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2.10 Acidification of inland 
waterways

Key messages

Figure 2.10.1 Resource condition summary for acidification of inland 
waterways by hydrozone

Condition and trend

Waterways in some inland areas of the south-west of WA are 
becoming acidified. This acidification is related to acidity carried by 
rising groundwater and is often associated with dryland salinity. 

At least 350 km of major waterways and tributaries in the agricultural 
areas of the south-west of WA show baseflow acidity (pH <4.5). 

There is evidence that acidification has been occurring for at least 
30 years and is linked with increased, diffuse discharge of saline 
groundwater in the salinising landscape. 

Baseflow acidity in some sub-catchments can be attributed to point 
discharge from agricultural groundwater drains used to mitigate 
salinisation of land.

Management implications

Engineering options for salinity management can be effective 
in salinity mitigation, but can increase discharge of acid, saline 
groundwater into the environment with off-site impacts.

Management options are available to minimise the off-site impacts of 
acid water from engineering works for salinity management. 

The Policy framework for inland drainage (2012) provides a pathway 
for improved practice to reduce off-site impacts of inland drainage.
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Table 2.10.1 Resource status and trend summary for acidification of inland waterways by hydrozone

Hydrozone Summary Condition and trend Confidence

Very 
poor Poor Fair Good Very 

good
In  

condition
In  

trend
7 Northern Zone of 

Ancient Drainage
There are extensive areas of acid, saline groundwater in the southern portion. 
Baseflow acidity has occurred periodically. There is insufficient data to 
determine trends.

 

8 Northern Zone of 
Rejuvenated Drainage

There is a small area of acid, saline groundwater. Surface waters are 
externally drained and neutral to alkaline. There is insufficient data to 
determine trends.

 

10 South-eastern  
Zone of Ancient 
Drainage

There are extensive areas of acid, saline groundwater. Baseflow acidity has 
occurred but there is limited data to determine extent or trends.

 

11 South-western  
Zone of Ancient 
Drainage

There are areas of acid, saline groundwater and acidification of baseflow has 
occurred. There is insufficient data to determine trends or extent.

 

Other hydrozones There is insufficient information for assessment or the issue is not present.

Adequate high-quality 
evidence and high level of 
consensus
Limited evidence or limited 
consensus
Evidence and consensus too 
low to make an assessment

Improving

Deteriorating

Stable

Unclear

Variable

ConfidenceRecent trends

Very good No sample sites in hydrozone have severely acid baseflow

Good 0–10% of sample sites in hydrozone have severely acid baseflow

Fair 10–20% of sample sites in hydrozone have severely acid baseflow

Poor 20–50% of sample sites in hydrozone have severely acid baseflow

Very poor >50% of sample sites in hydrozone have severely acid baseflow

Condition grades
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Overview
Groundwaters in many parts of the south-west of WA are naturally 
saline and acid and commonly have a pH between 3 and 4 (Rogers 
and George 2005). They may contain high concentrations of dissolved 
aluminium, iron, lead, copper, nickel and zinc. These metals have been 
leached out of soil and rock by the acid waters (Degens and Shand 
2010).

The clearing of native vegetation for agriculture has resulted in a rise 
in watertables bringing saline waters from the deeper subsurface 
to surface environments and a significant increase in groundwater 
discharge. This groundwater discharge creates a baseflow in the 
downstream waterway which was not present before clearing. In many 
parts of the south-west of WA, this baseflow can also be acid, given the 
acidity of the groundwater discharge (Degens et al. 2012).

Baseflow is the low flow portion of streamflow and can include 
groundwater discharge, shallow subsurface flow and attenuated flow 
from upstream.

Waterways may have some natural buffering effect that mitigates 
the effects of acidification. However, once the buffering capacity is 
exceeded, the water bodies will become acidified, adversely impacting 
on their aquatic ecology.

There are saline, acid baseflows and seasonally-ponded water in 
lakes in the cleared agricultural zone, but generally, there is much less 
surface water acidity in areas with original perennial vegetation, east of 
the agricultural zone (Degens et al. 2012).

One way to manage salinisation is to use engineering options to 
lower watertables. These options have resulted, in some instances, 
in degradation of aquatic and terrestrial ecosystems downstream of 
the drain because of increased discharge of acid, saline groundwater 
(Seewraj 2010; Stewart et al. 2009). Treatment systems are being 
developed that can remove acidity before discharge to the environment 
(Degens 2009, 2012). There are other ways to manage acidification 
risks from drainage, such as discharging drains into disposal basins 
(Degens 2009). Therefore, engineering for salinity management can be 
designed to minimise off-site impacts but it requires proper assessment 
and management of risks.

The combination of rising watertables leading to increase movement 
of acid groundwaters to surface waters and discharge from deep open 
drains has resulted in increased acidification of water bodies, such as 
lakes and waterways.

Acidification impacts on agriculture, infrastructure and 
biodiversity
Acidification also impacts on agricultural production. Where the salinity 
of waters is low enough (i.e. less than 1800 mS/m) to be used to 
water stock, acidity could pose additional problems. Metals, such as 
aluminium, cadmium, iron and nickel, become more soluble under acid 
conditions and they can cause decline in livestock health.

In saline groundwater environments, not only are chloride ions present, 
but naturally-occurring sulfates can sometimes be found in the soil or 
dissolved in the groundwater. At certain concentrations, these sulfates 
can chemically attack concrete. The severity of the attack will depend 
on the types of sulfates present, their concentration, movement of 
groundwater, pressure, temperature and the presence of other ions 
(Cement Concrete and Aggregates Australia 2005).Acid surface flow in the Dalyup River, Esperance.
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Acidity can accelerate this weakening of concrete structures. Acid, 
saline groundwater occurs under many rural towns of the wheatbelt, 
such as Moora, Merredin, Nyabing and Lake Grace.

Acidification impacts on aquatic and terrestrial ecosystems. 
The impacts on aquatic ecosystems can be grouped into three 
broad categories – the direct effects of acidity, metal toxicity and 
sedimentation.

Acidification results in reduced species diversity and abundance as well 
as causing changes in the community composition of aquatic plants, 
invertebrates and waterbirds.

Assessment method

Hazard maps from groundwater and soil data
Maps of acid groundwater hazard have been produced from 
groundwater and soil data collected by DAFWA for the lower 
rainfall areas. There is a strong statistical relationship between acid 

groundwater and subsoil alkalinity (Lillicrap and George 2010). Acid 
groundwater hazard maps were developed from soil maps using this 
correlation and other statistical techniques. The hazard categories are 
low, moderate and high based on the probability of acid groundwater 
occurring (Holmes and Lillicrap 2011). A detailed hazard assessment 
was conducted for the nine hydrozones where acid groundwater is a 
significant issue.

Impact on downstream waterways
The impact on downstream waterways was assessed using baseflow 
surface water quality data (pH measurements) for the years 2003 
to 2009 (Degens and Shand 2010; Degens et al. 2012; Lillicrap and 
George 2010; Janicke et al. 2009; Shand and Degens 2008). Data from 
within deep drains was excluded. The majority of the data was obtained 
from an annual surface water snapshot sampling program that the 
Department of Water ran in the Swan-Avon Basin from 2003 to 2009 
(Degens et al. 2012). This sampling was largely oriented at drainage 
discharge sites and therefore is biased to indicate drain discharge and 
may over-emphasise groundwater acidity. There was sufficient data to 
establish acid groundwater occurrence and risk to waterway condition, 
but there was insufficient data to establish trends. The data was mostly 
collected in the low rainfall areas so this assessment is restricted to the 
hydrozones in those areas. The sampling of pH is an indicator of the 
status of acidification, but is a poor indicator of whether the water is 
likely to continue to acidify or become more alkaline.

Water samples from a number of sites in natural waterways were 
analysed and either the median or average pH was used to allocate 
the site to a severity category. Based on criteria in the Australian and 
New Zealand Environment and Conservation Council’s (ANZECC) water 
quality guidelines, sites with pH less than 4.6 (below 4.6 the water 
contains no buffering capacity in terms of dissolved bicarbonate) were 
categorised as severely acid; sites with pH greater than 4.6 and less 
than 6.5 were categorised as moderately or slightly acid; and sites with 
pH greater than 6.5 where labelled as neutral to alkaline.

Concrete culvert corroded by acid water.
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Current status and trends

Acid groundwater hazard
The hazard analysis indicates that acid groundwaters are widespread 
throughout the northern and eastern wheatbelt (Northern, South-
eastern and South-western Zones of Ancient Drainage and parts of 
the Jerramungup Plain Hydrozone) and the Salmon Gums Mallee 
Hydrozone, and there is a high risk of surface expression in natural 
waterways and artificial deep drains in these areas (Figure 2.10.2).

Sample sites
Snapshot sampling of surface water in natural waterways throughout 
the wheatbelt and south-east generally reflect the degree of hazard. 
The sites shown in Figure 2.10.3 only include those occurring in natural 
waterways and specifically exclude artificial drains.

Figure 2.10.2 Hazard of acid groundwater. Areas not assessed (white) 
generally have a low hazard.

Figure 2.10.3 Spatial distribution of average pH of baseflow from snapshot 
sampling.



162 163

Areas in the eastern and northern wheatbelt and Salmon Gums Mallee 
Hydrozone have a high proportion of natural waterways with severely 
acid baseflow. Note that the choice of sampling sites was biased to the 
areas of occurrence, and therefore no statistical analysis is possible on 
these samples.

Table 2.10.2 Hazard assessment and condition summary

Hydrozone

Hazard assessment Condition

Comments
Proportion 

of 
hydrozone 
assessed 

%

Proportion 
of assessed 

area with high 
hazard 

%

Proportion 
of sites with 

baseflow 
severely acid 

%

Number of 
sites

Assessment

7 Northern 
Zone of 
Ancient 
Drainage 79 27 44 151 poor

This hydrozone is mostly internally drained to salt lakes, although 
the rivers at the western margins may be externally drained. There 
are extensive areas of acid groundwater (27%) particularly in 
the valley systems. Acid groundwaters are most common in the 
southern portion of the hydrozone and less frequent towards the 
north. Acidification of some waterways (44% of sites are severely 
acid) has occurred during the sampling period.

8 Northern 
Zone of 
Rejuvenated 
Drainage

11 6 0 90 very good

This hydrozone is externally drained. Only a small proportion of 
the hydrozone has acid groundwater (6%) and surface waters are 
neutral to alkaline because of the lack of acid groundwater and the 
processes in the rivers that generate alkalinity. 

9 Southern 
Cross 28 44

Localised, site specific data, 
not sufficient for assessing 

condition.
not assessed

The Southern Cross Hydrozone, like surrounding zones, is 
internally drained and has extensive areas of acid groundwater 
hazard (44%). There are no surface water data to assess the off-
site impacts of acid groundwater. 

10 South-
eastern Zone 
of Ancient 
Drainage

77 45 31 29 poor

The majority of this hydrozone is internally drained to salt lakes. 
There are extensive areas of acid groundwater hazard (45%). 
Acidification of some waterways (31% of sites are severely acid) 
has occurred during the sampling period. These surface water 
sites are mostly salt lakes or waterways draining to salt lakes. 

Inland acidification hazard and baseflow acidity 
occurrence (condition)
The results of this assessment have been summarised for the nine 
hydrozones that were assessed for acid drainage hazard.
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Hydrozone

Hazard assessment Condition

Comments
Proportion 

of 
hydrozone 
assessed

Proportion 
of assessed 

area with high 
hazard

%

Proportion 
of sites with 

baseflow 
severely acid

%

Number of 
sites Assessment

22 Jerramungup 
Plain 59 37

Localised, site specific data; 
generally low occurrence of 

severely acid baseflow.
not assessed

This hydrozone has external drainage. Although acid groundwater 
is present in the upper catchments (37% of area sampled), surface 
waters are neutral to alkaline because of the processes in the rivers 
that generate alkalinity. 

11 South-
western Zone 
of Ancient 
Drainage 100 11 3 34 good

The South-western Zone of Ancient Drainage is internally drained, 
with the western margins externally drained. About 11% of the 
hydrozone has an acid groundwater hazard, particularly in the 
valley systems. Despite the overall good rating, there is significant 
acidification of baseflow surface water in a limited area (Fence 
Road drainage system) in the south of the zone (Seewraj 2010). 

13 Eastern 
Darling 
Range not assessed 0 60 not assessed

This hydrozone is at the downstream end of many inland stream 
systems. Though baseflow acidification may be present in some 
upper catchments, baseflow within the hydrozone is neutral to 
alkaline because of low flow rates, lack of acid groundwater and 
processes in the rivers that generate alkalinity.

14 Western 
Darling 
Range not assessed 0 36 not assessed

The Western Darling Range Hydrozone is also at the downstream 
end of many inland systems. All surface waters measured 
were neutral to alkaline because of low flow rates, lack of acid 
groundwater and processes in the rivers that generate alkalinity.

25 Salmon Gums 
Mallee 63 83

Localised, site specific data; 
data from literature shows 

lakes with severely acid 
water are common.

not assessed

This hydrozone has the highest proportion of acid groundwater 
(83%) of all the hydrozones. It is mostly internally drained to 
salt lakes except for the southern margins where rivers may be 
externally drained. Some of these rivers have become acidified.

Other hydrozones not assessed no data not assessed Acid, saline groundwaters are not present or have not been 
identified.

Table 2.10.2 Hazard assessment and condition summary (cont.)
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Discussion and implications
There is a consistent pattern of widespread acidity in the baseflow 
of waterways that is coupled with saline groundwater discharge to 
waterways and lakes. Baseflows are a feature of rising watertables 
that have resulted in secondary salinisation and increased acidity in 
waterways (Degens et al. 2012). Baseflows have increased significantly 
in both duration and extent across the south-west of WA since clearing.

Spatial patterns in the pH of baseflows and near-dry lakes correspond 
with regional patterns of pH in saline groundwater reported in the 
Swan–Avon Basin (Lillicrap and George 2010). The greater incidence 
of neutral to alkaline baseflows in the Avon River is comparative to the 
greater incidence of neutral to alkaline groundwater in the Yilgarn and 
Lockhart rivers (Degens et al. 2012).

Acid baseflows (pH <4.6) occur across the eastern, low rainfall part of 
the south-west of WA, with a concentration in the northern, eastern 
wheatbelt. At least 350 km of major waterways and tributaries in the 
Swan–Avon Basin have acid baseflow (pH <4.6) (Degens et al. 2012).

Acid water in a deep drain, Dumbleyung.

These acid baseflows are typically spatially disconnected, largely 
localised and rarely continuous for more than 10 km in waterways. High 
evaporation rates, combined with very low gradient watertables limiting 
rates of groundwater discharge (George et al. 2008a), play a major role 
in limiting baseflows in the inland areas of the Swan–Avon Basin (Mayer 
et al. 2005).

Groundwater drains
Point discharge of saline groundwater occurs where groundwater 
drains are used to control rising watertables in areas that have become 
saline after clearing (Degens and Shand 2010; Shand and Degens 
2008). In contrast, diffuse groundwater discharge occurs as seepage 
of groundwater to the floor and margins of floodways and natural 
depressions including lakes and wetlands (Degens et al. 2012).

Degens et al (2012) found that stream sites less than 5 km downstream 
of agricultural groundwater drains were generally acid in the Lockhart 
and Mortlock rivers catchments (Northern Zone of Ancient Drainage 
Hydrozone). Groundwater drains most likely intercept shallow 
acid groundwater in these catchments, thereby bypassing any soil 
neutralisation capacity, and concentrate the loading of acidity to the 
stream environments. Many farmers may be unaware that these drains 
effectively concentrate the discharge of acidity contained within shallow 
groundwater to lakes and waterways.

Acidity, and the resultant dissolved metals in baseflows, carries the 
risk of acute impacts on aquatic organisms. The concentrations of 
dissolved aluminium and iron found in the acid waters indicate that 
these contain significant potential to acidify downstream alkaline 
waters or sediments (Degens et al. 2012). The extent that these waters 
will acidify downstream environments, however, depends largely on 
the duration and volumes of baseflows and on the management of 
the increased groundwater discharge yielded by agricultural drains 
or pumping. Interim assessment of the Fence Road drainage system 
indicated acidified water being transported up to 30 km downstream 
(Seewraj 2010).
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There are practical options to contain and treat this discharge, including 
in-drain treatments (or end-of-drain treatments) such as lime-sand 
basins or composting wetlands, and disposal to a constructed basin or 
lake (Degens 2009).

While agricultural groundwater drains are a significant factor influencing 
the pattern of acidity, this pattern probably results from the drains 
increasing the expression of the underlying regional pattern of 
groundwater acidity in stream flows, as opposed to the drains actually 
causing the acidity.

In some areas of the Swan–Avon Basin, both diffuse groundwater 
discharge and point discharge from agricultural groundwater 
drainage play a role in influencing baseflow acidity. In the Yilgarn 
River catchment, there was no difference between the pH of stream 
baseflows and near-dry lakes based on proximity of drainage, 
suggesting that while proximity to drains in this catchment may explain 
some of the pattern of acidity, there are other influencing factors, which 
most likely include diffuse discharge of acid, saline groundwater. Other 
investigations have found acid surface waters in secondary saline 
lakes with no influence of groundwater drainage. This occurrence was 
attributed to diffuse discharge of acid, saline groundwater (Degens and 
Shand 2010; Shand and Degens 2008).

The frequent occurrence of acidity in the lower Lockhart River 
baseflows over more than 30 years is evidence that a long history of 
diffuse acid, saline groundwater discharge influenced the acidity of 
baseflows long before groundwater drainage began.

Interaction of baseflow with higher flows
Long-term monitoring in the central part of the Swan–Avon Basin 
indicates that the influence of acidity in diffuse groundwater discharge 
is confined to baseflows and is probably diluted and neutralised by 
mixing with alkaline run-off in higher flows (Degens et al. 2012).

High surface flows dilute and neutralise significant volumes of acid 
discharge from groundwater drains but these flows happen infrequently 
compared to groundwater discharge (Degens et al. 2012). Between 
floods, uncontrolled discharge of acid groundwater from agricultural 
drains result in continued, concentrated accumulation of acidity in 
waterways.

The uncontrolled discharge of acid groundwater from agricultural 
drains can result in continued, concentrated accumulation of acidity in 
waterways during higher flows (for example Fence Road drain (Seewraj 
2010).

Prognosis
The length of waterways and number of lakes acidified by diffuse 
groundwater discharge in the south-west of WA is expected to 
increase in coming decades in line with continued discharge of saline 
groundwater to these environments.

Continued expansion of the areas affected by shallow saline 
watertables is likely over the next 50–100 years (see Chapter 2.7), 
irrespective of rainfall trends. This expansion is likely to result in 
further increases in discharge of acid, saline groundwater to surface 
environments, particularly in eastern areas where groundwater is 
more commonly acid. Increased use of groundwater drains to mitigate 
salinisation of agricultural land is likely to accelerate the acidification of 
baseflows, particularly if discharge is not contained or neutralised.
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Recommendations
•	 Continue investigating the extent and trend in baseflow acidity to 

assist in managing the issue.

•	 Management response to the acidity threats includes assessing 
the risk of acidity prior to drainage works, mitigating point 
discharge from agricultural groundwater drains and ensuring that 
acid baseflows from diffuse acid, saline groundwater discharge 
remain localised.

•	 Continue investigating and evaluating treatment systems for 
neutralising acidity in agricultural groundwater drains.

•	 Use the Policy framework for inland drainage (Department of 
Water 2012) as a pathway for improved practice to reduce off-site 
impacts of inland drainage.
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