in these soils, although this process may be limited by the low pH still present in the soils at depths of 1–
3 m below ground level.  

In-situ drain treatment proved to be successful in reducing risk to the water quality in the river channel. Water quality 
improvements including neutral pH, decreased acidity and diminishing metal concentrations were evident during 
treatment. This method provided a temporary resolution and did not remediate the ASS problem at the source. This 
treatment would need to be sustained over time to have an effect, and this would be very costly.  

The subsurface lime injection trial proved to be successful and demonstrated that subsoil injection of a lime solution was 
possible. There was no large change in pH amd major improvements in acidity, salinity and metal concentrations 
occurred in a very short period of time. These changes were also observed at the control site however and suggest a 
large part of the benefits may be related to irrigation. Longer-term monitoring is required to confirm these conclusions.  
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5 Recommendations 
Rather than focus on one of the trialled methods for wider implementation across the LMRIA, it is recommended that a 
combination of options would be most effective. Regular irrigation could be beneficial to improve groundwater quality over 
time. Laser levelling to enhance irrigation efficiency and reduce drainage volumes is recommended at all LMRIA sites 
undergoing active irrigation. There is a current program being implemented by the South Australian Murray–Darling Basin 
Natural Resources Management Board that is offering funding for laser levelling and channel works in exchange for 
return of a portion of irrigation allocations. Limestone spreading should also be promoted to farmers as an accompanying 
land-management practice. 

In situ drain treatment for large volume irrigation areas such as Jervois or sensitively located discharge areas (eg Toora) 
would alleviate risk to the river channel especially during low flow regimes or when water quality in the river is 
deteriorating. 

Mole plough lime injection is tentatively recommended for all affected areas, pending further monitoring results. While the 
results to date were inconclusive in some respects, the in situ nature of the treatment, low impacts on irrigators, and 
relatively low cost of this option (compared to drain water treatment) makes this a worthwhile option for wider 
implementation. 

In the short medium term it is recommended that monitoring of the groundwater at the Long Flat and Mobilong sites 
continues in order to understand how the concentration of acidity, and associated metals, varies over differing temporal 
and spatial scales. Further work on groundwater characteristics is required to determine the flow path of groundwater in 
the Mobilong area to ascertain the preferential flow and transport of the introduced lime. Another lime injection into the 
Mobilong site in the 2013–14 irrigation season would provide the opportunity to potentially eradicate acidity and metal 
concentrations, raising groundwater pH to neutral conditions. Research by CSIRO is ongoing and could provide further 
information on the success or otherwise of the treatment options. 
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Appendix A Earth Systems drain water treatment trial report 
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EXECUTIVE SUMMARY 

Earth Systems was engaged by the Environment Protection Authority (EPA) South Australia to 

conduct an in-situ water treatment trial within a section of the Lower Murray Reclaimed Irrigation 

Area (LMRIA) for the purpose of determining the feasibility of in-situ treatment as a potential 

method for improving the quality of water discharges from the LMRIA drains to the Murray River.   

Drain waters in the LMRIA are acidic, with typical pH values of ~3.5 and acidities of 100–800 mg/L 

CaCO3 due to elevated concentrations of dissolved metals including iron, aluminium, manganese, 

nickel and zinc.  Untreated drain waters are periodically discharged into the Murray River by return 

pump. 

The key environmental risks presented by the discharge of untreated acidic LMRIA drain waters to 

the Murray River include: 

• Consumption of natural alkalinity in the Murray River and downstream transport of iron, 

aluminium, manganese, nickel and zinc precipitates, which could accumulate in the Lower 

Lakes (aluminium is highly toxic to aquatic ecosystems and riparian flora); 

• Increased iron flux into the Lower Lakes, potentially resulting in an increase in stored iron 

sulfides in the Lower Lakes and thereby potential exacerbation of latent ASS issues; 

• Elevated soluble manganese and sulfate concentrations in the Murray River, which could 

have implications for treatment of abstracted Murray River water for potable use. 

In collaboration with local landholders, EPA South Australia arranged for in-situ treatment trials to 

be conducted in two irrigation areas of Jervois at the southern end of the LMRIA region.  The trial 

and associated fieldwork was conducted over 7 days in June 2012. 

In-situ treatment involved applying calcium hydroxide (hydrated lime) in a slurry form to the drains 

by hose or cannon using a truck-mounted mixing and dosing plant. The key outcomes of the in-situ 

treatment trial were as follows: 

• In-situ treatment of the main return channel of the respective irrigation areas was achieved 

easily and safely, and water quality targets were achieved repeatedly and reliably using a 

relatively simple treatment scheme. 

• Treatment was performed to a target pH of 9.0–9.5.  Laboratory analyses of drain water 

following in-situ treatment to this pH target indicated that dissolved metal concentrations 

and sulfate were significantly lowered to levels unlikely to be of environmental concern. 

• Treatment could be achieved in the main channel both by batch treatment of the entire 

channel length, and by fixed-point treatment at the head of the main channel while the 

return pump was operating. 

• Metal hydroxide precipitates formed as a result of treatment were observed to settle out 

rapidly in the main channel, and the discharge water was observed to be essentially free of 

treatment precipitates. 

The key considerations for the potential implementation of in-situ water treatment throughout the 

LMRIA are as follows: 

• In-situ treatment would be most cost-effectively implemented using a combination of fixed-

point dosing plant and mobile truck-mounted dosing plant. 

• The LMRIA drains accumulate sediment and organic matter that is dredged periodically in 

order to maintain channel flow and capacity. Metal hydroxide precipitates and gypsum 
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formed as a result of in-situ treatment as well as by natural processes are estimated to add 

as little as 10% by weight to the total amount of sediment to be dredged. 

• A proportion of the iron hydroxide precipitates in the drains can be converted to bacterial 

sulfides via sulfate reduction.  This has the potential to generate acid and mobilise metals if 

oxidised when dredged and deposited on land.  The release of aluminium (toxic) from 

dredge spoil by this acidification process should be avoided.  A low-cost method for 

mitigating this acidity risk would be to pre-treat the acid drain water by adding an excess of 

fine-grained limestone to the channels prior to final treatment and dredging in order to 

introduce excess neutralising capacity.  In a suitable excess, the limestone is expected to 

prevent acidification and limit toxic metal release from dredge spoil, which would allow the 

dredge spoil to be deposited adjacent to channels and potentially re-used via land 

spreading, consistent with current practice. 

• The annual acidity load to be treated throughout the LMRIA is preliminarily estimated to be 

equivalent to approximately 5,000 tonnes of calcium hydroxide, and the mass of 

precipitates formed as a direct result of treatment is estimated to be approximately 10,000 

tonnes per year.  

• A regional water treatment strategy based on the methodology outlined above could be 

achieved for approximately $650–700 per megalitre for a 12-month program, or 

approximately $400–450 per megalitre for a 5-year program (spreading capital costs over 

the period).  An initial estimate of the volume of water that could be treated by such a 

strategy is 10,000 ML per year. 

• Implementation of in-situ treatment as a regional water treatment strategy for the LMRIA as 

outlined in this report would first require the development of a detailed implementation 

strategy (4–6 weeks), which would include field surveys of all LMRIA areas for determining 

the distribution of acidity load throughout the LMRIA, selection of site-specific treatment 

modes, plant locations and reagent supply methods, and detailed specification of 

equipment, logistics, routines, processes and costs.  The lead time for equipment 

manufacture is estimated to be 4 months. 
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RECOMMENDATIONS 

 

Key recommendations include: 

• Develop and execute a detailed implementation strategy based on the conceptual water 

treatment strategy presented in this report. 

 The estimated time required for completing a detailed implementation strategy is 4–6 

weeks.  To facilitate rapid deployment of staff and equipment, the detailed implementation 

strategy should be completed in advance of any intended start date for treatment. 
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1.0 Introduction 

Earth Systems was engaged by the Environment Protection Authority (EPA) South Australia to 

conduct an in-situ water treatment trial within a section of the Lower Murray Reclaimed Irrigation 

Area (LMRIA) for the purpose of identifying the cost-effectiveness and efficiency of in-situ water 

treatment as a potential method to improve the water quality of discharges from the LMRIA drains 

into the Murray River. 

The LMRIA comprises over 5,000 Ha of agricultural land between Mannum and Jervois (Wellington 

end) on the Murray River in South Australia.  Since the construction of levee banks along the edge 

of the Murray River in the 1940s, the land has been flood irrigated from the river.  Excess runoff 

generated as a result of irrigation practices, as well as highland groundwater seepages, are 

returned to the Murray River via a drainage network and pumping system. 

With the onset of drought in 2009, river levels dropped and irrigation ceased in the LMRIA, leading 

to a drop in the groundwater level and acidity generation associated with the oxidation of iron 

sulfide minerals within acid sulfate soil (ASS) materials.  Such soils had historically been 

maintained under the groundwater.  When irrigation recommenced, the stored acidity in the soil 

entered the groundwater and was flushed into the drainage network.  

Subsequent surveys of water in the drainage network revealed the water to have low pH (typically 

2.5–5.0) and elevated acidity (typically 100–300 mg/L CaCO3) associated with dissolved iron, 

aluminium, nickel, cobalt, manganese and zinc. 

Water in the drainage networks of the 24 individual irrigation areas of the LMRIA is periodically 

discharged into the Murray River when drain water levels exceed the target groundwater level in 

the flood irrigation areas.  This has meant that acid and metalliferous drainage (AMD) from the 

LMRIA drainage network has been discharged in the Murray River.  In-situ AMD treatment, 

whereby reagent is prepared and dosed directly into the acid water, is being considered as a 

potential more efficient approach for water treatment compared with the construction and operation 

of many fixed water treatment plants throughout the region.  

1.1 LMRIA Irrigation Procedures 

Individual LMRIA irrigation areas are defined by a network of drains and sluice gates. Although 

there are some variations among irrigation areas, the configuration of irrigation, drainage and 

pumping infrastructure consists of the following elements, as illustrated in Figure 1: 

• A continuous irrigation supply channel that runs adjacent to the Murray River to direct river-

abstracted water; 

• Long paddocks oriented perpendicular to the Murray River with sluice gates on the 

irrigation supply channel; 

• ‘Salt drains’ running continuously at the opposite end of the paddock, parallel to the Murray 

River; 

• ‘Side Drains’ running between paddocks to collect excess irrigation water and divert it to the 

salt drains. 

• One ‘main channel’ per irrigation area, running perpendicular to the Murray River, that 

connects the salt drains with the discharge pump; 

• One discharge pump per irrigation area that is operated intermittently as required to return 

excess drainage to the Murray River. 
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The salt drains are intended to intercept saline runoff from the highland areas adjacent to the 
reclaimed flood plain and to control and redirect excess irrigation water.  

Irrigation is performed by opening the sluice gates on a per-paddock basis and allowing the 

paddock to flood from the Murray River end. Surface runoff and excess groundwater generated as 

result of irrigation and rainfall are flushed through to the salt drains.  Side drains assist with lateral 

drainage of excess irrigation water to the salt drains. 

As irrigation proceeds throughout the irrigation area, the water level in the salt drains increases. A 

discharge pump is operated as required to lower the drain water level and maintain a suitable 

minimum water level throughout the drainage network for each irrigation area. Each irrigation area 

is managed separately via a landholder trust responsible for the operation and financial 

management of the discharge pump and maintenance of the drains. 

 

 

Figure 1:  Map of the Jervois (Woods Point end) LMRIA irrigation area showing the typical configuration of 

drainage and pump infrastructure. 

1.2 Key Environmental Risks 

When AMD in the LMRIA drainage network is returned to the Murray River, it is neutralised by the 

bicarbonate ion buffering capacity of the river water, resulting in the formation of plumes of various 

metal precipitates as well as the introduction of metals such as manganese that largely remain 

soluble at river pH values. 

The environmental risks associated with the release of untreated AMD from the LMRIA drainage 

network into the Murray River include: 

• Pollution of the Murray River with soluble metals (ie. iron, aluminium, manganese, nickel 

and zinc), consumption of natural bicarbonate alkalinity and precipitation of iron, aluminium, 

nickel and zinc oxyhydroxides formed via neutralisation of acid discharge; 
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• Elevated residual soluble manganese and sulfate concentrations in the Murray River, which 

could have implications for treatment of abstracted Murray River water for potable use;  

• The downstream transport of aluminium precipitates (floc), which could accumulate in the 

Lower Lakes (aluminium is highly toxic to aquatic ecosystems and riparian flora); 

• Increased iron flux into the Lower Lakes, potentially resulting in an increase in stored iron 

sulfides in the Lower Lakes and thereby potential exacerbation of latent ASS issues. 

Metalliferous precipitates are also produced in the salt drains due to the precipitation of metals 

such as iron and aluminium as the AMD encounters local changes in pH and oxygen availability. 

These precipitates represent a small component of the sludge that accumulates in the drains over 

time, with the remainder being sediment and organic matter derived from the channel walls and 

adjacent land.  

In the drainage channels, surficial metalliferous precipitates are generally oxidised (red-orange in 

colour).  However, a few centimetres below the surface, the sludge is highly reduced (black in 

colour), and is likely to contain bacterial iron sulfides (iron monosulfides and pyrite) formed by 

conversion of iron hydroxide via sulfate reduction.   

The drains are periodically (annually) dredged to maintain channel flow and capacity.  If dredge 

spoil containing iron sulfides is deposited on land (ie. under dry conditions), oxidation of the iron 

sulfides could result in the generation of acid and the remobilisation of metals into the drains or 

onto agricultural land. 
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2.0 Scope of Works 

The objective of the project was to conduct trial in-situ treatment of drainage channels in two 

LMRIA irrigation areas in order to identify an efficient and cost-effective methodology for ongoing 

in-situ AMD treatment and treatment precipitate management across the entire LMRIA network.   

Specifically, the trial was conducted to determine the following: 

• Optimum dosing rate; 

• Optimum dosing pH; 

• Optimum reagent slurry density; 

• Optimum reagent application method; 

• Efficiency of reagent use; 

• Short-term effectiveness of water treatment; 

• Optimum treatment precipitate management strategy; 

• Cost effectiveness of in-situ treatment; 

• Time required for in-situ treatment. 
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3.0 Method 

3.1 Preliminary Data Assessment and Site Selection 

The EPA worked with local landholders to facilitate treatment trials in two irrigation areas of Jervois 

(Woods Point end) and Jervois (Wellington end).  Maps of these areas are provided below (Figure 

2). 

 

 

 

Figure 2:  Map of Jervois (Woods Point end) (top) and Jervois (Wellington end) (bottom) LMRIA irrigation 

areas showing locations of treatment trial activities. 
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Water and soil quality data for these irrigation areas, provided in advance by EPA and/or obtained 

by Earth Systems personnel on prior visits to the respective sites, were assessed to evaluate 

general treatment requirements and suitable treatment methodologies.  

Logistical arrangements for the treatment trial, including the selection of appropriate equipment 

and reagent requirements, were based on indicative water chemistry and channel water storage 

volumes.  

3.2 Baseline Survey of Selected Treatment Sites 

A baseline survey of the Jervois (Woods Point end) and Jervois (Wellington end) irrigation areas 

was conducted over 2 days to evaluate water quality and channel accessibility. The survey 

involved measurement/assessment of the following parameters for discrete channel sections of 

100–500 m in length: 

• Water quality: pH, electrical conductivity (EC), oxidation–reduction potential (ORP), acidity 

(by field titration); 

• Dimensions: Width and depth of channel; 

• Accessibility: Vehicle entrance locations, ground stability along drainage channels, 

Obstacles limiting proximity to drainage channels. 

Water samples at selected sites were also collected for field-based bench testwork and external 

laboratory analysis.  

3.3 Field-based Bench Testwork  

A field laboratory was set up on site to conduct bench testwork on channel water samples (see 

Plate 1). 

 

 

Plate 1:  Field-based bench testwork during the LMRIA treatment trial. 
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Bench testwork was conducted on site to determine the relationship between acidity and pH 

(titration curve), and to evaluate the settling rate of precipitates produced by neutralisation. 

Specifically, this component of the study involved the following: 

• One representative sample from each of the Jervois (Woods Point end) and Jervois 

(Wellington end) irrigation areas was titrated using industrial-grade calcium hydroxide (ABC 

hydrated lime) and laboratory-grade sodium hydroxide (in separate titrations) to create 

titration curves showing the relationship between acidity and pH for determination of a 

suitable target pH for treatment. 

• Precipitate settling-rate tests were conducted using a water sample from the Jervois 

(Woods Point end) irrigation area to determine how readily the treatment precipitates settle 

out of the water column.  The tests involved treating the water sample with 5 wt% calcium 

hydroxide slurry in a cylindrical column flask and recording the rate at which the 

precipitate/water interface settled to the base of the flask.   

As part of the bench testwork, samples of Jervois (Woods Point end) main channel water were 

treated to various target pH values (7.0, 7.5, 8.0, 8.5, 9.0, 9.5) and subsamples collected and 

submitted to ALS Laboratories in Melbourne (a NATA accredited laboratory) for analysis of the 

following (detection limits/precision in parentheses): 

• pH (0.01), EC (0.001 mS/cm), TSS (5 mg/L), ORP (1.0 mV); 

• Total Alkalinity (1.0 mg/L  CaCO3) 

• Acidity (1.0 mg/L  CaCO3);  

• Major ions: Na (1.0 mg/L), K (1.0 mg/L), Ca (1.0 mg/L), Mg (1.0 mg/L), sulfate (1.0 mg/L); 

• Dissolved metals: Al (0.01 mg/L), As (0.001 mg/L), Cd (0.0001 mg/L), Cr (0.001 mg/L), Cu 

(0.001 mg/L), Co (0.001 mg/L), Fe (0.05 mg/L), Pb (0.001 mg/L), Mn (0.001 mg/L), Ni 

(0.001 mg/L), Sb (0.001 mg/L), Zn (0.005 mg/L). 

3.4 In-Situ Water Treatment 

The in-situ water treatment trials were conducted for the purpose of identifying the practical 

limitations and effectiveness of various in-situ treatment methods and developing an efficient and 

cost-effective in-situ treatment methodology suitable for implementation throughout the LMRIA.  In-

situ water treatment was undertaken over a 5-day period on the following channel sections: 

• Jervois (Woods Point end) main channel (~800 m long) and adjacent accessible salt drain 

(~200 m); 

• Jervois (Wellington end) main channel (~800 m long). 

Treatment was performed using a truck-mounted slurry mixing and dosing plant with a slurry 

capacity of 4,300 L. The plant included a monitor cannon and ~100 m hose for dosing. 

Treatment involved the preparation of hydrated lime slurry by pumping water from the drainage 

channels into the mixing tank and adding a prescribed mass of hydrated lime powder (supplied in 

20 kg bags).  Once prepared, the hydrated lime slurry was then strategically dosed into the 

drainage channels according to a predetermined treatment plan utilising a combination of cannon 

and where access was limited, a hose. 

Two treatment methods were tested over the period of the trial: 

• Batch treatment: Treatment of the entire length of the channel in one or multiple passes;  
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• Fixed-point treatment: Treatment of the channel from a single point while operating the 

discharge pump (ie. relying on water movement due to pumping to facilitate flow past a 

fixed dosing point).  

Over the course of the trial, a range of slurry densities, slurry application rates, slurry application 

methods and numbers of treatment passes were tested in order to: 

• characterise the response of the channel water to treatment (eg. reagent dispersion, pH 

change, mixing and aeration, precipitate settling rate); 

• identify dynamic processes (eg. inflow of untreated water); 

• determine specific site issues (eg. accessbility and flow constrictions) that affect the 

effectiveness of treatment; 

• observe the formation and setting behaviour of treatment precipitates. 

3.5 Water Quality Monitoring 

3.5.1 Irrigation Drains  

Field-based water quality surveys (pH, EC, ORP, acidity, channel dimensions) of target channel 

sections were conducted prior to treatment in order to calculate treatment requirements, during 

fixed-point treatment, and approximately once per hour after batch treatment to monitor the 

evolution of water chemistry in response to neutralisation. 

Upon achieving the target treatment pH and allowing sufficient time for the precipitates to settle (1–

2 h), samples of the treated water were collected and submitted to ALS Laboratories in Melbourne 

(a NATA-accredited laboratory) for analysis (as per the analytes listed in section 3.3). 

3.5.2 Murray River  

EPA SA conducted boat-borne water quality profiling in the Murray River at the Jervois (Woods 

Point end) discharge site during return pump discharge both before the treatment trial period and 

at the time of trial treatment to assess the effect of treatment on the discharge plume.  Water 

quality profiling involved the measurement of pH and EC to a depth of approximately 3 m below 

the water surface in the immediate vicinity of the discharge point. 

3.6 Development of In-Situ Treatment Methodology and Precipitate 
Management Strategy 

A regional in-situ water treatment methodology was developed based on the following: 

• Treatment trial treated water quality, target pH, precipitate settling and reliability of in-situ 

treatment for achieving consistent water quality targets; 

• Access and logistical factors, including suitable all-weather access to channels by a truck-

mounted treatment plant, treatment rates (ie. metres of channel per hour), obstructions and 

bogging, and reagent supply and mixing; 

• Channel pumping regime and frequency/volume of untreated water inflows; 

• Plant, equipment and personnel requirements. 

A strategy for managing precipitates formed in the LMRIA channels as a result of natural 

processes and active treatment was also developed to accompany the proposed in-situ treatment 
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methodology.  To achieve effective precipitate management, the proposed strategy considers the 

following: 

• The likely composition and reduction/oxidation state of the precipitate material; 

• Dredging requirements and possible sites for deposition of dredge spoil; 

• The likely processes that will occur upon exposure of precipitate material to the atmosphere 

when deposited on dry land, such as acidity generation due to sulfide oxidation; 

• Treatments that could be applied to mitigate acid generation and metal remobilisation in 

precipitate material deposited on dry land; 

• Possible uses for dredge spoil. 

3.7 Assessment of Cost-Effectiveness of In-Situ Water Treatment 

The costs of the proposed in-situ treatment methodology were calculated and tabulated to assess 

the cost-effectiveness of regional in-situ water treatment in the LMRIA.  The costing included: 

• Estimation of capital and operating costs; 

• Estimation of water volumes and sites requiring treatment; 

• Estimation of reagent requirements. 
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4.0 Results 

4.1 Post-Drought Water Quality (2011–2012) 

Water quality data representing post-drought conditions (from February 2011 to July 2012) for 

Jervois (Woods Point end) and Jervois (Wellington end) were provided by EPA SA.  Summary 

statistics are provided in Table 1, and pH, EC and acidity are plotted in Figure 3 to Figure 5.   

The post-drought water quality in both drainage systems was similar, with average pH values of 

3.26 and 3.51 for Wellington and Jervois (Woods Point end) irrigation areas respectively (Figure 

3).  Fluctuations in pH were more frequent at Jervois (Wellington).  Trends in acidity concentration 

(Figure 4) were also similar, with peaks in acidity up to 800 mg/L CaCO3 occurring in June to July 

2011 and more recent values (2012) in the range of 100–300 mg/L CaCO3.  Salinity levels were 

generally higher in the Jervois (Woods Point end) irrigation area (Figure 5).   

The variations in water chemistry highlight the influence of dilution from rainfall and/or irrigation 

over time.  Other factors that are likely to result in variation in drain water chemistry amongst 

irrigation areas are the local catchment geography, geology, agricultural practices, geochemical 

processes and environmental conditions. 

Table 1:  Post-drought water quality within the main channels at the Jervois (Woods Point end) and Jervois 

(Wellington end) irrigation areas from February 2011 to July 2012 (data provided by EPA SA). 

Parameter Unit 
Jervois (Woods Point) Jervois (Wellington) 

Minimum Maximum Average Minimum Maximum Average 

pH pH unit 2.82 4.08 3.26 2.89 4.82 3.51 

Electrical 
conductivity 

μS/cm 1,785 9,599 7,219 2,764 7,603 5,185 

Oxidation-
reduction potential 

mV 327 540 452 29 543 401 

Dissolved oxygen mg/L 1.0 10.3 5.0 0.9 7.1 3.8 

Acidity mg/L CaCO3 120 825 314 130 695 297 
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Figure 3:  Post-drought pH (February 2011 to July 2012) at the in-situ water treatment trial sites. 

 

 

 

Figure 4:  Post-drought acidity (February 2011 to July 2012) at the in-situ water treatment trial sites. 
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Figure 5:  Post-drought electrical conductivity (February 2011 to July 2012) at the in-situ water treatment 

trial sites. 

 

4.2 Baseline Survey  

The key results and observations from the baseline Jervois (Woods Point end) and Jervois 

(Wellington end) area channel survey were as follows. 

4.2.1 Water quality 

Jervois (Woods Point end) irrigation area 

• Acidity concentrations varied throughout the channel network: acidities were approximately 

315–390 mg/L CaCO3 in the main channel, and approximately 240–1,000 mg/L CaCO3 in 

the salt drains. In general, acidity concentrations increased with distance from the 

discharge pump. 

• pH was in the range of 3.0–4.0 throughout the drainage network. 

• Water levels in the salt drains and main channel changed daily due to water level 

equilibration following discharge and new water inputs due to irrigation and rainfall. 

• A significant accumulation of naturally occurring precipitate sludge was apparent in the salt 

drains (see Plate 2). 

• Water volumes in each 100–200 m section of the salt drains varied appreciably at relatively 

low water levels. 

• Flow constrictions due to culverts beneath access roads were common. 

• Calculations of total acidity load included considerable uncertainty due to frequent changes 

in channel dimensions, water depth and acidity along the channel length. 

• Estimated acidity load in the channels of the Jervois (Woods Point end) irrigation area at 

the time of the baseline survey was approximately 4,000 kg CaCO3, with approximately half 

of the total acidity load present in the main channel. 
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• Only the main channel was surveyed; access to the salt drains of the Jervois (Wellington 

end) irrigation area was beyond the scope of works. 

• Acidity concentrations were in the range of 140–220 mg/L CaCO3. 

• pH in the main channel was in the range of 3.4–5.0. 

• The water level in the main channel changed daily due to water level equilibration 

throughout the drainage network and new water inputs due to irrigation and rainfall; 

• Estimated acidity load in the main channel of the Jervois (Wellington end) irrigation area at 

the time of the baseline survey was approximately 1,000 kg CaCO3. 

 

   

Plate 2:  Photographs of sludge in the Jervois (Woods Point end) salt drains (left), the Jervois (Woods 

Point end) main channel looking towards the pump house (centre), and the Jervois (Wellington end) main 

channel looking towards the pump house (right). 

4.2.2 Channel accessibility 

Vehicular access to the channels was also assessed as part of the baseline survey.  The key 

findings are as follows: 

• Vehicular access to the Jervois (Woods Point end) main channel was reasonable, involving 

access to the paddock adjacent to the main channel (access for dosing was not possible 

from the public access side of the drain due to riparian growth, see Plate 2). 

• Vehicular access to the Jervois (Woods Point end) salt drains was variable, with some 

section of salt drain being inaccessible and others not suitable for access during wet 

weather – approximately one-third to one-half of the total length of salt drains had all-

weather access. 

• Vehicular access to the Jervois (Wellington end) main channel was good via the public land 

adjacent to the channel (see Plate 2). 
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4.3 Field-based Bench Testwork 

4.3.1 Titration testwork 

Treatment of acid water to a target water quality involves the addition of sufficient alkalinity in the 

form of a reagent, such as calcium hydroxide (hydrated lime), to neutralise the acidity in the water, 

which includes free acid (ie. H
+
 ions) as well as latent metal acidity (ie. dissolved metals).  Titration 

curves, plotting acidity vs. pH, obtained through incremental reagent addition, are used to 

determine the acidity of a water body and evaluate its response to neutralisation treatment.  

Titration curves for representative (untreated) water samples from the Jervois (Woods Point end) 

and Jervois (Wellington end) irrigation areas are shown in Figure 6 and Figure 7. 

 

 

Figure 6:  Titration curves (acidity vs. pH) for a representative sample from the Jervois (Woods Point end) 

irrigation area. 

 

Figure 7:  Titration curves (acidity vs. pH) for a representative sample from the Jervois (Wellington end) 

irrigation area. 
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4.3.2 Precipitate settling-rate test 

The results of a precipitate settling test performed on a water sample from the Jervois (Woods 

Point end) main channel are shown in Figure 8.  The sample was treated with 5 wt% calcium 

hydroxide slurry at a dose rate equivalent to the acidity at pH 9.5 (300 mg/L CaCO3). 

 

Figure 8:  Results of precipitate settling test on a Jervois (Woods Point end) channel water sample treated 

with 300 mg/L CaCO3 equivalent of 5 wt% calcium hydroxide slurry. 

The key observations and implications of the precipitate settling test are as follows: 

• Under well-mixed laboratory conditions, the precipitate settling rate was ~175 mm/h.  

• For the depth of the water column in the main channels of the Jervois (Woods Point end) 

and Jervois (Wellington end) irrigation areas was 500–800 mm, the test results indicate that 

adequate settling of treatment precipitates could be achieved after approximately 3–5 

hours. 

Identification of target pH for treatment and calculation of treatment dose 

Based on the titration curve and settling rate testwork, the target pH for treatment and basis for 

calculation of treatment dose were determined as follows: 

• A suitable target pH for field treatment of the channels was assumed based on the 

theoretical solubility characteristics for manganese, which is the last metal to be effectively 

removed from the water during this form of water treatment.  

• The acidity corresponding to pH 9.0–9.5 is 260–300 mg/L CaCO3 at Jervois (Woods Point 

end), and 180–260 mg/L CaCO3 at Jervois (Wellington end). These acidity values were 

used as a basis for calculating the required dose of calcium hydroxide. 

• Based on these titration curves, treatment to pH 9.0–9.5 is predicted to remove the majority 

of latent metal acidity in the channel water (ie. to significantly lower the concentrations of 

dissolved metals).  

• Treatment to pH higher than 9.5 is likely to present a risk with respect to the redissolution of 

aluminium; this pH was therefore considered an upper limit for treatment. 
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4.4 In-Situ Batch Treatment of Main Channels 

Treatment progression 

The progressive results of batch treatment on the full length of the main channels of the Jervois 

(Woods Point end) and Jervois (Wellington end) irrigation areas are shown in Figure 9 and Figure 

10.  The results are presented in terms of the pH distribution along the length of the channel and 

the change in total acidity load within channel water, calculated as the acidity multiplied by the 

water volume in each surveyed 100–200 m section of the channel.  Photographs taken during in-

situ batch treatment are shown in Plate 3. 

 

  

Plate 3:  Photographs of in-situ batch treatment of the Jervois (Woods Point end) main channel and 

adjacent salt drain using the hose (left) and cannon (right).  Good dispersion of the hydrated lime slurry 

was achieved using both application methods. 
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Figure 9:  Change in total acidity load of the Jervois (Woods Point end) main channel with progress of 

treatment (treatment passes) and nightly inflows of untreated water due to water level equilibration in the 

drainage network, rainfall and irrigation. 
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Figure 10:  pH distribution along the Jervois (Woods Point end) main channel prior to and following 

treatment. Figure shows the pH in 100–200 m segments of the channel, salt drain end at the top and 

discharge pump end at the bottom. Note the initially low pH throughout the entire channel, and the 

achievement of target pH (9.0–9.5) at the pump end of the channel after final treatment. The continuous 

inflow of untreated water into the salt drain end of the channel progressively lowers pH. *Average 

measured pH from Feb. 2011 to Jul. 2012. 
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Figure 11:  Change in total acidity load of the Jervois (Wellington end) main channel with progress of 

treatment (treatment passes) and nightly inflows of untreated water due to water level equilibration in the 

drainage network, rainfall and irrigation. 
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Figure 12:  pH distribution along the Jervois (Wellington end) main channel prior to and following 

treatment. Figure shows the pH in 100–200 m segments of the channel, salt drain end at the top and 

discharge pump end at the bottom. Note the initially low pH throughout the entire channel (untreated), and 

the achievement of target pH (9.0–9.5) at the pump end of the channel after final treatment. The continuous 

inflow of untreated water into the salt drain end of the channel progressively lowers pH. *Average 

measured pH from Feb. 2011 to Jul. 2012. 
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Key observations and technical considerations for in-situ batch treatment 

• A target treatment pH of 9.0–9.5 along the full length of the main channel could be 

achieved repeatedly using this treatment strategy, with the treated water achieving good 

clarity after approximately 2 hours (see Plate 4). 

• An effective dosing strategy was found to involved the following steps: 

» Survey the acidity and volume of water in the channel; 

» Treat the channel, in sections, with hydrated lime equivalent (after considering reagent 

purity) to 100% of the calculated total acidity; 

» Wait 2 hours, then survey the acidity along the channel; 

» Treat the channel, in sections, with hydrated lime equivalent (after purity) to 100% of 

the remaining calculated total acidity; 

» Wait 2 hours, then survey the acidity along the channel. 

• The calculation of total acidity to be treated was found to be heavily dependent on water 

volume calculations. 

• Water volumes changed throughout the day and overnight in response to water level 

equilibration within the drainage network and new inflows due to irrigation and rainfall. 

• Treatment could be performed effectively and reliably in 2–3 treatment passes over the 

same length of channel with a time between treatments of 2–4 hours to allow for reaction 

and mixing of the treated water. 

• After treatment, water quality in the main channel is gradually influenced by the inflow of 

untreated acid drainage from the salt drain end. 

• Water level changes and acid influx due to rainfall, irrigation and pump-down head occurred 

continuously during the treatment trials, necessitating frequent re-surveying and 

recalculation of treatment requirements.  Treatment should therefore be completed within 

one day and pumping should be performed as soon after treatment as practical (allowing 

sufficient sludge settling time). 

• The reagent dosing rate for each treatment pass needs to be calculated using reliable data 

for acidity and water volume in relatively short sections of the channel (eg. 100–200 m).  

• Slurry densities of up to 10 wt% hydrated lime (eg. approximately 100 kg of hydrated lime 

powder per kilolitre of water) were found to disperse effectively during batch treatment. 

• The hydrated lime slurry could be effectively dispersed using the monitor cannon at its 

highest flow rate using a 10 wt% slurry.  Limited access or risk of significant overspray 

necessitated the use of the hose (lower flow rate) in some areas. 

• Good vehicular access to the treatment channel is required in order for treatment using a 

truck-mounted plant as used in the present trial to be successful.  Even with good access 

and guidance from a local landholder, bogging of the truck occurred frequently in the 

present trials.  This constraint effectively limits the in-situ approach to the main channels of 

the LMRIA irrigation networks where good all-weather access is available. 
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Plate 4:  Photographs of the Jervois (Woods Point end) main channel immediately following the first pass 

of in-situ batch treatment (upper), and after the completion of batch treatment (to pH ~9.0) and settling 

(lower). 
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4.5 In-Situ Fixed-Point Treatment of Main Channel 

Treatment progression 

In-situ treatment of the Jervois (Wellington end) main channel from a fixed dosing point at the salt 

drain end of the main channel was trialled over two days following in-situ batch treatment of the 

channel to the final conditions described in Figure 10 and Figure 12.  The Jervois (Wellington end) 

discharge pumps were operated during in-situ fixed-point treatment to provide flow in the channel.  

Photographs taken during fixed-point treatment of the Jervois (Wellington end) main channel are 

shown in Plate 5, and the progression of treatment in terms of the pH distribution along the length 

of the main channel is illustrated in Figure 13.  Changes in pH, recorded 200 m downstream of the 

fixed dosing point, are plotted in Figure 14 and Figure 15. 

 

  

Plate 5:  Photographs of in-situ fixed-point treatment of the Jervois (Wellington end) main channel. Dosing 

was conducted from a fixed location at the salt drain end of the main channel while the pump was 

operating. 
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Figure 13:  pH distribution along the length in the Jervois (Wellington end) main channel showing the 

progress of in-situ fixed-point treatment during pump operation over two days.  Arrows (») denote the 

position of pH monitoring described in Figures 8 and 9. Note the initial pH distribution on Day 1 reflects the 

treated condition following in-situ batch treatment.  The lower-pH parcel of water that migrated into the 

system after batch treatment and prior to fixed-point treatment (pH 6.25 after 1 h) can be seen to migrate 

downstream over time as the pump operates.  The overall channel flow rate is estimated to be 

approximately 70 m/h.  On Day 2, following significant overnight rainfall, the pH distribution in the channel 

reflects mixing of treated water with substantial inflows of untreated water.  As the pump operates and 

fixed-point treatment progresses, the treated water front (pH ~9.0) migrates downstream at approximately 

50 m/h.  Note the volume of water in the channel on Day 2 was approximately 1.5–2.0 times that on Day 1, 

which is reflected in the lower channel flow rate. 
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Figure 14:  Change in treated water pH during in-situ fixed-point treatment on day 1 at the monitoring site 

marked by an arrow (») in Figure 13 (~200 m downstream of dosing point).  Note that this session of fixed-

point treatment immediately followed batch treatment of the entire main channel as shown in Figure 12, 

resulting in an elevated initial pH. The average pH of untreated water flowing into the main channel during 

fixed-point treatment (ie. the average pH of water being treated) was pH 3.5. 

 

Figure 15:  Change in treated water pH during in-situ fixed-point treatment on day 2 at the monitoring site 

marked by an arrow (») in Figure 13.  Note that overnight inflows of untreated water (pH ~3.5) had lowered 

the pH of water at the monitoring point to approximately pH 5, as shown in Figure 12.  The average pH of 

untreated water flowing into the main channel during treatment (ie. the average pH of water being treated) 

was pH 3.5. 

Key observations and technical considerations regarding in-situ fixed-point treatment 

• A relatively steady treatment pH of 9.0–9.5 could be achieved after 3–5 hours using a 

suitable dosing rate calculated from the discharge pump rate and acidity of inflowing water. 
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• The treated water front was found to migrate downstream after establishing steady 

treatment conditions according to the pump rate. 

• The channel flow rate was dependent on the channel water volume, which affects the time 

available for neutralisation reactions to proceed to completion and subsequent precipitate 

settling. 

• Mixing, reaction and settling processes were observed to vary along the length of the main 

channel. 

• Under the relatively high water level conditions of day 2, the available residence time for 

treated water in the channel was approximately 8 hours (based on the position of the 

treated water front after 5 hours), which was sufficient to achieve adequate settling of 

treatment precipitates prior to discharge via the discharge pump (see Plate 6). 

• The initial acidity and redox state of the acid water to be treated should be characterised 

carefully prior to treatment to allow accurate calculation of reagent dosing requirements and 

assessment of potential aeration requirements. 

• Aeration upon treatment may be required in some circumstances during in-situ fixed-point 

treatment to facilitate neutralisation reactions and achieve water quality targets. 

• The relationship between the in-situ precipitate settling time and pumping regime needs to 

be carefully considered when calculating a fixed-point treatment strategy.  Adequate time 

for precipitate settling needs to be ensured to avoid pumping treatment precipitates into the 

Murray River. 

• The reagent application method for fixed-point treatment was found to be dependent on the 

dose rate required for treatment.  In the present trials, dosing from a fixed position using the 

hose with a fan attachment at the equipment’s lowest flow rate was found to be adequate. 

Higher dose rates may necessitate more active dosing (dispersion) methods. 

 

 

Plate 6:  Photograph of treated water (pH ~9.0) taken from the Jervois (Wellington end) main channel at the 

pump inlet following the first day of in-situ fixed-point treatment.  
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4.6 Treated Water Quality  

4.6.1 Irrigation drain water quality following treatment under laboratory conditions 

Table 2 presents the water quality results for a relatively highly acidic water sample from the 

Jervois (Woods Point end) salt drains before and following treatment with calcium hydroxide under 

laboratory conditions to various pH endpoints. 

These results indicate the following: 

• The untreated water has elevated concentrations of dissolved aluminium, cadmium, 

chromium, cobalt, copper, iron, manganese, nickel and zinc. 

• Dissolved aluminium, cadmium, chromium, copper, iron and zinc concentrations are 

significantly lowered by treatment to pH ~7.0 or higher; 

• Dissolved cobalt, manganese and nickel concentrations are significantly lowered by 

treatment to pH ~9.0 or higher. 

• Dissolved aluminium concentrations were lowest when treated to pH of approximately 7, 

then increased due aluminium re-dissolution.    

4.6.2 Irrigation drain water quality following in-situ treatment 

Water quality analyses of samples of channel water after completion of in-situ treatment are shown 

in Table 3.  Samples were taken from the pump end of the respective main channel.  

These analytical results indicate the following: 

• The concentrations of dissolved aluminium, cadmium, chromium, copper, iron and zinc in 

the treated samples are sufficiently low to be unlikely to present an environmental concern; 

• The concentrations of dissolved cobalt, manganese and nickel are significantly lower in all 

of the treated water samples (compared with untreated samples), and are lowered to levels 

that are unlikely to present an environmental concern above approximately pH 9.2. 

• Dissolved manganese concentrations following in-situ treatment were elevated relative to 

samples treated under laboratory conditions for the same treatment pH. This is likely due to 

incomplete oxidation under field conditions. 

• Treated water dissolved aluminium under field conditions were lower than those for similar 

treated water pH under laboratory conditions (see Table 2). 

4.6.3 Murray River water quality 

Water quality monitoring in the Murray River before the in-situ treatment trials suggests that a 

plume of discharge water influences the river water quality at 1 to 2 meters depth, as shown by the 

elevated EC (with respect to Murray River background concentrations) and lowered pH at this 

depth in Figure 16.  The tendency for the plume to sink to the bottom of the river, with little near-

surface mixing, is likely due to the higher density of the saline discharge water.   

Figure 16 shows that the near-neutral to alkaline pH treated discharge water had little or no 

detectable effect on Murray River pH throughout the water column. The treated water discharge 

plume exhibited similar behaviour with respect to electrical conductivity, as can be seen by the 

elevated salinity at depth.   

Plate 7 shows photographs of the Murray River discharge point at Jervois (Wellington end) 

irrigation area while discharging treated water (left image) and untreated water (right image). 
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Table 2:  Water quality analysis of untreated and treated water from the Jervois (Woods Point end) salt drain. 

Parameter^ Units 
Guideline 

value* 
Untreated Treated with calcium hydroxide under laboratory conditions 

pH (field) 
 

6.5-9.0 3.26 6.95 7.57 8.08 8.53 9.02 9.44 10.04 

EC (field) mS/cm 0.1-5.0 9.76 9.65 9.47 9.55 9.76 9.61 9.47 8.68 

ORP (field) mV - 375 261 252 221 210 184 141 76 

Acidity (field) mg/L CaCO3 - 725 23 14 13 0 0 0 0 

Acidity (calc)** mg/L CaCO3 - 656 18 10 9 4 3 1 2 

Alkalinity mg/L CaCO3 - 0 27 78 74 70 68 47 60 

Calcium mg/L - 436 627 680 750 678 672 660 1010 

Magnesium mg/L - 423 412 417 444 401 381 357 187 

Potassium mg/L - 45 46 50 65 45 46 48 68 

Sodium mg/L - 1400 1130 1210 1440 1080 1080 1100 1390 

Chloride mg/L - 1500 1470 1470 1500 1440 1460 1510 1420 

Sulfate mg/L - 4190 3890 3850 3790 3940 3920 3870 3580 

Aluminium mg/L 0.055
#
 37.7 0.03 0.05 0.10 0.14 0.15 0.17 <0.01 

Antimony mg/L ID <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Arsenic mg/L - 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Cadmium mg/L 0.0002 0.0032 0.0012 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Chromium mg/L - 0.007 0.003 0.004 0.003 0.004 0.004 0.005 0.012 

Cobalt mg/L ID 0.877 0.436 0.148 0.069 0.037 0.013 0.009 0.003 

Copper mg/L 0.0014 0.014 0.005 0.006 0.006 0.006 0.005 0.006 0.006 

Iron mg/L ID 146 0.025 0.025 0.99 1.04 1.04 0.025 1.24 

Lead mg/L 0.0034 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Manganese mg/L 1.9 (0.5)^ 11.9 8.56 4.67 3.66 0.554 0.141 0.067 0.033 

Nickel mg/L 0.011 0.946 0.534 0.24 0.138 0.073 0.029 0.014 <0.001 

Zinc mg/L 0.008 0.754 0.03 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

* ANZECC (2000) Water Quality Guidelines – Freshwater Ecosystems (95% protection).  ID = Insufficient data to derive a reliable trigger/guideline value.   # Trigger value based on a pH > 6.5. For 

pH < 6.5, there is insufficient data to derive a reliable trigger/guideline value.  ^ Dissolved (ie filtered) metals concentrations are reported.  ** Calculated using Earth Systems’ ABATES acidity 

calculator from pH and dissolved metal concentrations. 

^ Australian Drinking Water Guideline provided in brackets for manganese (NHMRC, 2004). 
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Table 3:  Water quality results for samples from the pump end of the main channels of the Jervois (Woods Point end) and Jervois (Wellington end) irrigation areas 

following in-situ batch treatment with hydrated lime. 

Parameter^ Units 
Guideline 

value* 

Jervois (Woods Point end) Jervois (Wellington end) 

Sample 1 Sample 2 Sample 3 Sample 4 Untreated Sample 1 Sample 2 

pH (field)  6.5-9.0 8.84 9.01 9.25 9.36 3.70 9.19 9.21 

EC (field) mS/cm 0.1-5.0 9.11 8.57 8.96 8.55 3.97 4.02 4.48 

ORP (field) mV - 0 80 0 87 403 0 0 

Acidity (field) mg/L CaCO3 - 0 0 0 0 139 0 0 

Acidity (calc)** mg/L CaCO3 - 5 5 4 3 105 1 3 

Alkalinity mg/L CaCO3 - 49 80 52 57 <1 41 59 

Calcium mg/L - 533 555 589 577 148 283 309 

Magnesium mg/L - 385 366 379 348 142 114 122 

Potassium mg/L - 42 45 48 42 16 24 23 

Sodium mg/L - 1410 1460 1500 1480 551 608 609 

Chloride mg/L - 1320 1350 1350 1350 636 638 660 

Sulfate mg/L - 3400 3400 3560 3520 1350 1290 1470 

Aluminium mg/L 0.055
#
 0.03 <0.01 0.02 0.05 4.48 0.02 0.02 

Antimony mg/L ID <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001 

Arsenic mg/L - <0.001 0.002 <0.001 <0.001 0.002 0.002 <0.001 

Cadmium mg/L 0.0002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Chromium mg/L - 0.002 0.002 0.003 0.002 0.002 0.001 0.002 

Cobalt mg/L ID 0.061 0.041 0.007 0.007 0.278 0.004 0.01 

Copper mg/L 0.0014 0.005 0.005 0.006 0.004 0.004 <0.001 <0.001 

Iron mg/L ID 0.025 0.9 0.96 0.88 25.9 0.025 0.74 

Lead mg/L 0.0034 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Manganese mg/L 1.9 (0.5)^ 2.51 1.85 0.931 0.775 5.0 0.286 0.616 

Nickel mg/L 0.011 0.191 0.145 0.098 0.094 0.251 0.032 0.046 

Zinc mg/L 0.008 <0.005 <0.005 <0.005 <0.005 0.179 <0.005 <0.005 

* ANZECC (2000) Water Quality Guidelines – Freshwater Ecosystems (95% protection).  ID = Insufficient data to derive a reliable trigger/guideline value.  
#
 Trigger value based on a pH > 

6.5. For pH < 6.5, there is insufficient data to derive a reliable trigger/guideline value. ^ Dissolved (ie filtered) metals concentrations are reported.  ** Calculated using Earth Systems’ 

ABATES acidity calculator from pH and dissolved metal concentrations. 

^ The Australian drinking water guideline value for manganese is 0.5 mg/L (NHMRC, 2004).  Cells shaded in yellow represent values greater than this guideline, but lower than the 

ANZECC water quality guideline for 95% protection of freshwater ecosystems. 
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Figure 16:  pH and EC over a depth range from 0 to 3 m, near the discharge point into the Murray River at 

Jervois (Wellington end) – Site JV2, 20 m from discharge point. 

  

Plate 7:  Jervois (Wellington end) irrigation area discharge point into the Murray River.  Discharge of 

treated water (left) and untreated water (right). 

4.7 Management of Treatment Precipitates 

4.7.1 Composition of drain sediments 

Sediment consisting of silt, clay and organic material derive from the surrounding land naturally 

accumulates in the LMRIA drainage network over time and is periodically excavated by 

landholders (generally on an annual basis) in order to maintain drain flow and capacity.  When 

AMD is present in the drains, naturally occurring metal hydroxide precipitates will also accumulate 

in the sludge layer.  In-situ treatment will result in the formation of additional metal hydroxide 

precipitates and gypsum (calcium sulfate hydrate, a product of the reaction between sulfate in the 

drain water and calcium added to the water during treatment).  The total proportion of metal 

hydroxide precipitates and gypsum to total dredge sediment is expected to be as little as 10 wt%. 

The sludge in the base of the drains forms a reducing environment where iron hydroxide 

precipitates can be converted to bacterial iron sulfides via sulfate reduction.  While these sulfides 
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remain underwater, they remain relatively inert and present little risk of acidification.  However, if 

the sulfide-bearing sediment is excavated and deposited on dry land, exposure of the iron sulfides 

to air could result in sulfide oxidation, releasing acid and toxic metals (most importantly aluminium) 

from the dredge spoil.   

Appropriate management of the dredge spoil in conjunction with in-situ treatment is therefore 

necessary in order to avoid re-acidification and the remobilisation of metals removed from the 

water by treatment. 

4.7.2 Pre-treatment of drains with fine-grained limestone 

It is unlikely that the iron sulfides in the dredge spoil can be prevented from oxidising.  However, 

the addition of fine-grained limestone to the drains prior to in-situ treatment and/or dredging is an 

effective means of introducing excess neutralising capacity into the dredge spoil prior to dredging.  

The excess limestone has the ability to neutralise the acid generated when the iron sulfides in the 

dredge spoil undergo oxidation upon exposure to air, thereby maintaining near-neutral pH 

conditions within the dredge spoil pore water and suppressing the release of dissolved metals. 

The pre-treatment limestone dose rate would be calculated based on the results of sludge and 

drain water analyses. 

4.7.3 Deposition/disposal of limestone-amended dredge spoil 

Annual tonnages of treatment precipitates are broadly estimated at 8,000–12,000 tonnes of dry 

solids equivalent throughout the LMRIA region, in addition to the naturally accumulating silt, clay 

and organic material (which may account for up to 90 wt% of dredge spoil).  The tonnage of wet 

sludge to be excavated may be significantly higher than this due to the added weight of the water 

content.  As disposal of such quantities in prescribed landfill is likely to be cost-prohibitive
1
, the 

most appropriate method for disposal is likely to be to store the limestone-amended sludge within 

the LMRIA, adjacent to the channels, in a designated area, or potentially applied to the 

surrounding land. 

 

 

                                                                 
1
  Estimated at $70–$100 per tonne based on recent quotes from ResourceCo Southern Waste Facility 

and Transpacific Inkerman Landfill Facility for intermediate landfill cover (ILC). 
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5.0 Regional In-Situ Water Treatment and Precipitate Management 
Methodology 

5.1 Aims and Benefits 

A cost-effective in-situ water treatment methodology that includes management of the acidity risk 

associated with deposition of dredge spoil on land as proposed below is likely to have the following 

environmental benefits: 

• Substantially prevent the discharge of soluble metals, including iron, aluminium, 

manganese, nickel and zinc, into the Murray River. 

• Capture the majority of metal precipitates within the LMRIA network, hence limiting the 

transport of these materials to the Lower Murray Lakes area. 

• Minimise the risk of acid generation and metal mobilisation from dredge spoil excavated 

periodically from the drainage channels following treatment. 

5.2 Methodology 

Based on the data and practical knowledge obtained through trial in-situ treatment in the Jervois 

(Woods Point end) and Jervois (Wellington end) irrigation areas, it is proposed that a regional in-

situ water treatment and precipitate management methodology would involve the following 

components: 

• Pre-treatment of accessible drains by the application of excess fine-grained limestone in 

order add excess neutralising capacity to the drain sludge and thereby prevent the 

acidification of dredge spoil when deposited on land.  This could be achieved using a long-

reach excavator to hoist bulk-bags over the water to dispense the limestone, or using the 

excavator bucket to spread the material over the water.   An additional benefit of this 

approach is to pretreat the acid water with a low-cost reagent. 

• Treatment of water in the main channels with hydrated lime to lower dissolved metal 

concentrations (including aluminium and manganese) using a combination of fixed-position 

and mobile reagent dosing systems. The equipment and personnel required would likely 

include: 

» Fixed-position reagent mixing and dosing equipment. This could be a 5,000–10,000 L 

continuously mixed tank located in an accessible position and connected to mains 

power.  Bulk bagged reagent would be added directly from a flat-bed truck using a 

truck-mounted crane. 

» Mobile dosing equipment, similar to the equipment used for these trials, to supplement 

fixed-position equipment.  This equipment could conduct batch or fixed-position water 

treatment at areas where fixed dosing systems are not installed or are stopped for 

maintenance.  

» Vehicles for operation and maintenance of the above mixing and dosing plant and for 

water quality monitoring personnel; 

» Equipment operators/drivers, water quality monitoring and project management 

personnel. 

• Periodic dredging of accessible drains in accordance with current practice.  The required 

frequency of dredging will vary depending on individual site characteristics and water 
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quality.  A long-reach excavator could be used to excavate the sludge and a tractor with 

tipper trailer could be used (if required) for short distance sludge transport and placement.   

5.3 Implementation 

Implementation of the proposed water treatment and precipitate management methodology in the 

LMRIA will first require the development of a detailed implementation strategy.   

Given the disseminated nature and variable size of the LMRIA irrigation areas and associated 

acidity loads, a cost-effective strategy for implementing in-situ treatment would be to assess the 

distribution of acidity load throughout the LMRIA and prioritise individual irrigation areas based on 

the degree of water quality improvement achievable for the least cost.  The highest priority 

irrigation areas could be targeted for fixed-point treatment first, with additional irrigation areas 

added to the treatment strategy over time. 

The development of a detailed implementation strategy would therefore involve the following steps: 

• Characterisation of the distribution of stored and annual acidity load in the LMRIA and 

identification of logistical constraints through field assessment of each of the 24 individual 

irrigation areas that comprise the LMRIA; 

• Assignment of a rank/priority to each individual irrigation area based on factors such as the 

annual discharge acidity load and cost of treatment considering accessibility and discharge 

regime; 

• Identification of suitable sites for fixed-location dosing plant considering access to electrical 

power and reagent delivery; 

• Detailed costing of implementing the treatment strategy for the top-ranked irrigation areas 

and designation of prioritised irrigation areas for treatment based on budget targets; 

• Development of a LMRIA-wide Water Treatment Plan, to coordinate water treatment, water 

quality monitoring and discharge activities. 

Following the development of a detailed implementation strategy, implementation of the treatment 

strategy would involve: 

• Design and construction of fixed and mobile dosing plant for deployment at the designated 

treatment sites, and development of specific treatment routines and processes for each 

irrigation area; 

• Installation, configuration and commissioning of fixed dosing plant, and deployment of 

mobile dosing plant; 

• Application of fine-grained limestone to accessible sections of the LMRIA drainage network 

to mitigate the potential for acid generation from dredge spoil. 

5.4 Cost estimate 

Regional water treatment based on the methodology outlined above could be achieved for 

approximately $650-700 per megalitre (over a 12 month program) or approximately $400-450 per 

megalitre (with capital costs spread over a 24 month period).  These cost estimates should be 

considered +/-50% and are based on the following key assumptions: 

• Treatment of 10 GL per year at 400 mg/L CaCO3 equivalent acidity. 

• Capital purchase of equipment, including: 
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» 12 Stationary mixing and dosing systems. 

» 2 Trucks to service the stationary systems. 

» 1 mobile mixing and dosing system 

» Support vehicles. 

» Instrumentation and other equipment. 

• Ultra-fine grained calcium carbonate for pre-treatment / sludge amendment and hydrated 

lime for water treatment. 

• Personnel including operators, drivers, water quality monitoring personnel and a 

management. 

• Used long-reach excavator for sludge amendment (assumed 60 days per year).  

• Allowances made for: 

» Detailed design, engineering and procurement costs. 

» Equipment operating and maintenance costs. 

• Excavation of treatment precipitates is not costed as it is assumed that this will be carried 

out during routing channel dredging, as currently undertaken by each irrigation zone Trust. 

A budget cost estimate for LMRIA-wide in-situ treatment assuming a treatment requirement of 

10 GL/year is provided in Table 4. 
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Table 4: Budget cost estimate for LMRIA-wide in-situ treatment (assumes 10 GL/year). 

Item Unit Cost Quantity Unit Sub-total Cost assumptions 

Capital expenditure 

Design, engineering 
and procurement 

$310,000 1 ea. $310,000 Assumed 10% of total capex 

Stationary Mixing 
Tanks 

$120,000 12 ea. $1,440,000 

10,000 L mixing tank, gravel pad, 
feed and dosing pumps, 
instrumentation and connection to 
mains power instrumentation 

Mobile dosing 
equipment 

$520,000 1 ea. $520,000 
Mobile diesel powered mixing and 
dosing system on 4x4 flatbed truck 
with on-board crane for lifting reagent 

Tank service trucks $350,000 2 ea. $700,000 10 tonne trucks with on-board crane 

Light vehicles $35,000 2 ea. $70,000 4x4 Utility vehicles 

WQ monitoring 
equipment 

$80,000 1 lump sum $80,000 
Assume one data logging instrument 
at each discharge point + portable 
instruments / kits 

Capex sub-total $3,120,000   

Operating costs (per year) 

Hire excavator $2,000 60 per day $120,000 
Long-reach excavator. 60 days 
campaign sludge amendment per 
year (includes operator + transport) 

Hydrated lime $400 5,000 per tonne $2,000,000 
Bulk bag assumes 400 mg/L acidity, 
delivered to site 

limestone $65 5,000 per tonne $325,000 
Bulk ultrafine grained material. 
Quantity assumed. Delivered to site. 

Truck drivers $120,000 2 pp/year $240,000 2 drivers full-time 

RapidTREAT 
operators 

$120,000 2 pp/year $240,000 2 driver/operators full-time 

WQ personnel $120,000 1 pp/year $120,000 
1 WQ monitoring personnel. Full-
time. 

WQ/coordinator $150,000 1 pp/year $150,000 
1 Coordinator / WQ monitoring 
personnel. Full-time. 

Project Manager $180,000 0.5 pp/year $90,000 
0.5 of a position for a Project 
Manager 

RT fuel $2 58,400 $/L $116,800 
20L/hr fuel consumption, 8hrs per 
day, 365 days per year 

Truck fuel  $2 54,750 $/L $109,500 
50 L/day fuel consumption per truck, 
365 days per year 

Fleet maintenance $51,250 1 $/year $51,250 Assumed 5% of capital 

Opex sub-total (1 year) $3,562,550   

Cost per megalitre (assuming 10 GL/year) 

Capital expenditure over 1 year ($/ML) $640-690 

  

Capital expenditure over 2 years ($/ML) $490-540 

Capital expenditure over 3 years ($/ML) $440-490 

Capital expenditure over 4 years ($/ML) $410-460 

Capital expenditure over 5 years ($/ML) $390-440 
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6.0 Recommendations 

Key recommendations include: 

• Develop and execute a detailed implementation strategy based on the conceptual water 

treatment strategy presented in this report. 

 The estimated time required for completing a detailed implementation strategy is 4–6 

weeks.  To facilitate rapid deployment of staff and equipment, the detailed implementation 

strategy should be completed in advance of any intended start date for treatment. 
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False
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CERTIFICATE OF ANALYSIS
Work Order : EM1207240 Page : 1 of 7

:: LaboratoryClient Environmental Division MelbourneEARTH SYSTEMS PTY LTD

: :ContactContact NADIM YAZDANI Client Services

:: AddressAddress SUITE 17

79-83 HIGH STREET

KEW VIC, AUSTRALIA 3101

4 Westall Rd Springvale VIC Australia 3171

:: E-mailE-mail nadim.yazdani@earthsystems.com.au Melbourne.Enviro.Services@alsglobal.com

:: TelephoneTelephone +61 03 9810 7500 +61-3-8549 9600

:: FacsimileFacsimile +61 03 9853 5030 +61-3-8549 9601

:Project EPASA1224 QC Level : NEPM 1999  Schedule B(3) and ALS QCS3 requirement

:Order number EPASA1224

:C-O-C number ---- Date Samples Received : 26-JUN-2012

Sampler : NY Issue Date : 04-JUL-2012

Site : ----

15:No. of samples received

Quote number : ME/336/10 15:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. All pages of this report have been checked and approved for 

release. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

NATA Accredited Laboratory 825

 

Accredited for compliance with 

ISO/IEC 17025.

Signatories
This document has been electronically signed by the authorized signatories indicated below. Electronic signing has been 

carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Dilani Fernando Senior Inorganic Chemist Melbourne Inorganics

Varsha Ho Wing Non-Metals Team Leader Melbourne Inorganics

Environmental Division Melbourne

4 Westall Rd Springvale VIC Australia 3171

Tel. +61-3-8549 9600  Fax. +61-3-8549 9601  www.alsglobal.com
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Work Order :

:Client

EM1207240

EARTH SYSTEMS PTY LTD

EPASA1224:Project

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing purposes.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

Key :

Ionic Balance out of acceptable limits for EM1207240 #8, #11, #12 and #13 due to analytes not quantified in this report.l

Ionic balances were calculated using: major anions - chloride, alkalinity and sulfate; and major cations - calcium, magnesium, potassium and sodium.l

Samples have been received with limited time to adhere to recommended analytical holding times for Suspended Solids. Results should be scrutinised accordingly.l
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Work Order :

:Client

EM1207240

EARTH SYSTEMS PTY LTD

EPASA1224:Project

Analytical Results

JNSD-2-BJSMC-1JSMC-1JNMC-1JNMC-2Client sample IDSub-Matrix: WATER

17-JUN-2012 15:0021-JUN-2012 11:0021-JUN-2012 13:0020-JUN-2012 17:2520-JUN-2012 17:15Client sampling date / time

EM1207240-005EM1207240-004EM1207240-003EM1207240-002EM1207240-001UnitLORCAS NumberCompound

EA005: pH

pH Value 9.019.36 9.21 9.19 3.08pH Unit0.01----

EA010: Conductivity

Electrical Conductivity @ 25°C 90908780 4480 4020 10000µS/cm1----

EA025: Suspended Solids

Suspended Solids (SS) 3529 26 60 101mg/L5----

ED037P: Alkalinity by PC Titrator

Hydroxide Alkalinity as CaCO3 <1<1 <1 <1 <1mg/L1DMO-210-001

Carbonate Alkalinity as CaCO3 3341 26 16 <1mg/L13812-32-6

Bicarbonate Alkalinity as CaCO3 4716 33 25 <1mg/L171-52-3

Total Alkalinity as CaCO3 8057 59 41 <1mg/L1----

ED038A: Acidity

Acidity as CaCO3 -------- ---- ---- 725mg/L1----

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

Sulfate as SO4 - Turbidimetric 34003520 1470 1290 4190mg/L114808-79-8

ED045G: Chloride Discrete analyser

Chloride 13501350 660 638 1500mg/L116887-00-6

ED093F: Dissolved Major Cations

Calcium 555577 309 283 436mg/L17440-70-2

Magnesium 366348 122 114 423mg/L17439-95-4

Sodium 14601480 609 608 1400mg/L17440-23-5

Potassium 4542 23 24 45mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

Aluminium 0.010.05 0.02 0.02 37.7mg/L0.017429-90-5

Antimony <0.001<0.001 <0.001 0.002 <0.001mg/L0.0017440-36-0

Arsenic 0.002<0.001 0.001 0.002 0.002mg/L0.0017440-38-2

Cadmium 0.0002<0.0001 <0.0001 0.0001 0.0032mg/L0.00017440-43-9

Chromium 0.0020.002 0.002 0.001 0.007mg/L0.0017440-47-3

Copper 0.0050.004 <0.001 <0.001 0.014mg/L0.0017440-50-8

Cobalt 0.0410.007 0.010 0.004 0.877mg/L0.0017440-48-4

Nickel 0.1450.094 0.046 0.032 0.946mg/L0.0017440-02-0

Lead <0.001<0.001 <0.001 <0.001 <0.001mg/L0.0017439-92-1

Zinc <0.005<0.005 <0.005 <0.005 0.754mg/L0.0057440-66-6

Manganese 1.850.775 0.616 0.286 11.9mg/L0.0017439-96-5

Iron 0.900.88 0.74 <0.05 146mg/L0.057439-89-6

EN055: Ionic Balance
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Work Order :

:Client

EM1207240

EARTH SYSTEMS PTY LTD

EPASA1224:Project

Analytical Results

JNSD-2-BJSMC-1JSMC-1JNMC-1JNMC-2Client sample IDSub-Matrix: WATER

17-JUN-2012 15:0021-JUN-2012 11:0021-JUN-2012 13:0020-JUN-2012 17:2520-JUN-2012 17:15Client sampling date / time

EM1207240-005EM1207240-004EM1207240-003EM1207240-002EM1207240-001UnitLORCAS NumberCompound

EN055: Ionic Balance - Continued

Total Anions 110112 50.4 45.7 130meq/L0.01----

Total Cations 122123 52.5 50.6 119meq/L0.01----

Ionic Balance 5.144.40 2.07 5.08 4.42%0.01----
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Work Order :

:Client

EM1207240

EARTH SYSTEMS PTY LTD

EPASA1224:Project

Analytical Results

JNSD-2-9JNSD-2-8.5JNSD-2-8JNSD-2-7.5JNSD-2-7Client sample IDSub-Matrix: WATER

17-JUN-2012 15:0017-JUN-2012 15:0017-JUN-2012 15:0017-JUN-2012 15:0017-JUN-2012 15:00Client sampling date / time

EM1207240-010EM1207240-009EM1207240-008EM1207240-007EM1207240-006UnitLORCAS NumberCompound

EA005: pH

pH Value 7.276.50 7.65 8.36 8.60pH Unit0.01----

EA010: Conductivity

Electrical Conductivity @ 25°C 99109920 9890 9760 9850µS/cm1----

ED037P: Alkalinity by PC Titrator

Hydroxide Alkalinity as CaCO3 <1<1 <1 <1 <1mg/L1DMO-210-001

Carbonate Alkalinity as CaCO3 <1<1 <1 <1 4mg/L13812-32-6

Bicarbonate Alkalinity as CaCO3 7827 74 70 64mg/L171-52-3

Total Alkalinity as CaCO3 7827 74 70 68mg/L1----

ED038A: Acidity

Acidity as CaCO3 1423 13 ---- ----mg/L1----

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

Sulfate as SO4 - Turbidimetric 38503890 3790 3940 3920mg/L114808-79-8

ED045G: Chloride Discrete analyser

Chloride 14701470 1500 1440 1460mg/L116887-00-6

ED093F: Dissolved Major Cations

Calcium 680627 750 678 672mg/L17440-70-2

Magnesium 417412 444 401 381mg/L17439-95-4

Sodium 12101130 1440 1080 1080mg/L17440-23-5

Potassium 5046 65 45 46mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

Aluminium 0.050.03 0.10 0.14 0.15mg/L0.017429-90-5

Antimony <0.001<0.001 <0.001 <0.001 <0.001mg/L0.0017440-36-0

Arsenic 0.0010.001 0.001 0.001 <0.001mg/L0.0017440-38-2

Cadmium 0.00040.0012 0.0002 0.0001 <0.0001mg/L0.00017440-43-9

Chromium 0.0040.003 0.003 0.004 0.004mg/L0.0017440-47-3

Copper 0.0060.005 0.006 0.006 0.005mg/L0.0017440-50-8

Cobalt 0.1480.436 0.069 0.037 0.013mg/L0.0017440-48-4

Nickel 0.2400.534 0.138 0.073 0.029mg/L0.0017440-02-0

Lead <0.001<0.001 <0.001 <0.001 <0.001mg/L0.0017439-92-1

Zinc <0.0050.030 <0.005 <0.005 <0.005mg/L0.0057440-66-6

Manganese 4.678.56 3.66 0.554 0.141mg/L0.0017439-96-5

Iron <0.05<0.05 0.99 1.04 1.04mg/L0.057439-89-6

EN055: Ionic Balance

Total Anions 123123 123 124 124meq/L0.01----

Total Cations 122116 138 115 113meq/L0.01----

Ionic Balance 0.423.13 5.96 3.80 4.68%0.01----
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:Client

EM1207240

EARTH SYSTEMS PTY LTD

EPASA1224:Project

Analytical Results

JNMC-1JNMC-2JSMC-5JNSD-2-10JNSD-2-9.5Client sample IDSub-Matrix: WATER

19-JUN-2012 15:0419-JUN-2012 16:0020-JUN-2012 15:0017-JUN-2012 15:0017-JUN-2012 15:00Client sampling date / time

EM1207240-015EM1207240-014EM1207240-013EM1207240-012EM1207240-011UnitLORCAS NumberCompound

EA005: pH

pH Value 9.728.79 3.43 8.84 9.25pH Unit0.01----

EA010: Conductivity

Electrical Conductivity @ 25°C 95209810 4330 9110 8960µS/cm1----

EA025: Suspended Solids

Suspended Solids (SS) -------- 104 27 396mg/L5----

ED037P: Alkalinity by PC Titrator

Hydroxide Alkalinity as CaCO3 <1<1 <1 <1 <1mg/L1DMO-210-001

Carbonate Alkalinity as CaCO3 196 <1 11 24mg/L13812-32-6

Bicarbonate Alkalinity as CaCO3 4141 <1 38 28mg/L171-52-3

Total Alkalinity as CaCO3 6047 <1 49 52mg/L1----

ED038A: Acidity

Acidity as CaCO3 -------- 139 ---- ----mg/L1----

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

Sulfate as SO4 - Turbidimetric 35803870 1350 3400 3560mg/L114808-79-8

ED045G: Chloride Discrete analyser

Chloride 14201510 636 1320 1350mg/L116887-00-6

ED093F: Dissolved Major Cations

Calcium 1010660 148 533 589mg/L17440-70-2

Magnesium 187357 142 385 379mg/L17439-95-4

Sodium 13901100 551 1410 1500mg/L17440-23-5

Potassium 6848 16 42 48mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

Aluminium 0.010.17 4.48 0.03 0.02mg/L0.017429-90-5

Antimony <0.001<0.001 <0.001 <0.001 <0.001mg/L0.0017440-36-0

Arsenic 0.001<0.001 0.002 <0.001 0.001mg/L0.0017440-38-2

Cadmium <0.0001<0.0001 0.0010 0.0002 0.0001mg/L0.00017440-43-9

Chromium 0.0120.005 0.002 0.002 0.003mg/L0.0017440-47-3

Copper 0.0060.006 0.004 0.005 0.006mg/L0.0017440-50-8

Cobalt 0.0030.009 0.278 0.061 0.007mg/L0.0017440-48-4

Nickel <0.0010.014 0.251 0.191 0.098mg/L0.0017440-02-0

Lead <0.001<0.001 0.001 <0.001 <0.001mg/L0.0017439-92-1

Zinc <0.005<0.005 0.179 <0.005 <0.005mg/L0.0057440-66-6

Manganese 0.0330.067 5.00 2.51 0.931mg/L0.0017439-96-5

Iron 1.24<0.05 25.9 <0.05 0.96mg/L0.057439-89-6

EN055: Ionic Balance
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Work Order :

:Client

EM1207240

EARTH SYSTEMS PTY LTD

EPASA1224:Project

Analytical Results

JNMC-1JNMC-2JSMC-5JNSD-2-10JNSD-2-9.5Client sample IDSub-Matrix: WATER

19-JUN-2012 15:0419-JUN-2012 16:0020-JUN-2012 15:0017-JUN-2012 15:0017-JUN-2012 15:00Client sampling date / time

EM1207240-015EM1207240-014EM1207240-013EM1207240-012EM1207240-011UnitLORCAS NumberCompound

EN055: Ionic Balance - Continued

Total Anions 116124 46.0 109 113meq/L0.01----

Total Cations 128111 43.4 121 127meq/L0.01----

Ionic Balance 5.015.40 2.92 5.08 5.74%0.01----
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