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Background and overview 

Section 2 of the Dry Creek Salt Pans south of St Kilda road comprises around 260 hectares of shallow 
evaporation pans that were historically used for gypsum precipitation during the salt mining 
operations. The majority of this section is adjacent to the boundary of the SA Water Bolivar WWTP. 
Individual salt pans within Section 2 are referred to as PA6, PA7, PA7a PA8, PA9 and PA10. 

 
Figure 1. Ridley salt pans section 2. Yellow circle indicates Stage One trial, blue line 
indicates Stage Two trial and black line indicates Stage Three trial.  

The salt pans in Section 2 have a gypsum cap that overlies acid sulphate soils, predominantly mono-
sulphidic black ooze (MBO). As such, the long term management of Section 2 may require the ponds 
to remain wet. It is suggested that the use of this section of the salt fields for the polishing of one of 
the Bolivar waste streams would both provide the water required to minimise the risk of MBO 
mobilisation and also be a beneficial use of the site to assist with the reduction of the nutrient load 
being discharged to the Gulf St Vincent. 

(a)  (b)  

Figure 2.  (a) Gypsum cap in pan PA 9; and (b) Gypsum cap in pan PA 8 
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Stage One trial summary outcomes 

Stage One of the trial, the initial feasibility assessment, was conducted from December 2014 to May 
2015.  A 7ha trial area was bunded off in PA9, adjacent to the Bolivar treatment lagoons, and initially 
filled with 30ML of HSP effluent.  Evaporative losses were replaced on a 6 day basis (usually 3ML).  

The trial was focussed on establishing whether nutrients could be reduced without adverse 
environmental impacts on the adjoining mangroves or potential human impacts such as odour or 
pest insects. Monitoring salinity and ion ratios enabled investigations into the impact on the gypsum 
cap. The results of the trial were strongly encouraging, as reported in the Salt Pans PA9 trial progress 
report final (June 2015) document.  

Analysis of the water quality results indicates that nitrogen is being removed within the pond, with 
over 450kg of Total Nitrogen removed over the trial period.  The ponds can be managed to remove 
97% of the nitrogen from treated HSP effluent transferred to the ponds if operated as an 
evaporative system with minimal discharges to control salinity. Based on 2014 data, across all of 
Section 2 this would represent a reduction in nitrogen discharged to the ocean of over 30 tonnes per 
year. 

Groundwater monitoring conducted adjacent to the trial area found no negative impact and little 
evidence of seepage of effluent from the pond into the surrounding environment. No impacts 
relating to odour or algae were observed. 

A potential pest species, the salt tolerant midge Tanytarsus barbitarsus, was observed to colonise 
the area. Trial results and theoretical considerations indicate that an effective low cost management 
strategy based on biocontrol and salinity management can be implemented.  

Stage Two trial summary outcomes 

The Stage two trial commenced in spring 2015 and was conducted in two pans, the 44 ha pan PA9 
which was maintained in a steady state with inflows matching evaporation and the 10 ha pan PA10 
which was filled and then allowed to evaporate down to investigate midge fly salinity tolerance.  

The results of the Stage Two trial confirmed the results of Stage One of the trial regarding the 
feasibility of using the salt pans as polishing ponds to enhance nutrient reduction, particularly 
nitrogen, whilst ensuring that there are no adverse impacts such as the generation of pest insect 
species, uncontrollable algal blooms, or odour that may reach surrounding residents.   

The investigation into nutrient loads showed that that a steady state was achieved where the rate of 
denitrification in the pond was sufficient to remove all additional nitrogen being introduced in the 
HSP effluent on an ongoing basis, confirming that the ponds could be used as a long term 
sustainable strategy to remove nitrogen from the introduced HSP effluent.  

No adverse impacts relating to odour or algae were observed, although substantial mats of the 
filamentous algae Enteromorpha developed over the summer. This may increase the rate at which 
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the sediment layer develops with potential implications for macroinvertebrate diversity and 
abundance.   

A range of local and migratory bird species were observed utilising the pans 

The results of the salinity trial in pan PA10 indicated that the local strain of Tanytarsus barbitarsis 
could not survive in water with salinity above 100 ppt, that the developmental zero temperature 
was around 15C, and as per the results from Stage One, that the generation time at moderate 
salinities was around 3 weeks.  

Stage Three trial proposal 

In accordance with the previously confirmed trial schedule, it is planned to commence Stage Three 
of the trial in spring 2016. This will involve an expansion to include the 53 ha of saltpan PA8 and the 
17 ha salt pan PA7a.  

The four pans involved in the expanded trial will be managed as independent water bodies, to allow 
them to each be maintained at a different steady state salinity, to further investigate the salinity 
regime that will most effectively provide the desired nutrient removal, pest insect control and 
ecological outcomes. Noting that the section 2 pans collectively are over 6km long, it is possible that 
the most appropriate operating salinity will be different in different pans. For example, the pans 
further from the residential area of St Kilda, where the risk of pest insects is lower, may be 
maintained at lower salinities.  

This document describes the monitoring plan for Stage Three of the trial. 

Aims and Objectives 

The aims of this trial are to confirm in a larger scale system the nutrient reduction outcomes 
observed in Stages One and Two, and identify and verify the management practises required to 
ensure no adverse impacts occur while also allowing various ecological benefits to be achieved.  

The specific objectives of the trial are to: 
• Monitor the rate of nutrient loss under conditions of different salinity and identify any 

processes that may be enhanced to increase the rate of loss 
• Estimate quantitatively the relationship between the environmental variables salinity and 

temperature and the life history parameters of the midge Tanytarsus barbitarsus. 
• Investigate the ecosystems that develop under stable conditions in the four saltpans 

maintained at different salinities. Assess the implications for management of the pans to 
enable effective mitigation of pest insect species generation and develop a robust Integrated 
Pest Management strategy.  

• Ensure there are no detrimental impacts to the existing gypsum cap through monitoring of 
ion ratios to potentially enhance gypsum precipitation 
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• Test other risk mitigation strategies as described in the risk assessment section of this 
document 

• Assess the feasibility of utilising the whole of section 2 of the Dry Creek salt pans as nutrient 
polishing lagoons for Bolivar HSP effluent. 

Trial Stage Three Establishment 

Prior to Stage Three of the trial commencing, a series of approvals and assessments will be required. 
These include: 

• Agreement between SA Water and Buckland Dry Creek to conduct the trial 
• Approval from EPA to enable effluent to be diverted to PA8 and PA7a (Change of Process 

approval) 
• Approval from DSD to enable Buckland Dry Creek to undertake an activity not included 

within their current mining lease 
• Support of the STAG and CE Steering Committee for expansion of the trial 

Trial methodology will be as per Stages One and Two of the trial. Water will be taken from pump out 
valves on the HSP transfer main, which transfers water from the HSP to the Bolivar outfall channel. 
This water will be piped into the pans using buried conduit pipes to pass under the road. 

 

 

Figure 3. HSP pipeline outlet. Flow meter is located behind the mesh 
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Figure 4. Aerial map showing Section Three of the salt fields and water inlet points for 
Stage Three of the trial.  

 

As per Stages One and Two, water from the HSP pipeline will be delivered via branch pipes to the 
eastern edge of the target salt pond. A short diffuser will be located on each delivery pipe to 
minimise the risk of erosion and to enhance the diffusion of the incoming water. Water will flow 
over the trench and into the pond at a steady rate.  

Based on the flow rates in Stage Two it is estimated the average flow rate from the HSP pipeline to 
salt pan PA7a will be 2ML/day and the flow rate into PA8 will be around 2.5ML/day. It is estimated 
that salt pan PA7a has an operational volume of around 60ML and will fill in around one month, 
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once PA7a is at the target level that transfer pipe will be extended to increase the flow rate into PA8. 
While Pan PA8 has an estimated operational volume of around 350ML it is not planned to fill it to 
capacity, but only to the point that the target salinity is reached. Volumes will be monitored by inline 
flow meters on each scour and overall volumes by the existing end to end HSP pipeline flow meters. 

Once the ponds are achieve their target water and salinity levels, additional HSP water will be 
pumped into the ponds to address evaporative losses as required.  

Target Salinity 
A key aim of Stage Three is to investigate the ecosystems that develop under stable conditions in the 
four saltpans maintained under different non-lethal salinities. Whist some insects species can survive 
more saline conditions there is a substantial energetic cost which reduces the rate of population 
increase and hence potential to reach pest numbers. Conversely at higher salinities there are fewer 
species present, potentially reducing pressure from predators and/or competitors for resources.  

The results of Stage Two indicated the midge fly Tanytarsus barbitarsus cannot complete its 
development in water with salinity greater than 100ppt. Based on this upper limit value, it is planned 
to manage water flows into the four trial pans to maintain a range of target salinities between 25 
and 90ppt. There is no plan to add salt at this time and so actual values achieved will be in part 
determined by the residual mass of salt in PA7a and PA8. Indicatively the  target is salinities of 
around 90ppt, 70ppt, 50ppt and 25ppt in pans PA7a, PA 8, PA9 and PA10 respectively.  

Understanding the ecosystems that develop at different salinities and how salinity affects the life 
history parameters of the midge Tanytarsus barbitarsus is required for the development of a robust 
water body and pest management plan. This is further discussed in the Integrated Pest Management 
Plan (Appendix B), along with mitigation and management strategies should an issue begin to 
emerge.  

Monitoring Plan 

The purpose of the monitoring program is to ensure the integrity of the effluent transfer 
infrastructure, determine the water quality outcomes, and investigate the relationship between the 
environmental variables salinity and temperature and the ecology of the pans, in order to determine 
the management techniques to enable an effective management program to be developed. The 
monitoring program will also provide the basis for early action if certain triggers are approached or 
reached. As described below, the program will involve monitoring a range of water quality and 
biological parameters, both within the pond and in the adjacent area, as well as taking advantage of 
other pre-existing programs. 
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Effluent transfer infrastructure 
The HSP effluent transfer main and the connecting branch pipes delivering water to PA7a, PA8, PA9 
and PA10 will be visually inspected 3 times per week with an interval of no more than 3 days 
between inspections. Flow meter readings will be taken weekly. 

Pond Water Quality  
Monitoring of the quality of source water for the trial (for the initial fill and the subsequent 
evaporation loss replacements) will continue to occur at the High Salinity Plant, as part of the 
routine monitoring plan for this plant.  

The pond water quality monitoring will be conducted monthly, with grab samples taken from one 
representative safely accessible location per pan, sufficiently distant from the influent location to 
ensure mixing has occurred (Figure 3).  

The following parameters will be assessed: 
• Nitrogen (TKN, NOx, TN) 
• Phosphorus (FRP, TP) 
• Conductivity/TDS 
• SS 
• Sulphate 
• Calcium 
• Sodium 
• Chloride 
• Magnesium 
• Potassium 
• Fluoride 
• Alkalinity 
• pH 
• Copper 

These parameters are the same as those used in Stage Two, with the exception that monitoring of 
copper has been discontinued. This is due to the results from Stage Two found no evidence of 
copper being mobilised or otherwise affected by the effluent discharged into the pans. As described 
in the specific objectives, this monitoring will be used to determine the rate of nutrient loss, the 
impacts of this water source on the current conditions of the pond, and the tracking of gypsum cap 
dissolution/precipitation.  

Groundwater monitoring 
Piezometers installed for Stage One will continue to be used to determine any changes in water 
quality due to leaching of water from the pond. The piezometers comprise a set of two completed at 
different depths in the shallow aquifer (Figure 5).  This enables tracking of the water prior to and 
after any influence from leached water from the trial pond. In addition, data from adjacent SA Water 
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Trade Waste Lagoon monitoring piezometers and the piezometer network for Ridley’s mine closure 
process will be assessed for evidence of impacts. Maps in Appendix D show the locations of 
piezometers constructed for the trial, trade waste lagoon and the Ridley mine closure.  

 

Figure 3. Schematic of piezometer well construction 

There are two historical creek lines that run through PA9 toward the sea. Inspection of both of these 
old creek lines was undertaken to assess the risk of water finding a preferential flow path through 
the sea wall and into the marine environment. The inspection identified the following points: 

• There is no evidence of elevated moisture in the seaward side of the sea wall that forms the 
boundary of the salt pan. Whilst the old creek lines are evident from the aerial images, there 
is nothing on the ground that shows that they are still present and still have an influence on 
the flow path out of the pan. There is no increased moisture, channels etc between the 
seawall and the existing north-south channel located seaward of the seawall.  

• There is no evidence of impacted vegetation around the seaward side of the seawall. As 
hyper-saline water was present in the salt pans prior to drying out one would expect to see 
either dead vegetation, or even stunted growth in the vegetation below the sea wall at the 
old creek lines. There is no change in vegetation health along the entire transition zone 
between the sea wall and the mangroves anywhere along the seawall for PA9 and PA10.  

• The seawall is very wide (15 metres) and offers a very good buffer between the water in the 
salt pan and that in the natural environment.  

 
Inspection of the creek lines will occur throughout the trial. If seepage is evident SA Water will work 
with the EPA to implement a monitoring strategy to enable the impact of the seepage to be 
quantified.  
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Figure 6. Image looking seaward from the sea wall at one of the creek locations 

 

 

Figure 7. Image looking along the seawall with the salt pans on the left and natural salt 
marsh on the right 
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Biological monitoring 
The monitoring program will provide data on algal and macroinvertebrate species diversity and 
abundance in and around the four salt pans which will allow development a robust Integrated Pest 
Management program. Stage One monitoring indicated that the key potential pest invertebrate 
species are salt tolerant midges (such as Tanytarsus Barbitarsus) and to a lesser extent, brine flies of 
the family Ephydridae. No other potential pests were identified in Stage Two. 

Monitoring methods 
The monitoring program will utilise six sampling methods, to investigate a range of invertebrate 
species life cycle and life history aspects. The target organisms and monitoring frequency are shown 
in Table 1 below.  

 

 

Table 1. Biological monitoring program 

Trap type Target organism 
Monitoring 
frequency 

Sediment sampling benthic larvae fortnightly 
Submerged macroinvertebrate traps planktonic larvae 6 weekly 
Larval dipping air breathing larvae weekly 
Zooplankton sampling swimming macroinvertebrates 6 weekly 
Floating adult traps emergence rates Daily to weekly 
Aerial adult traps adult migration and dispersion weekly 
 
Indicative initial locations of monitoring points are shown in Figure 6 below. Aerial adult traps will be 
set along the length of the western bund wall to PA6. Sites and program will be reviewed and may 
be altered due accessibility or suitability considerations. 
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Figure 8. Biological monitoring stations (M) 

Risk management 

The key risks that will need to be mitigated are shown in the risk assessment (Appendix A). The 
outcomes of Stages One and Two of the trial provide confidence that the risks associated with an 
expansion are highly manageable through various methods of management and intervention. The 
key risks are colonisation by pest insect and algae species, impacts on the gypsum cap, deposition of 
wastewater contaminants, and odour when the trial ends and the pond is drained (which would only 
occur if the trial was unsuccessful or SA Water/STAG withdraws its support for this mode of 
operation). The risks and mitigation strategies are provided in Appendix A.   
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End of Stage Three Trial 

The official end of Stage Two of the trial will be the first week of November 2017. At this stage a 
decision will have been made about the future path of the trial. Milestones and decision points are 
described in Appendix C. There are three possible outcomes which will be individually discussed 
below. It should be noted that the following factors will be used to determine the success of the 
second phase of the trial.  

Nitrogen – the concentration of nitrogen does not increase over the duration of the trial. The reason 
for this target is that the water volume losses of a fully operational system in Section 2 have been 
estimated to be equivalent to 50% of the water transferred to the ponds. As such, no increases in 
nitrogen concentration over the period of the trial will equate to a reduction in nitrogen 
concentration being discharged to the Gulf (as the nitrogen will not be evaporated with the water, 
so will concentrate in the remaining water column). A static or diminishing nitrogen concentration 
over the period of the trial will demonstrate that the trial is beneficial for meeting the nitrogen load 
reduction objective.  

Pest Insects – the management of pest insect species was successful and there was no offsite impact 
from the emergence of insects from the trial pond. Further, there is not expected to be any offsite 
issues if the trial was to be expanded, and that there is confidence that insects can be managed 
through changes in salinity, or possibly with pesticide intervention on a small scale. The benchmark 
for adult insect emergence numbers will be the number of emergent adults from the adjacent 
WWTP lagoons. If emergent numbers are higher than that of the lagoons (on an adult 
number/square metre basis), either with or without intervention, then the trial will be considered to 
be unsuccessful and expansion of the trial will not occur until further work has been done to 
mitigate this risk.  

Odour – the generation of odour from the trial pond is offensive and may cause impacts to offsite 
residents. The benchmark for this would be that odour from the trial pond is stronger than that of 
the adjacent WWTP lagoons. If this is the case the cause of the odour will be investigated. If 
management of this odour is not successful the trial will be considered to be unsuccessful and 
expansion of the trial will not occur until management strategies have been developed to mitigate 
this risk.   

Negative water quality impacts – the degradation of water quality, from a pH, DO, heavy metals 
aspect (due to the influence of the underlying acid sulphate soils) that result in the water quality 
being above the EPP (water quality) criteria or deemed to be of concern to the EPA will result in the 
trial being considered to be unsuccessful. Expansion of the trial will not occur until management 
strategies have been identified and trialled to demonstrate these impacts are either manageable or 
will be short term.  

Using these criteria for assessment, the following scenarios have been developed to determine the 
future direction of SA Water’s involvement in Section 2.  
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Trial unsuccessful 
Under this scenario it is assumed that the trial outcomes were not achieved as planned, and that it is 
considered to be unlikely that management strategies could be developed to improve the outcome 
of the trial. If this occurs, SA Water will empty the trial pond and re-assess its future involvement in 
trials in Section 2.  

Trial inconclusive 
This scenario represents an outcome whereby there is uncertainty about the success of the trial. This 
may be due to not achieving the required outcomes, or not being confident about managing one of 
the main risks in the event of an expansion of the area in operation. If this occurs then the trial may 
continue within the same footprint in PA7a, PA8, PA9 and PA10 over the summer of 2017/18.  
However, expansion will not occur until there is confidence that the issues can be addressed. If a 
positive outcome is not achieved by April 2018 then the trial will be considered to be unsuccessful, 
the trial pond will be drained and SA Water may not take part in further trials in Section 2 unless a 
strategy to improve the performance of the trial is identified.  

Trial successful 
If Stage Three of the trial is successful, the plan will be to continue to expand the trial to other parts 
of Section 2. A fourth and final phase may be undertaken at the start of summer 2017/18 if the third 
phase is successful and if the trial continues to be supported within SA Water and within 
government. This final phase would see the expansion of the trial to include PA7 and the majority of 
PA6.  

Conclusion 

The results of Stages One and Two provide confidence that the mitigation strategies, as outlined in 
this document, are sufficient to effectively manage the risks associated with the expansion of the 
trail area into PA7a and PA8. Stage Three of the trial will enable the nutrient reduction outcomes 
observed in Stages One and Two to be confirmed in a larger scale system, and provide the 
information on the ecology of the pans under a range of salinities required to identify and verify the 
management practices needed to ensure no adverse impacts occur.  
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Appendix A: Risk Assessment and Mitigation Strategies 

Specific Risk Risk  
Ranking 

Explanation and 
Mitigation Strategy 

Action Level 1 and 
Trigger 

Action Level 2 and 
Trigger 

Action Level 3 and 
Trigger 

Assumptions and 
Considerations 

Risk of odour being 
generated from the 
trial pond 

L This risk is related to 
odour being generated 
above the normal 
background level of 
odour expected from 
the lagoon water. 
The mitigation strategy 
is based on replacement 
of water in the trial 
pond 

Odour is detected 
above normal 
background 
concentrations (by 
SA Water staff). 
Action – increase 
frequency of 
observations, 
consider adding 
more water from 
HSP 

Odour becomes 
offensive to onsite 
staff. 
Action – discharge 
water into Lagoon 1 
and replace with 
HSP water 

Odour risk may 
extend to residents. 
Action – discharge 
water into Lagoon 
1, stop the trial and 
determine if the 
trial can be 
reinstated using a 
different 
methodology  

This risk is associated 
with the operational 
stage. The odour risk at 
the end of the trial is 
covered below.  
Due to the significant 
distance between the 
trial site and the nearest 
residents it is very 
unlikely that odour will 
be an issue to residents  

Risk of odour being 
generated after the 
trial 

M This risk is from the 
odour generated by the 
decomposition of algae 
or organic matter 
(deposited during the 
trial) during the drying 
of the pond after the 
trial is completed 
(assuming that the trial 
does not continue) 

Odour is detected 
above normal 
background 
concentrations. 
Action – increase 
odour monitoring, 
go to second action 
level if odour 
increases 

Odour becomes 
offensive to onsite 
staff. 
Action – look at 
methods to reduce 
the organic matter 
content (physical 
removal, spraying 
with chemical 
degrader) 
 

Odour risk may 
extend to residents. 
Action – refill the 
pond with HSP 
water and quickly 
drain it back into 
Lagoon 1 to 
mobilise the 
organic matter.   
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Specific Risk Risk  
Ranking 

Explanation and 
Mitigation Strategy 

Action Level 1 and 
Trigger 

Action Level 2 and 
Trigger 

Action Level 3 and 
Trigger 

Assumptions and 
Considerations 

Risk of pest insect 
species emerging 
from the trial pond 
(non-biting species) 

M There is a risk that non-
biting pest insect 
species, specifically 
midges and shore flies, 
will thrive in the 
nutrient rich static 
water body.  
Mitigation will be 
through monitoring of 
emergent species 
numbers and 
observations around the 
trial pond.  

Level of adult 
emergence rises 
above 100 
adults/m2/day over 
a week 
 
Action – check 
water quality, look 
at introducing more 
water or salt, 
depending on water 
quality in the pond 
and tolerance of the 
emergent species.  
Consider employing 
some of decoy 
lighting, swarm 
markers 
 

Pest insect species 
causing problems to 
onsite staff, species 
emergent rises 
above 500 
adults/m2/day over 
a week 
Action – treat the 
pond with a 
targeted pesticide 
or immediately 
initiate an 
alternative strategy 
that will reduce 
insect numbers 
rapidly such as 
decoy lighting, 
targeted adult 
insecticide, decoy 
barriers 
 

Risk of pest insect 
species moving 
offsite or impacting 
other water bodies, 
emergent rises 
above 1000 
adults/m2/day over 
a one week period 
after insecticide 
dosing 
Action – 
immediately treat 
the pond, if pests 
persist, discharge 
the water into the 
Lagoon 1  
 

This risk is assuming 
that the emergent 
species are irritating to 
humans.  
SA Water has 
experience in pest 
insect management, 
and has successfully 
controlled insect species 
with pesticides at this 
and other treatment 
plants. The use of 
pesticides is usually very 
successful and will 
mitigate the problem 
within a two day 
timeframe. 
Transfer of water into 
Lagoon 1 can occur over 
a 5 day period to 
remove the 30ML of 
water in the trial pond    

Risk of pest insect 
species emerging 
from the trial pond 
(biting species) 

M There is a risk that biting 
pest insect species, 
specifically mosquitos 
and ceratopogonids, will 

Human biting 
species of 
mosquitoes 
detected in larval 

Human biting 
species of 
mosquitoes 
detected in multiple 

Risk of pest insect 
species moving 
offsite or impacting 
other water bodies,  

This risk is assuming 
that the emergent 
species are irritating to 
humans.  
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Specific Risk Risk  
Ranking 

Explanation and 
Mitigation Strategy 

Action Level 1 and 
Trigger 

Action Level 2 and 
Trigger 

Action Level 3 and 
Trigger 

Assumptions and 
Considerations 

thrive in the nutrient 
rich static water body.  
Mitigation will be 
through monitoring of 
emergent species 
numbers and 
observations around the 
trial pond.  

monitoring program 
 
Action – treat the 
affected area with a 
larvacide. Check 
water quality, look 
at introducing more 
water or salt, 
depending on water 
quality in the pond 
and tolerance of the 
emergent species. 
Consider 
implementing some 
of decoy lighting, 
targeted adult 
insecticide, decoy 
barriers 

location 
Action – treat the 
affected areas of 
the pond with a 
targeted pesticide. 
Consider increasing 
use of alternative 
strategies such as 
decoy lighting, 
targeted adult 
insecticide, decoy 
barriers 
 

Action – 
immediately treat 
the whole pond. 
Consider using a 
broad spectrum 
pesticide 
(Temephos) if pests 
persist, discharge 
the water into the 
Lagoon 1  
 

SA Water has 
experience in pest 
insect management, 
and has successfully 
controlled insect species 
with pesticides at this 
and other treatment 
plants. The use of 
pesticides is usually very 
successful and will 
mitigate the problem 
within a two day 
timeframe. 
Transfer of water into 
Lagoon 1 can occur over 
a 5 day period to 
remove the 30ML of 
water in the trial pond    

Risk of infiltration 
into groundwater 

L There is a risk that water 
from the trial pond will 
leach into the 
groundwater table 
creating a negative 
change in nutrient and 
heavy metal 
concentrations in the 
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Specific Risk Risk  
Ranking 

Explanation and 
Mitigation Strategy 

Action Level 1 and 
Trigger 

Action Level 2 and 
Trigger 

Action Level 3 and 
Trigger 

Assumptions and 
Considerations 

groundwater. As the 
groundwater contains 
high levels of nutrients 
and heavy metals, 
significantly greater 
than that of the HSP 
water used in the trial, it 
is clear that the seepage 
will not have a negative 
impact on the 
groundwater quality.  

Impact on gypsum 
cap 

M The addition of a fresher 
source of water, in 
relation to historic 
water quality, may have 
an impact on the 
integrity of the present 
gypsum cap. Modelling 
has been conducted to 
determine if dissolution 
of the gypsum cap is 
likely.  

The ratio of 
sulphate to chloride 
increases indicating 
some dissolution of 
the gypsum cap.  
Action – continue to 
monitor water 
quality, particularly 
ion ratios. Re run 
the saturation 
indices model with 
new data   

The ratio of 
sulphate to chloride 
ions increase 
significantly, 
indicating large 
reduction in 
gypsum cap 
integrity 
 
Action – look at 
methods for 
increasing salinity 
to facilitate gypsum 
precipitation.  

Visible signs of 
gypsum cap 
dissolution 
 
Action – 
discontinue 
replacing 
evaporative losses, 
re run model and 
continue 
observations. If 
gypsum cap 
continues to 
decline leave the 
water in there to 
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Specific Risk Risk  
Ranking 

Explanation and 
Mitigation Strategy 

Action Level 1 and 
Trigger 

Action Level 2 and 
Trigger 

Action Level 3 and 
Trigger 

Assumptions and 
Considerations 

enhance 
precipitation.  

Deposition of 
materials from the 
trial 

L There is a risk that 
suspended sediments 
and algal etc. will be 
deposited onto the floor 
of the pond if the trial 
results in the pond 
being completely 
emptied.  

There is visible 
organic matter 
located on the floor 
of the pond which 
may cause odour 
issues when dried 
 
Action – monitor 
the fate of the 
organic matter 
during the next 6 
months after drying 
to determine if 
odour is being 
generated that 
could impact on 
surrounding 
residents.  

The organic matter 
is moderately thick 
(i.e. <1cm) and is 
likely to cause 
odour issues when 
dried 
 
Action – wait until 
mid-winter when 
the rain puts more 
water into the pond 
and pump this 
water out to 
Lagoon 1 

The organic matter 
is thick (i.e. >1cm) 
and will cause 
significant odour 
issues and impacts 
to the gypsum cap 
when dried 
 
Action – fill and 
empty the pond 
continuously until 
the organic matter 
has been removed.  

Note that this risk will 
only be relevant if the 
trial is not successful 
and the use of this pond 
for the receiving of HSP 
water is stopped.  

Water impacted by 
the acid sulphate 
soils 

L This risk relates to the 
gypsum cap integrity 
being breached 
resulting in exposure of 
the acid sulphate soils to 
the water column in the 

Minor decreases in 
pH of the water, 
evidence of de-
oxygenation. 
 
Action – continue to 

 Moderate decrease 
in pH of the water 
(approaching pH 4) 
and low DO in the 
water column  
 

Significant decrease 
in pH and water 
shows elevated 
levels of heavy 
metals 
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Specific Risk Risk  
Ranking 

Explanation and 
Mitigation Strategy 

Action Level 1 and 
Trigger 

Action Level 2 and 
Trigger 

Action Level 3 and 
Trigger 

Assumptions and 
Considerations 

pond. Monitoring will 
occur to enable early 
identification of this risk.  

monitor the SO4:Cl 
ratio to see if there 
is an increasing 
trend in this ratio. If 
so, go to step 2.  

Action – pump in as 
much water as 
possible to enhance 
the oxygen 
concentration of 
the water column. 
Continue to 
monitor, go to step 
3 if no change 

Action – stop all 
pumping of water 
into the pond, 
enable evaporation 
to concentrate the 
standing water 
body, consider 
additives (e.g. liquid 
gypsum via aerial 
application).  

Unable to 
completely empty 
the pond after the 
trial has ended and 
is unlikely to 
proceed to the next 
stage 

L This risk relates to the 
inability to drain water 
from the deeper section 
on the western edge of 
the pond.  
If this occurs this risk 
will be addressed via to 
use of a second pump to 
draw water from the 
deeper section and 
discharge it into the 
constructed channel 
that runs along the 
eastern and southern 
edges.  

   This risk is only relevant 
if the trial is 
unsuccessful and this 
pond is not used for this 
purpose. 
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Appendix B: Pest Management Strategy 

Management of pest species in Section 2 of the Dry Creek Salt Field  

Management of potential pest species in the Dry Creek Salt Field will follow an Integrated Pest 
Management (IPM) strategy. This involves utilising a range of cultural, mechanical, biological and 
chemical measures that operate over a range of time frames to create and maintain a healthy and 
balanced ecosystem where the pest species is not eradicated but managed to a level that is not a 
cause for concern. IPM is not an alternative to chemical control but rather, chemical control is one 
among a range of components that constitute the whole strategy 

An IPM strategy can be described as involving the following components: 

I. Understand the whole system including physical environment, biological 
environment, pest species life cycle and human/pest interaction 

II. Identify and implement preventative cultural practises to protect the environmental 
variables underpinning a healthy ecosystem. 

III. Identify the key variables and potential control points and design a control program, 
incorporating mechanical, biological and chemical components 

IV. Implement an ongoing monitoring program of the key ecosystem variables and 
community expectations and determine the acceptable levels and action threshold 
criteria for various actions such as trap deployment, community engagement or 
local or broad-acre chemical control. 

 

At this pre-implementation stage many components of the system can only be estimated. As such, 
while the plan described contains the main aspects of the IPM program it is expected that the 
system will be monitored closely and the plan will be reviewed and revised on an ongoing basis 
during the trail phase of the project. In addition some components take months and years to 
construct or develop and initially may only be present in rudimentary form. 

I. Understand the whole system 
I. Location 

 
The pans are located west of the Bolivar WWTP stabilisation lagoons, south of the township 
of St Kilda. East of the pans are extensive mangroves. The pans are typically below high tide 
level and are bunded to prevent flooding. 
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II. Physical Environment 

The salt ponds are shallow (300 to 1000mm deep) pans lined with deposited gypsum 
overlying monosulphidic black ooze (MBO). The section 2 pans PA6 to PA9 cover an area of 
around 240ha. The pans will be filled with UV-treated effluent from the Bolivar HSP plant 
with water introduced in the southern end of section 2. The water will flow driven by 
backpressure and surplus water discharged from the northern pan PA7 into the Bolivar 
WWTP outfall channel. Typical HSP effluent WQ values are: 
Parameter value units 
Ammonia 0.5 mg/l 
Oxidised nitrogen 4 mg/l 
TKN 4 mg/l 
Phosphorus 2 mg/l 
TDS 6.5 ppt 
Suspended solids 5 mg/l 
 
The climate is Mediterranean, with cool wet winters and hot dry summers. Nett adjusted 
annual evaporation is estimated at 1.2m which is around 1.5 times the average depth. 
Daytime water temperatures may approach C. The site experiences significant coastal winds 
with direction reversing on a daily basis. The site has a high percentage of sunny summer 
days. 
 
The pans contain a substantial amount of residual salt. Currently the pans are estimated to 
be around 30% full with water with a salinity of around 160ppt. Filling the pans with HSP 
effluent will result in an initial salinity of the filled pans of around 50ppt. If the pans are 



23 
  

 Document Title: 
Monitoring and Management plan 
- Dry Creek Salt Field Recycled 
Water Trial: Stage Three   

Date and Version 1/10/2016 Version 2 
 

maintained at full depth by ongoing inflows with no outflows then TDS will increase by 
around 10ppt annually 
 

III. Biological environment 
Initially the salt pans will be largely devoid of life, but it is expected that they will rapidly be 
colonised by algae from the adjoining WWTP pans. The site is bounded by the Barker inlet 
mangroves to the east and the Bolivar WWTP stabilisation lagoons to the west. The pans 
have been colonised by a range of macroinvertebrates and are a feeding ground to 
thousands of water birds and it is likely they will expand their range to include the salt pans. 
 

IV. Potential pest species 
1. Mosquitoes, genus Aedes 

i. Key potential pest species in the Bolivar region are Aedes vigilax and 
Aedes camptorhyncus. 

ii. Adults can be active throughout the year and can disperse widely from 
larval habitats; they can be vicious biters readily attacking humans and 
other animals including birds, and will feed during the day, at dusk and 
after sunset. Both are significant pest species. Because they can disperse 
and be windblown for many kilometres they can create nuisance 
problems over large and diverse areas. They are both able to transmit 
Murray Valley encephalitis (MVE) and Ross River viruses.  

iii. Life cycle: Reproduction involves resistant eggs being laid on dry 
surfaces (earth or emergent vegetation) which must be subsequently 
flooded, inducing hatching. Larvae breathe air via an anal snorkel while 
hanging under the water surface using surface tension to hold position. 
This allows them able to survive low DO conditions but makes them 
vulnerable to a turbulent water surface. Larvae feed on biofilms and 
decomposing material. Adult females bloodfeed to provide the 
resources to develop eggs, which allows a relatively short larval 
development time of around 1 week at C. 

iv. Salt tolerance limit is around 50-60ppt  
2. Mosquitoes, genus’s Culex and Anopheles 

i. Key potential pest species in Bolivar area is the exotic species Culex 
molestus 

ii. Adults may be active year round in warmer areas; they attack humans 
(and also birds) readily at night. The species can carry Murray Valley 
encephalitis virus in laboratory studies but its potential as a vector of 
importance is unknown. 

iii. Life cycle: Reproduction involves eggs being laid directly onto the 
water’s surface. Females can lay a first batch of eggs with blood feeding. 
Other aspects similar to Aedes. 

http://medent.usyd.edu.au/fact/murray%20valley%20encephalitis%20and%20kunjin.htm
http://medent.usyd.edu.au/fact/ross%20river%20&%20barmah%20forest.htm
http://medent.usyd.edu.au/fact/murray%20valley%20encephalitis%20and%20kunjin.htm
http://medent.usyd.edu.au/fact/murray%20valley%20encephalitis%20and%20kunjin.htm
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iv. Salt tolerance limit is around 15-20ppt 
 

3. Midge flies  
i. Key species is Tanytarsus barbitarsus 

ii. Not a disease vector but can occur in plague numbers 
iii. Life cycle typical midge fly, larvae are detritus feeders, tolerant of low 

DO environments. Life cycle takes around 4 weeks at 50ppt salt and 25C 
iv. Salinity tolerance of South Australia strain is up to 100ppt but 

development time increases substantially above 50ppt 
4. Shore flies  

i.  Key possible pest species unknown, possibly Ephydra acrostichalis 
ii. Not a disease vector, can occur in plague numbers, but ability to 

disperse unknown 
iii. Life cycle of ephydrid in general, eggs laid on suitable damp surfaces, 

algal mats, decomposing material, larvae feed on biofilms or algae, and 
development takes 1 to 2 weeks at 25C. As a group, they are notable for 
being found in extreme and unusual habitats 

iv. Salinity tolerance can be up to 180ppt 
5. Algae 

i. A range of green and blue green algae 
ii. Key risk is a bloom followed by die off resulting in odour issues, or a 

bloom providing a food source for an insect pest 
 

V. Human-pest interactions 
The key human populations are, the Bolivar WWTP operators and the residents of St 
Kilda to the north and of Globe Derby Park to the east.  
 

2. Identify and implement preventative cultural practises to protect the environmental 
variables underpinning a healthy ecosystem. Potential measures will include: 

I. Maintain water levels in the pans to prevent issues associated with the underlying 
acid sulphate soils 

II. Maintain salinity within the target range by balancing influent volumes and 
evaporative losses.  

III. Create areas of aquatic vegetation as initial water filter beds to mitigate risk of 
ammonia and BOD spikes in pan influent 

IV. Monitor HSP effluent quality and bypass sustained flows outside specification 
 

3. Identify control points and implement a control program, involving mechanical, biological 
and chemical components (note these are not mutually exclusive categories). Potential 
specific strategies include: 

I. Mechanical components: 
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i. Control water level: Aedes species mosquitoes require habitat with periodic 
wetting/drying for egg hatching, so control water level to avoid creation of 
perched pans  

ii. Control water level: All mosquito species will drown without access to still 
water so maximise open water areas and minimise emergent vegetation 
that creates still water unless balanced by predatory species 

iii. Control salinity by balancing influent volumes and evaporative losses. 
Broadly, there are two possible strategies, either keep the salinity below 
15,000 to maximise the biodiversity and hence biological control, or keep 
salinity above 100,000 to create an environment too hostile for the key 
species to reach pest levels. It is possible in a multi-pan system that both 
strategies will be employed, with the high salinity approach taken in areas 
where the risk of human impact is high 

iv. Continuously deployed physical traps such as light or CO2 baited 
electrocution traps and fan traps can be effective to reduce mosquito 
numbers. 

v. Terrestrial vegetation barriers that variously act as wind breaks, visual 
screens or preferential refugia, to reduce movement of pest insects away 
from the pans. These will double up as focal points or enhancers of 
biological control 

vi. Artificial swarm markers to reduce migration of midge flies 
vii. High intensity decoy lights to encourage movement of adult insects away 

from residential areas 
II. Biological components. These can be competitors of the pest species, predators of 

one or more life cycle stage, or habitat reducers, and can be via conservation and 
enhancement of existing measures, importation of new agents, or pulsed 
augmentation of transient elements. To be successful this would require ongoing 
monitoring and management of salinity in the pans. Biological components include: 

i. Introduction of fish that eat the mosquito and midge larvae and disrupt their 
habitat, and creating fish breeding habitat and refugia from predation by 
birds. A potential option is the fish Atherinosoma microstoma, (small mouth 
hardyhead), which can tolerate salinities in excess of 50ppt. 

ii. Introduction of shrimp that eat the larvae, and creating shrimp breeding 
habitat 

iii. Fish ladders connecting the pans to the mangroves that allow entry by 
seasonal fish. This would involve some level of water discharge and 
biological  

iv. Providing secure resting places (e.g. from foxes) to enhance bird activity, for 
example islands in the pans 

v. Creating rubble breakwaters or other forms of physical habitat diversity in 
the pans to enhance macroinvertebrate breeding 
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vi.  Introducing areas of aquatic vegetation as initial water filter beds to achieve 
a range of benefits including improve water quality, provide refugia and 
enhance biodiversity 

III. Chemical control measures. These are used according to two principles, first that 
they do not unduly compromise the biocontrol agents (either by killing them or by 
creating boom/bust cycles), and second they are used when the cultural, mechanical 
and biological agents are not providing sufficient control, with the goal of reducing 
pest midge numbers to a level that can be managed by the non-chemical agents. 
Chemical controls include: 

i. Canvas screens deployed in non-vegetated areas, sprayed with a contact 
pesticide to target adult midges. These are used variously to reduced 
breeding adults before egg-laying or to kill migrating adults at the site 
perimeter. Pesticide is bifenthrin applied as a 0.06% emulsion. 

ii. Target specific larvacides such as the biopesticide Bti and insect juvenile 
hormone analogue methoprene which are sprayed into the pans. Bti is 
applied at a rate of 50gm active ingredient per ha. Methoprene (slow 
release formulation) is applied at a rate of 250gms active ingredient per 
hectare. 

iii. Contact surface spray algaecides (hypochlorite) to mitigate algal blooms, 
rate 2mg/l. 
 

4. Implement a monitoring program of the key ecosystem variables 
I. Physical 

i. Water temperature (continuous) 
ii. Weather, via BOM data Edinburgh Airport  

II. Water quality 
i. Salinity, oxidised nitrogen, TKN and phosphorus (weekly) 

ii. Water level via gauge boards 
III. Biological 

i. Adult insect emergence (weekly or daily as required) 
ii. Sedimentary larval abundance (fortnightly) 

iii. Macroinvertebrate biodiversity (6 weekly) 
iv. Caged fish and shrimp survival tests 
v. Algal species (monthly) 

 
5. Trial 2016-17  

I. Location is salt pans PA7a, PA8, PA9 and PA10 located west of the WWTP trade 
waste lagoons 

II. There will be no discharge from the system. Evaporative losses are estimated to be 
around 1.5 times the standing volume and so if high water level is maintained 
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salinity will increase from the base value by around 10ppt over the first year. Salinity 
management will not be an option until a discharge is available. 

III. It is unlikely that there will be sufficient development of the pan ecosystem in the 
newly online pans to provide any significant biocontrol. As such the control program 
in the first year will focus on: 

i.  Mechanical measures including decoy lights and swarm markers to reduce 
movement of pest species away from the site 

ii. Artificial screens treated with adulticides. These will need to be monitored 
for the level of off target impacts before chemical treatments are used. 
Chemical would be bifenthrin applied as a 0.06% emulsion, applied by hand 
held spray unit. 

iii. The system will be monitored for pest species production and also the 
surrounding areas for degree of migration in directions that may create a 
problem and if numbers approach pest level, the pan will be treated by 
target specific chemical larvaciding using methoprene and/or Bti. Bti would 
be applied at a rate of 50 gms active ingredient per ha. Methoprene (slow 
release formulation) would be applied at a rate of 250gms active ingredient 
per hectare. If the issue appeared to be localised to asmall section of the 
pan pesticides would be applied by hand from the bank while if it is required 
to treat a large area away from the bank pesticides would be applied via 
crop dusting aircraft. 

iv. Under a worst case scenario inflows will  be stopped, the pan will be treated 
with a broad spectrum pesticide (malathion) at 100gms/ha active ingredient, 
and the pan allowed to evaporate to hypersalinity  

IV. The survivorship of a range of potential biodiversity enhancing and biocontrol agents 
will be investigated, including fish, shrimp, filter bed plants and screening plants. 

V. The outcomes of the trials will be used to inform the plan for the following year.  
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Appendix C: Milestones 

Overview of timeline of milestones, decision points and activities 

Date Action Key operational activities 

December 
2014 

Gain approval to run 
trial 

• Construct hay bale bund on north boundary of 
trial section of pan PA9. 

• Construct influent pipelines including 
trenching under road.  

• Construct monitoring program stations as 
required 

December 
2014 

Commence trial in 
section PA 9 A south 

• Fill section PA 9A with HSP effluent.  
• Maintain full by fortnightly top up pumping.  
• Run WQ and biological monitoring programs 

April 2015 Review outcomes 
• Present draft progress report on trial   
• Decide either to abandon, continue or expand 

trial 

May 2015 If Abandon trial 

• Pump out remaining water if required and 
remove all infrastructure.  

• Maintain pest management program until 
salinity > 120ppt 

May 2015 If continue but do 
not expand 

• Continue activities as per existing schedule.  
• Maintain trial area full by fortnightly top up 

pumping or pump out excess due to rain into 
lagoon one as required.  

• Run WQ and biological monitoring programs 

August 2015 
If continue and 
expand to all of pans 
PA 9 & 10 

• Remove existing bund.  
• Construct additional influent pipe to PA10 and 

north end of PA9 (three influent pipes). 
• Expand monitoring program appropriately. 
• Fill and operate PA9 and PA10. 
• Maintain trial area full by top up pumping or 

pump out excess due to rain into lagoon one 
as required. 

August 2016 

 
Review outcomes 
 
 

• Present draft progress report on trial   
• Decide either to abandon or continue trial 

October 2016 If continue and 
expand to all of pans 
PA 7a, 8, 9 &10.  

• Build new bund along north boundary of PA8.  
• Construct additional influent pipes to PA7a 

and PA8 as required.  
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Date Action Key operational activities 

December 
2016 If Abandon trial 

• Pump out remaining water if required and 
remove all infrastructure.  

• Maintain pest management program until 
salinity > 120ppt 

December 
2016 

If inconclusive, 
continue to April 
2017 and re-evaluate 
as per December 
2016   

• Present draft progress report on trial   
• Decide either to abandon, continue or expand 

trial 

November 
2017 Review outcomes 

• Present draft progress report on trial   
• Decide either to abandon trial or move to full 

scale long term use of section 2 salt pans as 
stabilisation ponds  

December 
2017 If Abandon trial 

• Pump out remaining water if required and 
remove all infrastructure.  

• Maintain pest management program until 
salinity > 120ppt 

December 
2017 

If continue and 
expand to all of 
section 2 (Pans PA10, 
PA9, PA8, PA7, PA7A 
and PA6) 

• Take ownership of all section two salt pans.  
• Take ownership of existing Ridley pump 

station on St Kilda Road and pipeline to SA 
Water effluent channel. 

• Modify existing bund along north boundary of 
section 8.  

• Construct additional influent pipes to sections 
7 and 6 as required.  

• Expand monitoring programs as required.  
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Appendix D: Piezometer locations 

 

 
Figure 1. Location of monitoring piezometers constructed for Stage one  
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Figure 2. Existing SA Water Trade Waste Lagoon monitoring piezometers 
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Figure 3. Recently installed piezometer network for Salt mine closure process.  



1 
  

 Document Title: Dry Creek Salt Field Recycled Water Trial – 
Stage 2 Progress Report 

Date and Version 25/8/2016 Version 1 
 

 

Dry Creek Salt Pans Effluent Polishing Trial – 
Stage Two Progress Report 

 

 

September 2016 

 

 

Prepared by: 

Environmental Opportunities Team, 
Environmental Services, 

Strategy and Planning Division 
SA Water 

 

 
  



2 
  

 Document Title: Dry Creek Salt Field Recycled Water Trial – 
Stage 2 Progress Report 

Date and Version 25/8/2016 Version 1 
 

Contents 
Executive Summary ................................................................................................................................. 3 
Background and overview ...................................................................................................................... 4 
Aims and objectives ................................................................................................................................ 5 
HSP Effluent Trial .................................................................................................................................... 6 

Water Quality ...................................................................................................................................... 6 
Methodology ................................................................................................................................... 6 
Results ............................................................................................................................................. 8 

Groundwater ..................................................................................................................................... 12 
Methodology ................................................................................................................................. 12 
Results ........................................................................................................................................... 12 

Pest invertebrates and algae ................................................................................................................ 15 
Methodology ................................................................................................................................. 15 
Results ........................................................................................................................................... 16 

Conclusions ........................................................................................................................................... 19 
Recommendations ........................................................................................................................ 20 

 
Tables 
Table 1 Average ion concentrations (mg/l) in Stages 1 and 2 .............................................................. 11 

Figures 
Figure 1. Ridley salt pans Section 2 and  trial location ........................................................................... 4 
Figure 2 Aerial map showing Stage 2 trial area, supply lines and sampling points ................................ 6 
Figure 3 HSP pipeline outlet .................................................................................................................... 7 
Figure 4 Salinity changes in saltpans PA9 and PA10 ............................................................................... 9 
Figure 5 Modelled and monitored nitrogen concentrations ................................................................ 10 
Figure 6 Cumulative nitrogen load reduction within the trial area ...................................................... 10 
Figure 7. Piezometer depths at each site, completed in different shallow aquifers ............................ 12 
Figure 8. Groundwater quality adjacent to trial site ............................................................................. 14 
Figure 9. Biomonitoring trap locations ................................................................................................. 16 
Figure 10. Number of adult midges emerging from the trial site per square metre per day ............... 16 
Figure 11. Number of adult midges caught in adult traps per day next to and along a transect away 
from the trial site. ................................................................................................................................. 17 
Figure 12 salinity and adult midge emergence rates in pan PA10........................................................ 18 
 

Acronyms  
FRP Filterable reactive phosphorus TDS Total dissolved solids 
HSP High salinity plant TKN Total Kjeldahl nitrogen 
MBO Monosulfidic black ooze TN Total nitrogen 
NOx Oxidised nitrogen TP Total phosphorus 
ppt Parts per thousand WWTP Wastewater treatment plant 
SI Saturation index   



3 
  

 Document Title: Dry Creek Salt Field Recycled Water Trial – 
Stage 2 Progress Report 

Date and Version 25/8/2016 Version 1 
 

Executive Summary 
The purpose of the Stage Two trial was to replicate and extend the findings of the Stage One trial on 
the feasibility of using the 245 ha Section 2 of the Ridley Dry Creek salt pans as polishing lagoons for 
effluent from the High Salinity Wastewater Treatment Plant at Bolivar, without adverse 
environmental impacts on the adjoining mangroves or potential human impacts such as odour or 
pest insects.  Keeping the ponds saturated is desirable to prevent the desiccation, exposure and 
oxidation of Acid Sulfate Soils (in particular monosulfidic black ooze, MBO) beneath the gypsum cap. 
There are also potential substantial environmental benefits through the creation of a large area of 
shore bird and migratory bird habitat.  

The Stage two trial was conducted in two pans, the 44 ha pan PA9 which was maintained in a steady 
state with inflows matching evaporation and the 10 ha pan PA10 which was filled and then allowed 
to evaporate down to investigate midge fly salinity tolerance.  

The results of the Stage Two trial confirmed the results of Stage One of the trial regarding the 
feasibility of using the salt pans as polishing ponds to enhance nutrient reduction, particularly 
nitrogen, whilst ensuring that there are no adverse impacts such as the generation of pest insect 
species, uncontrollable algal blooms, or odour that may reach surrounding residents.   

The investigation into nutrient loads showed that that a steady state was achieved where the rate of 
denitrification in the pond was sufficient to remove all additional nitrogen being introduced in the 
HSP effluent on an ongoing basis, confirming that the ponds could be used as a long term 
sustainable strategy to remove nitrogen from the introduced HSP effluent. Conversion of the full 245 
hectare area of Section 2 to effluent ponds would allow a reduction in nitrogen discharged to the 
gulf of around 30 tonnes per annum.  

No adverse impacts relating to odour or algae were observed, although substantial mats of the 
filamentous algae Enteromorpha developed over the summer. This may increase the rate at which 
the sediment layer develops with potential implications for macroinvertebrate diversity and 
abundance.   

A range of local and migratory bird species were observed utilising the pans 

The results of the salinity trial in pan PA10 indicated that the local strain of Tanytarsus barbitarsis 
could not survive in water with salinity above 100 ppt and as per the results from Stage One, that 
the generation time at moderate salinities was around 3 weeks.  

In accordance with the previously confirmed trial schedule, it is recommended that the trial be 
expanded to include the 53 ha saltpan PA8.  

In addition it is recommended the expanded trial include the 17 ha salt pan PA7a. This will allow 4 
pans to be operated at 4 different steady state salinities, which will enable further investigations into 
the effects of high but non-lethal salinity on midge fly emergence rates, growth potential and 
dispersion, and into the other biota that are able to colonise these various conditions. 
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Background and overview 
 
Section 2 of the Dry Creek Salt Pans comprises around 245 hectares of shallow evaporation pans that 
were historically used for gypsum precipitation during salt mining operations. The pans are located 
next to the western perimeter of the SA Water Bolivar WWTP, bounded by the Little Para River to 
the south and St Kilda Road to the north.  Individual salt pans within Section 2 are referred to as PA6, 
PA7, PA7a PA8, PA9 and PA10 (shown below). 

 
Figure 1. Ridley salt pans Section 2 and  trial location 

The salt pans in Section 2 have a gypsum cap that overlies acid sulphate soils, predominantly mono-
sulphidic black ooze (MBO). Investigations are still occurring into the stability of the gypsum cap and 
the feasibility of allowing Section 2 salt pans to remain dry. However, the visible extent of MBO in 
lower lying areas over 18 months since decommission indicates a potential risk of environmental 
damage from oxidised MBO mobilisation if surface water and seepage from the pans are not 
managed on an ongoing basis. 

It is suggested that the use of this section of the salt fields for polishing the Bolivar High Salinity 
Waste Water Treatment Plant (WWTP) effluent stream would provide the water required to 
minimise the risk of MBO oxidation and reduce the nutrient load being discharged to Gulf St Vincent.  
Over long term operation it is likely that a salinity gradient would form in the ponds, getting more 
saline toward Saint Kilda.  This diversity of conditions would potentially support a variety of algae 
and invertebrate species that would in turn be a food source for a range of bird species.   
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Stage One of the trial, the initial feasibility assessment, was conducted from December 2014 to May 
2015.  A 7 ha trial area was bunded off in PA9, adjacent to the Bolivar treatment lagoons, and 
initially filled with 30ML of HSP effluent.  Evaporative losses were replaced on a 6 day basis (usually 
3ML).  

The trial was focussed on establishing whether nutrients could be reduced without adverse 
environmental impacts on the adjoining mangroves or potential human impacts such as odour or 
pest insects. Monitoring salinity and ion ratios enabled investigations into the impact on the gypsum 
cap. The results of the trial were strongly encouraging, as reported in the Salt Pans PA9 trial progress 
report final (June 2015) document.  

Analysis of the water quality results indicated that nitrogen is being removed within the pond, with 
over 450 kg of Total Nitrogen removed over the trial period.  The ponds can be managed to remove 
97% of the nitrogen from treated HSP effluent transferred to the ponds if operated as an 
evaporative system with minimal discharges to control salinity. Based on 2014 data, across the full 
245 ha of Section 2 this would represent a reduction in nitrogen discharged to the ocean of over 30 
tonnes per year. 

Groundwater monitoring conducted adjacent to the trial area found no negative impact and little 
evidence of seepage of effluent from the pond into the surrounding environment. No impacts 
relating to odour or algae were observed. 

A potential pest species, the salt tolerant midge Tanytarsus barbitarsus, was observed to colonise 
the area. Trial results and theoretical considerations indicate that an effective low cost management 
strategy based on biocontrol and salinity management can be implemented.  

In accordance with the previously confirmed trial schedule, Stage Two of the trial was conducted 
over summer 2015/16. This involved an expansion to include all of the 44 ha of saltpan PA9 and the 
10 ha salt pan PA10, to enable targeted and timely investigations into the salinity required for 
effective midge fly control.   

Aims and objectives 
 
 The main aim of the Stage Two trial was to confirm in a larger scale system the nutrient reduction 
outcomes observed in Stage One, and identify and verify the management practices required to 
ensure no adverse impacts occur.  

The specific objectives of the trial were to: 
• Confirm the results of the Stage One trial regarding nitrogen loss under saline conditions 
• Confirm there are no detrimental impacts to the existing gypsum cap through monitoring of 

ion concentrations 
• Estimate quantitatively the relationship between the environmental variables salinity and 

temperature and the life history parameters of the midge Tanytarsus barbitarsus. 
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• Investigate management techniques to enable effective mitigation of pest insect species 
generation and the development of a robust Integrated Pest Management strategy.  

• Assess the ability to control salinity to achieve the target salinity at various stages of the trial 
• Test other risk mitigation strategies as described in the risk assessment section of this 

document 
• Assess the feasibility of utilising the whole of section 2 of the Dry Creek salt pans as nutrient 

polishing lagoons for Bolivar HSP effluent. 

HSP Effluent Trial 
All water sampling was conducted according to standard methods and all analyses were performed 
by a NATA accredited laboratory. 

Water Quality 

Methodology 
Trial methodology replicated Stage One of the trial, with water taken from pump out valves on the 
HSP to outfall channel transfer main. This water was piped into the southern end of pond PA9 which 
is adjacent to the scour valves, using the existing buried conduit pipes to pass under the road. A third 
pipe was attached to fill PA10, locations are shown in Figure 2. 

 
Figure 2 Aerial map showing Stage 2 trial area, supply lines and sampling points 
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Figure 3 HSP pipeline outlet. Flow meter is located behind the mesh 

Before the start of the Stage Two trial the weir in the northern bund wall of PA9 was filled in and the 
lay flat transfer pipe used in the stage one was replaced with rigid HDPE. Saltpan PA10 was isolated 
from PA11 by bunding off the southern transfer pipe from PA10 to PA11. As per Stage One, water 
from the HSP pipeline was delivered via branch pipes to the eastern edge of the target salt pond. 
Volumes were monitored by inline flow meters on each outlet and overall volumes by the existing 
end to end HSP pipeline flow meters. Flow rates varied on daily, weekly and seasonal cycles, the 
average flow rate from the HSP pipeline to salt pan PA9 was around 4.2ML/day and the flow rate 
into PA10 was around 1.3ML/day. This was a little lower than initially estimated so that filling times 
were longer than expected. Salt pan PA9 has an estimated operational volume of around 250ML 
while pan PA10 has a capacity of around 60ML. Taking into account evaporative losses the achieved 
flow rates allow the two pans to be filled in around 3 months.  

Filling of pans PA10 and the expanded PA9 commenced in spring 2015. Filling was paused for 4 
weeks when the water level reached their respective new bund walls to allow the bund walls to 
stabilise and the bunds closely inspected for any signs of leakage. One small area of seepage at the 
location of an old flume on the northern bund PA9 was observed, this was lined with clay and 
reinforced with sandbags after which the filling process was restarted and completed in January 
2016.  

Once the ponds were full, additional HSP water was pumped into the ponds as required to address 
evaporative losses. Saltpan PA9 was maintained close to full over the whole summer to simulate the 
preferred normal operating conditions while in saltpan PA10 the influent was turned off and the 
level was allowed to evaporate down in order to investigate the effect of increased salinity on 
aquatic insects before being refilled in May 2016. 

Salinity was measured weekly with a hand held field probe to provide an ongoing indicator of mixing 
of the water body. Water samples were taken monthly from the locations shown in Figure 2 and 
analysed for the following parameters: 
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• Nitrogen (TKN, NOx, TN) 
• Phosphorus (FRP, TP) 
• Salinity (TDS, conductivity) 
• Suspended Solids 
• Major ions (sulphate, calcium, sodium, chloride, magnesium, potassium, fluoride) 
• Metals (total iron, manganese, arsenic, copper, zinc, soluble aluminium) 
• Alkalinity as calcium carbonate 
• pH 

 
A hydraulic model was constructed to predict a base case that had the following inputs:  

• HSP water quality (routine monitoring) 
• HSP water quantity (flow meters) 
• Rainfall (Adelaide Airport data) 
• Evaporation (Adelaide Airport data) 

Evaporation was adjusted by a pan factor to represent slightly different conditions at the salt field 
(0.85, provided by Ridley from their operational data for the whole salt field system). The difference 
between this model and results of sampling at the trial site represent biological and chemical 
processes occurring in the salt pan.  

Results 

Salinity 
Immediately before the trial started, the salt pans contained an unknown but large quantity of 
precipitated salt and so the salinity of the pans was expected to increase substantially above the 6 
ppt of the influent water.  

In PA9, in contrast to Stage One where the smaller area enabled full mixing and dissolution of the 
salts to occur within a few weeks, in Stage Two with a much larger area in, it took several months for 
the expanded pond PA9 to fill and mix, and salinity did not stabilise until mid-December. Salinity 
readings at the southern inlet end varied significantly through the trial. Results shown below (Figure 
4) are for the northern monitoring station. The measured salinity of pan PA9 fluctuated around 60 
ppt through summer before declining in June with the winter rain. This decline was a larger than 
expected simply from dilution and probably reflects stratification.  

In PA10, similarly to Stage One the smaller area enabled full mixing and dissolution of the salts to 
occur within a few weeks. Flows were stopped in mid-January to allow salinity to rise through 
evaporation with values reaching over 100 ppt in late April, at which time evaporation had resulted 
in PA10 comprising several isolated water bodies with values as high as 140 ppt. Flows were then 
recommenced until the pan was filled completely with salinity stabilising  within 3 weeks.  
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Figure 4 Salinity changes in saltpans PA9 and PA10 

pH 
Replicating the results of Stage One there was a slight rise in pH from 7.5 ± 0.1 in the HSP effluent to 
8.8 ± 0.3 in pan PA9 and 8.5 ± 0.3 in pan PA10, indicating that interactions with the acid sulfate soil, 
if any, are outweighed by the interaction with gypsum and other alkaline salts in the pond. 

Nutrients 
Nutrient removal in Stage Two followed the same pattern observed in Stage One. The theoretical 
mass balance model (assuming an absence of any denitrifying processes) predicts an increase in total 
nitrogen concentration to 16 mg/L at the end of this stage of the trial. Monitoring data shows that 
following an initial increase total nitrogen concentrations were relatively constant through much of 
the trial (between 6 and 8 mg/L), before slowing declining in winter, as shown in Figure 5.   

Most importantly, the total nitrogen concentration in PA9 at the end of the trial was lower than the 
average HSP influent concentration, demonstrating that on an annual and hence also over the long 
term the pans are able to remove all additional nitrogen and so total nitrogen will not steadily 
increase over time. 
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Figure 5 Modelled and monitored nitrogen concentrations 

The observed denitrification is primarily accounted for in the removal of oxidised nitrogen (NOx), 
most likely through the action of denitrifying bacteria. The period of stability indicates that the rate 
of denitrification in the pond was sufficient to remove all additional nitrogen from the HSP effluent 
on an ongoing basis. The reduction in total nitrogen concentration observed at the end of the trial 
corresponds to a period when no additional HSP effluent was added and suggests a final polishing to 
reduce total nitrogen to very low levels is possible. Together, these results signify that if operated as 
an evaporative system with minimal discharge, the ponds can be managed to remove effectively 
95% of the nitrogen in the introduced HSP effluent.  
 

 
Figure 6 Cumulative nitrogen load reduction within the trial area 
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Over the course of the trial over 2500 kg of nitrogen was removed (Figure 6). The removal rate 
averaged around 0.5 kg/ha/day over the trial period, which is comparable to the value of 0.6 
observed in Stage one and also to summer rates in other lagoon systems. When a larger volume was 
added end concentrations did not vary substantially – indicating that the system is robust and has 
the capacity to metabolise more oxidised nitrogen if available. Phosphorous removal followed a 
similar pattern, with around 90% of influent phosphorus being removed from the water. 

Metals 
In the Stage One trial Copper was the only metal to exceed the guideline value for marine discharge 
(0.01 mg/L) and had high variability (average 0.028 ± 0.012 mg/L). In Stage Two of the trial copper 
concentrations were much lower, with an average value of 0.002 mg/l and a maximum recorded 
value of 0.005 mg/l, well below the guideline value for marine discharge.  

Ion concentrations  
As part of the Stage One investigations, Water Quality Science was engaged by SA Water to use a 
geochemical model to quantify expected equilibrium ionic concentrations and hence changes to the 
precipitated gypsum layer. Analysis at the end of Stage One found that on average the observed 
values were with 2% of the theoretical values calculated by Water Quality Science, indicating that 
the geochemistry within the ponds is behaving as expected based on equilibrium solution chemistry 
and mineral solubility principles. 
 
The average concentrations of key ions in Stage One and Stage Two is shown in table 1 below. It can 
be seen that there was no significant difference in the values between the two stages indicating that 
the geochemistry within the ponds continues to behave as expected.  
 

Stage Sodium Potassium Calcium Magnesium Chloride Sulphate SS 
ONE 12241 504 1167 1349 21462 4820 22 
TWO 13926 535 1233 1307 20568 5046 21 

  
Table 1 Average ion concentrations (mg/l) in Stages 1 and 2 

As per Stage One, the quantity of gypsum represents dissolution of less than 2 mm of the gypsum 
cap over the additional area. If the section 2 salt pans are used as effluent polishing ponds it is 
anticipated they will be operated as concentration pans with flow through in the range of 5 to 10% 
of influent volume to allow salinity to be maintained at a target level. If for example flow through 
was 10% this would correspond to a loss of 0.2 mm of the gypsum cap per year with it taking many 
decades for the gypsum cap to be lost.   

If the current configuration for adding HSP water is kept for the final scheme, the majority of gypsum 
dissolution will occur in the initial pond at a rate of less than 1 mm of gypsum dissolved per year 
(based on 100ML/year estimate).  However, the gypsum cap in the majority of section 2 would 
remain stable.  If desired, dissolution in the trial area can be managed by relocating gypsum from 
other areas to the influent points. 
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Groundwater 

Methodology 
Piezometers were used to determine both the level of groundwater around the trial site, and 
changes in water quality due to leaching of water from the pond. Each set (consisting of two 
piezometers, completed at different depths in the shallow aquifer, shown in Figure 7) was located 
midway along the eastern and western sides of the pond, as close to the pond as possible (shown in 
Figure 2). This enables tracking of the water prior to and after any influence from leached water 
from the trial pond.  

 
Figure 7. Piezometer depths at each site, completed in different shallow aquifers 

Results 
The shallower samples (labelled “upper”) are more likely to show impacts from the trial, so 
comparisons are made with the deeper (“lower”) sample at each site as well as over time. High level 
estimates suggest the seepage rate would be in the order of 1 to 2 mm/day. Results to date for pH, 
TDS and nutrients are shown in Figure 8. Native groundwater samples were taken during piezometer 
installation on the 12/12/2014, but the “western upper” sample could not be taken due to low 
water levels. 
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Figure 8. Groundwater quality adjacent to trial site 

Total Dissolved Solids (TDS) are considered to be a good indicator of seepage from the trial area 
because the local groundwater is extremely saline. The western bores both show a decline in TDS in 
the last 12 months which may be indicative of seepage from PA9. However no analogous trend is 
observed for TKN, pH or phosphorus while the oxidised nitrogen concentration is much higher than 
observed in the saltpan. Similarly, the observed increase in TKN in East Upper groundwater samples 
is not matched by analogous changes in TDs or other parameters. This suggests the changes in TDS 
may be due to factors other than leakage from the trial site and it is considered at this time that 
groundwater data shows no evidence of seepage of effluent from the pond. Seasonal impacts may 
influence results so more data are needed; there is the possibility of saltwater intrusion at the 
Western site, the Eastern site may be affected by freshwater flows from rain events and saltwater 
flows from high tide events along Helps Drain.  
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Pest invertebrates and algae 

Methodology 
In the Stage One trial the potential pest species observed were the salt tolerant midge Tanytarsus 
barbitarsis and to a lesser extent various species of Ephydrid flies. Only a minor amount of 
predominantly filamentous Enteromorpha sp. algae was observed during the trial. Considering the 
isolated location of the trial pan and the results of the Stage One trial, salinity in the range 40-60 ppt 
was considered to be suitable for this trial as this should be sufficient to constrain the capability of 
pest insect species to reach undesirable numbers. While a number of insects species can live in these 
conditions there is a substantial energetic cost which reduces the rate of population increase and 
hence potential to reach pest numbers. The Integrated Pest Management Plan in Appendix One of 
the project proposal discusses this in further detail, along with mitigation and management 
strategies should an issue begin to emerge.  

As per Stage One, the biomonitoring program was designed to achieve three objectives: 
1. to identify any potential pest species would colonise the trial site as the ecology of the pans 

continue to develop. 
2. to assess whether they could achieve pest levels based on absolute numbers and dispersion 

rate, and 
3. to investigate potential pest management strategies. 

Following the Stage One trial methodology, the monitoring program utilised six sampling methods to 
investigate a range of invertebrate species life cycle and life history aspects.  

These included aquatic macroinvertebrate traps, emergence traps and aerial traps. 
Macroinvertebrate traps provide a recoverable habitat that macroinvertebrate larvae will colonise 
and so can provide a qualitative assessment of species present. Floating adult emergence traps were 
deployed on the surface of the water and provide a quantitative measure of the number of adult 
insects a water body is producing over time.  Aerial adult traps are land based traps to detect flying 
insects in the area. They were deployed along the western bund of pan PA9 and for around 1.5 km 
along PA8 , to provide information on how far midges emerging from the trial site were dispersing.  
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Figure 9. Biomonitoring trap locations 

Results 

Midge flies 
The results were consistent with the outcomes of Stage One, with the primary species with pest 
potential to colonise the trial site being the salt tolerant midge fly Tanytarsus barbitarsis. This non-
biting midge was detected in larval and adult forms, can migrate and has the potential to be a 
significant nuisance if in sufficient numbers.  

Adult emergence results for pan PA9 ( Figure 10) show that adult midges numbers started to 
increase once water temperatures reached 20 C. Numbers remained below 50 midges/m2 all 
summer, which is low for freshwater treatment ponds. Midges preferred habitat is the sediment 
layer and it is plausible numbers will increase in future years as the pans develop.  

 

Figure 10. Number of adult midges emerging from the trial site per square metre per day 
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Consistent with Stage One results, land based aerial adult trap data (Figure 11) showed that at 
current rates of emergence midges from the trial site are not dispersing far enough and in sufficient 
numbers to be a cause for concern. Elevated numbers were detected in most traps immediately 
adjacent PA9 but higher numbers were not detected more than 200 m north of the trial pan. Other 
insects detected included beetles, moths, and terrestrial flies. Overall they occurred in similar 
numbers to midge flies and as expected occurred in similar numbers adjacent PA9 and PA8, 
signifying their origin in mangroves.   

 

Figure 11. Number of adult midges caught in adult traps per day next to and along a 
transect away from the trial site. 

While Tanytarsus barbitarsus is salt tolerant, higher salinity water imposes an energetic cost 
reflected in a longer development time. A key element of an IPM strategy to prevent midge numbers 
achieving nuisance levels is to manage population growth rate through salinity, variously by 
operating the pans at a salinity where the generation time is long enough to prevent exponential 
population growth, or by maintaining the capability to allow evaporation to increase salinity to such 
a level quickly enough reduce numbers to an acceptable level, or simply maintaining the pans at a 
hyper saline concentration that is outside the midges tolerance. Clearly, these different strategies 
have potential implications for other environmental outcomes which will need to be given 
appropriate consideration; it is possible the preferred solution involves different pans being 
operated at substantially different salinities. The first requirement was to identify the upper salinity 
that Tanytarsus barbitarsis could complete development in. This was investigated by filling pan PA10 
and then stopping inflows and allowing the salinity to rise through evaporation while monitoring 
midge emergence (Figure 12). 

The results show that the midge larvae did not survive at salinities above 90 ppt. In addition, it was 
informally observed that adult size decreased as salinity increased, which would have implications 
for female reproductive potential and adult flight capability. The spike in emergence observed just 
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before salinity became lethal is probably due to several effects. First, as water evaporated the 
flooded area of PA10 was reduced and so some concentration of the (mobile) larvae would have 
occurred. Second, the increase may in part reflect the phenomena where pupation is triggered by an 
environment trending toward lethality.  

After 14 days of no adult midge emergence PA10 was refilled and midges were observed again after 
3 weeks, suggesting recolonization occurred immediately although it is also possible the species 
have resistant eggs, a phenomena known to occur for example in some species of mosquito. 

 

Figure 12 salinity and adult midge emergence rates in pan PA10 

Other macroinvertebrates 
Results for macroinvertebrates were generally consistent with those of Stage One. 

While there were significant numbers of adult mosquitoes in the vicinity, no mosquito larvae were 
detected and there is no evidence to suggest that mosquitoes are breeding in the pans. Due to the 
open nature of the pond it is considered that the risk of mosquitoes is negligible and can be 
managed by controlling water levels to minimise local ponding.   

Brine flies were present but as they stay close to the ground and generally do not migrate very far, 
are not expected to be of concern.   

In general macroinvertebrate diversity was low, other species observed included diving beetles, 
copepods, ostracods and brine shrimp.  

Algae and odour 
In contrast to Stage One where little algae was observed, substantial mats of a tubular green algae of 
the genus Enteromorpha developed over late summer. While it is reported that Enteromorpha 
species are typically summer annuals the algal mats have persisted over the winter. It is anticipated 
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that as it dies the algae will result in the creation of a significant sediment layer that over time may 
provide a substrate for a more diverse macroinvertebrate population.   

Very little odour of any kind was noticeable other than the background odour of the mangroves.  

Fauna 

Bird life has been monitored in detail by DEWNR and is beyond the scope of this study except to 
note that a range of bird species were observed on the trial site, including European coots, terns, a 
range of ducks, silver gulls, black winged stilts and swans.  

Conclusions  
The results of the Stage Two trial confirmed the results of Stage One of the trial regarding the 
feasibility of using the salt pans as polishing ponds to enhance nutrient reduction, particularly 
nitrogen, whilst ensuring that there are no adverse impacts such as the generation of pest insect 
species, uncontrollable algal blooms, or odour that may reach surrounding residents.   

The investigation into nutrient loads showed that that a steady state was achieved where the rate of 
denitrification in the pond was sufficient to remove all additional nitrogen being introduced in the 
HSP effluent on an ongoing basis, confirming that the ponds could be used as a long term 
sustainable strategy to remove nitrogen from the introduced HSP effluent. Conversion of the full 245 
hectare area of Section 2 to effluent ponds would allow a reduction in nitrogen discharged to the 
ocean of around 30 tonnes per annum.  

Similarly, the rate of phosphorus removal was sufficient to remove all additional phosphorus being 
introduced in the HSP effluent on a sustainable ongoing basis. 

Groundwater monitoring data showed variability in some parameters but the directions of change 
were varied and not consistent with seepage of effluent from the pond into the groundwater.  

No adverse impacts relating to odour or algae were observed, although substantial mats of the 
filamentous algae Enteromorpha developed over the summer which may increase the rate at which 
the sediment layer develops with potential implications for Ephydrid fly numbers and 
macroinvertebrate diversity in general.   

The numbers of the potential pest species, the salt tolerant midge fly Tanytarsus barbitarsis, 
remained fairly stable over the summer. Emergence rates were low compared to typical numbers 
found in treatment ponds. Trapping data indicated that the adult midge flies were not dispersing far 
from the water body and the risk of a significant nuisance was low. The results of the salinity trial in 
pan PA10 indicated that the local strain of Tanytarsus barbitarsis could not survive in water with 
salinity above 100 ppt and as per the results from Stage One, that the generation time at moderate 
salinities was around 3 weeks.  
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Recommendations  
Overall, the Stage Two trial results and theoretical considerations fully support the conclusions of 
Stage One that an effective low cost management strategy based on biocontrol and salinity 
management can be implemented.  

In accordance with the previously confirmed trial schedule, it is recommended that the trial be 
expanded to include the 53 ha saltpan PA8. In addition it is recommended the expanded trial include 
the 17 ha salt pan PA7a. This will allow 4 pans to be operated at 4 different steady state salinities, 
which will enable further investigations into the effects of high but non-lethal salinity on midge fly 
emergence rates, growth potential and dispersion, and into the other biota that are able to colonise 
these various conditions. 
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