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SUMMARY 

Background 

The Port waterways consist of the Port River, North Arm, North Arm Creek, Angas Inlet and Barker Inlet 
(Figure 1.1). The waterways are areas of major ecological, commercial and recreational importance. 

Development and subsequent pollution throughout the history of South Australia (SA) has resulted in a 
decline in the ecosystem health of the waterways. This is apparent to the community through the large-
scale loss of intertidal and subtidal seagrasses and the occurrence of algal blooms including toxic species. 
Studies into the environmental status of the waterways consistently report this situation. 

Despite efforts by a range of managers with a responsibility for water quality management, particularly 
since the early 1990s, the area is characterised by problems that stem from poor water quality and 
concerns remain for its future ability to support a sustainable ecosystem. 

Water quality improvement plans 

1 Water quality improvement plans (WQIPs) are documents that detail strategies for water quality 
improvement in a defined area. They consider the range of pollution inputs to an area and enable 
stakeholders to agree on outcomes and the processes for achieving them. 

2	 WQIPs prepared through the Natural Heritage Trust’s (NHT) Coastal Catchments Initiative (CCI) are 
environmental management plans that codify and implement Australia’s National Water Quality 
Management Strategy (NWQMS) and the National Principles for the Provision of Water for Ecosystems. 

3 A  WQIP will: 

•	 identify the current status of pollutant loads 

•	 identify the environmental values (EVs) of water bodies, and the water quality objectives (WQOs) 
that will protect the EVs 

•	 identify and commit to a set of management actions to achieve and maintain those EVs and WQOs. 

4	 The Port Waterways WQIP has been developed to achieve the following: 

•	 EVs and WQOs for the Port waterways 

•	 estimates of recent and current loads of nutrients to the waterways from all identifiable sources 

•	 computer model derived estimates of load reductions from major point sources that will allow the 
EVs and WQOs for the Port waterways to be achieved 

• a set of overarching management actions that will take the first steps towards reducing the current 
nutrient loads, leading to achievement of long-term ecologically sustainable pollutant levels 

•	 commitment by a major discharger to reduce nutrient loads to the waterways through a legally 
enforceable Environment Improvement Program under the Environment Protection Act 1993 

•	 development of modelling and monitoring systems and adaptive implementation strategies. 

5	 The WQIP will be administered by the South Australian Environment Protection Authority (EPA), given 
that the major discharges to the waterways are point sources with discharge licences administered by 
the EPA. 

6	 As the major point source loadings reduce, the focus of a revised WQIP is likely to shift towards the 
effect that other sources of nutrients have on the waterways. 
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7	 The WQIP presently relies on the monitoring of discharges to the waterways from catchment sources. It 
is important that the loads from these discharges do not increase over time with continued development 
of the Adelaide metropolitan area. 

8	 The Australian Government considers implementation of WQIPs a core deliverable of the regional 
natural resources management (NRM) program. 

9	 The WQIP forms part of an integrated approach to the development of sustainable management of the 
water quality of metropolitan Adelaide. It is anticipated that the Port Waterways WQIP will form part 
of the Adelaide Coastal WQIP in the future as the outcomes of the Adelaide Coastal Waters Study (ACWS) 
are implemented. 

The Port Waterways WQIP was developed at the same time as a number of associated projects including: 

•	 Code of Practice for Materials Handling on Wharves <www.epa.sa.gov.au/pdfs/cop_handling.pdf> 

•	 Draft Code of Practice for Vessel and Facility Management: Marine and Inland Waters 
<www.epa.sa.gov.au/pdfs/cop_vessel.pdf> 

• Pollution control load-based licensing (LBL) <www.epa.sa.gov.au/pdfs/lfs_discussion.pdf> 

•	 Feasibility study and possible development of a tradeable rights instrument to reduced nutrient 
pollution in the Port waterways <www.epa.sa.gov.au/pdfs/pw_rights.pdf> 

• Water Quality Monitoring for Execution and Review of the Water Quality Improvement Plan—a report of 
this work has been included as appendix D of this WQIP. 

The CCI has also funded other projects, managed by local government, to improve the quality of water 
entering the Port waterways: 

• Review and Amendment of Council Development Plans—Northern Adelaide and Barossa Catchment 
Management Board 

•	 Urban Stormwater Master Plan—City of Port Adelaide Enfield 

•	 Gross Pollutant Trap on Dry Creek—City of Salisbury 

•	 Rising Main to South Terrace Reserve Wetland—City of Salisbury 

•	 Burton West Wetlands Project—City of Salisbury. 

Environmental values and water quality objectives 

1	 The Port waterways area is of considerable importance to the Adelaide community, as shown by strong 
support for local initiatives such as the recently established dolphin sanctuary. A number of studies over 
the last 10 years which also defined EVs were reviewed and compared with those identified at a recent 
public meeting held for the WQIP to confirm the EVs and WQOs for various segments of the Port 
waterways. These values and objectives recognise the altered nature of the waterways from their 
natural state and the existing use of the Port River itself for industry and transport, but clearly require 
that the Barker Inlet area be able to support a high quality ecosystem. There is also recognition of the 
altered nature of the ecosystem in the Port River shipping channel and the inner port area. 

2	 While excess nutrients in the waterways are considered by the EPA to be the greatest impediment to 
water in the waterways approaching the quality that the community expects, pollutants other than 
nutrients are a clear concern and should not be ignored. The management approach taken in the WQIP, 
that is encouragement of the reuse of wastewater, will also result in a reduction in the discharge load 
of other pollutants. Additional strategies are also in place to address other pollutants through work by 
local councils, the Adelaide and Mount Lofty Ranges Natural Resources Management (A&MLR NRM) 
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Board and the EPA. While it is not appropriate to focus on this issue in this WQIP, work on other 
pollutants will be progressively undertaken, with a review of their role of forming part of a revised 
WQIP. 

3	 The proliferation of nuisance algae, particulary Ulva, algal blooms and epiphytic growth on seagrass, is 
seen as a response to nutrient enrichment. In the absence of quantitative data on plant biomass, 
chlorophyll a is used as a general indicator of primary productivity. The role of macroalgae will be 
addressed in the further development of the decision support system (DSS). 

4	 Comparison of the WQOs with an ambient water quality monitoring program showed that water quality 
in the Port waterways often exceeds the default values listed in the ANZECC Water Quality Guidelines. 
However, the WQ Policy makes it clear that local information should be used to frame more appropriate 
values and provides a mechanism to have such values listed in the policy. 

5 Work undertaken as part of the development of the WQIP has resulted in the nomination of values that 
are more appropriate for the Port waterways. 

Pollutant loads 

1	 There are two main point sources that contribute to the 1538 t/year of nitrogen (N) and 258 t/year of 
phosphorus (P) loads to the waterways. These are Penrice Soda Products (820 t/year Nitrogen) and the 
Bolivar Wastewater Treatment Plant (WWTP) (477 t/year N and 232 t/year P). It should be noted that 
under certain hydrodynamic conditions, wind and tide drive pulses of the discharge from the Bolivar 
WWTP directly south to southern Barker Inlet, and a considerable portion of the discharge travels north 
after leaving the discharge point in the mangroves near Chapman Creek. The fate of the northward 
travelling discharge has not been subject to detailed investigation as part of the development of the 
WQIP. 

2	 The annual levels of catchment sources for Barker Inlet were initially estimated to be about 50 t N and 
8 t  P. Subsequent measurement of the 2005 discharges from the catchment (through the Port Waterways 
Water Quality Monitoring project) amended this to 39 t N and 3 t P. This may be further adjusted as 
more monitoring data is available. 

3 A  load of some importance to the inner Port River is the net discharge from West Lakes. This load of 41 
t/year N appears to receive relatively little input from the associated urban catchments (8 t N), but 
includes measurable quantities that appear to emanate from the Adelaide metropolitan coastal waters. 

4 Research undertaken for the ACWS indicates that the dominant nitrogen source in the coastal waters 
from Outer Harbour to Semaphore is the ammonia discharge from Penrice Soda Products. 

5	 Other estimated annual loads include the net flux from sediments in the area, particularly the inner 
Port River (where treated effluent discharged for many years) of 100 t N and atmospheric deposition of 
32 t N. 

6 A  computer-based model has been used to examine the interaction between the major loads to the 
waterways. It has shown that the discharges from Penrice and Bolivar interact in the waterways even 
though they are over 10 km apart. The combined effect of the two discharges is likely to be the cause 
of the seagrass loss that has occurred in parts of Barker Inlet, although the Bolivar discharge is probably 
the dominant cause of the loss along the coast north of Barker Inlet. 

7	 Because of the high proportion of nitrogen in the waterways, any phosphorus input, even the pulsed 
amounts from Bolivar, supports the development of seasonal nuisance algae such as Ulva spp. and 
microalgal blooms. 

3 



8	 The Penrice and former Port Adelaide WWTP discharges have possibly assisted the expansion of more 
long-lasting invasive algae such as taxifolia species to parts of the Port River, although this may well 
have occurred in any case but at a slower rate. The combined effect of the two discharges will enhance 
the spread of these species in Barker Inlet. 

9	 Indicative targets for the dischargers have been given as a reduction from 820 t N to 200 t N for 
Penrice, and 477 t N to 100 t N and 232 t P to 40 t P for Bolivar WWTP. 

10 While any modelled target must be treated with some caution, the discharge targets are useful as they 
give the dischargers an indication of the order of reductions that must be aimed at. As reductions from 
both dischargers are long-term aims, an adaptive management approach to the assessment of nutrient 
reductions allows time to refine the targets as the WQIP is implemented and as new scientific 
information becomes available. 

11 As detailed in Section 2, both major dischargers have responded positively to the challenge presented 
through improved understanding of the nutrient issues in the waterways. Although it will take time to 
resolve the harm suffered from elevated nutrients, a cooperative approach with clear information 
available to all stakeholders will result in a healthy Port waterways system in the future. 

Environmental flows 

1	 While flow patterns to and throughout the waterways have been altered over the last 150 years, the 
effect has generally been one of increasing rather than restricting flow. Examination has established 
that flows to the waterways from the urban catchment are much increased on the pre-European regime. 
The WQIP assumes that flows throughout the waterways will not be further impeded and therefore 
includes no intention to manage this aspect of flows. 

2	 The trend in catchment management to hold and reuse flows from catchments is advantageous to the 
waterways and encouraged from the perspective of the WQIP. 

3	 One issue that may impact on the nutrient status of the waterways is sea level rise and climate change. 
As sea level rises, existing mangroves will spread toward the land, outcompeting intertidal samphire. 
Areas that would become intertidal samphire habitat are hemmed in through prior development and use 
of the land; therefore, samphire will disappear in places. This has clear implications for the biodiversity 
of many of South Australia’s coastal habitats. However, whether it will have a measurable effect on 
flows through the waterways is not established. 

4	 Future management of land use, particularly along the eastern shore of the Barker Inlet and northern 
Gulf St Vincent, should take these issues into account. 

Pollutant management actions 

1 A  range of actions to reduce pollutant contributions from point and diffuse sources were identified 
through consultations with stakeholders and scientific investigations (refer Table 3.1). 

2	 Licensed/regulated activities are under the direct control of the EPA. Improvements through licensing 
have a high certainty of success, as they are approved by the EPA if they are practical and achievable 
and licencees are legally bound to implement them. As programs to develop nutrient reduction are 
developed, they will be reflected in license conditions through Environment Improvement Programs and 
will be subject to the provisions of the Environment Protection Act. 

3 Penrice have responded to the development of the WQIP by committing to a nitrogen reduction to 575 
t/year by 2010 and have negotiated an amended license with the EPA to ensure this is achieved. They 
also aim to reduce their discharge to 250 t/year of nitrogen by 2015. Although no relevant cost-
effective technology is presently available, research and development over the next five years will be 
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aimed at developing ways to achieve the required discharge reduction. Penrice will pursue nutrient load 
reductions under EPA licensing arrangements until agreed sustainable loads are achieved. 

4	 SA Water have recently completed a major capital works program that both removed high impact 
treated wastewater discharges directly to the Port River and upgraded the existing Bolivar WWTP. These 
works delivered a reduction in their discharge loading from 1,265 t N and 320 t P to 477 t N and 
232 t P at a cost of over $200 m. The Environmental Levy, would have contributed to this cost. They 
are nevertheless committed to the ongoing management of their discharges to achieve a nutrient load 
that will meet community EVs for the waterways and the broader Adelaide coastal waters. When the 
results of the ACWS are available they will develop a costed strategy for any capital works necessary to 
address all these issues, consistent with environmental priorities. 

5	 Such a program will require support from the EPA, who will ensure that the program is adhered to by 
placing appropriate conditions in the operating licences of SA Water. Therefore, while the actions 
required of SA Water have not been costed or scheduled (refer Table 3.1), the reductions achieved in 
the Port waterways to date demonstrate a commitment to responsible environmental management of 
their discharges on behalf of the SA community. 

6	 Because of the long lead times needed to develop nutrient reduction technology in large plants, this 
WQIP proposes that a modest reduction in pollutant loads to the Port waterways of 245 t/year N is 
achieved in the first five years. It is therefore important that the WQIP be implemented over at least 
two cycles—14 years—if nutrients are to reduce sufficiently to enable EVs to be achieved. 

7	 It is expected that development of the water quality model and an improved understanding of the 
nutrient status of the waterways will result in final discharge targets being adjusted during the initial 
WQIP. Otherwise, dischargers may spend either too much—to reduce discharges below what is actually 
needed; or too little—whereby the community will see little improvement in water quality for 
considerable (but insufficient) expenditure. 

Monitoring and research 

1	 The EPA’s ambient water quality monitoring program has been undertaken since 1996. This program is 
presently being reviewed to ensure that it is achieving its aims efficiently. 

2	 Monitoring of water nutrient quality across almost all the catchments that discharge to the Port 
waterways was achieved through a project associated with the development of the WQIP. Five new or 
significantly upgraded monitoring stations were developed as part of this work. 

3 Water quality monitoring is required to allow appropriate management. This is achieved through 
determining (in order of priority): 

• the effectiveness of management actions 

• better estimates of current pollutant loads 

• improvements in the predictive modelling ability of resource managers. 

4	 Quantifying the effectiveness of management actions will allow the plan to be modified as it is 
implemented. For example, if the effectiveness of management action priorities is shown to be less than 
anticipated, other measures may need to be adopted or accorded greater priority. If the rates of uptake 
of management actions fall short of acceptable targets, governments may pursue further incentives to 
enhance uptake. 

5	 The DSS containing the water quality model used in the preparation of this plan is proposed to be 
operated and improved over time by the EPA. A high degree of consultation will be undertaken between 
EPA modellers and stakeholders to ensure that capital programs to reduce nutrient loads are developed 
with access to the best available information. While the DSS has been developed with care, all parties 
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recognise the need for refinement and verification, involving examining summer scenarios, accounting 
for other important factors such as macroalgae and the long-term requirements for both nitrogen and 
phosphorus. 

Reporting and reviewing 

1 Reports will be produced two-yearly as part of the adaptive management approach. They will describe 
progress in plan implementation, results of monitoring and research activities, consultations with 
stakeholders and the public, actions of government agencies, and any externally generated changes 
affecting the Port waterways water quality. The reports will be provided for public inspection and 
comment through web-based means. 

2	 The WQIP will be reviewed two-yearly based on the reports, information from monitoring and evaluation 
of current and future management activities, and feedback from stakeholders and the public. Based on 
this information, the reviews will recommend changes in the plan implementation, if warranted, so as 
to maximise opportunities to more quickly and efficiently achieve the EVs of the waterways. These 
changes may include variation in implementation of, and adoption of new, management actions. 

3	 There will be a major review after five years to assess progress in meeting the load reduction targets, 
effectiveness of the management actions and appropriateness of the current load targets. A revised plan 
will be drawn up as a result of this review. 

4	 There is some minor uncertainty in the final target loads because of some assumptions used in the 
model. The target loads should be reviewed and, if necessary, modified during the life of the WQIP as 
better information becomes available from the monitoring program and advances in modelling in this 
area. 

Adaptive implementation 

1	 The WQIP will initially be implemented by the EPA and the Australian Government in collaboration with 
SA Water, Penrice Soda Products and the A&MLR NRM Board. 

2	 The initial implementation of the WQIP will be heavily focused on the management of licences 
administered by the EPA. However, the continued reduction of wastewater discharges by SA Water at 
Bolivar will require a broad approach where a number of stakeholders work together to increase the 
amount of wastewater reused. 

3	 Oversight of the implementation of the WQIP (refer Table 5.1) is expected to be through joint 
management of both the Port waterways and Adelaide Coastal Waters. 

4	 There are current commitments for a limited number of priority implementation, monitoring and 
research activities. Funded priorities include: 

• nitrogen reduction to 575 t/year from Penrice Soda Products 

• continued management of the water quality model by the EPA 

• continued undertaking of the EPA ambient water quality monitoring program. 

5	 Notable unfunded priority activities include: 

• SA Water reduction in nutrient discharges 

•  Penrice reduction of N discharge to 200 t/year. 

• continuation of the monitoring of flows from urban catchments to the Port waterways. 
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Port Waterways Water Quality Improvement Plan 

1 INTRODUCTION 

1.1 The Port waterways and its catchments 

The Port waterways, consisting of the Port River, North Arm, North Arm Creek, Angas Inlet and Barker Inlet, 
is an area of major ecological, commercial and recreational importance. Its location and catchments are 
shown on Figure 1.1. 

1.2 Nutrients and the ecological condition of the Port waterways 

Development and subsequent pollution throughout the history of South Australia has resulted in a decline 
in ecosystem health. This is apparent to the general community through the large-scale loss of intertidal 
and subtidal seagrasses, mangrove decline and the occurrence of algal blooms including toxic species. 

Considerable effort and investment has been put into resolving these issues, with substantial reductions in 
pollutant loads being achieved by a range of managers responsible for water quality, particularly since the 
early 1990s. However, the problems still remain and there are concerns for its future ability to support a 
sustainable ecosystem. 

Studies into the environmental status of the waterways consistently report that nutrients, in particular 
nitrogen and phosphorus, are the key pollutants throughout the waterways. The focus of this water quality 
improvement plan (WQIP) is therefore nutrients. 

Other pollutants, for example metals, hydrocarbons and faecal coliforms, are dealt with through other 
management processes such as EPA licensing, NRM catchment plans, Environment Protection Policies and 
Codes of Practice. Background information on the full range of pollutants is provided in the Stage 1 WQIP 
document (EPA 2005a). 

With the substantial efforts that have already been made to improve the health of the Port waterways, it 
is important that focus is now on ensuring that further investment is properly targeted and adequate. If 
adequate a healthy sustainable ecosystem can be achieved. 

1.3 The Water Quality Improvement Plan 

Water Quality Improvement Plans (WQIPs) are documents that detail strategies for water quality 
improvement in a defined area. WQIPs prepared through the Natural Heritage Trust (NHT) Coastal 
Catchments Initiative (CCI) are environmental management plans that codify and implement Australia’s 
National Water Quality Management Strategy (NWQMS) and the National Principles for the Provision of 
Water for Ecosystems. 

A WQIP aims to: 

•	 identify current ecological condition, water quality status and pollutant loads 

•	 identify the environmental values (EVs) of water bodies, and the water quality objectives (WQOs) that 
will protect the EVs. WQOs are defined both as ambient concentrations and maximum allowable loads 
discharged 

•	 identify and commit to a set of management actions to achieve and maintain those EVs and WQOs 
(Figure 1.2). 
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Port Waterways Water Quality Improvement Plan 

Figure 1.2 Summary of the water quality management framework 
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Port Waterways Water Quality Improvement Plan 

This Port Waterways WQIP has been developed as an implementation of the NWQMS, with the following 
aim: 

Deliver a strategy and tools to ensure that nutrient levels in the Port waterways are 
consistent with community expectations. 

The scientific studies undertaken as part of the WQIP define the levels of nutrient discharge reduction 
required, and further work undertaken to develop the WQIP has resulted in commitment from key 
stakeholders to the reductions necessary to achieve this aim. 

The WQIP consists of two stages. Stage 1 (EPA 2005a) developed background information about the waterways. 
This Port Waterways WQIP (Stage 2) has since been developed, achieving the following: 

•	 EVs and WQOs for the Port waterways 

•	 estimates of recent and current loads of nutrients to the waterways from all identifiable sources 

•	 computer model derived estimates of water quality improvement and associated load reductions from 
major point sources that will allow the EVs and WQOs for the Port waterways to be achieved 

• a set of management actions that will take the first steps towards reducing the current nutrient loads, 
leading to achievement of sustainable pollutant levels 

•	 commitment by a major discharger to reduce nutrient loads to the waterways through a legally 
enforceable Environment Improvement Program under the Environment Protection Act 1993 

•	 development of modelling and monitoring systems and adaptive implementation strategies. 

When implemented, the WQIP will be the principal tool guiding long-term ecologically sustainable nutrient 
loads to the Port waterways. 

The WQIP will be administered by the South Australian Environment Protection Authority (EPA), given that 
the major discharges to the waterways are point sources with discharge licences administered by the EPA. 

As the major point source loadings reduce, the focus of a revised WQIP is likely to shift towards the effect 
that other minor sources of nutrients have on the waterways. The WQIP has used the monitoring of 
discharges to the waterways from catchment sources. It is important that these discharges do not increase 
over time with continued development of the Adelaide metropolitan area. 

The WQIP forms part of an integrated approach to the development of sustainable management of the 
water quality of metropolitan Adelaide. The Port waterways WQIP will form part of the Adelaide Coastal 
WQIP in the future as the outcomes of the Adelaide Coastal Waters Study (ACWS) are implemented. 

The Australian Government considers implementation of WQIPs a core deliverable of the regional natural 
resources management (NRM) program. The integrated Adelaide Coastal Waters WQIP will be available to 
the Adelaide and Mount Lofty Ranges Natural Resources Management (A&MLR NRM) Board as it develops its 
strategic plan, which will be implemented through its business plans. 

The EPA, with support from the Australian Government, has undertaken several other parallel projects that 
are of significance to the development of this WQIP: 

•	 Code of Practice for Materials Handling on Wharves 
<www.epa.sa.gov.au/pdfs/cop_handling.pdf> 

•	 Draft Code of Practice for Vessel and Facility Management (Marine and Inland Waters) 
<www.epa.sa.gov.au/pdfs/cop_vessel.pdf> 
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• Pollution control load-based licensing (LBL) 
<www.epa.sa.gov.au/pdfs/Ifs_discussion.pdf.html> 

•	 Feasibility study and possible development of a tradeable rights instrument to reduced nutrient 
pollution in the Port waterways. 
<www.epa.sa.gov.au/pdfs/pw_rights.pdf> 

• Water Quality Monitoring for Execution and Review of the Water Quality Improvement Plan—a report of 
this work has been included as Appendix D of this WQIP. 

The CCI has also funded other projects, managed by local government, to improve the quality of water 
entering the Port waterways: 

• Review and Amendment of Council Development Plans—Northern Adelaide and Barossa Catchment 
Management Board 

•	 Urban Stormwater Master Plan—City of Port Adelaide Enfield 

•	 Gross Pollutant Trap on Dry Creek—City of Salisbury 

•	 Rising Main to South Terrace Reserve Wetland—City of Salisbury 

•	 Burton West Wetlands Project—City of Salisbury. 

Section 3.1.3 of this WQIP contains further summaries of all the above projects. 

Other relevant investigations and management strategies exist that relate to the water quality of the Port 
waterways, including catchment plans, the ACWS and other codes of practice. 

1.4 Environmental values of the Port waterways 

One of the first steps in the WQIP is defining the EVs that stakeholders value the area for. 

Establishing EVs involves both the definition of particular segments of an area and what the stakeholders 
value within those segments. EVs and segments were defined for the Port waterways at the beginning of 
development of Stage 1 of this WQIP. The work (refer EPA 2005c for details) built on previous studies, in 
particular the Torrens Catchment Water Management Plan, updated with the more recent ANZECC (2000) 
National Guidelines. The EVs are outlined in Section 2.2. 

1.5 Nutrient reduction to date 

In recent years state and local government authorities, including the former Torrens and the former 
Northern Adelaide and Barossa Catchment Water Management Boards, and the Barker Inlet Port Estuary 
Committee (BIPEC), have been active in addressing these issues. 

Licensing of discharges to the marine environment began in 1990, focusing considerable attention on the 
Port waterways. As a result of the regulation of major dischargers, there have been significant reductions 
in both the number of discharges and the loads discharged to the waterways. A relevant example has been 
the investment of over $200 m by the SA Government through SA Water to relocate the Port Adelaide 
Wastewater Treatment Plant (WWTP) to Bolivar, and the associated redevelopment of the Bolivar WWTP. 
This has reduced SA Water’s contribution to the nutrient load to the Port waterways by over 1,200 t of 
nitrogen (N) (70%) and 60 t of phosphorus (P) (17%). The work of catchment boards and State government 
agencies in catchment management strategies has so far resulted in a total reduction of 23.5 t N (31%) and 
5 t  P (26%) between 1995 and 2004. 
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Overall, nutrient loads to the Port waterways from 1995 to 2004 have reduced from about 3300 t/year to 
less than 1,600 t/year N (51%) and from about 360 t/year to 270 t/year P (25%) (Table 2.4). 

To prevent further ecosystem decline and/or allow recovery, further reductions in nutrient load are still 
required (refer Stage 1 report). To date, the extent of reduction required has not been clear, and further 
scientific investigation has been undertaken on this issue for the preparation of this WQIP (Stage 2). 

Nutrient reductions are costly to implement and become more costly as very low levels of nutrient load 
are targeted. Without a clear understanding of and justification for these reductions, water quality 
managers would be hard pressed to pursue the research and appropriate investment to achieve further 
reductions. 

Conversely, the work has shown that while the investment in nutrient reductions to date is likely to result 
in some improvement in the Port waterways, it will be of little value to the whole of the waterways unless 
it is supported by further efforts by the main dischargers. 

The decision support system (DSS) will be further refined, in consultation with stakeholders, including the 
examination of summer scenarios, the role of macroalgae or defining long-term targets for both nitrogen 
and phosphorus. 

1.6 Environmental flow management in the Port waterways 

With respect to water flows, the Port waterways including the Barker Inlet are best described as an 
embayment rather than an estuary (refer Section 2). Because the waterways do not have significant 
riverine inputs, the issue of environmental flows is not as important in this system as it might be in other 
river catchments and estuaries. 

A brief review of this issue undertaken for this WQIP is included in Appendix E. 

1.7 Consultation processes used in developing the plan 

The initial development of the WQIP comprised a program of consultation with key stakeholders and the 
wider community, focusing on the setting of EVs. The aim of developing a WQIP and the process that would 
be used to do this were also explained. 

Stakeholders were kept informed of the process through regular presentation of information at the Port 
Adelaide Environmental Forum and the Barker Inlet Port Estuary Committee. Regular information was 
also presented to other stakeholder groups at their meetings over the time of development of the WQIP. 

It became apparent during the early stages of the project that two EPA-licensed dischargers were 
responsible for a high proportion of the nutrient load to the waterways. This was communicated to them 
and the steering committee for the development of the WQIP (Table 1.1) invited them to become 
members. Information was regularly presented to different management levels in their organisations to 
ensure that they understood the implications of the WQIP and were able to be involved in its development. 

The nutrient discharge targets derived from modelling present considerable challenges to the stakeholders 
as they require very low nutrient discharge loads to allow the water quality of the waterways to meet the 
EVs. A model workshop was held where key stakeholders and independent water quality and water 
modelling experts were able to explore the strengths and weaknesses of the model used to derive the 
targets. This increased confidence in the model outputs and also provided direction on how to better use 
the model results. It pointed to the work vitally needed to further develop the model to provide a better 
understanding of how to manage the waterways and better delineate any role of phosphorus discharges 
from Bolivar (refer Sections 3.7, 3.8 and 4.2.2). 
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The WQIP will be communicated to key stakeholder groups including community groups, at their meetings 
to enable the issues to be considered within their groups. The web-based WQIP will also be made available 
to the general community through the EPA webpage. 

1.8	 Ongoing involvement with the Adelaide and Mount Lofty Ranges Natural 
Resources Management Board 

The engagement of the A&MLR NRM Board is critical to the successful implementation of the WQIP. While 
initial development of the plan was undertaken with recognition of the likely range of the board’s role in 
water quality and flow management, full consultation was not possible as the board was not yet 
established. The future of the A&NLR NRM Board will be determined following the development of the more 
integrated Adelaide Coastal Waters WQIP and its regional NRM Plan Resources Condition Targets and related 
monitoring and evaluation programmes. 

A memorandum of understanding was originally envisaged as the most appropriate instrument to define the 
roles of the EPA and the A&MLR NRM Board at the time that the WQIP was begun. With the formation of a 
local NRM Board during the development of this WQIP, further consultation with the NRM Board will occur, 
possibly through the Adelaide Coastal Waters Steering Committee with a view to defining the Board’s role. 

1.9	 Ongoing involvement with the Adelaide Dolphin Sanctuary 

The Adelaide Dolphin Sanctuary Act 2005 was proclaimed to provide protection to the Port River and Barker 
Inlet community of dolphins. The Act requires the preparation of a Management Plan and achievement of 
objectives to protect dolphins and their habitat and improve water quality. The EPA and the Department 
for Environment and Heritage will work together to ensure that the common goals of both the sanctuary 
and the WQIP are efficiently achieved. 

Table 1.1 Port waterways CCI Steering Committee member list 

Vaughn Cox Australian Government Department of 
Environment and Heritage (02) 6274 1589 vaughn.cox@deh.gov.au 

Gayle Greiger Adelaide and Mount Lofty Ranges 
Natural Resources Management Board 
BIPEC representative (08) 8285 2033 ggreiger@adelaide.nrm.sa.gov.au 

Verity Sanders City of Port Adelaide Enfield 
BIPEC representative (08) 8405 6765 vsanders@portenf.sa.gov.au 

Peri Coleman Delta Environmental Consulting 
BIPEC representative (08) 8280 5910 peri@deltaenvironmental.com.au 

Murray Townsend Department for Environment and Heritage (08) 8124 4879 murray.townsend@state.sa.gov.au 

Vera Hughes  Department for Environment and Heritage (08) 8124 4887 vera.hughes@state.sa.gov.au 

Peter Dolan Environment Protection Authority (08) 8204 2018 peter.dolan@epa.sa.gov.au 

Sam Gaylard Environment Protection Authority (08) 8204 2068 sam.gaylard@epa.sa.gov.au 

Peter Pfennig Environment Protection Authority (08) 8204 2181 peter.pfennig@epa.sa.gov.au 

Paul Saliba Penrice Soda Products (08) 8402 7351 pcs@penrice.com.au 
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Pat Harbison pH Environment 
BIPEC representative (08) 8522 4714 pharbison@ozemail.com.au 

Karen Rouse SA Water (08) 8204 1979 karen.rouse@sawater.com.au 

Tim Kildea SA Water (08) 8259 0222 timothy.kildea@sawater.com.au 

Rodney May Transport SA (08) 8204 8149 rodney.may@transport.sa.gov.au 
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2  WATER QUALITY—NUTRIENT OBJECTIVES AND LOADS 

2.1 Summary of key water quality issues 

Although the Port River–Barker Inlet system is of major ecological importance, supporting commercial and 
recreational fisheries, resident bottlenose dolphins (Tursiops aduncus) and important bird habitat, it shows 
clear signs of serious environmental stress and ecosystem decline as a result of development, loss of 
habitat and water pollution. 

Within the study area the key water quality issues are briefly summarised as follows (Figure 2.1): 

•	 nutrient enrichment and the proliferation of undesirable algal growth including toxic algal blooms, the 
largest stretching some 30 km northward from the inlet. 

•	 microbiological contamination of waters 

•	 contamination of sediments at some locations in the waterways by a range of toxicants (eg heavy 
metals) 

• thermal effluent discharges, which have direct effects on biota and also interact with other pollutants 

• occasional very high suspended solids loads as a result of storm events, Penrice plant failure, dredging 
activities, ship movements etc, which have direct impacts on biota as well as interacting with other 
pollutants 

•	 the Adelaide Coastal Waters Study has shown that other factors such as light alteration through coloured 
dissolved organic carbon from both natural and human sources can be an indicator of ecosystem health. 

Water quality problems are also caused by: 

•	 construction activities 

•	 the disturbance of acid sulphate soils, which are extensive in the area 

•	 dredging activities, which disturb estuarine sediments, and the effects of propeller turbulence from 
shipping and general power boating (in shallower waters of the estuary) 

• ballast water discharges (the source of some nuisance micro-organism pests) 

• occasional spillages, particularly of oils 

•	 illegal dumping of rubbish and wastes. 

Most stakeholders regard nutrient enrichment as the dominant water quality issue in the waterways (refer 
EPA 2005a). This view is supported by water quality monitoring conducted by the EPA. It is for this reason 
that this WQIP is focused on nutrient reduction. 

17 



Port Waterways Water Quality Improvement Plan 

Figure 2.1 Key water quality issues in the Port waterways study area 
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Environmental values of the Port waterways 

The national approach in water quality management is to recognise the particular environmental values 
(EVs) of water bodies, as defined in ANZECC (2000), as ‘values or uses of the environment that are 
important for a healthy ecosystem or for public benefit, welfare, safety or health and which require 
protection from the effects of pollution, waste discharges and deposits’. 

The EVs of the Port waterways have been defined in a number of previous studies, in particular the Torrens 
Catchment Water Management Plan as summarised in the Stage 1 report (EPA 2005a). 

Appropriate EVs for the Port waterways are: 

•	 the protection and maintenance of aquatic ecosystems, as a result of the importance of the area 

(refer Table 2.1) 

•	 primary industries, in this case aquaculture/human consumption of aquatic foods 

•	 recreation and aesthetics 

•	 industrial water, in this case cooling water for power stations. 

In addition, although not an ANZECC-defined environmental value: 

•	 cultural and spiritual values. 

While the values are generally applicable throughout the study area, differences in emphasis are to be 
expected. ANZECC (2000) also defined different levels of protection depending upon condition and area 
sensitivities. Consistent with the national approach, and following further consultation with key 
stakeholders and the broader community, these general EVs have been confirmed. However, distinct 
segments of the waterways and their appropriate levels of protection have been more adequately 
redefined, based upon the results of modelling DSSs; (refer Section 4 and Appendix F) and input from key 
stakeholders and the wider community. The redefined segments of the study area and their appropriate 
levels of protection, as shown on Figure 2.2, are as follows: 

Northern segment, north of St Kilda and Torrens Island: 

•	 This is a high conservation/ecological value system. As described in Section 3, it is an area severely 
impacted by nutrients, and the highest level of protection is considered appropriate. 

Central Barker Inlet segment, south of St Kilda in Barker Inlet, Angas Inlet, North Arm and North Arm Creek: 

•	 This is defined as slightly to moderately disturbed. Although there have been impacts due to poor water 
quality and development, much of the natural ecosystem remains. A very high level of protection is 
required for it to be maintained, but with the recognition that there is a limit on what can be achieved 
in returning to pristine conditions. 
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Figure 2.2 Main features and segments for protection of water quality 
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•	 The Port River segment: 
Because of the development of port facilities, this is a partially degraded area. While it has lower 
ecological value compared to the Northern or Central Barker Inlet segments, it nevertheless has 
important recreational value (eg boating, amenity, fishing). A reasonably high standard is required to 
maintain these uses. The inner harbour Section of the Port River is now being further developed as a 
residential area. Consequently, amenity and recreation, both contact and passive, are increasingly 
important to the community. 

Five segments were originally defined during public consultation. With the benefit of the DSS output and 
further consultation with the community three segments are now defined. Water quality modelling of the 
waterways showed that the five could be simplified to three segments while still retaining the community-
derived EVs for the area. The flow regime of the waterways has a dominating effect on the transport of 
nutrients and the resultant water quality, and these segments reflect the three areas of the waterways with 
markedly different flow characteristics. 

For each defined segment Table 2.1 summarises: 

•	 the desirable EVs, as defined by ANZECC (2000) and from input from the community 

•	 whether the EVs are being achieved 

•	 the key water quality issues as they relate to nutrients 

•	 nutrient pollutant indicators 

•	 the ambient WQOs for nutrients for each segment—these objectives use the ANZECC (2000) trigger 
values 

•	 WQIP performance indicators for nutrient reductions. 

The definition of WQOs (Section 2.3) is dependent on the water quality requirements necessary for 
maintenance of the above standards and to allow for ecosystem recovery. 
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Figure 2.3 Water quality classification 
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2.3 General water quality status prior to the WQIP 

The EPA (2002) has described water quality in the Port waterways using data from its ambient water quality 
monitoring program undertaken during 1996–2000. These data broadly describe the area prior to the 
removal of the PAWWTP, and provides a reference point in time for the WQIP. It is also to be noted that the 
DSS modelling was undertaken at the time of the change. In EPA (2002), the following were used as broad 
indicators of quality: 

•	 heavy metals (copper, lead, mercury, cadmium, chromium, aluminium, zinc and iron) 

•	 water clarity (turbidity) 

•	 nutrients (ammonia, total Kjeldahl nitrogen, nitrate, nitrite, phosphorus) 

•	 chlorophyll a [indicator of algal (phytoplankton) biomass] 

•	 faecal bacteria (E coli, total faecal coliforms, enterococci). 

The first four indicators defined status in relation to ecosystem protection. The microbiological (fifth) 
indicator was used in relation to suitability for recreation activities involving primary contact with water 
such as swimming. 

The EPA referred to the earlier ANZECC guidelines (1992) to define the indicators. In the Stage 1 report the 
EPA classification was revised using the more recent ANZECC guidelines (2000) to define water quality 
status in relation to: 

•	 ecosystem protection 

•	 the harvesting of fish and shellfish for human consumption 

•	 recreation, including both primary contact (eg swimming) and secondary contact (eg boating, aesthetic 
enjoyment). 

This classification has again been revised for nutrients, as shown on Figure 2.3, using the values defined in 
Table 2.2 (Section 2.4). During this period of monitoring, nutrient loads discharged into the waterways were 
much greater than they are at present (Section 2.4). In particular, the Port Adelaide wastewater treatment 
plant (WWTP) was discharging directly into the Port River. It is also important to note that: 

• Periodic phytoplankton blooms (red tides) are also a very important factor in determining water quality 
status, both with respect to recreational use and the protection of aquatic ecosystems. 

•	 The water quality classification shown on Figure 2.3 is based on physicochemical parameters, but 
amenity or aesthetic value is also an important measure. In addition to colour and turbidity, floating 
debris (eg cartons, bottles) has a major impact. The extensive growth of Ulva spp., shown on Figure 2.1, 
apart from its impact on ecosystems, is unsightly and frequently a source of offensive odours. 

2.4 Water quality objectives (nutrients) 

The values in the Environment Protection (Water Quality) Policy 2003 (WQ Policy) provide guidance to 
water quality managers in South Australia. Consistent with the direction provided by the WQ Policy, the 
water quality model developed for the WQIP has provided a better understanding of the concentrations of 
nutrients that should be present in the Port waterways. These are significantly lower than the values for 
nutrients provided in the WQ Policy. 

The WQOs defined in this WQIP are based on the prevention of any further ecosystem decline as a result 
of nutrient enrichment, and are designed to assist ecosystem recovery. To achieve these objectives, 
maximum permissible nutrient discharge loads have been developed through the use of the water quality 
model (Section 2.6). 

The water quality status described in Section 2.3 was based on ambient water quality data. However, 
nutrients, particularly the bioavailable forms, are removed from the water column as a result of uptake by 
plants. This uptake can be quite rapid, particularly in the spring–summer period. There is also some loss of 
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nitrogen by de-nitrification, and of both nitrogen (N) and phosphorus (P) to sediments. The direct result of 
the presence of bioavailable nutrients in the water column is the growth of algae. Not all nutrients 
discharged into the waterways are bioavailable, but they can become so through various biological 
processes. 

Relying on ambient concentrations alone as a measure of ecosystem health is therefore insufficient. 
Offshore from the Bolivar WWTP discharge, for example, one major effect contributing to the seagrass 
decline is prolific epiphyte growth on seagrass blades. The epiphytes act as a nutrient sink while shading 
the seagrass leaves from sunlight, thus contributing to their loss. Ambient water quality monitoring may 
detect elevated nutrients, particularly in close proximity to the discharge, but may not detect any 
significantly elevated nutrients in other areas which lead to damage to ecosystems. Other factors are also 
included, such as turbidity, suspended solids and colour (coloured dissolved organic carbon). These 
affected the transmission of light, which affects primary productivity. 

General water quality objective (trigger) levels for nutrients and chlorophyll a are included in Table 2.2. 
The reductions in current discharge loads required to achieve these objectives are summarised in Section 2.6. 

Table 2.2  Default trigger values for nutrients and chlorophyll a 

Ecosystem type Chl α 

(µg/L) 

TP 

(µg/L) 

FRP 

(µg/L P) 

TN 

(µg/L N) 

NOx 

(µg/L N) 

NH4
+ 

(µg/L N) 

Marine 1 25 10 230 5 10 

The reductions in trigger values are based on the following considerations: 

•	 Although the Port River–Barker Inlet is variously referred to as an estuarine system, it is more 
appropriate to refer to water quality guideline values of marine waters because the majority of the area 
is more like a bay. Even the Port River has no major freshwater input or a salinity gradient typical of 
estuaries. It also now receives essentially marine water through flows from West Lakes (currently 
approximately 600 ML/day). 

•	 The levels adopted for the Port Waterways WQIP in Table 2.2 for total N, NOx nitrogen, NH4, total P and 
filterable reactive P are based on a consideration of the lower values of southeastern and southwestern 
Australia (ANZECC 2000), and the background levels for Gulf St Vincent obtained from sampling and 
analysis as part of the development of the DSS (Section 4 and Appendix F). These are lower than the 
concentrations of total N and P provided as default trigger values for the south central region in ANZECC 
(2000) (provided by the EPA but were based on limited data). The default values in the WQ Policy are 
also too high. The WQ Policy recognises that changes to the default values will be required in time and 
provides for these changes to be made with appropriate consultation. 

•	 Chlorophyll a is used as an indicator of ecosystem response and a measure of primary productivity. While 
it relates directly to algal growth, a principal water quality issue, the DSS currently does not account 
for Ulva or other macroalgae biomass. As the DSS continues to be refined this relationship will be 
addressed. 

In ANZECC (2000) and the WQ Policy no distinction is made between seasons in the adoption of trigger 
values or criteria in defining WQOs. However, there are significant seasonal factors/differences, notably 
the potential for algal growth/blooms in the spring–summer period if an abundant nutrient supply is 
available. As indicated in Section 2.6, the water quality modelling covered a winter period. The 
concentrations indicated in Table 2.2 are low compared to those recorded by the EPA (2002) as shown in 
Table 2.3.  Adopting these concentrations will ensure reduced algal growth potential, as indicated by low 
chlorophyll a levels. 
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Table 2.3 EPA monitoring sites 1–9, Port River–Barker Inlet, general nutrient levels 

Mean Median 90th percentile 

TN (µg/L) 506–1675 440–1672 784–2441 

TKN (µg/L) 423–1276 340–1250 649–1926 

NOx (µg/L) 93–449 43–422 183–745 

NH4 (µg/L) 111–729 80–670 216–1310 

TP (µg/L) 42–173 41–173 57–300 

Chlorophyll a (µg/L) 2.8–27.6 2.1–12.0 4.6–42.4 

Source: EPA 2002 

It will take some years for the WQIP to be progressively implemented. As noted in later sections of this 
report, achieving the load reduction targets will be costly. Using the DSS modelling to monitor water 
quality and WQIP performance indicators during the implementation period will provide data to enable a 
more accurate determination of the effectiveness of the reductions, and the extent to which loads need 
to be reduced. 

Available information on the annual average loads from each of the main sources is summarised in 
Table 2.4, from initial levels in 1994–95 (before the nutrient reduction initiatives currently underway 
began to be effective) to data available or estimated from 2004. It is important to note that Bolivar has 
been included as if all its effluent contributes to the annual load in the waterways. This is not the case, 
as much disperses along the northern coast and seawards to the open gulf waters including the inshore 
waters. The water quality model used for this WQIP to derive the target loads for the waterways takes 
this into account. 

The data in Table 2.4 and the results of the modelling clearly indicates that there are now only two major 
sources of nutrient discharge into the Port waterways—Penrice and Bolivar. With diversion of the Port 
Adelaide WWTP effluent to Bolivar, the Bolivar discharge now consists of the outputs from both the original 
low salinity and the new high salinity plants. In comparison to the total from Penrice and Bolivar, all other 
sources are relatively small, being approximately 16% of all quantifiable natural and artificial sources and 
approximately 8% of other smaller point and diffuse artificial sources. 
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Table 2.4 Main sources of nutrients to the Port waterways 

Source Annual load nitrogen 
(t/year) 

Annual load phosphorus 
(t/year) 

1995 1998 2004 1995 1998 2004 

Torrens, Hindmarsh, Enfield and 
Prospect catchments1 33 9.5 9.5 9 4 1.3 

Northern Adelaide Barossa catchment2 

Dry Creek–Little Para River 40 40 29.5 10 10 1.5 

Smith Creek catchment ND ND ND ND ND ND 

Local stormwater3 2 2 2  <0.2  <0.2 <0.2 

Regional groundwater 4 10 10 10 0.25 0.25 0.25 

West Lakes3 30 30 41 3 3 6 

Bolivar WWTP5 1,265 1,000 

– low salinity plant – – 373 215 215 188 

– high salinity plant – – 104 – – 44 

Port Adelaide WWTP 5 511 511 – 105 105 – 

Penrice Soda Products6 1,300 1,100 820 3 3 0.7 

Bulk handling 2 2 2 >0.2 >0.2 >0.2 

Fertiliser industry 7 2 2 2  <0.2  <0.2 <0.2 

Recreation3 10 10 10 2 2 2 

8 
Wingfield Waste Management 
Centre 

2 2 2  <1  <1 <1 

Garden Island landfill3 1 1 1  <1  <1 <1 

Internal sources 9 <100 <100 <100 <10 <10 <10 

Atmospheric fallout10 32 32 32 2 2 2 

Totals 3,340 2,851.5 1538 361.9 356.9 258.4 

1 From Torrens Catchment Water Management Board Management Plan 2002–2007 
2 Unknown as the catchments are not currently monitored—monitoring commenced during 2004 
3 Range provided by P Christy, EPA 
4 From Australian Groundwater Technologies 2004 (EPA 2005a) 
5 Data obtained from SA Water. As the Port Adelaide WWTP was diverted in October 2004 after the high 

salinity plant was constructed, the values used are for the 2004–05 period, adjusted to represent an 
annual rate of discharge. 

6 Data obtained from Penrice Soda Products EPA license coordinator (with permission from Penrice) 
7 It is likely that the loading from this industry was very significant, on the order of 20 t/year N and 10 

t/year P, before re-diversion to wetlands was introduced and with improvements in on-site practices. 
8 Information from groundwater and surface water monitoring 2002–03, WWMC 
9 Data obtained from EPA (2005d), revised since the Stage 1 report 
10 Data obtained from EPA estimates 
ND = not determined 
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2.5	 Existing programs resulting in nitrogen and phosphorus load reduction 
improvements to date 

In the past, industrial and urban development occurred with little understanding of water pollution or 
ecological issues. However, in recent years a number of significant management initiatives have been taken 
which have already reduced the nutrient loads discharged to the waterways. Further reductions will occur 
as programs continue to be implemented, including: 

•	 environment improvement programs (EIPs) for industry 

•	 EIPs for SA Water WWTPs and the Virginia Horticultural Area Reuse Scheme 

•	 natural resource management plans 

• EPA licensing to control discharges, and environmental management plans (EMPs) for major activities 
such as port activities and landfills 

•	 planning, including improved standards for new development and upgrading of existing activities 

•	 reuse of stormwater leading to a diversion of pollutants away from the marine environment. 

Large industries that would likely have had a major impact on the pollutant loading in the Port waterways, 
but have closed down or relocated, include: 

• Port Adelaide Wastewater Treatment Plant 

•	 CSR (sugar works) 

•	 sulphuric acid works 

•	 Adelaide Wallaroo, Adelaide Chemical Works and Cresco Fertiliser companies 

• Walter Morris timber works 

•	 EWS foundry 

•	 ICI chlorine plant. 

There are major new residential and industrial developments on the Lefevre Peninsula and proposals are 
being prepared for industrial development in the Gillman area. Additional development need not result in 
increased pollutant loads, and with new standards for development, for example stormwater treatment, 
there could even be a reduction in existing pollutant loads. 

As indicated in Table 2.4, from 1995 to 2004 there have been reductions of approximately 52% in total N 
and 31% in total P from known sources (ie point and diffuse catchment sources) into the Port waterways. 
This does not account for reductions from other industries that have either closed or relocated. The 
majority of these reductions occurred between 1998 and 2004, from approximately 3,035 t/year N in 1998 
to 1,648 t/year in 2004, and from 346 t/year P in 1998 to 249 t/year in 2004. Although there have also 
been reductions from the minor sources, particularly in stormwater runoff, the changes have largely been 
due to: 

•	 the removal of the Port Adelaide WWTP effluent, which discharged approximately 511 t/year N (mostly 
as ammonia) and 105 t/year P from the Port River, and its relocation to Bolivar 

• a reduction in the N load discharged from Bolivar, even with the diverted Port Adelaide WWTP effluent, 
from 1,265 t/year in 1995 to 1180 t/year in 1998 and less than 500 t/year in 2004–05. This is as a result 
of improved treatment, with reduced concentrations in discharge water (from 35 mg/L to 5 mg/L) and 
the reuse of reclaimed water for irrigation in the Virginia area 

• a small increase in the load of P discharged from Bolivar from 215 t/year in 1998 to 232 t/year in 
2004–05 

• a reduction in the load of N (as ammonia) discharged from Penrice from approximately 1,300 t/year in 
1995 to 1,100 t/year in 1998 and 820 t/year in 2004. 
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There is a seasonal variation in the risk of algal blooms in the Port River estuary and Barker Inlet. 
Spring–summer is typically the growth period for algae, with warmer water and more fine days and calm 
weather. This time of the year is also when there is the highest demand for irrigation water and hence 
greatest reuse of Bolivar reclaimed water through the Virginia Pipeline Scheme, with a consequent 
decrease in discharge of treated wastewater. 

The reduction in nutrient loads discharged to receiving waters from Port Adelaide and Bolivar WWTPs 
during the summer months (December to February) resulting from implementation of the EIPs has been 85% 
for N and 24% for P, as shown in Figure 2.4. The reduction in nutrient loads from Bolivar during the peak 
irrigation months is shown in Figure 2.5. 
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As a result of other programs, notably the work of catchment water management boards and local 
government (Port Adelaide–Enfield and City of Salisbury), reductions have also occurred in nutrients in 
stormwater. Monitoring of the Barker Inlet, Magazine Creek and Range wetlands indicates they are 
achieving design objectives, removing approximately 80% of nutrients, with an overall reduction from 33 
t/year to approximately 7 t/year. Other artificial wetland systems, particularly those constructed by the 
City of Salisbury (eg the Greenfields wetlands), are also likely to be removing substantial quantities from 
stormwater runoff. Overall, it is likely that in the Little Para and Dry Creek catchments significant 
improvements are being made as a result of the activities of the A&MLR NRM Board and local government. 

While the contribution of nutrients from rivers and stormwater discharges is small compared to the major 
point sources, rivers and stormwater discharges are important because of the range of other pollutants that 
occur, including: 

•	 heavy metals 

• faecal micro-organisms 

• oils and grease 

• suspended solids/turbidity and coloured dissolved organic carbon 

• organic carbon (potential oxygen depletion). 

While these pollutants may also potentially affect EVs they are not addressed further in this WQIP because: 
•	 minor, local effects attributable to most of them are being presently overwhelmed by the 

disproportionately large effect of nutrients. 

•	 they are being dealt with at their individual sources. 

•	 reductions in discharge loads for nutrients will also result in decreased loads of these to the waterway. 

With regard to the relative contribution from point sources compared to stormwater and catchment 
sources, it is also important to note that the major point sources discharge all year, whereas stormwater 
is seasonal. While the pulsed nature of these inputs can have important consequences on an already 
impacted ecosystem, this effect will be localised around the outfall points. Also, most nutrients in 
stormwater (typically 60–80%) are associated with particulate matter and only a small fraction is 
immediately bioavailable. In the point sources the bulk of the nutrient discharge is bioavailable, typically 
90% of the WWTP effluent and 100% of the Penrice discharge (ammonia). 

A detailed discussion of the above load nutrient reductions between 1998 and 2004 in the three Port 
waterways segments is given in Appendix F. 

2.6 Nutrient load reduction required to achieve the water quality objectives 

The EPA has used a three-dimensional hydrodynamic model coupled to a computer-based nutrient model 
to develop load reduction information for the Port waterways. Reference to the description of the model 
is given in Appendix F, together with a summary of its output. 

The hydrodynamic model determines water movements and dispersion using tidal information, wind data, 
and discharge data from power stations, industrial effluent streams and watercourses. The nutrient model 
uses nutrient concentrations of the various discharges into the Port waterways, both industrial and 
stormwater, and water quality data from Gulf St Vincent. 

The nutrient model simulates the concentrations of N and P based on the dispersion, vertical mixing and 
residence time within the various parts of the waterways. It also calculates the losses and transformations 
of the nutrients that occur through biological, chemical and physical processes such as oxidation of 
ammonia, nitrification, uptake of nutrients by algae, and losses to the sediments. Comparing calculated 
nutrient concentrations or chlorophyll production with measured values validates the nutrient model. 
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Because the greatest contribution of nutrients to the waterways is presently from two major point sources, 
these will be the major focus of the WQIP. Other discharges to the waterways have localised effects; 
however, as the major sources of nutrients to the waterways reduce their effects, these minor sources will 
become more apparent. Therefore, the existing initiatives described in Section 2.5 need to be ongoing. 

2.6.1 Nutrient loads and water quality objectives 

As indicated above, modelling has been used to examine a range of scenarios involving progressive 
reductions in the loads discharged from both Penrice and the Bolivar high and low salinity plants. The 
outcome of the analysis indicates that: 

•	 Although there is a combined effect on the waterways from both Penrice and Bolivar, together with the 
other minor sources, the separate impacts of the major sources have to be considered as well. This is 
due to: 

–	 the geographical location of the discharges, with Penrice having a greater impact in the southern, 
and Bolivar in the northern, area of the waterways 

–	 the potential toxicity on biota from the large quantities of ammonia discharged by Penrice. 

• To achieve the chlorophyll a WQO value of 1 µg/L in the Central Barker Inlet segment, the Penrice 
discharge needs to be reduced to approximately 200 t/year N. Even at this annual load, it is accepted 
that areas of the Port River and Angas Inlet will have elevated ammonia levels at times. 

• To achieve the WQOs for nutrients and chlorophyll a (Table 2.2), even with Penrice reduced to 
200 t/year N, total loads discharged from Bolivar need to be much lower than at present. In addition 
to the 1998 and 2004 situations, a large number of discharge scenarios have been examined involving 
progressive load reductions. Those which collectively identify the required degree of nutrient reduction 
are: 

–	 Bolivar discharging at 2004 levels, but with Penrice reduced to 200 t/year 

– 	Penrice discharging 200 t/year N, but with the Bolivar high salinity plant discharging at 2004 levels 
and the low salinity plant at 25% of 2004 levels 

– 	Penrice discharging 200 t/year N, but with the Bolivar high salinity plant discharging at 2004 levels 
and the low salinity plant with a zero discharge. 

•	 Nitrogen is usually regarded as the most significant nutrient in estuarine waters. However, the output 
from the DSS modelling has indicated that P loads also need to be reduced in order to reduce algal 
growth potential as indicated by chlorophyll a concentrations. There are only a few locations in the 
world in the marine–estuarine environment where nitrogen is not limiting, In this instance it is because 
of the large Penrice Source of nitrogen. The model demonstrates that under particular tide and wind-
driven currents, effluent from Bolivar spreads southwards through the Central Barker Inlet segment and 
North Arm, with a smaller measurable effect on the Port River. There is also an extended retention time, 
with the introduced materials having a half-life of at least nine days. Even with Penrice reduced to 200 
t/year, abundant N remains for plant growth; and even with additional reductions in the N discharge 
from Bolivar, it is not until P (the limiting nutrient) is also reduced that chlorophyll a concentrations 
significantly reduce. It is intended that this issue be further investigated and confirmed, which will 
occur as the DSS is further refined. 

The effect of the target load reductions on chlorophyll a levels is shown in Figure 2.6, which compares the 
levels in 1998 (prior to major reductions), 2004 (the current situation) and the future condition when 
targets have been achieved. Similarly, a comparison is made for total N and ammonia in Figures 2.7 and 
2.8 respectively. 

2.6.2 Target load reductions and environmental values 

In Table 2.1 WQIP performance indicators were defined. These are briefly discussed below in relation to 
protection or enhancement of the EVs following nutrient reductions. 
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a) Algal growth 

Toxic algal blooms 

Occasional algal blooms were probably a natural part of the ecosystem of the waterways prior to 
European settlement. Currently, their minimisation in the Port waterways is an objective of the WQIP. 
Blooms also occur occasionally in West Lakes. 

A reduction in nutrient supply is likely to produce a reduction in the frequency, extent and 
duration of blooms in the waterways when they do occur. 

Ulva and other macroalgal growth 

Similarly, with reduction of the nutrient supply, macroalgal growth potential is reduced, as indicated by 
the low chlorophyll a concentrations anticipated. The model outputs for the winter (Figures 2.9 and 2.10 
—for Swan Alley and North Arm respectively) indicate an approximate 60% reduction in chlorophyll a, which 
may also be expected in Barker Inlet. Further north, offshore of Bolivar in the Northern segment, small 
changes in chlorophyll a are predicted in the modelling. However, the large volume exchange with gulf 
waters usually prevents the development of a large phytoplankton population in this area. The biomass and 
chlorophyll content in epiphytes on seagrass or macroalgae are not included in the calculations. This aspect 
is being addressed in the current ACWS. 

Ulva and other macroalgal growth are relatively low during the winter months, increasing in spring and 
continuing throughout summer if nutrients are available. The diversion of effluent from Bolivar WWTP to 
reuse over summer reduces the availability of nutrients for growth. The annual pattern of effluent reuse 
can be inferred from Figure F29 (Appendix F), which shows the annual pattern of nutrient discharge. The 
marked reduction of discharge from November to March is a result of the effluent reuse. 

However, macroalgal growth appears to increase from late winter, much earlier than the beginning of the 
irrigation season. This leaves a period of three months or more where significant amounts of nutrients are 
available for the growth of macroalgae. It is inferred that the overall impact on ecosystems and 
amenity/recreation will reduce further if minimal or no discharge can be achieved during this 
August–October period. Further modelling of this scenario will be required to confirm the likely 
effectiveness of this option. 

Introduced species 

The nutrient-rich environment is conducive to the spread of species such as Caulerpa taxifolia, providing 
them with a competitive advantage. While nutrient reduction and the achievement of the WQOs will not 
prevent their introduction and spread, reduced nutrient availability may reduce the rate of spread, 
improving the opportunity for containment and control. 

Odours 

As a direct result of the reduction in algal growth, there should be a corresponding reduction in the 
quantity of algal debris, a direct cause of odour. 

Amenity 

Amenity value is reduced by odours, extensive algal growth on intertidal flats, floating algal mats, algae 
within mangroves covering seedlings and pneumatophores, etc. The reduction in the extent of algal growth 
will improve the overall appearance of the area as well as reduce the ecological impacts. 
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Chlorophyll - Barker Inlet nr Swan Alley 
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Figure 2.9	 Modelled winter chlorophyll a concentrations adjacent to Swan Alley as nutrients in 
the Port waterways reduce 

Chlorophyll - North Arm (Nth Arm Creek) 
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Figure 2.10 Modelled winter chlorophyll a concentrations at the North Arm as nutrients in the 
Port waterways reduce 
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b) Ammonia toxicity 

Although large quantities of ammonia have been discharged for many years, there is no data to 
document any direct toxic effects, distinguishing it from all the other impacts. Toxic impacts are likely, 
however, particularly on juveniles of the biota. The populations of some species in some areas may be 
maintained because of continuous recruitment from elsewhere. The fact that people can catch fish in 
the Port River and Angas Inlet, for example, does not in itself indicate that the area is healthy and there 
is no impact. 

The target discharge of 200 t/year from Penrice is a compromise, and it is accepted that near the point 
of discharge concentrations will almost always be higher than the WQO value. However, the levels will 
be lower in the more ecologically sensitive areas, avoiding as much as possible lethal and sublethal toxic 
effects. This is consistent with the agreed EVs for this segment. 

c) Minor sources 

Smaller sources such as the stormwater outlets and creeks. 

As mentioned previously, minor nutrient sources such as stormwater are important because of the range of 
other pollutants they carry, for example heavy metals, oils and pathogens. For this reason strategies are 
required to reduce their impacts, which will also result in nutrient reduction and minimisation of potential 
localised effects. 

2.6.3 Adelaide Coastal Waters Study (ACWS) 

The Adelaide Coastal Waters Study has developed the understanding and tools required to enable 
sustainable management of Adelaide’s coastal waters. It has done this by identifying the causes of 
ecosystem modification and the actions required to halt and reverse degradation. The study focused on 
seagrass loss, seabed instability and water quality degradation. 

The work has shown that nutrient discharges from the Port waterways have significantly increased as the 
metropolitan area of Adelaide has grown. The key nutrient discharges to the metropolitan coast are now 
Penrice Soda Products and the wastewater treatment plants at Bolivar, Glenelg and Christies Beach. 
Physical processes along the metropolitan coast retain these discharges and other terrigenous loads of 
suspended solids in the near-shore, which is the area of the most significant seagrass loss. 

The nitrogen reduction targets that have been identified for Penrice and Bolivar in this WQIP are consistent 
with those that have resulted from the separate work of the Adelaide Coastal Waters Study, which 
recommended a nitrogen reduction of 75% from 2003 levels—122 tonnes compared with 104 tonnes per year 
derived from the Port Waterways model. 

2.7 Load reduction targets/load allocations 

To achieve the key WQO values of 50 µg/L of ammonia and 1 µg/L of chlorophyll a (Table 2.2) across most 
of the waterways, particularly within the ecologically sensitive areas, it has been determined that the load 
of ammonia discharged by Penrice should be reduced to low levels. The modelling has indicated that this 
may need to be about 200 t/year. For Bolivar the targets could be achieved if there were no discharge 
from the low salinity plant and the discharge from the high salinity plant did not change from the current 
level, approximately 104 t/year N and 44 t/year P. Collectively, all other sources are relatively minor 
when compared to the combined load from Penrice and Bolivar. The load allocations for all sources are 
presented in Table 2.5. Comments are as follows: 

•	 No further changes are assumed for the Torrens catchment area because of the known adequate 
efficiency of the established Gillman wetlands, which receive the majority of the stormwater runoff. 
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•	 Even though the actions of local government and the A&MLR NRM Board are likely to result in significant 
improvements, only a small conservative 10% change is assumed for the Dry Creek, Little Para and Smith 
Creek catchments. 

•	 No change is assumed for West Lakes, although water quality in the lake will improve as a result of the 
activities of local government and the A&MLR NRM Board. The through-flow of marine water is a 
dominant factor, and waters may be affected by other coastal discharges near the intake for the lake. 
This is likely to change as EIPs are implemented for these discharges, for example the Glenelg WWTP 
discharge. 

•	 For other sources, including bulk handling, the fertiliser industry and recreation (boats in particular), 
small improvements are assumed as a result of the continuing implementation of EIPs, codes of practice 
and community education. 

•	 Local stormwater input on Lefevre Peninsula, although only a minor source, could be significantly 
improved as redevelopment occurs. It is important to note that this and other sources (industry and 
catchment), while small for nutrients, are significant for a wide range of other pollutants, for example 
heavy metals, faecal bacteria and oils. 

•	 As indicated previously, because the effect of the two major nutrient sources—Penrice Soda Products 
and Bolivar WWTP—extends outside the Port waterways, the findings of the ACWS may result in changes 
to load targets nominated in the WQIP. 

Overall, the total reductions in nutrient loads would be approximately: 

•	 between 1995 and 2004 

– 	 51.5% N and 17% N. 

•	 since 1995, with the load allocations as specified in Table 2.5 

– 	 81.5% N and 69% P. 

2.8 Margin of safety 

Estimates derived from models are subject to some uncertainty. In developing the WQIP, assumptions have 
been made to ensure that the estimates derived from the water quality model are likely to err on the side 
of caution, rather than aim for loads that may be too high to achieve the environmental benefits nominated 
by the community. 

Calibration of the water quality model with the prevailing conditions in the Port waterways, together with 
independent consideration of the model (Appendix F), provide confidence that achieving the currently 
modelled target loads will result in the required improvement in water quality. However, the required 
reductions will be technically challenging and will represent an additional cost to industry and the 
community. It is therefore important that an adaptive management approach is used to guide the 
implementation of the WQIP, rather than rigidly adhering to the reduction targets provided in this 
document. As the system is monitored and the water quality model is further developed, these targets will 
be reviewed and may be changed as a result of this process. 

The approach of the WQIP to include a margin of safety has not been to develop a numerical addition to 
the modelled discharge targets, but rather to take into consideration the seasonality of discharges and the 
assumptions used to develop the water quality model. The modelled target loads therefore account for a 
margin of safety for the following reasons: 

•	 The model has been based on winter conditions, when discharges from the major sources are presently 
greatest. 

•	 The analysis of nutrient parameters under varying load scenarios was based on 90th percentile values 
rather than median values. If median values had been used, the modelled target loads would have 
resulted in the required water quality criteria (ie chlorophyll a, N, P) being exceeded on a regular basis 
—about 50% of the time. Using the 90th percentile values aims for a slightly lower discharge level where 
criteria are exceeded only about 10% of the time. 
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Table 2.5 Load allocations 

SOURCE 

Existing load (t) 
(2004) 

Load allocation (t) 
(1) 

% change 

Tot N Tot P Tot N Tot P N P 

Torrens, Hindmarsh, Enfield and 
Prospect catchments 

9.5 1.3 9.5 1.3 0 0 

Northern Adelaide Barossa catchment 

Dry Creek–Little Para 29.5 1.5 26 1.3 10 10 

Smith Creek catchment ND ND ND ND ND ND 

Local stormwater 2 <0.2 1 <0.1 50 50 

Regional groundwater 10 0.25 10 0.25 0 0 

West Lakes 41 6 41 6 0 0 

Bolivar WWTP 

– low salinity plant 373 188 0 0 100 100 

– high salinity plant 104 44 104 44 0 0 

Port Adelaide WWTP 0 0 0 0 0 0 

Penrice Soda Products 820 0.7 200 0.2 75 75 

Bulk handling 2 <0.2 1.6 0.16 10 10 

Fertiliser industry 2 <0.2 1.6 0.16 10 10 

Recreation 10 2 8 1.6 20 20 

Wingfield Waste Management Centre 2 < 1 1.6 <1 10 10 

Garden Island landfill 1 <1 <1 <1 10 10 

Internal sources <100 <10 <100 <10 0 0 

Atmospheric fallout 32 2 32 2 0 0 

Total 1,538 258.4 537.3 69.1 -64 -70 

Note: A margin of safety has been built into the modelled load allocations through the use of the likely 
worst seasonal conditions, and by basing improvements on the 90th percentile rather than the median 
outcomes. 
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3	 IMPLEMENTATION AND RESEARCH—MANAGEMENT MEASURES AND 
CONTROL ACTIONS 

3.1	 Current nutrient load reduction programs and actions 

The Port waterways were degraded over time through a lack of understanding and many isolated 
management decisions. The improvement of the waterways will also take time, through management of 
the WQIP by a range of different groups working together through the steering committee. The groups 
include representatives from the two major point sources of nutrients to the waterways, and they are all 
committed to ensuring that the environmental values (EVs) for the waterways are achieved. 

The following section describes the current activities being undertaken by those that discharge, or manage 
discharges, to the waterways. It also describes some of their considerable efforts to date to improve the 
waterways. The WQIP will build on these efforts, allow coordination of them, and provide initial modelled 
nutrient targets for the waterways. 

The nutrient load allocations were included in Table 2.5 and discussed in Section 2.6. The bulk of future 
nutrient reduction will come from improvements in the SA Water Bolivar WWTP and Penrice discharges. A 
wide range of activities, including those of the EPA, Adelaide Dolphin Sanctuary, local councils and 
catchment water management boards, will bring about reductions in other smaller sources. All these 
activities are outlined in the following sections and summarised in Table 3.1. 

3.1.1	 SA Water 

(a) Background 

Historically, Metropolitan Adelaide has been served by four large wastewater treatment plants (WWTPs). 
The Bolivar WWTP has discharged treated wastewater into coastal waters at St Kilda at the northern end 
of the Barker Inlet since it was commissioned in 1964. The Port Adelaide WWTP began operations in 1931 
and discharged treated wastewater into the head of the Port River until 2004 and sludge into Gulf St 
Vincent until 1993. Both plants have been expanded or modified at various times over the years. 

The introduction of the Environment Protection Act and the Marine Environment Protection Act 1990 
reflected increasing community concerns about environmental issues. This legislation gave EPA the power 
to regulate environmental discharges through environmental authorisations, and introduce improvements 
to environmental performance through Environment Improvement Programs (EIPs). 

In November 1995 the EPA endorsed EIPs for each of the four major WWTPs in the Adelaide metropolitan 
area. The objectives of the EIPs were to reduce impacts on the Port River and the marine environment. 
The focus was on reduction of the amount of nitrogen (N) being discharged, this being the nutrient 
considered at that time to be of most concern in marine waters. 

The contents of the EIPs have evolved over time as a result of consultations with the community and 
discussions with the EPA. In 1997 the EPA approved a revised EIP for the Bolivar WWTP to support 
development of the Virginia Pipeline Scheme (VPS) by providing high-quality treated wastewater for 
agricultural irrigation. This EIP included the construction of a filtration plant to enable recycling of treated 
wastewater. The Bolivar WWTP was also to be upgraded by replacing the biological filters with an activated 
sludge process (including enhanced N reduction) and odour control facilities. In 1998 the EIP for the Port 
Adelaide WWTP was revised to include relocation of the plant to Bolivar, with discharges of treated 
wastewater into the Port River to cease. 
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The EIP of SA Water’s $260 m Metropolitan Adelaide WWTP was one of the largest capital works projects 
in the State and represents a significant investment in the environment by the state government for the 
future benefit of all South Australians. Through this project a total of $206 m has been spent since 2000, 
six years in eliminating treated wastewater discharges into the Port River, reducing the load of N 
discharged to coastal waters from the St Kilda outfall and developing one of the largest and most successful 
water reuse schemes in Australia. 

The Bolivar site now contains two separate WWTPs. The 165-ML/day capacity Bolivar WWTP serves the 
northern part of the Adelaide metropolitan area from the River Torrens north to Gawler. The current plant 
was upgraded to enhance N removal at a cost of $72 m and was commissioned in 2002. The 32-ML/day 
Bolivar high salinity WWTP was commissioned in November 2004 and has replaced the Port Adelaide WWTP. 
The cost of the project was $98 m and included a new pumping station and a 17-km pipeline to transfer 
wastewater from the Port Adelaide plant to the Bolivar high salinity plant. 

The larger Bolivar plant discharges treated wastewater in excess of that reused to Gulf St Vincent through 
a series of six lagoons and a 13km northerly outfall channel into mangroves near St Kilda. Between them, 
the two plants at the Bolivar site annually process about 65% of Adelaide’s wastewater, an average of about 
169 ML of sewage daily. 

Wastewater for reuse is extracted from the lagoons and undergoes further treatment at the St Kilda 
dissolved air flotation filtration (DAFF) plant, which produces good quality (Class A) treated wastewater 
suitable for non-potable domestic and agricultural reuse. The plant was built at a cost of $30 m and 
commissioned in 1999. SA Water contributed an additional $6 m to the cost of the pipeline system to ensure 
its commercial viability. 

Most of the recycled water from the DAFF plant is used for the irrigation of horticultural crops in the 
Virginia area of the northern Adelaide Plains. A private company, Water Reticulation Services Virginia 
(WRSV), markets the water and maintains and operates the VPS infrastructure, which comprises a pumping 
station and pipelines to distribute the water to the market gardens. 

In 2004–05, 28% of the treated wastewater produced by the Bolivar plant was reused. During the summer 
months (December to February) 42% was reused during the peak irrigation demand. Reuse of Bolivar 
treated wastewater has substantially reduced the quantities of nutrients (both N and phosphorus (P)) 
discharged to the sea. 

The Bolivar high salinity plant treats highly saline wastewater (about 6,000 mg/L TDS). The increased 
salinity is due to infiltration of relatively small amounts of highly saline groundwater into the sewer 
network and it is considered impractical to reduce salinity to the low levels suitable for reuse. After 
treatment to a standard comparable to that of the main Bolivar plant this water is discharged into the St 
Kilda outfall channel downstream of both the lagoons and the DAFF plant off-take. 

However, about 25% of the old Port Adelaide WWTP flow came from low salinity catchments. The low 
salinity wastewater from the Queensbury subcatchment near Port Adelaide has now been diverted into the 
Bolivar WWTP and has become available for reuse. 

Discharges of treated wastewater directly into the Port River ceased in 2004, and no further nutrients will 
be discharged directly into the Port River from an SA Water WWTP. 

(b) SA Water involvement with other government initiatives 

In recognition of the importance of water to the state’s economy, the environment and almost every aspect 
of our daily lives, the South Australian Government has instituted the Water Proofing Adelaide project. 
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The aim of the project is to develop a long-term strategy for the effective management and sustainable 
use of all the major water resources available to Adelaide and the surrounding semirural areas until 2025. 

The future prosperity of South Australia depends on a secure water supply—its limits are a fundamental 
constraint that must be managed. A reliable supply of good quality water underpins sustainable industrial, 
agricultural, mining and urban development. 

The project has considered the social, environmental, economic and agricultural uses of water. At the time 
of the development of the WQIP, it was also identifying and encouraging opportunities to take up innovative 
water technologies and practices including regulatory, policy and management measures. It was also 
considering more practical ways of achieving immediate benefits from existing water services and 
resources through education and technical support for innovative programs. 

Increasing the quantities of treated wastewater reused is one of the options identified in the Water 
Proofing Adelaide project. The final report (WaterCare et al 2005) indicates that the following strategies, 
among others, will be pursued in the period 2005–25: 

•	 Opportunities for further expansion of the VPS, which substitutes recycled water for groundwater use 
in some parts of the Northern Adelaide Plains, will be investigated. In 2004–05 approximately 15.4 GL 
of treated wastewater from Bolivar WWTP was reused by growers connected to the VPS. 

•	 SA Water is further developing the VPS as part of its ongoing commitment for additional reuse. The 
approved VPS expansion to provide recycled water to growers in the Angle Vale area will be constructed 
in the near future. The amount of additional reuse will depend on uptake by growers, who are 
influenced by a range of local, regional and market factors including seasonal variations. 

• Reclaimed water from Bolivar WWTP combined with treated stormwater is also being supplied to the 
Mawson Lakes development, where a dual reticulation scheme has been installed. As more houses are 
built, recycled water use will gradually expand. 

•	 It will be difficult to achieve the Port Waterways WQIP nutrient load targets by reuse alone, unless all 
suitable recycled water from the main Bolivar WWTP (about 45 GL/year) can be reused. For this to be 
achieved, winter flows, when irrigation does not occur, would need to be stored. With the volumes 
involved, aquifer storage and recovery (ASR) schemes are considered to be the only viable approach. 

The extent of reuse from Bolivar WWTP is presently driven by horticultural demand. Horticulture has been 
established in the adjacent Virginia region for about 50 years and, despite the range of factors that can 
have an impact on agribusinesses, has been successful over a sustained period on the northern Adelaide 
Plains. Land in this area and to the north is not a constraint to further growth of irrigated agribusiness, but 
water is. 

Not surprisingly, the present VPS uses much of the reclaimed water that is available in the summer months, 
but less in spring and autumn and even less in winter. Use of significantly more reclaimed water that could 
enable up to 100% reuse to occur will be largely driven by the viability of seasonal storage. 

The high cost and other disadvantages of surface storage were recognised as major impediments to the 
project’s vision of zero marine discharge during concept development of the VPS in 1993–94. This drove the 
state government and others to invest in laboratory and field research of ASR of reclaimed water. At that 
time ASR had already been successfully applied as a seasonal storage technique for surface water at several 
sites in South Australia including Scotch College and Clayton. Water authorities in other countries including 
The Netherlands, France and the United States had been practising ASR for a considerable time. 
Consequently, the hydrogeology and engineering aspects were well understood and continue to advance. 
However, research was needed in relation to the quality of the reclaimed water, the effect on the aquifer 
and the costs involved in ASR. 
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Over the past decade groundbreaking work has been conducted in reclaimed water ASR trials at Bolivar. 
Considerable knowledge has been gained in relation to the fate of injected water; geochemical, 
geobiological and biochemical interactions; pathogen attenuation; the fate of disinfection by-products; 
clogging processes; and indicative cost estimation. The world-leading nature of some of this work resulted 
in the selection of Adelaide as the venue of the 4th International Symposium on Artificial Recharge in 2002, 
and the award in 2001 of a UNESCO prize for water resources innovation to CSIRO Land and Water and the 
SA Department of Water Resources. 

The evidence collected indicates that reclaimed water ASR is technically feasible and there are sufficient 
target aquifers within a reasonable distance of the site to enable seasonal storage of the presently unused 
lower salinity water discharged from Bolivar. Further investigation is required, however, into the long-term 
environmental, social and economic sustainability of ASR at the scale required to enable significant further 
reduction in marine discharges from the plant. 

The Adelaide Coastal Waters Study (ACWS) provided information on the extent to which discharges from 
stormwater and WWTPs are still affecting the marine environment in Gulf St Vincent. The aim of the study 
was to develop knowledge and tools to enable sustainable management of Adelaide’s coastal waters by 
identifying causes of ecosystem changes and the actions required to halt and reverse the degradation. The 
study commenced in 2004 and was released in February 2008. It focussed on seagrass loss, seafloor 
instability and water quality degradation. 

Information about the study and many of the technical reports have been published, and are available 
through the EPA webpage <www.epa.sa.gov.au/acws.html>. 

Further opportunities for large-scale recycled water projects, including further expansion of existing 
schemes, will be implemented where they are viable according to an economic, environmental and social 
impact assessment. If the strategies are implemented a key outcome will be an increase in the reuse of 
recycled water from current levels to more than 30 GL per annum. However, not all of this increase may 
be due to reuse from Bolivar and it may not be achievable until closer to 2025. 

The Water Proofing Adelaide project is likely to be a key driver in the extent to which further schemes to 
increase reuse are implemented, subject to the requirements of the EPA and compliance with 
environmental legislation. 

(c) Options for nutrient reduction 

As part of the preparation of the WQIP, the EPA commissioned a report by Arup Pty Ltd (consulting 
engineers) (included as Appendix G), which examines the options available to SA Water to reduce nutrient 
levels in their discharge to the low concentrations required to achieve the environmental targets derived 
from the decision support system model (refer Section 4 and Appendix F). 

The report examines the performance being achieved by other WWTPs discharging to similar receiving 
waters around the world, and the technologies (and their costs) which might reasonably be adapted for the 
SA Water plants at Bolivar. The work shows that while treatment options are available, they are costly to 
implement and require ongoing expenditure to operate. The options include: 

Reuse 

While 100% reuse is one of the most expensive options, a number of aspects of this approach make it 
attractive in the longer term: 

• Incremental reuse expansion can assist with reducing environmental harm at a relatively low cost. 
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•	 The high cost of infrastructure associated with full reuse is normally developed incrementally, with 
market forces ensuring that end users bear an appropriate proportion of the costs rather than SA 
Water (SA taxpayers) bearing the full direct cost. 

• A strategic approach may allow reuse to be built into the cost of relevant developments such as dual 
reticulation systems for new houses. 

Plant modifications to minimise phosphorus discharges 

Plant modifications to minimise phosphorus discharges have been suggested as a possible way of reducing 
the effects of very high nitrogen concentrations in southern Barker Inlet. These should be considered only 
after the extent of re–use options are confirmed. If discharge loads are substantially higher than the 
long–term targets, phosphorus reduction may assist to allow improvement to the Port waterways to 
continue, although other methods such as flow management are more likely to be effective. 

The use of biological processes to reduce phosphorus at Bolivar would require additional anaerobic tankage 
and would have major capital and operating implications. 

Dosing of chemical coagulants such as alum or ferric chloride to the wastewater stream at the head of the 
plant has the potential to substantially reduce the concentration of phosphorus in the treated wastewater 
discharge. 

Coagulant dosing precipitates the phosphorus, which can then be removed from the treatment process with 
the wasted sludge. However, this action will affect the sludge management process (ie thickening, 
anaerobic digestion, and lagoon and mechanical dewatering), which was not originally designed to 
accommodate chemical phosphorus removal. Also, the alum content of the biosolids may change its 
acceptability for use in soil conditioning of farmland. Sludge management facilities would need to be 
upgraded to deal with the increase in waste sludge. Capital costs would be significant and operating costs 
very high, as noted in the Arup report. 

Alum dosing at the head of the plant may also lead to a requirement for pH control by addition of lime or 
caustic soda, as the activated sludge process can be upset by changes in wastewater pH. Maximising the 
process of chemical phosphorus removal would require dosing of chemicals to the treated wastewater 
stream followed by filtration, which would be very costly and beyond the scope of ‘plant optimisation’. 

SA Water would need to assess the capital and annual costs and life-cycle environmental impacts of the 
chemical phosphorus removal options and investigate the feasibility and cost-effectiveness of this proposal 
in both the short and long terms, compared with other strategies prior to further consideration of 
phosphorus reduction. 

Investigations of flow holding to minimise discharges 

The holding of discharge flows has been suggested as a possibility for reducing loads to southern Barker 
Inlet. 

If there is sufficient hydraulic capacity in the WWTP lagoons or the St Kilda discharge channel, discharge 
to Barker Inlet from the WWTP could be held up during times when, for example, a rising tide coincides 
with a strong northwesterly wind. This would require investigation into the capacity of the WWTP to hold 
discharge under the present operating constraints, and the effect of this held treated wastewater on other 
factors such as the growth of midges. This may not be a feasible option if the midge fly issue would result 
in abandonment of the lagoons. 

There would be significant infrastructure requirements including raising the channel banks in the vicinity 
of the lagoons and installing flow control devices. These options should be modelled to determine the likely 
benefits before engineering investigations are carried out. 
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(d) SA Water commitments to the Port waterways WQIP 

SA Water is committed to working collaboratively to confirm and, where sustainably possible from an 
economic, environmental and social perspective, subsequently achieve ‘aspirational’ nutrient load targets 
for the Port waterways that will allow for appropriate WQOs to be met. 

The need and sustainability case for any capital works can be developed as part of an overall strategic 
approach beginning in 2006, when the findings of the ACWS will be available to be input to the process. 

Such a program will require support from the EPA, who will ensure that the program is adhered to by 
placing appropriate conditions in the operating licences of SA Water. Therefore, while the actions required 
of SA Water are not costed or scheduled at this time, the reductions achieved in the Port waterways to 
date demonstrate a commitment to responsible environmental management of their discharges on behalf 
of the SA community. 

Prior to developing and implementing any further capital works program, SA Water will continue to 
minimise the effect of its discharge on the Port waterways. In addition to the investigations on P reduction 
and flow holding outlined above, it will work with relevant groups to increase sustainable reuse of 
wastewater, including those projects outlined in Section 3.1.1b. 

It will be difficult to guarantee a firm timetable for expansion of reuse as a range of external drivers (eg 
market conditions, weather, consumer demands, competition from other areas, crop mix, transport costs 
and enterprise profitability) will all affect the demand for recycled water. 

3.1.2 Penrice Soda Holdings Limited 

a) Background 

Established in the late 1930s by Imperial Chemical Industries (ICI), the Osborne site is now owned by 
Penrice Soda Holdings Limited, one of South Australia’s major employers and the only manufacturer of soda 
ash and sodium bicarbonate in Australia. In 2004 it supplied 74% of the soda ash and 88% of the sodium 
bicarbonate used by Australian industry. 

Soda ash is predominantly sold into the Australian market for use in the manufacture of glass containers 
(typically wine bottles) and flat glass. Sodium bicarbonate is sold domestically as well as exported, with 
major end uses that include animal feed, food, kidney dialysis, personal care and pharmaceutical products. 

The company also owns a limestone mine at Angaston, South Australia, and supplies a range of products to 
a variety of industries including glass, cement/lime, mining, metals, building and construction, and 
environmental control/water purification. 

b) Current wastewater discharge 

Penrice Soda Products (Penrice) is a major industry contributor to nutrient loading (ammonia and N) in the 
Port River (Penrice Soda Products 2001, 2002). It produces sodium carbonate using the Solvay process, and 
ammonia is reacted with brine and carbon dioxide to form alkali. The ammonia is converted to ammonium 
chloride, which is recovered. The distillation process recovers more than 99%. Most of the ammonia is 
recovered but a small proportion is discharged in the wastewater stream into the Port River. 

Penrice discharges on average 70,000 kL of wastewater per day into the Port River, and the wastewater 
discharge has a weekly average concentration of 57 mg/L (in the range 22–177 mg/L) of ammonia (EPA 
2002). Data reported to the EPA, in accordance with the conditions of their EPA operating license, indicates 
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that Penrice’s 60-day moving average of ammonia concentration of their wastewater discharged to the Port 
River over 12 months (2004–05) had fluctuated between 16 and 35 mg/L. 

The discharge from Penrice also has a significantly elevated salinity, and contains residual sediment from 
the process along with trace amounts of minerals that are part of the feed material to the plant from the 
Angaston quarry. 

c) Recent work 

As part of their EPA license conditions, Penrice was required to adhere to an EIP for site management and 
ammonia reduction, valid from December 2002 until December 2006. Also, Social and Ecological 
Assessments (SEA) has undertaken an annual environmental impact assessment that covers the impacts of 
nutrients and suspended solids on the Port River marine environment. The ammonia reduction EIP had the 
target of reducing the ammonia loss to the Port River from 1,220 t/year to 1,000 t/year (equivalent to 
820 t of N) by 30 December 2004. This has been successfully achieved, primarily by plant equipment 
improvement and upgrades along with cleaner production, improved plant efficiency and operator 
awareness. 

As previously reported Penrice also discharges residual sediment as suspended solids in their wastewater 
stream into the Port River. The sediment in the wastewater stream that enters the Port River has been 
reduced by up to 98% following the construction of a world-class solids recovery plant (SRP). This was 
developed in 2001 and now recovers and prevents 100,000 t/year of solid material from being deposited 
into the Port River. (Historically this solid material was all discharged direct to the local marine 
environment, from where it was then dredged every few years before being dumped to sea on the silt 
grounds.) The material is dried within the SRP and then used in a number of applications including land 
reclamation, environmental mound construction and clean fill. This has been a positive success for the 
environment and is unique to soda ash plants around the world. Running the SRP is an expensive exercise, 
with construction costs of around $4 m and annual operating costs of $2 m. 

A five-year site EIP also commits Penrice to continually focus on plant improvements, including plant 
enclosures, dust suppression systems, equipment noise silencers and an extensive vegetation greening 
program. These improvements have helped generate a steep decline in community complaints received by 
Penrice over the last few years. 

Other plant process residual products include ‘backstone’ (unburnt limestone from the kilns) and ‘grit’ 
(decomposed limestone from the kilns). Both these materials are either reused on site or have a valuable 
market. Grit is sold as ‘Nutrilime’ to the agricultural market as it includes a valuable component of free 
lime, and is also used in the annual preparation of the Dry Creek saltfield crystalliser floors. 

d) Outlook 

The production of soda ash by Penrice continues to be a profitable undertaking and the company is well 
positioned to retain this profitability in the longer term. Penrice are committed to remaining in their 
present location and continually improving their environmental performance at the site. 

e) Options for further nutrient reduction 

The Arup Pty Ltd report (Appendix G) also examines the options available to Penrice to reduce the nutrients 
in their discharge to the low levels required to achieve the environmental targets derived from the DSS 
modelling. Their report examines the performance being achieved by other soda ash manufacturers around 
the world and the kinds of technologies (and their costs) which might reasonably be considered for the 
Penrice plant at Osborne. The work shows that, under current cost structures, the use of existing 
technology to reduce nutrient discharges from Penrice to the required very low levels is not cost-effective. 
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f) Penrice commitment to the WQIP 

Penrice also aims to reduce its discharge to 250 t/year N by 2015. Although no relevant cost-effective 
technology is presently available, research and development over the next five years will be aimed at 
developing ways to achieve the required discharge reduction. Penrice will pursue nutrient load reductions 
under EPA licensing arrangements until agreed sustainable loads are achieved. 

Penrice have responded to the development of the WQIP by committing to a N reduction to 575 t/year by 
2010 and have negotiated an amended license with the EPA to ensure this is achieved. However, they are 
hopeful that by careful examination of options and a program of testing, significant additional reductions 
may be able to be made in the future. For this reason, they have adopted a resource recovery target of 
250 t/year to work towards and achieve as soon as possible by constant innovation. They aim to achieve 
this target by 2015, a timing that Penrice have set for themselves. While it is not intended that this goal 
be reflected as a condition of their EPA license at this time, it may be incorporated in future EIPs as the 
load targets are better defined and Penrice become more confident of their ability to deliver the necessary 
load reductions while remaining a viable business. 

g) Penrice EIP reductions 

As mentioned above, Penrice have committed to reduce their ammonia and nutrient discharge to the Port 
River by almost 50% from the introduction of their first ammonia EIP in 2002. They will achieve these 
reductions by entering into a new EIP that will be tied in with their EPA operating license and conditions. 
The reductions will be 100 t in the first year (2006), followed by further reductions of 50 t/year up to 
2010. 

3.1.3 Generic management measures 

a) EPA activities 

In addition to its work with the major point sources indicated above, other EPA activities, undertaken in 
cooperation with the A&MLR NRM Board and local government, that will achieve significant nutrient 
reductions are: 

EPA-licensed industry activities 

As discussed in the Stage 1 report, there are around 130 companies within the Port Adelaide, Gillman and 
West Lakes areas that are licensed by the EPA. Large segments of the study area defined in Figure 1.1 are 
within catchment board areas. Within the areas adjacent to the waterways not covered by the catchment 
boards, there are activities that have license conditions for discharges to marine or inland waters, including 
inorganic chemical works, dredging, earthworks drainage and/or tanneries. These are summarised below. 

Flinders Ports 

In 2001 Flinders Ports became the private operator of the previously state-operated South Australian Ports 
Corporation. As part of the handover, Flinders Ports acquired a 99-year land lease and port-operating 
license for the port of Adelaide. 

The wharfing industry is a fundamental component of the port, and the various bulk handling and shipping 
activities contribute to the nutrient load in the waterways, although the actual load is unquantified. In 
order to minimise the environmental impacts of the industry, as indicated above, the EPA have developed 
a Code of Practice for Wharf Handling in conjunction with Flinders Ports and with input from the stevedore 
companies. 
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Flinders Ports has an environmental management system (EMS) certified to ISO 14001, which covers: 

• ballast water management 

• dredging and reclamation 

• working from maintenance barges 

• emergency response plans 

• loading and unloading of ships 

• land contamination 

• stormwater management 

• purchase and disposal of plant 

• sewage and trade waste systems. 

Flinders Ports, as part of its environmental commitment, encourages its tenants and the stevedores to 
adopt environmentally sensitive work practices and adhere to the principles of the WQ Policy. Additionally, 
it undertakes a bi-annual audit of its Port Adelaide facilities. 

Flinders Ports also undertakes maintenance dredging of the shipping channels and is licensed by the EPA 
for this activity. A program of maintenance dredging commenced in about 2001. Prior to this there had not 
been any significant maintenance dredging for 10 years or more. Quantities of dredged material have 
generally been small, this current financial year being the largest at approximately 25,000 m3, and the 
average over the last five years being probably less than 10,000 m3/year. All dredged material in recent 
times has been disposed of at designated land disposal sites. In Port Adelaide there are disposal ponds at 
Snowdens Beach, No. 20 Berth, adjacent to Outer Harbour No. 7 Berth, and on the northern revetment 
mound at Outer Harbour. One is also currently under construction at No. 29 Berth. 

Fertiliser companies 

There are EPA-licensed fertiliser companies in the Port Adelaide area, including Incitec Pivot, Orica 
Australia and Hi-Fert. All the companies are involved in the handling of N and P fertilisers, both of which 
can enter the Port waterways in a number of ways: through stormwater runoff from the companies’ sites, 
during bulk handling losses or during transport. 

Previously, stormwater from the fertiliser sites was discharged directly into the Port River and to the 
Torrens Road Drainage Authority (TRDA) basin. At present the fertiliser industries do not contain the 
stormwater generated on their sites but discharge it into the Magazine Creek wetland. 

Discharges from these industries will continue to be controlled by the WQ Policy, and will be required to 
comply with discharge quality levels (at present the stormwater generated on these sites exceeds the WQ 
Policy levels for nutrients). 

Incitec Pivot has developed an EIP for their operations in order to comply with the WQ Policy, and all the 
other fertiliser companies are aware of the policy and the need to change work practices. Discussion with 
the EPA indicated that these companies are being encouraged to develop enclosed in-house facilities for 
containment and treatment of stormwater. 

Ausbulk 

Ausbulk operates bulk grain storage and handling facilities adjacent to No. 27 Berth in the inner port. At 
present the stormwater generated is retained in basins on site, allowed to settle and then discharged into 
the Port River. Settling allows the bulk of solids to be removed from the stormwater, although some fines 
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and grain husks would still be discharged. Ausbulk uses phosphine gas to treat the grain but does not use 
any other insecticides. 

It is unknown whether the loading of grain contributes to nutrient loads; nevertheless, any load would be 
reduced through the introduction of the Code of Practice for Materials Handling on Wharves. 

Power generation–thermal effluent 

There are three power generation companies in the Port Adelaide area that are licensed by the EPA for 
discharge into marine or inland waters (in this case all are marine discharges): Osborne Cogeneration Pty 
Ltd, Pelican Point Power Ltd and TXU (South Australia) Pty Ltd (Torrens Island). Of these companies, TXU 
has an EIP as part of its license conditions and is required to undertake a monitoring program in relation 
to its discharges to the marine environment, particularly with respect to thermal load. 

Dredging 

There are four organisations that have licences for dredging in the Port Adelaide area: York Civil Pty Ltd, 
Penrice Soda Products Pty Ltd, the Minister for Transport and Flinders Ports Pty Ltd. There are no EIP 
conditions for dredging but these short-term activities are issued with licences that require strict 
compliance with relevant water quality criteria. 

A major dredging of the Outer Harbour approach channel and turning circle was commenced in late 2005 
and continued into 2006. This capital program saw the removal of over 3 m cubic metres of material, which 
was dumped to sea in a designated area close to the middle of Gulf St Vincent. 

The dredging resulted in significant turbidity in and around the Port River, the shipping channel and nearby 
areas. While the long-term effects were still being examined at the time of the development of this WQIP, 
the dredging was not associated with any significant release of nutrients. 

Earthworks drainage 

There are three companies that regularly hold licences for earthworks drainage associated with dredge 
spoil from the Port River being brought to land for further disposal: York Civil Pty Ltd, Penrice Soda Products 
Pty Ltd and Flinders Ports Pty Ltd. These short-term activities are issued with licences that require strict 
compliance with relevant water quality criteria. 

Tanneries and/or fellmongery 

There are four companies with licences for tannery operations: Gary Polygerinos, Crompton Group 
Holdings, Vacel Leather Pty Ltd and T&R Pastoral Pty Ltd. These tanneries all discharge to the sewer and 
are subject to trade waste controls by SA Water. They have no discharge to the Port waterways. 

Municipal landfills 

Wingfield Waste Management Centre 

The Wingfield Waste Management Centre (WWMC) was established in 1956 on the swampy land adjacent to 
the now defunct Dean Rifle Range and the North Arm Creek of Barker Inlet. The landfill has received both 
domestic and industrial solid waste throughout its operation, and between 1960 and closure was also used 
for liquid waste disposal. The Commonwealth leased the site to Adelaide City Council until 1986, when the 
council purchased it from the Commonwealth. Since this takeover, the landfill operations have been 
regulated under the Waste Management Act 1987 (repealed) and the Environment Protection Act. 
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Landfill operations ceased in December 2004, although other waste recycling activities now operate over 
the site. A capping plan for the landfill is under development. Leachate retention basins have been created 
on the southwestern, southeastern and northeastern boundaries of the site and on–site surface water 
drainage is directed towards these basins. The basins provide storage for 1-in-5-year and 72-hour storm 
events. Discharge from the basins is directed to wetlands on the site. 

Garden Island 

The Garden Island landfill has also now closed. Land Management Corporation (LMC) retain responsibility 
for management of the site and have developed a closure and capping plan in 2005 in agreement with the 
EPA, who enforce adherence to the plan through an Environment Performance Agreement. 

Through this agreement LMC are implementing an eight-year strategy to cap and revegetate the landfill 
site to reduce infiltration and manage stormwater runoff, thereby reducing the hydraulic gradient of 
groundwater and potential leachate infiltration. The strategy includes options to increase the area 
available for the spread of existing mangrove and samphire stands. 

Eco-efficiency 

The EPA runs an ongoing eco-efficiency program to assist businesses, which includes: 

• cleaner production 

• industry environment management systems 

• environmental auditing 

• public environmental reporting 

• design for environment 

• product stewardship 

• life-cycle assessment 

• supply chain management 

• environmental accounting. 

Load-based licensing of discharges 

The development of a load-based component of EPA discharge licensing was initially investigated as part 
of the Coastal Catchments Initiative (CCI) range of projects (see below) to reduce the discharge of 
nutrients to the Port waterways. Partly through this work the EPA has identified that this licensing reform 
is a key initiative for the whole of South Australia. As a result of the development of the Port Waterways 
WQIP, the EPA intends to set discharge limits on point-sourced nutrient industrial discharges to the 
waterways that are consistent with the protection of WQOs and aimed at achieving agreed EVs across the 
waterways. This will be done by amending the WQ Policy. 

Coastal Catchment Initiative projects 

The EPA, with support from the Australian Government, has undertaken several other parallel projects that 
are of significance to the development of this WQIP: 

• Code of Practice for Materials Handling on Wharves 
This code of practice applies to all people, organisations and agencies that own, operate and use wharf 
facilities and vessels for the purpose of materials handling within the marine and inland waters 
environment of South Australia. It does not address overall port operations, such as materials storage 
and maintenance, vessel regulation or dredging. These issues are managed through other codes, 
guidelines and regulations. The primary focus of this code is the handling of materials on wharves. 
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•	 Code of Practice for Vessel and Facility Management (Marine and Inland Waters) 
This code of practice applies to people, organisations and agencies that own, operate and use vessels, 
vessel construction and maintenance facilities (including slipways and launch facilities), and vessel 
storage facilities (including dry dock boat yards, marinas, moorings, boat and yacht clubs) within or 
adjacent to the state waters of South Australia. State waters include inland waters, and estuarine and 
marine waters (which include coastal state and territorial waters vested in the state). 

•	 Load-based pollution control licensing (LBL) 
Load-based licensing aims to make more EPA licencees pay a license fee based on their actual load to 
the receiving environment. At the EPA’s request, this project was terminated and the concept pursued 
for the whole of SA. A new license fee system that includes an increased emphasis on loads is in force. 

• Feasibility study and possible development of a tradeable rights instrument to reduced nutrient 
pollution in the Port waterways 
Refer Section 3.4. 

• Water quality monitoring for execution and review of the Water Quality Improvement Plan 
Discharge loads from catchments were previously based on estimates and some short-term monitoring 
in parts of the Port waterways. A monitoring project has been undertaken in which five additional 
monitoring stations were placed to measure water flows and nutrient levels discharged from catchments 
to the Port waterways. A report of this work has been included as Appendix D of this WQIP. 

The CCI has also funded other projects, managed by local government, to improve the quality of water 
entering the Port waterways. These were: 

•	 Review and Amendment of Council Development Plans—Northern Adelaide and Barossa 
Catchment Water Management Board 
Review of the Development Plans of seven of the nine councils that comprise the constituent councils 
of the board’s area. The work reviewed the provisions in councils’ Development Plans as they affect the 
management of water resources within the board’s area, and identified changes that could be 
implemented through a Planning Amendment Report to remove or minimise impacts on catchment 
health. 

•	 Urban Stormwater Master Plan—City of Port Adelaide–Enfield 
Development of a number of Urban Stormwater Master Plans (USMP) for subcatchments in the Port 
Adelaide Enfield catchment and some shared catchments with the Cities of Charles Sturt and Prospect. 

A USMP is a holistic approach to managing urban stormwater that links infrastructure considerations 
with planning, social and environmental imperatives. The plans consider a range of stormwater 
management options, including wetlands, detention and retention basins, onsite controls, potential 
aquifer storage and recovery locations, and gross pollutant traps, to ensure the best mix of strategies. 
This approach ensures that property is protected from flooding while the costs of infrastructure 
maintenance and repair are minimised, and the quality of stormwater runoff and the health of the 
environment is maximised. 

•	 Gross Pollutant Trap on Dry Creek—City of Salisbury 
Construction of a major in-stream gross pollutant and sediment trap on Dry Creek to capture a large 
portion of the pollutants formerly discharging to Barker Inlet. 

•	 Rising Main to South Terrace Reserve Wetland—City of Salisbury 
Design and construction of a rising main to draw water from a new sediment basin directly in front of 
the Dry Creek gross pollution trap and pump it to the existing South Terrace wetlands. 

• Burton West Wetlands Project—City of Salisbury 
Construction of a treatment basin and wetland to reduce the gross pollutant load to the Barker Inlet. 
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b) Adelaide and Mount Lofty Ranges Natural Resource Management Board 

The A&MLR NRM Board manages a broad range of the natural resources of its part of South Australia, 
including having significant responsibilities for the management of water resources. It replaced the existing 
Catchment Water Management Boards (CWMBs) in early 2006. Among the goals of the NRM Boards there is 
a strong emphasis on protecting and improving water quality. The NRM Boards are developing an investment 
strategy to channel state and federal funds to address priority issues, including a number of strategies that 
will result in reduced nutrient loads to the Port waterways. 

The activities of the CWMBs are detailed here to show what has been undertaken and the range of 
initiatives that have been planned by these groups. Many of these activities will be furthered through the 
A&MLR NRM Board. 

Former Catchment Water Management Boards 

The CWMBs have prepared catchment water management plans and, consistent with them, initiated 
projects which will result in considerable reductions in pollutant export and improve flow regimes to the 
Port waterways. The work of the boards is summarised below, together with that of Port Adelaide–Enfield 
Council, the EPA and other significant initiatives. 

Torrens Catchment Water Management Board (TCWMB) 

The TCWMB Catchment Plan (Tonkin Engineering and Science 2004) outlines seven goals aimed at achieving 
its vision: 

Throughout the catchment achieve sustainable water resources and healthy ecosystems 
through integrated catchment management and a committed community. 

Goal 1 is most relevant to this section of the report: to improve and maintain water quality in the 
catchment to a standard suitable for community use (including public water supply), for sustaining natural 
ecosystems and to reduce impacts on receiving waters. The strategies underpinning Goal 1 are: 

•	 Strategy 1.1: Assign environmental values for water resources within the catchment and set 
appropriate improvement targets (there are five actions towards implementing this strategy) 

•	 Strategy 1.2: Identify and support priority diffuse pollution control measures for activities in the 
catchment (three actions) 

•	 Strategy 1.3: Develop and maintain constructed wetlands (five actions) 

•	 Strategy 1.4: Eliminate waste water discharges to watercourses and receiving waters (four actions) 

•	 Strategy 1.5: Control of excessive erosion of watercourses (two actions) 

•	 Strategy 1.6: Install gross pollutant traps (five actions) 

•	 Strategy 1.7: Create rural riparian buffer zones (two actions). 

Over 2002–03 the TCWMB has been involved in the following projects relating to the Port waterways: 

•	 ‘Street Smart River Clean’ North West Adelaide Stormwater Pollution Prevention Project. This 
project is run in conjunction with the Cities of Charles Sturt, Port Adelaide Enfield and Prospect and 
is located in the Port River and its environs. The TCWMB’s involvement includes providing project 
officer resources (a total of six) to the three councils. These project officers visit small business and 
industry to encourage ‘best practice environmental management’ (eg onsite pollution prevention, 
cleaner production, water and wastewater minimisation, and waste management). 
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•	 the Grange Golf Club Wetlands and ASR Scheme. A feasibility study of the scheme has been 
undertaken. The scheme would see approximately 70% of the water from the adjacent catchment 
being diverted from the stormwater system into wetlands and then stored using ASR for golf course 
irrigation requirements. This scheme would reduce the amount of stormwater pollution entering 
West Lakes and improve water quality, including that of the outflow into the Port River. 

•	 initial investigations into the possibility of developing a wetland and ASR scheme for the River Side 
Golf Course that would collect, treat and store the stormwater generated in the Neakin Road system 

•	 various education and public awareness programs. 

Gillman wetlands 

There are three large constructed wetlands in the Port River area: the Range, Magazine and Barker Inlet 
wetlands. The Range and Magazine wetlands are within the Gillman area while the Barker Inlet wetlands 
are immediately to the east of the Gillman area and to the north and south of the Salisbury Highway. There 
is also the Salisbury Greenfield wetland system, which is adjacent to Dry Creek. The locations of the 
wetlands are indicated on Figure 1.1. 

Developed prior to the TCWMB Catchment Plan, these wetlands were constructed to improve the water 
quality of the stormwater runoff draining through Gillman into the North Arm and North Arm Creek. The 
wetlands intercept and treat the polluted stormwater runoff from an area of approximately 60 km2, and 
are now an integral part of the water management strategy for the extended northern part of the TCWMB’s 
area. 

The Barker Inlet site was a degraded site used for stormwater drainage, waste disposal and incorporated 
salt crystallisation ponds prior to its redevelopment. The Barker Inlet wetlands were constructed in 1996 
at a cost of $10 m funded by the Commonwealth Government (PAR, Port Adelaide Enfield Council 2003). 
Flows are controlled by three separate gated structures at a levee wall, which are opened during low tides. 
The Range and Magazine wetlands were constructed at a cost of $7 m and handed over to the Port 
Adelaide–Enfield Council in 1999. The Magazine wetland discharges into the TRDA basin behind the levee 
bank, and then into the North Arm Creek during low tide via a gated structure at the levee wall. The Range 
wetland also discharges to the low-lying area behind the levee bank via a drainage channel; however, this 
estuarine area is sealed off from the Magazine and North Arm creeks by another levee bank. 

Northern Adelaide Barossa Catchment Water Management Board (NABCWMB) 

The NABCWMB (Sinclair Knight Merz 2001) lists eight goals in its plan aimed at achieving its vision: 

A community working in partnership for clean waterways, sustainable water use and a 
biologically diverse catchment. 

Goal 1 is the most relevant to this section of the report: to protect and improve the water quality of the 
resources in the catchment to meet the needs of users of the resource. The strategies underpinning Goal 
1 include: 

•	 Strategy 1.1: Identify point and diffuse pollution sources, including land use practices, and prioritise 
and implement actions to minimise their impacts on water quality (there are four actions towards 
implementing this strategy) 

• 	Strategy 1.2: Develop and protect wetlands (two actions) 

• 	Strategy 1.3: Control erosion and minimise sediment inputs to streams (three actions). 
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Over 2002–03 the NABCWMB has been involved in the following projects relevant to the Port waterways: 

•	 Dry Creek habitat restoration, Ladywood Drive Modbury North and Kingfisher Reserve 

•	 Dry Creek, Little Para and Cobbler Creek erosion strategy 

•	 Dry Creek, Little Para, Helps Road and Smiths Creek Regional Water Resource Plan 

•	 Little Para Industry Partnership Program 

•	 Be Stormwater Smart, Clean Site Industry Education Campaign, Local Government Stormwater 
Pollution Prevention Audit Scheme 

•	 Burton West wetland 

•	 Dry Creek gross pollutant trap 

•	 Dry Creek restoration and wetland 

•	 Little Para outfall wetlands—Stage 2. 

The board funds three Stormwater Smart Pollution Prevention Project Officers based in the Salisbury, Tea 
Tree Gully and Playford council areas. The program educates small industry about the environmental and 
economic benefits of stormwater pollution prevention through industry visits and site assessments, 
information, advisory materials and demonstration sites. 

c) Port Adelaide–Enfield Council (PAEC) activities 

In addition to the ‘Street Smart River Clean’ project referred to above, the PAEC is involved in a range of 
activities aimed at assessing and improving water quality, including: 

• 	the Environment Strategic Plan 2003–06 which provides details regarding council's planning and 
programmes for flood and water quality protection, in general—this Plan is undergoing review and 
updating for 2007 

• 	 the review and updating of the Wetlands Management Plans (2007) to ensure council is pursuing best 
practice in managing these critical assets, including monitoring of stormwater and discharge quality 

• 	 the preparation of Stormwater Management Plans for all catchments, under the auspices of the recent 
amendments to the Local Government Act 1999. The plans must incorporate detailed strategies for 
water quality improvements, and water conservation and harvesting activities 

• 	 Through the 'Street Smart River Clean' program (funded by the AMLR NRM Board), council-hosted officers 
have undertaken over 2,500 visits with non-EPA licensed businesses since the program commenced in 
1998. Site visits are undertaken of businesses to assess the type of activity and how everyday practices 
or procedures may impact on the stormwater system. This information is recorded on a database for 
review during follow up visits. Businesses are informed of the Code of Practice for Industrial, Retail and 
Commercial Stormwater Management and their general environmental duty. Project officers focus on 
major industrial areas of Wingfield, Kilburn and Dry Creek and a range of businesses including 
mechanical, engineering and automotive industries. 

d) Adelaide Dolphin Sanctuary 

The study area is now part of the Adelaide Dolphin Sanctuary, the first of its kind in Australia. It was 
established by specific legislation—the Adelaide Dolphin Sanctuary Act 2005—proclaimed in June 2005. The 
purpose and objects of the Act are to provide the community of dolphins in the area with extra protection 
to ensure they remain in the Port River and Barker Inlet. To offer them this protection, it is necessary to 
make sure that the environment on which they rely is improved and protected to sustain healthy ecological 
processes. The Act lists six objectives as the means to achieving this protection. 

The Act amends 11 other Acts by adding the requirement to further these objects and objectives where 
appropriate. By making their achievement part of the administration of these Acts, the Adelaide Dolphin 
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Sanctuary is a genuine across-government initiative. The amended Acts are: Aquaculture Act 2001, Coast 
Protection Act 1972, Development Act 1993, Environment Protection Act 1993, Fisheries Act 1982, Harbors 
and Navigation Act 1993, Historic Shipwrecks Act 1981, Mining Act 1971, National Parks and Wildlife Act 
1972, Native Vegetation Act 1991 and Petroleum Act 2000. 

A Management Plan for the sanctuary for public consultation was prepared in 2006. The plan will set out 
the priorities of the Minister for Environment and Conservation for achieving the objectives of the Act and 
their proposals for management of the sanctuary. 

e) Other management measures 

Water Proofing Adelaide 

Refer Section 3.1.1. 

Water sensitive urban design 

The Water Proofing Adelaide project gives significant attention to inclusion of water sensitive urban design 
(WSUD) elements, as does the Inner Region Planning Strategy for South Australia. The incorporation of 
WSUD elements into all new developments (eg Mawson Lakes) can, over time and through the continual 
process of urban renewal, lead to substantial reductions in water usage, stormwater and pollution. 

3.1.4 Timelines for achieving water quality objectives for the Port waterways 

Based on commitments given by SA Water and Penrice and the gradual reductions anticipated from all other 
sources, as listed in Table 2.5, the reductions that can be expected by 2015 are shown in Figures 3.1 to 
3.5. 

The commitments given by SA Water and Penrice with respect to achieving load reductions are realistic, 
and are the result of careful investigation. The load reductions to 2010 from Penrice have been subjected 
to technical and financial assessment and will be ‘locked in’ through the provisions of their EPA license. 
However, the targets for 2015 are different, as they represent loads that Penrice will aim to achieve but 
for which no cost-effective technology presently exists. Penrice will undertake a focused research 
program over the next five years to develop ways of reducing their loads to their ‘aspirational’ target of 
250 t/year N. 

Because of the long lead times needed to develop nutrient reduction technology in large plants, this WQIP 
proposes that a modest reduction in pollutant loads to the Port waterways of 245 t/year N is achieved in 
the first five years. It is therefore important that the WQIP be implemented over at least two cycles—14 
years—if nutrients are to reduce sufficiently to enable EVs to be achieved. 
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Comparison of Total N and Total P Annual Loads - All Sources 
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Figure 3.1 Comparison of annual TN and TP loads 1995–2015 

Comparison of Annual Total N Load from Major Sources 
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Figure 3.2 Comparison of annual TN loads from major sources 1995–2015 
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Comparison of Annual Total N Load from Minor Sources 
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Figure 3.3 Comparison of annual TN loads from small sources 1995–2010 

Comparison of Annual Total P Load from Major Sources 
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Figure 3.4 Comparison of annual TP loads from major sources 1995–2015 
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Comparison of Total P Loads from Minor Sources 

45 
TP

 L
oa

d 
(t

on
ne

s/
an

nu
m

) 
40 

35 

30 

25 

20 

15 

10 

5 

0

1995 2004 2010


Atmospheric fallout 

Internal Sources 

Garden Island Landfill 

Wingfield Waste Management Centre 

Recreation 

Fertiliser Industry 

Bulk Handling 

West Lakes 

Regional Groundwater 

Local Stormwater 

Northern Adelaide Barossa Catchment-Dry 
Creek/little para 
Torrens catchment 

Year 

Figure 3.5 Comparison of annual TP loads from small sources 2005–10 

3.2 River flow objectives 

Flow can have a major effect on the quality of water in a water body. However, in the case of the Port 
waterways, flow is dominated by the tide and the effect of wind on the shallow, open areas of Barker Inlet. 
Where there has been intervention in natural flow through, for example, routing warm water from the TRU 
power station at Torrens Island, there have been effects on water quality, although these are localised. 

The WQIP assumes that flows throughout the waterways will not be subject to active management to 
change water quality. 

3.2.1 Catchment flows to the waterways 

As the WQIP was being developed, it was felt that an examination of the likely historic extent of flows from 
those catchments feeding the waterways would assist councils in the area and the A&MLR NRM Board. 

This work (Appendix E) showed that catchment flows to the waterways were almost non-existent, and 
probably only occurred during times of sustained flooding. This is of assistance to catchment managers as 
it provides a background from which to develop operating rules for wetlands—that minimal flow from 
coastal wetlands is consistent with the pre-European settlement of the area. Water harvesting targets 
should take this into account and aim to recover as much water as possible from impoundments in 
wetlands. 

3.3 Growth management and addressing impacts of climate change 

3.3.1 Growth management issues 

a) Urban stormwater 

The increases in urban development and hence impervious catchment required to meet changes in 
population will inevitably result in increased stormwater runoff. Additionally, pollutant loads in stormwater 
may increase as a result of changes in land use, particularly for first-flush stormwater flows. 
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An indication of the potential requirements for increased urban development may be derived from the 
following projected population changes in the main local government areas containing catchments that 
contribute to the Port waterways. Projections are based on the population projection inquiry system for 
the years 2001–16 found at <www.planning.sa.gov.au/pop_land_monitor/enquiry_test>: 

• Port Adelaide Enfield—7% increase 

• City of Salisbury—15% increase 

• City of Playford—26% increase 

• Tea Tree Gully—no change 

• Barossa—10% increase 

• Gawler—12% increase 

• Light—7% increase 

• Mallala—15% increase. 

To minimise potential impacts on the Port waterways, management strategies to address additional 
stormwater flows and pollutant loads are expected to be included in the catchment management plans, 
for example: 

• an integrated water management strategy for northern areas 

• inclusion of WSUD for all new developments 

• ongoing community education for stormwater pollution prevention 

• ongoing catchment rehabilitation programs 

• ongoing catchment care programs. 

b) Municipal wastewater 

It is anticipated that by 2015 there will be an approximate 10% increase in the volume of treated 
wastewater produced from the Bolivar WWTP compared to the current rate of production. The 
management of this increase is a component of the agreement between the EPA and SA Water and is not 
expected to result in any additional impacts on the waterways. 

c) Industrial growth 

It is anticipated that any new industry commencing in the catchments contributing to the Port waterways 
will be developed with licensing conditions that minimise the release of stormwater and prohibit 
wastewater discharges that may impact on the waterways. 

3.3.2 Impacts of climate change 

The main impacts of climate change on the Port waterways are expected to be: 

• increasing sea levels 

• changes to rainfall patterns that will include: 

– reduced rainfall frequency resulting in longer, drier periods 

– more intense rain events. 

Any increase in sea level is considered unlikely to impact significantly on the mangrove communities as 
they will adapt to a change in sea level and will create their own coastline. A negative impact on samphire 
communities is likely to be more marked due to the lack of unoccupied land available for migration. This 
is a planning issue that should be addressed. In particular, should the Bolivar lagoons or Penrice saltfields 
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be decommissioned for any reason in the future, allowance for future samphire colonisation should be 
included in the planning proposals for the land. The Port Adelaide–Enfield Council Development Plan 
requires that accession buffers be provided in coastal areas to accommodate sea level rise. 

The impact of reduced rainfall frequency and longer, drier periods is that the first flush of urban 
stormwater will have an increased pollutant load. Stormwater management strategies will be required to 
consider these increases in order to prevent additional pollution entering the Port waterways. 

Rain events with an increased intensity will result in the generation of higher volumes of stormwater over 
shorter periods of time at more infrequent intervals. Changes of this nature should be considered by 
catchment management plans such that stormwater management infrastructure is designed not to be 
exceeded during periods of high flow. Instead, flow should be mitigated such that treatment trains are 
capable of removing the required level of pollutants, and flows entering the Port waterways are not 
significantly altered. 

3.4 Use of market-based instruments 

As summarised in EPA (2005b), a feasibility study has been undertaken of the cost benefit of establishing 
a tradeable rights/market-based instrument to reduce nutrient pollution in the Port waterways. 

The study involved quantifying all industrial discharge sources and estimates of diffuse-source pollution in 
the waterways. Approximate costs for nutrient abatement strategies at a number of industries and several 
diffuse sources were determined. Environmental economic consultants BDA Group were engaged to 
undertake an economic analysis of the suitability and benefits of such a scheme. Cost differentials were 
assessed against several proven economic market-based instrument models including formal nutrient offset 
schemes, bubble licensing and a hybrid model of negotiated licensing offsets. The BDA Group have reported 
that a tradeable nutrient discharge instrument would not have been feasible in 2004 in the Port waterways 
for the following reasons: 

•	 Currently, only 7% of the N pollution comes from diffuse sources, with the remaining 93% made up 
entirely from two sources: SA Water’s Bolivar WWTP and Penrice’s soda ash production facility at 
Osborne. Similarly, 82% of the total P load comes from the Bolivar WWTP. These factors limit the 
potential trading options to the two parties, which severely restricts the potential market available. 

•	 There was also concern over the equity between the two potential trading partners. One is a listed 
company and the other a government-owned monopoly utility. Therefore, very different economic 
models drive the finances available for pollution reduction of the two organisations, and equal trading 
between these two parties based on current spending on environmental improvements is seen to be 
inequitable. 

•	 SA Water has completed a major upgrade of its facilities to reduce the environmental harm caused by 
its nutrient emissions, whereas Penrice is still at the feasibility stage. In order for market-based 
instruments to be of value, the major traders should be at or close to ‘best available technology that 
is economically achievable’ (BATEA) and have all available improvements scoped, in order for them to 
be considered during negotiations. 

3.5 Institutional and organisational reforms 

The introduction of legislation to allow for the development of defined Natural Resource Management 
Boards has resulted in a major change in focus for the allocation of investment in natural resource 
management in South Australia. 

Boards are responsible for a range of activities, including the impact of discharges from catchments to the 
sea within their defined areas of influence. Thus, although the EPA will be responsible for the 
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implementation of the nutrient load targets in the WQIP, the A&MLR NRM Board has assumed overall 
responsibility for most of the diffuse sources of nutrient loads to the Port waterways. 

This is a major step forward. With the responsibility of the different agencies well defined, it is now far 
easier to plan and implement strategies for water quality improvement. 

3.6 Regulatory reforms to support improved water quality and environmental flows 

Development of the WQ Policy has resulted in a clear and powerful tool for the improvement of water 
quality in South Australia. Sections of the WQ Policy require mandatory compliance and give clear guidance 
to potential dischargers of their obligations. 

Additionally, the policy provides for simple amendment of relevant water quality values where local 
information is available. This flexibility will be used during implementation of the WQIP, such that relevant 
values can be amended after appropriate scientific confirmation and stakeholder consultation. 

3.7 Priority WQIP research and development activities 

All parties involved in the development of the WQIP recognise that the basis for the nutrient targets is a 
computer model. While it has been developed with care and calibrated using real-time information, the 
model needs to be refined and subject to verification if it is to be relied on to guide definition of target 
nutrient loads. 

It is expected that development of the water quality model and an improved understanding of the nutrient 
status of the waterways will result in final discharge targets being adjusted during the initial WQIP. Given 
the margin of safety (Section 2.8) built into the model predictions, target loads are likely to increase rather 
than decrease as better information is developed. 

However, without careful review and development of the computer model, dischargers may spend either 
too much—to reduce discharges below what is actually needed; or too little—whereby the community will 
see little improvement in water quality for considerable (but insufficient) expenditure. 

With this in mind, expert hydrodynamic and water quality modellers and local and interstate water quality 
experts subjected the model to critical examination at a workshop in May 2006. They also advised on 
whether the WQOs (chlorophyll a; Table 2.2) for the waterways were likely to be appropriate, and outlined 
the work needed to provide confirmation of the values chosen for the waterways. 

The group provided the following advice about the model and its development to assist dischargers adjust 
final targets: 

•	 given that the dischargers will need to undertake work over a long period of time to achieve the target 
loads, the nominated targets are suitable to guide this work at present 

•	 to provide information about the target loads required for summer, the model should be run so as to 
achieve the EVs in summer (refer Section 3.7.1 below) 

•	 the purchase and calibration of a module to directly examine the effect that macroalgae has on the 
uptake of nutrients in the waterways is recommended if sufficient funding can be sourced for local 
calibration. 

3.7.1 Summer scenario modelling 

The modelling to date has been of winter scenarios. However, strategies for further nutrient reduction 
include increased irrigation reuse of WWTP discharges, particularly in the spring–summer period. This is the 
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time of increased algal growth and when decreased nutrient inputs to the waterways would be the most 
beneficial. Currently, Bolivar summer load inputs are much reduced because of reuse in the Virginia 
Horticultural Area. 

It is important that these effects in summer are taken into account in later cycles of the WQIP as final 
targets for load reductions and likely costs of capital investment may be affected. The margin of safety 
(Section 2.8) built into the WQIP means that further understanding of the way in which water quality reacts 
to seasonal inputs of nutrients may result in some upward revision of targets. 

3.7.2 Monitoring of Ulva/macroalgae 

No data is available on the biomass of algal debris on the intertidal flats or in the mangroves. This data 
needs to be obtained because, with implementation of the WQIP and subsequent nutrient reduction, it is 
expected that the amount of debris will be greatly reduced and will therefore be a valuable performance 
indicator. 

3.7.3 Interface with the Adelaide Coastal Waters Study 

This study (refer Section 3.1.1b) has been running in parallel with the development of the WQIP and was 
released in February 2008. The two programs will be integrated, particularly with regards to the extent of 
the effects of the Bolivar and Penrice discharges. 

3.7.4 Comparison with reference areas 

To assist in refining the WQOs, data on background water quality should be obtained from other coastal 
embayments in South Australia (mangrove/samphire) which show relatively little effect of human impacts. 

3.7.5 Future research 

Further data will also be required on: 

•	 atmospheric deposition 

•	 groundwater inputs, particularly from known contaminated areas, which may result in localised effects 

•	 the potential for nutrients from the Virginia Horticultural Area to reach coastal waters, for example via 
the Gawler River. 

•	 changing internal sources. 

3.8 Adaptive management for the Port Waterways WQIP 

3.8.1 Introduction 

The Port Waterways WQIP will not be a static strategy, but will change as the results of further monitoring 
and modelling is undertaken. This will be achieved using an adaptive management framework. 

Adaptive management processes assist with incorporating methods of system improvement into a formal 
management framework that allows long-term planning to cement these processes in place. 

An informal version of this process has been applied in the Port waterways over the last century. For 
example, as dischargers such as the former EWS realised the ‘sewage farm’ discharge to North Arm Creek 
was causing major odour and possible health problems, they developed an improved WWTP at Bolivar. The 
closing of the WWTP at Port Adelaide resulted from a better understanding of the environmental and 
amenity effects of that plant’s operations. 
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With the high cost of achieving improvement in the Port waterways, better information needs to be used 
to guide decisions about capital expenditure or changes in operation of equipment. A more formal 
discipline than that applied in the past is needed, one that takes the interaction of different discharges 
into account. 

3.8.2 Adaptive management approach and the WQIP

An adaptive management framework will be used to guide the development and implementation of the Port 
Waterways WQIP, including the use of tools that are being developed to manage the problem of nutrients. 
Additionally, it will provide stakeholders with a ‘road map’ so that the management can be communicated 
in a simple and transparent fashion. 

Adaptive management in the WQIP aims to: 

•	 find better ways of improving the health of the Port waterways 

•	 identify key gaps in understanding of the system 

•	 improve understanding of the ecosystem responses, thresholds and dynamics in order to adapt practices 
to fit changing social and economic values and ecological conditions 

•	 integrate information about the whole of the waterways where appropriate, rather than focusing only 
on the immediate area around various discharges 

•	 gain reliable feedback about the effectiveness of alternative policies/practices 

•	 encourage innovation and learning 

•	 pass on information and knowledge gained through experience 

•	 foster an organisational culture that emphasises learning and responsiveness. 

A schematic diagram of the adaptive management framework as it applies to nutrients in the Port 
waterways is shown in Figure 3.6. All six steps in the framework, as described below, must be undertaken 
for the successful application of adaptive management, and the omission of one or more will hamper the 
ability to learn from management actions. 

In addition, documenting the key elements of each step and communicating results are crucial to building 
a ‘legacy of knowledge’. A revised WQIP will be developed toward the end of the present plan in 2011. 
However, it is important that the existing WQIP be monitored (refer Sections 4.3, 4.4) and managed and 
modified in the interim using this same framework in a review and reporting process (refer Section 4.2). 
The knowledge and experience that is being developed as monitoring and assessment of the waterways is 
undertaken needs to be available for use for some years—until the WQIP is reviewed and revised. The onus 
is on the EPA to undertake this management role for the Port Waterways WQIP. 

Successful adaptive management of nutrients in the Port waterways will require that ongoing resources be 
applied to the WQIP to ensure that all stages of the cycle are undertaken on a regular basis. Failure to 
undertake this role will result in extra costs for: 

•	 dischargers to the waterways, as nutrient reductions will not undertaken in an efficient manner 

•	 the community, who will not have appropriate information available to judge whether the waterways 
are improving or not 

•	 the ecosystem, as resources to improve the quality of the waterways may not be efficiently directed. 

Conversely, diligent application of an adaptive management framework for the Port waterways will allow 
for achievement of agreed EVs in an efficient manner that is transparent to all stakeholders. 

The WQIP will be implemented by the EPA in collaboration with SA Water, Penrice Soda Products, councils 
and the A&MLR NRM Board. 

64 



Port Waterways Water Quality Improvement Plan 

Initial implementation of the WQIP will be heavily focused on the management of licences administered by 
the EPA. However, continued reduction of wastewater discharges by SA Water at Bolivar will require a broad 
approach where a number of stakeholders work together to increase the amount of wastewater reused. 
The Steering Committee should include members from all these stakeholders. 

Oversight of the implementation of the WQIP (refer Table 3.1) will initially be provided through the existing 
Steering Committee. However, it is expected that there will joint management of the Port Waterways WQIP 
and implementation of the ACWS findings through a single steering group. 

Objectives 

Undertake Monitoring/ 
Modelling and Develop 

Monitoring, including WQIP 
performance indicators 
to determine effectiveness 
of on-ground actions 

Assess which actions 
have had the most impact 

Report to community 

Implement on ground works 

Determine Environmental 
Values and Water Quality 

Prioritised Action List 

Figure 3.6 Adaptive management framework as it applies to nutrients in the Port waterways 
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4 MONITORING THE WQIP IMPLEMENTATION 

4.1 Introduction 

In the past, management of water quality in the Port waterways was focused on reducing nutrients to the 
maximum extent deemed achievable. This approach was successful as the nutrient loadings to the 
waterways were very high, and any possible reduction was a step in the right direction. Ambient monitoring 
of the waterways showed that the area was under stress, and nutrient load reductions clearly reduced this 
stress. Although this approach has resulted in very significant reductions in the nutrient loads to the 
waterways, it did not help in understanding the level of load that the waterways could sustain in the long 
term. 

The WQIP has been developed from a slightly different point of view. It has begun by asking the community 
‘what should the waterways environment be like?’. This has enabled clear definition of the gap between 
the present situation and the goal. Consistent with this approach, monitoring of the implementation of the 
WQIP will need to be different to that in the past. Rather than monitoring to see if stakeholders are doing 
as well as they can, the WQIP requires monitoring to inform us how close we are to the required loadings. 
Rather than ask ‘how far have we come?’ we are now able to ask ‘are we there yet?’, or ‘how far have we 
still to go?’. 

To do this, monitoring must coordinate information about the following: 

• the nutrient loads discharged to the waterway 

• what the managers are doing about the loads 

• the extent to which the waterways environment is reflecting its community-derived values. 

In practice, this means that although much of the same information needs to be collected, the assessment 
and reporting of it will be better coordinated and communicated. 

The coordinated system where this information is used to help decide how best to manage the water 
quality of the waterways is called a decision support system (DSS), which is any type of information system 
that supports decision making. For the WQIP, the DSS is the computer model. 

4.2 Water quality modelling strategy 

The existing model output is sufficient to allow the development of plans to reduce loads from the two 
major dischargers. However, Penrice and SA Water will need to have better information available to them 
as they implement the design of specific changes to their plants to reduce discharges. 

This will require that the existing model be developed in the following ways: 

• Run for summer scenarios to give an understanding of the optimum discharge flows in this season, 
supplementing the work already done on winter flows. This will be of particular importance to SA Water, 
where water reuse in summer substantially reduces the nutrient loading to the waterways. Design 
engineers need to understand the likely effect of this in order to work out the most cost-effective 
approaches to reduce nutrient loads at critical times. 

• Re-run with flows that reflect the latest understanding of seasonal flows from local catchments and 
discharges. 

In addition, information required to monitor the effectiveness of the implementation of the WQIP includes 
monitoring of Ulva/macroalgae. The WQOs developed for the Port waterways through public consultation 
list the reduction in the seasonal presence of large amounts of Ulva spp. as a key outcome. 
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However, Ulva spp. and other macroalgae absorb large amounts of nutrients from the water in the Port 
waterways and convert this to biomass. The existing water quality model uses measurement of chlorophyll 
to assess nutrient uptake. Without direct measurement of the biomass, the nutrient concentration and the 
extent of Ulva spp. and other macroalgae, the effect of this uptake and release on the nutrient balance of 
the waterways derived from the DSS is likely to be inaccurate. Therefore, these additional measurements 
will be required. Information will also be required on the effects of changing physico-chemical conditions, 
particularly seasonal turbulence and light penetration. 

Development of the DSS will therefore require that this be included. 

4.3 Water quality monitoring programs 

It is proposed that the DSS will be operated and improved over time by the EPA. A high degree of 
consultation will be undertaken between EPA modellers and stakeholders to ensure that capital programs 
to reduce nutrient loads are developed with access to the best available information. 

Current monitoring programs, which are a source of information for reviewing the progress of WQIP 
implementation, include: 

•	 An EPA marine ambient water quality monitoring program, which has been undertaken for the last 10 
years. Monitoring locations for the program in the Port waterways are shown on Figure 4.1. As discharge 
loads are reduced, the observed concentrations of nutrients will be compared to those predicted by the 
DSS. Monitoring data will be continually reviewed and reported (refer Section 5) and the program 
modified as necessary. The locations of sampling sites offshore of the Bolivar WWTP discharge may be 
reviewed as a result of the findings of the ACWS. 

•	 Monitoring of the major point sources, particularly Penrice and the Bolivar WWTP, which will continue 
in accordance with EPA license conditions. 

•	 Catchment monitoring, with the current catchment monitoring and flow gauging programs providing 
information about the state of the catchment and the success of both the catchment water 
management plans and the large constructed wetlands at Gillman. The monitoring of water nutrient 
quality across most of the catchments that discharge to the Port waterways was achieved through a 
project associated with the development of the WQIP. Five new or significantly upgraded monitoring 
stations were developed as part of this work, which has delivered information about the loads of 
nutrients and other pollutants entering the waterways from diffuse stream-flow and stormwater sources 
from the northern section of the catchment. 

As described in the Stage 1 report (EPA 2005a), previous investigations that have provided data on nutrient 
inputs to the waterways from specific activities include, for example: 

•	 landfill studies, including Wingfield and Garden Island 

•	 Gillman wetland studies (Magazine Creek, Range and Barker Inlet wetlands) 

•	 various environmental impact statements (eg PASA Pipeline EIS) and specific studies (eg on heavy metals 
and dolphins). 

4.4 Monitoring implementation of the WQIP 

Water quality monitoring is required to allow appropriate management, and is achieved through 
determining (in order of priority): 

•	 the effectiveness of management actions 

•	 better estimates of current pollutant loads 

•	 how to improve the predictive modelling ability of resource managers. 
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Quantifying the effectiveness of management actions and priorities will allow the plan to be modified as 
it is implemented. For example, if the effectiveness of priorities is shown to be less than anticipated, other 
measures may need to be adopted or accorded greater priority. If the rates of management action uptake 
fall short of acceptable targets, governments may pursue further incentives to enhance uptake. 

The key to the long-term success of the WQIP will be the consolidation of all the relevant monitoring and 
information as well as the management actions, and reporting to the community in a clear manner while 
keeping in mind the long-term aims for the Port waterways. 

The reporting will be very simple. It will track the progress of the two major dischargers as they reduce 
their nutrient loads to the waterways, and will contain information about changes in the extent to which 
the waterways environment is reflecting its community-derived values. 

Because little change is expected in the first few years of the WQIP, a two-yearly reporting cycle will be 
adopted. This timing and format may change to ensure that reporting across the WQIP and the ACWS are 
fully integrated, but the information shown will be essentially the same. 

Ambient water quality 
monitoring locations 

Northern segment 

Southern segment 

Central Barker Inlet segment 

Figure 4.1 EPA ambient water quality monitoring locations in the Port waterways 
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5 REPORTING AND REVIEW 

5.1 Introduction 

A regular reporting and review process is of great importance to the success of the WQIP over the next few 
years. It will enable use to be made of the growing understanding of the plan’s ability to efficiently target 
resources and reduce nutrients. 

Successive reviews of the WQIP will be undertaken within the adaptive management framework outlined 
in Section 3.8. This framework will be used for tracking and managing the WQIP process within the review 
periods. 

Without this level of management, decisions made on nutrient reduction strategies may be either 
insufficient or overdone. Both of these outcomes represent inappropriate use of resources by the range of 
stakeholders expected to make considerable commitments to implementation of the WQIP. 

5.2 WQIP reporting and review process 

Two-yearly reports will be produced as part of the adaptive management approach, describing progress in 
plan implementation, results of monitoring and research activities, consultations with stakeholders and the 
public, actions of government agencies, and any externally generated changes affecting the Port 
waterways water quality. The reports will be provided for public inspection and comment through web-
based means. 

The process will be as follows: 

•	 The information compiled in the Stage 1 report will be reviewed at two-yearly intervals and 
communicated to the community using tools such as the report card being developed as part of the 
evaluation step (step 5) of the WQIP adaptive management cycle. An initial report will be compiled 
following the development of the WQIP in early 2009. Further reports in early 2011 will be necessary to 
keep stakeholders informed of the status of the waterways, although the development of an Adelaide 
coastal WQIP will likely result in an amended reporting strategy. 

•	 This will provide an opportunity to assess and further understand developments such as incremental 
discharge reductions, the flux of nutrients to and from sediments, and discharges from catchments to 
the waterways. Monitoring of the development of blooms and nuisance organisms (eg Ulva spp., 
Caulerpa spp. and dinoflagellates) will also be used to review assessment of the waterways. 

•	 There is some minor uncertainty in the final target loads because of some assumptions used in the 
model. The target loads should be reviewed and, if necessary, modified during the life of the WQIP as 
better information becomes available from monitoring programs and advances in modelling. The 
decision support system (DSS) will be revisited to compare the upgraded assessment with previous 
outputs. These reassessments would occur during 2009 and 2011 in line with the publishing of the 
reports, and any modifications to make the process more efficient will be negotiated. Further 
development of the DSS (through the provision of better data) will occur over the life of the WQIP, and 
will enable increasing understanding of the system to be used to finetune management actions and 
possibly reorder priorities. 

•	 Monitoring of the waterways will continue, with new initiatives and any modification of monitoring 
programs guided by the aims of the WQIP. The development of monitoring systems to enable assessment 
of whether environmental values (EVs) are being protected and/or achieved will also be undertaken 
during implementation of the WQIP. This will require a review of the water quality objectives (WQOs) 
and key performance indicators. 

The WQOs and EVs have been defined for three separate segments in the Port waterways (refer Section 2, 
Figure 2.2) 
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The key performance indicators demonstrating that the defined WQOs are being achieved are: 

•	 reductions in total nitrogen (N) and total phosphorus (P) concentrations in samples collected for the 
ambient water quality monitoring program of the Port waterways 

•	 appropriate reductions in both the collective nutrient loads and the nutrient loads discharged in each 
of the three defined segments of the waterways 

•	 industrial inputs to the waterways that meet license conditions: 

– Penrice to reduce ammonia emissions to target levels or lower 

–	 Bolivar WWTP to reduce total N and P loads in effluent discharged to Gulf St Vincent (Northern 
Barker Inlet). 

•	 no further mangrove decline, and evidence of mangrove recovery in areas experiencing die-back 

•	 continued presence of a healthy population of dolphins 

•	 reduced number and severity of phytoplankton blooms 

•	 reductions in the extent and biomass of Ulva spp. 

While some of the monitoring may be carried out by the EPA, it is more likely that this work will be 
undertaken collaboratively with other organisations such as the Department for Environment and Heritage, 
the South Australian Research and Development Institute, A&MLR NRM Board, etc. It will also include 
assessment of the effects of urban, industrial and infrastructure development of the area. 

•	 Monitored information will be compared with the predictions of the DSS and any emerging trends taken 
into account. Monitoring undertaken by a range of organisations for other aims may be able to be used 
to assist with understanding of the waterways as part of this regular evaluation process. 

• Practices, objectives and the models (including the DSS) used to make forecasts will be adjusted to 
reflect new understanding. While this may well be based on technical issues associated with the 
indicators of the waterway’s health, this step needs to go further. The adjustment process will require 
all stakeholders to develop an understanding of how the waterways are responding to the management 
regime. This will therefore need to occur during 2008 and 2010 because Penrice and SA Water will be 
negotiating their discharge license requirements, and these will need to take into account and be 
assessed against the upgraded evaluation of the waterways. Development proposals for the area will 
also need to be evaluated for their effect on the nutrient processes in the waterways, and adjusted if 
necessary to ensure that work undertaken by other stakeholders is not compromised. 

•	 As a result of the findings of the ACWS, SA Water will be developing a targeted strategy of treatment 
plant upgrades. The ACWS findings in 2008 will begin this process. It is expected that the 2009 report 
to the community will include details of any changes at Bolivar and their likely timing, which may have 
an impact on further reporting of the WQIP. 

• A full review of the WQIP will be scheduled for 2011 although it is likely that the development of a WQIP 
to implement the findings of the ACWS will include the Port Waterways WQIP, resulting in amended 
timeframes and possibly amended activities. It is intended that the following elements of management 
of the water quality of the Port waterways will be reviewed: 

–	 WQOs, load targets and load allocations. This will involve comprehensive consultation with all 
stakeholders and the review of other relevant factors in the waterways that may have emerged. 

–	 Environmental flow objectives and regimes, and allocations. Although the present WQIP has not 
identified flow within the waterways as an issue, further information may be available at this time 
that may alter the priority of this aspect. 

–	 The DSS, including updated discharge information and further developments in the understanding of 
factors that affect the water quality of the waterways. 

–	 The monitoring of catchment and other non-point sources for confirmation of inputs to the WQIP. 

This review will require significant public involvement as well as input from other stakeholders such as 
industries and management authorities. 
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Table 5.1 Review and reporting schedule 

2008 Complete Stage 2 of WQIP 

Integrate with ACWS 

2009 First report 

SA Water reviews nutrient reduction commitments as result of the ACWS 

2011 Second report card 

Start review of WQIP—review EVs and WQOs 

Review DSS 

Review monitoring 

Review flow objectives 

Significant community consultation 

2013 New WQIP (next seven years) 

In addition to the schedule in Table 5.1, reporting includes: 

•	 Ambient water quality monitoring in the waterways 

The EPA has conducted ambient water quality monitoring of the Port waterways at nine sites since 1995. 
Currently, data from the monitoring program is collated and reported approximately every five years, 
and a printed report is made available to the public and relevant agencies. In addition, the report is 
available on the EPA’s website. It is proposed to report the data annually to ensure that current water 
quality trends are available widely to the South Australian community. These annually produced reports 
will be available via the internet as well as in hard copy. 

•	 Monitoring of nutrient inputs from diffuse sources in the waterways catchments 

Water quality data and nutrient load estimates were not initially available for any of the streams or 
stormwater drains discharging into the Port waterways. A number of composite sampling stations have 
now been installed at strategic ‘end of catchment’ sites so that nutrient loads from significant 
catchments can be determined. The EPA will report data from this monitoring program annually for the 
first two years of operation of the samplers at each site. Responsibility for continued operation and 
costs are still to be determined. 

• EPA Board 

Regular reports are provided to the EPA Board of progress on implementation of the WQIP, including 
reference to any strategic issues that may be affecting the implementation. 

•	 Industry forum 

Meetings of representatives from relevant major industries in the Port waterways area are convened 
from time to time through a focused industry forum. The EPA will seek to present and discuss at these 
meetings the results of all monitoring and possible trends in the management of water quality and/or 
environmental flows in the waterways. 
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GLOSSARY


ACWS Adelaide Coastal Waters Study 

A&MLR Adelaide and Mount Lofty Ranges 

A&MLR NRM Board Adelaide and Mount Lofty Ranges Natural Resources Management Board 

ANZECC Australian and New Zealand Environment and Conservation Council 

ASR aquifer storage and recovery 

BIASA Boating Industry Association of South Australia 

BIPEC Barker Inlet Port Estuary Committee 

CCI Coastal Catchments Initiative 

CDM community discussion meeting 

CWMB Catchment Water Management Board 

DAFF dissolved air flotation filtration 

DEH Department of Environment and Heritage 

DSS decision support system 

DWLBC Department of Water, Land and Biodiversity Conservation 

EIP environment improvement program 

EIS environmental impact statement 

EMS environmental management system 

EMP environmental management plan 

EV environmental value 

HEP Hindmarsh–Enfield–Prospect (drain) 

LMC Land Management Corporation 

NABCWMB Northern Adelaide and Barossa Catchment Water Management Board 

NH4 ammonia/ammonium 

NHT Natural Heritage Trust 

NRM natural resources management 

NWQMS National Water Quality Management Strategy 

PAEC Port Adelaide Enfield Council 

PAR plan amendment report 

PASA Pipeline Authority of South Australia 
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PIRSA Primary Industries and Resources South Australia 

PWWQIP Port Waterways Water Quality Improvement Plan 

EPA South Australian Environment Protection Authority 

SRP solids recovery plant 

t/year tonnes per year 

TCWMB Torrens Catchment Water Management Board 

TDS total dissolved solids 

TN total nitrogen 

TP total phosphorus 

TRDA Torrens Road Drainage Authority 

USMP urban stormwater management plan 

VPS Virginia Pipeline Scheme 

WQIP water quality improvement plan 

WQO water quality objective 

WRSV Water Reticulation Services Virginia 

WSUD water saving urban design 

WWMC Wingfield Waste Management Centre 

WWTP wastewater treatment plant 
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